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Preface

LINICAL EADOCRINGLOGY 3w & broad field of wcience and medicine with
C no very well defined borders. To the mnternist, it i3 a rubspeenlty; to
the investigator in one of the natural seienees, it is a stimulus to research.
Granting that a preeice defimtion of endocrinology is not easily made,
there i> a genernl iden of st seope, hut what 34 clinieal endocrinology?
“Chnical” means thot the subject has to do with sick people, and the study
of discases and the treatment of the sick is the province of the physician.
Towever, chinical endocrinology is not confiued by the walls of hospitals,
and 1t owes its rapid development to the contributions from many other
kinds of endeavor.

In thss book, sharp lines have not been drawn between \\ha( is elinical
and what might be considered linical However, the emphasis is mainly
on chnical matters and on hines of inqmry \\hwh seek to reach a fuller
undertanding of normal and abnormal endacrine processes n human
beings

The aim has been to provide coneise authotitative artieles waitten by
speaialists in the hight of personal expenience in their re<pective subjects.
In a few instances, when it scemed desirable, more extensive reviews have
heen presented Some of the latter have included fairly complete documen-
tation, but in most cases only key referetices to source publications have
been cited. Complete coverage of the entire field has not, of course, been
attempted in a single volume, Clacsie and well established material has
been omitted to make way for topies selected largely on the basis of their
current interest and importance. As a conseqguence, some areas have been
dealt with more thoroughly than others and some subjects hase not re-
ceived the attention that they would have deserved 1n a work of more ex-
tensive scope, Within the framework of these Iimitations, howeser, o great
deat of wseful information and many interesting arvicles on a fairly wide
range of tomes have been included, giving, at the least, a broad view of the
subject as a whole

By sclecting the subjects, and especially the contributors, with great
care, 1% has heen possible to avord contradiction, 1f not controversy, without
introducing excessive dogmatism. Uniformity of style, an 1deal achieved
only by having a single experienced author, has not been achieved, but some
effort has been made to attain simplicity of expression

The title chosen for the book needs explanation, Ten years ngo, Progress
in Chnical Endocrinology was published by Grune & Stratton under the
editorship of Dr. Samuel Soskin It proved to be an interesting and mowt
useful volume. Endocrinologists found it a practieal source of reference, 1t
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X PREFACE

was recommended to medieal students and general physicians used 1t as an
troduction to specific topies of interest to them, The best indication of its
success is the fact that a strong, continuing demand has existed for the
volume even after exhaustion of a very substantial first edrtion. It scemed
desirable, therefore, to publish a second edition, and 1t was to this end that
the current projeet was mitally directed. As the book took shape it was
reahzed that 1t could not properly be regarded as a revision, since nearly all
of the chapters were made up of new material written by new authors.
Moreover, it was apparent that many of the contributions would be of
lasting value as they stood Finally, 1t was recognized that other aspeets of
the subject could profitably be dealt with and that new areas would soon
unfold and call for mnclusion. It was therefore decided to title the book
Chinreal Endocrinology. I m the expectation that someone would have the
time and the courage to bring together subsequent volumes contaning
additional and new material. Should this not transpire, the “I” will at
least serve as a disinetive mark of hibliopegic decoration.

Boston, January 1960 E. B Astwoop
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I
PITUITARY

1
Control of Anterior Pituitary Function by the
Central Nervous System

By MONTE A GREER, M D,

VER THE PAST FEW YEARs there has been n rapudly expanding renewal
O of interest 1n the iterrelation<hip of the two great integrative net-
worke of the bady, the nervous system and the endocrine system. Al
though the early lustory of endocninology 13 filled with polemies concern-
ing the relative importance of the hy pothalamus and pitwitary to the
function of other endocrime glands, this debate lurgely became dormant
following the demonstration by Smuth of the primary mmportance of the
pituitary gland and the ensumg olation of potent pituitary extraets and
punficd hormones It beeame generally accepted that the hypophyms
secreted hormones which stimulated target endocrine glands The target
gland hormones, in turn, mhibited the release from the pituitary of their
respective trophic hormones. Control of the adenohypophy«is was assumed
to be almost entirely humoral and to take place without any necessary
medation of the nervous system, although it was recogmized that certain
phenomena (e g, persistent estrus produced by constant ilummation) re-
quired » neural link,

Hirormsiat Porrin Systeym

Harns! and Green? deserse a large share of the credit for revitalizing
the concern with neural mechamsms mvolved mn regulating pituitary
activity, They have emphasized the universal presence of an hypophysial
portal system in vertebrates This system onginates within the median
eminence of the hypothalumus as a primary plexus of capillaries which
coalesce to form trunks runmng down the mfundibular stalk to the pitu-
itary There, these larger portal vessels again divide into eapillaries which
are ditnbuted throughout the adenohypophysis

This rather peculiar vascular structure appears to be of great importance
to the optimal functiomng of the anterior pituitary Studses from many

1



2 CLINICAL ENDOCRINOLOGY, I

laboratories have demonstrated that sectioning the pituitary stalk, which
interrupts the portal vessels, will greatly decrease the release of trophic
hormones from the adenohypophysis, as indicated by atrophy of the target
endoerme glands and a reduction in their secretory activity. If the portal
vessels regenerate, there 1 a return of pitwstary function. Similarly, trane-
planting the prituitary to a heterotopie location, such as the anterior ocular
chamber or the kidney capsule, produces gross decreases and distortions of
hypophysial function If, however, the transplantations are made close to
the median emmence so that a portal system can be re-established, a com-
plete return of adenchypophysial funetion occurs even if the pituitary had
first been grafted for & period of time at a distant site such as the kidney
capsule
Beeause of the pauctty of demonstrable innervation to the pars anteror,
it has been concluded that there 15 no significant nervous pathway through
which the central nervous system ean influence the adenohypophysis. The
assumption 1s that hypothalamic neuro-ecretory cells produce certain
*‘neurohumors” which enter the eapillary loops of the median eminence and
are transported through the portal system to the anterior pitustary in
which they control the seeretion of trophic hormones. Although this is an
attractive hypothests, no unequivoeal proof of the existence of such neuro-
humaors has yet been brought forward
The hypothalamus is o very small area So many different functions scem
to be localized within such a small space that one wonders whether certain
nuclear groups might be pluripotential. Since the various activities can be
mdependently modified by ablation or stimulation, however, separate areas
are probably responsible for each function
It 1s well established that secretion of the varous hypophysial trophic
hormones can proceed independently If one assumes that there are discrete
arcas m the hypothalamus which control individual adenohypophysial
secretions, two alternatives are possible Either there are separate neuro-
humoral materials which activate seeretion of individual adenohypophysial
hormones, or there 1s a transport system capable of shunting a smgle or
several substances to localized regions of the anterior mtwitary which
specialize in the production of & smgle hormone. Re-estabhshment of the
portal system allows normal hypophysial function, Revasculanization of the
adenchypophysis after stalk section or grafting to the median emmence
would certamnly not be expected to permit the estabhshment of a specific
shunting system, particularly when several pituitartes are transplanted
Therefore, since no definite shunting mechantsm of the hypophysial system
seems to exist, it 1s unlikely that a single neurochumor can activate secre-
i hic hormones.
tm’llll:}i nrlx}'\tlf:: 11t comewhat 1mprobable that the neurohypophysial prin-
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ciples, particularly vasopressin, can mediate all the pituitary activations
which have been elaimed for them, If a substance introdluced at the prow-
mal end of the hypophysial portal system ean reach all parts of the adeno-
hypophyeis equally, and if all trophic hormones ean be secreted inde-
pendently, n single substante can certamly not be expeeted to stimulate
thyrotropin, corticotropin, <omatotropin, ete,

There is alvo the question of whether the neurohumors ean act only when
they are present in high concentration at the putuitary ccll sites after a
short passage through the portal system or whether they can he effective
after passing through the general circulation. There is some evidence to
indicate that at least a part of the nearohumoral activity may be mamn-
tained after a trip through the body Tt 1z difficult to do more than speculate
when there is no knowledge of how to assay neurohumors precisely, what
they are or even if any exist

LXTENT 0F CENTRAL NFRVOUS SASTEM INVOLVEMENT
v Prreirary CosTron

Many recent studies using destruction or stimulation of various areas
of the brain have indieated that the hypothalamic region iz the most
important for the regalation of anterior pituttary fuuction. The hypo-
thalamue centers involved 1n the control of specific pitustary hormones ap-
pear discretely loeated. One ean selectively depress the secretion of thyro-
tropin, gonadotropin or cotticotropun by appropriate hypathalame lesions
without affecting the release of the other adenchypophysial products.

Destruetion of various other nervous centers seems to moddy only
shghtly the secretion of trophie pitwitary hormones, although in some cases
there does appear to be a defimite change produced. The influence of extra-
hypothalamic areas 1s best established for the rhinencephahe-hmbic system
Stimulation or destruction of certain parts of the amygdala, in particular,
have been found to alter gonadotropic and corticotropic secretions by the
pituitary. It has alwo been reported that <pinal section will prevent activa-
tion by certain types of stimuh which ordmarily result in increased corti-
cotropin secretion

Servo SysTEns

It has long been hnown that an inverse relationship exists between the
circulating levels of most target organ hormones and their respective
pituitary tropie hormones A negative fecdback mechanism seems to exist.
For example, an increase m the Jevel of thyroxine in the blood will result
m a decrease 1 the output of thyrotropin by the pitwitary

For many years, it had been assumed that this mhibitory effect was a
direct one on the adenohypophyss itself. Some recent work had indeed
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mdicnted that a systemieally ineffective amount of {arget organ hormones
would decrease the respective pitwitary “tropin” seeretion only when
injected directly mto the anterior pituitary Injection of the sume amounts
of hormone into varous areas of the hypothalamus was ineffective

It has now been found m several laboratories, however, that tran-planta-
tion of tiny bits of target glands or injection of small nmounts of their
hormones nto various rather specific areas of the hypothalamus, as well
as mto the adenohypophysis, will selectively ihibat the sceretion of the
respective tropie hormones

These localized sites within the hypothalamus which are sensitive to
altered coneentrations of hormone seem to be speaific “mhibitory” centers
which actively depress individual pituitary secretions. Destruetion of these
mhibitory centers has been clmmed to prevent the atrophy which usually
results following admmstration of target organ hormone. Other circum-
seribed areas presumably are *‘stimulatory” and will cause ncreased
hypophysial output of speeific tropte hormones. If this concept 1s correct,
there should be a basal, nonfluctuating secretion from an adenchypophysis
1solated from neural mfluences There 1s considerable doubt that this 1s the
case since at least some hypophysial secretions are inhbited by local
admmstration of equally small doses of target organ hormone at both the
hypothalamic and pituitary levels,

THYROTROPIN

Transplantation of the pituttary to o heterotoprc site reduces thyraidal
activity., Similarly, a profound decrease in thyrotropin sccretion can be
produced by destruction of a mesial area of the hypothalamus stretelung
from the paraventricular nucler to the median eminence ? Electrieal stimula-
tion of thi~ same arca 1n rabbits will eause increased thyroidal secretion ¢
Neither hypothalamic lesions nor pituitary relocation prevent mereases or
decreases in thyrotropin sectetion in response to alterations in eirculating
thyrosd hormone produced by admimstration of antithyroid drugs or
thyroxine,

With both lesions and pitwitary transplantation, the growth response of
the thyroid to various stimuli 1s mteriered with to a greater extent than is
the metabolism of radiciodime by the gland It now appears fawly well
established that the metabolic responses measured with radioodne are
censitive to considerably smaller amounts of thyrotropin than 1s the growth
response of the gland Lesions and pituitary tr.amplantation thus probably
merely reduce the total quantity of thyr.otmpm sccret‘ed‘

Certain drugs which depress the activity of the brain, sL}ch as reserptne
and morphine, have been reported to decrease thyroid function, but there is
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no unanimity as to the re-ults obtained and the data do not appear too
convineing where positive results are claimed

Rtudics have been made of the localization of labelled thyrovne and tri-
iodothyronine in the brain of different species ¥ It has been found that
both concentrate to a certain extent in the paraventrieular nueleus and
around the median eminence, among other and probably nonspecifie areas
The highe-t concentration «eems to bie in the posterior lobe of the pituitary,
although there i< nlo considernble localization in the antenior lobe 1 some
species Pxactly what sigmifieance can be attached to the concentration of
labelled thyroid hormones in various sites 15 uncertain at the present time.
1t seems probable there may be no conneetion between the concentration in
some areas, steh as the neurohypophysi-, and the inhibition of thyrotropin
seeretion which thyroxine produces,

Microinjections of minute, systemically meffeetis e amounts of thyroxine
have been made into localized areax of the hy pothalamus and pituitary to
<ce if a specifie area is <ensitive to mereased loeal concentrations of thyroid
hormones Contrary to carlier results which had indieated that microinjee-
tions of thyroumne would itubit thyrotropin sceretion only ff made directly
into the anterior pituitary,® it has now been found that mjections into the
anterior hypothalamie “thyrotropin area” will alo 1bit thyrotropin
release! The anterior hypothalamus and anterior pituitary scem to be
equally sensitive to loeal alterations of thyroxine concentration, but the
inhibition proaduced by injection mto the pitwitary 13 almost immediate
whereas there 12 an 8§ to 0 hour delay after injection into the anteror
hypothalamus,

It 15 unlikely that the whitntion following intrahypothalamie injection is
due to transport of thyroxine through the hypophy sial portal system to the
anterior pituitary, there to exert its effect. Only 1 per cent or less of labelled
thyroxine injected 1nto the anterior hypothalamus reaches the pituitary.
Since the sensitivity of the two areas 1s approximately equal, the quantity
of thyroxine which would thus reach the adenchypophys: following hypo-~
thalamic injection would be much less than the minimal amount required
to produce inhibation of thyrotropin secrction with direct intrapituitary
injection The significance of two separate centers which regulate the secre-
tion of thyrotropin 15 not yet known,

Brown-Grant?® has suggested that the hypothalamus may funetion in
Tegulating thyrotropin secretion by acting as a “filter” to control the
amount of thyroune reaching the antenor pitwtary. If this were true, 1t
would be expected that the amount of thyroxine required to decrease
thyrotropin sceretion m animals with effective hypothalamic lesions would
be less than that required in normal ammals At least two laborateries have
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found that this is not the case,® ! although Purves® has reported that
smaller amounts of thyroxme will inhibit thyrotropin sceretion in the
lesioned than in the normal rat.

The nature of the hypothalamiec neurchumor (f such exists) which
controls thyrotropm secretion is unknown at present. There have been
various reports that saline or lipid extracts of the hypothalamus, vaso-
pressin or oxytocin can stimulate secretion of thyrotropin. The data of
these experiments are not convineing, and other investigators have not heen
able to confirm the original reports

GONADOTROPIN

Although the modulation of gonadal activity by the nervous system has
been studied 1n greater detaul and for a longer period than is the case with
the other endocrine organs, only rudimentary comprehension of the inter-
play mvolved has yet been achieved. Various alterations have been found
in the function and structure of both testes and ovaries following destruc-
tion of certain parts of the brain. Lesions involving the median emmence
can result 1n severe gonadal atrophy closely simulating that seen following
hypophyscctomy. In the experience of some investigators, such severe
atrophy 18 more readily produced m males than in females. Midline lesions
between the paraventricular nucleus and median eminence usually cause
persistent vaginal cormfication and failure of ovulation and corpus Iuteum
formation It has been assumed that this results from inadequate luteinizing
hormone (L H ) sccretion. The persistent estrus will revert to regular eycles
if small, daily doses of progesterone are adminstered, and 1n many cases
the normal cycles will persist for several weeks after progesterone has been
discontinued This indicates that the ability to secrete L H has not been
permanently 1mpaired

Similarly, rats kept under constant conditions have a “‘entical period” of
two hours during which the mechanisms responsible for ovulation are set in
motion Barbiturates, chlorpromazine and reserpme during thus period will
block ovulation ! Electrical stimulation of the ventral hypothalamus from
the optic chiaem to the median emnence will induce ovulation m these
“hlocked” ammals,™® again pointing up the importance of this area to cyclie
ovanan activity.

Precacious puberty has been produced m some species by similar antertor
hypothalamic lesions Recording technies have ;\lx'own tsmt there is activa-
tion of the a A v tem - .
ovulation in
estrous cats.

bundle, i .
Tvidence has been presented by Flerkd that there is an anterior hypo-



CONTROL OF ANTERIOR PITUITARY FUNCTION 7
thalamic “inhibitory center” important for the decrease in gonadotropin
secretion produced by admunstration of gonadal steroids Small ovarian
fragments grafted in the region of the paraventricular nucleus will result
in decreased uterine weight.!* Similar ovarun grafts had no signifieant
effect when placed in the adenohypophysis or mammillary region. Con-
versely, destruction of the paraventricular nucleus markedly lessened the
inhibitory effect of systemie estrogen on gonadotropin production,

Other arcas of the brain have nlo been explored for their importance to
reproductive phy siology. Stimulation of the medial amygdaloid nueletis will
frequently result in ovulation. Amygdalectomy, depending on the speeies
used and the procedure emplayed, ean alter gonadal function in a variety
of ways. In our experience with the rat, 1t «cems to decrease gonadotropin
seeretion,

Beeause certain procedures which inhibit ovulation had been found to
raise the threshold of the reticular activating system, it was believed that
the mesencephalon might be an important pathway in the mechanism of
ovulation. Critchlow has found that an area located rostrally to the meso-
diencephalic junetion, probably the ro~tral mammillary peduncle, will in-
hibit ovulation when destroyed. Masshve destruction of the midhrain
tegmentum and resulting somnolence did not interfere with ovulation,
indicating that neural mechamsms underlying behavioral arousal are not
erucially involved in this process

Profound gonadal atrophy oceurs when the pituitary is tran-planted to a
heterotapie location. Recently it has been found that although most hor-
mone production is greatly reduced by relocation, secretion of luteotropin
may actually be i 1 and 1 for a iderable period of
time'® (sce See. VI, ch, 5).

The sex of the donor gland does not appear important. Male pitwitaries
will produce normal estrus eycles and pregnancy when grafted under the
median eminence of females. The controlling factor in the type of gonado-
tropin produced by the adenohypophysis, thercfore, must be dependent on
the sexual differentiation of the central nervous sy<tem

The nature of the neurohumoral mediator of gonadotropin release is as
uncertain as that theoretically controlling the other sceretions of the

an(enor pituitary. Markee, Sﬁ\\)cr and Everett” have indicated that both
an ic and chol T are sequentially invelved in
ovulation, However, there has bccn thus far no direct demonstration of any
material which can be held responsible Eleetrical stimulation of the
hypothalamus will result 1n ovulation, whereas direct stimulation of the

denohypophysis will not This sts that there is no important neural
link 1nvolv ed and lends further credence to the concept of a neurchumoral
agent.
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CorricoTroPIN

Although there 1s some evidence that posterior hypothalamic lesions will
prevent the acute release of corticotropin, most observers agree that the
mtegnty of the anterior median eminence is essential for normal secretion
of corticotropin Both indireet mdices, such as adrenal ascorbte acid deple-
tion and fall of crreulating cosinophiles, and direct measurement of plasma
and urinary adrenal corticoids have been used The general consensus 1s
that lesions in the median eminence inhibit the release of adrenal steroids
1n response to stress whereas the adrenal gland does not atrophy and may
even enlarge

The reverse picture 1s seen with pituttary transplants Although the
adrenals are atrophic, there still is a response to acute streeses such as
laparotomy or epmephrine mjection when mndireet parameters of adrenal
function are employed As yet, no direct measurement of adrenal sterod
output has been reported in anmmals with heterotopie piturtaries.

It has been proposed that the “metabohe” stresses, such as laparotomy,
can still effectively activate corticotropm secretion n a pituitary gland
wolated by transplantation or stalk-section whereas “‘neurogenie” stimuh,
such as foreed mmobihization, are impotent IHowever, the propriety of
eataloguing these various stresses as neurogenic or metabolic 15 open to
question.

The fact that m one type of preparation adrenal weight 1s mamtained with
a los of corticosteroid secretion (or adrenal ascorbic acid depletion) while
1 another type the opposite 1s true suggests that there may be two separate
corticotropins scereted by the pituitary. The adrenal weight factor and
adrenal ascorbie neid factor are both theoretically under hypothalamic
dommation and each ean be destroyed by approprate hypothalamie
lesions, but apparently only the latter can be actrvated onee the hypophysis
is removed to a heterotopic loeation Presumably, the hypothalamic neuro-
humor responsible for stimulating release of ascorbic acid factor 15 effective
after passing through the general circulation whereas that responsible for
the weight factor 1s not Although 1t may eventually be decided that a
single corticotropin can produce these phenomena, » correct interpretation
is difficult at this time

It 18 certamly true that there must be at least two types of corticotropm
Quite some time ago 1t was found that hypophysectomy would cause o
nonumform atrophy of the adrenal cortex, sparing the zona glomerulosa
Sodium and potassium imbalance were not produced. Following the even-
tual discovery of aldosterone and the observation that secretion of this
hormone 1s from the zona glomerulosa and not, primanly dependent on the
tegrity of the pituitary, it was concluded that a nonhypophysial organ
controls aldosterone sceretton through a humoral mechanism. Studies with
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vanous types of ablation™ point toward the mesodiencephalic junction as
the source of the nldosterone-controlling hormone, termed by Iarrcll
“glomerulotropm.” Currently, there is some evidence that glomerulotropin
may be produced by the pineal, but no unequivocal proof of this 15 yet
available {~ce See. V, ch. ).

The nature of the hypothalamic “corticotropin releasing factor” (CRIY)
which stimulates glucocorticod secretion is unknown, McCann has pre-
sented considerable evidence that this material may be vasopressin?®
Diabetes insipidus is well correlated with mhibition of corticotropm release
m animals with median eminence lesions. Vasopressin and corticotropin
are simultancously released by certam types of stimuli. Vasopressin in
relatively large doses will canse corticotropin release in animals made un-
responsive to stress by median eminence Jlestons, Similar doses are ineffective
in hypophy=~cctomized controls

Towever, there are many arguments against vasopressin being identical
with CRF. Corticotropin and vasopressin are not always released simul-
taucously, Under eertain conditions, ane may be released and the other
inlubited Fractionation of neurohypophystal extracts i some laboratories
has shown that a material other than vasopressin has CRIT activity
Diabetes insipidus is not always correlated with decreased corticotropin
release. Vasopresein has also been shown to cause inereased cortieoid
seeretion in hypophy sectomized animals and to stimulate directly adreno-
cortieal secretion when infused mto the adrenal artery

SovaToTROPIN

Although some interference with growth may be produced by hypo-
thalamie lesions,? it appears that, in the rat at least, this sdue to decreased
secretion of hormones other than romatotropin. Replacement of appropnate
target organ hormones will atlow normal growth n the lesioned ammals,
Sunilarly, normal growth has been found 1n some species of ammals with
heterotopic mituitaries. However, chinical evidence suggests that lesions
above the sella turcica may be associated with dwarfism
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Action of Growth Hormone in Man

By M. 8. RABEN, M.D,

NFORMATION ARAnT TaE raurieramioy of growth hormone in human
phy~tology has been until recently lmited to inferences from etieeat
and pathalogie observations, pirticalarty in dwarfiem, gigantm and
acramepaly Disorders of the pituitary m yaung individuals may result in
abnormalties in ssze of frealish propertions and in elder andividuabs in
drfigunng overgronth of teetie, It was appreciated from obweriations of
these abersations that the pataatary was concesned with the regulation of
growth. While it 1 kmemvn that without pituitary Sunetion dwarfiom ocees,
and that with eveessive seeretion of gronth hormone from cosmophilic
Tumors gigantism occurs 1 the voung and acromepaly m the mature, it 14
not hnown shether the gquantity of growth honnone secreted determines
the heght of normal wdividuals or whether the anabolie effects of growth
harmoune are important 1o the adult Neither i< it enticely clear which of the
many metabolie effects observed with the admun-tration of growth hor-
mone preparations are of phystalogie mportance

Swee the aver-all resutt of the action of grow th hormone 1< an ¢ rense 1
nearly all the tisues and organs of the bedy, 2t might be antserpated that
many mdices of metabolic aetivity are attered 1w the course of this thffnse
anabobe stimutus The abundant evidence of changes in fat, earbohydrate,
protem and mweral metabolinm, as well as other a<peets of the offects of
growth hormone, has been <cummarnized 0 several recent reviens 't The
preere mode of action of growth hormone, however, remams undefined,
and 5t 13 tempting ta seck ats primary effeet m relation to the metabnlic
changes that are evident with the smallest dowes of growth hormone. This
can be a misleading approach «mee compensatory mechanim« may pre-
serve canstancy of the response or substatice being stuched. For example,
small dnses of approptiate pitmtary preparations may previpitate dishet
i dogs or cats whose panereatic function 1s restrteted by partal removal
or by damage from alloxan, while very kirge doses are required 1 the
normal ammal,

‘The mobiization of fat, as indicated by an increase i the fasting value
of plasma unevtenified fatty acid, appears from studies of both normal and
hypopituttary individuals to be among the most sensitiv e measurements of
the growth hormone effect and 1t is alo a fairly rapid effect? The im-
portance of fat mobilization and utilization to the anabolie stimulus by

3l
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growth hormone has been a recurrent theme in animal experimentation for
over 25 years, and the recent observations on fatty acids have permitted a
closer inspection of the hormone’s influence During the pertod between
feedings when the tissucs are largely dependent on fat depots for their
energy requirements (see Sec VII, ch. 1), growth hormone i some manner
augments the release of fatty acids by adipose tissue, but when sufficient
carbohydrate 1s immediately available, as during the absorption of a meal,
and there is insulin from erther the pancreas or injection to permit effective
metaboliem of the carbohydrate, the outpouring of fatty acids ceases even
with growth hormone present Growth hormone thus serves to insure an
abundant supply of nonprotemn calories to the tissues at all times, and
perhaps this 15 an tmportant part of the anabolic effect, provided that
amino acids are also supplted from which proteins can be synthesized This
hne of thought is encouraged by the fact that while hypophysectomized
rats fed ad libitum do not grow, hypophysectomized rats which are foree-
fed store nitrogen and grow 1n the absence of growth hormone, though only
with amounts of food that lead to excessive deposition of tat The contrast
of two anabolic hormones, growth hormone and nsulin, 15 particularly
striking in this regard. Administration of insulin to hypophysectomzed rats
induces excessive eating, and mitrogen retention and growth, but as in the
force-fed ammals, only with a disproportionate amount of fat formation
Growth hormone tends to diminish fat stores and promotes lean tisue
formation without the caloric wastage of fat depoution Growth hormone
is mneffective in the total absence of insulin, but the metabolie di~tortions
this state would surely preclude anabolism The response to the growth-
promotimng activity of the hormone 15 alvo, for example, altered by the ab-
sence of thyrod hormone

Whale this discussion has emphasized the importance of fat mobilization
1n the response to growth hormone, there is no conclusive evidence to cite
as to whether fat mobilization 1s o primary cffect or recondary to another
mechamsm of anabolic action

Prepanation or Growtn Ilorvoxe For Huvax Usk

There have been many attempts to obtain anabolic and growth-promot-
ing effects m man with bovine and poremne growth hormone, but de<pite
moments of transient optimism, preg ions from slaughterhouse ammals
have not as yet proved u-eful in man. The 1dea of «pecificity of growth
hormones received major support from the findings of Pichford and Wil-
helmi® that fish growth hormone was inactive in rate nm{ of Knobil, Wolf
and Greep’ that bovine and porcine growth hormones were mcrt.m monkeys
Although chemieal differences dependent onA(he species of origin have heen
found with other peptide hormones (eg., insulin, vasopres~in and cort:-
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cotropin) the vatiations are not sufficient to preelude activity in other
species, in contrast with growth hormone. Recent immunologic studics
Ty e emphanized the speeificity of growth harmones by showing that anti-
hodies formed it the rabint to human growth hormone do not react with
poreine or bovine growth hormone but do crows react with simian hor-
maone 810

Growth hurmone prepared from human pituitaries produces its antici-
pated effects in man, and the preparation from simian pituitaries alvo ap-
pears to have biologie activity, although the usefulness of the latter material
for prolonged treatment has not yet been tested. Tuman growth hormone
may be purified from pituitaries remos ed at the time of autop~y and stored
for months 1 acetone, Several methods of purifieation have been desenbed,
each yielding material with biologic activity in man*t The product of
the glacial acctic acid extraction method was the first to be tested in man
and to date has been the most extensiv ely studied of the preparations 1214 18
Approntmately 1 to 6 mg of growth hormone is obtained by this methad
from onc adult pituitary It has been claimed that the concentration of
growth hormone i human pituitaries 15 roughly the same at all ages, and
thercfore all pituitaries obtainable at sutopsy are a potential source of
human growth hormone.

Meranovie Lerrers oF Huuwav Growrn Honwove 1v Mas

Within four hours of the intramusenlar administration of human growth
hormone there i~ an increase of unestenfied fatty acids in the plasma in
fasting subjeets,® and within 12 to 24 hours there 15 usually o fall in blood
area nitrogen® which has not been related to nutntional state. When the
effect of growth hormone 1s observed 1 balance studies, as 1n the work of
Beek,' Pear-on,'® Henneman,"” Bergenstal,'® Ikhos'? and their associates,
starnage of nitrogen, phosphorus and potassum 18 usually seen The effects
on ealeium and sodium balanee have been more erratic, but there 1s regu-
larly an merease m urinary excretion of ealdium, apparently independent
of the calerum balance The storage of mtrogen 15 excessive for some days
when grow th hormone 13 administered daily, often as much as 3 or 4 Gm
per day, but the amount retained then dimimshes to quantities eompatible
with the requirements for growth It has been estimated that the mtrogen
storage required for normal growth 1n children § to 13 years of age 1s about
03 Gm per day Nitrogen retention can be mduced with growth hormone
even when the diet 1~ calorically inadequate, and the inereased mobnliza-
tion of fat from adipose tissue must be essential to the anabolic proeess m
this circumstance The dose required for measurable mitrogen retention 1s
of the order of 2 mg per day in a normal adult and 1 mg per day m a
priuitary dwarf A single dose of as hittle as 0 5 mg caused a large merease



CHAPTER II Metl'loc]s of Stutly of
the Patient

THE DISSEMINATION of knowledge regarding peripheral vascular
diseases has lagged so far behind that of other fields of medicine
that today many phystcans feel insecure in determimung the diag-
nosts of these diseases. It ts tmportant to realize that in the vast
majorty of cases the diagnosis can be made without the use of elzb-
orate laboratoty equipment or hospitalization Workers in this field
have emphasized repeatedly that they are able to make most of their
diagnoses from the history and careful examination of the patient
That has been true 1n my expertence also Elaborate studies serve
primarily to clanify or substantiate the diagnosss or to determmne
quantitatively the relative degree of circulatory damage and re-
sidual or collateral airculation. It ss therefore possible for any
practitioner of medicine to achieve proficiency in diagnosing the
conditton of a patient who complains of arculatory disturbances
For this purpose methods of history-taking and physical examima-
tion ordinanly taught by the medical schools 2nd used 1 general
hosputals are inadequate It 15 necessary to approach the patient’s
history from a somew hat different pont of view, and the physical
examunation 1avolves study of areas of the body not usually con-
centrated on during routine examunation. In ths chapter an at-
tempt will be made to overcome these deficiencies

The establishment of the correct diagnosis is, of coutse, para-
mount to the determination of prognosis and proper therapy We
shall assume that the physican has already conducted a foutine,
though detailed, inquiry into the history and examination
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HISTORY FROM POINT OF VIEW OF VASCULAR DISCASES

Certain points in the history should be re-investigated in detarl,
The patient should be encouraged to enlarge on his symptoms,
since minute details of the story may give a lead to the ultimate
dizgnosis There are many facets to such an investigation

Pethaps the most frequent complamts are those of pan and
discomfort in the legs These, of course, are vague descriptive
terms and must be anslyzed It 1s vital to hnow whether pam is
present at all times or 15 present only at might and whether 1t 15
produced by exercise and relieved by rest The exact location must
be determined One must discover whether the pain radiates down
the back of the leg, as a sciatec type of pam, or whether 1t follows
the course of the femoral vein, as 1s common 1 thrombophlebitss.
It is impottant to know 1f 1t 1s limuted to the joints of the feet and
legs, as 1s tommon 1n diseases of the joints, or whether it 1s located
in the calves of the legs, as is most frequent with vascular involve-
ment; whether the pain is continuous and charactetistic of venous
thrombosis or of intermittent claudication produced by artersal
occlusive disease such as artersosclerosts obliterans With or with-
out an ulcer or gangrene the pain may be localized 1n the tips of
the toes, and thuis must be brought out in the history.

The same type of approach should be used when complamts
concern the upper extremities. It 15 vital to know whether the
pain is in the tips of the fingers, associated with ulceration or
gangrene, or whether it 1s sharply localrzed under the nail, as 1s
frequently the case with a glomus tumor. In other instances pan
15 described 1n the area of the axillaty vem, as i cases of axillary
thrombosis.

The physician should be prepared for complaints of vascular
lesions involving many other areas of the body, for example, a
to-and-fro murmur in the scalp, a thrill or brwit behind the clav-
icle or large varicose vetns of the lower abdominal wall In each
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THE DISSEMINATION of knowledge regarding peripheral vascular
diseases has lagged so far behind that of other fields of medicine
that today many physicians feel nsecure in determinung the diag-
nosts of these diseases. It 1s unportant to realize that in the vast
majority of cases the diagnosis can be made without the use of elab-
orate laboratory equipment or hospitalization. Workers in this field
have emphasized tepeatedly that they are able to make most of thesr
diagnoses from the history and careful examination of the pattent.
That has been true m my experience also Elaborate studies serve
prmanly to clanfy or substantiate the diagnosis or to determine
quantitatively the relative degree of crculatory damage and re-
stdual or collateral airculation It 15 therefore possible for any
practittoner of medicine to achieve proficiency in diagnosing the
condition of a patient who complams of arculatory disturbances
For this purpose methods of history-taking and physical examina-
tion ordinanly taught by the medical schools and used in general
hospitals are tnadequate It is necessary to approach the patient’s
Iustory from a somewhat different pomt of view, and the physical
examination involves study of areas of the body not usually con-
centrated on during routine examnation In this chapter an at-
tempt will be made to overcome these deficiencies,

The establishment of the correct diagnosis is, of course, para-
mount to the deterrmination of prognosis and proper therapy, We
shall assume that the physicran has already conducted a routine,
though detailed, inquity into the history and examination

24



STUDY OF THEL PATICNT 27

bophlebitis below the knees suggest early thromboangutis oblit-
erans. The history of chronic ulcers around or above the ankle
with pigmentation and swelling of the leg suggests venous insuffi-
ciency of long standing.

The question of smoking has particular significance 1 patients
with symptoms suggesting thromboanguitts obliterans and arterio-
sclerosis obliterans, If the patient has never smoked, thromboan-
giitis obliterans 1s, for practical purposes, ruled out as a possibusty.
The rare cases which have been reported 1n nonsmokers are consid-
ered by many workers to be of debatable authentictty The fact that
the patient does not smoke does not affect the probability of arterio-
sclerosis obliterans, and this pomnt may clanfy the differential
diagnosis of the two conditions,

The use of drugs 15 significant Ergot has been shown to have a
definite effect on the vascular system which 1s described in detait
in Chapter V. Many coal tar detivatives have caused increased
capillary fragility with vascular hemorrhage Repeated injections
of various types of serum and the use of sulfonamides have been
suspected of having an etiologic role in periartenttis {polyarteritis}
obliterans.

Sometimes the patient knows definitely that a sensation of numb-
ness ot lowering of temperature developed at a certan time, This
frequently indicates a marked reduction of the blood supply to the
involved extremity Contraniwise, a story of ncrease mn tempera-
ture toward normal frequently indicates that the collateral circula-
tion has been established

Detailed consideration of the £ points 1s p d in
the discussion of the vartous diseases, but the importance of careful
general inquiry cannot be overemphasized.

PrysicAL EXAMINATION OF THE VASCULAR SYSTEM

During the examination of a patient who is suspected of having
or is known to have vascular disease, it is esseatial that a complete
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instance it is imperative that inquity be made regarding the entie
vascular system, Too often the doctor concentsates on the most
prominent lesion or atez of discomfort, oblivious to the fact that
the patient has a generalized vascular disease and that other aspects
of this disease are far more important than the condition most
prominently occupying the patient’s attention. A large propottion
of vascular diseases are generalized diseases. This must be kept
constantly 11 mnd 1n the study of each patient.

The mode of onset 15 important, as related to accrdent, susgery,
frostbite, wnfectious disease or preceding malignancy. The exact
tustory of trauma is of great importance, especially in the handling
of compensation ot industrial cases. Patients frequently relate the
onset of their difficulties to the stubbing of a toe or the dropping
of a tool on a foot. Careful inquisy, however, may reveal that the
patient had difficulty in walking and pains at night on resting for
weeks or even months before such an injury A thorough examina-
tion of the vascular system may reveal, 1n addrtion to an occlusion
of an artery of the mnjured extremity, other evidence of advanced
vascular disease The exact time relationship between an njury
and the development of an ulcer of a toe should be determined
The quality of pamn, whether sharp and stinging or dull and
aching, 15 worthy of careful nquiry

The pattent will frequently provide a clue to the diagnosis if
asked for details regarding color changes 1 the hands and feet,
Blanching of the fingers on exposure to cold environment followed
by erythema on return to a warm environment establishes a likely

Ji of R d's synd The description of livid red

s
hands with bummg pain suggests erythermalgia (erythromelal-
g). A description of red streaks extending up the leg should
lead to speculation regarding the possibility of thrombophlebitis
or lymphangitss.

The history of previous thrombophlebitis or thrombosss, with
ot without pulmonary embolism, often provides an 1mportant Jead
to the dragnosis. Repeated attacks in young males of throm-



RECORD FORM (Fi6. 1)
Clinie No oo .
Date. .... ......
THE NEW YORK HOSPITAL

Vascular Clinic

Name: Sex: M S.W.D. Age:
Address: Race: Occupation:
Referred by: Birthplace

I. PRESENT COMPLAINTS (including duratlon, precipitat-
ing factors like temperaturs or injury; progression;
previous therapy):

Enter appropriate descriptive word or phrase, do not use
check mark.

Fatigue or claudication. Color changes in extremities.
location— at cardiac lev
severity— on elevation—
progression— on dependence—
produced by— effect of cold—
relieved by—
effect of heat or cold— Seggﬁi—vity to

Rest pa;n: heat—
duration—
lccatign-— u1§§€:s_
severity—
progression— ggge€31 appearance—
relieved by— duration:

Phlebitis: prevlous healxng—
location— previous therapy—
duration—

Skin and subcutaneous
recurrence— changes (pigmentation,

Varicose veins: elasticity, trophic or

ocation fibrotic changes, coarse-
duration— ness, sweating):
previous therapy—

Lymphangitis:
location—
duration—
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survey of the vascular status be undertaken even though the path-
ology appears to be limited, such as gangrene of 2 single toe.
It 15 equally essentul that all observations be systematically
recorded (Fig 1).

The patient should be completely undressed and should be ex-
amined 1n a room with good light Meticulous observation for
unusual color changes or other abnormalities may give a clue to
the primary condition, for example, the pulsations which may be
seen in areas of the back associated with coarctation of the aorta
The following case illustrates the need for this type of examination

A man, 44, worked as a bus drver 1n New York City. One Thanks
grving Day there was a severe snow storm and he was exposed to
constderable cold and dampness Two days later he noticed pain 1n the
toes of his left foot, and soon gangrene developed in three of them He
was admutted to a hospital where the diagnosis of atteriosclerosts oblit-
erans and frostbite was made During 14 weeks 1n the hospatal numer-
ous attending physicians and members of the house staff saw him,
concentrating their attention on the gangrene of the toes At the request
of the Labor Comnussioner of the State of New York [ examined him

The patient was exposed completely. On observation alone 1t was
apparent that the entire left Jeg and foot were lifted upward from the
bed synck ly with each pul of the heart Without touching
the patient 1 suggested that the resident place hts hand under the
popliteal space Great surprise was registered when a large popliteal
aneurysm was palpated. "I'he ‘right !c'g also moved with rhythmic pulsa-

demonstrated that he did not have syphilis It was .\ssumed,. therefore,
that the aneurysms had developed on the basis of congenital weakness
of the walls or were mycotic aneurysms The gangrene was believed to
be due to an embolic phenomenon from a thrombus in the pophiteal
aneurysm rather than to frostbite. Soft tissue x-tay studies for vascular
changes showed no evidence of appreciable calcification of the arterses.
An obliteration operation was rec ded, but the patient refused
surgery. .

Approximately four months later the patient was again scen at an-
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other hospital, at which time an obligatory amputation was performed
The ancurysm had become false, meaning that the sac had ruptured into
the poplteal space Within the false sac was 2 large 2ccumulation of
clotted blood Careful pathologic examination failed to reveal the true
cause of this aneutysmal defect.

Regardless of the site of the lesion or lesions of which the
patient complains, the following procedure should always be
adhered to i the examination (Figs. 2~4). The scalp should be
palpated and auscultated for thrills or bruts, since arteriovenous
anastomoses of the vessels of the scalp are not uncommon and
intracranial anastomoses are encountered often enough to warrant
this exsmunation, Usually the patent is conscious of such 2 bruit,
but this is not always the case, especially when the lestons are very
small The temporal arteries should then be examuned for
tortuosity, plaques, tenston, possible inflammatory reaction and
thrombosis. In other words, the examiner secks to determine
whether these arteries ate sclefotic and whether temporal arteritis
15 present The retinas should be examined for evidences of
sclerosis, hemorrhage and exudate The possibility of central vemn
thrombosis must be considered if there 1s any visual disturbance.

The mouth and throat should be examined next. Note should
be made of the degree of dilatation of the veins under the tongue;
considerable distention while the patient is sitting up may indicate
mcreased venous pressure The presumptive diagnosis of coarcta-
tion of the aorta, later proved, was once made by the shrewd
observation by Dr. W, M. Ketcham that the arteries of the pos:
terior wall of the pharynx were pulsating with unusual violence
This is 2 sign that js rarely looked for. The vessels of the neck
should then be palpated. Because of the complicated vascular
structure in the upper areas of the neck, congenrtal arteriovenous
anastomoses are not uncommon in that area. Brwsts and thells
should be listened and palpated for. The carotrd sinus area anterior
to and high under the angles of the jaw bilaterally should pe pal-
pated cautiously and any unusual susceptibility, demonsteated by
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marked slowing or actual stopping of the heart cycle, noted. Total
absence of pulsation on palpation in the Jateral aspects of the pos-
terior pharyngeal wall may suggest 1nteenal carotid occlusion

Listen for A,V bruus
from anostomoses in
scalp or intracraniol vault

Look and listen o ths bock
Brugs aad pulsations may
mean cooretation of oorta

Exomine for hemorrhoids
Moy meon venous obstruc-

Polpots for Pophteot A
tion 0 the Portol system

(Popliteal aneurysms are
common ond frequently
bilateral)

=~

Deep ealf tenderness s
common finding 1n deep

Fee) for the Posterior Tibial ( ven thrombophiebuis

A qust behind the internal d
malleotys
(ocelusive orterial disease) /)

FIG. 4 —Posterior view, showing areas to be studied during examunation for
vascular diseases

Proceeding caudally, the examner should focus his attention
on the clavicular area, where aneurysms of the inpominate and
closely assocsated arteries are rather common, espectally 1 elderly
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Fic 3 —Antenoe view, showing ateas which should be studied during exam-
soation for vascular diseases, with mention of some, éus #of all, conditions which
may be encountered This and Figuse 4 should be carefully studied,



#RE0 Mingey
ARTERIES VEINS
F16. 3,~Serndiagrammatic projection of arterial and venous arculation of
pper extrenuty. Arteriest a, brachial; &, radul; ¢, ulnar; 4, superficial volas
tchy ¢, deep volar arch  Veins g, radial cutaneous; 4, cephalic, ¢, anterior vlnar
utaneous; d, communicator to median; ¢, volar communication (After Jones
Quat, 1817.)
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people The presence of such aneurysms is clearly indicated by
an unusual degree of pulsation. Determination of the exact ana-
tomic location of the vessel involved may be difficult without
exploration because the arrangement of the vessels in this atea
differs somewhat 1n different individuals.

The pectoral area should be examuned for dilatation of the veins.
Venous dilatation will be found in the presence of axillary venous
and superior vena cava thrombosis and in patients with lesions of
the mediastinum which obstruct the venous return flow from the
arms by extninsic pressure. Passing caudally over the anterior
surface of the trunk, the examiner should look for varicose veins
of the upper area of the abdomen. The so-called caput medusz
often indicates portal vein obstruction. Consprcuous varicosities
in the suprapubic region and extending upward indicate obstruc-
tion of the deep venous channels returmng from the leg, with
collateral compensation These usually follow thrombophlebitis
which has occluded the iliac veins or superior vena cava, When-
ever varicose veins of the abdommal wall are found the direction
of the flow of blood should be studied, Details regarding this will
be found in the discussion of obstruction of the vena cava it
Chapter XX.

Thorough examunation of the upper extremities should now be
undertaken (Fig. 5). Any degree of swelling or discoloration
should be recorded. Note should be made of unusual dilatation
of the veins, which may be due to thrombosts of the deep venous
channels, obstruction to venous return flow in the mediastinum
ot the presence of asteri Palpation should
extend from the axillary area down to the elbow along the inner
sutface of the arm. The brachial artery should be palpated for
pulsation, scletosis or aneurysm, and the axillary brachial vein
for evidence of thrombosis Proceeding to the area of the wrist,
jt is necessary to determine whether the radial and ulnar arteries
are functioning Frequently the pulsations of both are easily pal-
pated, but because in many individuals the pulsations of the ulnar




Fi6 6 —Semrdiagrammatic projection of some principal variations in artetial
supply of the hands A-D- 1, radial actery, 2, ulnar antery A, 3, supesficial
interosseous branch of radial artery. (After Jones Quamn, 1847.)
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artery cannot be palpated, it is advisable to test for patency by the
following modification of the method described by Allen

The examiner stands beside the patient and faces mn the same direction
With one thumb placed over the patient’s radial artery and the other over
the ulnar artery, the followsng maneuver 1s carrred out The patient
elevates hus hand above his head and clenches his fist to force out 2s much
blood as posstble. The examiner presses his thumbs firmly to occlude the
patient’s radsal and ulnar arteries The patient’s hand 15 then lowered to
a dependent position and 1t 1s opened, but relaxed, not stretched into
hypoextension The hand remains pale. The thumb over the radtal artery
15 then released Normally, a flush will spread rapidly over the hand and
fingers from the radial side. If the radial astery 1s occluded, the hand will
remarn pale An rdentical test 1s then performed, but this ttme the thumb
over the ulnar artery 1s released to determine whether or not 1t 1s patent
Patches of residual pallor may indrcate obstructive lestons i the astestal
arch or smaller vessels of the hand or digits Both hands should be tested
1 this fashion

The Allen test ts of especial value when a leston of the ulnar
attery is suspected and when the leston of the radal or ulnar
artery is peripheral to the point at which the thumb 1s appled

The hands should next be carefully examined for evidence of
atrophy, change 1n color or texture of the skin and dermatophy-
tosis. Inadequate nail growth or thickened nails should be noted.
The nail beds should be examined for small slate-gray or blue
spots which may be glomus tumors This 13 especially important if
the patient complains of unexplained pan i the finger-tips.
Pressure with 2 fine ponted object such as a penal disectly over
the glomus tumor may elicit excruciating pain which may radate
up into the neck. This condition is frequently unrecognrzed, yet
may easily be diagnosed by careful observation.

The upper extremities should next be placed in the position of
hyperabduction with the patient seated or standing. Evidence of
undue unilateral or bilateral pallor should be noted Pulsations
of the radial and ulnar arteries should be tested in the position of
hypembducﬁon to determine the presence or absence of the hyper-



Fi6, 6 —Semidiagrammatic projectron of some principal variations i acterial
supply of the hands. A-D 1, radial artery, 2, ulnar antery A, 3, supecficial
interosseous branch of radial artery. (After Jones Quamn, 1847.)
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abduction syndrome (Wright). In this position the subclavian
axillaty artery may be pinched between the clavicle and the first
rib, and 1t 1s also subjected to stretching and torsion under the
coracoid process. This is described 1n detail elsewhere (pp. 285 ff.).
The hands should then be placed in the dependent position and
excessive fubor noted Changes in the pulsations with the arm
extended and with the head turned away from or toward the side
being examined should be noted. These may indicate the presence
of a cervical 1b or a scalenus anticus syndrome. The effect on the
pulse of backward and downward displacement of the shoulders
should be determuined. If this maneuver causes blocking of the
pulse 1t 15 probably due to the costoclavicular syndrome.

The patient’s back should then be examined (Fig. 4). Although
only exceptionally 1s first evidence of vascular disease found on
the back, careful observation has 1n a number of instances revealed
unusual pulsations indicating coarctation of the aorta or arterio-
venous anastomoses and, 1 one instance, a large vascular tumor
which had produced an arteriovenous anastomosts.

‘The anus should be catefully examined for external and internal
hemorrhoids. The genitalia are next examined. The labia and
vaginal walls may disclose marked varicosities following phlebitis
with occlusion of the 1liac and some of the pelvic veins, We have
seen four women with such severe scleroderma that constriction
of the vaginal opening prevented intercourse and 2 man n whom
scleroderma prevented proper penile erection because of tightness
of the foreskin Thrombophlebitis of the veins of the penis,
although uncommon, 1s occasionally seen, usuaily following defi-
nite sexual trauma.

The lower extremities should next be studied (Fig, 7). Hunter's
canal should be palpated carefully. It is important to note whether
the pulsatrons of the femoral arteries are strong or difficult to feel,
Demonsteation of thrombosis of the femoral vein by palpation of
the canal is often difficult because of enlargement of the inguinal
and upper femoral lymph nodes, which may extend 3-4 cm.



Fic 7~—Semtdiagrammatic projection of #itersal and venous circulation of
lower extremities Asterses 1, common thac; 2, deep femoral; 3, external curcum-
flex; 4, popliteal, 5, peroneal, 6, anterior tibual; 7, posterior tibial, 8, dorsalis
pedis; 9, femoral, Veins; I, common tliac, 2 and 5, external sapbenous, 3, com-
mutucating veins, 4, femoral, 6, deep saphenous, 7, dorsal pedal. (After Jones
Quain, 1847 )
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along the femoral vessels. ‘The upper thigh should be examined
for varicose veins extending from the saphenous-femoral junction
in all directions, Such varicosities usnally indicate 2 former throm-
bophlebitis which destroyed the integrity of the saphenous valve.
The femoral canal should then be palpated down along its course
to the posterior surface of the knee. Evidence of thrombosis or
arteriosclerosis should be noted.

‘The popliteal area should be very carefully examined. Some-
times it is difficult to determine the pulsation of the popliteal
artery, but palpation should always be attempted. Frequently it
1s best done by having the patient lie in the supine position with
the knees slightly flexed Another procedure is to have the patient
lie prone with the knees slightly flexed while the examuner's
fingers press in the popliteal space, This examination should never
be neglected because popliteal aneurysms ate not fare, especially
in the older age group. The most common etiologic factor is
artertosclerosis, but they may occur in syphulis or follow trauma

The lower legs should be examned for varicosities of the super-
ficral verns, edema and evidence of thrombosis and of ulcerations,
which ate rather frequent over the tibra and in the region of the
ankle The posterior surface of each calf should be carefully but
deeply palpated for evidence of deep venous thrombosis. Forced
flexion of the foot (Homan's technic) may produce deep pain
in the zone of the gastrocnemius muscle, suggesting the possibulity
of thrombophlebitis in that area. It is tmportant that all ulcers be
carefully described and measured for companison, Tracing of the
outline of the ulcer on a sheet of cellophane applied over it 15 the
preferred method since 1t includes all the irregularities of contour.
A series of such tracings will indicate whether or niot the ulcer is
decreasing in size during treatment. Clinical impressions are fre-
quently fallacious in this regard The posterior tibial artety is thea
sought where it passes just posterior to the internal malleolus, It
is important to determine whether this artery is pulsating or not.

The examiner then studies the patency of the dorsalis pedis ar-
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tery which passes down over the anteriot surface of the foot (Fig
8). It 1s most frequently felt somewhat to the medual side, 2-3 cm.
distal to the level of the malleolus, but 1t should be realized that
often this artery 1s aberrant and may be found anywhere between
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F16. 8 —Semidiagrammatic projection showing some variations i course of
the dorsalis pedis artery These and other possible vartations must be kept 1
mund when the vessel 1s not palpable at its usual site Left-hand outline, usual
location of dorsalis pedis; center outhne, artery curved laterally, mght-hand
outline, artery curved ventsally, lymg deep between the bones, and pulse 1s
not palpable

the anterior surfaces of the two malleols Considerable time may
be required to Jocate the artery even when it 15 pulsating freely.
Patrents have been referred several hundreds of miles because the
physican failed to find the dossalis pedis artery and concluded
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that the patient had serious vascular disease. In numerous cases,
careful palpation revealed that the vessel was aberrant, being
located, for example, over the anterior surface of the external
malleolus, The dorsalis pedis artery may be located deeply, so that
it cannot be palpated, yet oscillometric readings will reveal its
presence; this does not signify a circulatory disease, If the dorsalis
pedis cannot be felt in either foot of a young man with o other
evrdence of vascular disease, the possibility that the condition is
congenital must be considered.

One addstional factor should be mentioned at this point. Spasm
of the dorsalis pedis (1) m a cold examining room, (2) in the
presence of extreme nervousness or (3) in a vasospastic patent
may result i absence of pulsation without occlusive vascular
disease. A heated examining room, reflex heat, obtamned by the
use of a heating pad on the abdomen, and reassurance or relaxa-
tion by muld sedatton will 1n such instances restore the normal
pulse, 1/100 gr nitroglycerin sublingually often brings out a
strong pulse 1n arteries not organically occluded. Thus, absence of
a readuly palpable dorsalis pedis pulse may indicater (1) an aber-
rant location of the astery at its usual depth; (2) a deeply placed
attery; (3) spasm of the astery due to cold ot nervousness, with ot
without a vasospastic diathests, (4) organic occlustve vascular Jis-
ease, o (5) pressute on a major artery above the level of examina-
tion. One of three cases 1n which a truss occluded the femoral
artery follows.

A man, aged 77, complained of satermuttent claudication in the right
calf after walking a city block When first noted 12 years before, his
physician had recorded absence of the night dorsalis pedis artery and
oscillometric readings at O in the foot and 0,25 above the ankle He
received more than 200 injections of various types without effect, In
Apri, 1951, he was seen in the peripheral vascular clinic at the New
Yaork Hospital. At that time, 12 years after onset, 6o pulses could be
palpated in the right foot, Oscillometric readings were 01 1n the foot
20d 0 6 above the ankle, During a complete examination 1t was noted
that he wore a truss with pads over both inguinal ateas but with greater
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pressure over the femoral artery on the nght On removal of the truss,
both pulses were easily palpated 1 the foot! Osaillometric readings sa-
creased immediately to 0 2 m the foot and 1 5 above the ankle, He was
instructed to remove the pad on the right stde of the truss, since it turned
out that he had 2 hernia only on the left stde and had added the pad on
the right side on hus own mitrative 12 years befote One week later he
reported total absence of all claudication symptoms He had walked
neatly 2 mile without pain.

‘The feet and toes should always be examined thh great ca:e
because they are the areas most £ 1 Ived in penpk
vascular diseases The examiner should study them for color
changes on elevation and on dependency, for evidence of gangrene
and ulcets, however small, for atrophy of the sk, muscles and
nails and for evidence of impatred nail growth and dermatophy-
tosis. It is important to exarmne the medial surface of the foot,
since the veins passing upward from the sole are common sites of
thrombophlebitis

It will be noted that this entife examination may be conducted
without the use of any equip whatever. An oscill pro-
vides helpful confirmatory evidence when propetly used and when
its readings ate not ov preted It 15 sec ded that the
examiner take blood pressure readings in both upper and both
lower extremities. Many cases of coarctation of the aorta have
been mussed because of the omission of blood pressure or osallo-
metric readings of the lower extremuties. Even though careful pal-
pation for atteres of the foot will, by absence of thesr pulsation,
disclose coarctatton 1n most cases, 1t 15 well to be doubly certamn
Observations of color of the skin ate 5o tmportant 1o these diseases
that 1t seems appropriate to comment at this pomnt on the mechantsm
of production of the color of the skin.

Mechanisms responsible for skin color—The most umportant
single factor m the color of the skin 1s the blood in the subpapillary
venous plexus The plexus 15 made up of fairly wide channels 1n
the deeper layets of the skin snto which the superficral capillaries
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and glomera drain. If the capillaries themselves ate widely dilated,
they may affect the skin color The quality of the blood which
flows through the subpapillary venous plexuses also influences the
skin color, for blood containtng a lagge amount of oxyhemoglobin
produces a bright red tint. The venous blood produces a darker
hue, depending 1n part on the oxygen content of blood which has
passed into the veins through glomera or congenital arteriovenous
anastomoses and partly on the oxygen or lack of it in blood which
has passed through capillaries. In general, the longer blood 15 in
capillaries, for example in profound venous stasis, the datker will
be its color and hence the color of the skin. With certain cardiac
and pulmonaty conditions which interfere with normal oxygena-
tion of the blood there is also 2 tendency to a cyanotic hue. The
skin depends also on the balance between the sympathetic and
parasympathetic nervous systems which control the lumens of the
blood vessels. This 1s especially true of the arterioles, which have
a strong muscular coat and act as valves to the peripheral ciraula-
tion. Strong sttmuli such as fright, anger and cold may cause con-
traction of the arterioles, limiting sharply the amount of blood
supplying the skin and producing definite pallor. This is accentu-
ated to a pathologic degree in Raynaud's syndrome.

Occlusion of 2 major artery or spasm or organic blockage of
many arterioles will, as previously mentioned, produce pallor
an extrematy, even when the subject ss supine, This 15 simply
explained on the basis of inadequate attertal flow to the part,
so that the subpapillary venous plexus 1s relatively empty. Eleva-
tion of the extremity greatly accentuates the phenomenon, Rubor
is occasionally seen in the tips of the fingers or toes of an elevated
extremity in the presence of organic arterial occlusion with infec-
tion. The expl ion for this pk is not clear It is pos-
sible that in an endeavor to secure an adequate blood supply
minute vessels, including the glomrers, are afmose permanently
abnormally dilated. (The temperature changes of the feet are dis-
cussed later.) Rubor that persists even on elevation, with a definite




STUDY OF THE PATIENT 47

increase in temp , suggests a diagnosis of erythermalgua.

The patient may have mottling of the skin (discussed further
in Chapter XIV). In some individuals st 1s so mild that 1t is
probably normal, and 1n others 1t 15 so pronounced as to warrant
constderation of a vascular disease. It 1s most marked 1 the skin
of the arms and legs but sometumes mvolves other areas, notably
the palms, Other wdividuals have marked rubor of the thenar
and hypothenar eminences. The explanation is not clear, but the
condition is often seen with such diseases as theumatoid arthritts,
permicious anemix and liver disease

Throughout the examination thought should be given to evi-
dence of edema. Although the commonest stte of edema is the
lower extzemuttes below the knees, 1t may be found in any portion
of the body Edema of the face and trunk s usually associated with
generalized cardiac, nephntic or metabolic disturbances. Edema
of the upper extremities may be associated with Iymphedema or
primary axillary venous thrombosis Edema of the lower extrem-
sties may be associated with cardiac and nephritic diseases and
with protein deficiency From the vascular pomnt of view the
problem 1s primanly one of differentistion between blockage of
the venous and of the lymphatic system Frequently both systems
are involved It is important to note whether the edema 15 pitting
of nonpitting 10 type A common error 1n testing for this is to
apply the finger pressure too brrefly, Pressure should be firm and
prolonged for one to two minutes 1f necessaty. Priting edema can
frequently be reduced by elevation of the extremuties and other
measures, whereas nonpitting edema caused by the proliferation
of Iymphoblasts and other connective tissue elements frequently
can be reduced only by radcal surgery in the form of a Kondoleon
operation

It should be remembered that pitting edema of the extremities
can be produced by constricting pressute proximal to the site of
the edema This 1s commonly due to tight garments, espectally
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and glomera drain. If the capillaries themselves are widely dilated,
they may affect the skin color. The quality of the blood which
flows through the subpapillary venous plexuses afso influences the
sk color, for blood containing a large amount of oxyhemoglobin
produces 2 bright red tnt The venous blood produces a darker
hue, depending 1n part on the oxygen content of blood which has
passed into the veins through glomera or congenital artetiovenous
anastomoses and partly on the oxygen or lack of it in blood which
has passed through capillanies. In general, the longer blood 15 10
capillaties, for example in profound venous stasis, the darker will
be its color and hence the color of the skin. With certan cardiac
and pulmonary conditions which interfere with normal oxygena-
tion of the blood there is also a tendency to a cyanotic hue. The
skin depends also on the balance between the sympathetic and
parasympathetic nervous systems which control the lumens of the
blood vessels This is especially true of the arterioles, which have
a strong muscular coat and act as valves to the peripheral circula-
tion. Strong stsmult such as fright, anger and cold may cause con
teaction of the arterioles, limtting sharply the amount of blood
supplying the skin and producing definite pallor. This 15 accentu-
ated to a pathologic degree 1o Raynaud's syndrome,

Occlusion of 2 major artery or spasm ot organic blockage of
many arterioles will, as previously mentioned, produce pallor 1
an extremuty, even when the subject is supine This ss simply
explamed on the basis of inadequate arternal flow to the patt,
so that the subpapillary venous plexus 15 relatively empty. Eleva-
tion of the extremuty greatly accentuates the phenomenon Rubor
is occasionally seen in the tips of the fingers or toes of an elevated
extremity 1n the presence of organic arterial occlusion with infec-
tion. The explanatton for this ph 1s not clear, It is pos-
sible that 1n an endeavor to sccure an adequate blood supply
minute vessels, including the glomera, are almost permanently
abnormally dilated. (The temperature changes of the feet are dis-
cussed later.) Rubor that pessists even on elevation, with a definite
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increase in temperature, suggests a diagnosis of erythermalgia.

The pattent may have motthing of the skin (dscussed further
in Chapter XIV) In some individuals it ts so muld that st is
probably normal, 2nd 1n others 1t is so pronounced as to warrant
consideration of a vascular disease. It is most martked in the skin
of the arms and legs but sometumes mvolves other areas, notably
the palms. Other 1ndwviduals have marked rubor of the thenar
and hypothenar eminences. The explanation is not clear, but the
condition is often seen with such drseases as theumatord arthaitss,
pernicious anemia and liver disease.

Throughout the examination thought should be given to evt-
dence of edema Although the commonest site of edema is the
lower extremities below the knees, it may be found o any portron
of the body Edema of the face and trunk 1s usually associated with
generalized carduic, nepheitic or metabolic distucbances Edema
of the upper extremuties may be associated with lymphedema or
primary axillary venous thrombosis, Edema of the lower extrem-
ities may be associated with cardiac and nephritic discases and
with protein deficiency. From the vascular point of view the
problem 15 primarily one of differentiation between blockage of
the venous and of the Iymphatic system Frequently both systems
are anvolved. It is important to note whether the edema 15 pitting
or nonpitting in type. A common error 1n testing for this is to
apply the finger pressure too briefly. Pressure should be firm and
prolonged for one to two minutes sf necessary, Pitting edema can
frequently be reduced by elevation of the extremities and other
measures, whereas nonpitting edema caused by the proliferation
of lymphoblasts and other connective tissue elements frequently
can be reduced only by radical surgery 1n the form of 2 Kondoleon
operation

It should be remembered that pitting edema of the extremuties
can be produced by constricting pressure proximal to the site of
the edema. Thrs is ly due to tight g , especially
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and glomera drain If the capillaries themselves are widely dilated,
they may affect the skin color. The quality of the blood which
flows through the subpapillary venous plexuses also influences the
skin color, for blood contatning a large amount of oxyhemoglobin
produces 2 bright red tint. The venous blood produces a datker
hue, depending 1n part on the oxygen content of blood which has
passed into the veins through glomera or congenital arteriovenous
anastomoses and partly on the oxygen or lack of it in blood which
has passed through capillaries. In general, the longer blood is
capillartes, for example 1 profound venous stasis, the datker will
be 1ts color and hence the color of the skin With certain cardiac
and pulmonary conditions which interfere with normal oxygena-
tion of the blood there is also a tendency to a cyanotic hue. The
skin depends also on the balance between the sympathettc and
parasympathetic nervous systems which control the lumens of the
blood vessels. Ths 15 especially true of the arterioles, which have
a strong muscular coat and act as valves to the petipheral circula-
tiont Strong stunuli such as fright, anger and cold may cause con-
traction of the arterioles, imiting sharply the amount of blood
supplytag the skin and producing defitute pallor ‘This is accentu-
ated to a pathologic degree 1n Raynaud's syndrome.

Occlusion of a major astery ot spasm or organic blockage of
many arterioles will, as previously menttoned, produce pallor in
an extremuty, even when the subject is supine. This 15 stmply
explained on the basis of madequate arterial flow to the part,
so that the subpapillaty venous plexus is relatively empty. Eleva-
tion of the extremity greatly accentuates the phenomenon, Rubor
18 occasionally seen in the tips of the fingers or toes of an elevated
extremity in the presence of organic arterial occlusion with infec-
tion. The explanation for this phenomenon is not clear. It is pos-
sible that in an endeavor to secure an adequate blood supply
mimute vessels, including the glomers, are almost permanently
abnormally dilated. (The temperature changes of the feet are dis-
cussed later.) Rubor that pesists even on elevation, with a definite
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increase in temperature, suggests a diagnosts of erythermalgia,

The patient may have mottling of the skin (discussed fusther
in Chapter XIV). In some individuals it is so mld that st 15
probably normal, and in others 1t 15 so pronounced as to warrant
consideration of a vascular disease. It 1s most marked n the skin
of the arms and legs but sometimes mvolves other areas, notably
the palms. Other indwviduals have marked rubor of the thenac
and hypothenar eminences. The explanation is not clear, but the
condition is often seen with such diseases as theumatotd arthritis,
pernicrous anemia and ltver disease

Throughout the examination thought should be given to evs-
dence of edema. Although the commonest site of edema 1s the
lower extremities below the knees, 1t may be found 1 any portron
of the body. Edema of the face and trunk 1s usually associated with
generalized cardiac, nephrittc or metabolic disturbances. Edema
of the upper extzemities may be assocrated with lymphedema or
primary axillary venous thrombosis. Edema of the lower extrem-
ities may be associated with cardiac and pephritic diseases and
with protein deficiency. From the vascular point of view the
problem is primanly one of differentiation between blockage of
the venous and of the Iymphatic system. Frequently both systems
are involved. It is important to note whether the edema 15 pitting
or nonpitting in type A common error n testing for this is to
apply the finger pressure too briefly, Pressure should be firm and
prolonged for one to two minutes 1f necessagy. Patting edema can
frequently be reduced by elevation of the extremittes and other
measutes, whereas nonpitting edema caused by the proliferation
of lymphoblasts and other connective tissue elements frequently
can be reduced only by radical surgerty in the form of 2 Kon‘doleon
operation 1

Tt should be remembered that pitting edema of the extreinities
can be produced by constricting pressure proximal to the site of
the edema, This 1s commonly due to tight garments, especially
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girdles and garters, but we have also seen it as a result of tourni-
quets applied by individuals who have successfully used this methad
for malingering

SpPECIAL EXAMINATIONS AND TESTS OF STATUS OF
THE CIRCULATION

The purpose here is to outlmne technics of study which will pro-
vide additional information regarding the status of the circulation
in a patt or m the whole body under examination, Certain tests
that can be performed with equipment readily available m every
doctor’s office are emphasized and described 10 detail. Other tests,
requining specialized equipment or traming, for the most patt
provide information of a research nature. Although information
ganed from them has been of great value n establishing basic
concepts of the pathologic physiology of vascular diseases, they
are rarely essential to the correct diagnosis and treatment of the
pattent with a vascular disease The complex tests are presented
briefly o order to explam thesr function and methodology. For
further detasls the reader should refer to onginal communications
listed at the end of the chapter.

COLOR VARIATIONS ON POSTURAL CHANGES OF
THE EXTREMITIES

A most useful observation which 1s available to all physicians
and requites no apparatus 1s that of changes of color of the
foot or hand following elevation and following dependency. For
study of the foot the patient should be in the supine position with
the foot at body level. In the absence of vascular disease, local
infections or lesions or changes in the blood itself, the foot will
have normal color and the balls of the toes a pinkish red color
without pallor, marked rubor or cyanotic tints. Certain vascular
diseases may cause pallor, excessive rubor or cyanosis even in the



STUDY OF THEL PATICNT 49

supine position. Color changes are accentuated by the following
postural changes.

The legs are first elevated from the horizontal to a 45 degree angle
and observed for color changes, It is better for the examiner than for the
patient to support the feet, since tension of the muscles of the abdomen
and thighs may unduly fatigue the patient and cause muscular pressure
on the vessels, changing the lumens of the potentral vascular channels
In the presence of occlusive arteral disease such as artertosclerosts

bli hromb is obl the toes and feet will blanch
unless most unusual collateral circulation has developed. In very eatly

or three minutes. Often 1t can be increased by having the patient move
the toes and feet actively This rapidly empties the area of blood and
pew blood 15 slow to flow in, The degtee of pallor may be indicated by
<+ to +-}-f-4. Pallor may occur even mn the presence of pulsating
dorsahs pedis and posterior tibial atterses, 2nd usually indicates the
occlusion of artertes pertpheral to the points of palpation This point is
not generally apprecrated by physicians, who often assume that all 15
well 1f they can palpate these two farge astertes Marked palior of both
feet (-}--4 to 44+ usually 1ndscates disease Pallor of one foot in
contrast to normal color of the other is to be regacded as highly pre-
sumptive evidence of definite cizculatory impatrment of the pale foot

The patient then lowers the feet to a position of dependency by hang-
ing them over the edge of the examining table ot bed (preferably while
sittng up). Normal color should return within 10-15 seconds In the
presence of occlustve arterial disease the toes and feet will become 2
very bright red, this may take several minutes. The color usually changes
to a cyanotic hue. The change may be graded 4 to -}~ for the
record,

Although very shight changes 1 color may be considered to
be within normal limuts, profound changes 1n color following
postural changes should be constdered among the most significant
evidence of the presence of occlusive arterial disease Another
example of the value of the test for color changes with changes of
posture 15 the marked dusky cyanosis of the feet on dependency
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which suggests venous pathology, probably occlusive, especially
when elevation produces blanching only to what might be termed
normal color. Color changes on dependency are also most notice-
able when umlateral, indicating definite impairment of the cit-
culation of only one extremmty.

It must be remembered that some systemic diseases may be
responsible for tubor, cyanosis or pallos of the skin of the ex-
tremities as well as elsewhere. These include polycythemia vera
and methemoglobinema, which may produce rabor, and casdiac
and pulmonary conditions which produce cyanotic states assoctated
with anoxia. Persons with a vasospastic diathesis, especially women
who have never been athletic, may have cyanosis of the feet on
dependency, as do patients with neurocirculatory asthenia. Pro-
found anemia may cause severe pallor Argyria may be confused
with cyanosts. In argytia one of the first places for the slate-blue
discoloration to appear 1s m the mail bed. Deposttion (sitver
sulfate?) begins as 2 small line like a crown around the distal
edge of the lunula and extends gradually to involve the entire
nail bed True cyanosts, on the other hand, involves the entite
nail bed about equally. Therefose the presence of a crown on the
lunula may ard in differentiation of eatly argyma from true
cyanosis. This observation was first made by the author in 1934.

TESTS FOR INTERMITTENT CLAUDICATION

Intermittent claudication 15 one of the most common persisting
symptoms of occlusive vascular disease. Characteristically, the
patient complains that after he walks a certain distance pain
develops 1n the muscles of his legs. That forces him to stop. After
a few minutes of rest he can proceed approximately the same dis-
tance agan. It is wise to establish a quantitative measure of this
phenomenon so that the course of the condition can be followed
with some accuracy. Batker and his co-workers at the Mayo Clintc
have used a test whereby the patient walks at the rate of 120 steps 2
minute with an attendant who uses a stop watch to regulate the
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speed. The time lapsing between the beginming of the test and the
beginning of pain is known as the “claudication time ** ‘This test
is sometimes inconvenient because of inclement weather and
other reasons. Various types of ergometers have been developed
to overcome this objection A simple one has been used in our
clinic for several years.

‘The patient stands erect with his foot on a pedal which he presses
down, thereby hifting a weight of 13.61b. (Fig 9) He does this at the
rate of 120 times per minute until the onset of pan (claudication time)
Those with serous occlusive vascular disease may only be able to carry
out this procedure for 10 or 15 seconds before sevete pain develops 10
the calf, whereas after successful therapy they may be able to continue
for five of more minutes A normal individual may continue for five
or even 10 minutes without evidence of severe fatigue

These attempts at quantitative evaluation are not beyond criti-
cism but permit comparative analysis from 2 clinical pount of view

OSCILLOMETRIC STUDIES

The use of an oscffometer 15 not essential to the diagnosis of
most vascular conditions, but 1t is helpful at tumes 1n making
certain that the examiner's palpating finger is not betraymg him
I have seen patients whose physicians claimed that they felt the
dorsalis peds artery but 1n whom it was possible to demonstrate,
by means of an oscillometer, that thete were no pulsations in major
vessels below the knee. Such doctors, when asked to press their
finger-tips against an inanimate object, have discovered such strong
pulses mn their finger-tips that they were not relble as fine
palpating organs In other patients it has been impossible to find
the dorsalis pedss astery by palpation, yet oscillometric readings
clearly demonstrated a strong pulse and an obwiously major
artenial pulsation tn the foot

‘The level at which the major artenies are blocked can be deter-
mined by an oscillometer fairly accurately and more easily than
by en astesiogram, although in some instances the arteriogram
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which suggests venous pathology, probably occlusive, especially
when elevation produces blanching only to what might be tetmed
normal color. Color changes on dependency are also most notice-
able when unilateral, indicating definite impairment of the cir-
culation of only one extremity.

1t must be remembered that some systemic diseases may be
responsible for rubor, cyanosis or pallor of the skin of the ex-
tremuties as well as elsewhere These include polycythemta vera
and methemoglobinemia, which may produce tubor, and cardiac
and pulmonary condstions which produce cyanotic states associated
with anoxia. Persons with a vasospastic diathesis, especially women
who have never been athletic, may have cyanosis of the feet on
dependency, as do patients with neurocirculatory asthenta. Pro-
found anemia may cause severe pallor Argyria may be confused
with cyanosis. In argynia one of the first places for the slate-blue
discoloration to appear is i the mail bed Deposition (silver
sulfate?) begins as a small line like a crown around the distal
edge of the Junula and extends gradually to involve the entire
nail bed. True cyanosis, on the other hand, involves the entire
nail bed about equally. Therefore the presence of a crown on the
lunula may ad in differentiation of early argyra from true
cyanosis. This observation was first made by the author in 1934,

TESTS FOR INTERMITTENT CLAUDICATION

Intermittent claudication is one of the most common persisting
symptoms of occlusive vascular disease. Characteristically, the
patient complains that after he walks a certain distance pamn
develops in the muscles of his Iegs That forces him to stop. After
a few minutes of rest he can proceed approximately the same dis-
tance again. It is wise to establish a quantitative measure of this
phenomenon so that the course of the condition can be followed
with some accuracy. Barker and his co-workers at the Mayo Clinic
have used a test whereby the patient walks at the rate of 120 steps a
minute with an attendant who uses a stop watch to regulate the
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A number of types of oscillometers have been manufactured,
Our experience with 2ll known vaneties of oscllometers has
demonstrated the von Recklinghausen apparatus to be the most
sensitive and durable, It 15 made 1n Germany. The Pachon oscil-
lometer, made by the Boulitte Company of France, is satisfactory.
The oscillometer consists of a pneumatic cuff connected by
rubber tubing to a recorder with a sensittve diaphragm  Pulsa-
tions against the pneumatic cuff transmit pressure to the capsule
moving a needle across a dial which measures in units what is
termed the oscillometric index. Different machimes show consid-
erable variation in resp to a given pul It 15 1mp 3
therefore, that the exammer be familiar with his equipment 1n
order to evaluate propetly the relative pulsations noted 1n one
individual and to pare the read for one individual with
those for others. It should be und d that the osall
does not differentiate between organic occlusive disease and 2
vasospastic state which may be tempotary The following read-
ings are normal as measured by most oscillometers:

Lowrs Exmaexiry Urerx Exrazurre
Midthigh 4-16 Upper arm. 416
Upper third of Jeg 312 Elbow 312
Above ankle 1-8 Wrst 1-10
Foot 02-10 Hand 02-2

It is important that oscillometric readings be performed in 2
warm environment, preferably above 70 E., so that vasospasm of
the artertes caused by cold or chulling may not be a factor in the
readings. The patient should be exposed to this environment
for 30-60 minutes 1f he has just come from out of doors on a
winter day. When in doubt, we customanly sutround the patient
with blankets and if necessaty use hot water bags and heating
pads to nullify the effect of chilling, mtroglycenn sublingually may
increase pulsation in a vessel constricted by vasospasm

Various technics for recording the results have been utilized
It is now common practice to consider as the oscillometric index
of a given point, e.g, below the knee, the greatest swing of the
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gives more precise information. The level is discovered simply by
taking readings at various levels from the foot up over the ankle,
at the midcalf, upper calf, level of the knee and at various levels

TR ]

i
' . ) i

Fi6 9- for claud, time. Patient stands with foot
of extremity to be tested on the treadle Pressing down, he lifts a 13 1b weight
Pressure at regulated speed of 120 times per minute discloses the work necessary
to produce claudication, and results can be compared wath futute performance.

of the thigh. An osallometer will not indicate whether there is
adequate collateral circulation, since collateral circulation is fre-

quently distributed through so many vessels that distinct pulsation
is not produced.
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A number of types of oscllometers have been manufactured
Our experience with all knonn vaneties of oscillometers has
d d the von Recklingk pp to be the most
sensitive and durable. It ts made 1 Germany, The Pachon oscil-
lometer, made by the Boultte Company of France, 1s satisfactory.
The oscillometer consists of a pneumatic cuff connected by
rubber tubing to a recorder with a sensitive diaphragm. Pulsa-
tions against the pneumatic cuff transmut pressure to the capsule
moving 2 needle across a dial which measures in umits what 1s
termed the oscillometric index Different machines show consid-
erable variation in resp to a given pulsation It is wnp
thercfore, that the examiner be farmlar with his equipment 1n
order to evaluate properly the relative pulsations noted in one
individual and to compare the readings for one individual with
those for others It should be und d that the osaill
does mot differentiate betweea organic occlusive disease and a
vasospastic state which may be temporary. The following read-
ings are normal as measured by most oscillometers

Lowea Exrermrry Urrex Exteeurry
Mudthigh 416 Upper arm 416
Upper third of leg 312 Elbow 312
Above ankle 1-8 Wrist 1-10
Foot 02-10 Hand 02-2

It is important that oscillometric readings be performed in 2
warm environment, pteferably above 70 F, so that vasospasm of
the atteries caused by cold or chilling may not be a factor 1n the
readings ‘The patient should be exposed to this environment
for 30-60 munutes if he has just come from out of doors on a
winter day, When 1n doubt, we customanly surround the patient
with blankets and if necessaty use hot water bags and heating
pads to nullify the effect of chilling, nitroglycerin sublingually may
increase pulsation in a vessel constricted by vasospasm

Various technics for recording the results have been utilized
It is now common practice to consider as the oscillometric index
of a given point, e g, below the knee, the greatest swing of the
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gives more precise information. The level is discovered simply by
taking readings at various levels from the foot up over the ankle,
at the midealf, upper calf, level of the knee and at various levels

Fic 9 for claud, time. Patient

- 3 t stands with foot
of extsemity to be tested on the treadle Pressing down, he lifts a 13 Ib. weight.
Pressuce at regulated speed of 120 times per muinute discloses the work necessary
to produce claudication, and results can be compared with future performance

of the thigh An osallometer will not indicate whether there is
adequate collateral circulation, since collateral circulation is fre-

quently distributed through so many vessels that distinct pulsation
1s not produced.
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A number of types of escillometers hive been minufaciured.
Our expetience with all known varietiss of osdlloreters has
d ated the von Recklingh apparatos to be the most
sensitive and durable. It is made in Germuny. The Pachoz osal-
lometer, made by the Boulitte Company of Frasce, is satisfactery.
The oscillometer consists of 2 pneumitic cof conmected by
rubber tubing to 2 tecorder with 2 seasitive dizphragm. Pulsa-
tions against the poeumatic cuff traasmit pressure to the capsule
moving a needle across a dial which messures in worts what 1s
termed the oxcillometric index. Different machines shon consid-
erable variation ia response to a given pulsation. It is emportane,
therefore, that the examiner be famdizr with his equpment
order to evaleate properly the relative pulsaticas poted in coe
individual and to compare the readings for oze indideal witk
those for others. It should be uad: d that the osallemets:
does not differentiste between organic occlusive disease 1ad 2
vasospastic state which may be temporary  The following read-
ings are normal as measured by most osallemeters.
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It is important that oscillometric readings be performed in 2
warm eaviroament, preferably above 70 F., so that vasospasm of
the arteries caused by cold or chilling my not be 2 factor i the
readings. The patient should be exposed to this eavironment
for 30-60 minutes if he has just come from out of doors on 2
winter d1y. When in doubt, we customrily surroead the patient
with blinkets and if necessary use bot water bags and heating
pads to nullify the effect of chilling: mitroglycerin sublingually may
increase pulsation in a vessel constricted by vasospasm

Various technics for recording the results have been ctilized.
It is now common practice to consider as the oscillometric index
of 2 given point, e.g_, below the knee, the greatest swing of the
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gives more precise tnformation. The level is discovered simply by
taking readings at various levels from the foot up over the ankle,
at the midealf, upper calf, level of the knee and at various levels

of the thigh. An oscillometer will not indicate whether there is
adequate collateral circulation, since collateral circulation is fre-
quently distributed through so many vessels that distinct pulsation
is not produced.
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angitis and infections of various types also cause local
heat which is determinable by this method.

For observations of the skin temperature a smali m
mometer with a wide bulb has becn devised. Howes
oughly satisfactory thermometer of this type has not |
oped because vatying degtees of pressure against the
a rise or fall of the mercury A more sabisfactory a
the potentiometer,® which indicates the temperature «
in degrees of fahtenheit or centigrade directly follows
tion of a thermocouple to the skin (Figs, 10 and 11)
ment known as Dermothermi has been nsed with sats
many workers There are several modifications of tt
apparatus.

Variations in the surface temperature, bke osatlon
ings, must be interpreted with caution There 1s a wic
the surface temperature of the extremuties of normal |
the accepted standard environment of about 25 C (7:
40 per cent humidity, the surface temperature varies |
35 C. (73-93 F.) even after the subject rests under cont
ditions for a long time The forehead, thorax and upp
of the leg are, on the average, 7-10 degrees (C,
warmer than the toes. The temperature of the fingers
lies in the range of 32--35 C. (88~93 F } The temperat
skin of the toes and of the muscles of the calf are :
related.

It has been demonstrated that the surface temperat
extremuties is greatly mfluenced by environmental tempe
also by the basal metabolism. The temperature is also :
the ingestion of food, smoking, emational stimulr and ¢
factors. The humidity of the air within usual limits ha:
Little influence on the skin temperature.

The temperatute of the skin 1s not a measure of the to

® Leeds and Noithrup Company
+ Taylor Instrument Companies
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needle at that level at any pressure of the pneumatic cuff. The
greatest swing and the pressure level at which it is obtained are
recorded; for example’ foot—0.35 at 140. The normal readings
listed previously have been established on that basis. )
In summary, the oscillometer has been found to be a useful
adjuact to our diagnostic procedures Its imitations must be cleatly
understood in order to avoid overinterpretation of its function

SURFACE TEMPERATURE

The surface temperature may contribute important evidence for
the establishment of a diagnosis of peripheral vascular disease and
the type 1n the individual patient. Perhaps the most significant
observation, and one easily made, is that the temperature of one
extremuty 1s much lower than that of its counterpart, even though
both have been exposed to the same environmental conditsons.
One or two fingers or toes may be definitely cooler than the other
digits of the same extremmty. These are important observations
and indicate ofganic occlusive arterial disease or a vasospastic phe-
nomenon such as Raynaud’s

Clinscally, the exammation for surface temperature 1s relatyvely
simple It 1s best that the examner use the dorsal surfaces of his
fingers dustal to the first phalangeal joint. In most individuals this
atea is more sensitive to slight temperature changes than are the
palmar surfaces of the finger-tips The dorsal surfaces of the
fingers are slowly moved distally over the entire length of the
extrernity to the tips of the toes or fingers. In this way a zone of
sudden change of temperature 1s easily noted Differences of far
less than 1 degree (C) are determnable. If the temperature 15
much lower 1n one extremity than in the other this must be con-
sidered impottant evidence of 2 circulatory disturbance Compan-
son of the temperature of the soles should not be overlooked. If
the temperatures of the feet or hands ate markedly elevated above
the anticipated levels one must consider erythermalgia, usually a
bilateral or quadrilateral pt ‘Thrombophlcbitis, lymph-
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angitis and infections of various types also cause local increase in
heat which is determinable by this method.

For obsetvations of the skin temperature 2 small mercury ther-
mometer with a2 wide bulb has been devised. However, a thor-
oughly satisfactory thermometer of this type has not been devel-
oped because vatying degrees of pressure against the bulb cause
a nise or fall of the mercury. A more satisfactory apparatus is
the potentiometer,® which mdrcates the temperature of the skin
in degrees of fahtenheit or centigrade directly following applica-
tion of a thermocouple to the skin (Figs. 10 and 11). The mstru-
ment known as Dermothermt has been used with satisfaction by
many workers, There are several modifications of this type of
apparatus,

Variations 1n the surface temperature, like osaillometric read-
mngs, must be interpreted with caution There 1s 2 wide range 10
the surface temperature of the extremities of normal persons In
the accepted standard envitronment of 2bout 25 C. (72 F.) with
40 per cent humidity, the surface temperature vanies from 24 to
35 C. (73-93 F ) even after the subject rests under controlled con-
ditions for a long time The forehead, thorax and upper portions
of the leg ate, on the average, 7-10 degrees (C., 12-18 F)
warmer than the toes. The temperature of the fingers ordinanily
Ies in the range of 32~35 C. (88-93 F )} The temperatures of the
skin of the toes and of the muscles of the calf are not closely
related.

It has been demonstrated that the surface temperature of the
extremities is greatly influenced by environmental temperature and
also by the basal metabofism The temperature is also affected by
the ion of food, smok | stimuls and many other
factors. The humidity of the air withm usual limits has relatively
little influence on the skin temperatuse

The temperature of the skin is not a measure of the total volume

* Leeds and Northrup Company
1 Taylor Instrument Companies
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needle at that level at any pressure of the pneumatic cuff. The
greatest swing and the pressure level at which it is obtained are
recorded; for example foot—0.35 at 140, The normal readings
listed previously have been established on that basis. )
In summary, the oscillometer has been found to be 2 useful
adjunct to our diagnostic procedures. Its limitations must be cleatly
understood in order to avoid overinterpretation of its function

SURFACE TEMPERATURE

The surface temperature may contribute important evidence for
the establishment of a diagnosis of peripheral vascular disease and
the type 1 the indwvidual patient Pethaps the most sigaificant
observation, and one easily made, is that the temperature of one
extremity is much lower than that of its counterpart, even though
both have been exposed to the same environmental conditions.
One or two fingers or toes may be definitely cooler than the other
digits of the same extremity. These are important obscrvations
and ndicate organtc occlusive artertal disease or a vasospastic phe-
nomenon such as Raynaud’s.

Clincally, the examation for surface temperature 15 relatively
simple. It is best that the examiner use the dorsal surfaces of his
fingers distal to the first phalangeal jont. In most individuals this
area js more sensitive to slight temperature changes than are the
palmar susfaces of the finger-tips. The dorsal surfaces of the
fingess are slowly moved distally over the entire length of the
extremity to the tips of the toes or fingers In this way a zone of
sudden change of temperature is easily noted. Differences of far
fess than 1 degree (C.) are determinable, If the temperature is
much lower m one extremty than in the other this must be con-
sidered important evidence of a circulatory disturbance, Compari-
son of the temperature of the soles should not be overlooked If
the temperatures of the feet or hands are markedly elevated above
the anticipated levels one must consider erythermalgia, usually 2
bilateral or quadrilateral phenomenon. Thrombopblebitis, Iymph-
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of the blood flow to the extremities but only an index of the blood
flow to and through the skin and subcutaneous tissues. A single
casual reading or seties of readings of the skin temperature of the
extremities probably provides little significant information except
regarding diffe es in two corresponding areas on opposite
sides of the body. However, tests for reflex vasodilatation have
increased the value of surface temperature studies These studies
can be carried out easly if the physician has the proper tempera-
ture recording equipment. They depend on the prinaple that when
a normal individual places one extremuty in very warm water, the
opposite extremity will show a marked increase in temperature
The following detailed test may be carned out

The temperature of the room should be approximately 21 C (69.8
F.). After the patient has been stabilized in this environment for 30-60
minutes, one or two extremities are immersed in water at 42-44 C.
(107.6-112 F.). The patient is covered with blankets to maintain the
heat, Tn normal individuals the un-i d ities will show a
marked rise in the temperature of the digits, to a mintmum of 34 C
(93 F.) within 35 minutes Un-immersed extremities with deficient
citculation will fail to respond with the normal rise.

A somewhat simpler test which 15 usually equally effective consists
of the application of a heating pad over the abdomen while the surface
temperatures of the tips of the extremities are followed.

It must be realized that occasional individuals who do not have
occlustve arterial disease do not respond to these tests satssfactontly In
such individuals it is pecessary to use sptnal or, in some, general anes-
thesia before the true vasodilatation response can be obtained

The explanation for reflex dilatation appears to be some-
what as follows Warm blood retums from the warmed exttemity
to the general circulation, thereby affecting the heat centers 1a the
central nervous system. If the return is prevented by the use of 2
cuff proximal to the level of immession of the extremity, there
will be no reflex dilatation until the cuff is released Apparently
the warm blood is the afferent limb of a reflex arc and the sympa-
thetic system represents the efferent lumb of the arc, producing




FiG 10 (abose)~—Body temperature potentiometer indicator,
Fic. 11 {below) —Thermocouple for detesmmnation of skin surface tempera-
ture, (Courtesy of Leeds and Northrup Co )
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of the skin as a result of anesthetization ” The lower limit of this
level, for the surface temperature of the great toe, 1s constdered
to be 31.5 C. (88.5 F ) with room temperature 2t 20 C (68 F ).
The important observations are the maximal level to which the
skin temperature rises and the comparative temperatures of the
skin of the suspected 2nd the normal limbs.

The procedures mvolving detaled study of the surface tempera-
ture under various conditions of anesthesta, while of interest and
sometimes of help, are generally not vital to the diagnosis of a
peripheral vascular disease.

Vasomotor index.—This ndex, descnibed by Brown and his
associates, 15 a figure which indicates the increase i cutaneous
temperature of the toes or fingers 25 compared with the increase
tn oral temperatute following the wmyection of typhord vaccne
It equals the increase 1 skin temperature minus the increase 1
mouth temperature divided by the increase 1n mouth temperature,
This gwves some indication of how circulation can be increased by
fever but contributes little more than can be obtuned by measur-
ing the maximal level to which the temperature of the finger digits
tises folfowing an 1njection of typhotd vaccine, The normal max-
imal nise should be over 31 5 C. (88.5 F.) if the oral temperature
indicates 2 or more degrees (C.) of fever.

Hustamine flare test~—Mention should be made of the histamine
flase test, which has enjoyed some popularity.

A 1:1,000 solution of histamine acid phosphate, with 05 per cent
Chloretone as presetvative, 1s used. The patient should be completely
relaxed. One drop of histamene solution is placed at each of the follow-
1ng levels* the dorsum of the foot, the outer leg 3 in, above the ankle,
the outer leg 3 in. below the knee, and the thigh 2 i above the patelfa.
Multiple 1noculations ate made over these spots by pricking the area
with 2 fine needle to penetrate the skin, with care to avord drawing
blood. Observations are made at 214 and 5 minute intervals The devel-
opment of a wheal and 2 flare zone of erythema is noted In normal
individuals the wheals appear 1n 21 minutes and are completed withmn
10 minutes
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striking reflex dilatation if the integrity of the vascular system
is intact.

ANESTHESIA AND DRUGS AS DIAGNOSTIC AIDS

Anesthesia—It is common knowledge that widespread vasodila-
tation of the skin follows general anesthesia. For example, nittous
oxide-oxygen anesthesra will within 15-20 minutes produce
maximal vasodilatation, with a rise of temperature of the entire
surface of the body to a high level (33 9-35.6 C.; 93-96 F.).
Sometimes 1t is necessary to produce profound anesthesia by ether
to secure maximal vasodilatation, If the arteries of an extremity
are sufficiently mvolved by an occlusive arterial disease, the tem-
perature of the affected area will not reach the high level achieved
in other portions of the body and other extremittes.

Probably the most commonly employed test using an anesthetic
agent 1s the injection of procawne, or a sumilar substance, 1n the arez
of the ganglions of sympathetic nerves supplying an extremity. This
should be carried out by one skilled in the procedure. Even then,
although 2 shatp fise sn the temperature of a limb signifies release
of spasm, when no temperature rise occurs it is difficult to be
certain whether this 15 due to the presence of occlusive arteral
disease or to failure to mnfiltrate the proper area,

A mote certain test for the lower extremities alone 1s that by
means of spinal anesthesia. It is also possible to test for a local
circulatory fault in the foot by mnjecting 10 cc. of 1 per cent pro-
caine 1nto the posterior tibial nerve through the fascia through
which the nerve passes just below the internal malleolus behind
the posterior tibsal astery. In 10-15 minutes the vasoconstrictor
mechanism is relaxed and, normaltly, marked warmth is apparent.
This is limited to the anesthettzed skin of the heels, toes or
plantar surfaces of the toes and the dorsum of the foot, For studies
regarding these phenomena in relation to aanesthesia, we are
indebted to Morton and Scott, who stated that “the normal vaso-
dilatation level indicates the maximum value for the temperatures



STUDY OF THE PATICNT 61

Another type of arteriography involves the use of a radiopaque
substance for intta-arterial injection. For this purpose Skiodan,
Diodrast and Thorotrast have been most used The injection of
Skiodan is so painful that st 1s not tecommended A 35 per cent
solution of Diodrast 1s more satisfactory and 1 most instances
can be injected directly into the artery without causing undue
pain of arteriospasm. 1t 1s faurly satisfactory as an opaque substance
Seventy per cent Diodrast has also been used.

Thorotrast, which 15 stabilized thorum dioxide solution, gives
the best visualization of the vascular tree, It 15 vittually pamless
unless injected by mustake into the surrounding tissues No
immediate generalized toxic effects have been reported Roent-
genologists have been slow to utihize this substance for fear of
the radroactsvity attributed to the thotium dioxide, but more than
10 years of experience with this substance has convinced me that
the risk has been greatly exaggerated, 1s actually minmal and has
failed to justify the fears expressed. A very few cases have been
reported in which there has been 2 suggested damage from radio-
actwity secondary to the use of this substance Some individuals
died, most of them of liver carcinoma or other serious disease
for which thorium dioxide had been admunistered as a dizgnostic
procedute We observed between 300 and 400 patients who
received njections of this substance mote than 12 years ago
without encountering a death which could be attributed to it
Patients have been reported to be in good health 15-17
years after receiving 75 cc, of Thorotrast for hepatic and splenic
pathology. Favorsble expenences have been reported by Yater,
Allen and others ‘The risk 15, 1n our experience, Jess than that with
Diodrast, from the mjection of which numerous deaths have been
reyoxred. ‘The number 1s small, however, n view of the many
patients who recerve Diodrast for renal and other roentgenology

Technie—The patient lies on the x-ray table, the film under the

outstretched extremity, Although local anesthes:a has been recom-
mended, it has not been found necessary in our clinic. It is doubtful
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Kramer believes a subnormal reaction to be evidence of impaired
circulation This test 15 claimed to be of some aid in evaluating the
arculation in patients thought to have had some re-establishment
of collateral circulation which is not measurable by oscillometric
studies. We have not found 1t to be of vital importance in the
study of patients with vascular diseases

A sumilar test using saline intradermally has been advocated,
but we have not adopted it because we did not feel that it gave
sufficiently accurate information.

ANGIOGRAPHY

Artertography—The simplest form of arteriography 1s the
taking of x-rays by the soft tissue technic to determine whether
the walls of the arteries ate calcified to any degree. If an extremity
is to be studied it 1s recommended that the entite ltmb be subjected
to this searching type of exarmination, for frequently the calcifica-
tion 15 patchy and may be missed if only a small portion of the
artersal tree 15 x-rayed This 1s particulatly true of the vessels of
the lower extremuties, 1n which pelvic arteries as well as the entire
tree should be studied I 15 mportant that the roentgenologist
take lateral vrews of the flexed knees, because anteroposterror
wiews often fal to show artersoscleroic plagues direcily bebind
the patella In diagnostic evaluation it 1s of interest to know
whether there 1s any calcification and, if so, the approximate
amount For example, it may aid in the differential dragnosis of
arteriosclerosis obl and thromboangiitis obli in inde-
viduals in the fifth and sixth decades 1t should be understood,
however, that the amount of calcification is not an index of the
patency of vessels. I have seen patients with so-called “pipestem”
arteries extending the entite length of the legs and into the feet,
despite which the arteries were fully patent as demonstrated by
palpation and oscillometric readings. In other cases a small, rather
inconspicuous calcified plaque has been the site of a thrombus
which occluded the artety.
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1t was due to the fact that injection was made by error into the
veins and the material was carried proximally out of the extremty
instead of distally into the peripheral arteres.

The information sought with this method includes the following
main features (1} in the lumens of the arteries, evidence of
marked ircegularity, reduced caliber or complete occlusion, (2) the
degree of collateral circulation and its genetal distribution, (3)
congenital vanations, including changes mn location of vessels and
arteriovenous anastomoses; (4) the presence of aneurysms and
arteriovenous anastomoses due to disease or wjury, and (5) the
presence and general configuration of vascular tumors

Normally, the arteries show a smooth contour and gradual
diminution 1n size as they progress distally. In the hand the volar
arch is visualized rather clearly joining the radui to the ulnar
artery, and the branches may be seen extending to each of the
digits, Small arteries are frequently visualized as a fine com-
municating network. Spasm of the vessels usually results in rather
uniform, smooth diminution in caliber which may be marked
enough to cause complete obliteration, although it sometimes
produces what appeats to be an abrupt occlusion of an arterial
segment.

Occlusive arterial disease causes srregular or “moth-eaten”
patches of narrowing or rather abrupt complete occluston of the
involved vessels. In thromboangiitis obliterans 1t is defficult to
predict where the patchy occlusion may occur, but most frequently
one first sees the typical moth-eaten appearance involving the
distal digital peripheral blood vessels This later extends proxi-
mally up the arteries. The venous channels also are frequently oblit-
erated 1n thromboangutis obliterans, in fact, venous damage may
appear first ‘This important point 15 not sufficiently appreciated.

In arteriosclerosis obliterans a primary occluston may occur at
any level and frequently involves a major vessel midway along its
course. For example, the popliteal and dorsalis pedis artenes are
common sites of blockage. The arterogram cleasly shows the
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that the discomfort of the anesthetic needle is much less than the dis-
comfort of the needle to be used for penetration into the artery. No
has it been found necessary, with one exception, to cut down on an
artery. The attery, for example the femoral, is carefully palpated, and
the second and third fingers of the left hand hold it in position while
the needle fixed to a 30 cc. syringe containing the opaque medium s
guided nto the lumen. An 18 gauge 2 . needle is best for this put-
pose. In most stances the injection of the femoral attery just distal to
Poupart’s ligament 1s a relatively simple procedure, injection of the
radial artery for visualizatron of the hand is more difficult.

It 15 important to make certain that the needle 1s in the vessel by
pulling outward on the plunger before starting the injection. It.li
equally important that the needle be in the artery and not in the vein.
This can be ascertained by noting that on entrance 1nto the lumen of
the artery bright red blood rushes back into the syringe with a pulsating
thythm, whereas on entrance mto the vein dark blood flows sluggishly
1ato the syringe Ordinanly 12.5-15 cc of Thorotrast is sufficient for 2
single injection The roentgenologist must be ready to take prctures at
the exact second during which the pottion of the vascular tree under
study contains the Thorotrast. Thus, frequently the x-ray exposure should
be made duning the last two or three seconds of injection if one is study-
ing the arteries. Serial exposures may be taken dusing the next few
seconds to catch the Thorotrast as 1t proceeds distally to the digtts and
then returns through the venous channels

It 15 apparent that the technic of njection and the mterpretation
of the films are problems for specualists The following points
regarding interpretation may, however, be briefly reviewed. To
mterpret arterrographic studies properly, one must be familiar
(1) with the normal vascular structure, including the main vessels
and the most common branches; (2) with the unusual possibilities
from the pomt of view of spasm of the vessels and of aberrant
locations of the vessels, and (3) with the limitations of the
method, including the errors arnising from improper injection of
the material, incomplete filling of the vascular tree and improper
timing of the x-fay exposure. For example, the absence of
Thototrast in the atterial tree of a limb has been interpreted as dem-
onstrating the presence of serious vascular disease, whereas actually
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abrupt obstruction of the major vessel and, in many cases, the
collateral circulation of fine vessels branching from the proximal
portion and extending parallel to the onginal course of the artery.
The collateral vessels may terminate independently or by rejoining
the main vessel distally. In fact, the distal end of the main
artertal tree may be filled with radiopaque substance as a result
of effective collateral circulation, Collateral vessels may proceed
through tortuous routes, but their general function 15 to re-establish
the balance of circulation in the tissues, peripheral to the blockage.
In arteriosclerosis obliterans, occluston may not be complete, but
damage may be apparent from the vety wregular contour of the
vessel caused by cholesterol and calcium plaques. In cases of
arteriosclerosis evidence of aneutysms is not uncommon, In some
instances these ruptute, producing false aneurysms. This ts most
common n the popliteal space. An excellent example is shown in
Figure 74 (p 304).

The pictute of arteriovenous anastomosis 1s noteworthy for the
fact that the radiopaque substance, mstead of passing rapidly down
the limb 10 the main artery or arteries, is diluted by passage
through shunts directly into the venous channels, and these are
noted to be returning the opaque substance seconds earlier than 1s
normal At the site of the anastomosss there are apt to be a number
of tortuous vessels. In large vascular tumors, as well as some types
of asteriovenous anastomosss, poohing of the opaque substance may
be striking In other cases the tumor may be clearly outlined by
innumerable branches which stand out because of the radiopaque
substance they contain Information obtained from arteriography
at times has real value to 2 surgeon, contemplating an exploratory
procedure. The following instance 15 an example,

A patient was referred with 2 diagnosss of probable osteogenic sat-

coma, A hard mass palpated 1n the popliteal area was nonpulsating and
DAY a £AB e rat s - be
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pesiod of some months bload had dlotted tnto 3 thick sheath covering
the aneurysmal sac. It became more firmly packed with each pulsation,
which forced the blood agamst tus sheath Operation confirmed thus
intecpretation and a fazge mass of fem clot matecsal was removed A
Teparative opentise procedure was carssed out by suturing 2 shit 34
Jong in the popliteal artery and the leg was saved, wmstead of being
amputated above the kaee as had originally been intended

Venography~—Tius may be carned aut by two methods In the
first, the radiopaque substance s injected mto the artesses sup-
plying the vemns to be studied and the x-ray expasures are imed to
catch the material a5 1t flows back toward the venous chaonels
This method requires expert co-operation by the roentgenclogst
1t may be controlled to some degres by using a sphygmomanometer
off, inflating st above the systolic pressure and deflating it period-
ically to the distobic pressure for too to four heart bests ar a
time This requires expenience by tnal and error to perfect the
tethnic for cach team of vperators. Frequently this method fails
to be enturely satisfactory because the solution becomes too dilnted
during passage into the venons channels,

‘The second techmc 1s to mject the radiopague substance directly
into the lumen of the vein under study An example 1s the injeciion
of radiopague substance mto the basibic ven to determine the site
or presence of an axatiary venous thrombosss, If the axdlary vess
1s blocked there are marked dilatatson and tortuosity of collateral
vesns exiending over the deltod and pectoral areas I the axiffary
subclavian vein 15 open and functiontag aormally the radiopague
substance passes rapidly and smoothly through the mat chaasels
and fow branches ate nated The valves of the vetas ate frequently
distinguished by small saccufar arrangements at ntervals along the
venous channels Venography hus also become a popular aud to
the diagnosts of acute thrombosis of the vens of the lower
extreautres

For this purpose, 20 cc of 35 per cent Diodrast or 12 5-25 cc of
‘Thorotrast 1s (jected mato a vemn of the dorsum of the foot or ankle
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An x-1ay exposure 15 made 20 seconds and again 30 seconds after com-
pletion of the ingection. If possible one should use a long narrow film
measuring 7 X 17 in. for study of the foot, leg and knee and a plate
14 X 17 1n for the thigh

Bauer, and DeBakey and his assocrates consider it possible to
determine the presence of thrombosis of the deep veins if there
1s an indication of incomplete filling of the deep veins and
dilatation of the superficral vemns They feel that this method of
venography is of great value in establishing the diagnosis. Other
workers do not unanimously concur with this opinion. In my
expertence the picture frequently 1s confusing, There are instances
in which thrombosis has been proved to exist and venography
failed to indicate 1t Thromboses large enough to produce clnically
recognizable pulmonary emboli may come from branches rather
than from the mam vems, they may come from vemns elsewhere
in the body, and they may have been present in the veins of the
legs and have broken loose tn their entirety. Venography is a0
optional procedure which may have some value 1 certamn cases,
may be confusing 1 others and is not essential to the establishment
of the diagnosis of thrombophlebitis of the veins of the legs in 2
large proportion of cases.

Visualization of the great vessels of the heart.—Extensive work
has been caried out to perfect methods for visualizing the
great vessels and the various chambers of the heart by means of
radiopaque substances In this country Robb and Steinberg have
made outstanding contributions. The following structures have
been visualized: the superior vena cava and its tributaries; the
four chambers of the heart and its walls; the ventricular septum,
the pulmonic and aortic valves and their respective sinuses; the
entire pulmonary asculation; the thoracic aorta, its wall and many
branches, and the abdominal aorta (Figs. 12-16). It is frequently
of great value in the study of congenital malformations of the
heast and great vessels

Twenty-five to 40 «¢ of 70 per cent Diodeast 15 injected rapidly



Fi6 12—Normal heart, frontal view, 214 seconds sfter beginnung of injec-
tion of Diodrast Medium 1s entering left subclavian and innominate veins, supe
rior vena cava 1s filled Right auricle and ventricle and man stem of pulmonary
attery are opactfied (This and Figs 13-16 reproduced by courtesy of Dr 1
Steinberg )
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An x-ray exposure 15 made 20 seconds and again 30 seconds after com-
pletion of the injection. If possible one should use a long narrow film
measuring 7 X 17 1n. for study of the foat, leg and knee and a plate
14 X 17 1n for the thigh,

Bauer, and DeBakey and his associates consider it possible to
determune the presence of thrombosis of the deep veins if these
1s an indication of mcomplete filling of the decp veins and
dilatation of the supetficial veins. They fecl that this method of
venography 15 of great value in establishing the dizgnosis Other
workers do not unanimously concur with this option, In my
experience the picture frequently 15 confusing. These are instances
i which thrombosis has been proved to exist and venography
failed to ndicate st. Thromboses large enough to produce chnically
recognizable pulmonary emboli may come from branches rather
than from the mam veins; they may come from veins elsewhere
n the body, and they may have been present in the veins of the
legs and have broken loose in their entirety., Venography is an
optional procedure which may have some value in cettain cases,
may be confusing in others and 15 not essential to the establishment
of the diagnosis of thrombophlebutis of the veins of the legs in 2
large proportion of cases.

Visnalization of the great vessels of the hears —Extensive work
has been carried out to perfect methods for visualizing the
gteat vessels and the various chambers of the heart by means of
radiopaque substances In this country Robb and Steinberg have
made outstanding contributions. The following structures have
been visualized: the superior vena cava and its trbutaries, the
four chambers of the heart and sts walls; the ventricular septum;
the pulmonic and aortic valves and their respective sinuses; the
entire pulmonary cizculation; the thoracic zorta, its wall and many
branches, and the abdominal aorta (Figs. 12-16). 1t is frequently
of great value in the study of congemtal malformations of the
heart and great vessels.

Tweaty-five to 40 cc. of 70 per cent Diodrast 1s injected rapidly



Fic 14 —Normal heart, frontal view, seven seconds after beginntng of myec-
tion Left ventricle, aorta and sts branches 1n the neck are opacified Note thickness
of left ventaeulat wall.



Fi¢ 13.~Normal heart, frontal view, three seconds after beginmng of injec-
tion. Right auricle 15 empiy; fight ventrcle, pulmonary artery, right and Jeft
branches and their subdivisions are filled with Diodrast



F16 16 —Subclinical coarctation, left oblique view, i woman aged 35 Left
venuicle and enture thoracic aorta are opacified Note marked narrowing of lowes
thoracic artery and dilated proximal portion containing calerum sn wall
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Fic, 15 —Coarctation of aorta, left oblique view, n woman aged 37, Lef
veatricle, thoracic aorta and particularly the dilated mnominate and left commoi
carotid artertes are opactfied Note pornt of coarctation and dilated descendin
a01ta.
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PLETHYSMOKYMOGRAPHY

The plethysmograph or plethysmokymograph has 2 limited
place in the clinical study of sdividuals with peripheral vascular
diseases. Its chief value is in the study of physiologic and patho-
logicophysiologic processes in the laboratory. The usual apparatus
consists of a leakproof rigid contarner which is arranged to enclose
a portion of an extremity and 15 connected to a recording device
activated by changes of pressure within the plethysmograph The
changes of pressure are produced by changes in volume of the
enclosed portion of the ity. Various exf have
demonstrated changes 11 the volume of the extremttes on exposure
to cold and to heat, on administration of drugs, etc

The recorder may wiite on 2 smoke drum or reflect a recording
beam of light on photogtaphic paper The increase of volume per
unit of time is assumed to be an indication of actual blood flow,
called the flow curve ‘The publications of Abramson, Lampson,
Freeman, Burch and many others give details of the procedure

Plethysmography of single digits of the hands or feet has been
used Although the results ate of interest, and may be of value, it
should not be forgotten that each test shows only the response for
the single digit being tested and that generalizations regarding the
penipheral arculation—even as they may apply to the whole hand
or foot—are franght with serious risk of ertor.

OXYGEN CONTENT OF PERIPHERAL BLOOD

The saturation of oxygen m the arterial blood is normally be-
tween 93 and 98 per cent. The saturation of venous blood,
however, varies considerably. Pease found that the saturation of
the venous blood of the arm under basal condittons 1s 68.2 per
cent with 2 range of 25-85 per cent. Thirty per cent of the
observations fell outside the range of 60-85, which is frequently
considered to be within normal limits, Reports on whether there
is an increase or a decrease in the oxygen content of the returning
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through a suitable vein at the elbow. Timing for x-r2y exposure must
be carefully planned 1n order to catch the contrast medium at the struc-
tures which 1t is destred to study, For example, the superior vena cava
and 1ts tributartes in the night atrium may be photographed approxi-
mately 135 second after the injection is begun, the right veatricle and
pulmonary tree 1n 3 seconds, the pulmonary veins and left atrium 1n
6-8 seconds and the left ventricle and thoracic aorta in 8-10 seconds

There have been severe reactions following the use of Diodrast.
Some patients experience dizziness, weakness, nausea and occasion-
ally severe vommiting, sweating, patlor and hypotension for two of
three minutes These reacttons are treated with epinephrine. Nu-
merous deaths have been reported and we have seen several patients
n whom thrombosis developed after having an arteriogram.

This technic requires experience, great care and excellent team-
work by the physician 2nd the roentgenologist Its use 1s not recom-
mended except under the most favorable conditions. The reader is
referred to the monograph of Dotter and Steinberg and the reports
of others for exact details of the technic.

INFRA-RED PHOTOGRAPHY

The value of infra-red photography 1n the study of penphem]
vascular diseases can be sumply stated It provides a permanent
record for the pattent’s file or a means for the production of
lantern slides or illustrations of the venous pattern of the veins
just beneath the skin, Only rarely will st portray any veins which
cannot be seen by the naked eye It 15 often used for the permanent
tecording of the collateral circulation of the deltoid and pecmfal
region 1n cases of axillary venous thrombosis and of venous
obstruction due to mediastinal tumors. 1t is also used to record
the collateral venous circulation of the abdomen when the inferiof
vena cava or the portal system is obstructed, and of the legs when
there is obstruction duc to thrombophlebitis, Infra-red photog-
raphy is a good means of recording the status of livedo reticularis
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of view both of the constituents of the blood 2nd of capsilary
fragility per se.

Various tests from the time of Bier in 1903 to the present have
been devised to provide some indication of mcreased fraglity of
the capillaries. ‘These tests can be divided roughly 1nto those based
on the principle of positive pressuse, induced by a tourmiquet, and
those based on the ponaple of negative pressure, nduced, for

Eic 17-~Standardized techace for pasttive pressute test of caplary fragitiey
{Weght Liltenfeld modification aof Rumpel-Leede test )
example, by a small cup in which negative pressure or suction 15
produced over an ares of the skin The Rumpel-Leede method,
based on the principle of positive pressure, or the touraiquet pro-
cedure, has been modified by Hess and Fish, Gothlin, Wrght 2nd
Lilienfeld and others A simple test which requites no special
apparatus, but can be performed with a sphygmomanometer, and
gives n @ general way a quantitative measurement was described
by Wright and Lilienfeld

Two arcles 2.5 om. m dismeter, the uppermost edge of which 15 4
om, below the crease of the elbow, are drawn on the raner aspect of
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venous blood in cases of arteriosclerosis obliterans and thrombo-
anguitts obliterans are confusing. These readings are, therefore,
probably not really of chnical importance.

The determunation of the oxygen content of the venous blood is,
however, of value in some cases of arteriovenous anastomosis.
It is not always necessaty to subject the blood to a chemical test to
determmne the oxygen saturation, it being sufficient to compare
blood from the veins of both arms or legs if one is thought to
contamn an asteovenous anastomosis In numerous instances the
blood from the vein of one arm has been bright red, wheteas
blood from the vein of the other arm was normal venous colof,
many shades darker. In other words, by rapid passage of arterial
blood 1nto the venous channels without exposute to the demands
of the tissues, the oxygen content was kept high, and this blood
mixed with the returning venous blood produced 2 red color
abnormally bright for venous blood. The diagnosis can fre-
quently be established by this means The physician merely
withdzaws 10 cc. of blood from each arm or leg, puts the samples
in separate test tubes and examines the tubes in a good light.
If chemical studies are to be made, blood should be taken 1 such
a way that the oxygen is not lost before the examination 1s com-
plete Usually the blood 15 taken and kept under ol until tested

Verification of the diagnosis of arteriovenous anastomoses, €5
pecially 1 the presence of numerous small fistulas which do not
produce a2 brunt, constitutes the man value of the oxygen studies

CAPILLARY RESISTANCE AND FRAGILITY

In the course of examination of a patient with vascular diseases
or, indeed, of patients generally, numerous petechial spots of
other evidences of purputic manifestations are frequently noted
The most common site of multiple petechiae is the distal half of
the legs Curiously, the evidence of capillary hemorrhage is fre-
quently overlooked Any manifestations of Ppurpura or petechial
bleeding constitute an indtcation for further study, from the point
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In this method a smalf glass cup with 2 diameter of 1 cm. and with
the edge turned at 2 night angle for 8 mm. is connected by a rubber tube
to 3 manometer and syninge, The cup is applied to the outer sectton of
the arm or any other portion of the body surface, and suction of any
amount is made by means of the syringe The least negative pressure
which, applied for one minute, will produce mucroscopic petechie
ndicates the resistance of the capillattes.

Daldorff reposted great vatiations in 251 subjects who were not
suffering from any disease known to produce a hemorthagic di-
athesis, petechiae being produced by 10 cm to as much as 50 em
Hg negative pressure This Daldorff himself described as a
serious limitation to the use of the test He found the average in
healthy adults to be in the range of —20 to —35 cm Hg Values
of less than —20 ecm were considered to be abnormal

‘There has been some crttasm of the use of capillary fragility
tests One critrcism has been based on a lack of understanding of
their function They give a2 definite answer to one question,
namely, Are the capillaries more fragile (less resistant) than
normal? This information is vety important. It may be the first
step toward the dragnosis in many cases and 1s frequently missed
when a fragility test 1s not undertaken Such a test does 7o tell
the physician why the capillaries are abnormally fragie any more
than the finding of high blood pressure in a patient indicates why
the pressure 1s high. The physician must search further for the
underlying factors These may be vitamin C deficiency, strepto-
coccus infections ranging from scarlet fever to subacute bacterial
endocarduts, blood dyscrasias, malignant hypestenston, arsenical
poisoning, among many conditions. Another criticism has been
based on the fact that the difference of  small number of petechial
hemorrhages is not significant; small variations are unimportant
in most biologic tests Serious consideration need not be given to
the difference between 40 and 50 petechial spots per circle when
the test 15 performed according to the first technic described here.
But the difference between 10 and 50 or 100, as is frequently
noted, is certanly significant.
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the forear (Fig 17). Ay skin blemishes within these citcles which
could possibly he confused with petechiae are marked with ink. The
cuff of a blood pressure manometer is then applied as usual around the
arm and inflated to a pressure midway between the patient’s systolic
and diastolic blood pressute The pressute 1s maintamed for 15 munutes
and then seleased Five munutes after the cuff is released the number
of petechial spots within the circles 1s counted with the naked eye and
the average count sn the two circles 15 taken as the result of the test
The spots are more easily counted if each is covered by ink from a pen-
point as it 15 noted,

Large clinical experience with thes test for 12 years wdicates
that patients with normal capillaty fragility will have 10 or fewer
petechial spots There 15 a marginal value between 10 and 20
Thwenty spots or more definttely indicate an abnormal condition.
Counts of the capillaty loops duffer constderably in different areas
of the skin The use of the area at the elbow crease, as advocated by
Gothlin and Guffith, 15 1n our experience subject to considersble
errot, because there 15 a great vatuation in the number of capillaries
along the elbow creases 1n diffetent individuals Also, some have
one and some three elbow creases, Because the variation is reduced
as one proceeds distally for about 4 cm, that area 1s suggested
for the test

In some 1ndividuals 1n whom the fragility 15 markedly increased,
countless petechial hemorshages will be produced within 7%5 o
even five mnutes In such nstances the test can be discontinued
and subsequent tests performed on the same time basts untd, fol*
lowing therapy or in some cases spontaneously, the number of
hemorrhages is reduced to a point where the 15 minute test be-
comes feasible, Tests may be performed every four days on alter-
pate arms to allow eight days for healing. This is a sumple test
which, when positive, definitely indicates a pathologic state,
although the underlying condition responsible for the capillary
fragility is not always clear. This will be discussed later,

In 1933 Daldorff described a method for determining capillaty
fragility based on negative pressure,
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In this method 2 small glass cup with a diameter of 1 cm and with
the edge turned at 2 nght angle for 8 mm is connected by 2 rubber tube
to 2 manometer and syringe. The cup is applied to the outer sectron of
the arm or any othes portion of the body susface, and suction of any
amount is made by means of the syringe. The least negative pressure
which, applied for one minute, will produce microscoptc petechiae
indrcates the resistance of the capillanses.

Daldotff reported great vatiations in 251 subjects who wese not
suffering from any disease known to produce a hemorrhagic di-
athesis, petechize being produced by 10 em to as much as 50 cm.
Hg negative pressure. This Daldorff himself described as a
serious limitation to the use of the test He found the average in
healthy adults to be in the range of —~20 to —35 cm Hg Values
of less than —20 em. were considered to be abnormal

There has been some criticasm of the use of capiilary fragihity
tests. One criticism has been based on a lack of understanding of
their function. They gwve a definite answer to one question,
namely, Are the capillaries more fragile (less resistint) than
normal? This information is very smportant It may be the first
step toward the diagnosis in many cases and is frequently missed
when a fragility test is not undertaken. Such a test does ros tell
the physictan why the capillaries are abnormally fragile any more
than the finding of high blood pressure in a patient indcates why
the pressure 1s high. The physician must search further for the
underlymng factors. These may be vitamin C deficrency. strepto-
coccus mfections ranging from scarlet fever to subacute bacterial
endocarditis, blood dyscrasias, malignant hypertension, arsenical
poisoning, among many conditions, Another criticism has been
based on the fact that the difference of a small number of petechsal
hemorrhages is not significant; small variations are unimportant
in most biologic tests Serious consideration need not be given to
the difference between 40 and 50 petechial spots per circle when
the test is performed according to the fitst technic described here.
But the difference between 10 and 50 or 100, as is frequently
aoted, is certanly significant.
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In most cases in which fragility is due to vitamin C deficiency,
the response to large amounts of vitamin C administered orally,
of in some cases by necessity intravenously, is frequently astound-
g and constrtutes one of the most satisfactory therapentic re-
sponses in medicne (Fig 18). The eatly reports of striking reduc-
tion in capillary fragility following the use of rutin in doses of
2040 mg. two or three times a day have not been confitmed
Studies using doses up to 600 mg. three or four times a day are
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Fig 18 —Response to vitamn C therapy of capullary fragility due to vitamie
C deficiency.
under way in our laboratory, but the data do pot yet justify final
conclusions.

The indications for a positive pressure test should constantly be
botne 1 mind during 2 physical examination. Because no specml
equipment is needed, this simple test is readily available to every
physician.

The negative pressure method has the advantages that the
equipment, though special, is simple and that the test can be done
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at frequent intervals because the cup can be applied over many
areas of the body surface, Warning should, however, be given in
this connection. The counts of capillaries of the skin in diffesent
portions of the body surfaces vaty appreciably, This affects the
number of potential petechial spots which can be produced 1o
the respective aress. In order that the results of several tests may
be compared, it 1s necessary to use comparable ageas of the body
sutface for study, This pomnt has been too frequently sgnored by
those using the method.

CAPILLARY MICROSCOPY
The curculation of the capillarses has long challenged the imagr-
nation of investigators Malpighs and Leeuwenhoek as eatly as

i}

4

arterole

Fic 19—Landis' posnts for fesding capilary pressure

1686 studied the capiilary airculation in the mesenteties and blad-
ders of frogs, the tails of fish and the wings of bats From that ime
forth many workers studied the capiliaries of various lower ans-
mals. In the Jast quaster of the muneteenth century numerous
attempts were made to study human capillaties, with rather meager
results, At the turn of the century, with the improvement 15 the
technic of microscopy, these studies became more feasble Prog-
tess in the field 15 due to the labors of many workers, among whom
were Spalteholtz, Heunberger, Lombard, Weiss and Muller, Boas,
and Brown Krogh greatly stimulated work in this fietd by the
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In most cases in which fraglity is due to vitamin C deficiengy,
the response to large amounts of vitamin C adminsstered orally,
of 1 some cases by necessity intravenously, is frequently astound-
g and constitutes one of the most satisfactory therapeutic e-
sponses in medicine (Fig. 18). The eatly reports of striking reduc-
tion 1n capillary fragility following the use of rutin in doses of
2040 mg, two or three times 2 day have not been confirmed.
Studies using doses up to 600 mg. three or four times a day ate
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c df:ai,;iy —,»Rgspcnse to vitamua C therapy of capillary fragility due to vitamse
under way 1 our laboratory, but the data do not yet justify final
conclusions

The indications for 2 positive pressure test should constantly be
borne in mind during 2 physical examination. Because no special
equipment is needed, this simple test js readily available to every
physician.

The negative pressure method has the advantages that the
cquipment, though special, is simple and that the test can be done
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associated with the pulsation of blood through the finger. For this
feason we use a plastic matenal for embedding the finger firmly
and the type of microscope which can be moved across the field
with a ratchet and pinion system. A drop of cedar, muneral or
castor oil is apphed to the skin at the basc of the finger-nail, and
a beam of bright hght projected from an arc light through a

arteriole -
venule - -
A B
Fig 21 ——Dhfferent types of asteriole capullary-venule patterns

water bath and green glass filter 1s focused on the skin to tliumi-
nate the capillary Joops propetly The use of the method and its
interpretation are, for the most part, reserved for workers making
speaial studies in this field, A few comments may, however, be
made regarding the significance and interpretations made avail-
able by the use of this technic.

Ordmartly, 1n the normal aduit the whole field has a pinkish
background m which the bright red capillary loops emerge in a
form resembling haurpins which may be twisted or bent back on
themselves (Fig. 21). In the background are seen the darker
venous channels into which the venous Limbs of the capillaries
drain Focusing on a single capillaty will show the blood moving
through the capillary loop. The blood proceeds through the
arterial limb dustally and returns through the venous limb and
venules The flow is rarely steady and uninterrupted, Cells ad-
vance in groups, flowing for a few seconds and frequently stop-
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publication 1n 1922 of his monograph, The Anatomy and Physi-
ology of the Capilaries. Richards, Lewis, Danzer and Hooker,
Landss, Crawford and Rosenberger, Duryee and Wright, and
Brown and Allen published variations in procedure and described
their results. Landis made a significant contribution when he

Fi6. 20 —Inteacapillary anastomoses,

catheterized human capillaries and measured the pressure at vari-
ous points, thus demonstrating the downward gradient of pressure
within the capillary loops (Fig 19),

In our laboratory we have used the Leitz Ultropak system, by
which 1t is possible to photograph capillary loops of the nal
fold for a permanent record (Fig 20). It 1s difficult to draw con-
clusions regarding the significance of changes of capillary loops,
their appearance ot the rate of flow of the blood through them
The difficulty is accentuated by the tendency in the patient to
develop during the test either a fine muscular tremor or one
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which the flow is stopped in a given curve 15 noted. The average
of 10 such counts in the most promunent capillanes which are
present at all times 15 considerad the flow-test figute for that par-
ticular tridd. Under average normul conditions the blood of an
individual ceases to flow for a total of 1020 seconds out of two
minutes. However, in the presence of wvascular spasm the fow
may be interrupted for the entire tno minutes or longer. Such an
cbservation is regarded as sigmficant and requires further studs
to determine the cause.

Flow may be influenced by many factors. Fever and increased
temperature may accelerate the flow, whetexs spasm due to cold or
excitement may tetard the flow. My co-workers and I have stedied
the capillaries 10 many diseases and have summanzed the epinions
of others regarding what one may antiapate 1o the presence of
certain underlying conditions. With marked carduc decompensa-
tion the rate of flow is frequently found to be slower than nomal
and to have longer mtervals of cessation of flow  Changss had
been reported 1n the presence of acute nephntis, although we
could not substantiate morphologic changes in this condition It
the blood pressure was mcreased, there was frequently an increase
in rate and constancy of flow. In hypertension, regardless of the
cause, there appears to be an increased rate of flon Most workers
agree on this point. Using the two mimnute flow test, we found that
the flon rarely stopped for longer than four or five seconds m
the presence of definite hypertension. We did not note any un-
usual degree of tortuosity m the presence of arterioscleross. In
polycythemua vera the limbs of the loops appear to be straight
but filled and bulging with cells shich move rather sluggishly
through the lumen. In contrast, in a patient with relative polyey
themia secondary to a congenital heart condition (§,340,000 red
blood cells and a hemoglobin content of 111 per cent) markedly
tortuous capillatics were observed.

‘The capillaties in Raynaud's syndrome have been described by
many worhess. Charactenstically the atteriolar limb 1s modetately



82 VASCULAR DISEASES

ping, to proceed again as the pressure increases behind them. The
walls of the capillaries in the human nail bed are more diffcult
to visualize than those in the mesentery of the frog, where trans-
illumination can be used. What the observer actually sees is the
column of cells. At times they proceed so raprdly that individual
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Fi6 22.—Common morphologic varaations in capillasies of human nail fold.
Lowest lmne “moth-eaten™ capillary in and a capil-
laey with breaks 1a the column of cells which are flled with serum

cells cannot be distinguished. There is a great variation in the
drameter and degree of tortuosity of the capillanies in a single
individual and indeed in 2 single nail bed. In general the arterial
1imb is slightly narrower than the venous limb.

To P(ovid: a roughly quantitative measurement we suggested
some years 280 the so-called "two mmnute flow test,”” A capillary
is observed for two minutes, and the number of seconds during
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which the flow is stopped in a given curve ss noted. The average
of 10 such counts in the most propunent capillaries which ate
present at all times 1s considered the flow-test figure for that par-
ticular trial, Under average normal conditions the blood of an
individual ceases to fow for a total of 10~20 seconds out of two
minutes. However, 1n the presence of vascular spasm the flow
may be interrupted for the entize two minutes or longer. Such an
obsetvation is regarded as significant and requrres further study
to determine the cause.

Flow may be influenced by many factors Fever and increased
temperature may accelerate the flow, whereas spasm due to cold or
excitement may retard the flov My co-workers and I have studied
the capillaries 1n many diseases and have summarized the opinions
of others regarding what one may anticipate m the presence of
certain underlying conditions, With marked cardiac decompensa-
tion the rate of flow s frequently found to be slower than normal
and to have longer stervals of cessation of flow Changes had
been tepolted 1n the presence of acute nephntis, although we
could not substantiate morphologic changes in this condition If
the blood pressure was tncreased, there was frequently an increase
m rate and constancy of flow. In hypertension, regardless of the
cause, there appears to be an increased rate of flow Most workers
agree on this poiat Using the two minute flow test, we found that
the flow rately stopped for longer than four or five seconds mn
the presence of definite hypertension We did not note any un-
usual degree of tortuosity 1 the presence of artersosclerosss In
polycythemua vera the Limbs of the loops appear to be straight
but filled and bulging with cells which move rather sluggishly
through the lumen. Jn contrast, in a patient with relative polycy-
themia secondary to a congenital heart condition (8,340,000 red
blood cells and a hemoglobn content of 111 per cent) markedly
tottuous capillanes were observed

The capillaries m Raynaud's syndrome have been described by
many workers, Charactersstically the arteriolar hmb 15 moderately
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dilated, but the venous limb may be markedly enlarged, frequently
being many times normal size. At room temperature and with
freedom from nervous tension the patent arterioles are not in
spasm The flow is nevertheless sluggish and there are often pro-
longed periods of stasts, Extravasations of blood 1nto the susround-
g tissues are frequently seen As the phase of spasm appears
the artertoles apparently contract, reducing the blood flow. This
results 1 loss of red blood cells from many capillaties as they
drain into the venules, and hence the capillaries become mvisible,
Movement of the blood can then not be seen, the pallor of the
skin becomes pronounced and an incision of the skin at that time
may produce little or no bleeding. The phase of cyanosis 1 entered
upon; mtermittently clumps of cells are admitted, but their color
appears to be darker than the average normal. With the releasc
of arteriolar spasm, when the phase of hyperemia supervenes, the
captllaries become engorged, the blood flow is suddenly and rap-
idly restored, and the color of the blood and the skin becomes
bright red The picture of Raynaud’s syndrome s perhaps the
most characterstic observed by capillary microscopy.

When scderoderma develops, with or without Raynaud's syn-
drome, wvisualization of the capillaries becomes very dufficult
They appear to be obscuted by a film or cloud, probably due to
development of excess collagenous material in the skin When
the flow can be seen 1t 1s usually slow and the blood frequently
cyanotic.

‘The long-recognized tendency of blood cells to clump together,
forming n some instances 2 block in a small vessel or moving 1n 2
mass, has been labeled “sludging.” This has been observed 1n
many p:tients and a wide varrety of conditions, but 1ts significance
is not clear. This is especially interesting as 1t occurs patients
with cryoglobuli when the temp of a dustal part 15
lowered below 2 cntical point for the precipitation of the cryo-
globulin—usually 37 C. (986 F).
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Many other vascular conditions are associated with changes of
the capillary activity, but little additional formation of chnical
value is to be gained by the microscoptc study of the nad fold
capillaries. They represent only a mimute porton of the capillary
circulation and seldom provide information of key importance
::bout disease processes., Such studtes have helped to dlarify certain

and rep 2 himuted but g form of study of
the circulation, They are not, however, essenml for the clntcal
diagnosis or treatment of the majotity of patients suffering from
peripheral vascular dusease.

CIRCULATION TIME

The circulation time may be defined as the time required for
the blood to flow from one pomnt 1n 2 vemn to certain other points
in the circulatory tree If the blood flow 1s retarded, the arculation
time is prolonged, and 1f the flow 1s accelerated the circulation time
is shortened,

Various methods and substances have been used n the study
of arculation time. The techme most often used has measured
the time of blood flow between the median basilic vein 2ad the
tongue or portions of the bran Substances used have included
compounds of potassium cyanide, certain radsoactive substances,
calcium salts, magneswum sulfate, saccharin, ether, sodum cyande,
hist: and dehydrocholic aad For ple, the injection of
a solution of sodium cyanide 1ntravenously causes a sudden gasp
by action on the carotid sinuses It, however, is likely to produce
untoward reactions and therefore is not recommended. In 1936
wotkers in our laboratory introduced the use of a substance which
has proved of interest, first, because it gives a relatively clear end-
point and, second, because 1t permits the measutement of the tune
of penipheral circulation to the tips of the extremities The solution
contains magnesum sulfate 42 Gm, calcum gluconate 16 Gm,
sodium chloride 0.9 Gm, and copper sulfate 1 mg per 100 cc.
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dslated, but the venous limb may be markedly enlarged, frequently
being many times normal size. At room temperature and with
freedom from nervous temsion the patent arterioles are not in
spasm The flow is nevertheless sluggish and there ate often pro-
longed pettods of stasss. Extravasations of blood into the sutcound-
ing tissues are frequently seen As the phase of spasm appears
the arterioles apparently contract, feducing the blood flow. This
results 1 loss of red blood cells from many capillaries as they
drain nto the venules, and hence the capillaries become invisible.
Movement of the blood can then not be seen, the pallor of the
skin becomes pronounced and an incision of the skin at that time
may produce little ar na bleeding. The phase of cyanosis is entered
upon; itermuttently clumps of cells are admitted, but their colot
appears to be datker than the average normal. With the release
of attertolar spasm, when the phase of hyperemia supervenes, the
capillanies become engorged, the blood flow is suddenly and rap-
idly restoted, and the color of the blood and the skin becomes
bright red The puctute of Raynaud's syndrome is pethaps the
mast characteustic observed by capillasy microscopy.

When scleroderma develops, with or without Raynaud’s syn-
drome, visualization of the capillaries becomes very diffialt
They appear to be obscured by a film or cloud, probably due to
development of excess collagenous material in the skin, When
the flow can be seen it is usually slow and the blo
cyanotic,

’I‘h'e lang-recongZEd tendency of blood cells to clump together,
forming 1 some fostances a block in a small vessel or moving in 2
mass, has been labeled "sludging.” This has been observed in
many pattents and a wide variety of conditions
is not clear. This is especially interesting as 1t oceurs in patieats
with uyog(obufinemffn when the temperature of 5 distal part is
lowere_d belaw a critical point for the precipitation of the crye-
globulin—usually 37 C. (98.6 F.).

od frequently

, but its significance
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the left ventricle to the permeum 1s estimated by subtracting the
arm-to-tongue from the aem-to-perineum time The trme from the
ventricle to the right foot 1s calculated by subtracting the arm-to-
tongue from the arm-to-foot time. Time to other areis 15 suntlacly
calaslated.

Kvale and Allen made exhaustive studies with this substance
and this technic, comparing its action with that of varwous other
substances, including sodtum cyanide. They concluded that there
was an error inherent in the sodium cyanide method and that the
values obtained by that method were 3 + 14 seconds greater than
they should be Using Macasol they found the following times
in normal subjects under control conditions* arm to tongue, mean
13.50 = 0.20, arm to perineum, 21,25 =+ 0 41; arm to night hand,
23,40 == 0.43; arm to left hand, 23.65 == 0.48; atm to nght foot,
34.70 : 085; arm to left foot, 34.35 = 085. With chronic
occlusive arterial disease the average time required for the blood
to flow to the feet was increased However, in many wdrvidual
cases circulatton tune has been found to f2ll withwa normal hmtts.
We therefore concur mn their optnion that tests for the speed of
arterial circulation cannot be considered conclusive for the dug-
nosis of chronic occlusive disease. Collateral circulation may ap-
parently have a rate of flow which distesbutes blood as rapidly as
do the normally functioning major vessels.

The rate of blood flow is definitely increased in patients with
hyperthyroidism. Tn patients with esseatial hypertension it aver-
ages about the same s 1n normal persons In patients with cardtac
decompensation or marked disturbances of the pulmonary arcula-
tion the circulation time frequently is definitely prolonged. Hitzig
devised 2 method for differentrating the right and left circuits on
a physiologic and dynamic basts, using ether as a volatile substance.
He measures the time necessaty for the characteristic odor to be
perceptible to the investigator or to the patient.

Fuve minims of etber and 5 mmums of normal saline solution are
drawn mto 2 1 or 2 c¢ syringe to which a 20 gauge needle has been
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of distilled water * Two cubic centimeters of the solution is used
for each test The technic follows.

‘The patient 15 supine with the arm at heart level, A tourniquet is
applied to the arm, 2 cc. of solutron 15 drawn into a 2 or 3 cc. syringe
with a 20 gauge needle, and the needle is insested in the vein Th;
toutniquet 15 semoved and after three to five seconds the solution is
injected as tapidly 2s possible, The solution produces the sensation of
extreme warmth in the tongue or throat, perineum and feet as it reaches
these respective portions of the anatomy. The patient 1s istructed
regarding what to expect and 1s told to report immediately the appear-
ance of the sensation, saying “tongue,” “crotch,” “hands,” “feet.” If
1t reaches one hand first he says “right hand” or “left hand,” as the cas¢
may be, and the same with the feet When the test is being performed
the technicsan doing the test says “go” and his assistant starts 2 stop
watch The circulation tume is recorded as the patient designates the
various porats at which the sensation 1s perceived.

It is not cestan that the sensation of warmth in the hands or
feet mndicates that the solution has actually arnved concurrently
at those points, but 1t appears that this reasoning 1s correct, It is,
therefore, possible to indicate the time elapsing between tie be-
ginning of the mjection and the appearance of a sensation of
warmth throughout the portions of the body mentioned, for -
stance, arm to tongue, arm to right hand, arm to left foot, arm
to crotch. Rarely a patient is apparently unable to perceive the
sensation, and in such cases the term “blapk” is used. Frequently
on fepetition of the test the patient is able to name clearly the
times at which he perceives the sensation,

This study does not permit exact determination of velocity of
flow of the blood 1n the arteries, because there 15 no positive means
by which the time at which the solution leaves the heast can
clearly be determined. The time required for the blood to move
from the left ventricle to the tongue appearts to be about one
second, Stnce it is relatively constant and relatively shost we there-
fore eliminate st from the calculations. The circulation time from

* This solution is known as Macasol.
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the left ventricle to the perineum is esimated by subtracting the
arm-to-tongue from the arm-to-perineum time. The tume from the
ventricle to the right foot is calculated by subtracting the arm-to-
tongue from the arm-to-foot time. Time to other areas is simularly
calculated.

Kvale and Allen made exhaustive studies with thts substance
and this technic, comparing its action with that of various other
substances, including sodium cyanide. They concluded that there
was an error inherent in the sodium cyamde method and that the
values obtained by that method were 3 =+ 14 seconds greater than
they should be. Using Macasol they found the following tumes
in normal subjects under control conditions: arm to tongue, mean
13.50 == 0 20, arm to perineum, 21.25 == 0 41; arm to right hand,
23,40 - 0.43; arm to left hand, 23 65 == 0 48; arm to nght foot,
34.70 = 0.85; arm to left foot, 34.35 = 085. With chronic
occlusive asterial disease the average time requited for the blood
to flow to the feet was increased However, 10 many individual
cases circulation time has been found to fall within normal Limuts.
We therefore concur in their opinion that tests for the speed of
arterial circalation cannot be considered conclustve for the diag-
nosis of chronic occlusive disease, Collateral circulation may ap-
parently have 2 rate of flow which distributes blood as rapidly as
do the normally functioning major vessels.

The rate of blood flow 1s definitely increased 1n patients with
hyperthyroidism. In patients with essential hypertension it aver-
ages about the same as i normal persons In patients with cardtac
decomp ion or marked disturbances of the pul circula-
tion the circulation time frequently is definitel 1 d. Hitzig
devised a method for dlﬁermmtmg the right and left circuits on
a phystologic and dynamic basis, using ether as a volatile substance
He measures the time necessary for the charactenstic odor to be
perceptible to the investigator or to the patient

Five minims of ether and 5 minims of normal saline solution are
drawn into 2 1 or 2 ¢, syringe to which 2 20 gauge needle has been
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of distilled water.* Two cubic centimeters of the solution is used
for each test. The technic follows

The pateent 1s supme with the arm at heart level, A toumiquc't is
applied to the arm, 2 cc of solution is drawn into 2 2 or 3 cc. syringe
with 2 20 gauge needle, and the needle is inserted in the vein. Th_c
tourmquet is removed and after three to five seconds the solutiop is
injected as rapidly as possible. The solution produces the sensation of
extreme warmth tn the tongue or throat, perineum and feet as it reaches
these sespective portions of the anatomy. The patient is instructed
regarding what to expect and is told to report immedrately the a2ppear-
ance of the sensation, saying “tongue,” “crotch,” “hands,” “feet.” It
1t reaches one hand first he says “cight hand"” or "left hand,” as the case
may be, and the same with the feet. When the test is being performed
the technician doing the test says “go™ and hus assistant starts a stop
watch. The crrculation time is recorded as the patient designates the
various points at which the sensation is perceived.

1t is not certan that the sensation of watmth in the hands of
feet indicates that the solution has actually arrived concurtently
at those pornts, but it appears that this reasoning is correct, It is,
thesefore, possible to indicate the time elapsing between the be-
ginning of the mjection and the appearance of a sensation of
warmth throughout the pottions of the body mentioned, for in-
stance, arm to tongue, arm to right hand, arm to [eft foot, arm
to crotch. Rarely a patient is appatently unable to pescerve the
sensation, and in such cases the term “blank™ is used. Frequently
on repetition of the test the patient is able to name clearly the
times at which he perceives the sensation.

This study does not permit exact detesmination of velocity of
fow of the blood in the arteries, because there is no positive means
by shich the time at which the solution leaves the heart can
clearly be determined. The time required for the blood to move
from the left ventricle to the tongue appears to be about one
second. Since it is relatively constant and relatively short we there-
fore eliminate it from the calculations. The circulation time from

 This solution 1 known as Mazcasol
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the left ventricle to the perineum is estimated by subtracting the
arm-to-tongue from the arm-to-pettneum time The time from the
veatricle to the right foot is calculated by subtracting the arm-to-
tongue from the arm-to-foot time. Time to other areas 15 simularly
calculated.

Kvale and Allen made exhaustive studies with this substance
and this technic, companing its action with that of vartous other
substances, including sodium cyanide. They concluded that there
was an error inherent in the sodium cyanide method and that the
values obtained by that method were 3 = 15 seconds greater than
they should be. Using Macasol they found the following times
in normal subjects under control conditions* amm to tongue, mean
13.50 = 0 20, arm to penneum, 21.25 = 0 41, arm to night hand,
23.40 = 0.43; arm to left hand, 23 65 == 0 48; arm to right foot,
34.70 = 0.85; arm to left foot, 34 35 = 085 With chronic
occlusive arterial disease the average time required for the blood
to flow to the feet was increased. However, 1n many individual
cases circulation tume has been found to fall within normal hmits
We therefore concur in their opinion that tests for the speed of
arterial circulation cannot be constdered conclusive for the diag-
nosis of chronic occlusive disease. Collateral circulation may ap-
parently have a rate of flow which distributes blood as rapidly as
do the normally functioning mayor vessels

The rate of blood flow 1s definitely increased 1 patients with
hyperthyroidism In patients with essential hypertension it aver-
ages about the same 25 1n normal persons In patients with cardiac
dec ion or marked disturbances of the pul arcula-
tion the circulation time frequently 1s definitely pmlonged Hitzig
devised a method for differentiating the night and left crcuits on
2 physiologic and dynamic basis, using ether as a volatile substance
He measures the time necessary for the characteristic odor to be
Pperceptible to the investigator or to the patient.

Five minums of ether and 5 minims of normal saline solution are
drawn 1nto a 1 or 2 cc. syninge to which a 20 gauge needle has been
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attached The solution is injected into a large antecubital vein and the
ether circulation time is determined as the odor perception end-point.
The ether passes through the petipheral venous segments to the right
side of the heart and pulmonary arterses 1nto the pulmonary arterral
capillanies where it volatilizes into the pulmonary alveoli. It is then
exhaled with great rapidity through the air passages to the olfactory
organ A solutron contairing 25 Gm of sacchann in 3 cc of water®
is then injected in the same manger, and the time required for the
solution to pass from the antecubstal vein to the tongue is recorded as
the saccharin circulation tume By subtracting the ether time (the meas-
ure of the right heart ttme) from the saccharn time, the time required
for the blood to pass from the pulmonary capillaries to the tongue is
determned. This Hitzig calls the saccharin time-ether time difference.

According to Hitzig and others, the night and left heart times
are normal 1n pneumonia, empyema, bronchiectasis, lung abscess,
bronchitis, pneumoconiosis and tuberculosis, Mediastinal, pleural
and pulmonary malignant tumors, Pick’s syndrome, atelectasis,
bronchial asthma and numcrous other pulmonary conditions are
usually associated with normal circulation time, As failure of the
right heart develops the ethcr tume becomes prolonged, therefore
an ether time within the normal range (eight seconds) is evidence
against failure of the right side of the heart

When aqueous sodium fluorescetn 15 admimstered intravenously
according to the method developed by Lange and Wollheim, the
interval between the mjection of the dye and the appearance of
a greenish-yellon glow 1n the conjunctiva when the patient is

', .4 under an ultraviolet light 1 a dark room has been

tized as d’.)C arculation time Sicher and Sheard modified this

for use in the study of patients with vascular disease. Their
finic follows,

3 :’\7’:; ot ’f;:;i;ni;crs.gf 2 20 per cent aqueous solution of sodium

el while tying mi“;j:kebsclrrpest end-points, The patient 15

S of 3 cc of sk | ackground 1n a daxken.ed room The

, n into an antecubrtal vern is given under

1182 2.5 Gm. of
2% 2.3 Gm. of soluble sacchann to 3 cc of distilled water,
ing, then cooled to body temperature before being 1nject



STUDY OF THE PATIENT 89

an nltraviolet light, A small water-cooled mercury vapor lamp fitted
with two thicknesses of Corning heat-teststant red-purple-ultra no 587
glass filter is used as a light source The part to be obsered 15 then
tuminated and the time recorded when the end-pemt 15 reached The
end-point consists in the first definite appearance of a greenish-yellow
fiuorescent glow of the hitherto dark purple part Tunng s done by
means of 2 kymograph

This test, although it irduates that the asculation tume 1 pro-
fonged 1 cases of arteriosclerosts obliterans and thrombogagutis
obhiterans, requites special equipment and technic aad will not be
further elaborated here.

SECRETION OF SWEAT

At times it is of clinical interest to know whether cectain aseas
of the body are capable of sweating of ot Vacous methads and
chemical compounds have been used for this purpose In 1935
Roth devised a practical technic based on the fact that 1n the pres-
ence of sweat cobaltous chlotide 1 a satarated alcokol soluton,
which is normally deep blue, turns to bright pink

With a small brush a little, ssturated alcohol solutton of cobaltous
chlotide is applied over the parts of the body in which the preseace or

absence of sweating is to be determined. The solutron 1s esther dotted
e s e s ol wtame am ohe sk diies readdy

rinet Jarge enough

' . R sintng 2 senes of

incandescent light bulbs which maintain 2 temperature of 130-140 F

{54.4-60 C.) 1s placed over the patient. Wherever sweating occurs the

dots and stripes of the solution tuen bright pirk In places where vary-

ing degeees of sweating are observed the transition can be noted with

considerable accuracy by change 1n coloz of the cobalt Sufficient mow-

ture may be present in the air to change the color of the solution, but
never to the deep pink observed in the presence of sweat.

Vanous drags may be used to produce sweating Pdocarpe
hydrochloride has been admintstered subcutaneously for this pur-
pose, and Guttman has used Furmethide, a drug with a patasym-
pathomimetic action considered superior to pilocarpine and freer
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from side effects. Furmethide 15 admrnustered by subcutaneous in-
Jectton of 5 mg, which produces sweating on the face, upper
extremities, thorax and abdomen within two to five minutes
Sweating 15 1ncteased after the administration of nicotine in some
cases of hemiplegta, herpes zoster, tuberculosis and hyperpituitar-
1sm, in most cases of fever and practically 2ll cases of vasomotor
disturbances such as Raynaud's disease, It should be noted, how-
ever, that increased perspiration alone has little if any diagnostic
stgificance n these conditions, Many patients have conspicuous
increase 1 local sweating of the extremities without evidence of
pertpheral vascular disease Especially with neurocirculatory asthe-
nia and acrocyanosts, hyperhidrosis of the hands and feet may be
50 severe as to cause maceration of the skin Drops of sweat may

fall at frequent, regular intervals from the tips of the fingets.
Interruption of the sympathetic nervous system produces an-
hidrosis of the cutaneous area supplied by the severed nerve. It is
dramatically demonstrated following bilateral ventrorhizotomy for
essentsal hypertension. On this basis ganglionectomy is performed
for matked hyperhidrosis. Many of the patients with frostbite and
trench foot observed in army hospitals had as their most dis-
ble and p complaint copious sweating which rapidly
satutated their socks and the linings of their shoes. They frequently
also complained of marked paresthesias, Lumbar ganglionectomy
was performed on a number of these soldiers The patesthestas

were seldom relieved, but the sweating promptly ceased.

Psychogenic factors play an important patt in the excretion of
sweat. They include 2oxiety, fear, joy, anger, pain and gasteoin-
f’estmal cramps. It is not unusual for sweating to accompany faint-
ing As .men!ioned previously, excessive palmar sweating is
common in neurocirculatory asthenia, A decrease in sweating may
occ'ur with fleuwlogic dsturbances, including multiple sclerosis,
syringomyelia, po'liomyclltis and tumors of the spinal cord, It has
by i e i dt e
, Goodman and Kelley in soldiers
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in active mulitary training in the Californa desert. First they per-
spired profusely, following which anhid developed Return
to a cooler environment and rest led to speedy recovery.

The cobalt blue test is a useful simple procedure when the
examining physician wishes to determmne mn greater detail the
tendency to sweating in 2 given patient

VENOUS TESTS

It is frequently desirable to determine i detail the status of the
venous circulation. Some relatively simple tests to faalitate such
an examination will be described.

Venous pressure~—Vatious simple instruments have been used
to determine venous pressure since Hales 1n 1733 inserted 2 glass
tube in the jugular vein of 2 mare and measured the pressure by
determining the height of the column of blood which rose in the
tube. U-shaped manometers have been used with satisfaction  Of
equipment at present available, perhaps the simplest 1s that utilized
by Cohen. It consists of an upright glass manometer tube, a three-
way stopcock and Luer glass synnge with a needle

The patient should rest for at least 15 minutes 1n the supine position
to standardize the procedure The arm 1s placed so that the antecubstal
vein to be used is actually 5-6 cm below the fourth mnterspace at the
stenum, (This 1s hypothetically the point at which the superior and
the inferior venma cava enter the night auricle.) A local anesl'hthC, such
as procaine hydrochloride, may be tafiltrated beneath the skin over the
vein, although 1 have found it unnecessary .

Three per cent sodium citeate solution is nsed mn the syringe to pre-
vent coagulation of the blood, Venipuncture is made in one of the
promunent veins at the elbow and a small amount of blood s n:lrawn
back into the synnge. The stopcock is then turned and the fluid fn the
syninge is forced into the manometer tube to 4 point above the expected
venous pressuse Next the valve is turned and the fluid allowed to fun
from the manometer into the vein The point at which the flow stops is
taken as the venous pressure

‘The equipment 15 essentially the same as the spinal manometer,
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except that the manometer has 2 slightly larger bore. Spinal man-
ometers may be used for this purpose.

According to Rutledge the normal venous pressute using
Cohen's nstrument vattes between 3 and 20 cm. of water. He
found considerable vatiation 1 the course of the day, but it was
Aifficult to correlate the varition with a degree of activity, eating
or other factors of that order He also failed to find a cortelation
between levels of venous and artersal pressure or between venous
pressure, age, height and weight of the subject. Differences in
venous pressutes of the arms and legs were noted, but it was
impossible to predict which would be higher.

In the presence of cardiac farlure the venous pressure markedly
increases, but i hypertension without cardiac failure an increase
15 not necessanily present In general the height of the venous
pressute parallels the degree of right congestive failure, and the
pressure falls as the congestive farluse 1s relieved There is no in-
crease in venous pressure with polycythemia vera, primary varicose
veins or occlusive artertal vascular disease. There 15 a matked -
crease 10 venous pressure in a lumb in the presence of one or more
arteriovenous fistulas

Following thrombosss of major veins, the venous pressure is
apt to be increased peripherally from the ponat of thrombosis.
Careful observation for an increase in size or noticeable engorge-
ment of the veins in the neck and arm may give the observer
information regarding increased venous pressure, “The following
simple test is often helpful in making 2 rough estimate

The patient lies in the supine posttion. The vens of the hands are
usually either very shightly distended or not distended at a1l If they
show marked distention s often of intetest to elevate the hands slowly
from the honizontal posmon..‘rhe height at which the veins drain out
and become flat 1s :.mted. This should not ordinarily be more than 10
¢m, above the anterior sutface of the heart. Distention above that Jevel

probably indicates increased venous pressure Distention o

i f th
scins and also the veins of the under surface of the tongue e jugular

1s suggestive,
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but not conclusive, evidence of increased venous pressure. These obser-
vations must be made with the patient supine,

Venous filling tine.—Thus observation has been used as 2 rough
gauge of atterial insufficiency of the vessels supplying the feet and
legs

The test is performed by having the patient, who 1s supine, elevate
the feet and then place them in a dependent position, The length of
time necessaty for the vens of the dorsum of the foot to fill to normal
disteation is measured. In the average notmal individual ths takes 10
seconds or Jess Frequently in persons with attenal occlusive disease 35
or 40 seconds 15 required. The assumption ts that this 1s the tine re-
quited for the blood to come through from the artenal stde 1n sufficient
quantity to distend the veins It 1s necessary, however, to be certain
that the blood does not return from above downward through varicose
veins which may leak backward, Careful observatton will disclose
whether or not the blood 15 coming from the distal portion of the foot

It should be tremembered that a vasospastic state, present 1n some
hyper-reactive individuals or produced by marked chilling, may be
responsible for a delayed or wncomplete venous filling time The test
should therefore be made only when the patient 15 completely relaxed
and after he has been in a warm environment for 30 munutes or more

TESTS FOR COMPETLNCE OF SAPHENOUS AND COMMUNICATING
VEINS AND OCCLUSION OF DELP VEINS

Numerous tests have been described for determiming the com-
petence of the valves 1 the saphenous and communicating veins
and the presence of an important occlusion of the deep venous
circulation. A few of the most useful ones will be described

Brodie-Trendelenburg test ~This test, first described by Brodse
in 1846, is one of the best known

The superficial veins of the leg are drained of blood and collapsed
by having the patient assume the supine position and elevate the leg
With the fingers, sufficient pressure 1s made over the upper portion of
the saphenous vein to keep its Jumen occluded. The patient then stands,
and the pressute 1 released quickly. These maneuvers are repeated, ex-
cept that the pressure is maintatned for 35 seconds the second time
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except that the manometer has a slightly larger bore. Spinal man-
ometers may be used for this purpose.

According to Rutledge the normal venous pressure using
Cohen's instrument varies between 3 and 20 cm. of water. He
found considerable varation 1n the course of the day, but it was
difficult to correlate the varation with a degree of activity, eating
or other factors of that order. He also failed to find a correlation
between levels of venous and arterial pressute or between venous
pressure, age, height and weight of the subject Differences in
venous pressures of the arms and legs were noted, but 1t was
impossible to predict which would be higher.

In the presence of catdiac failure the venous pressure matkedly
increases, but 1n hypertenston without cardiac failure an increase
1s not necessanly present In general the height of the venous
pressute parallels the degree of right congestive failure, and the
pressuse falls as the congestive failure 1s relieved. There is no in-
crease in venous pressure with polycythemua vera, primary varicose
vemns or occlusive arterial vascular disease There 1s a marked in-
crease in venous pressure in a lumb in the presence of one or more
arteriovenous fistulas,

Following thrombosis of major verns, the venous pressute is
apt to be increased peripherally from the pomnt of thrombosis.
Careful observation for an increase in size or noticeable engorge-
ment of the veins in the neck and arm may give the obsetver
information regarding increased venous pressure. The following
simple test 1s often helpful in making a rough estimate.

The patient lies in the supine position The veins of the hands arc
u'sualIY._e.l‘tAhejr ety Asl:ghtly dis}cndid or not distended at all, If they

e S A

t

am. above the anterior surface of the heart Distention above that level
probably indicates increased venous pressure. Distention of the jugular
seins and also the vens of the under surface of the tongue 15 suggestive,
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In interpretation of the results, if vances disappear rapdly
when the patient walks, the sap} vetns are ncomp , but
the vajves of the ¢ icating veins are comp IE varices do
not disappear on walking, the valves 1 bath the saphenous and
the ¢ icating veins are p If varices become more
prominent on walking, especially if the patient experiences pam,
the deep veins are obstructed and the valves of the communcating
veins are incomp This lfast pt 1s based on the
fact that there is incomp e of the ating veins be-
tsveen the Jong and the short saphenous system

Ochsner and Mahorner devised a modification of the Perthes test
which is, in fact, thiee separate Pesthes tests (1) with the toutn-
quet around the upper part of the thigh; (2) with the tourniquet
atonnd the middie of the thigh, and (3) with the tousniquet just
below the kace, This procedute helps m determining the exict
location of incompetent communicating vens between the super-
ficial and the deep system. For example, 1f with the tourniquet
apphied just above the knee varices below the knee disappear after
walking, this is interpreted to mean that the communicating veins
befow the point of the tourniquet have competent valves If with
the toutniquet around the middle or upper patt of the thigh the
varices in this area do not collapse after walking, the communi-
cating veins in this arez of the thigh are probably not competent

Pratt’s test,~Pratt described 2 test for incompetent communt-
cating branches which has proved very useful 1n our experience

With the patient lying down, the leg to be tested isAelevalcd and
with light massage the veias are emptied. The tourniquet is placed high
enough on the thigh to close of the ssphenaus vein and an Ace bandage
is applied fsom the toes to the tousniquet. The patient then stands up
and the Ace bandage is slowly unwound from abave down. With the
tourniquet above preventing a reflux of femoral blood through the
saphenous valve and with the Ace bandage below compsensing the re-
mainder of the saphenous vein, a bulge or “blowout” indicates an in-
competent comemunicating branch vein Such an acea 1s matked with an
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The results of the test are recorded as follows, {1) The result
1s termed “posttive” 1f the varices fill rapidly when the pressure
is released quickly with the patient standing and fill slowly when
the pressure is maintained and are not distended completely at the
end of 35 seconds (2) It 15 “negative” if the varices fill slowly
from below when the p is maintained and are completel
filled at the end of 35 seconds and fill no mote rapidly when
the pressuse is immediately released. (3) The result is called
“double posttive” 1f the varices fill rapudly after immedate
removal of the pressure of the fingers and also when the pressure
1s maintained (4) It is called "l if the varices fill only slowly
when the pressure of the fingers 1s removed quickly and also when
the pressuse 1s mantained. The following interpretations may be
made. “Positive” indicates ncompetence of the valves of the long
saphenous vetn but competence of the valves of the communicat-
ing veins “Negative” means competence of the valves of the long

ph vemn but mcomp e of the valves of the communi-
cating vens. “Double positive” may mean incompetence of the
valves of both the long saph and the ¢ icating wveins

Frequently 1t means incompetence of the communicating veins
between the greater and the lesser saphenous system and mcom-
petence of both systems. This can be ascertained by performing
the test after occluding both the long and the short saphenous vein
at the proximal ends. "Nil" means functronal competence of the
valves of both the long saph and the « icating veins.
In some cases of vety eatly incomp e, nil may be obtained

Perthes’ test.—~Thus test is based on the fact that the flow in the
venous system of the leg depends in large part on muscular action,
since the flow is normally from the supesficial to the deep system
at numerous levels,

A tourniquet is applied to the thigh tightly enough to compress the
long saphenous vein and to prevent the flow of blaad in, the 51’; erficial
system past this constriction. The patient then walks briskl, End the
prominence of the varicose veins 1s noted Y
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In intespretation of the results, if varicos dwsappear apuih
when the patient walks, the saphenous vemns e incompetent, 1t
the valves of the communicating veins are competent 1f vasrees do
not disappear on walking, the valves 1n buth the siphenou and
the co ieating veins are inco D If varies become mor
prominent on walking, especially if the paticnt experincsy paa
the deep veins are obstructed and the valves ot the cnmunn ring
veins are inc P . This last pt 1 based o0 the
fact that there is incompetence of the communicating voir s b
fween the long and the short saphenous system

Ochsner and Mahorner devised 2 modification of the Perthes tort
whith 15, 11 fact, three separate Perthes tests (1) with the tourn)-
Quet around the upper part of the thigh, (2) with the tourntquet
acound the middle of the thigh, and (3) with the tourniquet just
below the knee, This procedure helps in determinng the exact
location of incompetent communicating verns between the super-
ficial and the deep system For example, 1f with the tourniquet
applied just above the knee varices below the knce disappear after
walking, this is interpreted to mean that the communtcating vems
below the poiat of the tourniquet have competent valves If with
the tourniquet around the middle or upper part of the thigh the
varices in this area do not collapse after walking, the communs-
cating veins in this area of the thigh ate probably not competent

Pratt's test—Pratt described a test for 1ncompetent communi-
fating branches which has proved very useful in our expersesce

With the patient lying down, the leg to be tcsfcd 5 elevated ;}nd
with light massage the veins ace emptied. The tourniquet is placed high
eoough on the thigh to close off the s2phenous vern 20d an Ace bandage
s apphied fram the toes to the tourniquet. The patient then stands up
and the Ace bandage is slowly ugwound from above down. With the
tourniquet above preventing 2 teflux of femoral blood through the
s2phenous valve and with the Ace bandage below compressing the se-
mainder of the saphenous vein, a bulge or “blowout” indicates an in-
Competent communicating branch vein, Such an ares is marked with an
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indelible pencil as the pomnt where a secondary ligation will be required.
In an extremuty showng many such blowouts, 2 second Ace bandage 1s
applied from 2bove down As the first Ace bandage is stowly removed,
a blowout appearing between the two bandages is a new one and must
be marked and resected

Pratt commented “While 1 most mstances, there are only one
or two such ‘blowouts,” one sometimes finds four or five. Failure
to remove such ‘blowouts’ results in recusrcnces, From a practical
standpoint, while doing this test one has also tested the patency
of the deep femoral veins because if there were a thrombosis of
the deep vens, the tourniquet would prevent a return flow through
the saphenous tree, and there would be no venous return from the
limb with resultant severe pain and swelling of the calf.”

In reports of the status of the circulation as determined by the
foregoing tests, 1t 1s important that an exact description of the
vein and whether 1t 15 competent or not be entered Confuston in
the recording of the results of these tests ts increased by the use
of such terms a5 “positive” or “negative” alone One should state
whether the superficial or deep systems ate patent and whether
the valves are competent. One should also note whether the com-
municating veins are functioning and, i1f they ate ot functionng
satisfactonly, where blowouts are found and where communicat-

ing vens must be ligated 1 the event any surgical procedure 15
undertaken.
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tndelible pencil as the pomnt where a secondary ligation will be requircc.l.
In 2n extremuty showing many such blowouts, 2 second Ace bandage is
2ppleed from sbove down. As the first Ace bandage 15 slowly semoved,
2 blowout appearing between the two bandages 15 2 new one and must
be matked and resected

Pratt commented “While 1n most instances, thete are only one¢
or two such ‘blowouts,” one sometimes finds four or five Failure
to remove such ‘blowouts’ results in recurrences. From a grachcal
standpoint, while dotng this test one has also tested the patency
of the deep femoral veins because if there were a thrombosis of
the deep verns, the tourntquet would prevent a return flow through
the saphenous tree, and there would be no venous retutn from the
hmb with resultant severe pain and swelling of the calf

In reports of the status of the ctrculation as determined by the
foregoing tests, 1t 1s tmportant that an exact description of the
vein and whether 1t 15 competent or not be entercd Confusion in
the recording of the results of these tests 1s mcreased by the us¢
of sach terms as “posttive” or “negative” alone, One should state
whether the supetfictal ot deep systems are patent and whethes
the valves are competent One should also note whether the com-
municating veins are functioning and, if they are not functioning
satisfactonly, where blowouts are found and where communicat-
ing vems must be ligated i the event any surgical procedure 15
undertaken
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CHAPTER NI Arteriosclerosis Ol)literans——

Avtherosclerosis

THE IMPORTANCE of arteriosclerosis obliterans cannot be over-
estimated in terms of seriousaess to millions of individuals of in
the determination of world history The position may be taken
and rather well defended that most 1f not all evidences of senility
are secondary to the primary mechanism of arteriosclerosis; that
the resulting signs and symptoms are merely accidental, depending
on the portion of the arterial tree which is suffictently damaged to
prevent adequate blood supply, and certain organs thereby thrown
mnto 2 state of imbalance developing not only local manifestations
but far-reaching general reactions of great importance. Just as
Zinsser was able to present facts demonstrating the great smpot-
tance of infection in world history, one might well marshal strong
evidence to prove that nations have fallen and peace conferences
have failed because of the presence of cerebral arteriosclerosts in
the leaders. Countless examples might be cited of warped manage-
ment and inhibited progress 1n many institutions as a result of this
factor in more than one cortex around the directors’ table Arnual
examinations from this point of view might well be considered for
individuals holding mportant cwil, mulitary and industrial
positions.

Specific examples of general reactions which may occur in an
individual as a result of localized arteriosclerosis are the involve-
ment of the arteries of the pancreas with the development of dia-

- 100
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betes mellitus and all of its complications, and that of the arterul
disease, uremia, hypertension and many other related conditiun.

Local reactions may be cited in terms of asteriosclerosts ot veo
tree of the kidney with the development of <econdary hadnc,
sels of the extremities. If a small artery supplying 1 group of
muscle fibers becomes blocked, mtermuttent claudication may
develop, with pain sharply localized 1n a small mass of muscle
which becomes ischemic owng to the arrculatory defiut devclop
ing with exercise. This syndrome may be of short duration if ol
Lateral vessels take over the burden, or 1t m2y become widespread
secondary to the propagation of a thrombus and blocking of
larger branches of the arterial tree. An example of local damage
is the gangrene frequently found in the tip of 2 digit caused by
blocking of an artety or arteries supplytng that digit If one con
siders the possibilities for simlar occurrences m any of the organs
and tissues of the body, the kaleidoscopic vartations of patholagic
change secondary to arteriosclerosis obliterans become apparent
If one includes the coronary, cerebral, mesenteric and other artenal
groups, it becomes clear that many deaths and diseases now classt-
fied under the organ involved should be classtfied as astetiosclerosss,
with the organ relegated to a sccondary postron, This places
arteriosclerosis obliterans foremost, from the point of view both
of incidence of disease and as a cause of death.

Some conception of the incidence may be obtained from the
following figures. It has been estimated that there are at least
25,000,000 petsons more than 50 years of age in the United States.
Of these, 60 per cent, or 15,000,000, will die of some cardiovas-
cular-renal syndrome, in contrast to 9 per cent who will die of
cancer. A large but undetermined portion of the 60 per cent will
die as a result of degenerative changes of the arteries, with the
secondary changes already mentioped. Arteriosclerosis, therefore

—the number one disease problem i this countty—desetves much
frmes memten oeatdoiitan aad eanva widacnrend investization
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"THE IMPORTANCE of arteriosclerosis obliterans cannot be over:
estimated in terms of sersousness to millions of individuals or
the determination of world hustory. The position may be taken
and rather well defended that most if not all evidences of senlity
are secondary to the primary mechanism of atteriosclerosis; that
the sesulting signs and symptoms are merely accidental, depending
on the portion of the artertal tree which 1s sufficiently damaged to
prevent adequate blood supply, and certain organs thereby thrown
into 2 state of imbalance developing not only local mantfestations
but far-seaching genesal reactions of great amportance. Just a3
Zinsser was able to present facts demonstrating the gteat impor-
tance of infection in world history, one might well marshal strong
evidence to prove that nations have fallen and peace conferences
have failed because of the presence of cerebral asteriosclerosis 10
the leaders. Countless examples might be cited of warped manage:
ment and inhibited progress in many institutions as a result of this
factot in morc than one cortex around the directors’ table, Annusl
examinations from this pownt of view might well be considered for
individuals holding important cwil, military and industrial
positions.

Specific examples of general reactions which may occur ia an
individual as a result of localized asteriosclerosis are the involve-
ment of the arteries of the pancreas with the development of dis-
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betes melhitus and all of its complications, and that of the artersa)
disease, utemia, hypertension and many other related conditions

Loca! reactions may be cited i terms of arteriosclerosts of ves-
tree of the kidoey with the development of cecondary kidney
sels of the extremitics If a small attery supplying 2 group of
muscle fibers becomes blocked, intermuttent claudnation may
develop, with pam sharply localized 1 a small mass of muscle
which becomes ischemic owing to the arculatory defiat deselop-
ing with excrcise. This syndrome may be of short duration of col-
lateral vessels take over the burden, or it may become widespread
secondary to the propagation of a thrombus and biocking of
larger branches of the artteraal tree. An example of local damage
is the gangrene frequently found in the tip of a digit caused by
blocking of an artery or arteries supplying that digit If one con-
siders the possibilitics for sinular occursences in any of the organs
and tissues of the body, the kaleidoscopic varutions of pathologic
change secondary to arteriosclerosis obliterans become apparent,
If one includes the caronaty, cerebral, mesenteric and other artersal
groups, it becomes clear that many deaths and diseases now classi-
fied under the organ involved should be classified as asteriosclerosis,
with the organ relegated to a secondary posstion This places
arteriosclerosis obliterans foremost, from the point of view both
of incidence of disease and as a cause of death.

Some conception of the incidence may be obtaned from the
following figures. It has been estimated that there are at least
25,000,000 persons mare than 50 yeacs of age in the United States,
Of these, G0 per cent, of 15,000,000, will die of some cardiovas-
cular-renal syndrome, 1n contrast to 9 per cent who will die of
cancer. A large but undetermined portion of the 60 per cent will
die as a result of degenerative changes of the arteries, with the
secondary changes already mentioned. Artetiosclerosis, therefore
~the number one drsease problem in this country—deserves much
more serious considesation and mote widespread investigation
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than 1t has hutherto recerved erther from the medical profession
or from the lay public

GENERAL CONSIDERATIONS AND NOMENCLATURE

The tesm acterioscletosis has come to have a broad meaning
which includes several conditions that differ in their pathogenesis
and their prognoss.

T Of these, the most important chnically is that now known as
atherosclerosts or atheyomatosss The typical lesions are patches of
chalesterol, cholesterol esters, phospholxgids, fatty acids and neu-
tral fats which form in the intimal layer of the arteries and
produce thickening, impingement into the lumen and finally nar-
rowing which encourages local blood clotting and occluston of the
vessels Most cases classified clinically as arteriosclerosis obliterans
are of this type It develops 1n the natural course of the fives of all
indwviduals but at vastly different rates.

1L The second type of lesion to be mcluded under the broad
term of arteriosclerosts 1s the medial calcification known as
AMinckeberg's sclerosss. The lesion is characterized by a diffuse dis-
tribution of calcum confined fargely to the medial layers of the
arteries 1t may be so widespread and severe as to Pproduce the
so-called “pipestem” appearance on x-tay films, It may occur un-
der several conditions. (1) in the course of aging without other
known pathologic process, (2) idwopathically in the early years
of life; (3) associated with the osteitis fibrosa of Paget; (4) asso-
ciated with the excessive destruction of the bones jn chronic
osteomyelitis; (5) as a result of excessive vitimin D administra-

tion; (6) with hypetparathyroidism,

This is not to be confused with atheros
obliteration of vessels by direct mp
that at times it may contribute to the development of atherosclerotic
plaques by interfering with normal absorption and trapsmission
of the lipids through the arterial wall; this concept, howevet, is

clerosis. Tt rarely causes
ingement. Barr has suggested
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hypothetical. The two conditions must now be considered distinct
entitics.

HI. The third condition commonly cl2ssified under artertoscle-
rosis but diffeting from the types already discussed 15 arertolo-
selerogis, It may occur comnardentally with the others, The leston of
the arterioles devclops 1 the course of hypcrtensive and renal
diseases, and ctiology, natural hustory and prognosts differ from
cither atherosclerosis or Manckeberg's medial sclerosts

IV, Diabetes mellitus is notoriously assoctated with an inctease
in asterial Jesions. Atheromatous plaques are more common than
normal and, in addition, the prokiferatnne retinitss and intereapi-
fary gl Tosclcrosis of Ki {stiehl-Wlson are scen. These
do not appear to be developed by identical mechantsms
V Premzturc atherosclerosis does develop with the hypercho-

of nephrosis, myxedema, homatosts and with fa-
mih':I hypcrcho]cstcmma

An attempt will be made to use the correct term throughout
this chapter, although 1t is recognized that there may be definite
coincidental overlapping of processes in some patients.

For a more comprehensive summafy of these and other 1m-
portant aspects of this problem, the reader ss refesred to the work
of De. David Barr, who kindly permutted me to review his lecture
on The Pathogenesis of Atherosclerosis prior to publication *

1

PATHOGENESIS

Age —In man it is commonly observed that there is 2 roughly
parallel incidence of tncreasing atherosclerosis with increasing
2ge, This is to be expected since normally the ntima mcreases in
thickness 30 times from birth to age 50 and three times from
age 16 to 50. This 1s much more pronounced in the systemic
{major} circulation than in the pulmonary (minor) circmt.
Thete are, however, many young pemons below the age of

* Annual Lecture, Cleveland Aczdemy of Medicine, May 18, 1951,
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40 with marked evidence of sclerotic changes and, in contrast,
many 1ndwviduals of 65 or 70 who, even at postmortem examina-
tion, reveal surpnisingly few signs of sclerosis. During World
War II 1t was demonstrated that 1t 15 not rare for atheroscletotic
changes to be responsible for death from cotonary thrombosis in
young men, 800 or more cases occutring in the armed forces of the
United States 1n men under 40. While acting as Consultant in
Medicine and moving from one Army hospital to another for sev-
eral years, I saw each month from one to four cases of coronary
thrombosts 1n men under 40.

It 15 not generally realized by the medical profession that such
atherosclerosis can be sesponsible for death 1 young children
Cases have been reported 1n children from 10 to 15 years of age.
The youngest case, however, with which we are familiar is one
ated by Stryker i whech such a lesion of a coronary artery caused
the death of an infant 3 months old. The tllness had lasted only
three days and was thought to be mfluenzal pneumonta. At autopsy
one Coronary attery showed calcsfication of the media and fibro-
blastic proliferation of the intima with complete occlusion of the
lumen except for small foci of canalization Other coronaty arteries
showed less pronounced processes. Small areas of recent wfarction
were present in the myocardjum. Artertal changes simlar to those
in the coronaty arteries were found 1n pulmonary and splenic
arteties. In other infants aged 2 and 6 months focal calcification
of the media of the main coronary artery has been found, The
etiology in these cases is not understood, but the occurrence of the
phenomenoa in extremely young childsen 15 mentioned at this
point so that 1t may be kept in mind

It is noteworthy that, despite the incidence of cakification in the
coronary atteries of young indrviduals, calcification is rarely en-
countered in the lower extremities as a disabling factor in individ-
uals under age 30. Soft tissue X-tays may reveal calcified arteries

* in young men without symptoms. These age 1L the
Monckeberg medial sclerosis type, el of
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Aside from the exceptions just cited, certun progressive chizono-
logic artetial changes proceeding at varying rates may be antici-
pated in older individuals. Onc 1s the gradual diffuse distention
of the vessels due to progressive detenoration of the elastic tissue
in the walls. The stretching process occurs 1n the longitudinal as
well as the circular direction. From early youth the internal elastic
membrane tends to sphit, and this process becomes more marked
as the years pass. Arteries are under longitudinal tension early in
Iife. On the average, by age 40 stretclung has taken place to re-
lieve this tension, and from then on overstretching occurs, result-
ing in tortuosity. The deterioration of the elastic tissue with age
is similar to processes which take place 1n all collosdal substances.
This change is associated with the progeessine accumulation of
finely divided calcarcous matenal in the media that begns early
in life and becomes more marked with senescence. Wintermitz
and his co-workers have published studies which suggest that
vascularity of the walls of sclerotic arteries 1s frequently increased
and may be associated with minute hemorrhages from the vasa
vasorum, They beheve that frequently the hemorrhages become
calcified and by rupture through the mntima may pave the way
for the development of thrombosis The hemorrhages probably
are Jate manifestations and are not concerned with the onginal
development of arteriosclerotic lesions The absence of an exact
parallel between age and the development of sclerosis implies
that age per se is not the cause of these changes, but rather that
the changes are secondary to one or many factors affecting the life
of an individual through the years. The more significant of these
possibilities will be discussed,

Race and climate—Studies of the effects of race and climate
on the development of arteniosclerosis have been unsatisfactory
and inconclusive. Various workess who have had an opportunity
to observe Oriental peoples have reported that mcidence of arteri-
osclerosis among the Chinese is lower than that among Occidentals
of comparable age groups The point is not definitely established.
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40 with marked evidence of sclerotic changes and, in contrish
many individuals of 65 or 70 who, even at postmortem examinz
tion, reveal surprisingly few signs of sclerosis. Durning \"Ior{d
Woar 11 1t was demonstrated that st 1s not rare for atherosdcw!'lt
changes to be responsible for death from coronary thrombosts 10
young men, 800 or mote cases occurring i the armed forces of !f35
Untted States mn men under 40, While acting as Consuitant 18
Medicne and moving from one Army hospital to another for sev-
eral years, I saw each month from one to four cases of coronty
thrombos:s in men under 40.

It 15 not generally realized by the medical profession that such
atherosclerosis can be responsible for death in young children
Cases have been reported 1n children from 10 to 15 years of age-
The youngest case, however, with which we afe familiar is on¢
cited by Stryker 1n which such a leston of a cosonaty artety caused
the deith of an infant 3 months old. The illness had Jasted only
thee days and was thought to be influenzal pneumonia. At autopsy
one coronaty artery showed calcification of the media and fibe-
blastic proliferation of the intima with complete occlusion of f'hc
lumen except for small foc{ of canalization. Other coronary :me{les
showed less pronounced processes. Small areas of recent infarction
were present in the myocardium, Artenal changes similar 0 tho{t
in the coronary arteries were found in pulmonary and spleni¢
arteties. In other mnfants aged 2 and 6 months focal calafication
of the media of the mamn coronary artery has been found The
etiology in these cases 15 not understood, but the occurrence of the
phenomenon in extremely young children is mentioned at ths
point so that it may be kept in mind

1t is noteworthy that, despite the incidence of calcification in the
coronary asteries of young indiwviduals, calafication is rarely €%
countered in the lower extremities as a disabling factor in individ:
uals under age 30. Soft tissue x-rays may reveal calcified acteri®s
in young men without symptoms These are usually of the
Ménckeberg medral sclerosis type
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Aside from the exceptions just cited, certain progressive tluox'\t{-
logic arterial changes procecding at varying rates may bc antici-
pated in older individuals. One is the gradual diffuse dl?(ct}hbﬂ
of the vessels due to progressive deterioration of the elastic tissue
in the walls. The stretching process occuts in the longitudinal as
well as the circular direction. From early youth the internal elastic
membrane tends to split, and this process becomes more marked
25 the years pass Arteries are under longitudinal tension early in
life. On the average, by age 40 stretching has taken place to re-
lieve this tension, and from then on overstretching occurs, result-
mg in tottuosity, The deterioration of the elastic tissue with age
1s similar to processes which take place in aif colloidal substances.
This change is associated with the progressive accumulation of
finely divided calcareous material in the media that begins early
in life and becomes more marked with senescence. Winternitz
and his co-workers have published studies which suggest that
vasculatity of the walls of sclerotic arteries is frequently increased
and may be associated with minute hemorchages from the vasa
vasorum, They believe that frequently the hemorthages become
calafied and by rupture through the intima may pave the way
for the development of thrombosis. The hemorthages probably
ate late mamifestations and are not concetned with the oniginal
development of astersosclerotic lesions. The ahsence of an exact
parallel between age and the development of sclerosis 1mplies
that age per se is not the cause of these changes, but rather that
the changes are secondary to one of many factors affecting the life
of an individual thtough the yeats. The more significant of these
possibilities will be discussed.

Race and climate—Studies of the effects of race and climate
on the development of arteriosclerosis have been unsatisfactory
and inconclusive, Various workers who have had an oppottumty
to obsetve Otiental peoples have reported that incidence of arteri-
osclerosis among the Chinese 15 lower than that among Occidentals
of comparable age groups. "The pont is not definitely established,
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William T. Foley, who has studied clinical and pathologtc mate-
rial 1n China, believes that hts experience confirms this general
impression Whether the difference in incidence 1s due to face,
chimate or diet remains to be established, but it appeats possible
that the low fat, Jow cholesterol diet may be an important fact?r.

Sex.—The selationship of sex and the development of atterio-
sclerosis has considerable snterest The general impression has
been that men develop artetiosclerosis and die of it at an earhier

TABLE 1 —INCIOENCE OF ARTERIAL IMPAIRMENT ACCORDING To SEX AND AG
(Physical Findiogs)

Mex WonEN

4049 yr. 27% 855
50-59 yr 55 26
60 yr and over 77 36

Total 46% 205

TABLE 2 —INCIDENCE OF CALCIFICATION ACCORDING T0 SEVERITY*
{X-Ray Evidence)

Mzn WoueN
“Total 1
No. wath ealafication 135 (44%) 42 (18%)
No with 3 -t or 4 4 calafication 1 (309) 3 (1266 of thost
ith cacifca

—_— tion}
* According to seventy of involvement rated from 1+ to 4+,

age than do women It has been generally assumed that this is 1
patt due to the fact that women lead more sheltered lives than 4o
men. Therefore, Lake, Pratt and I studied 536 men and women
who had been working at similar occupations—sitting, standing,
walking or climbing—in a large department store for 2 minimu®
of 10 years (average, 17 years). This study revealed 2 marked
discrepancy between the sexes in the tendency to the development
of arteriosclerosis. The subjects were studied for x-gay evidence
of calafication and by oscillometric teadings and other tests fof
arteriosclerosis. Tables 1 and 2 illustrate the difference betweef!
the sexes,
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Aniimal experiments carricd on duting the same petiod by Lud-
den, Bruger and Wright demonstrated that unprotected male and
female rabbits developed atherosclerosis as is usual after prolonged
administration of cholesterol. In female rabbts fed cholesterol,
the develop of hyperchol ia was inhibited and the
deposition of cholesterol in the aorta to produce atherosclecosis
was d by the ad ion of testosterone propionate or
estradiol dipropionate. In male rabbits fed cholesterol the same
steroids exerted little of no such protective action Thus this effect
of the steroids varies with the sexes, differing from the inhibiting
effects of jodine and other substances on cholesterol deposit in the
arteries. ‘The androgen and esttogen were equally effective, sug-
gesting that both steraids produce a common metabolic effect
through some action which takes place in the female but not in
the male ammal, Later wotk demonstrated that if the females
were castrated some factor of protection was lost so that the

dministration of test PIop ot estradiol dipropi
no longer protected against the development of cholesterol athero-
sclerosis 1n the aorta following the administration of the same doses
of cholesterol.

Although it 15 recognized that there is risk 1n making direct
comparisons between animal atherosclerosis and atherosclerosis
in man, the fact that both of these studies point to a similar
protective mechanism in the notmal female cestainly justifies much
mote work and thought on the possibility of 2 hormonal sub-
stance protecting the female against atherosclerosis

Hard work, exercise—Exercise and hard work have long been
thought to be assocuated with the development of astetiosclerosss,
based on the concept that long-continued trauma to the walls of
the vessels has an important etiologic role In an effort to clarify
the problem, Lake, Pratt and Wright divided the aforementioned
group of department store workers according to the physical de-
mands of their ocoupation—sitting, walking, standing and stair-
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climbing. It was found that sta-climbing tended to produce 8
significant incidence of arteriosclerosts in young men appr'o‘(l'
mately one decade eathter than did standing, sitting or walking
Above the age of 50 there were no significant differences 1 the
inadence of arterial disease in any of these classifications.

Nutritton —Diet 15 undoubtedly an important factor in ‘hf
maintenance of health and the achievement of longevity. It is
possible that nutrition influences the development of athero:
sclerosts by several means- (1) 2 quantitative deviation from the
optumal diet that represents a deficient or excess intake of any of
the necessary constituents such as vitamias, proteins, fats or muner-
als, (2) changes 1n the relation of one foodstuff to another, and
(3) abnormal reactions to the optimal nutritional intzke such as
may occur with metabolic dyscrasias, gastrointestinal disease and
other pathologic conditions

There 1s no evidence, however, that chronic over- or under:
nutrition of a purely caloric nature has any influence on the devel-
opment of atheroscletosts 1n anumals Unbalanced drets fed to ant
mals have led to changes similar to atherosclerosis 1n man; for
example, in rabbuts fed diets of meat, eggs and nulk or cho!cf—
terol, atheroscleross developed. Chickens develop atherosclerosts
undet stmular conditions, and atherosclerosis has been procluccd
in dogs fed a high cholesterol diet, but only when hypothymldnsm
has been nduced

There are definite data on a relation of excess vitamin D intake
and development of atherosclerosis, There does not appear to hay
been a difference 1n ncrdence in mdividuals who suffered sever
malnutsition duting World War I and individuals who were ob¢s
during the cotresponding years Although there is a general im
pression that the obese are more susceptible to atherosclerosss
insufficient ‘evidence is available for proof. Nevertheless, evidenc
has been advanced that mortality from arculatory diseases de
creased in Norway duting the Nazi occupation in World War I
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The tate rose rapidly on resumption of the normal diet. This
shoutd be studied further, i

Because of the frequent observation that hypertension and at-
teriosclerosis are 1are in Ching, where protein-low ot protein-free
diets are the rule, some warkers have held that an abnormal pottion
of igh protein foods may increase the incidence of arterioscletosis,
but the fact that Eskimos living on an animal tissue diet do not
show an incteased incidence of cardiovasculat-renal diseases throws
doubt on this hypothesis. Mote accurate, statistically valid studies
on the incidence of arteriosclerasis in the Omnent should be pre-
pated.

“There is some cvidence that 1 dwstuthance of lipid metabolism
may be an imp factor in the develop of atherosclerosis
1 human beings Atheromas do contain a considerable quantity
of lipoid material. In human beings, disturbances of lipid metab-
olism manifested by lipemia are frequently complicated by severe
atherosclerosis. It is not uncommon for patients with xanthoma
tuberosum with severe lipemia to have pronounced atherosclerosis.
Severe lipemia of plained etiology is frequently complicated
by premature arterioscletosis oblitetans or coronaty sclerosts, In
myxedema, lipernia is common and the incidence of premature
atherosclerasis is high The same developments were observed in
diabetics befote the insulin era, when they were apt to be on a
Tugh fat diet, to which the prematute atherosclerosis was attributed.
Recently, however, premature atherosclerosis has been recognized
in diabetics on the insulin high carbohydsate régime, 5o the prob-
lem requites further cansideration

Barker showed that the mean values for plasma cholesterol and
chofesterol esters, phospholipids, fatty acids and total lipids were
definitely higher in 73 patients with arteriosclerosis obliterans than
in 200 normal induviduals. This was patticularly true in patients
between 40 and 60 and in those with premature arteriosclerosis

folit There 181 SR Interest
Iipids in the production of atherosclerosis.

ing the role of the
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Goffman and his co-workers have compiled evidence which sug:
gests that there 1s 4 relation between 2 marked increase of the large
cholesterol molecules of the order of S 1020 in the blood 20d
the development of atherosclerosss in man .

It has been found that phospholipids act as a stabilizing influ-
ence on the lipids 1n the serum. The ratio of cholesterol to phos-
pholipids may be very important, The higher the value for chf)'
lesterol, the greater the tendency to precipitate lipid substances it
the arterral wall

Nerther cholesterol nor phospholipids exist in a free state 11 the
plasma. They are combined with protemns and are in P:oportl?ﬂs
of 25 per cent alpha-lipoproteins and 75 per cent beta-lipoproteis
Barr and his co-workers have observed that in most patrents “'.I!h
coronaty infarction and atheroscleross obliterans of the legs with
occlusion the alpha-lipoptoten value is low while that for bet
lipoprotein is elevated. This suggests 2 high cholesterol-phospht”
lipid ratio and may help set the stage for the development of
atherosclerotic deposits. It is very possible that Goffman’s Jarge
molecules of cholesterol are in reality a fraction of beta-lipopo”
teins. There now seems to be little doubt that patients in whont
atherosclerosis develops are Likely to exhibit abnormalities in the
distribution of lipoprotemns.

The ingestion of alcohol was formerly considered a factol
However, Ruffer performed autopsies on over 800 Mohammedat
pilgrims and found atherosclerosis to be as common as in Euto:
peans—significant because these pilgnms never admit taking
alcohol. Physiologic studies also show no increased incidence 10
alcoholics as against nonalcoholics. In fact, some workers believe
that alcohol may retard the development of atherosclerosis be-
cause it is a cholesterol solvent and hence tends to prevent prt’aPi'
tation of cholesterol. The studies of Lake, Pratt and Wright, pre-
viously referred fo, did not disclose any effect whatever from the
use of alcohol (Table 3).
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TABLE 3.—INCIDENCE OF ARTEMOSCLEROSIS IN PATIENTS Wilo Ussp
AtcoHoL aND THOSE Who Dm Not

Mex Womex
Alrgbol  No Aleohol Alcobst Mo Aleohal

% with pathologic changes 463 457 19% 201
% without pathologic changes 33,7 343 803 99

The same cbservations have been made regatding the use of
tobacco, The figutes are not dissumilar to those cited for alcohol
(Table 3) and show no statistical evidence that the use of tobacco
is telated to the development of atherosclerosis, Tt will be pointed
out later, however, that tobacco is interdicted when atherosclerosis
obliterans is assoctated with occlusion impaiting the circulation.
“This is because 1t has 2 vasoconstrictor effect on the small collateral
vessels which must be encouraged by all means available to dilate
1n arder to take over the work of the latger occluded vessels.

Infections, acute and chronic.—In spite of exhaustive sutveys
and experimental work there is little evidence that infection plays
an imp patt in the pathagenesis of atherosclerosis, Follow-
ing typhotd fever, deposits of lipid in streaks and patches are
occasionally found MacCallum observed no special tendency to
the development of atherosclerosis.in tuberculosts, theumatism,
arthritis, Streptococcus viridans infection and glomerulonephritis.

Diabetes—\With the passage of time sthetosclerosis develops
tn most diabetics to a greater degree than it does in normal indi-
viduals. Few juvenile duabetics have survived 25 years without evi-
dence of such vascular changes, "This does not appear to be telated
directly to the degree of control of the sugar values, since vety
mild diabetics may show striking changes whereas notariously
severe diabetics who “steal” extra food and sweets have in several
instances escaped vascular damage to a remarkable degree, This
does not indicate that the physician should not attempt to achieve
20 essentially normal chemistry. Tt may indicate that the Jipid
metabolism 15 more important, Signs of vasculat damage include
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x-ray evidence of calcsfication of the vessels, .\Ithoug’h t shoutd be
tecogmrzed that this does not 1ndicate the degree of mtu.nal ch:mg;
ot nacrowing of the vascular lumen Changes n the refmal vessel
with increased light reflexes and exudates are characteristic bfxt not
speaific for diabetes mellitus The development of alb.umm\mla
with or without hypertenston must suggest the Klmmelsuehl-W!ll'
son syndrome or capihlary glomeruiosclerosis which frequently
occurs i myld diabetics

Heredt/y.—~Although evidence has been advanced to show 2
marked influence of heredity 1n the production of hypertension
and thercfore, by inference, of atherosclerosis, the direct evidence
applicable to sclerosts 15 inconclusive 1t does appear, ho\\e\zrf.
that i certan families the symptoms and pathologic changes ©
pertpheral atherosclerosis appear earlier than in others. In apply”
ing such observations one must consider, however, the extreme
difficulty of comparing the total environment—type of woﬂci
worty and strain of life, dietary habits and other factors—as wel
as age of such family groups with those of controls in ordet o
make a just evaluation of the role of heredity .

Lead and manganese are beleved capable of producing artesio-
sclerosis, but the type and therr role 1s unsettied.

PAaTHOLOGY

In the study of the pathology of arteriosclerosss, lestons in
various stages of devcloPment are found in the same process
The athecomatous type of plaque sienilar to that seeq in the walls
of the aott1 may be found in other larger arteries developing 35
small, round, grayssh or bluish spots which begin to projet
mto the jumen through the intima. These gradually fuse into
uregular large plaques projecting farther into the lumen (Fig
23). The development of fibrous tissue makes many of the
plaques milky white, while fatty parts break down to become
mushy. At this point, either of two processes may take place. The
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Jesion is sealed by the formation of a calcareous plate, or the soften-
ing material breaks down to produce a fagged ul'ccming dcf‘tct at
the bottom of which necrotic material may remain Thrombi may
then form and cover the ulcer.

Atteries to different organs show variations in the mmncr.of
development of atherosclerosis. Our interest in this discussion
will be focused in the vessels of the extremities. The aforernen-

eu; pmladeipha k. A Davis Company, 19401 )

tioned splitting of the intima is excessive, in advanced stages re-
sulung in matked thickening of the layer because of secondary
development of fibrous tissue and the accumulation of cholesterol
and lipdds "The thickening is irregular and leads to eccentric loca-
t1on of the fumen. The degentration and necrosis involve the in-
tima and meda with the deposit of cholesterol crystals. The
fibrosis involves the media and adventitia "The arteries then become
calcified by the development of a aircular solid deposit of calcareous
matersal at the more or less obliterated dividing line between the
mtima and media (Fig. 24). The occlusion—the final stage—is
usually due to thrombosis The process in diabetic cases is essen-
tially similar to that described here
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F1c 25 —Antenosclerons obliterans Pesipheral artery showing some intimal
thickenung, thaugh not as much as in Figure 24 Elasuc lammae ace clearly seen,
being obliterated only where degeneration of a large area has taken place De-
generative and calafic changes ate most prosounced in the media, suggesting
Monckeberg s sclerosis
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In the adteries of the extremities the distinctise type of artesio-
sclerotic process described by Monckeberg (1903) is sometimes
seen. In this we find necrosis and calcification of the media which
aze not necessarily associated with an intimal Jesion, and the proc-
ess differs thus from atheroma. In advanced cases the artesies
may be converted into solid tubes, The deposits may be platelike,
cisculat ot tubular of may coslesce to form a tube. This type of
scletasis is relatively common in the extremitics Such extremitics
in which the major vessels show tubular calcification from the
\tiac vessels down to and including the dorsalis pedis artery may
not be gangrenous, the atteries being patent and pulsatile through-
out. 1 have followed a number of individuals who 10-15 years
ago showed striking x-Tay evidence of this type of scletosis and
who have had no occclusion (Fig 27).

Although it has been generally assumed that these so-called pipe-
stem atteries show a highes incidence of occluston and at an eatlier
age than do attesies without pipestemming, in the light of long.
term observations it is possible that our previous concepts are in
etror. The following case is an example.

A sutgeon about 12 years ago was found to have pronounced calaifica-
tion of the vessels of the lower extremities, demonstrated by x-rays, At
that time he was carrying without difficulty a heavy surgical schedule 1a
a large hospital The armed services at fisst rejected him when he
voluntecred dunng the recent war, but later acrzpkzd'}xim. ‘Throughout
the war he carned exceedipgly heavy surgical duties which required
standing for many hours each day, again without difficulty, He returned
to avilian hfe with no evidence whatever of symptoms related to vas-

calat insufficiency. We no longer give a poos prognosis on the basis of
stmular x-ray findings

The work of Wintemnitz on the effect of hemorthages in the
vasa vasorus hus been briefly discussed As mentioned, hemor-
th:ng may occur and eventually result in arteriosclerotic plagues,
but it js probabfe that these are rather late effects. The rtiolog;'
of these hemorrhages deserves discussion, 1t is possible in some



Fi6. 26 —Arteriosclerosts obliterans Intima and intermediary layess have

been destroyed and replaced by calaficaion Musculanis Is relatively intact
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instances that they are duc to duetary deficiency, espectally of vita-
min C, to hemorrhagic diatheses of vatious types of to increased
capillaty fragifity due to such couses a3 chemical poisoning "‘f‘d
parasitic invasion. They may also be secondary to infecttous toxins
and to other little understood factors.

The final step 1n the production of occlusion of an atheromatous
vessel is usually a thrombus, It js not understood why thrombi
otcut at some sites where there is 3 minimal lesion and do not
occut at other sites where the lesion is much more extensive. Many
factors, such as an excess of thrombokinase® at the particular
pownt or a2 change from fibninogen into sticky insoluble fibrin,
may play a role, The organization of a thrombus within the
vessel is charactetized by dssintegration and digestion of the blood
elements, accompamed by growth into the clot of capillaries,
fibroblasts and many lear phagocytes The process ex-
tends until dilated sinusoids connected with tenuous branches
canalize the clot which in turn calaifies in other areas This may
result in a bizarre formation of vascular channels incorporated in
the main lumen of the involved vessel, These channels are often
primarily extensions of the vasa vasorum of the vessel wall.

Thrombus formation may be intiated at times by exudative
processes Leary has advanced what 1s known as the foam cell
theory. According to this, phagocytic cells of the lver (Kupffer
cells) and the adrenals engulf esterified cholesterols, thus becom-
ing foam cells which send migrants through the vascular system
finally to snvade the intima of some artery. This invasion starts
the process of atherosclerosis according to Leary

It now appears likely that there is 2 constant absorption of
cholesterol and other lipids through the intima of the asteries and

that under certain conditions these substances are laid down to
form atheromatous plaques

* Thromboplastin

<Fls 27—4, staking x-ray ewidence of calafication of vessels of lower oxe
tremuties, with osullometric values that are normal or betwes, especially on the
nght B, much less calification than 1n A, with reduced osoillometric valges
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instances that they are due to dietary defiaency, especially of vita~
mn €, to hemorthagie diatheses of various types et to increased
apiilary fragility due to such causes as chem:a{ porsomng "‘f‘d
pasasttic avasion. They may also be secoadaty to infecttous toxins
and to other httle understood factors

The final step in the production of occlusion of 1n atheromatous
vessel 15 usually a thrombus. It 13 not understood why thrombt
occut at some sites whete there 15 2 mumal leston and do not
occur at other sites where the lesion 15 much mote extensne Many
factors, such as an excess of thrombokinise® at the partwular
powit or 2 change from fbrinogen wto sticky tnsoluble fibua,
way play 2 role. The organeation of a thrombus withi the
vessel is characterszed by disitegration and digestion of the blood
elements, accompanied by growth into the clot of capiliaties,

brobl and many tear phagocytes The process ex-
tends until dilated sinusods connected with tenuous branches
canalize the ot which in tumn caleifies 1 other areas. This may
sesult in & bizarre formatian of vascular chaanels incorporated
the man fumen of the invebied vessel These channels are often
pumatly extensions of the vasa vasorum of the vessel wall

Thrombus formation may be utiated at times by exudative
processes. Leaty has advanced what is knowa as the foam cell
theory. According to this, phagoqt cells of the Iner (Kupfier
cells) and the adrenals engulf esterified cholesterols, thus becom-
g foam cells which send migrants through the vascular system
fislly to mvade the intima of some astery. This nvasion starts
the process of atheroxlecosis accarding to Leary.

It now appears likely that there 55 2 constant absorption of
cholesterol and other hiptds through the mtima of the anterses and

that under certam conditions these substances are faid down to
form atheromateus plagues.

* Thromboplastin.

PG W—d, wrikng x-ray evdence of wlafication of vessels of lower ex-
temities, with gsallometnc walues that are aormal ot bester, sspecially on the
right. B, wuch less alafication than A »ith seduced osallomeine valoes
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instances that they are due to dietary deficiency, :spedl\l): of vita-
min C, to hemorrhagic diatheses of various types or fo n;lcrc:scd
capillary fragility due to such causes as chemical poisoning :14nd
patasitic invasion. They may also be secondary to infectious toxins
and to other little understood factors.

The final step 1n the production of occlusion of an atheromatous
vessel is usually a thrombus, It is not understood why thrombi
occur at some sites where there is a minimal lesion and do not
occur at other sites where the leston is much more extensive. Many
factors, such as an excess of thrombokinase® at the particular
powt or 2 change from fibrinogen 1nto sticky insoluble fibrin,
may play 2 role. The organization of a thrombus within the
vessel is characterized by disintegration and digestion of the blood
clements, accompanied by growth into the clot of cpillaties,
fibroblasts and many lear phagocytes. The process ex
tends unbl dilated sinusoids connected with tenuous branches
canaleze the dlot which 1n turn calcifies in other areas. This may
result in 2 bizarre formation of vascular channels incorporated in
the main lumen of the involved vessel These channels are often
prnmanly extensions of the vasa vasorum of the vessel wall.

Thrombus formation may be initiated at times by exudative
processes. Leary has advanced what is known as the foam cell
theory. According to this, phagocytic cells of the liser (Kupffer
cells) and the adrenals engulf esterified cholesterols, thus becom-
mng foam cells which send migrants through the vascular system
finally to invade the intima of some artery, This invasion stacts
the process of atherosclerosis according to Leary,

It now appears likely that there is a constant absorption of
cholesterol and other Iipids through the intima of the arteries and

that under certamn conditions these substances ate laid down to
form atheromatous plaques.

* Thromboplastin

<TG 27~A, stuking x tay endence of exlafication of vessels of lower ex-
tremauties, with osllometric values that are normal or better, especially on the
night B, much less calrficstion than 1n A, with reduced oscilfomersic values.
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The dominant picture in arteriolar changes 13 mtimal hyalin{za'
tion. This 15 1ncreasingly widespread and severe with advancing
bypertension and nephritis Medzal hypertrophy and degeneration

]

Fio 28—-A, true antenosclerotic aneuysm of popliteal artery Aneutysmil
sepatr was advised, but refused Six months later amputation was necessaty
B, lage ruptured aneurysm and mass of clot from same pauent,

resemble changes following distention of any hollow musculat
structure. Medial degeneration may be primary in some instances,
but medraf hypertrophy is probably secondary to stress and straif
being present more frequently in hypertensives than in nom
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hypertensives Intumal pmhfcrm'un in the form of endothelial
hyperplasa with 1acrease wn £lastic tissue and secondary degenes-
atwe changes may be classified as endartentis obliterans rather
than atteniolosclerosts obliterans.

True and false ancurysms of the periphetal attenes are ex-
tremely common late effects of artersosclerosts and are discussed
tn Chapter X1 In ancriosclerosss they occur as dilating sacculae
or dissecting aneusysms. Many suptuse to produce false aneury sms,
which ray accue snywhere, but especially where stress and stram
are greatest The popliteal space 15 3 common stte (Fig. 28)

SiGNS AND SYMPTOMS IN THE EXTREMATIES

Asteriosclerosts should be considered a generalized disease po-
tentially occutsing 1n any or all of the arteries af the body simulta-
neously Actually, the process 15 more bikely to be advanced n
somne segments af the artersal tree than in others Thes discussion 15
confined largely to the effects of the process n the atteres of the
extremuties, although ¢ should be cleasly understood that ecclu-
sson of any artery of the body mterfeces with the nutntion of the
tissues supplied by that astery and w so dowg wstiates signs and
symptoms which vaty according to the type of tissue which be-
comes 1schemic Physicians hove been wont to thunk in terms of the
organ affected nstead of the fundamental condition which has
terfered with the cucalatson and hence the functions of the
organ For example, as previously mentioned, n older people
diabetes mellstus 15 often secondary to astenostlerosis obliterans
of the arteries of the pancreas Not infrequently arteriocleroses of
the vessels of the kidneys 15 sesponsible for the devel P of
renal logy The correst diagy 1 such cases showdd
be actersosclerosis with secondary duabetes melirtus or nephro-
sclerosts These aze many smiar examples

In the extrematies, cestain signs and symptoms are mportaat,

L Pan This 1s the symptom which most frequently bring the
patient with artenosclerosis oblaerans of the fower extremutes to
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the doctor. The types of pain vary widely, the two most common
being the pain of intermittent claudication and pain at rest.

a) The syndrome of intermuttent claudication 15 typified by ex:
treme fatigue, tightness or cramplike pains in the calves of the
legs or the muscles of the thighs which develop when the patient
walks 2 limted distance and which often force him to 2 desd
stop After a few munutes’ test the patient can proceed for 1b0.u!
the same distance before similar symptoms once mose force bim
to stop. Rarely 1n laborers se have seen this phenomenon in the
muscles of the arms The severity of claudication is sometimes
mncreased by cold weather It 1s also made more severe by walking
rapidly, or up hill, even the most modest grade accentuating the
symptoms,

As the disease progresses with blockage of the larger vessels
the areas of claudication pain ascend the leg until u!ﬁmﬂ!.f))‘
the thigh 1s mvolved and the vessels of that area are nonpulsating
and occluded. Tt should be remembered, however, that m S0P
patients the major vascular trunks may be patent down to a'ﬂ
including the dorsalts pedis artery, while some branches supp‘)’mg
important groups of muscles in the thighs or calves are occlud ¢
As a result, intermittent claudication may occur from ischeml‘i
m a group of muscles high in the leg while the dogsalis peds
1s patent and pulsating.

The pamn of intermuttent claudication must be dxﬁerenmffd
from rheumattc or arthuitic pains In addition to tests for vasculat
or joint damage we have found it helpful to determine whether the
patient has to sit down to obtain relief. The patient with joint dis
tutbances usually has to take the weight off the affected joints:
whereas pain due to 1schemia (true claudication) can be refieved
merely by intetrupting active exercise of the muscles. The fogicsl
explanation for this, in the light of our present understanding of
the cause of claudication pain, seems to be that some chemical sub-
stance accumulates in the muscles during work when the plood
supply is deficient. When no further work is demanded of the
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muscles the dimnshed blood sepply proves adcqufz!c to remove
the metsbolie products and supply suffictent nutrition. The syn-
dtome 15 readily seproduced by the application of a toutniquet
bound tightly around an extremtty to occlude the artenial blood
supply, fotlowng whuch exerase 1s taken

Roth has shown that the lactic acid of the venous bloed of an
extremity ivolved by occlusive vascular disease increases sharply
after exercise, but this ts ot consisteatly parallel to the intensity
of pan,

) Rest pamn Pain that develops duting rest occurs chatactes-
sstcally when the patient 15 lying in bed The pain 1 typically
caamplike There 15 some debate about the ecause, althouph 1
believe it 15 assoctated with focal sschemia which resalts from
stagnation of the blood, with secondary utilzation of oxygen and
the acoumulatton of toxic waste products in the tissues An
oecasional pattent has severe sest pains in the fect with no demon-
strable lestons aside from ateophy of the skin and muscles. 1 have
seens 2 few cases 1 which pan was so severe that despite all
present-day methods of treatment amputation was required. In
general, however, the pain of acterissclerosss 15 apt to be subacute,
of rather a dull aching natare which frequently accompanses the
development of wlcers.

"The patent’s bed must be considered carefully Many beds sag
10 the tuddle so that the feet, or at least the toes, ate higher than
the pelvis or even the heart level Since the blood must then flow
up hill through defective pipehines, thus may greatly aggravate the
rschemea over a persod of hours

2. Temperature and other sensosy changes A common com-
plamt of patients with arterosclerons obliterans 1s that their hands
or feet are cold and that 1t 1s difficult to get them sufficiently watm
to be comfortable Studies of the surface temperature demonstrate
this coolaess even i the many patients who do not seem conscious
of cold Lowered temy almost bly accom-
pantes artenal occlusion uafess the collateral wessels have taken
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over the full burden of the circulation. Normal skin temperatuze
1n 2 room of average temperature (20-25 C; 68-74 F.) averages
295-33.9 C (85-93 F.), but many extremities with advanced
astersosclerosis persistently maintain temperatures as low a3 the
toom temperature Cold feet or hands, however, may be due to
vasospasm without occlusive disease. .

Occasionally formication is associated with the sensation of
coolness, numbness and pins and needles. It may accompany
teduction tn vibratory perception. The feeling of general fatigee
and weakness throughout the himbs js a common symptom nder
pendent of mtermuttent claudication,

3 Nutrition of the part in artersosclerosis obliterans. Observd:
tion of the nutrition of the skin, nadls and muscles 15 impostant
Atrophy of the skin and nails and poor growth and brittlepess of
the natls are often eatly signs of umpaired circulation. Frequently
they are overlooked or mncorrectly interpreted  When noted,
especally in patients past 40, they indicate the need for 2 vasculat
examination of the extremity, Atrophy of the skin is fxequenﬂ)'
accompanied by absence of sweating and, in some cases, wier
ference with hatr growth, Conversely, as the circulation 1mproves
under treatment, evidence of nail and hair growth 1s a favorsble
sign. Atrophy of the muscles, with marked reduction in the ar
cumference of the extremuty and m the patient’s weight, 4
commonly seen (Fig, 29} )

4. Changes of color with postural changes. Relatively eatly 7
the presence of arterjal deficiency of an extremity there develops
the combination of pallor on elevation, and rubor followed bY
cyanosis on dependency of the extremity. Pallor may be found
without rubor and vice versa, st 15 refatively rare to have 07¢
present without at Jeast slight sigas of the other, Rubor on d¢-
pendency without infection s presumptive evidence of vasculat
impairment. In the presence of infection at least some of ¢
rubor is very apt to persist on elevation of the foot, It should
be re-emphasized that palpation of a pulsating dorsalis pedis o
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posteatar tibial sstesy does not disprove acctusion of 3 vessed in the
foot penipheral to the pomt of palpation

Ay expluncd previously, the colos depends on the blood cons
taed 1 the minute vessels of the skin and the subcut:ncoujs
vessels When the circulation 15 impared and the extremity is

i 29 —Macked atrophy of the legs secondary to arterosclerosts obliterans
0 2 woman, 60, wsth tublar narcaweng of the artertes of the legs (From Meds
chrome Series MM—Vascular Diseases, by 1 § Waght and W T Foley )

elevated, the bload drains out quickly into the deep vesns and 18
oot replaced rapidly enough to maintan the normal cotor In
severe cases pallor mcreases to the pomt where the extremity is
pale yellow. On dependency the blood stagnates 1a the vessels,
ot moving on hecause of fack of artenal pulse pressure and other
factors At fisst this results m subor which becomes cyanosts as the
oxygen 1 the blood is utilized, although if the temperature of the
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mb 15 as low as 10 C, (50 F.), the blood will not part with its
oxygen. Mnute vessels are damaged by the cold and dxla!e,'aad
the skin becomes bright red even when the blood flow 1s slight.
Increase of heat, on the other hand, tends to increase the gyanosts
if the blood flow to a limb is arrested.

3. Venous filling time, At the time that obsetvations for rabot
on dependency are made, the venous filling time should be noted
in the following way,

After elevation of the feet above the heart Jevel for a sufficiently !ons
pettod to cause collapse of the superfical veins, the feet are ‘l“‘ﬁ{
lowered to the dependent position. The length of time necessary for s
veins of the feet to fl] and become prominent is noted. Normally d:“l
18 10 seconds or less. Longes periods indicate impairment of the atterid
or capallary creculation roughly propottionate to the delay.

A word of warning 1a regard to this test is indicated. The
obsetver must be most careful to be certain that the filling takes
place from below upward (from the distal portion ceatrally) 0ot
from above downward, because the latter may be the result of
incompetence of venous valves which normally prevent back flov
We have seen numerous patients with false normal filling tumes
o this basis, but with severe occlusive arterial disease.

6 Edema Edema rarely, 1f ever, occurs as a result of arte:
riosclerosts aloge Thus is logical, The flurd is not dammed back
and the venoys pressute tends to be decreased rather that
increased  Edema in the presence of arteriosclerosis obliterans
requires careful seatch for heart disease, kidney disease, thyrod
deficiency, venous impairment ang nutritional deficrencies, a1
ofte 6r combination of which may explain its presence.

7. Condition of arteries A[] accessible arteries should be €¢
amined for tortuosity, nodules and compressibility, Frequently the
arteries are hard, esther uniformly or 1n scattered areas, whete
caldification has taken place. This does not necessarily indicat
occlusion, but it is frequently assocrated wath jt,

8. Ulcers. The ulcers of arteriosclerosis tend to occur on the



ARTERIOSCLEROSES, ATHIROSCLIROSIS 127

toes, beels ot antecar bibial surfsce. They are usually dry r.ather
than mowst unjess secondasly infected with ethec bactetia or
some fungus growth Secondary infecion is very common. :I'bc
alcers tend to extond rather stowly, are frequently undermined
at the edges and may develop a bladk eschar type of base. The
Qegree of pain which they cause vaties greatly Large trophic ul.ccrs
may couse relatively Iittle pam, whereas 2 smalt ulcer, cspc.cmlly
of infected, ar even 2 preulcerons ez, may produce excruciating

Fig 30

diabetcs methitus 0 3 man aged 64 (From Medichrome Senes MMo~Vascular
Duseases, by I S Woght 20d W T ¥oley )

yleers due to t

obhteraas associated with

pyun Many of these leswons have as thewr preapitating factors
trauma, such as accuss when o heavy object 15 deopped on the
£oot ot the o2 15 stubbed, of too close paning of corns of nas.
Each ulcer should be consdered actually to sep the first
stage of gangrene, since they are produced o perpetusted by
madequate blood supply to the ares (Fig. 30).

9 G The g; of 23 may be hanited
to 2 smalf ared or may be massive, involving 2 large portion of a
limb s extent depends on the size of the ocduded vessel and
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other factors, especially infection. Closure of mzjor vessels, 25 of
the femoral arteries, may, however, take place without develop
ment of gangrene if the coliateral vessels supply the tissues ades
quately The chief factor in this situation 15 whether the occlusiod
has taken place slowly enough to permit the development of
adequate collateral crculation

Gangrene may develop as a smail bluish spot, commonly o
one toe, and gradually spread to involve the entite toe, foot o leg
At other times an entire toe may be mvolved at once owing t0
occlusion of a digital artery. With occlusion of a major 2ty
an entire imb may turn bluish black at one time. GanE’e"“fﬁ
areas may be painless or extremely painful. Exactly why this 15,
we do not know. If the process is dry and uninfected the mvohved
pottion of the extrerty may become mumpnified and tead 0 self-
amputation. Frequently, surgery is necessary to complete the
sevenng process It 15 necessary to watch the patient’s genestt
condition as the gangrenous areas spread, If serious evidence of
generalized infection or toxcity develops and does not readlly
yield to sulfonamudes or pemucillin, amputation well above the
level of occlusion should be carried out promptly. This is espe
caally smportant in patients with diabetes mellitus and gangrer®

‘There may be scleratic plaques along the vessel walls for matf
years without much interference with the vascular function. Su
denly, however, a thrombus may form around a protruding portio?
of a plaque, followed by occlusion withw a shost time. It is frer
quently difficult to make a differentizl diagnosis between his
process and a true embolic episode, especially 1n the presence of
auticular fibrllation This may to some degree be an academi¢
question with reference to an extremuty, since consevative teeat’
ment for both conditions is the same. If an embolus has vccurted
however, anticoagufant therapy should be used to prevent subst
quent development of emboli from the same site. If embolic &¥
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ciston 15 under consideration st 13, of coutse, vital to be certain that
an embolus 1s the mote fikely probability.

When an aneutysm ocours as a resuft of antenosclerosis oblit-
etans, fanction may be satisfactory for a long time. As ¢ increases,
it may cause pan by pressing on the nerves. For example, the
popliteal nerve is frequently stretched over 3 popliteal aneurysm
and may be badly dumaged as a resalt of the stress aver 3 protracted
period 1f the ancurysm in a key position such as the popliteal
space continues to endarge, surgesy i necessary to avord such
complicatians as the formation of a Jarge thrombus, portions of
which may break off to produce embolic phenomena at the distal
pottion of the extrematy It 15 usually posable to obliterate the
aneutysm without loss of the extremuty because wath growth of
the anemrysm the collateral aculation usnally deselops to a
remarkable degree In other cases the surgeon may attempt senous
tansplant to replace the pothion of astery mmvolved by the
aneurysm Ths procedure has beea successful 1n a aumber of cases.
The transplant 35 made from a segment of the saphenous vein

Frepines vy Mrans or SPLcIaL EXAMINATIONS

Certar tests are very helpful in evaluating the degree to which
the arcolation has been impaired The technics for these specrat
examinations ace discussed 1n detad 1 Chapter It

Oseilometrie yeadings —These are useful m determining the
patency of the major vessels and the level of thesc acclusion, These
s been a tendency sa some quarters fo overusterpret and to draw
vawarranted conclusions from osoflometnc studies Ouve cannot

the type of sclerosss, but the oscall will frequently
demonstrate good pulsations i the vessels of the foot when palpa-
ton has faded to Jocate the vessels ar ta disclose 2 defintte
pulsation Osaftometne readings have some significance when the
two exteemties shaw a matked dufference . the coadimgs, Bt
example, the readings on page 130 nere obtamed 1 one patient
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Ricur Lert
Over arch of foot 025 deg. 0 deg
Above ankle 2 [i3]
Below knee 3 1
Above knee 5 2

Inasmuch as both legs were exposed equally to a warm eavinon
ment, there could be little doubt that there was a defintte diﬁerfnfe
1 the patency of the major vessels of the two extremitees. Oscillo-
metric readings do not, however, give much information about the
collateral cireulation, Frequently collatetal circulation is adequate
despite an abrormally fow oscillomettic reading, resulting from
natcowing or occlusion of the major vessels In other wosds, the
oscillometer may be a valuable aid in the hands of one who un'd“‘
stands the evaluation and iaterpretation of the readings 0“{“‘}
metric readings must always be made in 2 room where the patient
is warm, since chilling may produce spasm of the vessels end
dimnished pulsation,

Swurface temperature studies.—1t is seldom necessary to use &
thermocouple to determine whether the skin temperature of one
extremuty 1s lower than that of its mate. Under similar conditions,
2 difference usually indicates impairment of the cnrcuhkion. A
difference of even a fraction of 1 degree can be readily recogniztd
by the dorsal surfaces of the examiner’s fingess. If one wishes ¥
record the exact difference, temperatures should be taken by me2ts
of a thermocouple and potentiometer or a radjant heat measuning
uait, To be of value, the teadings should be made in a room with
constant temperature under carefully controlled conditions. g

Reflex: vasodl, #est.—Ta determine the patential vasodils:
tation it is wise to use some form of reflex vasodilatation of 3
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the pattent 1n blankets and hot water bottles. Apptication of 3
heating pad to the abdomen or wrapping of the arms ina heetmg
pad 15 frequently satisfactory. Sometimes, however, spasm is &0

; — 3 .
Fic. 344 —Marked calafication of postertor tiial and dorsalis pedis astencs
visualized by soft tissue x-ray technic.

intense that it is not released by these measures, In such cases SFI“:‘1
anesthesia, lumbar ganglionic block, general anesthesa or procaio®
black of properly selected nerves, for example, the posteriot tibiad
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nesve, will refease the spasm and produce mathed clevation of the
skin temperature of the supplied atea. .

Neray studres —Soft tissue xcay studies to determine the pres-

Fi6, 348 —Calcifiaation of wtecdigual artenes of foer, wisalized by soft
ssue x 1y techaie.

ente of characteristic pipestern calciBeation or solated plaques,
20d theeefote of atteriosclerosts, ate recommiended. They will not

grve aformation regarding patency of the vessels {Figs. 31-34).
Atherosclerosis which has nat yet calcified may not show m x-ray
films

Artsriognapby—We have not found asterography necessary
fos the clinical cate of acteriosclecosis. However, when a true or
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false aneurysm 15 suspected, arteriography may be jtxsnﬁcd [
determine its location and to gain additional information befort
surgical intervention (Fag. 33).

Fig 35—A bl A showing obliterat ";\i
femoral artery m midthegh, with collateral branches carrying blood around
obstruction and back into the artery just above the popliteal space

Histamne flare tests~In general, histamine flare tests are D"){
necessary for making the duagaosis or for selecting the therapeet
procedutes best suited for the particular patient.
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Messured work tests —By having the patient chimb stuss ot
walk a certamn distance at a fixed pace {for examptle, 120 paces per
minute) and observing the onset of chaudication pains and kh,c
powt beyond which he cannot peoceed, valuable formation is
obtamed for companson wath future studies after treatment.
Simias, pethaps more accurate, observations ©n be guned by
wsing one of the vasious ergametess (p, 51 and Fig 9) ot by
forang contraction of the muscles by facadic stimulation (Landis
eral’} unhl the ruscle can no Yonger function.

When evaluating the tesults of treatment with reference to
wtermuttent daudication one should be certain that 2 patient who
claims to be able to walk farther ss not actuatly dong thus at a
mazkedly reduced pace. fn other words, a man who formerdy
walked rapidly may learn to walk slowly to adjust to us circulatory
deficiency and hence teport to his doctor that he 15 now able to
walle six blocks instead of two. Such a finding would be very
tmportant if he walked at the same rate 35 he dd otiginally Thus
pont must be kept in mind 1w the evaluation of therapy and
justifies the wse of an ergometer, which forces the patrent to
exercise at a specific £ate to disclose any actual change.

TREATMENT

The attitude of hopek: and d whach still
prevails amang some members of the medical profession with re-
gad to astenosclerosis obliterans 15 certun to be reflected 1n the
reaction of the patent to his dusease In the course of expesience
with 2 Jarge number of patients wath circulatosy impasement of ali
degees, we have found that except in the most extreme cases the
proguosis sn terms of durahon of Lfe and comfort 1s fac bettes
than was {ormerly believed. Metsculous care by the doctor and the
pateent, combned with the procedures to be discussed, has resulted
@ a seduction 10 the number of amputations and frequently a
marked mesease n the chudicaton distaace over a petiod of
mouths and even, tadeed, yeats, Some patients who have followed




136 VASCULAR DISEASLS

a careful régime are able to walk farther and have better osatle-
metric readings today than was the case 10 yeats of more 280

Rest.—Exttemities with arteriosclerotic ulceration of hupcx.xdmg
or actual gangrene should be relieved of any stress of strain. A
foot, for example, should not be used for standing of w;.]kmg
When sclesosts is present without trophic changes, ultemmﬂ'“
gangrene, the extremity should be exercised frequently :o‘the post
of pain 1 order to encourage collateral circulatton by stimulo3
the demand for blood supply. It 1s inadvisable to force thf put
beyond the point of pain since this will probably result in e
accumulation of toxic products and encoursge the onset of 2 gfﬂ'
grenous process Patients without 2n ulcer or gangrene 2r¢ e
structed to walk to the point of pain a number of times Cf‘h (hi

Position.~1In the presence of impaired arterial circulation it 5
important, as mentioned earlier, that the limb be placed in &
a position that it is not higher than the level of the heart. B¢
which ate theoretically level frequently sag in the middle undit
the weight of the trunk; the toes ase actually above the heart levd
and are therefore subject to prolonged ischemia during Sl
This must be avoided. It is thetefore routine to advise that the b
of the bed be elevated 10-12 in Thus is best done by puttind the
posts of the head of the bed on wooden blocks maintaining ¢
fect approximately 6 in, below the heart level, the optimal position
for any prolonged rest period.

Exercise—1t 1s important that prolonged complete imdfﬂ")'b‘
avoided because of the tendency to stagnation of the blood and
increased tendency to thrombosis, especially in the veins of theleg
Additional 1ll effects include inadequate nutrition and frequed
cramplike muscle pains. For this reason, carefully controlled ex¢f
cises have been used to encourage the collateral circulation O i
over the burden of the supplying tissues. Perhaps the best knov
are those described by Buerger. They consist in principlé ©
having the patient lie in bed and put the legs through 2 gycle
elevation, dependency and rest. Instead of setting arbitrary timé
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peniods for all patients we have suggested the following rontune
as a therapeutic guide

The physician should ebsenve how long it takes for the patieot’s fect
to become pale on elevation The exact length of time necessary fot the
den elopment of pattor should be the tume prescribed for elevation of the
feet durmg the Buerper exerases The feet should then be placed ma
position of dependency and the length of tme soted for the develop-
ment of marked rubor This should be the time prescribed for depend.
ency w the Buerger exercises. In other words, instead of arbutrary times,
the prescrption should be based an physiotogrc functiom: of the vascatar
tree of the extterity A complete cycle mught be as follows: elevation,
3 munutes, dependency, 2 minutes, rest, 1 munute This cycle shoutd be
sepeated seven times, as many tumes 2 day as the patient ts able to casy
out the cycle without undue fatigue o claudication paun When one feg
15 more serverely affected than the other, the timing of the qycle should
conform with the seeds of the mose ctically insobved Jeg

Acthur Alfen has described 2 helpful senes of exerases 1 which
the legs are hung over the edge of the bed and the fect are
exetased by flexing and extending the ankles, tarning the feet
mward and outward, then spreading and closing the toes These
probably should not be done 1n the preseace of gangrene. They
will produce @ matked increase m arculation if adequate mam and
collateral vessels ate functioning

Tobacro ~It1s now generally recognized that the use of tobacco
tn the presence of inpawed circulation is madvissble Silbert and
others noted that . thromboaag: bl k:
matked aggravating, if not indeed the commonest, etiologic factor.
Most vascular clinics subsctibe to thus theory, at Jeast with seference
to aggravation Experimental studies by Maddock and Coller,
Barker, Wright and Moffat, and Lampson have established the fact
that smoking wsually causes a diminution of the blood supply to
an extremity, normat or otherwise, by constricting the penpheral
artenes 45 determmed by thermocouple readings, capiltary micras-
copy and plethysmographic studies, Whether or not thete 1s an

g NS a
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allergic phenomenon has been discussed, but the evidence dots
not seem conclusive. .,

So far the only established mechanism is the phystologic on¢
of constriction of the small arteries and aterioles, For the arteno
sclerotic patient with circulation already impaired, this is suﬁﬂfﬂ'
to interdict the use of tobacco. Although spasm of the myor
scletotic vessels 1s not considered as jmportant in asteriosclerosts
obliterans as in some other vascular conditions, one should reme
bet that the Life of the tissues in these cases depends on il
collateral vessels, that these ate usually not sclerotiC and that they
may be constricted by smoking. For example, if the citculatio? o
an_extremity is already 1mpaited to a fracton of its formet
potential~let us say to where the life of the tissues is in dotbt=
the smoking of tobacco or exposure to any other factor such .”
cold which further reduces the circulation may well rcsulf."‘
gangrene This principle operates i all degrees and clearly 18
dicates that patients with definitely impaired circulation from
artetiosclerosts or any other cause should abstan from the ust
of tobacco

Alcobol —Alcobol has definite vasodilating effects o the
peripheral asteries, Experiments carried out in our hb"“.wry
showed, following the 1ngestion of 60-90 cc. (2-3 02 ) of whiskf
a nise 1n temperature of the tips of the extremities as great 35 67
degrees (C., 9-12 F.), depending on the condition of the vessels
and the control level preceding the experjment. We feel, therefors
that the use of whisky o other spirituous liquors is indicated 1
the treatment of organic occlusive peripheral vascular disesses
among the most important of which is arteriosclerosis. There &
widespread agreement regarding this,

The dosage depends on the severity of the condition and th¢
tolerance of the individual. With impending or actual gangren®
the patient should reccive enough alcohol, in any palatable for™
of the patient's choice, to keep the peripheral vessels as dulated 3
possible. On our service such a patient is often kept stightlf
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wnebriated duting the cotical period This may rcqutt=‘30~60 €.
{1-2 oz} every four houss or more frequently ‘This amount
should be tapered down as the emergency subsides to 1-2 oz
twice a day, which 1s the dosage usually recommended in nonacute
cases Brown and Atlen pomnted out that, in additon to vaso-
dilating ptoperties, whusky may control the pain in some cases of
perpherat vascular disease more satisfactordy than morphine .

In dubetics, who compise & fasrly good portion of our patients
with extreme atherosclesosts, the alcohol consumption must be
caleulated within the diabetic diet, Peptic ulcer and alcoholism
are, of course, contrundications to its use,

Baths and spaks—The proper use of baths 15 an important
element 1n the treatment of atteriosclerosss Four types of baths
afe most commonly used.

2} Modified stz bath. In the absence of an open lesion the
patient 15 wnstrocted to sit in 2 bathtub contaning 12 . of water
mantuned at-a temperature of 37.8 C (100 F.) for 20-30
sminutes at least once a day. The heat extends high enough for
collateral vessels from the trunk and femoral arteries to be
actwvated If water of this temperature scems to cause discomfort,
the temperature should be reduced to 34 4-36 7 C. (94-98 F.}

&) Contrast baths The populanty of contrast baths has dimin-
nshed 1 tecent years There are several objections to thewr use
Fitst, the best contamers can only reach to the knee {most con-
tasners do not come that high) and the artenal blockage may be far
above knee fevel Although contrast baths induce tmportant meta-
bolic responses, the ability to sespond may not be realized at the
tevel of the stmutus Indeed, the wmcreased metabolic demand sn
the absence of abidity to respond may actually be harmful, Second,
vessels already domaged, when forced sato sudden vasospasm by
the cold water, may remam closed wath formation of 2 thrombus,
thereby compheating the picture considerably Thued, there 1s ex-

treme pain occasionally duting the cold phase, The modified site
bath 13 considered to be somewhat better therapy,
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One contaner holds water at 37.5-40 C. (100-105 F.) and tl'u:
other, water at 15-20 C, (60-70 E.). The legs ate placed firstin
one and then in the other, alternating at ntervals of one to ﬁ“‘;
minutes, repeated about seven times. The last immersion .shoulv!
always be m the warm water. The procedure should be cartied o
once of twice a day. N

] Whirlpool baths. Whirlpool baths may have some "3l“°mm
the presence of chronic low grade ulceration or ealy gangrent, ve
movement of the water helping to clear away crusts and lmPfUZ
drainage. The temperature of the water should be about 35
(95 F) .

4) Soxks Wet dressings have largely been abandoned on 0‘:
setvice because of therr tendency to cool even under the most f::‘oes
able conditions Cooling produces vasoconstriction and th\fs ;w
more harm than good by defeating the chief aum of improviog )
arculation to the dying cells In their stead, for ulcerated of 7
grenous extremuties for which sitz baths cannot be utilized, ne “;:
soaks of normal saline at 35-37.5 C. (95-100 F.) These 'm)’d‘
applied for 15-30 minutes two of three ttmes daily After ‘?ﬂc
soak the foot is removed catefully and placed under a warm e
with the temperature between 31 and 35 C. (88 and 94 F) t
avoud chilling, The object is to allow proper drainage by softeniag
and cleaning away crusts which lock in infection.

Once infection is under control, attempts should be made £
produce 3 dry Jesion rather than 2 wet macerated one, becius®
healing is more rapid and the danger of infection 15 reduced whet
the lesion is dry. Evety second or third day it js advisable ¥
substitute for the saline soak 2 solution of potassium permangattt
1:5,000 at the same temperature. This is to combat fungss
infection which frequently hinders the healing process.

Heat—Heat, properly used, is of great importance in the trea®
ment of arteriosclerosis obliterans, Fop frequently it does far mott
bhatm than good because of improper wse. The object js to rep”
duce normal temperatute condutions. Normal surface temperatu®
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rarely exceeds 34-35 € (93-95 E). To achieve this and to
stimulate normal metabolic processes, the temperature of’ the sur-

4 i should appro: that fevel. We there-
fase use thermostatically controfled heat cradles (Fig 36) to keep
the temperature between 34 and 33.7 C. (92 and 96 B}, Ocea-
sonally the pun at these Ievels fessens at lowec temperatuses, e.g,
84-58 F. By careful watching and the placing of a thermomcter

Fi6. 3§-—~Thetmosratically controlled ceadie {Vatverde frpe}. Note auts
mate heatiag unix et foot of bed and thermometer to provide a dovhle check.
Thetmometer (airow) should have been placed aearer the toes to determine
mote accurately the temperature of that ares

equidistant from the heat source and the extremity 1t is possible
to use ordinary light bulbs The risk of etror 15 great, and many
cases have been greatly aggravated by overheating As Starr has
potnted out, increasing the metabolic demands beyond the capacity
of the supplying artenes to provide fresh blood sscreases the likels-
hood of gangtene.

Ternperatute-controtled heat withio the hmts outhmed s, in
our opnion, the only sife form of local hest to use in this
condition.  The local use of heat lamgps, diathesmy oz shost wave
machines 1s to be condemned. 1 have seen more than 70 cases
w which severe ulcesation or gangrene had been precipitated by



140 VASCULAR DISEASES

One contamer holds water at 37.5-40 C. (100-103 F.) and the
other, water at 15-20 C. (60~70 F.). The legs ate placed first
one and then in the other, alternating at intesvals of one to th;;;
minutes, repeated about seven times The last immersion sh:m
always be m the warm water. The procedure should be carrie
once ot twice a day A

¢) Whirlpool baths Whirlpool baths may have some wuethc
the presence of chronic low grade ulceration of eatly gangeens it
movement of the water helping to clear away crusts and lf“l’smC
drainage The temperature of the water should be about 3
(95 F.). N

d) Soaks Wet dressings have largely been abandoned 0;1 '001‘
service because of therr tendency to cool even under the most a:iocs
able conditions Cooling produces vasoconstriction and thus p
more harm than good by defeating the chicf aun of 1mproving "
arculation to the dying cells In their stead, for ulcerated of § .
grenous extremuttes for which sitz baths cannot be utdized, we “bc
sozks of normal salwe at 35-37.5 C. (95-100 F.). “These M3y .
applted for 15-30 minutes two of three times dady After m&h
soak the foot 15 removed carefully and placed under a warm era .
with the temperature between 31 and 35 C. (88 and 94 F)
avod chilling. ‘The object 1s to allow proper drainage by softenss
and cleaning away crusts which lock i infection. 0

Once infection 1s under control, attempts should be made .
produce a dry lesion rather than a wet macerated one, becaus
healing 15 more rapid and the danger of infection 1s reduced whe?
the leston 1s dry. Every second or thied day it is advisable 10
substitute for the saline soak a solution of potassium Pcrmmglm”
1:5,000 at the same temperature This 15 to combat fungss
infection which frequently hinders the healing process

Heat~Heat, properly used, is of great importance n the treal”
ment of arteriosclerosis obliterans. Too frequently st does far mof®
harm than good because of improper use. The object is to fP
duce normal temperature conditions. Normal surface kcmpmml‘
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5,000 usts per <. have controlled smfection after othet means
have faded Expenence with sulfonamide powdets has not been
very favosable because they tend to crust ovet the wound and act
as wrstatsng bodres rather than therapeutic agents. Not mfrequently
fever and other signs of towic dbsorpton from the snfection 1n the
fowee extremity develop, These can become sesions and may
even be fatal, with of without termmal pneumonsa or recognizable
bacteremia When fever develops, the use of sulfonamudes and
pemscibn must be considered, We have used pensciiin i doses of
300,000-1,000,000 umats a day 10 such cases with very sabisfactory
results. An omtment we use at present contamns 5,.000-10,000
wmts of pemcitim per 30 Gm (1 oz ) w a pettolatum base This
v apphied only when it 15 necessary to soften calloysed skin and
at the same tume have an antsbiotic agent present Pensailiin shoutd
be apphied focally with caution 1 the presence of fungus infection.
It some times greatly aggravates such lesions
P ton koot ? —~The pressu ction boot
providing variations sn environmental pressuse by hand pumps was
used m the rreatment of unpaited circulation befoge 1500 Landis
and Gabbon, and Herrmann popafatzed the procedure and per-
fected mechamcal apparatus to razke the pressure changes auto-
matic The hypatheses 15 that the blood flow to an extremuty can
be inczeased tmarkedly by exposing the extremity to fuctuations m
pressute from positive to negatsve and back to postwe, continung
such alternations for the duration of the treatment, « hich may be
{rom one hour to several days
The exttemity 15 contained 1n a so-called boot of glass or metal
m which pressuse changes are produced by meany of 2 connactton
through an a1t pump system The opening through which the leg
15 msested 55 made asr-tight by means of a fubbes cuff There has
been considerable disagreement as ta the type and tuning to be
:cdtand the!ammmt of suction and pressure desirable The eycle
\ﬁi ‘iir;e::la{ muzc;d }:s that suggested by Herrmatn Accepting the
phetic pressare (760 mm Y, one complete cycle
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measutes producing excessive heat, Seven patients lost their legs
and two died, not as a result of their arteriosclesosis, but rather
as a result of misapplied treatment, In contrast, reflex heat pio-
duced by applying heating pads or other forms of heat to the
abdomen or sacral area is helpful without being dangerous.
We frequently recommend the use of electric heating pads on the
abdomen for one hour three or four times daily. They should neves
be applied to extremties with 1mpaired cuculation. There stems
no evidence to justify keeping the extremities at f00m tempetd®
ture .

Anticoagnlants—The use of anticoagulants, mcluding heptt™
Dicumarol and Tromexan, for arteriosclerosis has largely been %
fined to patieats with sudden occluston on the basts of ‘thrombos»
or embolism. Their importance in the modern treatment of coronsty
thrombosis with myocardial infarction has been demonstrated
It is known that anticoagulants will interfere with the prop’
gation of a thrombus and will reduce the incidence of embol¢
phenomena It 1s also known that prolonged rest, which 1s necesssf
for some of the patients with gangrene with resultant stagnation
of the blood on the basis of arteriosclerosis oblitesans, encourss™
thrombosts in both the arterial and the venous tree. Anticoagulst
therapy 1s indicated when there js a tendency to P,Opagaﬁm\ o
thromb or repeated embolic episodes. (See Chap. XX for detarls)

Antibrotic and sulfonamide therapy—The frequeny wilh
which infections complicate arteriosclerosis obliterans is wel
known. Although the primary consideration is the impaiced
circulation, the tendency to infection must never be forgotten, ad
partrcularly with diabetic gangrene. The cultures from the Tesion’
often produce a mixed growth, making it difficult to decide o8 4
drug to use to combat the organisms responsible for the infcctl'l{IL
Usually wet soaks, including potassium permanganate soaks, w
solve the problem of the infection. The use of strong antiseptic
is definitely contraindicated.

In some cases wet dressings with penicillin solutions of 500
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after sevesal days the skin becomes mottled and blistered. In these
groups the results of its use may be sexous

Intermittent venons byperema—~Lewis and Grant demensteated
that, after oceluston of the atterial blood flow by 2 tourniquet for
15-20 minutes or more, release of the tourniquet not only caused
the blood flow to return to normal but produced a hyperemis,
sometunes to as much 45 600 per cent above normal Later studses,
however, showed that the excess merely made up the deficit
that had accumulated duting the preceding period of tourniquet
constriction

On the hasts of Lowrs and Grant's observations, Collens and
Whlensky devised an appacatus to produce 4 state of venous stasis
and telease s cycies of about two munutes by means of a blood
pressure type of caff sround the limb which ss alternately flated
and deflated by a motonized pump The degree of inflation can
be controlled, 30-80 mm. Hg of pressure usnatly bewng used. In
our opsion there 15 no close parallel between the expenment
of Lewss and Grant and the apparatus of Collens and Wilensky
as 3t hos been used The latter workers reported very favorable
sesults 1n the treatment of artenosclerotic clandication and gan-
grene and sn thromboangutis obliterans, We have been umble to
duphicate the tesults, nor have others, mcluding Allen and his
co-wotkers at Mayo Chinic, and 1t sppears that thas equipment
1s being used much less than formerly.

Oserllating bed —A form of mechanized treatment which s
being used with icreasing frequency 13 the motor bed described
by Sanders {Fig 37) By means of this so-called vasoscilating
bed, the head and feet of the patsent are altetnately elevated and
lowered, a complete cycle taksng 1215 munutes Movement 15
smooth The depree of tilung and the speed of the cycle can be
regulated within seasonable limets The most common sabssfactory
qcle 15 one 1 which the foot of the bed rises 6 . above the
hogizoatal and descends 1215 @

A new type of oscliating bed, known as the Minnenberg bed,
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takes 15 seconds: the first three seconds are of positive pressute,
gradually reaching 20 mm. Hg; there is then a gradual reduction
of pressure, crossing the base line and proceeding to 3 negative
pessute of —80 mm. Hg; more rapid retura to the base lise
completes the cycle in 15 seconds. This is repeated continuausly
for the duration of treatment. For efficient operation of the boot
the cuff around the extremity must be air-tight. This produces
some constriction around the limb and hence wterferes with the
blood flow, especially that in the superficial vessels. Many e
of cuffs have been devised in attempts to overcome this objectio-

In general, when the atcnlation of an extremity 1S inereased:
there is an increase in its susface temperature, However, we a0
others have noted that the temperature of an extremity was often
fower following the treatment than before. This may have beca
due to the constriction by the cuff ot 1n part to the continuons ¥
of air in and out of the boot. Therefore reflex heat, such as apph
tion of a heating pad to the abdomen, was used in an attempt 10
improve the circulation The degree of vasodilatation from refler
heat depends on the potential capacity of the vessels shill capable
of functioning in a limb. ’

The first optimistic claims for this method included themptgm
value in arteriosclerosis, senescence diabetes, thmmbmﬂg“hs
obliterans, Raynaud's disease, acute embolus, frostbite and o<t
forms of circulatory impairment, Expericace, however, has gedy
narrowed its jndications. In fact, we no longer use it in the “‘“}'
ment of vascular diseases and sts use has markedly decreased
the past several years,

Pressure-suction is definitely contraindicated in cases of acute of
subacute infectious processes, any form of acute of subacute
throm?ophlebitis {present in a large percentage of cases of thro®
bozngittis obliterans) or in the presence of any evidence of autol
ysis of the tissues such as that noted in cases of acute embofi™
and thrombosis, e.g., arteriosclerotic sudden occlusion in whidh
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after several days the skin becomes mottled and blistered. fn these

eps the sesults of ity wse may be serious.
gt;;f:mf:!m: rengus byperemzaLewis and Grant demonstrated
that, after occlusion of the artesial blood Baw by a toumiquet for
15-20 sinutes or fote, refease of the tourmiquet not ooly qused
the blood Eow to return to pormal b produced x hyperemia,
sometimes to as mech as 600 per cent sbove pormul. Later studies,
bowever, showed that the excess merely made up the defict
that had accumelated dering the preceding period of tourniquat
constriction,

On the basis of Lenis and Grant's chservations, Collens and
Wilensky devised 3n apparatus to produce a state of venous stisis
10 release in cycles of ahoct teo minutes by meuns of a blood
pressute type of cuff around the hunb which 15 alenately inflated
and deflated by & motorizad pump. The degree of wilion an
be controlled, 30-80 reen. Hyg of pressure wsually bewng wsed, o
our opiion thers is no dose paralie] between the nueent
of lewis and Graat and the apparatus of Collens and Wileady
a3 it has been vsed. The latter workers reponied vesy favorable
results fa the treatment of anteriosderotic dhudiation and gan-
grens and in thromboanguts obliterans. We have been wnable to
duplicate the results, por have others, nduding Allen and hss
co-wackers at Mayo Clinic, 20d it appears thit ths equipment
is being used much less than formenly.

Oucilizing Eed~—A form of mechanized treatment which is
being used with increxsing frequency 15 the totar bed descnbed
by Sunders (Fig 37). By weans of this so-called vasosallating
bed, the head and feet of the patient ase alternately elevated and
lowered, & complete cydle taking 1-21% mioutes. Movement is
smooth. The degree of tilting and the speed of the arde @n be
regulated within rezsonable limits. The most coramon satisfactory
cyde is one in which the foot of the bed rises 6 in, 2bove the
horizontat and descends 1213 in.

A new type of oscillating bed, known as the Minnenberg bed,
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takes 15 seconds. the first thiee seconds are of positive pressute,
gradually reaching 20 mm Hg; there is then a gradual reducton
of pressure, crossing the base line and proceeding to 2 negitiie
pressure of —80 mm. Hg; mote rapid return to the base lee
completes the cycle 1 15 seconds. This is repeated continuously
for the duation of treatment. For efficient operation of the boot
the cuff around the extremity must be aur-tight. This produces
some constrictton around the limb and hence iterferes with tie
blood flow, especially that in the superficial vessels Many §7¢
of cuffs have been devised in attempts to overcome this objecio®

In general, when the circulation of an extremity is incrensed:
there 15 an increase 1n its surface temperature. However, %¢ wd
others have noted that the temperature of an extremity w25 oftes
lower following the treatment than before. This may have been
due to the constriction by the cuff or in part to the continuous fow
of air in and out of the boot. Therefore reflex heat, such as 3ppe”
tion of a heating pad to the abdomen, was used in an attempt t0
improve the circulation. The degree of vasodilatation from tefies
heat depends on the potential capacity of the vessels stalt capable
of functioning in 2 limb.

"The first optimistic claims for this method included therapest
value in arteriosclerosis, semescence diabetes, thromboangits
obliterans, Raynaud's disease, acute embolus, frosthite and oth¢f
forms of circulatory impairment. Experience, however, his greadlf
narrowed its indications, In fact, we no longer use it in the Uf‘{"
ment of vascular diseases and its use has markedly decreased B
the past several years.

Pressure-suction is definitely contraindicated in cases of act¢ o
subacute infectious processes, any form of acute of subacit®
thmm?ophlebitis (present in a large percentage of cases of th™
boangiitis obliterans) or in the presence of any evidence of aatok
ysis of the tissues such as that noted in cases of acute embols™
and thrombosis, ¢ g., arteriosclerotic sudden occlusion in b
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takes 15 seconds: the first three seconds are of positive pressure,
gradually reaching 20 mm Hg; there is then a gradual reductron
of pressure, crossing the base line and proceeding to a negatie
pressure of —80 mm, Hg; more rapid return to the basc Lot
completes the cycle in 15 seconds. This is repeated continuously
for the duration of treatment, For efficient operation of the boot
the cuff around the extremity must be air-tight. This produces
some constriction around the limb and hence interferes with th
blood flow, especially that ja the superficial vessels Many tipts
of cuffs have been devised 1n attempts to overcome this objection

In general, when the circulation of an extremuty is incresed
there 15 an increase in its surface temperature. However, we and
others have noted that the temperature of an extremity was often
lower following the treatment than before, This may have beet
due to the constriction by the cuff or in part to the contiguous ﬂ.U“'
of air 1n and out of the boot Therefore reflex heat, such as applic:
tion of a heating pad to the abdomen, was used in an attempt 0
impsove the circulation. The degree of vasodilatation from reflex
heat depends on the potential capacity of the vessels still capible
of functioning in a Iimb.

The first optimistic claims for this method included therapeotc
value in arterioscleross, senescence diabetes, thrombozngis
obliterans, Raynaud's disease, acute embolus, frostbite and othef
forms of circulatory impairment, Experience, however, has great
narrowed its indications, In fact, we no longer use it in the UC’:’
ment of vascular diseases and its use has markedly decreased
the past several years,

Pressure-suction is definitely contraindicated in cases of acute Of
subacute infections processes, any form of acute or subacf®
thrombophfebitis (present in a large percentage of cases of throm™
boangiitis obfiterans) or in the presence of any evidence of auto"
ysis of the tissues such as that noted in cases of geute embolis?
and thrombosis, e g., arteriosclerotic sudden occlusion in whid?
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et temperatuge seems ta make the patient needfessly unc({mfomble.

“The patient soon becomes accustomed to the motfon, and 1
have had patseats swho have slept voluntarily on such 2 bed at nght
fot as long ss five years When first seen, most of these patients
sere n an exiremely serious condstson, with total occlusion of
the major antenies up (o the inguinl area. They wete bospitahzed
and placed on an osclfating bed for a month. They were then
permitted to return home, where they continued to use the osal-
tating bed and were gradually allowed preater activity.

A woman, who for ovar two years was unable to walk more than 100
ft, smproved to the pomnt where she could go dove shooting and walk
across fields for as much as half 2 mide. Trom being 2 semi-envalid she
umproved to the pomt of being an active petson with only moderate
cestrictions 2nd {ived for a number of years thereafter, to die fater of
3 af the esoph She d ducing, the last yeats of hee

lsfe to sleep on the os‘uu:ﬁng bed each rught, thus govng hesself vase
cular exerases for approxumately 8-10 hours out of each 24 With the

change of the seasons the bed was shapped from bet winter to ber
summer rendence

The process 15 gene, does not mvolve the use of constucting
bands and s physiologically sound, especially 1n the treatment
of arteriosclesosis both with and without gangrece It has the
2dditonal advantage of prevenung the stogmation of blood m
the vemns of the Jegs and thus reduces the tendency to phlebo-
theombosis o thrombophlebitis, Tt also tends to prevent the

decalarfication which occurs duning long peniads of statee sllness
Ulees have healed after complete fatlore of the pressure-suction
boot, the i

venous hyp pF and other
mechamsms "The total usefulness of the oscilfating bed is some-

what unpaired by the fact that 1t s expensive both to buy and to
rent and that the patient must be prepased 1o utidize 2t for & pro-
wracted period. Chinically 1t is standeag the test of expenence.

Saline and other 1olutions ntravenously —Following the use
of s znd hyp ic saktoe for

of throm-
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has had extensive trral. The fulcrum, instead of being 1 the
center, 1s at the head of the bed, the change in position being
produced by the raisng and lowering of the foot of the bed by 2

¥

; e .
Fi6 37 —Sanders vasoscillating bed (Courtesy of Amencan Hospital SUpFYY
Corp ) A thermostatic cradle (see Fig 34) 1s frequently used in conjunction with
this type of bed

Iifting mechamsm. This equipment 1s standing the test of time
and we are using it at present with complete satisfaction.

The object is to exerase the arteries still able to function by
producing rubor and pallor (engorgement and ischemia) in3
manner similar to Buerger's exercises, continugusly and without
fatiguing the patient. We usually use a thermostatically controlle
cradle with the temperature at 35-37.5 C. (9396 F.) as adjunct
treatment. The temperature may be lowered to 33-34 C. if the high-
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as sympatholytic agents nullify sympathetic nerve transmission,
usual reference being to adrencrgic pathways controlling blood
vessels and the usual site of iction at the end-organ. A sympa-
tholytic drug must be adrenolytic, but the reverse is not necessarily
true, for certzin drugs may be adrenolytic only. Other agents may
terrupt sympathetic nerve transmission by acting ditectly on

glions without i pineph

Prscoline (Priscol) (2-benzyl-4-5-imidazoline hydrochlonide),
Dibenamine hydrochloride and Roniacol act as adrenolytic and

patholytre  deugs. Tetraethyl jum chloride (Etamon
chloride) differs from these drugs in that it acts as a generalized
ganghonic blocking agent and is not adrenolytic. It also inter-
feres with the parasympathetic transmission Its effects are inter-
rupted by neostigmine All of these drugs have been used n the
treatment of peripheral vascular disease, including arteriosclerosis
obliterans, but Priscoline has been used most widely It may be

dmi d orally or int y The usual dose 1s 25-50 mg,
three to six times a day It is given sn perspheral vascular disease in
the hope of releasing vasoconstriction of the vessels able to dilate,
thus ncreasing blood flow in an affected limb.

Thete 15 some favorable evidence for this action but also some
questton as to whether, when a drug producing generalized vasodt-
lation is used, the affected leg does recetve any speaific increase in
blood flow, especially stice the test of the peripheral vessels are
2ble to respond in a more normal fashion The therapeutic effect
of all of these drugs in arteriosclerosts obliterans is far from clear.
Untoward effects from their use mclude excessive drops in blood
pressure, palpitation, “goose flesh,” itching of the scalp, other
peculiar sensations of the skin, nausea and activation of peptic ul-
cers Many patients canriot continue their use.

On the other hand, some patients may take any of these drugs
without any reaction whatever. Why this 1s 50 is not at atl clear.
Occasionally a pattent may not be able to take Priscoline but may
tolerate Roniacol without difficulty, The determunation of therapen-
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boangitis obliterans, some workers adopted this form of therapy
for arteriosclerosis obliterans ‘There are no satisfactory theoretscal
grounds for it and the therapeutic explanations do not, 1 out
opinion, wartant acceptance of this procedutc. .

Vasodidatmg drugs—Numerous drugs have been used in the
treatment of arteriosclerosts obliterans on the basis of their vasodic
{ating powers. Those most commonly used may be divided roughly
1nto the nitrates aad allied compounds, the theobromines, theocal”
cines and allted compounds, the choline compounds, and papive
ine. After years of chnical and expenimental study with all these
groups, it seems fair to state that their value singly or coltectively
in the treatment of artertosclerosis obliterans 1s very lim"f
Briefly, the action of the nutrates is too flecting and the dylatation
in the extremites is observed only with difficulty. The acﬁo.ﬂ o
theobromine and related compounds in the usual dosages is highly
unrelable and doubtful Certain choline compounds, while of
established value 1n some duseases of the peripheral circulatton,
appear 1neffective 1n arteriosclerosis.

Papaverine has been recommended for the relief of sudden
occlusion because of its vasodilating propertes. In my CXPE'ierf“’
1n the usual dose grven orally or mtravenously its vasodtlating
effects are Inghly unreliable and not nearly as marked as thost
from simple reflex heat or whisky. Further studies with lar,'g"
doses are being carried on. In the treatment of sudden occlusion
the injection intra-arterially of 1 gr. (0.06 Gm ) in 5-10 CC-."f
distilled water has in some of our patients given more skrikl‘ﬂs
evidence of vasodilatation than that produced by lumbar ganglion
procane block. This deserves more study. The relaxing efferts
of this and other opiates are well tecognized, and the relaxation
is undoubtedly valuable, The possibility of ultimate habituxﬁo'n
is a consideration in patients who have a long-standing chronic
disease.

Adrenolytic, sympatholytic and ganglionic blockmg drvgf=—

Adrenolytic agents nullify imp effects of epunephrine where”
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diet and metabolise is accomplished eatly, (4} The very strict
diet of Kempner has lowered the serum cholesterol levels of some
pauents {5} A stnct fow fat, Jow cholestesol diet has in some
wdinduats decreased the coacentration ot even caused the disap-
pearance of the Gofman large ¢holesterol molecules. {G) A redue-
Yion 10 the mortabity 1ate from circulatory discases did occus duning
the starvation period 1 Notway during the Nazs ocoupation. Un-
Fortunately this evidence 15 far from conclusive, and there 15 no
proof that m man the cholesterol s the diet plays 3 significaat
role ia the prevention of production of atheroma,

Studes with tagged elements have shown that cholesterol can
be synthesized in the hves, spleen, skin, wall of the small intes
tine and mast other tissues except the red blood cells The amount
thus produced dasly 1s greater than woultd be mgested i 2 normal
diet The cholesterol tevels in the blood appeac ta be less wiluenced
by the cholesterol mntake than by the metabolic processes within
the tissues, In diseases in winch the blood cholesterol value ss
consistently hugh, feduction can sarely be brought about by dietary
resteictions without cogsection of the fundamental metabolsc fault

Aacel Keyes hzs shown that by the combemed fow cholesterol,
almost fat-free diet, 2 defimite drop in serum cholesterol can be
obtained The fat intake appears to be at Jeast as important as the
cholesterol ttake since it seems probable that the sources of the
synthesized cholestero} are largely from animal and vegetable fats,

Barr found that med do nof ficantly alter
the levels or distub of cho { or the ref hips of
cholesterol to phosphiolipids or protes

There 15, therefore, inadequate evidence that dietary restriction
affects the course of human atherosclerosis Even the most opts-
mistic view suggests that were the dietary approach to be adopted
the restriction of cholestesol and fats should be practcally total
and should begin n early childhood rather than after the patent
has a badly involved vasculac system and several acclussons. Such
2 dspravation over a period of years might well be myurtous. This
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tic value s extremely difficult 20d final evaluation must await great-
er experfence

Histidine and ascorbic acid —These drugs in combination have
been enthusiastically advocated by Wistschafter and Widmaon
for the treatment of gangrene, Unfortunately, numesous othet
workers have failed to obtain sumilar results,

Mufson has used histamine intra-asterially and has reported
favorably regarding its effects It has been treed in our dlinic and
elsewhere, but we would withhold final judgment at this timf

Ether—R A. Katz has advocated the mtravenous administrs-
tion of ether. Except for temporary relief of pain, others have
failed to be impressed by the results. Cerebtal and pulmonary fat
emboli have been reported following this therapy.

Potassium sodide~—This has fong been used 1n the tmtfmﬂk
of arteriosclerosss, Steiking clinical results have not been obtained,
although animal work seems to demonstrate that it tends to pie
vent the Iaying down of cholesterol plaques, :

Cholime and inosstol —Choline and jnositol in varous combin:
tions have been proposed for the treatment of artcrioscl:ro.slsy
especially atherosclerosts Three years of study and observation
have led us to the conclusion that the clsims which were advancel
were unjustified and that these substances are worthless for ths
purpose. Similar conclusions have been drawn by other workess
also, based on studies in animals as well as man,

Diet.—The value of restrictive diets for the prevention or teest
ment of atherosclerosis is still highly debatable. The followitg
evidence suggests that a low cholesterol, low fat diet might pre
vent the deposit of atheromatous plaques or even encourage lhe."
reabsorption (1) Hypercholesteremia can produce atheroma 3
previously healthy arteries. (2) Some atherosclerotic patients bav¢
hypercholesteremia or other lipid disturbance. (3) Kcnd-ﬂ! has
shown that in dogs in which he has produced atherosclerosis by
feeding cholesterol and inducing hypothyroidism with thiouracth
he has been able to reverse this process if the return to 2 nomml
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der 123 metabolisn §s accomplished eaddy. (4) The very stoct
&t of Kemmprer bas lowersd the serux choltesterol lovels of sorze
pomenss. (5) A st fow f2t, Jow cholesterol diet hus in soce
mdmikeals decreased the (orcestration or even cused the disp-
pezrazce of the Gofzn lrge dholestercl molecules. (6) A reduc
toe t the movtality exte from arcelutory diseases did ocoer dunng
the sarvaton penod i Norsay dunng the Nud ecopation. Uae
fotsentels thrs evidence is far from conclusive, and there is o
proof tat m oan the cholesterol in the digt plars & signifast
rols 2 the o prod of it

Sodes wrh tagpad efzzments have shown that choleserol an
be siuthanzad i the bver, spleen. shun, wall of the small ties-
e 2nd most ocher hysees sxcept the 1ad blood cedls. The amoent
thes produced dady is greater than would be mgesied 1 a normal
en The cholmterol levels in the blood appeasta be lass mbuenced
T the dholesterol mtike thas by the metsholx processes within
the turees. In disesses 1 which the blood cholestero! vales &
ensrstantly hioh ewducnen @n tzely be broeghs 1hout by detary
rustrenons wabort correrton of the fondamennal metabole fanle

Azcel Keves Bas shown thae by the comsbined lass dilesterol,
et fabfres dit 2 definne dran o serum cholesterol can be
chezmad. The f2r muake appesss to be 2t keast a5 smpostany as the
cholesterol muake smce v seems probable that the scurces of the
sicthesmad dhnlesterel a2 lzgely from acimal sad wegstable s,

Bazr feund that moderate reatrictions do rot sizniSaanty alzer
e levels or distribetion of chol of the relitionships of
cholssterol to phospholrpeds or protsin

There is, therefore, imadequate evidencs that dietary revriction
2Rty the erse of huzan stberosclerosis. Even the most opti-
el voaw suggests that nere the dietary approach to be adopted
the retsizticn of holesterol asd fats shoold be practically teed
33 shocld begin m ey childhood cather than after the patient
Bas 2 badly involved vascalar systers 20d several occlusions. Such
* deprivation over 2 period of yeass might well be inforiovs. “This
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tic value is extremely difficult and final evaluation must await geeat:
er experience

Histdine and ascorbic acid~These drugs in combination have
been enthustastically advocated by Wirtschafter and Widmana
for the treatment of gangrene. Unfortunately, numerous other
workers have failed to obtamn similar results,

Mufson has nsed histamme mtra-arterially and has reported
favorably regarding its effects. It has been tried in ouf clinic and
elsewhere, but we would withhold final judgment at this tune

Ether —R. A. Katz bas advocated the intravenous admiaisttd
tion of ether. Except for temporaty relief of pain, others hase
farled to be mmpressed by the results Cerebra] and pulmonaty fat
emboli have been reported following this therapy.

Potassium rodide ~—This has long been used mn the treatment
of arteriosclerosss. Striking clinical results have not beert obtained,
although animal work seems to demonstrate that it tends to P&
vent the laying down of cholesterol plaques. i

Cholsne and inositol.—Choline and inositol in vatious combied
tions have been proposed for the treatment of ateriosderos
especially atherosclerosis. Three years of study and observation
have led us to the conclusion that the claims which were advanced
were unjustified and that these substances are worthless for this
purpose. Similar conclusions have been drawn by other workess
also, based on studies in animals as well as man.

Diet.—The value of restrictive diets for the prevention of lff“‘
ment of atherosclerosis is still highly debatable. The following
evidence suggests that a low cholesterol, low fat diet might pr&
vent the deposit of atheromatous plaques or even encourage theit
reabsorption, (1) Hypercholesteremia can produce atheroma 1
previously healthy arteries. (2) Some atherosclesotic patieats hae
hypercholesteremia or other lipid disturbaace. (3) Kendall b3
shown that in dogs in which he has produced atherosclerosis 1}7
feeding cholesterol and inducing bypothyroidism with thioussch
he has been able to reverse this process if the return to a por™
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diet and metabolism is accoraplished early (4) The very strct
dhet of Kempner has lowered the serum cholesterol fevels of some
paticats (5) A strict low fat, low cholesterol dict bas in some
individuals decreased the concentration or even caused the disap-
peatante of the Gofman large cholesterol molecules {6) A sreduc-
tron 1 the mortality rate from circulatory diseases did occur during
the starvation peniod 1 Norway during the Nazi occupation. Us-
fortunately tus evidence 15 far from condlusive, and there is no
proof that m man the cholesterol w the diet plays a significant
role i the prevention or production of atheroma.

Studies with tagged elements have shown that chelestetal can
be synthesized mn the hiver, spleen, skin, wall of the small wtes-
tne and most other tissues except the red blood celfs The amount
thus produced daly 15 greater than would be mgested 1 o normal
dset The cholesterol fevels in the blood appeat to be less wfluenced
by the cholestesol intake than by the metabolic processes within
the tissues In diseases 1 which the blood cholesterol value s
consistently high, reduction can rarely be brought about by dietary
estnictions without correction of the fundamental metabolic fault.

Ancel Keyes has shows that by the combined low cholesterol,
almost fat-free diet, 2 defimte drop in serum cholesterol can be
obtaned The fat intake appears to be at least as important as the
cholestesol sntake since it seerns probable that the sources of the
synthesized cholesterol are fargely from amumal and vegetable fats

Barr found that modesate restricions do not sigmficantly after
the levels or distrb of chol or the rel hips of
chatesterot to phospholipids or protesn

Thete 15, therefore, inadequate evidence that detaty testriction
affects the course of human atherosclerosis, Even the most optr-
mustic view suggests that were the dietary approach to be adopted
the restriction of chotesterol and fats should be practscatly total
and should begin m early childhood rather than after the patsent
has a badly 1volsed vascular system and several occlusions Such
2 deprivabion over a peniod of jears mught well be wnqurious. This
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tic value is extremely difficult and final evaluation must await grest
er experience.

Histidine and ascorbic acsd —These drugs in combination have
been enthustastically advocated by Wistschafter and Widmaon
for the trestment of gangtene. Unfortunately, numerous other
wortkers have failed to obtatn similar results.

Mufson has used histamne intea-atterially and has {9}?0’“&
favorably regacding 1its effects. It has been tried in our dlfllc and
elsewhere, but we would withhold final judgment at this time.

Ether~R A. Katz has advocated the intravenous administey
tion of ether Except for temporary relief of pain, others have
farled to be impressed by the results, Cerebral and pulmonaty fit
embolt have been reported following this therapy.

Potassium rodrde~This has long been used in the treah.l'lfﬂt
of arteriosclerosis Strtking clinical results have not been obtained,
although animal work seems to demonstrate that it tends to pre’
vent the laying down of cholesterol plaques. N

Cholme and inositol.~—Choline and inositol in various combint
tions have been proposed for the treatment of arteriosclerosi
especially atherosclerosis. Three years of study and observatiot
have led us to the conclusion that the claims which were advanc
were unjustified and that these substances are worthless for ths
putpose. Stmilar conclusions have been drawn by othes workess
also, based on studies 10 animals as well as man.

Dret.—The value of restrictive diets for the prevention of m“"
ment of atherosclerosis is still highly debatable. The following
evidence suggests that a low cholesterol, low fat diet might pr&”
vent the deposit of atheromatous plaques or even encoufage ‘h{"
reabsorption. (1) Hypercholesteremia can produce atherom? 4
previously healthy arteries. (2) Some atherosclerotic paticnts have
hypercholesteremia or other lipid disturbance. (3) Kendall 9%
shown that in dogs in which he has produced atherosclerosis I"Y
feeding cholesterol and inducing hypothyroidism with thiouract:
he has been able to teverse this process if the return to 4 norm
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diet and metabolism is accomplished eardy. (4) The very strct
diet of Kempner has low efred the serum cholcstcm} lenels ?f some
patients. {3) A strict low fat, low cholesterol dict has in some
wdsiduals decreased the concentration or gven caused the disap-
pearance of the Gofman large cholesterol molecules (6) A reduc-
ion 1n the mortality rate from circulatory duscases did occur during
the starvation period 1n Norway dunng the Nazi occupation, Un-
forpnately this evidence is far from conclusive, and there 15 no
proof that m man the cholesterol 1w the diet plays a significant
tole 1n the prevention of production of atheroma

Studies with tagged elements have shown that cholesterol can
be syathestzed s the ver, spleen, slan, wall of the small intes-
tine and most other tissues except the red blood cclls The amount
thus produced daidy 11 greater than would be ingested in a normal
diet The cholesterol fevels m the blood appear to be less influenced
by the cholesteral intake than by the metabofic processes within
the tissues In diseases m which the blood cholesterol value is
conssstently high, reduction ¢an rarely be brought about by dietary
restrictions without cotrection of the fundamental metabolic fault

Ancel Keyes has shown that by the combined faw cholesterol,
almost fat-free duwet, a defimte drop in serum cholesterol can be
obtawed The fat sntake appears to be at Jeast as mmportant as the
chofesterof sntake stnce st seems probable that the spurces of the
synthesized cholesterol ate targely from animal and vegetable fats,

Barr found that moderate restescions do not significantly aftes
the levels or dustabution of cholesterol or the telationships of
cholesterol to phospholipsds or proten

Thete 15, therefore, madequate evidence that dietary restriction
affects the course of human atherosclerosts. Even the most optr-
mustic view suggests that wete the dietary approach to be adopted
the restriction of cholesterol and fats should be practically total
and should bagin 1 early childhood rather than after the patsent
has a badly mvolved vascular system and several oeclusions Such
2 deprivation orer 2 petiod of years maght well ba njurious, This
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aspect of the problem has been neglected and requires fusther
study. .

Advice therefore 1s difficult, We place all overwerght patients
or pattents with hypercholesterermia on low cholesterol, low fl\
dets and attempt to correct thewr metabolic abnoxmahties‘pcﬂdms
further studies i this dynamic field. We do not agree with those
who do not strve for adequate controt of diabetes melhtu's n
these patients, we strive by diet and insulin to obtain an approxim3:
tion to normal metabolism and physiology.

Quimune sulfate —In doses of 02 Gm. at bedtime and some
times also at suppertime, quinine may relieve night cramps it the
leg muscles of some patients.

SURGICAL ASPECTS

The technics of surgical procedures are not within the 5cop¢
of this book, Nevertheless certain established prnciples .shou.ld
be mentioned The use of wet dressings, hot soaks and antiseptics
has been discussed To re-emphasize: (1) Wet dressings shoul
not be used unless they are kept warm (34.4-37.8 C; 94100 F.)-
Chulling should be avorded and the tissues should not be per-
mutted to become macerated and boggy. In general, unless infet
tion 1s present, gangrenous ateas should be kept dry between s¢:
(2) Warm soaks are usually preferable to wet dressings
temperature should be 34-38 C. and they should be used 08¢
or twice a day for 30-60 minutes. (3) Strong antiseptics 5}10‘1{d
not be used, since the life of the cells of the endothelial buds 18
the most important single factor in the healing process.

Ganglionectonry and other operanons desgoed to produce V&
dilatation, are, in my expetience, of limited value in arteriosclerds
cbliterans, We have studied the effects of ganglionectomy o
arteriosclerosis obliterans for an additional five years sice the
first edition of this book and have come to the following conclw
sions. (1) The optimistic claims of some exponents of this sucgely
are not justified (2) Its effects on intermittent claudication ase no
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better than those produced by suggestive therapy or placebos A
patient who had no imp! following a sympathectomy
was told four years later for the fitst time to stop smoking and his
claudication distance promptly lengthened. (3) The effects on
advanced artenosclerosis obliterans with gangrene are usually nil.
(4) In very fare cases when a single toe becomes cyanotic due to
occlusion or spasm of a digital vessel, and in the presence of
patent major vessels down into the leg or foot, ganglionectomy
may produce a favorable response with return of normal color or
warmth to the toe, (5) It is unfortunate that many elderly pa-
tients have been submutted to operations of this type without ade-
quate study and duscrimi Periarterial sympatt
less and has been abandoned

Peripheral sympathectomy by crushing, alcohol injection of
section of mixed nerves supplying the fect may relieve the pain
but produces paresthesias, a fact not to be overlooked. For the
technic for these procedures the reader is referred to the work of
Smithwick and White, and Laskey and Silbert These procedures
are rarely necessary and should not be used in the upper extrem-
1eres because the motor fibers are destroyed along with the sensory
fibers; whereas ths is not so vital in the small intrinsic muscles of
the foot, 1t 1s serious in the hands Also, unless the nerves are
severed there is usually a regrowth of the nerve fibers in four to
six months, The operation should be performed with utmost cate
to avoid trauma to the tissues, leading to difficult healing because
of impaired circulation which may be 2 factor high above the
level of the gangrene. Exact knowledge of the Jocation and possi-
ble varistions of the nerve and of the tissues supplied by each
nerve 15 essential to success. Even then the presence of unpre-
dictable aberrant branches and nerve fibers may cause unsatisfac-
tory results, the pain being inadequately relieved.

Care of gangrene and nlcers —One of the most important
factors in management is meticulous care of the ulcers and gan-
grenous aseas by both the doctor and the patient. It is essential

tomy is use-
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to Iift away crusts under which unsuspected pus may accumulate
For example, the nail was easily lifted away from the left first toe
ofa patient to reveal a mass of pus and a Jarge necrotic ares, Three
months [ater the ulcer was completely healed. The patieat had
been under the cate of a doctor for months and in 2 hospital foe
three weeks, yet the simplest procedure—the institution of dran
age without the need for incision—had been completely ﬂegl.m’d'
with great damage to this artetiosclerotic patient. If this s}mPk
principle is ignored the mfection may burrow deep into the tisues
and spread rapidly,

Sloughing tendons and sequestra from the bones sht:\xl(i.bc
carefully removed. This can be done without major surgical
techare but 1t must be done under full surgreal asepsis. X-1ay e
dence of so-called osteomyelitis does not necessarily mean tht
healing cannot be obtained over the area The apparent osteomye-
litis 15 often due enttzely to ischemia and with re-cstablishmest
of the blood supply is likely to heal, Frequently it gives fist 10
sequestra Grayish slough should be meticulously removed ot
poction at a time. The object is to obtain a base covercd by feesh
granulation tissue on which epithelium readily forms. Once 2d¢
quate arculation 1s available, this may be further encouraged b
the proper use of skin grafts,

Anputation ~—Proper selection of the site for amputation B
vital to successful healing, The day of amputating slightly above
the level of the gangrene, whether in toe or foot, just because th
skin Jooks good is past, Frequemly the tissues under that innocent”
appeariag skin are sadly undernourished and the skin itself s 100
poorly supplied with blood to allow healing. This przdite feads
to repeated amputations, increased mortality and pxoioﬂsed in-
validism. In general, ualess aecessitated by severe pain or serious
infection, amputation should be delayed until natyre has done het
best to demarcate the agea involved, to localize the infection and
to attempt some self-amputation If self-amputation has pro”
gressed sufficiently in the toes, it is frequently possible to lift a%3F
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the toes without surgical intervention. Sometimes moderate help
from the surgeon will complete the job and lead o earlier local
healing. )

If the infection fails to localize and gangrene continues to
spread, ot if there 15 a systemic reaction from septic nbsoqatiorf,
amputation is the only recoutse, but this should not be done until
thotough study has determined the level at which healing can
reasonably be expected. For this we use modem methods instead
of guesswork. The oscillometer will show where the major vessels
are occluded; lacking additional data, it is unsafe to operate below
that Jevel Arteriogtaphic studies with Thototrast or Diedrast may
give waformation on the level of blockage of the major vessels and
the degree of collateral circulation present. At times we are en-
couraged to operate below the level of major blockage if the
collateral aireulation 1s extensive. This is frequently the case at
the knee, where the major blockage may be just proximal to the
joint and amputation below the knee may be satisfactory.

1 the surgeon is experienced in this field it is probably wise to
allow him to use his judgment at the tume of the operation. For
example, an incision below the knee may reveal a very good blood
supply which will probably permit satisfactory healing; or practi-
cally no bleeding may occur, 1n which case it may be safer to
perform the amputation 2t 2 higher level, even above the knee

Refrigeration.—Our experience suggests that reftigeration is
ualikely to 2id in the preservation of 4 limb in which the circuta-
tion is badly impaited, It hardly seems logical to induce greater
vasoconstriction, incressing the ischemia of tissues alseady suffer-
1ng from fack of blood, in otder to save them, We, therefore, do
not advocate the use of refrigeration in an attempt to save a leg
However, if the leg 15 to be amputated and active infection is
present, or if the patient is aged or severely diabetic, reftigeration
anesthesia is very helpful and can be used with a minimum of
trauma to the patient.

By using the technics deseribed here one can effectively reduce
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the number of reamputations and thereby the mostality fmmf
amputations. This tepresents a sound approach to the problemc?1
amputation, which at best is an admission of defeat—an acknovl
edgment of our inability to save the extremuty for future use
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the number of reamputations and thereby the mortality floﬂ;
ampatations. This represents a sound approach to the problem 0‘
amputation, which at best is an admission of defeat—an acknowl
edgment of our inability to save the extremity for futufe use

REFERENCES

PATHOGENESIS

Absens, E H, Jr, and Kunkel, H, G : The stablization of serum lipid emclso®
by serum phospholiptds, J Exper Med. 90.409, 1949. "
Amtschow, N, and Chalatow, S § - Uber experimentelle Chulestennstz:lf;“ ‘”‘f
shre Bed fur die Enstchung eimiger p her Prozesse, Zen
allg Path, u path Anat, 21:1, 1913, 1203
Barr, D P The Pathogenesss of Athefosclerosis, Annual Lecture, (I
Academy of Medicme, May 18, 1951 1
Jostah Macy, Jr, Conference on Hypertension and Anenoscliros;f, 1:”
. and Russ, E M’ Protein lipid relationships 1 diabetes mellitv$
Am, Physiaans, 1951, . .
Bucrger, L The Circulatory Disiurbances of the Extremiies (Philadelphit
W. B Saundess Company, 1924). 1
Cabot, R, C.- The relation of alcohol to asteriosclerosis, JAM A- 4{7;:;‘1“"9&
Collens, W, §, and Wilensky, N D : Two quantitative tests of peripl
cutar obstruction, Am J Sutg 34 71, October, 1936, York
Condry, BV (ed.}: Aterionclerosic: A Survey of the Problem (Ne¥
The Macoullan Company, 1933). (Ner
Deduchen, J, et al Incidence of atherosclerotic disease dating War yers &
way), Tr sth Conf on Factors Regulating Blood Pressure, 1951 (Ne¥
Josiah Macy, Jr, Foundatiog).
Dufour, H.: Grand éthylisme.
b’ S ok 1 VA e

Curchose du fore; fithease vésicularee, Bull- &
Thory 5o

. . besonderer B¢
-1 Nebenmert™
. Gesellsch 15

234, 1912, fo I
Fusher, J. W, Rusks sejected for high blood pressure only, Proc. A, Lif
M, Dur. Amenca 9 63, 1922-23

Gofman, J. W, e al., Blood ipids and human atherosclerosis, Caraulation 2 16%
178, August, 1950

* The sole of Ipids and hpopeotelas in atheroscleross, Saence 1111EE
171, Feb 17, 1950,

Ignatowski, A 1 Uber die Wirkung des tienschen Exwersses auf die Aortd un:
e p: Organe der Kaninchen, Virchows Arch. £, path. 0¥
198 248, 1909, .

Katz, 1. N, and Dauber, D V.1 The pathogenesis of atherosclerosss, J Mt. 508
Hosp 12.382-110, May-June, 1943, "

Joshs, £ P Asteniosclerosis and diabetes, Aon. Clin Med. $-1061, 19262




ARTERIOSCLEROSIS; ATHEROSCLEROSIS 159

: Effects of akernate suction and pressure on blood flow to lomer ex-

tremities, ] Chbn lavestigation 12 925, September, 1933

Laskey, N F, and Silbert, S : Thromboangutis obliterans: Rehief of pain by
penpheral nerve section, Ann Surg 98 35, July, 1933,

Lewts, T, and Grant, R.: Observations upon reactive hyperemsa in mian, Heart
12.73, 1925.

Lichtenstean, L, and Sewall, S = Pulmonary and cerebral fat embolism following

i of ether therapeutically, J. A. M A. 136'827.828,

Mar. 20, 1948

Luttaver, D, and Wright, 1. § 7 Papaverine Hydrochlotide, Am, Heart J. 17.325,
Mazch, 1939

McGorern, T.; McDevitt, E, and Weight, 1. § - Theobromme sodwum salicplate
as vasodilator, J Chn Investigation 15 11, January, 1936

Maddock, W. G, and Coller, F. A - Peripheral vasoconstriction by tobacco and
1ts relation to thromboangutis obliterans, Aan. Surg 98.70, July, 1933.

Meyer, W, Conscrvative treatment of gangrene of extremities due to throm-
boanguus oblierans, Ann Surg 63 28, March, 1916.

Peatt, G H  Surgical Mansgement of Vascular Diseaser (Phladelphia- Lea &
Febiger, 1949)

Roth, G M Tobacco and the Cardrorarcular System (Sprngfield, Ul - Charles
C Thomas, Publisher, 1951}

Sanders, C. E Cardiovascular and perpheral vascular diseases Treatment by
motorized oscdlatng bed, JAM.A. 106:916, Mar, 14, 1936.

Sulbert, §: Thromboangutis obliterans (Buerger). !X, Surg, Gynec & Obst.
61 214, Avgust, 1935

Treatment of thromt obliterans by njections of

bypertonsc salt solution, J.AMA. 86 1759, June 3, 1926

Smithwick, R. H, 2nd White, J. C.: Ehmination of pain i obhterative vascular
disease of fower extremity, Technique for alcahol mjection of sensory merves
of lower leg, Surg, Gynee, & Obst $1.394, September, 1930

Starr, 1, Jr Thermoregulated foot cradle for treatment of periphesal vascular
disease, Proc Soc Exper. Biol & Med 29 166, November, 1931

Trasoff, A ; Blumsten, G, and Marks, M+ Immunologic aspect of tobaeco in
;f;x;)gzbomgum obliterans and coronary artery dusease, ] Allergy 7 230, March,

Westcott, F. H,, and Wright, I § : Tobacco allergy and thromboangiitis oblit-
erans, J, Allergy 9 335, September, 1938,

White, | C The Autonorc Nersous Systers (New York: The Macmullan Com-
pany, 1935).

Wllr;ss(l-‘s:)!;frilzﬂ'l‘ia:;‘??ndmann. R Elsboration of histamine in vivo, JAM A

Waight, 1 § - Physical therapy in

3 peerpheral vascular dsease, Arch Phys. Th

19 161, March, 1938 ’ " e

——— Trcatment of an bl
objective, YAMA 115 893, Sept 14, 1940

Social and ultimate



158 VASCULAR DISEASES

Allea, E V, and MacLean, A R Treatment of sudden arterial o:clusionl;;t’b
papaverine hydrachloride, Proc Staff Meet, Mayo Clin 10 216, AP'\ 3 9%

o and McKechme, R E, Jr.: Et b
arculation of extremities, J. Lab. & ' '
Barker, N W Vasoconstrictor effects us womwees v -«
Mayo Clin 8 284, May 10, 1933. )
Buerges, L. The Circulatory Dissurh of the jes (Phufadelphit

W B Saunders Company, 1924). ,
Collens, W, S, and Wilensky, N D - Use of intermuttent venous mmprf]!;;‘
10 treatment ‘of peripheral vascular disease, Am. Heart J. 11°705, Jua, g
Coller, F A, Campbell, K. N , Berry, R. E. L , Sutler, M. R Lyfons, Rhm{
and Moe, G K Tetra-ethyl-ammonium as adjunct i treatment of peop
vascular disease and other panful states, Aon Suzg 125:729, 1947. i
Denk, W+ Zur Behandlung der artenellen Embolie, Munchen med. Wehas
81 437, Mar 23, 1934 o
DeTakits, G Use of papavenne ma acute arterial occlusions, J.A.M.A. 106 100
Mar 21, 1936 "
Ginsberg, N Consideration of treatment of peripheral gangrene due to th
boangtitis obliterans, Am. J M Sc. 134 328, September, 1917. R
Gumson, K S, Hendrix, J P, and Reardon, M J Newer adrenolyts
patholytic and ganglionic blocking drugs, ] A M A 139 154.155, Jag
1949
. .
Harkavy, J , Hebald, S, and Silbert, S - Tobacco sensitiveness in thrombosngit
obhiterans, Proc Soc Exper Biol & Med. 30 104, October, 1932- "
Herrmann, L. G Syphulitic penpheral vascular diseases Treatment by m“;‘“
of an intermuttent negative pressure eavironment, Am J Syph, Gonor. &
Dis 17 305, July, 1933. ”
: Patsive Vastular Exerctses and the Congervative Management of 08 /n
erairve Arterial Diseases of the Exsremiuer (Philadelphia® J. B Lippin®
Company, 1936)
, and Retd, M R : Pavaex (passtve vascalar exercise) treatment of nbl;;
erative arterial discases of the cxtremuties, ] Med, 14 524, December, 199
Katz, R. A Impending ischemic gangrenes New nonsurgrcal therapeutic Sugse”
tions, New Orleans M & § ). 98:542, 1946.
Keys, A . The refation 1n man between cholesterol levels 1n the diet and 1n
blood, Science 112 79-81, July 21, 1950.
Kogs, G Zur Therapie der § an den Deutsh?
Zischr . Chue. 121,371, 1913
Kovacs, J ; Saylos, L. L, and Wiright, 1. § 1 Pharmacological and therapeutié
effects of certan choline compounds, Am Heart J. 11:33, January, 1936-
Lampson, R, S Q study of induced by smokit®
JAM A. 104.1963, June 1, 1935
Landis, E. M. and Gibbon, J H, Jr: Effects of alternate suction and pressict

on arculation in lower extremibics, Proc, Soc. Exper Biol. & Med. 30 393
February, 1933




ciarrer w, Thromboangiitis Obliterans

Emio1061Cc CONSIBERATIONS

IT 15 1MPOSSIBLE to state positively that there is a single ageat
ponstble for the develop of b obliterans,
That tobacco and sex are among the most important factors has

been recognized chimcally for many years and secently sub-
stantiated.

Tobareo —E1b, Meyer, Buerger and many othess realized early
that tobacco was at Jeast an aggeavating factor. Of over a thoussnd
cases of thromboangutss ebliterans, Silbert has never seen a typical
case 1 a nonsmokes Our group and others have had stmilar
expesience The disease has been reported in nonsmokers, but most
of these seports were published over 15 years ago and would not
stand up under present critical analysis Among 150 patients with
the disease, Jones found approxsmately equal use of American and
mmposted tobaccos,

It 13, fusthermore, generally accepted that the course of the
disease in an indsvidual patient 15 significantly snfluenced by his
use of tobacco, Speaifically, the disease can be asrested 1n many
patients, espectally in the early stages, solely by abstnence from
tobacco In severe cases with gangtene or ulceration, after days or
weeks of satisfactory improvement the smoking of one or two
cigarets may suddenly wossen the coutse of the disease with the
appesrance of mflammation and breakdown of more tissue. Also,
patients whose ulcess have healed and whose condisan tus been

161
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———— Conservative treatment of occlusive asterial discase, New Englind J
Med 225 805, Nov 20, 1941, pcomboss b
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arrested tend to mamtain the improvement indefinitely, unless
exposed to frostbite or other trauma, so long as they do not smoke
In numerous instances the smoking of onc to six cigarets b
caused & relapse and the loss of a digit before the disease could
again be arrested. Therefore the clinical evidence of a definite relt
tionship between smoking and thromboangiitts obliterans has beea
established. ,

Attempts to explamn the mechantsm by which tobacco exerts 1
harmful effects have been of three types.

1 That smoking causes a vasoconstriction of the PEliPh‘f’[
blood vessels of the extremitics was demonstrated by studies wilh
thermocouples and capullary mucroscopy. The temperature of _ﬂ"
skin of the finger-tips of most individuals drops with the smokia3
of one of two agarets, especially 1f they are inhaled (Fig. 38)- I
135 experiments conducted 1n our laboratory with the collabor
tion of Moffat, normal smokers used standard prands of cigarets
The drop averaged 5.3 degrees (F.; 4 C.) and in some ¥
as much as 15 degrees (F; 8.5 C.). With so-called desscotinized
cigarets contamning about 40 per cent of the nicotine in stan s
brands, the drop 1 temperature averaged 4 8 degrees (Ei3
(Fig 39). The effect of mentholated cigarcts was the same &
that of the standard brands (Fig. 40). Similar reductions cout
not be reproduced by using filter paper cigasets ot cigarets m3 <
of chopped up cigaret papers. In some individuals the blood fio*
in the nail fold capillaries could be observed to slow down 30
stop following the first few halations The psyclwlogfc factor
wete eliminated as much as was possible throughout the expert
ments.

We observed, as others later did, that a slight drop in temptr™
ture and a slowing of capillary blood flow may occur aftes €
tremely deep inhalations of air alone, but we have not succeedes
in producing reductions comparable to those recorded on jnhalatiot
of cigarets. Maddock and Coller, Barker, Roth and others have I
ported similar results,
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Westcott and 1 therefore selected 33 carefully studied patients
with typical thromboangutis oblitesans and, for controls, 35 per-
sons who had various other diseases or were normal. These wete
tasted with tobacco extracts supplied by Dr. Harkavy and other
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mechanisms of action: (a) direct action of nicotine on the adrenal
glands; () action on brain centers either separately for two effecs
namely, vasoconstriction directly plus the adrenatin effect, or on
one area controlling the adrenal glands; (¢) sepasate action on
nerve endings producng constriction of vessels. There is no cob
clusive evidence regarding this mechanism.

3 Another approxch to the study of the relation of lobuf"
and thromboangiitis obliterans has been on the basis of an alferg:

Warer
LLETHYSMOGRAW

Fic 41 —Appatatus for plethysmographic measure of blood flow (Lampson)

BLpop Pressurs
Core

response. Harkavy and his co-workers have reported that indwid-
uals with thromboangiitis obliterans have 2 high degree of hyper
sensitivity to tobacco as determined by skin tests. They !¢
reactions in 70 per cent o more patients with thromboangits
and in 38 per cent or less of controls, Trasoff, Blumstein 4
Marks reported duametrically opposite results, observing positi'®
reactions in 16 per cent of patients with thromboangittis obliterss
and in 34 per cent of their controls, Chobot reported 52.9 P
cent positive reactions to tobacco in asthmatic childrea, none ©
whom smoked or had thromboangiitis obliterans,
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Jationst s hed
cate, hawever, that no speafic p has been bl
between b iitis obl and itivity to tobacco on
an alergic basis. _ .

Sex ~—There seems little doubt that sex is an important factor
in thromboangutis obliterans, Even though smokung has been

TABLE 4-—Posnve Reactions yo Sxid Teves winit TosacCo IN Noruats
AND PATtENTS w113t THROMBOANGUTES OBUTERANS

>
Aurnoas D ) S B | Counons
£ W Foy | No, S ¥or | Mo iy
arkavy and Romanoft 3] 36 36
B sme;?m 200 38t
Sulsberger 13 {73 2
smokers 25 36
nonsmokers 8 16
Trasoff, Blumuan n 18 23 33
and Masks
normal smokers <0 47
normal nopsmikers 32 2t
allesgic smokers 17 411 34
aftergie mopsmokery 23 238
asthmage children 53 89
Westcott and Wnght 3s 43 3s 46
smokers 35 43 24 50
nonsmokess o 3 n 38
allerguc§ 3 & 3 67
aonallergsc 30 40 26 39

* 8% aiso poutive o7 other allergens.
}23% alea ponitive for prher Adlcrgens,
$15% aisa posstive for other allergens,
3 Famnly ar personal hastory
prevalent amang women for & considerable numbet of years and
the recently sepotted cases of thromboangutss obliterans i women
Have been in smokers, less than 60 cases 1 women were reported
wp to 1946 There now appears to be a steady mcrease 1 wonien,

wiuch may be related to the increase m smoking A typical case th
2 woman follows,

A Bussian Jewess, aged 46, was first seen on Nov 27, 1934, One year
pseviously, aftes exposing her bare feet 1o the floor of 2 cold room, she
natced 7 busning sensation fa the distal haif of her left foot, The con.
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tobacco extracts prepared 1 the allergy clinic of New Yok
Post-Graduate Medical School and Hospital. Cettain common
allergens were used as controls (Fig. 44). Patients tested by Har-
kavy were observed and the interpretation of reacttons was care
fully constdered In our series the positive incidence of readtions
was almost 1dentical 10 the two groups, being 43 per cent in the

o FORENTAD
SMOKED AND INHALED | ey —— poRSUM, LEFT WD
P ONE STANDARD .

CIGARETTE 3 MINUTES

suww

HHALATION KA
READACKE, PP

CAPILLARTES KO
SGNIFICANT CHAKGE
I SIZE, SWAPE
NUMBER, OR RATEDF
2} FLOw DURING TEST

20f 150

TEMPERATURE - DEGREES CENTIGRADE

&
BLOOD SUGARS,M&%

16720 30740 35 65 70 &6 85 i o 1o 10 o 50
MINUTES

Fic 43 —Blood sugar levels after smoking one agaret by man, 3% wih
generalized arteriosclerosss, recent coronary occlusion and perpheral e
with intermuttent claudication. Hands were exposed at room temperature for oo
half hour before seadings were made Blood for sugar determinations %35 ke
from sight antecubital vein, capllary studies were made on fingers of fight B
Breakfast, of prunes and coffee, was eaten three hours before first blood spees™
was taken, cigatet was smoked two hours before readings were begun

thromboangiitis obliterans cases and 48 per cent in the conteols
(Table 4). Hatkavy has accepted slight and slightly moderat?
reactions as posttive, which does not conform with the stfmdﬂdr
generally accepted interpretations This accounts for much of the
discrepancy in results in thromboangiitis obliterans, although ¢
differences in the controls are still unexplained. The results indv
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The tustory was essentially negative, except that i 1930 the fth
finger of her right hand hed been amputated because of osteornyehitis as-
ocated with what was thought to be an acute mfection She had
smoked from eight to 30 cigarats a day since she was 8 years old. Rye
bread was ncluded 1 the daly diet. She densed wsing atcohot

Physisl examunabion sevealed an obese, well developed female, 59
i tall, wasghung 160 1b Blood pressure was 130/90 mm, Hg General
examimation gave essentially negatne results

The extremities revealed matked tubor of both feet on dependency,
tmost prominent over the toes and inner aspect of the loft foot Pallor
was present on elevation The natl of the first toe of the Jeft foot was

TABLE 5 ~OscriosMETaic READINGS

Tarr Ricwy,
Dorsal pedis (arch of foot) N .0
Proxsms} to ankle £ 3% 2t 100 mm Hg
pressure
Distat to knee 175% at 100 men. Hg | 2° at 100 mm Hg
pressure pressure
Proximal to wsist Q 06.5° at 100 mm. Hg
pressure

greatly hypertrophied. Two small, mowt ulcers were present under the
toes of the left foot, the larger one at the base of the §fth toe Both
feet were moderately cold Examunation faled to reveal pulsations of
the dorsabis pedis artery of aithes foot or of the posterior tibial or
pophiteal arteuies of the left leg The nght postenor tibual and pophe
teal atterses were palpable The radial and ulnar vessels of the left arm
were niot palpible Both vessels could be felt in the snight wrst Oscilto-
metsic readings are shown n Table 5.

The routine complete blood count, tests for blood sugat, usmnalysss,
and blood tests for syphulis pave negative results The electrocardiogram
was negative except for a rapud rate of 101 per minute Roeutgenograms
of the lower extremities revealed no evidence of antetissclerotic plaques,
No abpormal changes were noted 0n exammation of the eyes A Landis
hot water immersion test was not performed until Jan 27, 1936 (Table
6} This d the establsst of good collateral cuculation,
view of the oscillometne readings, which had remamned the same as
on earfiet study {Table 5)

Specsal typhoid vacane (100,000,000 per 1 cc ; Kuk Biotogweal Lab-
Oratones) was given wteavenously, stasting with a dose of 10,000,000
and increasing pradually to 70,000,000 The tajections cawsed 2 23
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i H i f 2 constant
dition progressed, so that on admission she complained o
bumm};J patn over the sole and medsal aspect of the foot, Moder:t;r;
Tief was afforded by heat, but the condition was grea‘ﬂy Jggr:;ia ; hnz
cold Durnng the four months before admussion, walking one bioc

P.G.H. MT. SINAT CONTROL

TOBACCO

ZANTHIS o(lﬁcg.) O Q) RAGHEED 500K

* 1 1yoTHY 500
MARYLAND 0 O o (EG. J* 11O S00%
" . 1000
VeI MARKED HORSE EP.
o G e VG5 0
NCENTRATE
BURLEY Q O Q DUST CONC!

P.G.H,
STOCK 1000
TENIESSEE O O Q FEATHERS 1000
FILTRATE(ULTRA} =
STOCK 10,0004
TENTESSER G DILUENT-COCH
RESTDUE O 4

Fic 44 ~Traangs of skin reactions to tobacco extracts and (0 com%;
allergens used as controls PG H, extracts supplied by Alteegy Clinic, New 20,
Post Graduate Hospital, ALS , extracts supplied by Dr. J. Harkavy, Moudt
Hospital, New York, asterisk (*}, typical readings

caused an aching pain in the left foot and ankle that was relieved nn‘i
after a few minutes of rest. Two small ulcers beneath and between L
last two toes of the left foot had been present for four weeks. One weet
before admission she had noted a dull pn in her left hand and fort"
arm somewhat similar to that in the sole but less severe,
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burnan and she had seete rest patas (8) She also had claudication
a5 a rfsn?lﬁ! symptorn after the uleers healed. (9) The ulcers were
deep, morst, located between the fast two toes of ber felt foot and ox-
cruciatingly teades (10) These % ese marked subor on dependency and
palor on elevation. (1) There was widespread wvolement of the
penphenal antenes, indscated by absence of pulsation af cestatn magor
artesses supplying both fect and the left hand. (12) There was prompt
response to abstinence from tobacco and stravenous typhoid thetapy,
with healng of the ulcers, even though the patient was ambulatory

{13) Her syndrome became tepeatedly aggeavated wpon the recumption
of smeking

Of the theones advanced to explam the ranty of this disease
n women, three seem worthy of note {1) differences in the
habuts and exposure of the tno sexes, (2) a sex-linked hereditary
factot, and {3) a biologw difference which provides women with
an wymumty. The fisst theory has been mentioned in the discus-
sion of tobatco and 1s discussed further under the headmng of
trauma To my knowledge no work of impettance has been pre-
seated regarding the second theory

With reference to the third theory, Fredlander, Laskey and
Sifbert studied the blood volume, cholesterol values, fibrinogen
content and visconty before and after bilateral cophetectonny in
women aad i female cats. They repotted a consistent postopera-
tive reduction w blood volume of about 25 per cent and a comes-
deatal 1ncrease n cholesterol and fbunogen content and viscosity
in both specses A cotresponding study of coatrols with actificial
and natutal menopause showed no changes w blood volume or
chemustey That cophoreciomy 15 not m stself enough to produce
the disease 15 readily established by the ranty of the disease in
women followsag such a procedure They were able to rasse the
blood volume to normal levels by treatment with estrogense sub-
stance i all patients whose mitial blood volume was low. The
same workers, by traperitoneal injectons of an extract from
60 per cent densotunzed tobacco, were able to produce gangrene
@ 33 of 48 male rats but m none of 12 female rats. McGrath
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soteat A Roth o

tion and rest pain returned. Tissue extract 568 (Shatp & Loume), )
cc. three times a week, was given intramusculazly and after five injec
tions the pattent contrnued to have claudication but o rest pus

mauscle exteact (specially prepared and supplied by Eli Lilly), 4 F‘:
ntramuscularly, was then given three times a week, and after nine 1%
fecttons she was able to walk 15 blocks without developing clandicain
Twenty-six morte injections were given, and she was discharged fro

TABLE 6 —Hor WaTeR ImpERsioN TesT*

Foor Roe¥
Taue, RiGaT Foor Tml L T rer
*M _ltstToe 34 Toe_ Sth Toe sumlm Toe 3dToe SthToe Sum_—
100 Admstted for temperature stabilization

2:00 [320 326 325 333289 301 292 303 26:
229 st 320 313 32506 289 289 MY

Arms submerged 1n water at 45 C. 26
230 |sts 36 315 s29is 295 293 AGZ,
235 |30 314 307 smeprz 303 26 HATY
250 {324 333 318 3334 05 292 M3,
305 1550 333 330 3sons 305 23 3207
® Temperatare readings in centigrade Described by Landis

the clinic No conclustons are drawn regarding any spmﬁc effect o
the tissue extracts which were used experimentally.

For several years the patient remeined symptom-free, buf she beg:ll;
to smoke again and for the past eight years has rarely been witho!
symptoms or open lesions Thus far she has escaped 2 major ;mefD‘.
tion. She still smokes intermittently despite warnings, threats and “1‘7:
ng. Meanwhile she has entered the age petiod 1a which arterioscleros®
obliterans may begin to play a complicating part.

The following factors were considered 1n arnving at the diagne®
of thromboangiitis cbliterans (1) The patient js a Jewess; thus I8 F<
ably not very important but 1s mentioned as a point of snterest. (2) 'hf
was 45 ycars old when symptoms first appeared. (3) There was no !
dence of calcification in x-ray films of the affected extremities, 1<% fur
specral study in that regard (4) Duabetes mellitus was not present: (5)’
She had smoked from eight to 30 cigarets a day for 37 years ©) m;
bread had been an important part of her dict since infancy and much ©
her ife was spent m eastern Eutope (where rye 15 often contammmd
ergot, although ergotism scemed unlikely here). (7) The pain 3¢ L
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gutts obliterans to five groups according to occupation showed
23 men in sedentaty occupations without exposure, 38 mea doing
manual labor wathout exposuse, 20 men domg light labor with
accasonal exposuge to cold, 17 men downg hard lsbor with oca-
sional exposure, and 11 men dong hard fabor wath constant
expossre to cold and wetness.

On the other hand, trauma often causes the oniginal open fesion
and 1s 2 common aggraviting factor Numerous patients hme
been seen an whom, after an mjury to a toe or a foot that faded
to heal normally, st was discorvered that extensive vascular disease
exssted and s some that it had existed before the wjury. In these
the avadable arcalation had been adequate to mantan the hife
of the issues under ordsnary conditsons but was not sufficient to
promote healing followang ijury or to combat wfection Among
the 1nnumerable types of trauma hkely to mtiate the process are
vawise chitopody, burns, stubbing of the toes, chafing of the
feet, frosthnte and, espectally in industry, the droppang of heavy
objects on the toes or feet The last bas become an wmportant
problem sn compensation insurance cases, since once these patients
are sneapacitated they may remam so over long penods unless
especially well treated It should be remembered that, because of
the markedly impaired circulation, frosthite can oceur s anvolved

o exp to higher }s than in normal
extremities

Fungus nfections may be an aggravating factor since the ukers
of thromboangutis obliterans frequently oceur between the toes,
where moisture makes for ease of wlcer production and difficulty
i healing

Rage —Race should be mentioned largely to rectify the onginal
misconception which atose because much of the early work was
done 1 mstitutsons whose patients were predommantly Jewsh
The condstion has since been teported 1n Swedes, Clunese, Japa-
nese, Koreans, Turks and Negroes In aur clinic 1t has been seeq
n Insh, Germans, Italuns, Negroes and people of maav other



174 VASCULAR DISEASES

mduced gangrene sunulating that of thromboangitis obliterass
in the tails of albimno rats by injecting ergotamine tartrate Female
rats could be protected against this lesion by means of estront,
whereas male rats could not, Futther studies of a similar mt'“ﬂ
may tell us why sex appears to be so important in thromboaagits
obliterans, .

Ergot —The possibility that ergot is an etiologic factor it
thromboangsitss obliterans has long been considered. A large oum
ber of the first cases to be recognized were in Jews from eastern
Europe, where ergot is an endemic parasite on tye. Black n¢
bread was part of their daidy diet. Epidemics of ergotism of 50
types, gangrenous and convulsive, had repeatedly been noted
The inference was obvious but not necessarily correct.

Repeated experiments have demonstrated that ergot can pr
duce 2 gangrenous condition in mammals and birds that chaialy
or pathologically 1s not unlike that of thromboangittis obfitera®s
Gangrenous conditions have also followed the clhnscal use o
ergotamine tartrate and other ergot preparations in man. e
clinical course of gangrene caused by ergot is apt to be more
acute than that of thromboangiitis obliterans. After withdrawd
of ergot, progtess of the disease js usually halted and often 3
provement is rather tapid. For further discussion see Chapter V.

Today only a smaif percentage of our patients eat apprecibl®
quantities of rye bread (practically none of which is made wil
€rgot-contaminated rye), so we must conclude that, although
ergat poisoning produces an occasional case of gangrene whi
at certain stages may resemble thrombo;lngiitis obliterans, e1g®
is probably not a major etiologic factor sn that disease.

Trasensa; cold —Study of occupation and exposure to cold and
water has failed to revesl a definste causal relationshp with thro
boangittis obliterans, Ratschow studied a large group of men a
women in the fishx’ng x’ndustry, in which exposure to cold ad
water is excesstve, and found that thete had pot been a $ing*
case in four years. Division of alf of his patients with thrombo:t
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e skin reactions to rickettsia However, the ratity of typhus in
the hustory of patients in othes clinics makes the signaficance of his
findings questionable This theory has been discarded.

Other suggested etrolagsc factors and disease processes include
2 predubetic condition, increased viscosity of the blood, glandular
&y sfunction, hagh salt diet, electne shodk, nutntional distusbances
and polyesthemia vera The meager evidence to support these
suggestions does not warraat disoussion here

Age —Age does play a part m determunng the onset of the
disease By far the greatest majonty of cases begin between the
ages of 21 and 45. Rare cases have been reported 10 persons under
15 and over 55, but in the older group one must suspect confusion
with atteniosclerosis of 2 combinstion of the two conditions. It
should be clearly understood that we are concerned hefe with the
age of onset, Maay patients in whom thromboxngutss oblsterans
began before they were 45 have lived into the age group for
development of artenosclerous and have had exacerbations as 2
result of the combination of the condwiens. It 15 possible that,
wstead of the female’s having protective endocting secsetions, as
has been generally accepted, the male duning hus actwvely potent
years has a secrebion which renders him susceptible to the condition
and with the onset of the male climacteric the substance no Jonger
is formed, thus preventing the onset of the disease m later Iife

Parnorocy
There ate two mp facts dteg thromb obht-
etans that are just now being accepted. First, 1t 11 2 disease mvolving
the asteries, veans and neeves and 15 not confined to the acterses
alone Second, 1t 15 & generaluzed disease involving, on accasion,
any or all of the vessels of the body, not necessanrly being lunited
to the extremuses. Buerger noted this long ago, mentioning in his
ph the inmok of sp arteries and veins and
of the gastric artery in a case of ulcer of the stomach, Since then
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national and racial groups. It is likely that in any racial group
studred, especially if tobacco wete widely used, the disease would
be found. :

Infection—The inflammatory appearance of the fesions of
thromboangtitis obliterans has led many workers to seek a b
terial cause for the disease Although organisms which were net
considered contaminants have been repeatedly described, nont
have been established as causative agents. Syphtlis has been prc
tically eluminated as a possibility, notably because of the rasty O,P
posttive serologic evidence of syphilis 1o seres of t}n’ombﬂ_fﬂ.‘gl‘m
obliterans patients and the converse rarity of thromboangiitts 0‘3
Iiterans 1n sertes of syphulitic patients. The differential diagnos’s
may occasionally require thought.

A case of unusual interest in this regard is that of a ma0, aged 3
with a large moist ulcer involving the bases of the fourth and ffth toes
on the left foot. Another ulcer was present in the right gtoin. A 5“’5‘“(
a d thromboangitis obl and rec ded amputation ©
both legs However, examination revealed pulsation of both dorsalis ¢
dis and postersor tibral arterses, which would be rare in thromboangu
obltterans with such advanced lesions. The Wassermann seaction %2
plus, the lesions were gummas and prompt healing followed the o
mumnistration of arsenic and mercury. The irontc ending to this m"g
tests 1n the fact that for the next erght years the patient walked to a0
from his business past the office of the doctor who had told b b
legs must be amputated. He finally died of a cerebral accident.

A most interesting case was that reported by Allen and Lasde?
dale of accidental of thromb istis oblitesans fro?
a patient to the operating surgeon as a rg;u]t of the PictclBS
of the palmar flesh by 2 spicule of bone from an javalved €
So far as 1 can ascertain this ss the only such instance on record t
have been unable to duplicate this condition by traasplantiog ™
volved bone into cats and rabbits

Numerous other diseases have been suspected but with i
sufficient proof to warrant serious consideration, One is fFP “5
fexer, as reported by Goodman, who noted a high incidence of PO
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tve skin reactions to rickettsia, However, the maty of typhus in
the hustory of patients 1 other clinics makes the significance of his
findings questtonable. This theory has been discarded

Other suggested etwafogic factors and dusease processes mclude
a predubetsc condstron, wcreased viscosity of the blood, glandular
dysfunction, high salt diet, electnic shock, nutrstional disturbances
and polyeythemma vera. The meager evidence to support these
suggestions does not watrant discusston here.

Age —Age does play a part m determuning the onset of the
disease By fat the pgrestest majonty of cases begin between the
ages of 21 and 45 Rate cases have been reported 1n persons uader
15 and overs 33, but 1 the older group one must suspect confusion
with artetiosclerosts or a combmation of the two conditions. It
should be clearly understood that we are concerned hete with the
age of onset. Many patients 1n whom thromboangritis obhterans
began before they were 45 have lned mto the age group for
deselopment of artertosclerosis and have had exacerbations as a
result of the combination of the conditions It s possible that,
nstead of the female’s having protective endoctine secretions, as
has been generally accepted, the male during hus actively potent
years has a secretion which renders him susceptible to the conditron
and with the onset of the male chmacteric the substance no Jonger
15 formed, thus preventing the onset of the disease 1 later hife

PaTHOLOGY
There are two facts ding thromboangnts obht-
exans that ate just now bewng accepted First, it 152 dusense mvolving

the attertes, vems and nerves and 1s not confined to the artegies
alone Second, 1 15 & generalized disease svolving, on occasion,
any ot ail of the vessels of the body, not necessarsly being lumted

to the extremutees. Buerger noted this long ago, mentioning in s
h the k

P
of the gastnie artery an 4 case

o ic arteties and veins and
of ulcer of the stomach Smce then
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numerous workers have reported pathologic evidence of mvohe-
ment of the aorta and the blood vessels of the bram, heart, kidueys
liver, spleen, stomach, lungs and intestines.

Vascular lestons found elsewhere than in the extremities 2
not always completely charactesistic of thromboangutis oblitessas,
but it appears that thromboangntis obliterans in the vascolar tiet
1s assocuted with a predilection for vatious types of blood vessel
involvement such as thromboses, early sclerosis, etc. In B’;"’“"
the order of involvement appears to be from the extreme PC“F}',”T
of the vessels centrally toward the larger trunks, with occlusof
tending to progress in the same order, but exceptions are noted:

The appearance of the vessels depends on the stage of insolve
ment of the particular section of the vessel studred. The stte:
vem and nerve are apt to be bound together so tightly that at s
they cannot be completely separated It has even been suggest
that the disease should be called neuroangutss obliterans becadst
of the mvolvement of the sympathetic nerves, especially the Fbers
1n the adventitia which degenerate as a result of the inflammstory
process and fibrosts. If 1n examumnation of the vessel proccedmg
distally a soft ted thrombus 15 figst encountered, the disease b
been recently progressive. Peripheral to this is 2 grayish of bov#
ishryellow mass It can usually be differentiated from the w;]l‘o(
the vessel. Old thrombs are frequently pierced by fine canals whidh
may exude small amounts of blood on squeezing. Unless the
process is active locally, the bright red thrombus is not presett
The vessels are not characterized by either the crescentic or s
lunar plaques or the brittleness typical of arteriosclerosis, bt
rather give the impression of induration with fibratic chang®
The veins atc characteristically as Iiable to occlusion as the 2tent
and in some cases are even more extensively involved. THro?
bophlebitis commonly accompanies lbmmbodngiiti; oblierant and
often symptomaticall 'y precedes it,

Arteries —One of the earljest microscopic changes noted is the
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presence of lymphocytes and atound the advestitia of small
vessels Comerdentaly, changes occur 10 the intima of the vass
vasotum The endothelial cells begin to proliferate, the nuclet
become larger, and connective tissue density ncreases with fibrosis
between artery, vem and netve Polymorphonuclear cells are rare
i the adventiz even when present 1n the medu. Older fesions
may show definite wcrease sn the size of the blood vessels of the
adventitta—evidently an attempt at coliateral circulation, The
media may contan many polymosphonuclear cefls as well as
lymphocytes Early 1 the process guant cell foei may develop whach
contan grat and endotheliowd cells and broken down fenkocytes.
These focr ace Iater seplaced by connective tissue and disappear,
Small vessels, usually not noted except by special methods of study
such 3s those of Wntetnitz, become enlarged end dilated—
anather endeavor to increase the collateral curcutation The muscle
cells 1n general show remarkable resistance to change, only fate in
the disease showing matked interstittal fibrosts 2nd atcophy, The
werstitial tissue way be made up of matuze tonnective tissue cells
or young fibroblasts The changes are exudative and proliferative
for the most part, atrophy occutning from disuse after occlusson
of the vessel

Meost observers have desenbed active prohiferation of the intima
tn thromboangutss ebliterans m both the vemns and artenes It 15
grestes than normal for the cotresponding age (20-40) and s
highly cellulaz The celis often have large oval prominent nucle:
Ths probesation of the wtima probably does not m sself progeess
to the production of complete occlusion, rather it 15 probable that
the same stimulus which snitiates this process also preciprtates the
thromibous whach brings about the final step 1 total occlusion of
the vessel Jager was able to dersansteate 2 general intimal reaction
extending far beyond the site of the adtive lesfons which he
conudeted the fundamental sastial ones. It consssts of 3 cushionung
af the satuma with the development of nodular rased asess, with
exadative and proliferative grant cells, He stated that u the axge
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arteries thromboangiitis obliterans resembles cheumatic 'fevcr,
1n the medum sized arteries, vegetative endocarditss, and in the
small artertes, periatteritis nodosa Lymphocytes, POl)’f‘j"‘P}‘U"“
clear cells and guant cell foct all commonly infiltrate the intumd In
the thickened mtima concentric layers of elastic tissue € found
frequently but not tnvariably The tissue is not spht and distorted
as 1 artertosclerosis, but 1s frequently increased. N

Although the 1nflammation involving the arteries 15 sometimes
acute, 1t 15 usually of chronic nature.

After the thrombus is well organized, cells of a fibroblisit
type grow 1n toward the center of the clot where they form 8
network of smusords Some autolysis takes place centrally, but
within the sinusords well preserved erythrocytes may be fm.m )
Absence of fibrin within the sinusoids suggests that the cells circd
late freely theren Mahotner has questioned whether the cells
which hine these spaces have grown from endothelm. Th‘?'
appear to penctrate the thrombus singly and have the ch:lract.ensnd
of young fibroblasts but are capable of metamor?hosis to line the
blood channels, This process 1s not completely understood.

The end-stage of the process is, however, quite well zgf“d
upon. There is a marked increase 1 connective tissue 2 the
adventitia and surrounding area. This perivasculze fibrosis 15 O
posed of closely packed mature cells binding the actery, vein 30
nerve closely together. The vasa vasorum are en]nrged, wilh
intimal hyperplasia Lymphocytes are still common, but it most
sections polymorphonuclear cells are also found throughout.

The media becomes mnfiltrated by conpective tissue and small
blood channels, but the muscle cells remain farrly well prescn'fa
The thrombotic mass occluding the fumen is canalized by bio®
vessels with three coats 1t has become changed to 2 mass of
fibroblasts and Iymphocytes,

Vems~The process in the veins is not vastly different from
that in the arteries. According to Lindenbaum and Kapitza, in the
first stage one finds a fresh thrombus with an infammatod
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reaction mn the wall, perivasufac edema and feukocytic celhular

) Small Jomatous modules begin ta appear in
which necrotic foa deselop. Osganization then takes place.
Buerger pointed out years ago that the foc of gunt cells which
dovelop resemble those seen in tubercufosss. The thrombus is
wnfiltrated by lymphogytes and Justiocytes. The process goes on
to oblitesation of the lumen with or without canalization In some
vems no thrombus s found, enly a thickening of the mtim
encroacnng on the jumen

Nerves —The changes m the nerves ase mconstant and appear
to be due to pressure and ischemia secondary to the great over-
growth of connedtive tissue of the newrovascular sheaths The
nesve changes do not precede changes i the accompanying blood
vessels; they are greatest at the pornts where the vessels are most
mvelved and whete schermua §s most severe, In the most perspheral
nerves sttiking degeneratwe changes are noted  Lymphocytic
wnfiltration, thickening of the perineurrum, absorption of myslin
and an increase 1n the number of nucler of the sheath of Schwann
are observed, but these changes ate probably the result of long-
sustatned 1schemua since they also occur 0 artertosclerosis

SIGNS AND SYMPTOMS

Although the dwsease may be present for an indetermnate
peeiod without serious symptoms, most pattents probably expe-
tience munor local sensations early 1n the course without recogniz-
g their inportance Detaled questioning of a number of patients
has confirmed this behef, The early, frequently unteported
symptoms consist 1 the feeling of pins and needles, formication,

coldness or 2 burning discomfort i the area 1 winch the eartiest
disturbances of arcalation ate occurring

PAIN

The presenting symptorn is usually pan, which may be of one
or several types Goldymith and Brown carefully analyzed the
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arteries thromboangiitis obliterans resembles sheumatic .fmr,
\a the medum sized atteries, vegetative endocarditis, and in the
small arteries, periarterstis nodosa. Lymphocytes, P"l)"‘:’m?hmr
clear cells and guant cell foc all commonly infiltrate the intims. 11
the thickened mtima concentric layers of efastic tissue ate found
frequently but not tavanuably. The tissue is not split and distorted
25 1n arteriosclerosts, but is frequently increased. N

Although the inflammation involving the arteries s sometimes
acute, 1t is usually of chronic natute.

After the thrombus is well orgamzed, cells of 2 fibroblusht
type grow n toward the center of the clot where they form®
network of sinusoids Some autolysis takes place centrally, but
withta the stnusoids well preserved erythracytes may be founc
Absence of fibrin within the sinusoids suggests that the cells tl!ﬂ:'
late freely therein Mahorner has questioned whether the s
which line these spaces have grown from endothelum Thfi
appear to penetrate the thrombus singly and have the characterisies
of young fibroblasts but are capable of metamorphosis to hine the
blood channels This process is not completely understood.

The end-stage of the process is, however, quite well agreed
upon There is a marked increase in connective tissue in the
adventitia and surrounding area. This perivascular fibsosis 15 <O
posed of closely packed mature cells binding the artety; vein 39
nerve closely together. The vasa vasorum are enlarged, *
mtimal byperplasia. Lymphocytes are sl common, but in Mo
sections polymorphonuclear cells are also found throughout-

The media becomes infiltrated by connective tissue and sl
blood channels, but the muscle cells remarn fauly well preser
The thrombotic mass occluding the lumen is canalized by blo
vessels with three coats. It has become changed to 3 M35 o
fibroblasts and’Iymphocytes

Vems.—The process in the veins is not vastly different from
that in the arteries. According to Lindenbaum and Kapitza, in the
first stage one finds 2 fresh thrombus with an inflammatod
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caction. 1 the wall, perivascular edema and lfeukoqytic cellular
nfil Small granul nodules begin to appear in
swhich necratic foci develop. Otrganization then takes place.
Buerger pointed out yeass 2go that the foa of gunt cells which
develop resemble those seen in tuberculosis The thrombus 1
mfiltrated by Jymphocytes and hisnocytes. The process gocs on
to obliteratson of the lumen with or without canabization In some
vems no thrombus 15 found, only 2 thickening of the intima
encroaching o the lumen

Nerves —The changes in the nerves are inconstant and appear
to be due to pressuse and sschemz secondacy to the great over-
growth of cotinective tissue of the neurovascular sheaths The
nerve changes do nat precede changes i the accompanying blood
vessels, they ate greatest at the points whete the vessels ate most
wwolved and where schemua 1s most severe. In the most penipherat
nerves sinking degemerstive changes ase noted  Lymphocytic
wfiltration, thickening of the prnneurum, sbsorption of myelin
and an sncrease 1a the number of nucles of the sheath of Schwaan
are observed, but these changes are probably the result of long-
sustained schemua since they also occur 1 artessosclerosts

SIGNS AND SYMPTOMS

Although. the disease way be present for an indetermunate
pesiod without serions symptoms, most patients probably expe-
wence manor Jocal sensations eatly in the cousse witkout recogniz-
sng thesr impottance Detaled queshiotng of 2 pumber of patients
has confirmed this belief The eatly, frequently unreported
symptoms consist i the feeling of pins and needles, formication,
cotdness or a burning discomfort 1n the atea 1n which the earhiest
disturbances of circulation ate occutring

PAIN
The presenting symptom 1 uswally pam, which may be of one
or several types Goldsrith and Brown casefully analyzed the
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types of pain experienced by 100 consecutive patients with throm-
boangiitis obliterans. The pain may be the result of one ot mofe
of three factors: (1) that asing from the blood vessels them-
selves, (2) that due to sschemra of tissues, including nerves, and
(3) that attributable to secondary infection. Pain may also bc
classified as that related 10 exercise and that which ocous with
rest,

Intermittent clawdreation —This exemplifies the pain redated
to exercise. It is the symptom which most often brings the patest
with thromboanguuis obliterans to the doctor, bewng the imh.al
complaint of about 75 per cent of patients. Typically it is 2 pain
the muscles of the extrerity after a given amount of exesds®
The patient usually can walk a certain number of blocks, then
pain forces lum to stop After a few minutes of rest he 1s able
to go on agamn and can usually watk an almost identical distance
before pam halts him. The pain most commonly occurs in the
muscles of the arches, calves or thighs and is characterized by &
dull aching fatigue or a sense of cramplike copstriction in the
affected muscles. The seventy of the claudication 15 fr“l“‘nny
wcreased by cold weather and 1s also made more sever® by
walking rapidly or uphill.

As the disease advances, with blockage of the lasger vessels
the areas of claudication pain ascend the leg unti the thigh 1
involved and the vessels of that area are found to be ocelud
It should be noted that the major trunks may be patent, whered$
some of the branches supplying important groups of muscles 137
be occluded. An example 1s the presence of intermittent claudics
tion of the muscles of the thigh or calf while the doesalis PC‘H’
and posterior tibial vessels are palpable and oscillometric readitg®
are within normal limits.

The pan must be differentiated at times from rheumatic and
arthritic pun.  In addition to testing for vascular or joint damig®
we have found it helpful to question the patient as to whethet
he must sit down to obtain relief. When the pathalogic proces®
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1s m the joint, the patient usually has to take his weight off the
jomnt to obtamn reltef, wheress the pan due to true claudication
{aschemia) 1s relseved merely by cessation of active exerase of the
rmuscles. This seems logical 1 the Jight of our present understand-
ing of the cause of claudication pain. It 1s appaseatly due to 2
chetrucal substance accurnulated duting muscular contraction when
blood supply ss deficient The syndrome 15 readily reproduced s
2 nosmal Jmb when 2 tourniquet 15 bound tightly enough around
t to occlude the artenal blood supply and exescise 1s undertaken.
Roth has shown that the lactic acid m the veins of the affected
extremity sncreases shasply after execcuse by patients with occlusne
vascular disease, but the mncrease 15 not conssstently parallel with
the intensity of the pan

Claudication pains 10 the calves usually sndicate occlusion of the
popliteal artetes, but we have seen 2 number of patients with
typscal claudscation pam i the calves in whom the major vessels
wete open down to and including the dorsabis pedis and postersot-

tibtal artenes The smp that thes 1nd 4 of
branches supplying gioups of calf muscles hus been venfied by
phic stadies This lar pt has been noted

P
more commonly 0 asteriosclerotic patients than 1 patients with
thromboangstis oblsterans,

Rest pan {pain occurning during rest) ~—Pretrophic pawn may
oceur before the appearance of ulceration or gangrene, but one or
the othes usually develops at the site wniess treatmzent or spontane-
ous smprovement m craulation checks the progress of the con-
dition. The pain 15 descibed 25 3 burning, gnawing type, worse
at nght, or as an achmg sensation associated with local tenderness,
probably due to sschenua of the ssues and nesves supplyiag the
area The patient not infrequently obtains some zehef by walking
around the toom or by hanging the foot out from under the
bed covers

Patn with nlcers ov gangrene —Formetly mote than 50 per cent
of the patients we saw with this diseass had wleers or gangrene with
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pan. Today, as a result of more widespread knowledge of the
disease, the condition is diagnosed 1 the early stages before there
Is any necrosts of tissue. In general, the more advanced the ulcet
o gangtene, the more severe the pain. This pain is characterzed
15 excrucnating, burning, stinging, lancinating, aching Tt is usafly
continuous but may be paroxysmal, It is often selieved by depend:
ency and is made worse by overheating—a problem discussed latet
1 this chapter under treatment. It is often worse at night vhen
metabolic processes and blood pressure are Jowered and the »®
tient’s attention 15 pot diverted from the lesion Hyperparesthesia
around the lesion is common.

This pan usually develops with the opening of the ulcer °§‘
gaogrene, which often occurs months or years after the onset
the disease, although it may be encountered at the site of 3 futvte
aleer as the symptom for which the patrent first comes for med"’g
care Ordinanily it persists until the lesion 15 completely hele
and sometimes continues for weeks thereafter.

Pam due 10 mflammation of blood vessels —Phlebitis is com
mon 1n thrombo:mgutis obliterans, (It 1s discussed 1n greater deta
later 1 the chapter.) Thys complication is a true comPO“‘fn_(?
the clinical and pathologic syndrome. The pain of phiebitis
typical of all phiebstis—a dull, aching or burning type with Joctt
tendetness over the vein, stiffness or soreness of nearby musdt’f’
chanactersstically aggravated by exercise. The pain of the artentd
is only slightly more severe than that of the phlebutis. The arterts
statts as a tender nodular swelling and progresses along an artef:
which becomes enlarged and pulseless, A generalifed achiog
pain develops, with coldness peripheral to the involved arterii!
segment. Involvement of the nerve supply to the vessel wall
probably accounts for the parn

Pam of sudden occlusion.—The occurtence of sudden occlusion
in thromboangiitis obliterans has been emphasized by Buerger and
many other writers. The occlusion js recognized by the onset of
a sudden sharp pain in the foot or hand of the involved extremity-
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The pain is projected peripherally and is frcqu{nlly accompanied
by cramping pain in the muscles. The extremity becomes c?ld,
clammy, numb and pale or cyanotic. The pain usually subsides

Fi. 45 —5cars of nerve section 1n healed and arrested case of thromboangt.
ttss obliterans, Only partial selicf of pam was obtained by negve section.

gradually and practically disappears in 48-72 hours. Movement
Qr pressure may cause return or aggravation of the pam, which
15 probably due to ischemia of mixed nerves and to severe vaso-
spasm. If the condition 15 net progressive the temperature of the
extremuty rises slowly, feturning to normal as the pain recedes,
This is most Iikely due to the rapid ncrease of collaterat circula-
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tion by release of spasm in the vessels Residual hypcreslhﬁ;.
numbness, tingling, paroxysms of pain and claudication may
resent for weeks 3
P This is the history in cases in which there is at least 2 fait dfg“é
of recovery, but 1t should be understood that this comphc:mun:m
most serious, Kvale and Allen reported that abm:lt 66 per :;
of hinbs so involved require amputation. This.hxgh pescen gﬂ
over that found with sudden occlusion not associated with v:ts;ﬂuS
lar disease, as by emboli, 15 readily explained by the Fm‘md
severe umparment of the arterial blood supply mn most msc:oml
the resulting inability of the tissues to survive an ad l;nm:
dimunution in blood supply. This event js apt to occur in the
rapidly progressive type of thromboangitis obliterans "
Ischemsc nenrrtss—This usually develops rathet late 1 .
course of thromboangitis obliterans. The pain may be Sh“P]m
dull or shooting, pulling, tearing and agonuing. It mvﬁml:
extensive areas which do not necessarily carrespond to any d¢ e
distribution of nerves, It may be paroxysrnal or consth!~ 455
parn may be so severe and protracted that nerve section (Fig e
or sarely amputation 15 requited It 15 due to ischemia of the nem
with degenerative changes or to actual inflammation from ©
tiguity of diseased vessels )
Vasospastic pam.~—Spasm of the asteries that responds to ““:
difators such as mitroglycerin usually produces blanching of q‘
nosis without true pain, but occastonally cramplike pan 15 przsel}u
Undclassified pam ~—Not infrequently it is difficult 0 anJl)o
the pain of which the patieat complains. Often several fYPtsh‘
pain are present that the patient cannot clearly separate. At‘ol "
times the cause 1s deep 1n the muscles and results in vague discot®
fort which muy be attributable to any of several factors

TCMPERATURE CHANGES

The complaint of coldness in the extremity, especially the p&
ripheral third of the limb, seems paradoxical 1n view of the presei®
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of “butning” pain. Yet both are sometimes found in the same
extremty and occasionally at the same time, Mare often, hawever,
the coldness is complained of when the affected patt is exposed
t0 roara temperature of to cold, whereas the butming pain is most
ptoncunced when the foot 15 warmed, as under the bedclothes
ot by artificial heat, and especially with overheating, Control of
this factor is discussed under treatment

COLQR CHANGLS

The patient usually notices the matked rubor which Jater be-
comes cyanoms when the extrematy 1 dependent, but does not
often discover the matked pallot which occuts on elevation This
syndtome 15 not specific for thromboangutis obliterans, occusting
whenever airculation 1 the major atteries of a tunb 15 defective
The striking tubot in the presence of deficent circulation is pro-
duced by several mechanisms, indinduatly or collectively (1) 1f
the sk 15 modetately cald (50 ¥ or thereabouts), the free ex-
change of oxygen is wterfered with and the blood temains bright
sed (2} The minute vessels are damaged and dilate, thus contain-
ng more than the usual amount of the bright ted blood (3) The
dilatation is compensatory, sesving a useful purpose 1n supplying
muamal amounts of blood to tissues m which the total blood
supply 15 low,

Not infrequently the rubor 15 gradually < d to cyanosis,
especially when the foot 15 dependent for some tme It may
devefop in slowly spreading patches The explanation for this
type of cyanosts seems to rest on the fact that the oxygen of the
blood 15 gradually taken up by the nssues during prolonged stasis.
The stasts may be due to arterial damage which prevents sufficient
propetling force to move the biood along 2ngd to venous damage
which may prevent proper drainage of the blood supply. Throm-
bosis of the attery supplying a digst may cause pale cyanosts of that

digtt; the cyanotic area may be more extensive if larger vessels are
wvolved,
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On elevation above the heart level the extremity becomes P‘!‘
as the blood drains out by gravity and new blood does not fiow in
at an equal rate. Ths observation has been used as a fest I:{t deep
vessel occlusion (Buerger). In a normal person lying supine the
normal color of the foot is maintained on elevation to 180 degrees;
shight reddening occurs on dependency of 60 degrees or less In
the presence of arterial obstruction abnormal palloc is present o8
elevation and abnormal rubor on dependency. The appedranCEAOf
patlor can be hastened by stroking the skin centrally of by by
the patient move the toes actively. Both the pallor and the !“W
may be patchy at fitst owing to differences in the rate at whidh
vattous areas are drained or supplied with blood from the damaged
atculatory tree, Rubor of this type can thus be dufferentiated from
that of infection, smce the latter does not disappear 00 elevation.

Typical rubor m the toes should be interpreted s significsnt o
circulatory impairment even when the major supplying astesy
(for example, the dorsalis pedis) is palpable. The damage ™Y
be petipheral to the pornt of palpation. When impased cigculaod
is complicated by infection, which is not uncommon, the local ate*
remains red during elevation while the rest of the surrounding
tissue pales visibly After a few minutes of elevation small wrinkles
often appear n the skin as edema decreases.

EDEMA

Edema is very common in thromboangitts obliterans. 1t js due
primanly to imbalance of the capilfary-tissue fluid saterchang®
rather than to lymphatic damage. The edema may be pased on 2
feast three different factors or may be due to 2 combination ©
influences. (1) Obstruction of the deep veins secondary ¥
phlebitis results in 2 damming back of the blood and marke
sncrease in intercapillary pressure, producing aa outpoun’ng ol
fluid into the surrounding tissues. (2) As a result of Tong-com
tinued inactivity and dependency of the extremity, gmduﬂ‘f



THROMBOANGHTIS OBLITERANS 189

accumulating sntercapiilary pressue hecomes a principal factor,
with toxic products probably inuring the capitlay walls aad
producing pesmeabshity. (3) The edema of inflammation, which

s secondary to toxc inyury to the capittaty walls, increases permea-
biley

PHLEMTIS

Phlebttss, exther superficaal ot deep, or both, ocouts 1n about 50
pet cent of cases of thromboangutis obliterans, Jt should not be
forgotten that st 1s frequently the p ting syndrome, often
masking the artenial )\ for 2 tume  Idiopath g
phietatis in a young male 1s an ndication for thorough considera-
tion of the possibility of thromb bl This usually
accurs 1 the lower extremities, most ommonly below the knee.
Ewidence of inflammation 15 noted along the course of the nvolved
et in the form of tenderness, redness and swelling There may
be nodules along the vessel—tender, red, arcular areas which
sometimes cowncrde wath the localization of the valves, The process
10 any given area may bast six weeks or mote before subsiding,
only to appear at another site. This may be responsible for edema

TROPHIC CHANGES—FISSURES, ULCLRS

Profonged dsminution of blood supply esults in cutancous
changes. The skin becomes tense and shiny or dry, scaly and pig-
mented. The nails show trophic changes, with thickening, discol-
oration, ridging and failure to grow Somttumes no growth 1s ap-
parent for months Tissue in this state has extremely poot re-
sistance to any kind of mjury of infectson o that ulcets or fissures
develop with the slghtest trauma, Dropping an object on a foot.
kicking or stubbing the toe, pating a cotn or caltus too closely or 2
fmunor operation such as the trumming or removal of an ingrown
nald may precipitate serious ulceration resulting m loss of a toe
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or the whole foot (Fig. 46). The problem of trauma 1s.assummg
increasing importance in accident and compensni?t\ ‘miuﬂﬂf’
Infections, bacterial or fungus, are frequent pr:ciP\mmg causes
of deep fissures between the toes

‘The ulcers and fissures are characteristically rather deep, sharply

D

Fi6 46 —Huge ulcer over nner malleoltus following jury 3t this site P

a patient with thromboangutis obliterans.
defined, morst, purulent, inflamed, exquisitely tender and X

ciatingly pamnful. They are extremely slow to heal unless active
propet treatment is instituted

GANGRENEL

The ulcers and fissuses just described may progress superﬁclﬂllf
ot undermine the digits until they ate completely gangrenous: %
process often spreads until all digits and even the hand of foot 1>
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wmvolved (Fig 47). With occluston of the major blood supply 10
the area more or less massive gangrene may occut. This foranstely
has become rare since proper precautions and treatment may asrest
the disease 10 1ts early stages. .
Massive gangreac is usually moist, and soft necrosis sets
The skin and subcutaneous tissues disappear, so that frequently the
tendons and bones are clearly seen. Spontaneous amputation £
occut, formerly more than one extremity, and sometimes al fout,
were sertally involved, but with modem treatment this is ot
unusual Simuitaneous acute ulceratron in all four extreputies
extremely rare, the only case reported up to 1946 having bt
from our clinic (Fig 48). The pain of this gangrene is exuu(}ﬂ'
ing—one of the severest types of pain known to medical padic

DiaGNOsSTIC PROCIDURES

One should never forget that !hromboangixlis oblim.an‘ s
potentially a disease involving any and all Bblood vessels in the
body. Electrocardtographic studies should be made in each &%
and one should constantly keep in mind the Fact that complai®t
referred to the abdomen, chest or head may be related t0
disease being treated in the toe I have seen patients with insol¥®
ment of the coronary, mesenteric, splenic and cerehral astesies, 47
this 1s the experience of many students of the discase Enumersio?
of all of the possible symptoms would be impossible, but alertnest
on the part of the physician to the possbility of unusual Jocal?
tion is vital The symptoms naturally depend on the 018
involved

Search for pulsation—Absence of pulsation in Pﬂ'i}’h“Jl
vessels that normally ase pulsating is common s tl\tumboimt‘;.""'15
obliterans, During every physical examination which pxeteﬂds ©
be complete, the vessels Iisted below should be palpated routinelfs
since occlusion is always serious and early recogmtion may 3¢
disaster The order of frequency of closure of palpable asteries B
thromboangiitis obliterans is:
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Lower exiremiies
1. Dorsalis pedus artery
2. Postensot tibmal artery
3 Popliteal artery
4 Femorl astery
Upper exiremities
1 Ulnyr dstery
2 Radial artery
3 Brachial actery
Head and neck
Temporal artety

when none are present. Vessels may be abetrant and so placed
Oseillometric readings —Qsall 1c readings are exceedingl

& By
helpful i determimng the tevel of closuse of the major vessels
of 2n extremuty Physicians are constantly coming to erroneous
conclusions regarding the presence of patent vessels because
protnent pulsations of theit finger-tips suggest normal pulsations
that palpation is difficult of impossible, yet provide a perfectly ade-
quate blood supply Without an oscillometer it 1s impassible to
determine the location of an occluston between the ankle and the
knee or the knee and the grown unless artenographic study (2 much
more involved procedute) 1s undertaken Absence of pulsation s
highly signsficant and wasrants exhaustive study
Allen test~—For the determination of patency of the ulnar
artery, which frequently 1s not palpable, Allen’s test has consides-
able value (For details, see Chapter Il ) Ia sate instances the
ulnar attery is congenitally absent This condstian is frequently
bilateral, and ulnat function has been assumed by the radial or
intesosseous arteries
Anteriographac studies —These probably give the most complete
prcture obtamable of the state of the circulation of the major and
the coflateral vessels The procedute (pp. GO ff ) 15, however,
somewhat complicated and should be undettaken anly by expe-
rienced persons. Also, the most satisfactory radiopaque medmm,
‘Thorotrast, 1s slowly tadioactive, which makes 1ts use objectionable
10 some workess, Dver 3,000 injections of which I have knowledge
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have nevertheless been given in eight years without prz?ved dd'e‘
terious effects Diodrast 1s more widely used by radrotogists but in
my expenence and knowledge reactrons to it are more common
and more sertous than to Thorotrast. This includes death. Whick-
ever onc elects, its use should be reserved for situattons m which
the knowledge it supplies 1s essential to the care of the pme}nt

Reflex vasodiatation.~The degtee of potentisl \'asodxhr:na:
has been determined 1 many of our cases by the method describe
by Land:s and Gibbons

If the feet are being studied, the arms are immersed in hot mt::::
43 C (109 4 F.) for 45 minutes. Normally the temperature of the to i
fises to 325 C (905 F.) or above 1a less than 20 minutes, but l’“’.“fi
In some instances response 1s delayed, 45 munutes 1s a safer };:mse
When there 15 occlustve arterial disease the temperature does 0t “ﬂ
or does not teach the notmal level. The procedure is reversed if
desired to test the hands

The test can be modified by the application of blankets nﬂd’;‘]‘f:
water bottles to the body ar a heating pad to the abdornen. b
is not an infallible test and should be checked by use of 1“‘“1";
sympathetic block or spimal anesthessa if the results seem doubti

DIFFERENTIAL DiAGNOSIS

Raynaud’s disease.%—~The differentiation of thromboangitss
obliterans and Raynaud's disesse rests on the following points

1 Ninety-eight per cent of cases of thromboangiitis obhterans
oceur in males, whereas 70 per cent of cases of Raynaud's disexst
are 1 females

2. Thromboangutis obliterans produces occlusion of the vessels
so that in most cases some of the normally palpable vessels are
pulseless. Osaillometric readings show absence or diminution o
puisation. In Raynaud's disease the formally palpable vessels are
occluded only in extremely advanced stages. At room temperatute

7 See Chapter VI for discussion of the difference between Ragoaud s disesst
and the Raynaud syadrome.



Ft6, 49 ~~Advanced thromboangitis obliterans, showing smvolvement of all
extemutics,
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or above, all vessels are pulsating, Oscillometric readings are
normal. In extreme cold there may be temporary spasm of the
vessels, but when the extremity 1s warmed pulsation returns to
normal. In certain cases of thromt it ¥
syndrome appears eatly in the coutse and, in the absence of organic
occlusion, may be difficult to differentiate, although 1t is frequently
asymmetrical and may involve only one or two digits In the
presence of occluded vessels the diagnosis remains thromboangiitis
obliterans unless, as previously mentioned, occluston occurs late
with a dominant Raynaud syndrome,

3. In thromboangutis obliterans evidence of occlusive vascular
disease 15 present, with rubor on dependency, pallor on elevation
and sntermittent clavdication or extreme fatigue on exercise. In
Raynaud's disease none of these manifestations are present. Pallor
(blanching) does occur on exposure to cold, or with emotional
exciternent, with marked rubor (erythema) on return to warmth or
emotional equilibriem,

4 Thromb iitis obl 15 wsually rical as far as
the acute lesion 1s concerned Raynaud’s disease s usually bilateral
and often quadrilateral

5 The ulcers of thromboangitis obliterans are usually mosst,
deep and inflamed and tead to 1nvade the sursounding tissues
Massive gangrene 15 common in untreated cases The ulcers of
Raynaud’s disease ate usually superficial, involving the tips of the
digits, Massive gangrene 15 rare as the disease 15 encountered today
Ulcers of both diseases are excruciatigly tender.

6. Phlebitts and edema are very common 1 thromboangutis

obliterans, In Raynaud's disease their occutrence 1s entirely co-
1ncidental.

R d's

7. The skin in thromboangutis obliterans becomes atrophic,
thin and reddened, and the nails may cease growing for months
at 2 tume, The skin in Raynaud's disease often becomes sclero-
dermatous and there may be some atrophy of the subcutaneous .
tissues Natl growth may be retarded, but 1n my experience unless
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scleroderma 15 advanced this is not as pronounced as in thrombo-
angittis obliterans,

8 1In thromboangittis obliterans pain is a dominant fymp‘Om
on activity or at rest, with or without uleers. In Raynaud’s disesse
pain is seldom wmportant unless ulcets are present.

9. Arteriographic studies in cases of thromboangiitis obliterans
show definute blockage and moth-eaten appearance of the adets,
especially toward the periphery. Arteriographic studies in Ry
naud's disease not jn spasm show normal findings.

10. Capullaty mictoscopy of the affected arez in fh‘of’{b"
angutis obliterans shows some decrease in the number of visile
capillaties, the rate of blood flow is slow and there is frequent
stoppage. The capillaries are slightly dilated throughout. Some
cases show a striking vasoconstrictrve phenomenon. When the at!
ts cool only 2 few capillaries may be seen in each field and thest
are constricted. When warmed a few more capillaries will OP“';
The blood flow is jetky, probably owing to the opening ;2&
closing of a precapillaty arteriole allowing small spurts of b '
to pass through, The apillaties in Raynaud's disease shcv;
¢normous dilatation of the venous limb and relative dilatation ©
the arteriaf fimb, This change is not found in all of the capilsncs
but 1nvolves 3 larger percentage of them as the disease becom‘f
moare severe and of longer standing In the stage of blanching.fﬂ"
cells can be seen in the capillaries, They do not move apprecisblf
unttl the arteriolar spasm relaxes

Anteriosclerosiv—1, Thromboangiitis obliterans 15 a §ous8
man's disease; arteriosclerosis js 2 dusease of old persons of either
sex, Practically ait patients with thromboangistis obliterans havt
initial symptoms before the age of 55 ang most before 45. T
initial symptoms of senile arteriosclerosts rarely appear before gt
45 and in most instances not befare 55, There are strking excef”
tions in both groups. When the two diseases are present simul®
taneously we sometimes have d(ﬂiculty in evaluating the respec
tive importance of the two condutions,
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2 In thromboangiitis oblterans phlebiis and edema are com-
mon. Ji attersasclerasts nesther is present except comasdentally and
they tesuit from other causes

3 Ulcers of thromboangiitis obliterans ate moist, deep, -
flamed and excructatingly panful and tender The ulcers of aeterio-
scleross are dey, superficaal and not a3 tender or panful, Excep-
fions are the vleers of drabetes or anfected ulcers, which are often
pusulent and flamed. The ulcers of artentosclerosis may be sut-
pusmgly pamless 10 some cases. Massive gangtene may occur in
erther condition.

4 Xerays show no calafication in thrombuangutis obliterans
Caleification 15 seen nt the walls of the arteries and sometimes also
of the veins m artenosclerosis. Calafication does not necessanly
unply occlusion because vessels iy be patent throughout despite
defitute evidance of cafaiam deposits afong the entire fength of the
walls On the other hand, one strategrolly placed and shaped
plaque may produce thrombosis and occlusion of a major vessel.
Chalestero! plaques may occlude vessels i artetsoscierosss without
-1y evidence of calofication

5 The retmal fundt are wually notmal w thrombongutss
obfiterans. The vessels may show sifver witng or other signs of
sclerosts 1 astenosclerotic patients

Embols and thrombr ~"The tomamonest forms are embolt from
vegetations and rmural thrombs in the heart lodgung in a petipheral

agtery, They are difficalt to diff
occhusion s thromb b

from sudden

gh usually there 15
definte evidence of the type of cardiac damage tkely to throw off

embols, such as auncular fbnllation, vegotative endocardits,
matral stenosis with ball thrombs and myocardial infarction with
mutal thromby Embolt and thrombt may eccur with ot followsng
surgery and severe infections such as preumonia, typhaid fever
and puetperal sepms These wsually present mo diffculties in

dizgnons. The same 15 true of embol or thromboses following
trauma,

1th
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Cervical r16—This sometimes produces a confusing pictuse,
but the signs always occur in the upper extremities, the typied
tubor and gangrene of thromboangiitis obli are not present
and cervical nb can be ruled out by x-ray of the cervical portios
of the spie

Other shoulder girdle syndromes, ncluding the sealenss anties,
costoclavicular and hyperabduction syndromes, must sometimes be
considered. (See Chapter X.) ..

Other diseases~—Periarteritis nodosa, rheumatic and S)Tfhﬂ‘““
artents, vascular anomalies, tumors of the blood vessels, dutﬁsﬁh
of the central nervous system and arthsitis may be conf.uscd wil
thromboangitts obliterans. A complete history and physical exi
1natton should easly eliminate most of them.

Course
of th 1, sve oblif varies

The rate of prog st

greatly from case to case In some the course is exceedingly 20Ut
with rapid spread to the various vessels, ulceration and gangree®
of one or more extremities. In others it progresses stownly. “ﬂ:
slowly progressive cases may extend mto the older age group %!
development of supetimposed arteriosclerosis. Occasionatly whet
thromboangtitis obliterans has become quiescent with e0%
residual crrculation for the continued life of the extremity, &%
development of critically placed arteriosclerotic plaques upsets e
equilibrium, leading to vascular crises even including the precipit®
tion of gangrene. Fortunately this type of episode is rare.

TREATMENT

A detailed discussion of ail of the forms of treatment “'h'c.h
have been proposed for thromboangiitis obliterans would fil! th®
volume and be largely vafueless. Our endeavor will be to discss®
the methods which have stood the test of time and which we 80%
use. Comments on other forms of therapy will be included Whe®
indicated In over 500 cases studied since 1931 the m3jof
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amputation® rate has been reduced from 70 to fess than § per cent
Numerous digts that wese severely 1mvoleed when first seea have
been lost

MEDICAL MANACEMENT

Rett —Whenever there s ulceration, gangeene, conspicuous
1 P ed and sudden local coldness

of severe rest pam the imolied extremity should be placed at test
The level selected for the maintenance of the most satsfactory
arculation possible in the crcumstances has been shown by Reid
to be exceedingly important Xf the extremity 15 kept too loag
2 dependent postien the sens became engorged and these ate
sncressed venous and capitiary pressure aod stagnation of blood
if, on the other hand, the extremity 15 kept elevated st becomes
blanched and blaodless  appeatance and the tissues become
sevesely 1schemic since the force 1n the diseased asterses s usually
wsufficient to carry fresh blood to the tips of the extremity. Such
elevation, when prolonged, £ y fed to amg in the
past

The most effient level at which to obtan proper blood supply
15 that at which the superfictal veins fill to the extent that they
project shghtly above the level of the skan Thrs 15 wsaally 3-6 .
below the pasitron of the heart. At thus level gravity assists arterial
biood flow mto the limb and the refurn 15 not retarded by too
greatly increased venous back pressure

Rest should be continued unhi the lesan ss bealed or the acute
episode s completely past After ths, actimty should be under-
taken guardedly and under observation vatt a return of the entical
state 15 considered unbkely.

Care of the exsremares —Once the diagnoss of occlusive vas
oufar disease 15 made, metienious care must be teken of the hands

J.
disce

* By magor amputaton s meant the loss of a Foat oc hand or a greates pro-
vortion of any extremuty
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and feet. They should be washed carefully at least duly with
wagm, not hot, water and rubbed thoroughly aftersard with olie
o1l or lanolin to keep the skin soft. Corns and calluses should be
catefully softened with salicylic acid ointment; paring except by
experts should be discouraged. The nails should be clesnsed 20d
pated with extreme care to avoid any minor surgical lesions
Trauma and frostbite must be avoided in all possible ways. Shoss
must be soft and fit well but of ample size Socks should be of
soft wool to cushion the feet and prevent abrasion.
Dermatophytosis must be treated with great thoroughness I8
my experience the most satisfactory method has been the use of
potasstum permanganate solution (1:10,000) soaks every other &7
for 30 minutes at 94 F. (344 C.). Whitfield’s omtment, half-
strength, applied daily is also helpful; it should not be used 0
an open ulcer. The use of any omntment must be undertaken with
caution and the area must be observed for any evidence of mﬂ“.”
tion. X-ray therapy 1s not recommended for pateents with occlusive
vascular disease, Sopronol (Wyeth) and Timofax (Burrollg}“
Wellcome) powders and omntments have proved effective.
Abstinence from tobacco —The evidence that the use of tobaccd
1s at least an aggravating, if not a truly etiologic, factorin thrombo
angtitis obliterans has alteady been presented. Iis #5¢ mast b‘!
completely and permanently prohibited if satisfactory therapeut
response 1s to be obtained, Good results are to be expcded f‘f’m
the treatment outlined here provided the patient will stop smoking
entirely, )
Every patient who has suffesed a major amputation in 0%f series
of more than 500 patients since 1931 has continued to smokes
often sutreptitiously, even though warned many times of the &t
consequences. Pattents who steal an occasional smoke usually b7
ulcers which are slow to heal, continue to coze and look infls™
If an ulcer has been healing satisfactorily and suddenly becoms®
inflamed and enlarges, careful questioning will usually eliat u
admission of smoking, although at first denied. Numerous P’“‘ﬂ”
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whose discase has been quiescent from six months to several years
have retumed with a new ulcer and have admitted that they bad
stacked, followed m 2 few days or weeks by setem of pain and
wlcer. The wile must be “Abrolutely no smoking, now and
foreses!

Alcohol —~1a beverage form alcobol, on the other hand, is 2
good vasoddating substance and for this reason shonfd be used
freely. During acute crises of pun with ulceration I give faidly
targe doses, ranging from 1% oz. to the amount the patient can
tolerate without undue excitement, It often has a sttilung sedative
effect and sometimes scems as efiectsve as morphine. After the
acute stage has passed the patient should have two cocktadds of
Taghbatls each evening to encourage vasodilatation of the reman-
ing funciiomag vessels,

Papaverire~This bas been used as 2 vasodilator or for the
release of smooth muscle spasm. Lxpenence and certam expeti-
wents indicate that its action 15 less relble than that of eher
alcohol or reflex heat, but it tends to relieve pun The average
dose of papavenne hydrachloride is 35 gr. {0 03 Gm.) orally or
mizavenousty up to four tunes datly. The intra-arterial mpectiou
of the same dose of papavenng has recently been found to be
more effectyve 10 the emergenaes of sudden occlusion. For ex-
ample, for occlusion of 3 poplites! artery, papavenine should be
myected into the femoral artery ‘The dose 15 4 gr (006 Gm.) 10
5 cc of distilled water This may be repeated several tumes at six
hour jintervals.

Codeme phosphate-acetylsalieylic acid, barbnurates, Demerol;
methadon; morphine —These alf have some usefulness and shoutd

be given a5 indicated Morphine should not be used except i
extreme genaes or for &

f TG Table pam, swee
these patients readily become addicts because of the chroniaty of
the disease,

) Typbond vacerne intracenansly—The valee of gonspeafic for-
¢ign protein therapy, fitst supgested by Goodman and Gottestnan
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1 1923 and used extensively by Brown, Allen and out group, has
been definitely established. Typhoid H antigen (Lilly) 3"? i
typhotd vaccine prepared especially for this purpose by the Kirk
Biological Laboratorses are widely used. :

The dilution of 100,000,000 typhoid baaili per cc. pesmits
accurdte measurement of the dose Severe reactions may be caused
by attempts to measure small doses of kyphoid vaccine from 2
fughly concentrated suspension. Suspensions tend to set.tlc and
vary in concentraton unless thoroughly shaken. The 1isk is mial
mized by using low concentrations and shaking well before use
The routine used for treatment follows.

The fitst dose 15 5,000,000 organsms. Injections are given every it
days provided the effect of the previous dose has completely wom ©
The object is to obtaun a 2-3 degree (E.) rise in oral of tectal kthmt
tute without a clull. Although there 15 usually 2 shight drop s surfac
temperature preceding the rise, this is inconsequential if 70 duﬂ’“
curs. The surface temperatute of the tips of normal extremities 1‘&:
4-6 degrees (F ) with this amount of fever; in a diseased extremtty ¥
therease of surface temperature is affected by the degree of occlusio?
Of the astenial supply to the limb, tncluding the collateral vessels

When 5,000,000 organisms fail to produce satisfactory feves,
dose is increased to 8,000,000 or 10,000,000 osganisms and kept 3t hot
fevel 50 long 2> the response 15 satisfactory. Increases of 3000000
5,000,000 organisms are made whenever the effects of the ngdmg
dose are madequate, If the temperature nises above 103 F. or 2 ¥
occurs, the next dose 1s decreased by 3,000,000-3,000,000 ofgams™:
Dases of 200,000,000 and more have been given, but with most pahien's
the peak seems to be 70,000,000-130,000,000, and this dosage <40 P
continued indefinitely. By proceeding carefully in this manner, in 0%
12,000 tnjections we have had no serious untoward effects defimtelf
attnibutable to the treatment. During acute nfections o othet scﬂmj‘
illness the injectrons have been suspended. This treatment is Uty
continued for two or thtee months after complete healing of the W&t

The results of this procedure have been highly gratifying, “:kh
telief of pain in small ulcers after the second or third mjedio®
and with rapid healing The major gangrenous processes natusslly
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respond more slowly, and there have been rarg farluces, but the
results appear to be more satisfactory thap after any other form of
mtravenous therapy. Typhoid vacone has not scemed to affect the

d of i clandication appreciably.

Adrenolyyre, symipaiholytic and ganghoni blocking drugs —
These drugs sad their actions are discussed 1 the chapter on
attersosclerosis oblterans (p. 148) They have been tned exten-
stvely m the of thromboangutis obf Although
thest chmcal value s not conclusively established, the evidence
appeats to wareant their fusther chinat toal

Priscofine, 25-50 mg. three to five times 5 day, is most com-
monly wsed todzy. When this dosage produces reactions that are t00
distusbing the dose may be reduced ot taken duning meals. Ront-
acol mn simslar doses 15 1oberated better by same patsents

ACTH and cortasone —Buief mention should be made of the
experimental use of ACTH sad cortisone e the treatment of
thrombazngutis oblsterans, The results mn our expentence ate equiv-
ocal In a few pattents the claudscatson distance has increased and
the pan has decreased These tesults may be due to what has been
tarmed the “analgesic effects’” of these substances In 2 fow patients
the oscitlometric resdings have mcreased bat thess wnplicatrons stso
ace yncertain Pending further observation no final condlusions an
be drawa They may be of help i some stubborn cases The dose of
etther substance has been 25 mg four times a day for one to two
weeks, followed by reduction to twice or even once & day The
usual 4 o the 3 on of these substances
folds sn thys dusease.

Controlled heot ~\Whether obtained by means of ciutious ap-
plication and careful observation or, prefesably, by = thermostats-
cally controlled foot cradle (pp 140 £ ), heat 1s sometumes valasble
10 reducing pamn and essblislung normad wrcaiation, The correct
fempersture appeats to be 31.1.35 C {88-95 F.) Too much

heat increases the metabolie demands for a greater blood fow,

npidly depleting the fable tissue nourssy 3 h as




202 VASCULAR DISLASLS

10 1923 and used extensively by Brown, Allen and our group, hxs
been definitely established, Typhoid H antigen (Lilly) ’“‘i'
typhoid vaccine prepared especially for tlus purpose by the Kigk
Bological Labosatorses are widely used. .

The dilution of 100,000,000 typhoid bacilli per ¢ permits
accurate measurement of the dose. Severe reactions may be 3
by attempts to measure small doses of typhoid vaccine from 2
highly conceatrated suspension, Suspensions tend w_st?f.ﬂe ”‘d
vary 10 concentration unless thoroughly shaken. The tisk is o
muzed by using low concentrations and shaking well before B
The routine used for treatment follows.

The first dose 1s 5,000,000 organisms Injections are given eveq 'b‘;
days provided the effect of the previous dose has completely %o ¢ .
“The object 15 to obtain a 2-3 degree (F.) fise in oral of sectal temp;f“
ture without 2 chill, Although there 15 usually 2 slight drop sa SUf ‘ )
temperature preceding the fise, thss is x'nconsequenml if no.(.h ks
curs. The surface temperature of the tips of normal extremitics ﬂ“:
4-6 degrees (F.) with this amount of fever, in 2 diseased extremy "
ncrease of surface temperature 15 affected by the degree of ocdus®
of the asterial supply to the Irmb, cluding the collateral vessels: B

When 5,000,000 organisms fail to produce satisfactory fever, :
dose is increased to 8,000,000 or 10,000,000 organismas and kept ‘“‘:
tevel so long 2s the response 15 satisfactory. Increases of 3,000.00
5,000,000 organisms are made whenever the effects of the precrisd
dose are inadequate If the temperatute rises above 103 F.or 3 o
occurs, the next dose 1s decreased by 3,000,000-5,000,000 organss®s
Doses of 200,000,000 and more have been given, but with most P‘“‘“ﬂ
the peak seems to be 70,000,000-130,000,000, and this dos2g¢ anb?
continued indefinitety. By proceeding casefully in this mannete 1g o
12,000 injections we have had no serious untoward effects Jefimtelf
attributzble to the treatment. During acute infections of other sesio
illness the injections have been suspended. This treatment is usually
continued for two or three months aftes complete healing of the et

The results of this procedure have been highly gratifying: with
relief of pain in small ulcers after the second or third injecto?
and with rapid healing. The major gangtenous processes naturally
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tespond moze slowly, and thete have been fare fadures, but the
tesults appeat to be mote satisfactory than aftes any other form of
intravenous therapy. Typhoid vaccine has not seemed to affect the
syndrome of intezmittent claudication appreciably.

Advenclytic, sympatholytic and ganglionie blockeng drags —
These drugs and thewr acyons ate discussed in the chapter on
artenosclerosis obliterans {p 148). They have been tried exten-
snely 1 the treatment of thromboangntis oblitetans  Although
their clinical value 15 not conclusively established, the evidence
appears to warrant thew further chnical tral.

Prscoline, 2550 mg theee to five tumes 3 day, 15 most com-
monty used today. When this dosage produces reactions that are too
distutbing the dose may be reduced or taken during meals Ront-
acol m sumilar doses 15 toferated better by some patents

ACTH and conmsons —Bnef mentson should be made of the
expenmental use of ACTH 2nd costisone in the treatment of
thrombaangutis oblsterans The results i1 our experience are equiv-
acal kv a few patients the claudication distance has ncreased and
the pain has decreased These results may be due to what has been
termed the "analgesic effects” of these substances In a few patients
the oscitfometnic readsngs have increased but theit implications afso
are uncertan Pending further observation no final conclusions can
be drawn Thiey may be of help 1n some stubborn cases The dose of
either substance has been 25 mg four tumes a day for one to two
weeks, followed by reduction to twice or even once a day The
usual coatraind: to the ad
holds in this disease.

Conirolled beat —\Whether obtaned b

y meants of cautious ap-
plication and careful observatson or, p bly, by a

cally controlled fuot cradie (pp 140 £ ), heat 15 sometsmes valuable
s sedacing pan and establishing notmal arcatation The correct
tempetatare sppears to be 31135 C (88-95 ¥} ‘oo much
heat increases the metaboltc demands for a gteater blood flow,
rapidly depleting the available tissue noutshment, snasmuch as

1o of these substances
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the arteries are blocked above the involved area this demand can-
not be fulflled, the deficit and hence the jschemia are increased
and the tendency to gangrene is aggravated. Therefore the lod
nse of all types of high temperature beating equipment; mcdubmy
bot water bags, electric bulbs, infra-ved lamps and diatherm), 8
contramdicated m vascwlar disease. 1 have sech severe buras
produced 1n more than 70 patients by ill-advised use of sxb
equipment, four lost their Jegs as 2 result of the severe bums 2
bissues with very low resistance to infection and inability to diffe
the heat rapidly by adequate blood flow.

One patient died. An atea 6 cm. in diameter had been broiled thm“E'z
hus foot by the use of short wave with the electrodes on the dossl md
plantar surfaces The flesh ltegally necrosed, liquefied and dsappeiTh
feaving 2 hole through the foot bridged by the metatarsal booes ol
mixed but predominantly steptococcus 1nfection could not be contrd o
and despite amputation the patient died. This was before o
chemotherapy.

1f high temperatuse heat sources are to be used at all, 2Pl
tion should be made at a hugh level, prefenbly across the WP
to encourage dilation of the major aad collateral vesscls f108
above downward.

Refrigeratron—Reftigesation should not be used to 2% tunk
with occlusive vascular disesse because it causes spsm ©
smaller vessels on which the life of the tissues depends and the
accentuates the local ischemua. Refrigeration should be seser’®
for special cases 1 preparation for amputation; for this pup®
it 1s suitable for elderly, diabetic, arteriosclerotic patients £ "
than for thromboangutss obliterans patients in whom refrigerst
may induce vascular spasm 1 other extremities involved by
disease.

Wet dressings~Because cool wet dressings chill, wet deessi?
should be used only when the temperature can be aintai®
between 33 and 35 C. (91.4 and 95 F.). This can be accomplis?
only by the use of a temperature controlled cradle and atm
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constant attention by a nurse. Only the mildest of solutions, pref-
erably normal saline or penicilla, 3,000 umts per €., should be
used Acetsc aad in 1 per cent solution 15 valuable for Baciltus
pyocyaneus infections.

Warm foor soaks—For open lesions, normal saline soaks for
one hour once ot twice a day at 35-38 C. (93-1004 F.) hae
proved most satwsfactary Between sosks the extremity should be
kept diy and warm under 3 cradle. This allows softening of the
crusts, thereby uding free dramage of any infected areas.

Contrast baths.~These have long been recommended for in-
creasng the local arculation Two lazge contamers are used, one
confamning water at about 38 C. {1004 F), and the other,
water at 10-15 C (50-59 F ). For the lower extremties the
water should nearly reach the knees. The patient should place
his legs (or arms) s the hot water for three minutes, then the
catd for one manute, and to alternate in this manner seven or une
times, ending with the hot wates. The object of thus treatment 15
to encourage exercise of the vessels by producing alternating vaso-
ddd and We have disc
of warm foot soaks and sitz baths,

Tub or modified suz baths —The tepeated production of the
vasoconstnctve phase may be mote injunious than helpful, and to
encourage vasodilatation of the collateral vessels from the higher
levels we juve practically shandoned the contrast bath in favor
of & modified stz bath, The patient 15 wmstructed to sit m a tub
contaning 12w of water at 38 C (1004 F) for 30 mnutes
once or twice dady If the wvolvement 15 extensive, a shightly
lower temperature of sbout 35 C. (93 F.) should be wsed
These baths are mote satisfactory and less panful than contrast
baths, We tec d this form of when the problem
s one of ob ly i <} 1! with th d rather

d their use in favor

y wmp

than actual ulcerason or gangrene.
Antuseptics —The use of strong antiseptics such as iodine,

phenol, siver salts and the mescurials should be mentioned only



204 VASCULAR DISCASES

the arteries are blacked above the involved area this demaad an
not be fulfilied, the deficit and hence the jschemia are incressed
and the tendency to gangrene is aggtavated. Therefore fhe Jocd
wuse of all types of bigh temperature beating equipment, ncludng
bot water bags, electric bulbs, infra-red lamps and diathermy, 1t
contratndicated in vascular disease. 1 have seen severe bums
produced in more than 70 patients by ill-advised use of such
equipment, four lost their legs as a result of the severe burns 10
tissues with vety low resistance to infection and inability to difise
the heat rapudly by adequate blood flow.

One patient died. An atea 6 cm. in diameter had been broiled tthg:
his foot by the use of short wave with the electrodes on the dorssl &
plantar sutfaces The flesh literally necrosed, liquefied and diszppeatth
leaving a hole through the foot bridged by the metatarsal bones II«:
mixed but predominantly steptococeus infection could not be cont

and despite amputation the pattent died. This was before modem
chemotherapy.

If high temperature heat sources are to be used at all, appl}f‘
tion should be made at a high level, preferably across the hiph
to encourage dilation of the major and collatesal vessels from
above downward

Refregeration —Refrigeration should not be used to save fisbs
with occlustve vascular disease because it causes spasm of ™€
smaller vessels on which the life of the tissues depends and ths
accentuates the local ischemia, Refrigeration should be reser®
for special cases 1 preparation for amputation; for this purpo
it is suitable for elderly, diabetic, arteriosclerotic patients “ﬂ,m
than for thromboangittis obliterans patients 1n whom refngeratiot
may induce vascular spasm in other extremities involved by ¥ ¢
disease.

Wet dressings—Because cool wet dressings chill, wet dressiogf
should be used only when the temperature can be maintai®®
between 33 2nd 35 C. (91.4 and 95 F. }. This can be sccomplish®d
only by the use of a temperature controlled cradle and almost
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of a specially butlt incline or by pillaws or the back of & chair inverted
2t 2n 2ngle of 43-60 degrees above the horizontal, The Jegs are (1) cle-
sated on this sncline for 2-3 munates, (2} fonered over the edge of the
bed for $-10 minutes, and (3) rested at bed level (horizontal) for 5-10
munutes. The cycle 15 repeated fie to ten times, twoto theee tiumes 3 day.

The coler changes—blanching on clevation and rubor on de-
pendency—clearly mduate the movement of blood draiming from
and Alling the vascular tree The phystcian should detecmine the
tming on the basis of the actual time sequired for blanching on
elevation and development of ruber on dependency For example,
on the basis of teals with a specific patient one mght prescrbe
elevation 135 munute, dependency 3 munutes and rest 3 minutes
{an arbstracy figure). Study of the patient a month later maght
warrant eviston of these figures according to the 1mprovement ot
retrogression that has taken place Recent ariticisms of active exer-
ases ase based on mconclusive data

(6} A W Allen's moddfication of this procedare s helpful «f
the feet are not too panful

Duang the stcond phase, when the logs are hanging over the edge of
the bed, the feet are further exercised. (1) The feet ate extended down-
ward (2) The feet are then wassed by Hexion at the ankie jount {not by
rasmng the fegsy (3} The toes ate turned inward 25 far as possible.
{4} The toes axe turned outward as far as possible (5) With the fect
in nosmal posstion the toss are spread open (6} The toes are closed
Thus 1s repested duning the dependent phase of each <ycle

{e) Oscillating bed Thus type of motorized hospital bed which
slowly rases the head (lonenng the feet) and then rases the feet
(lowenng the head ), provides continuous exercise of the Buerger
type up to 24 hours a day After years of experience with a farge
number of patients I believe this bed offers distinct advantages
over other forms of active and passive vasculat exerase A com-
plete discussion appears on page 145 Since response to typhord
vacane and the other methods outhned 15 so satisfactory, the
osallating bed ss seldom needed in treatment of thromboangiitis.
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to be condemned. Although bactericidal, they all tend to injute the
tissue cells, and when the most delicate tissue cells—those of the
new fingers of epitheltal growth—are trying to extend, such sub-
stances may retard and destroy them. The colored dyes such 23
gentian violet and scarlet red obscure the clinical pictute, which
15 evaluated largely by color changes, without producing com-
pensating results. Mild substances, such as boric acid solution,
saline and occastonally alcohol, are Pr:femblé. For Baallus pyoc?'-
ancus infections (characterized by bright green pus) acetic acid
in 1-2 per cent solution as 2 wet dressing is efficacious.

Antibiotics —Penucillin, 5,000 umits per cc., as a wet dressing
for lestons infected with staphylococei and streptococci has given
gratifying results It should also be given pa.rente:ally if there 1
evidence of systemic infection. We have given from 240,00(? to
1,500,000 unsts a day, depending on the severity of the infection.
The value of streptommycin for such lesions must be determined by
further study. .

Omtments and salves —The only safe type of cintment is pent-
cillin 10 cod Liver ol ointment, 5,000 units per Gm. Its use shoutd
be discontinued when infectton has subsided. In general, I have
found other ointments and salves unsatisfactory. They appear f0
tetard healing and ptevent drying of the lesions, which 1s the
opposite of the effect desired Ointments intended to alleviate
pamn have been especially disappornting, failing for the most part
to acheve their purpose and tending to retard healing by the
action of their chemical constituents on the delicate gmnulatian
and epithelal tissues

Vascular exercises—(a) Buerger's exercises. Various shght
modifications of the exercises described by Buerger have been
used widely to exercise the vascular tree, clear away stagoant blood
and stimulate the opemng of collateral vessels, The following
technic 1s recommended.

The patient rests on his back in bed Beginning at the patient’s hip
level, an elevation extending to the foot of the bed is achseved by means
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of 2 specaaliy buslt inchine o by pillows or the back of 2 chawr invested
at an angle of 45-60 degrees above the horizontal The fegs are (1) cle-
\ated on this sncine for 2-3 mutes, (2) lowered os ef the edge of the
bed for 510 minutes, and (3) tested at bed level (haeczontal) for $-10
muautes The oydle is zepeated Fve 10 ben tunes, €0 tor three times 2 dag.

The olor changes—blanching on elevation and rubor on de-
pendency—cleatly indiate the mosement of blood draming from
and filling the vascular tree, The physican should determine the
timing on the basts of the actual tune required for blanching on
elevation and development of rubor on dependency Tor example,
on the basis of tnals with a speafic patient one might prescribe

fevation 114 minute, dependency 3 munutes and rest 3 meutes
{an atbitrary figure) Study of the patient 2 month fater might
warrant reviston of these figures according to the improvement of
setsogression that has taken place. Recent cntiasms of active exer-
«ises are based on snconclusne data

(b} A W. Allen’s modification of this procedure is helpful if
the feet are not 100 punful

Duning the second phase, when the legs are hanpag over the edge of
the bed, the feet are further exerased (1) The feet are extended down-
ward (2) The feet are then rased by fiexion at the ankle jomt (not by
raming the legs} (3) The toes ate tumed mward as far as possible
{4) The toes are turned outwasd as far as possible (5) With the feet
1 normal position the toes aze spresd open. {6) The toes ase closed
Thes 15 sepeated dunag the dependent phase of each e

(¢} Oscallating bed. This type of motorzed hospital bed which
slowly rasses the head {fowening the feet) and then rmses the feet
{lowering the head), provides continuous exescise of the Buerger
fype up to 24 houss a day After years of expenence with 2 farge
number of patients T believe this bed offers distinct advantages
over other forms of active and passive vascular exercise. A com-
plete discusston appeass on page 145 Swnce response to typhord
vaccine and the other methods outlined is so satssfactory, the
oscillating bed 35 seidom needed 10 treatment of thromboangiitis.
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The foregoing procedures used judiciously have proved highly
satisfactory 1n the treatment of patients whose record of healed
ulcers and gangtenous areas would have been considered impos-
sible 15 years ago. Others have claimed satisfactory results with
various other methods which should be mentioned for the sike
of completeness and possible use in case of failure of the régime
already discussed. It should again be emphasized that all modere
workers insist fitst of all on total abstinence from tebacco.

Saline and other solutions intravenously—Since the observa
tions of Mayesima that the viscosity of the blood 15 1ncreased in
thromboangitis obliterans, various solutions have been used on
the theory that reduction of wiscosity would favorably affect the
course. Koga introduced intravenous therapy in thromboangiitis
obliterans, using phystologic sodium chloride in some cises 2n
Runger's solution in others. Willy Meyer was the first Amencan
to adopt this method, using the same solutions. Ginsberg fmd
Steel used sodium citrate. Various other solutions were then tr}cd‘
That most widely used today 1s hypertonic (3-5 per cent) sodiumn
chloride, introduced by Silbert The dosage is usually 30 00
cc. intravenously three to seven times a week. Favorable results
have been reported repeatedly by Silbert and by Samuels The
mechanism of action has not been clearly demonstrated, although
vanous explanations have been advanced, including reduced Vis®
cosity, increased pulse volume and vasodilatation,

The intravenous injection of large volumes of saline of atrate
has been abandoned by numerous workers 1 favor of the régime
already outlined. Typhoid vaccine gives more rapid response, more
prompt reltef of pain and satisfactory healing. Hypettontc salme,
espectally the 5 per cent solution, has caused venous thrombosts,
chills and hepatitis.* Although not a treatment of first chorc®
when typhoid vaccine is contraindicated or response to vaccine 18
not satisfactory, it may be tried.

* Peshaps due to homologous serum jaundice transmitted by use of the sam¢
equipment for many patients—a hazardous practice
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Sadum citrate, Ringer's solution and snsulm for the treatment
of thromboangitss abl have been abandoned ta most clinics.
Fusther discussion of them is not, therefore, indwated

Altemating pressure and suctron ~—The use of alternating pres-
sure and suction s the treatment of vasaubar disease was given
impetus by the wotk of Landis snd Herrmann and their co-workers
{p 143) The fiest results reposted w thromboanpiitis obliterans
were gung, but later exp e bas been disappointing
“The fact that sts use ss conteamndicated 1n the presence of phiebits
and snfection mles out many cases of thromboangutis oblitersns,
1n one setses of 10 cases of wiuch 1 have knowtedge, acute phieht-
tis developed 1 seven during treatment. I discontinued its use in
thrombaangutis obliteraas very carly because the results were not
enconrapging Certanly when used alone this treatment was not
a5 satisfactory as typhosd vaccine thesapy. There seems lutle justi-
Eication for the use of elaborate and expensive equipment requistag
speaal supervision when an nexpensive dose of vacune will
produce the same ot better results

Inteymutent venous oselusion—The use of intermittent venons
occlusion o the treatment of vascular disease was favorably re-
potted an by Collens and Witensky (see p 145)  After nearly
a year of constientious study of the effects on numetous patients
»e shandoned the procedure because of inatulty to attribute

definte responses o ity use Other workess bave slso given up
after extensive tead

SURGERY
e the trest of t N IR

8! there has been
2 steady teend away from early amputation toward 2 conservative

fegament in which amputatton of more than 2 digit is extsemely
tare The tesults of thes evolution have beery ag stuking as those
foliowing the discovery of wsulin and the admmstrition of liver
for permicsous anemia, but have not recerved ke recogmition be-
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cause success came from the efforts of many workets father than
from a single dramatic discovery of one man.

Surgical skl is requisite for the handling of ulcers and minot
amputations and for the occasional nerve section or crushing for
extreme pain In some clinics sympathetic sugety, including gao
ghionectomy, is still being done, but it is rarely necessary since the
disease can be controlled satisfactorily by the stmple procedures
already outlined Sympathetic surgery shiould be undestaken only
when (1) simpler measures have failed or act too stowly, (2)
good results are assured by evidence from 2 procaine ganghonic
block (recently this test has been shown to be unselizble in seme
cases), and (3} the patient has definitely stopped smoking for one
month and gives postive evidence of being willing and i.ibk to
continue thts abstinence—otherwise the operation will fail. \'VC
have seen numerous ples of massive g foﬂuﬁzmg
ganglionectomies by highly skilled surgeons because the patient
continued to smoke or recommenced smoking.

The proper use of heat, wet dressings and antiseptics and wars-
mng agunst unwise paring of corns and calluses have been pre
sented. To these remarks should be added waraings against the
removal of firmly fixed nails and incision of toes. These PYOC‘d’
ures have great potential danger when thromboangtitis obliterans
is present No operation on the feet or hands should be performed
until the status of the circulation has been determined I have s¢€0
two patients within 18 months in whom procane, with eplﬂeph‘i"c
added, was injected around the base of a digit preparatory to the
opening of what was considered a minor infection, The digit 1
both instances promptly turned black and never regained norml'l
color Both were lost. After the digit was damaged beyond repait
the surgeon discovered that the major vessel leading to the are2 was
occluded and 2 diagnosis of thromboangiitis obliterans was made.
One minute devoted to pafpation prror to the anesthesiz would have
prevented the serious consequences. In these patients epinephrin¢
should never be mixed with procane for such a proceduf®
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for the Life of the tissues often depends on the superficial collateral
vessels which sometimes cannot react after violent constriction by
epinephrine.

In general, our policy is to allow a gangrenous pm. to demar-
ate and to permit spontaneous amputation of the digit as far as
possible. Slight surgical aid 1s sometimes necessary to hasten the
termination of this process, but rarely is anesthesia needed. The
foot is placed in the best position to facilitate drainage, whether,
the patient is forced to lie on his back or on his abdomen. For
the surgical technics the reader 15 referred to the many textbooks
and articles on the subject and to Pratt’s excellent summary n his

ph, Sergical M. t of Vascular Diseases.
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the eating of rye bresd made of flour ground s the 1951 season
The ergot fungus grows best n wet weather and this was one of
the wettest seasons in many years s that area The list previous
sesere epidermic 1 the same gencral atea was w Burguady and in
Lotrame s 1816, although sporadic cases have cropped up since

Fastly tecent descriptions of the epidemic syndrome as it has
occurred . Russta sndicate that the onset 15 often accompamed
by duarthes, nausea or vomng and colic. The extremities then be-
come cold, subosic or bluish and nnmb, The pulse 15 dimmshed
and nectosis, esther morst ar dry, commences. The nails are usually
lost Gangeenous blebs may develop and spread rapidly to include
the whole extrenuty. It should be noted that other areas of skin
may be mvolved, mcluding the nose and ears Buerger stated that
the malady might be fatent untit a severe disease such as poeurnonia
develops which may lkead to masswve lesions such as gangrene of
the lungs, smtestines or female sex organs.

The first therapeutic use of ergot also dates far back m hstory,
being mentioned as a recogruzed procedure 1 1774 (Borger).
The relabenshup of ergot therapy to the development of gangrene
has not Jong been accepted, yet gangrene does follow ergot therapy
2nd with the increased use of ergot preparations wilt probably
asume greatet importance,

Yater and Cahdl reported a case of bilateral gangrene of the
fect due to ergotamine tartrate administered for pruntus of jaun-
dice. The case 1s significant because the patient was under observa-
tion throughout the sllness, and the diagnosis was established by
hustologsc evidence typteal of ergotism The walls of the artteries
wete thickened and the mtima was concentnically ot eccentrically
mfolded The Jumens wese ether occluded by folded intima or
Blied with thrombi in the less constricted segments. The walls of all
the vessels showed hyaling degenesation wvolving both media and
sntima, The snternal and external elasuc lamunae were fasrly well
preserved but broken i a few places. Just proxsmal to the gan-
Brenous area some of the small atteries showed changes hughly
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ErcoTisn, especially in epidemic form, has been recognized g’f
centuries, although the ctiology was not established until iy
Rineteenth century. Tt was then associated with use of rye contsit
g the fongus ergot. Mezeray described epidemics in France ia
944 and 1090 A b. Two distinct forms of the condition have bffﬂ
tecognized the convulsive, and the gangrenous, In medseval "::
the gangrenous fPe was most prevalent in France, while con il
stve €rgotism occurred with greater frequency east of the Rh:g
Raver. No differences m the ergot could be detected, .and s
explanation for the $eographic variation in mam’(cshucﬂf
fAever been clear, The gangrenous type, known for centuries 35
St. Anthony’s disease, attacked the extremities, with extreme rubot
2nd burning pain, followed by dry, black mummification of the
limb. The convulsive type produced periodic distortions, with
twisting of the limbs and even the body. Epidemics have beea
desceibed in Russs, England, Algers, Sweden, Norway, Finland,
Hungary, Austria, Germany, France and elsewhere. 5
Although outbreaks of epidemic ecgotism have been rate since
the advent of modern agricultyrat methods the sk is still present
In August, 1951, 2 £eport came from Port-Saint Esprit near Avi
gnon in the Rhone Valley of the Most extensive outbreak in many
years. Four people died 2nd some 90 wete afflicted by the severe
convulsive type with acute disotientation and manic states, 5"“;"
felt as if they were sutrounded with flames, othegs that they wei¢
being pursued; several attempted suicide. This epidemic arose from
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the circulation and so does not cause gangrene directly. The spasm
profoundly slows the blood stream and leads to the secondary
changes in the vessels described” (thrombi that are due ta stases
from injusy to the endothelum and to the loss of plasma)

Fic %0 ~Ergor porsoning, Nearly complete healing of supeciussl gangrens
of tps of toes of left foot of pattent who had marhed diunutran of gulsations

0 2ll ertremisties and gangeene of the toes (From Medichrome Series MM~
Vascular Diseases, by 1. 5. Weight and W 7T Foley

The possible refationship of ergottsm and thromboangiitis
ablsterans is discussed 1n Chapter IV.

Kaunitz and McGrath have ph ¢ the fact that epid
etgotism occurs predomenantly in males, as does thromboangistis
obliterans, and that there is 2 resemblance pathologically McGrath
demonstrated that whereas gangrene could be produced in the
tails of rats of both sexes, females could be protected by large
doses of theelin but males were incompletely protected. Posstbly
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suggestive of proliferation of the jntima, in some instances being
almost completely obliterated by cells. Within the gangrenous
area the walls of the small arteries and veins showed various de-
grees of secondary inflammatory reaction and a few small veins
contared thrombi.

Although not numerous, the reported cases of gangrene Of
threatened gangrene following ergot medication descrve attention
A number have been associated with the puerperium with of with"
out sepsis Gangrene, of course, occurs in patients with severe
puerperal infection who have not taken ergoty but the possible
relationship deserves serious consideration when any form of the
drug is prescribed. Gangrene of the extremities has been sepotted
following the adminsstration of ergotamine tartrate for exoph’
thalmic goiter. These cases have been, in gcneml, less severe
and most of them have ended 1n recovery. The onset and develop”
ment of the gangrene in these cases closely resemble the courst
of eptdemic ergotism described earlier. One patient had dimintshed
pulsations in alf extremities and gangrene of the tocs of the left
foot after imbibing 24 cc. of fluidextract of esgot within 36 hours
before hospitalization A left lumbar sympathectomy wis P
formed promptly, and with rest and admumustration of vasodilating
drugs recovery was slow but good, with all toes healed within ¢
month. (Fig 50).

Other symptoms that may develop following the use of et
are headache, dizziness, nausea, vomiting, diarrhea, weakness,
formication and itching, coldness of the skin, cyanosts, S
collapse, confusion, drowstness, depression, thirst, angmal pains:
increase-or decrease in heart rate and blood pressute, amblyopis.
cataract, twitching, muscular cramps, convulsions and hemiplegit
with sudden death.

Gangrene has repeatedly been produced i lower animals BY
means of ergot since von Recklnghausen studied the histotogy
of the cock’s comb On the basis of more recent work Lewis 0%
cluded that the “vascular spasm in ergot porsoning does not arrest
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1 both ergot poisoning and thromboangiitis obliterans the female
1s protected by 2 sex hormone, probably the estrogenic substance
of the ovary. It may be that the male, during the years of sexual
potency, has a mechanism possibly related to hormone me’tab.ohsm
which renders him susceptible, inasmuch as thromboangiitis ob-
literans does not have 1ts onset after the climacteric.

PREVENTION AND TREATMENT

Ergot-contaming substances should not be admunistesed to 20}
patient known to have a vascular disease. The presence of an
acute mnfection also is a contraindication. Even mn patients with
febrile puerperium 1t should be used only with hesitancy Small
test doses for susceptibility may be tried, but they probably have
slight preventive value. Avoidance of long-continued use of .thﬂ
drug and careful study of the patient during its use are ».'m!‘

The slightest toxic manifestations, local or general, are 2 “‘_d"
catron for immediate discontinuance of the drug The following
measures, although empiric, should be instituted to produce vaso-
dilatation application of blankets and controlled heat to 90-96 E
by meaqs of a thermostatic cradle or hot water bags; whisky, %2 0%
every four hours, papaverine hydrochloride, 15 gr. intravenously
every four houts, 25 mg Priscoline or 0 06 Gm papave:ine intra-
arterially m the affected extremuty, and other vasodilating methocfs
to be tried until danger of gangrene is past. Lumbar symparhetlc
block has also been effective,

Once susceptibility to ergot is demonstrated, the individual
should probably never take 1t again
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CHAPTER VI Raynau&’s Syn(]rome
and Related Conditions

THE ORIGINAL DESCRIPTION of the syndrome producing &%
metrical gangrene published by Raynaud in 1862 inciuded a0t
anly Raynaud's syndrome as we knaw it today but, in all prob-
ability, some thromboangitis obliterans and pethaps other diseases:
Raynaud's syndrome as 1t is known today has the fallowing
charactenistics. (1) There are itermittent changes in the colot
of local areas produced by cold, emotional disturbances of the
use of machmes with high vibration rates such as pneumatic T
mers. (2) Color changes are characterized by 2 yelfowish pallor
or strking cyanosis during the attack, followed by compensatotf
erythema when the attack subsides on entrance into 3 Wi e
vironment, release from emotional tension or discontinuation ©
the use of 4 vibrating machine {see Figs 56 and 57). (3) At
though in the eatly stages involvement may be unilateral or eV
confined to a single digtt, as the disease progresscs it usually
becomes symmetrical or bilateral. The traumatic vasospastic 535‘5
may continue to be unilateral +f, for example, only one pand B
used to hold the vibrating machine. It may otherwise involve both
hands, both feet, both ears, both cheeks or both sides of the 19
or any combination of these ateas. (4) In the eatly stages thett
are no occlusive lesions of the arteries. Later, after innumerzblt
attacks of spasm, organic occlusive changes may take place in
* the asterics. (5) Gangrene or trophic changes may occur Jate 10
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the disease. Usually these ate limited in large degree to the skin,
Today one rarely encounters massive gangrene ot the fingers or
toes as a result of Raynaud's syndrome.

EnoLocy

The fundamental etiologic factor in Raynaud’s syndrome 1s not
known, No specific agent has been found to be responsible It is
not even established that it is on a viral, bacterial, allergic, hor-
monal ot some entirely different basis. Certain stimuli, however,
are known to be capable of initiating individual attacks.

Cold~—Cold is the commonest and principal factor, An ind:i-
vidual with Raynaud's syndrome, when exposed to cold of suffi-
cient degree, develops vasaular spasm in the affected areas that
15 not relieved until the environmental temperatute is increased
The reaction to cold differs considerably from patient to patient.
In some the temperature must be quite low, ie, 45-7.3 C
(40-45 F.). In others who are mote senstive to cold, an attack
is precipitated at 18.3~-211 C. (65-70 F.); reactions are not
mfrequent duning swimming in water at such temperatures,

1t is frequently difficult to induce spasm by having the patient
put his hand 1 a basin of ice water, a test commonly used in
sdy of these patients, In ice water the vessels may become
patalyzed, the blood does not give up its oxygen and the hand
may temain bright red instead of going through the characteristic
changes of Raynaud's syndrome When the body of the same
patient 1s chilled, as when entirely exposed to cold air, typical
Raynaud's phenomenz of the hands tmay be seen. On the other
hand, as Lewis has pointed out, in some patients a cold stimulus
2pphied to the base of 2 finger may cause a typical attack of vaso-
spasm limited to that finger. As 2 result of this reaction to cold
the syndrome is usually much more pronounced and troublesome

in winter than 1n summer and in temperate than in tropical cli-
mates However, highly sensitized patients with advanced cases



CHAPTER VI Raynautl’s Synt]rome
and Related Conditions

THE ORIGINAL DESCRIPTION of the syndrome producing S
metrtcal gangrene published by Raynaud in 1862 included not
only Raynaud's syndrome as we know it today but, in ail prob-
ability, some thromboangiitts obliterans and perhaps other dnseas'fi

Raynaud's syndrome as it is known today has the followis
characteristics. (1) There are intermittent changes in the color
of local areas produced by cold, emotional distutbances of the
use of machines with high vibration rates such as pneumatic ham-
mers (2) Color changes are characterized by a yellowish pallet
or striking cyanosis during the attack, followed by compenssto’
erythema when the attack subsides on entrance into a warm €%
vironment, release from emotional tension or discontinuation o
the use of a vibrating machine (see Figs, 56 and 57). %) A
though in the early stages involvement may be unilateral or evef
confined to a single digit, as the disease progresses it usually
becomes symmetrical or bilateral, The traumatic vasospastic cases
may continue to be unilateral if, for example, only ene hand 5
used to hold the vibrating machine. It may otherwise involve both
hands, both feet, both ears, both cheeks or both sides of the 105t
or any combination of these areas. (4) In the early stages ther
are no occlusive lesions of the arterses. Later, after irmum““b,k
attacks of spasm, organic occlusive changes may take place f“
the arteries. (5) Gangrene or trophic changes may occur late i#
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Rome in 1911 and first reported 1n this country by Cottingham
m 1917, Cottingham made his investig: , at the Axcqucst of th’c
Joutneymen Stone Cuttess Association, on men using pacumatic
chisels in Indsama himestone quataies Dr. Alce Hamilton thete-
apon went to Indiana to study the problem and reported on 1t
in 1918,

Since then it has become increasingly tealized that 'preurnatic
hammer disease™ is too testticted 2 term and that the condition
should be known as “traumatic vasospastic disease” producing Ray-
naud’s syndsome, fot many other etiologue factars have been found.
These taclude work with tools used 1n shipbustding, locomative and
ather workshops, sitplane jon, sh k i tools of
high vibraten In addition, I have encountered the syndrome in
several typlsts, tna concert piants, o telephane operator and a
handball expert. One pranist was forced to give up a successful
cateet. The telephone operatar had the syadrome 1 ong hand which
she used for “plugging 10" on the switchboard to the point where
superfical gangrene developed. Following out advice she changed
fands for her work, using the unaffected hand, Withia a2 few
maonths, however, this hand became simifarly involved, w one
sense proving to be an mtetesting expertment. Most patients con-
tinue to have the vasospastic phenamena a3 long 2s they temam
2t thesr occupatians Unless a change from the accupation is made
during the earfy stages of the syndrome, the condition may be
treeversible and in fact may be progressive.

Occlustve artersal disease —Physicuans generally do not realtze
that the early stages of ncclusive artenal disease may be associated
with Raynaud's syndrome. In such cases the syndrome 15 probably
due to the fact that, with theur lumens nartowed and walls dam-
aged, the vessels are very susceptible to imtation such as cold and
to spasm, becoming capable of producing the syndtome. The conds-
tion 15 refatively common duning the early stages of thromboangiitis
obliterans It is upcommon with arteriosclerosis, although ¥ have
seen seversl patents with Raynaud's syndrame ptioc ta the
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continue to have spasms in warm climates when there is a relative
drop 1n the temperature.

Enmotion —The second factor of great importance in the produc
tion of attacks 15 emotion. Anger, fear and excitement may esch
be capable of causing attacks in certain individuals In some
patients the emotional distutbances accentuate the effects of cold,
in others, attacks may be produced by emotional stimuli alone.ana
even 1n a warm room, An example of this response was seen ma
young woman lawyer assigned as a defense counsel in the tridls of
Japanese war ctiminals. She became very disturbed and -:1&3"6101’5“i
atypical Raynaud’s syndrome with gangrene of one finger. This
healed on her return to the States, but manifestations of the sy
drome recur on exposure to cold or to emotional distusbance.

Cryoglobulmemsa —This uncommon ¢ondition is encounme'd
most often with multiple myeloma, kala-azat, arthritis, hepatic
disease, lupus and, rarely, with other diseases, Characterized by the
occurrence of cold-precipitable agglutinins in the serum of plasms
1t may be responsible for what appeats clmically to be the Rapnaud
syndrome Actually the mechanism 1s based on the agglommhﬂﬂ
of the blood cells as they become enmeshed in a precipitaté of
cryoglobulin when the temp of the blood in the digit falls
below 37 C The digit then becomes cyanotic or pale When the
blood is watmed above 37 C, it resumes sts fluid state and mo'e
along, allowing bright red fresh blood to replace it and P"’au(C
an esythema Probably spasm typical of the true Raynaud's %
drome plays little ot no patt in this picture. If, however, the pre-
apitation persists too long, ischemia of the tissues may result 10
gangrene. We observed this 1n 2 patient seen through the courtesy
of Dr. David Bats. This patient had gangrene of fingers and toes
as well as of ears and nose.

Tranmatic vasospastic disease—Some years ago it was 1ecog”
nized that individuals who handle vibrating tools may develop
circulatory disturbances in the hands This was formerly know? as
“preumatic hammer disease.” It was first described by Lorigs ©
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of Raynaud's syndrome, Alien and Brown found ﬂ.\al 133 were
females. Of the 17 males only seven had all the criteria and the
other 10 were given the diagnosis of probable Raynaud’s syn-
drome. In 1943 Hines and Christensen agan analyzed the inci-
dence at Mayo Clinic, Of 840 patients with the diagnosis of Ray-
naud's syndrome, 649 (77 per cent) were females and 191 ('25.pcr
cent) males, despite the fact that the sex incidence of admissions
to the Clinic dunng the period was about equat .
In our expertence the ratio in males and females is approxi-
mately 30:70. Qur figures do not include cases of thrombaangiitis
bl with Raynaud’s synd being himited to those con-
sidered to be cases of pure Raynaud's disease, which is one of
the conditions producing Raynaud’s syndrome.
Arsemscal poisoning of a mild chronic nature and disturbed
caleinm metabolism have been d as causative factors, but
the evidence 15 inconclusive, It is true that calcium disturbances

wm the blood, bones and soft tissues frequently accorapany the
sclerodermatous syndrome

PATHOLOGY AND PATHOLOGIC PHYSIOLOGY

Major pathologic changes are rare in Raynaud's syndrome.
The early manifestations of the disease seem to be on a vasomotor
basis without demonstrable pathology in the nervous system.
Pathologic changes have been reported in the sympathetic gan-
ghons and in the spinal cord, but they have not been satisfactorily
confirmed Late in the disease, local changes may occur in the small
arteres, with 2 tendency toward thickening of the walls and oc-
cluston. They appear to be secondary to inaumerable episodes of
vasoconstriction. Similar lesions have been noted 1n the ears of
rabbuts after production of vasospasm by the injection of nicotine.
Qcclusion is rare in vessels larger than those of the digits In late
cases, the capillaries of the nanl fold reveal a characteristic picture.
Dilatation 15 strking, primanly i the venous limb of the loop
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development of atterial occlusion with gangrene. Following ths,
Raynaud’s syndrome gradually faded to minor significance. In 2
statistical analysis Allen and Brown found among 200 cases of
thromboangiitss obliterans that Rapnand's syndrome was the fiet
Symptom in 12 per cent and that it occutred some time dunflS the
course in 30 per cent of all cases. Hines and Batker found in 280
cases of artetiosclerosis obliterans that Raynaud's syndrome had
been present in 10 per cent,

Hyperabduction and other shonlder girdle .f)rtdlﬂlm’-f"‘n‘h15
been noted for some years that the Raynaud syndrome is eccasion
ally encountered in association with 2 cervical rib or scalenus antxfus
syndtome. No special attention has been focused on this point
When these patients were opetated on, a few had lessening of the
Raynaud phenomena

In 54 patients with the hypetabduction syndrome reported 0
by Beyer and myself, we were impressed to find that 20 had a true
Raynaud syndrome. This inadence js so greatly in excess of that
encountered in the general population that it cannot be consideted
due to chance Furthermore we have been able to abolish the
sigos of Raynaud syndrome jn 5 small number of these patients by
the simple measure of teaching them ta avord the position of hyper
abduction ia their sleep or their work. This 1s dealt with in greatet
detarl 1 Chapter X in the discussion of the hyperabduction §9°
drome.

Huebner, Lord and 1 are studying the surgical exploration of
the shoulder girdles i some intractable cases and have found that
in some the pinching and tension of the brachial plexus and subr
clavian axillary arteries and vens are of a great and highly 11
tating order. This work suggests that sympathetic surgery may fot
be the onfy approach.

Raynaud’s syndrome is also seen more often than usual in othe!
conditions, including rh i arthritis, progressive muscabae
dystrophy and other diseases of the muscjes, .

Sex.—Of 150 patients in a Mayo Clinic series with the diagnosis
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of vibrating machines should be considered to have eacly or moder-
ate Raynaud’s syndrome.

The nail fold capillaries during the cycle of an attack present 3
good picture of the local pathologic physiology. In the ﬁrst phase,
that of waxy pallor, few capillacies can be seen. Filling of the
loaps is incomplete and they have a segmented broken appearance
due to the fact that the walls are invisible and the column of blood
cells is interrupted and static. No blood is entering the capillaties
from the artersoles, which are in spasm. The surface temperature
of the involved area is low. After a short tune, it approximates
room temperatute Ia some instances there is intermittent leakage
from the arterioles and by retrograde flow from the venules, so
that the capillaries become more easily visible, in fact even dis-
tended The blood is relatively static also, and as deoxygenation
takes place the part assumes a cyanotic color. There may be patches
of cyanosis and rubor during this phase. With cessation of the at-
tack the arterioles open, pouring blood rapidly into the capillaties
and other minute vessels, which then become markedly dilated
with bright red oxygenated blood. Some areas may remain cyanotic
for a while because the supplying artetioles do not open simultane-
ously at all points The surface of the eryth

areas rises rapdly to above the average normal (30.5-33 9 C.; 86
93 F.) during this phase.

SCLERODERMA AND CALCINOSIS

Seleroderma of the affected parts is 2 common complication of
Raynaud's syndrome. In the involved areas the skin becomes
tightly stretched 20d the malpighian layers are atrophied. The
deeper fayers become fibrosed. Histologic examination shows
hypertrophy of the collagen and stratum granualosum. ‘The fibrosis
extends into the subcutaneous layers and muscles and may even
bind the skin to bones lying relatively near the sutface, Arteries
such a5 those in the digits are surrounded by fibrous tissue. Their
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(Fig. 51) and gradually extending toward the artetial limb The
dilatation may be due to the repeated erythematous phases, follow-
1ng the spastic phenomena, during which time the loops are filled
with blood to the point of overstretching.

Whether the gangrene of Raynaud’s syndrome is duc to a local
arculatory fault of to a purely vasomotor phenomenon fl'cqueﬂﬂ)'
repeated and with sufficient seventy to produce anoxemit to the
tissues to the poiat of death has Jong been a subject of debate. It
seems likely that both factors play a pat. The original attacks ar¢

[

Fi6 51 —Raynaud’s syndrome Remarkable dilatation of capillaes duting 4
period of hyperemia, most matked 10 venoas I

probably due to vasomotor phenomena alone, and repetition of
these phenomena gradually damages the local arteries, folloned by
tschemua and death of the cells which the arteries normally supplf:
Gangrene only occurs in severe cases. I have observed numetous
individuals who have had Raynaud's syndrome of mild or mod-
erate degree for many years without gangrene and without pro-
gression,

Formerly it was thought that the Ppresence of actual gangren®
was essential to jushify the diagnosis of Raynaud's syndrome. “This
view 15 no longer held. Raynaud's syndrome should be recognized
in its early phases and so classified. In other words, patients who
do not have gangrene or trophic changes but who manifest the
characteristic color changes in response to cold, emotion or the us¢
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posits of calcium, usually mixed with phosphates, cholesterol and
various other components, are saattered in numerous areas, but
most frequently in the skin, subcutaneous tissues and muscles

e s s

ples of sclerod

Fic. E; of esophagus, with stuc-
ture of cardrac end
The commonest sites are exposed areas over jomts such as the
outer surfaces of the knees, elbows and finger josnts The nodules
tmay penetrate the skin, protruding as horny masses. They ate often
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posits of calcium, usually mixed with phosphates, cholesterol and
various other components, are scattered in numerous areas, but
most frequently in the skin, subcutaneous tissues and muscles.
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channels are nasrowed by mntimal thickening and the external pres:
sure from the fibrosis, Pigmentation of the skin occurs at this
time, Marked bony change of several varieties may take place.
Arthritic changes may be erther atrophic or hypertrophic. These

Fi6, 52 —Scleroderma A, after five years’ duration, features are masklike m"
jaw motion is lirmited B, marked 1avolvement of hands, with maximal mmﬂ““o
10 degrees; trophsc changes in finger-ips C, ability to flex fingers aftes 17
treatments with Mecholyl son transfer D, typical bone changes, with Joss of 7

h

muenal tufts and decal with some changes

changes combine with the fibrotic changes of the soft tissues and
often result in ankyloss of the joint, usually in a somewhat flexe
position. Atrophy of the terminal digital phalanges, beginning at
the tip and gradually destroying the entire phalanx, 15 commort

A characteristic and not uncommon condition associated with
Raynaud’s syndrome complicated by scleroderma is calemosis. De-
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ever, one may be overzealous in this regard, asin a case I followed
for about 10 years,

A man had definite dlinical, steadily progressive scleroderma with
Ragnaud's syndcome of more than 13 years' duration iavolving the
hands, face and skun of most of the trunk. For four years he had had
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Fig 34 —Electroencephalograms showing abnormal cerebral activi

th
scleroderma A, abnosmality s frontal motor leads, note high xmpln?de‘alnd
4 cycle per second seral waves B, sbnormality 1n motor ccaipital leads, with
slightly greater activaty on left

difficulty with regurgstation, and two sets of x-rays were interpreted by
competent radiologists as showing changes at the cardiac end of the

P patible with sclerod R phic studies of
the lungs also supgested scleroderma, although 2 history of

: e f 2 month
0t 50 10 mines with a hugh silica content 30 years before was considered,
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so pamful as to necessitate surgical removal, even though healing
may be poor and recurrence of the local calcinosis is likely. The
process cannot easily be distinguished from the calcinosis secd
occasionally as a result of massive doses of vitamin D. The ass-
ciated scleroderma, the penetration of the skin (which is tare
the pure vitamin D cases) and the fack of history of ingestion of
vitamin D are distinguishing features. However, through the cour-
tesy of Dr Richard Freyberg, 1 saw a patient with sclerodermi
who had received massive doses of vitamin D for so-called “sder®
derma arthaitss” with a rapid and serious onset of calcinosis—thus
confusing the etiologtc picture thoroughly.

Scleroderma may involve any area of the surface of the bod,
also the internal organs, including especially the larynx, esophagis
(Fig 53), lungs, kidneys, bladder and gastrointestinal tract below
the stomach We have seen women in whom scleroderm2 tigh!encd
the vaginal opening to the point where intercourse was impossible
and men in whom involvement of the penis caused constant semt-
erection. A few cases of scleroderma heart disease have becd
described, and abnormal electroencephalogmphic readings 1
corded (Fig. 54). Thus scleroderma is a diffuse systemic dusease
volving the collagenous tissues wherever they may be found
Frequently it 15 assocrated with Raynaud's syndrome of the hands.

In the heart, the primary lesion of scleroderma seems to be an
overgrowth of collagenous fibers in focal areas throughout ﬁhf
myocardium. It may also involve the endocardium and Per
cardium, There does not appeat to be any relation between the
fibrotic areas and vascular lesions. Involvement of the corondf
atterses and their branches is not characteristic. The lungs, when
nvolved, show diffuse interstitial fibrosis (Fig 55). Many of the
alveolar spaces are obliterated. There is frequently marked thid-
ening of the pleura by collag tissue. Coll fibrosis M3y
be found throughout the kidneys. When scletgderma of the skin
begins to spread one must constantly bear in mind the possibiliky
of extensive involvement of the deeper organs. Occasionally, how-

y and
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distase on the basis of the tightening and fecling of thi ". of the
skun, yet the pathologist w.as unable to confirm the diagaosis. The end
of the esophagus, diagnosed twice by genologists as having changes

14 of scerod was idesed by the pathol to be
entirely normal, Fibrosis of the lungs was definitely present but was
attributed to long-standing silicosis. The heart block was caused not
by sderodetmatous changes but by a bat of calciom extending {rom
the mitral valve in such a way as to sever the bundie of His. Thus our
beautiful pictute of multiple pathology from a single disease was de-

stroyed The case is cited to emphasize the problems jnvolved in di-
agnosis

In the presence of scleroderma, skin capillaties ate seen with
difficulty. They are scattered and constricted, and occasionally 2
dilated one is found. Stretching of a finger obliterates them and the
skin blanches Relaxation of the finger brings a few more capil-
laries 1nto action, but observation is difficult even with the best
capillacy miccoscopy.

S1GNS, SYMPTOMs AND COURSE

Raynaud's syndrome should be classified in two different ways.
Furst, there is the acute cycle which is repeated innumerable times
1 the course. This has already been described Second, on the long
term basis there are four stages of development. This 15 important
because study of 2 large number of patients discloses that the signs
and symptoms of any of the four stages may progtess, remain in
statu quo or tend toward improvement, regardless of any therapy
thus far devised The excephion to this statement is discussed
under the heading of surgety for Ragnaud's syndrome.

1. Early Raynaad’s syndrome —This is somctimes called the
pre-Ragnaud syndrome. In this stage are classed the mildest cases,
many of which do not ptogress, merely showing a spastic tesponse
ta cold thraughout the patent’s life without demonstrable P2
thalogy ever developing This is highly important 1n prognosts
Many patients have been told by physicians that they have Raynaud’s
disease and that they must anticipate the development of gangrene
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Three months before death a 2:1 heart block suddenly developed The
rate dropped to 34 beats per minute, at which time he had an attack
of syncope and fell to the floor of his bathroom. After adjustment to the
low rate, a fairly satisfactory compensation developed and he weat back
to bustness It was thought that there were p(obably sclerodermatous
changes 1n the heart Two days before death he had a second sudden

Fic 55 —Pulmonary changes with generalized scleroderma

attack of syncope and the heart rate was 30, It is possible that nolmf]
thythm had returned and acute heart black once more developed 'sl
LT T . W e em 1. tarer he S8

ates

many of the classic signs of sclerodermatous 1avolvement of the decpe’
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of the fingers Nothing could be less sound than such 2 statement,
since the development of gangrene in this disease is now extremely
rare and for every patient in whom gangrene develops there ate
many patients in whom the disease never progresses beyond the
stage of episodic blanching. Some patients do show progression,
but 1t 1s impossible to predict without consecutive observation ot 2
detailed and long history which cases are benign and which are
seriously progressive, Some progress very slowly until middle hife,
after which the syndrome remains stationary or actually improves
A typical attack involving the hands, although other parts may
react similarly, may be described as follows {Figs. 56 and 57).

Fall

F ing exposure to stimulation such as cold or an emotional up
set, the artenoles develop spasm, the blood becomes static and the hands
begin to blanch, turning grayish owing to deoxygenation. As additional
vessels go 1nto spasm, forcing the blood out, the color becomes wasy
If the vessels remain patent and filled with static blood, spasm being
confined to the arterroles, the fingers become increasingly cyanotic- G-
anosts may also be produced by intermittent leakage by the artercoles
If the finger is cut during this period, there will be no bleeding from
the waxy flesh and only slight cozng from the cyanotic areas, both b
ing manifestations of lack of blood flow. With these changes aumb-
ness gradually creases. In extreme cold the numbness may progress ©
an aching type of pain, but experiencing of severe pain is rate &t this
stage The phase usually remains as long as there is no change in the
stimulation, e g., as long as exposure to the requisite low temperatut®
continues. The involved areas are especially susceptible to frostbite 2t
this time.

With removal of the stimulation, e.g, cold, emotion or vibrating M
chine, the second phase, that of rubor, begins The affected arez turas
intensely red, begtnning at the proximal portion (Fig. 57) The rubof
spreads wavelike distally to envelop the cyanotic area completely. S0m¢
sections may briefly remain patchy, with alternating rubor and q’ﬂﬂ‘”i"
unti 2ll of the spastic vessels open. With this transformation senst
trons of pins and needles, tingling and even burning may be (omphined
of. The finger temp may become ab Ily high. The vessels
are overdilated. Thes phase lasts a varnable length of time, usually about
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20 minutes, after which the fingers gradually regain normal appearance,
temperature and feeling.

These cycles may occut repeatedly on stimulation, many times a
day or at much longer intervals In general it appears that the
more severe and more frequent the attacks, the more apt is the
condition to progress, although numerous exceptions to this rule
suggest that frequency and seventy are not the primary factors in
progression. The attacks characteristically appear first in young
adulthood, although first attacks have been noted as early as age
S and as Jate as age 65. In most patsents the onset occurs 1 the
third or fourth decade. It must be noted that pallor occurs in some
patients as the sole phase, without the sequence of rubor, These are
usually mild cases,

2 Trophic changes; ulcers—Among the first signs of progress
of the condition are trophic changes at the tips of the fingers,
nose, toes or ears These are charactenized by small dents and
scales of brownish dry skin, occastonally, but not always, preceded
by tiny ulcers ‘The ulcers may be exceedingly painful in proportion
to their size, but the trophic areas are not in themselves painful.
With further progression, the ulcers may 1avolve the entire tip
of the part and ate apt to be excruciatingly panful They are often
moist and somewhat punched out, but some ate relatively super-
ficial As an end-result of the trophic changes and ulcerations,
the tips of the digits may be deformed and shortened.

3. Scleroderma (sclerodactyhia, acrosclerosis).~—It should be
fully understood that there are cases of scleroderma which do not
appear to be related to Raynaud’s syndrome 1a any way One might
question the mclusion of scletoderma as related to Raynaud’s syn-
drome, but 1t seems justified because of the high inadence of
scleroderma with this syndrome, This adds greatly to the sesious-
ness of the problem and complicates the therapeutic approach.

With the development of scleroderma the skin becomes in-
creasingly hard, tense, shiny and pigmented. With the fibrosis
discussed under pathology, the skin becomes fixed to the bones
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and joints to produce fibrotic ankylosis, although the joints may
not actually be involved at first. Later there is x-ray evidence of
hypertrophic changes. The skin loses its natural color and there
1s increasing difficulty in visualizing the capillaries, which often
resemble shadows without definite structure, Typical attacks of
Raynaud’s syndrome are then more easily produced Frequently
the stage of rubor is absent because of pressure and tension of the
skin and subcutaneous tissue and because pigmentation may pro:
duce a mahogany color of the skin. The symptoms of sclerodesmz,
which may involve any portion of the extremities, trunk, face of
the internal organs, depend on the area involved.

The condition known as calcinosss {described on p 230) 3y
further comphicate the clinical picture. Calcium may be deposited
under any portion of the body surface, not infrequently at the
outer surfaces of the elbows, knees, ankles and digital joints As
the calafied material waotks its way to the surface it pmd“f”
considerable discomfort and at times requires surgical extirpation
to relieve the pain. Recutrence 1s common.

The fingers gradually become fixed in the slightly flexed
position. In advanced cases of scleroderma, the hands may bBCC'.m
useless. Charactersstically, when the face is involved the expression
1s changed because of tightness of the skin of the forehead an!
cheeks and around the mouth, obliterating the wrinkles and
making facial movements difficalt. The mouth may be so ©%
stricted as to make the ingestion of anything but liquids almost
impossible. Dental wotk may become out of the questlon. The
neck may become stiffened, Numerous spider angiomas may P
peat, especially on the face.

4. Gangrene~—The fourth phase 1s that of frank massive 41
grene involving large portions of the fingers, toes or other artﬂ.s
Most discussions of this complication are based on descriptions 12
the older hterature, careful analysis of which forces the conclusion
that at feast some of the cases really were thromboangiitis oblit:
erans, ergot poisoning or frostbite. As the diagnostic aspects o
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Raynaud's syndrome have been clarified, the teports of massive
gangrene have almost ceased However, if spasm of the nrtc{ial
tree octurs with sufficient sevetity and frequency, organic occlusion
may result from clotting or changes in the vessel wall,

TRAUMATIC VASOSPASTIC DISEASL

Although the synd of i pastic disease is in-
cluded under Raynaud's syndrome, certain variations in symp-
tomatolagy and course require special comment. The chnical pat-
tern of vasospastic disease of the hands is typical regardless of the
tund of vibrating machine or injury responsible for the onsct.
After 2 peniod ranging from a few months to several years of
exposure, attacks of blanching and numbness of the fingers begin
Pallor is as pronounced as, if not mote striking than, that seen in
the typical Raynaud syndrome. Ordinanly it is not symmetrical,

particularly in the early stages, even though both hands eventually
are involved,

In the group produced by pneumatic hammets, in‘right-handed
persons the second, third and fourth fingers of the left hand and
the tips of the fingers of the nght hand are usually involved, The
incidence is more frequent in the left than in the right hand be-
cause most vibtatng tools are held in the left hand, with the
cutting edge against the object. The handles of some hammers
may be held in the right hand,

At first the attacks occur only while the patient is working and
are mote pronounced in cool weather. Once the disease is estab-
lished, attacks can be produced by washing the hands in cold water
or on chilling of the body. Although few of these patients react to
emotional disturbances, I have seen one in whom emotional upsets
produced attacks Careful exammation reveals a moderate decrease
1 the sensations of touch, pain and temperature over the affected
fingers. Duting the attachs thete is frequently 2 discomfort of the
hands described 2s 2 “toothache-lske” pain, which persists for a
short time after the attack is past. Even after long perrods and
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Raynaud's syndrome have been clarified, the feports of massive
gangrene have almost ceased. However, 3f spasm of the arterial
tree oconss with sufficient severity and frequency, organic occtusion
may result from cloting or changes in the vessel wall.

TRAUMATIC VASOSPASTIC DISCASE

Although the synd of i P disease is in-
cluded under Raynaud's syndeome, certain vatitions in symp-
tomatology and course require spectal comment. ‘The chintcal pat-
terrt of vasospastic disease of the hands 15 typical regatdless of the
kind of vibrating machine or injury tespousible for the onset
After 3 peniod rangmg from 2 few months to severat years of
exposute, attacks of blanching and numbness of the fingets begm.
Patlor is as pronounced as, 1f not more striking than, that seen in
the typical Raynand syndrome, Ordinasily it »s not symmetrical,
particutarly 10 the catly stages, even though both hands eventally
are 1nvolved.

In the group produced by pneumatic hammers, 1 right-handed
persans the secand, thied aad fourth fingess of the left hand and
the tips of the fingets of the right hand are usually 1nvolved, The
madence is more frequent in the left than i the nght hand be-
cause most vibtatmg tools ate held in the left hand, with the
cutting edge against the object. The handles of some hammers
smay be held in the night hand.

At first the attacks occut only whale the patient is working and
are more pronounced 1n cool weather, Once the disease is estsh-
lished, attacks can be produced by washung the hands in cold water
ar on chilling of the body Although few of these patients react to
emational distutbances, I have seen one in whom emotional upsets
produced attacks Careful examination reveals 2 fmoderate dcrr};m:

1 the sensattons of touch, pain and temperature aver the sffericd

::S;Z‘dz‘c‘r‘zs the attacks thete 1s frequently s duscomfort of th
ed as a “toothache ke pain, which peedn o &

shott time after the attack js past, Lyen after hope Aot
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many attacks the tissue does not show evidence of wasting or gan-
grene Scleroderma does not accompany the traumatic vasospastic
syndrome. One case of scleroderma has been feported in a pneu-
matic hammer wotker, but this was probably a coincidence.

The disease is usually limited to the hands, although some px-
tients have complamned of numbness involving one half of the
body Unilateral peripheral vascular disease occurred in the left
foot of a worker using this foot to operate a pneumatic drill press
Examnation of the blood vessels after amputation, however, re-
vealed a typtcal microscopic prcture of thromboangiitis obliterans
In 67 cases of “white fingers” due to the air hammer, the length
of use of the machine averaged 5 7 years (11416 years). Average
duration of use among wotkers who had not been affected was
9 2 years, according to Hamilton. Rieder studied 250 workers who
had used an air hammer up to 40 years, and of these only 75 wer
entirely without symptoms. White fingers were present in 86
Hamilton also reported that smong 38 limestone cutters only fouf
had never had white fingers Of 50 granite workers only seve?
had escaped the disorder

With change of occupation one may anticipate that the symp”
toms will improve shghtly, they do not always disappear. Rest
from the regular occupation results in 1mprovement only if the
condition 1s early and mild, The Pprognosis for complete recovery
is doubtful and usually Ppoor, although a few spontancous reccl\ff‘
tes have been reported Some patients who have not used an aif
hammer for many years still have vasospastic phenomena of the
affected fingers on exposure to cold.

Gurdjian and Walker described the condition jn six women
war workers using pneumatic riveters in airplane construction
work, The clintcal picture was similar to that just described Serial
sections of biopsies from the finger-tips of five of the pﬂ!icnfi
were studied and compared with autopsy material obtained from
the same sites, used for control. Sections were studied especially
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auefully for changes in the capillaries, arterioles :fnd v:.ins. ‘The
capillaries appeared normal except in two sections in Awhxch‘a ftd
staning substance was noted within the capillaries  Simifar
changes were, hawever, noted in some of the control autopsy
material and were not, therefl idered at I Larger

vessels had 2 normal adventitial layer, the muscular coat appeared
normal and the endothelial lining showed no pathologic changes
1n any sections studied, Thete was no evidence of endothelial
proliferation, occlusive phenomena or inflammatory reaction in
any of the sections, The pneumatic hammer used by the patients
wesghed 3 b, and had 2 vibration rate between 3,000 and 4,000
times per munute, In the six cases, the shortest interval of use of
the hammer before the condition appeared was 215 months and
the longest 11 months,

Tt was of interest that all employes operating this particular
machine sooner or later developed vasospastic disease of the left
hand Although the patients had stopped using the hammer mose
than a year before the repost was psepared, attacks of vasospasm
continued, ‘There were no i of bilateral invol , a$
in Raynaud’s disease. Nor was there scleroderma or any evidence
of sacreased failure of proper circulation to the finger-tips, as is
seen in the later stages of Raynaud's and jn thromboangiitis ob-
Yiterans, The condttion appears to be a vasospastic disease of the
fingers without organic changes in the tissues. Apparently ex-
posute to cold is 2 major factor in the disorder, although other
factots which must be considered ate sschemia from holding the
Poeumatic hammer too tightly and injuty to the myoneural junc-
tions of the arterioles of the fingers.

The shortness of the period before the development of the con-
dition in Gurdjian and Walker's cases may be due to the fact that

primary Vasospastic disease of the exttemities is more common in
women than in men,

. De Takits mentioned a case in a patient who used a small rotary
air-driven tool with 2 vibration rate of 12,000 times per minute,
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many attacks the tissue does not show evidence of wasting or gan-
grene. Scleroderma does not accompany the traumatic vasospastic
syndrome. One case of scleroderma has been reported in a pen-
matic hammer worker, but this was probably a coincidence.

The disease s usually imited to the hands, aithough some pt-
tients have complained of numbness mvolving one half of the
body. Unilateral peripheral vascular disease occutred in the left
foot of a wotker using this foot to operate a pocumatic drill press
Exammation of the blood vessels after amputation, however, fe-
vealed 4 typical microscopic picture of thromboangiitss obliterans
In 67 cases of “white fingers” due to the air hammer, the length
of use of the machine averaged 5.7 years (114-16 years). Aversge
ducation of use among workers who had not been affected was
9.2 years, according to Hamulton. Rieder studied 250 workess who
had used an air hammer up to 40 years, and of these only 75 wete
eatirely without symptoms. White fingers were present in 86.
Hamilton also reported that among 38 limestone cutters only fout
had never had white fingets, Of 50 granite workers only se¥ef
had escaped the disorder.

With change of occupation one may anticipate that the symp*
toms will improve shightly, they do not always disappear. Rest
from the regular occupation results in improvement only if the
condition s early and mild, The prognosis for complete fecorey
1s doubtful and usually poor, although a few spontaneous recover
fes have been reported. Some Ppatients who have not used an 8
hammer for many years sti]l have vasospastic phenomena of the
affected fingers on exposure to cold

Gurdjian and Walker described the condition in six wome®
war workefs using pneumatic rtveters in airplane construction
work. The clinical picture was similac to that just described, Serial
sections of biopsies from the finger-tips of five of the patients
were studied and compared with autopsy materjal obtained from
the same sites, used for control, Sections were studied especially
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In early cases the response to adequate protection s often highly
satisfactory.

The best method of protecting patients from the cold is to have
them remain in a warm, dry climate at feast during the winter,
“This is impossible for many patients, however, and such a change
will not control the condition 1f other causative factors such as
emotional crises continue while in the warm climate. Winter sports
and outdoor winter work should be avoided. I have seen some
patients who do not have an attack while engaged in winter sports
or work, but usually such exposure aggravates the condition by in-
cteasing the frequency of attacks, and the risk of frostbite in these
patients when their extremities are blanched is setiously increased.
1f the patient must stay out of doors in the cold, warm clothing is
essential, Shoes should be large enough for one or, better, two
paits of wool socks without crowding Small chemical heaters are
valuable for use in pockets or muffs to keep the hands waum.
Electric heaters attached to the steering wheel and automobile

Teaters are important for individuals who drive cars.
Local manag Itis i

p to avoid overheating of an
area of skin in 2 spastic phase because severe burns may occur be-

fare the circulation is adequate to carry off the excess heat 2nd to
handle the suddenly increased metabolic d d

should be gradual and not excessive.

Any 4

All strong antiseptics such as iodine, metcurials and silver salts
should be avoided, for they may do more harm to the epitheliza-
tion of an ulcer than to the bacteria present. Serious infection is
rarely important in these cases, and muld antiseptics such as botic
aad, normal saline and Azochloramid in tniacetin 1:500 solution
or wet dressings of penicillin 250 umits per ce. should be used if
needed. In general, the ulcers of Raynaud's syndrome heal best
when dry. Warm soaks of normal saline at 367-378 C.
(98.—100 F.) should be applied for one hour each day when in-
fection s present Wet dressings should ouly be used if they can
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Treatment of this condition rests primarily in preventive meas:
ures, namely, the development of tools which do not require ex-
posure to high vibration rates or in which the vibration is com-
pletely absorbed.

TREATMENT OF RAYNAUD'S SYNDROME AND SCLERODERMA
MEDICAL AND GENERAL MANAGEMENT

Reassurance~—~Among the most important steps to be taken in
the treatment of Raynand’s syndrome is to reassute the pattent that
massive gangrene of the fingers requiring major amputation is not
likely to occur. Many patients are in a severe state of panic because
of the implication of hopelessness, at least as far as the use of the
extrerties is concerned. Patrents with Raynaud’s syndrome often
have a faitly unstable vasomotor status so that suggestion may be
2 powerful adjunct to other therapy, This was cleatly demonstrated
by Lipkin ez 4., who studied the effects of suggestion on pi¢
patients with 2 vasospastic disturbance. Six showed exceltent sub-
jective and some objective tesponse, including relief from‘WS"'
spasm for several years, subjective improvement for a year without
further treatment and prolonged vasodilatation of the hands dut’
ing therapy. Careful investigation into the factors responsibh: for
the emotional instability so common in these patsents and the
taking of suitable rectifying constitute fund. tal steps
in any therapeutic program, in some patients constituting the most
important aspects of the treatment,

Positron~—When associated with the hyperabduction syndtom?,
relief can frequently be obtained merely by avoidance of that posi-
tion. (Seein Chapter X, discussion of thehyperabductionsyndrome )

Proieciion—Protection from the factor producing the sy
drome must be provided in all cases. Thus includes such variables
as warm clothing, especially warm gloves, ear muffs and wool
socks, the avoidance of extreme emotional crises and the cessation
of a vocation or avocation that produces vasospastic phenomens.
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turned off If the patient complains of a burning sensation, the treat-
ment 15 discontinucd immediately and the electrodes ate readjusted.

Treatments are gwen at varyng iotervals from daily to bi-
weekly, depending on the seventy of the condition. Frequent treat-
ments give the best results, Rarely is improvement scen from fewer
than 20-30 The drug is absorbed by the skin and in-
ereases local circulation Capilaries frequently become more easily
visible, The skin gradually becomes softer and more pliable 1n the
successful cases, Longstanding ulcers that failed to heal some-
times do heal, The response scems to be largely a local phe-
nomenon, but sclerodermatous areas in other parts of the body
muy improve. This procedure is not a completely satisfactory form
of treatment for scieroderma

Vasodilating drugs—Nitrites, papaverine and similar vasodi-
latng drugs seem to have no effect on the course of either Ray-
nud’s syndrome of scleroderma. They may cause temporaty re-
laxation of the spasm, but seldom do so if the causative factor 1s
severe and stidl present Papaverine hydrochloride has only ques-
tionable value. The ingestion of alcohol or the use of hat baths
for uninvolved extremities to produce reflex vasodilatation is more
reliable. Tetraethyl ammonium bromide (Etamon) and Dibena-
mine have been suggested for these conditions, but the clinical
tesults 1n patients who have been treated with these drugs bave
been inconclusive,

Priscoline and Roniacol in doses of 25~50 mg three to five times
a day are now widely used and do appear to freduce the attacks
i some, but not alf, mild cases. Further observations are sequired
for final evaluation.

ACTH and cottisone ate being teied for treatment of sclefo-
derma but fesufts with these agents in our hands are thus far
unconvincing,

Abstinence from tobacco—The use of tobacco by patients with
Raynaud’s syndrome may be contraindicated on the basis of its
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be kept warm, because chilling will cause spasm of the vessels and
mierfere with healing.

Mecholyl ion transfer—lon transfer using acetyl-beta-methyl-
choline chlonde (Mecholyl) has been used for some years for
Raynaud's syndrome and scleroderma. After approximately 15
years of experience, it must be concluded that it is a palliative for
patients with uncomplicated Raynaud's syndrome, sometimes de-
creasing the frequency and severity of the attacks in mild cases
and aiding 1n the healing of ulcers in more severe cases. It is not
2 cure and does not prevent attacks under severe provocative on-
diions such as extreme cold 1t is useful in helping patients
through the winter months when they are forced to stay in 2 cold
clumate, but in all probabulity 1t does not affect the ultimate course
of the disease.

Mecholyl jon transfer also 15 useful in some cases of scleroderm?
(sce Fig. 52, C) Some few patients have shown 2 fenulk-’!blﬂ. e
sponse, but the results in general have been disappointing. 5".‘“’
there 1s no other form of therapy, conservative or surgical, whidt
affects the long-range course of scletoderma, Mecholyl ion transfer
may be advisable in some cases, The treatment has been described
by Kovacs

Briefly, the necessary equipment indludes: 2 galvanic machine with 3
smooth cutrent; malleable electrodes and connecting wires; electrode
pads 10 X 12 5q 1 ; bandages; asbestos paper or cloth; solution of
Mechalyl 0,10 25 per cent.

Special asbestos paper or cloth is dipped in the solution and 2pphed
over 2 severely savolved area such z¢ the hands or arms. No holes
through this may be left open The malleable electrodes are weapped

nected with the positive pole of the galvanic machine, The pegative
electrode pads are moistened in water and Pplaced elsewhere on the

sucface, usually on the middle of the back, and connected with the
negative pole. The cutrent is very gradually turned on and increased 10
15-20 ma, and kept at this level for 3049 minutes, then gradually
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turned off. If the patient complains of 2 burning sensation, .thc treat-
ment is discontinued imrmediately and the electrodes are readjusted.

Treatments are given at varying intersals from daily to bi-
weekly, depending on the severity of the condition. Frequent treat.
ments give the best results. Rarely is improvement seen from fewer
than 20-30 The drug is absotbed by the skin and in-
ereases local cusculation. Capillaries frequently become more easily
visible, The skin gradually becomes softer and more pliable in the
successful cases. Long-standing ulcers that failed to heal some-
times do heal. The response seems to be largely a local phe-
nomenon, but sclerodermatous areas in other parts of the body

may improve. This procedure is not a completely satisfactory form
of treatment for scleroderma.

Vasodilating drugs —Nitnites, papaverine and similar vasodi-
lating drugs seem to have no effect on the course of either Ray-
naud’s syndrome or scleroderma They may cause temporary re-
laxation of the spasm, but seldom do so if the causative factor is
severe and still present. Papaverine hydrochloride has only ques-
tonable value, The ingestion of alcohol or the use of hot baths
for uninvolved extremities to produce reflex vasodulatation is more
reliable, Tetraethyl ammonium bromide (Etamon) and Dibena-
mine have been suggested for these conditions, but the clinical
fesults 1n patients who have been treated with these drugs have
been inconclusive,

Priscoline and Roniacol in doses of 25-50 mg three to five times
a day are now widely used and do appear to reduce the attacks
in some, but not 21, mild cases Further observations are required
for final evaluation,

ACTH end cortisone are being tried for treatment of sclero-
derma }‘Jut fesults with these agents i our hands ate thus far
unconvinctng.

Abstinence from tobacco —The use of tobacco by patients with
Raynaud’s syndrome may be contraindicated on the basis of its
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vasoconstricting tendency and the probability that the more fre-
quently vasoconstriction occurs in small vessels, the more likely 1s
permanent damage to result. On the other hand, smoking does not
appear to have the speafic severe aggravating effects on Raynaud's
syndrome that 1t has on thromboangutis obliterans Until furthet
studies clarify this problem, I recommend that patients with mod-
erate and severe cases stop smoking, Temperature studies of the
finger-tips during smoking may disclose patients who are particu-
larly susceptible to tobacco.

SURGERY

It 15 my purpose to discuss only the general aspects of surgery
for Raynaud’s syndrome and scleroderma and the results of various
methods. Conclusive studies have not been presented regarding
some surgical approaches such as ganglionectomy, and new sur
gical methods may be developed Certain statements may be made
at this time

1. No conclusions should be drawn regarding the clinscal re-
sult until the patient has been followed for 2 mimum of on¢
year and preferably three yeats postoperatively. The literature 00
tamns numerous reports of little value because based on postoperd
twe check of only one to six months There 15 often nonspecific
improvement, with encouraging change in surface temperatute
and relief of symptoms, for a few months But the results at the
end of a year in the same patient may be entirely negative The
disease may, 1n fact, have progtessed and new ulcers may have de-
veloped

2. Lumbar ganglionectomy 15 simpler techneally and bence
generally more satisfactory than cervical ganglionectomy. How-
ever, Raynaud’s syndrome occurs many times more frequently it
the upper than in the lower extremties, Unsatisfactory results of
Tumbar ganglionectomy ate usually due to the fact that all essential
fibers were not resected The evidence suggests that prcg:mglionif-'
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resections are mote satisfactory than resections elsewhere, although
this point is still debatable. .

We have had two patients in whose upper extremities vasospasm
developed immediately after lumbar sympathectomy. In one, the
typical Ragnaud syndrome developed in the hands for the first
tume. In the second patient, within five houss of 2 left Jumbar sym-
pathectomy the right hand and arm became cold, blanched and
extremely painful After a great vapety of vasodilators with reflex
heat had failed, a stellate block improved the coloe slightly, but 10
months later she still had a disabled hand not unlike Sudeck’s
atrophy.

3. In general, the more advanced the condition the less satisfac.
tory the surgical results.

4. Ganglionectomy is, in my experience, futle in the presence
of scleroderma of even moderate degree. The patient with the
mildest case may recewve temporary benefit, but in general the
operation is not to be recommended for this type of patient.

5. In patients with associated shoulder girdle syndromes includ-
ing cervical 1ib, scalenus anticus, hyperabduction and costoclavicu-
lar, when Raynaud’s syndrome 15 progressive Lord, Huebner and 1
have been investigating exploratoty surgery with freeing of pres-
sure and tension points from the nerves and blood vessels m the
supra- and postclavicular space. Results cannot yet be evaluated.

6. Parathyroidectomy has been recommended for scleroderma,
but 2 number of patients I have observed a year after this operation
have shown no improvement, even though several repotted tem-
poraty waprovement fasting three to sic months This operation
has largely been abandoned for scleroderma,

With the foregong facts in mind, one may say that in uncom-
plicated but progtessively sevete cases of Raynaud's syndrome
properly performed ganghionectomy offers a good chance for relief
from attacks and for the comfort of warm extremities at least for
several years or more, The fund 1 physiot hologi
process 15 probably not affected by the procedure, but‘the nerve
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vasoconsteicting tendency and the probability that the more fre-
quently vasoconstriction occurs in small vessels, the more likely 15
permanent damage to result, On the other hand, smoking does ot
appear to have the specific severe aggravating eflects on Raynaud's
syndrome that it has on thromboangiitts obliterans. Until further
studies clanify this problem, I recommend that patients with med-
erate and severe cases stop smoking. Temperature studies of the
finger-tsps during smoking may disclose patients who are pacticu
larly susceptible to tobacco

SURGERY

It 15 my purpose to discuss only the general aspects of susgery
for Raynaud’s syndcome and scleroderma and the results of various
methods. Conclusive studies have not been presented regarding
some susgical approaches such as ganglionectomy, and new suf
gical methods may be developed. Certain statements may be made
at this time.

1. No conclustons should be drawn regarding the clinical 1e°
sult untsl the patient has been followed for a minimum of on¢
year and preferably three years postoperatively The literature con”
tans numerous reports of little value because based on postoperd
tive check of only one to six months, There 15 often nonspecifi
improvement, with encouraging change in surface temperaturs
and relief of symptoms, for a few months. But the results at the
end of a year in the same patient may be entirely negative. The
disease may, i fact, have progressed and new ulcers may have der
veloped.

2. Lumbar ganglonectomy 1s simpler technically and hence
generally more satisfactory than cervical graghonectomy. How:
eves, Raynaud’s syndrome occurs many times more frequently i
the upper than in the lower extremities. Unsatisfactory results of
{umbar ganglionectomy are usuaily due to the fact that all essential
fibers were not resected The evidence suggests that Preganghonic
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impulses producing the attacks are blocked and the disagrecable
symptoms and sequelae ate temporarily controlled. It is niot rec-
ommended in early cases because in many the disease does not
progress. With evidence of progression and increasingly severe
symptoms, however, it 15 not wise to wait until the disease has
reached an advanced state with sclerodermatous changes if good
tesults are hoped for. Since the condition usually progresses slowly,
the course may be studied for several years One must be aware,
however, of the occasional fulminating case which progresses to
extreme sclerodermatous involvement within four to six moaths.

For details of the preferred surgtcal technics the reader is fe-
ferred to the excellent summares of White, Adson and Brosn,
Craig and Horton, and Pratt, in which the relative menits of dsffer-
ent methods of approach are discussed

Hines and Christensen presented some mteresting data on the
prognosis of Raynaud's disease as it occurs in males. Among 69
cases from their group, sympathectomy was petformed in only
two, both with improvement, although how long the improvement
had been mamntained was not mentioned Of the remaining 67
patients, given conservative treatment, 33 per cent had imP“’"‘d
to the point of having little or no incapacitation at the tume they
reported; 44 per cent reported that their condition had remuned
practically the same or that they were reasonably well ‘The other
23 per cent reported that they were worse at the time of the fol:
low-up than when Iast seen at Mayo Clinic. Thus 77 per cent
enjoyed reasonably good health or at least had niot become WOt
following conservative measures This substantiates the convichion
that surgery is indicated only in rapidly progressive cases.
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cuarrer vii. Fssential Poly:mgiitis
(Periarteritis No(losn; Kllssmnul-Mﬂicr
Discase)

THE TERM “periatteritis nodosa,” commonly used for this bizarre
symptom complex, is an unfortunate misnomer since vessels of
both the asterial and the venous system may be affected, all layers
af the vessel walls are involved by the process and in the majority
of cases nodules are not present. Any and all blood vessels may be
involved and the etiology is unknown. Essential vasculitis would
be preferable, though not necessarily the best term. “Essential
polyangutis” is probably most acceptable.

The drsease 1s generally thought to be relatively rare, only about
350 cases having been teported up to 1940, but on the basis of
actual clinical demonstration 1 many army and civilian hospitals
T belteve that acuity on the part of the clician and the free use
of biopsy technics would make the diagnosis more common Males
are much mote often affected than females, in contrast with lupus
erythematosus disseminatus. It may occur at any age, having been
reported from the age of 10 days to 77 yeats. Approximately 50
per cent of cases occur in the fourth and fifth decades. Mortality
has been conssdered to be extremely high (90-95 per cent), but
1t is probable that many nmuld cases are unrecognized and that as
diagnosis becomes more acute the mortality rates will be revised

The disease was first reported by Rokitansky (1852) and de-
scribed 1n detail by Kussmaul and Maier (1866).
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antisyphilitic arsenicals, thiourea, thiouracil and bacterial infec-
tions, Hypersensitivity may ultimately be found to be the funda-
mental mechanism in a large percentage of, if not all, cases of this
syndrome Some such relationshup should certainly be sought in
cach patient, The following case is an example.

The patient received sulfathiazole for three days for 2 minor focal
infection. Three weeks later pneumonia developed and he was given

Fi6 61 —Essential polyangutss involving small artery of the kidney,

sulfathiazole again, although this deatly was not indicated because
the preumonia was of the prsmary atypical type. He received 4 Gm.
for the first dose and 2 Gm - every four hours thereafter, ‘Twenty hours
later there developed a diffuse etythematous rash with hives. Therap;

was then shyfted o sulfadiazine and he was brought to the hosmtalyr

whaaTE L
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Etiorocy

The etrology of essential polyangitis has not been identified
However, the work of Rich and others has strongly suggested that
the mechanism, at least in some cases, is hypersensitivity and that
the preciprtating substances may be numetous. In 1942 Rich fe-
ported six cases in which the, condition developed durmng serum
sickness and sulfonamide therapy. Rich included the report of one
patient who had serum sickness and who showed the Jesions of
essential polyangtitis without having received sulfonamide therr
apy Death from serum sickness was considered rare priof to 1941
After the sulfonamides came snto general use, death of pan'cnbi
who had had serum sickness shortly before death became more
frequent, for the reason that the sulfonamides administered with
antiserum may prolong life sufficiently to permit setum sickness
to develop before the pattent dies of the mfection. Such wet¢ the
cases first observed by Rich. The clinical manifestations in these
patients were not sdentical, but included urticaria, Iymph node C.“'
largement, maculopapular rash, muscle pain, hematuria, imp™
ment of renal function and hypertension. Histologically Jesions 1t
ali of the cases were typical of essential polyangitis.

T.he possibility that essential polyaagiitis was due to hyper
sensitivity had been suggested by Gruber (1925) and others The
presence of eosinophilia is suggestive. Clark and Kaplan ( 1937)
had found the lesions of essenttal polyangutis :n patrents who ha
developed serum sickness following the administration of sei¥l
Rackemann and Greene, Wilson and Alexander, and others h2%¢
called attention to the frequent relationship_of bronchizllﬂthm
and essential polyangittis Rich and'Greg;ry'm 1943 added fur
ther evidence concerning the relationship of hypersensitivity to
this condition by producing typical lesions in normal rabbits '177
intravenous injection of a single large dose of foreign proteil
Since this aspect of the etiology was presented, reposts have been
published suggesting a relationship to sulfathiazole alone, joding,
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one, all phases possibly heing present at once, which explains the
chanacteristically unpredictable remissions and  tecrudescences
Lestons in the veins are similar to those found in the arteries.

Proposed classifications based on the organs of systems of or-
gans secondarily involved are misleading since each instance is 2
manifestation of the same process. Chance dictates the part of the
vascular tree to be involved. The extent and location of the infarc.
tion of any orgin determines the pathologic process and hence the
symptomatology.

Gruber tabulated the locali of pathol changes found
in 108 cases of the disease (Table 7). Secondary renaf and cardiac

TABLE 7—ORGANS INVOLVED IN 108 Casgs 0F ESSENTIAL POLYANGITIY
Tk % T

urxs %
Kidneys 80 74 Skan, subcutancous tissues 14 3
Heart 7166 Broncht 9 8
Laver 66 61 Beain % 8
Stomach, intestines 50 46 Lungs 4 37
Mesentery, pentoneum. 41 38 Lymph nodes 3 27
Musenlatuse 32 3 Bladder, vreters 3 27
Pancreas 6 33 Spinal cord 2 18
Gemtalia 2 19 Thyroid gland 2 18
Penpheral nerves 20 185 Pleura 2 18
Splee 1§14 Mediustinum 2 18
Adrenals 15 14 Sympatheti¢ nervous system 1 09
Galfbladder B 12 Synovial membrane of joints 1 09

tnsufficiency are common causes of death Death has followed pro-
fuse hemorthage resulting from rupture of arterial areurysms in
various vital areas including the brain, lungs, intestines, liver, kid-
ney and pericardium,

Friedberg and Gross presented pathologic evidence of a close
refationship between theumatic fever and the vascular lesions
termed perrarteritis nodosa. They reported four cases 1 which
widespread “pesiartentis nodosa” was associated with theumatic
fever and theumatic heart disease, confirmed by the presence of
what they believed to be Aschoff bodies in the myocardium. These
were among 13 autopsy cases with essential polyangutis Two
othet cases in the series had histories of fheunatism and evidence
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lestons wete 1n the kidney, where every glomerulus appeated to be com-

pletely replaced by cosinoptuls. Prolonged search failed to revesl 2
single glomerulus which appeared capable of functioning.

PATHOLOGY

The pathologic picture may be considered under two headings:
(1) the vascular lesions characteristic of the disease, and (2) the
effects on vatious organs or portions of the body as a result of inter
ference with their blood supply. .

Ackin suggested division of the charactertstic changes 1o ﬂ{f
small arteries into four stages, In the first or acute stage necross
occurs in the innermost part of the media of the small arterieh
which have no vasa vasorum (the assumption that they have n0
vasa vasorum 1s questionable), and in the outer postion of the
medi2 of large arteries, which have vasa vasorum. In the secor
or subacute phase there is inflammation with exudate, eosinophils
(sometimes in large numbers), Iymphocytes, plasmz cells al:ld
some polymorphonuclear leukocytes are present, 2nd the ﬁtfd ‘m‘
sues around the vessels show beginning proliferation. The jntim?
may also proliferate with the occurrence of occlusion of the fumes
and infarcts 1n various ofgans Aneurysms or nodules may develop
at this stage. The thsrd or chronsc phase is charactenized by the
appearance of granulation tissue around the arteries and the be-
ginning of bealing In the fourth phase the lumen is greatly 1
duced or obliterated and the wall 55 seplaced by scar tissue 47
periarteral fibrosis. The rate at which nodules appear and di
appear in some instances indicates that the change from one phase
to another may be quite rapid

Tiwo points require clatification. (1) Only a small segment ‘Zf
an artery may be involved, other portions showing no Patho]oglc
changes. (2) Although such a division as Arkin’s helps to €%
tallize the conception of the process, it is not actually shu’ply
divided into four phases. Instead, each blends into the succeeditg
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one, all phases passibly being present at once, which explains the
charactersstically unpredictable temissions and  recrudescences.
Lesions in the veins are stmular to those found in the arteries.

Proposed classifications based on the organs or systems of or-
gans secondatily involved are misleading since each instance is a
manifestation of the same process Chance dictates the part of the
vascular tree to be snvolved. The extent and location of the infarc-
tion of any organ determines the pathologic process and hence the
symptomatology.

Gruber tabulated the localization of pathologic changes found
in 108 cases of the disease (Table 7). Secondary renal and cardiac

TABLE 7-~ORGANS INVOLVED IN 108 Cases OF EsSENTIAL PorvaNcums
Tixes % Tiwes %
Kidneys 80 74

Skan, subcutaneous tissues 14 13

Heart 7 66 Bronchi 9 8

Lser 66 61 Bram o 8
Stomach, intestines S0 46 Lungs 4 37
Meseatery, peritoneum 41 38 Lymph nodes 327
Musculature 30 Bladder, ureters 3 27
Pancreas 36 33 Spinal cord 2 18
Gentalia 19 Thysoid gland 2 18
Penipheral nerves 20 185 Pleun 2 13
pleen 15 14 Mediastinum 2 18
Adzenals 1314 Sympathetic nervous system 1 09
Gallbladder 1312 Synovial membrane of jornts 1 09

insufficiency are common causes of death Death has followed pro-
fuse hemotrhage resulting from rupture of arterial aneurysms in
various vital areas including the brain, lungs, intestines, liver, kid-

ney and penicardium
Fr.nedbe:g and Gross presented pathologic evidence of a close
rehtlonship between theumatic fever and the vascular lesions
tefmed penartentis nodosa They reported four cases in which
widespread “periantentis nodosa™ was assocrated with theamatic
fever and :he.umallc heart disease, confirmed by the presence of
::?; t:;y behived to be Aschaff bodies in the myocardium. These
e ong 13 autopsy cases with essential polyangiitis. Two
cases in the series had histoties of theumatism and evidence
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of theumatic valvular disease. Verrucous endocarditis was found
both at autopsy. In two cases abdominal operations were per-
formed for symptoms arising from the periatteritis, and the
authors suggested that in cases of rheumatic fever sbdomind
symptoms shauld call to miad the posstbility of essential poly-
angutss, even though surilar abdominal complaints are encous-
tered 1n uncomplicated cases of rheumatic fever.

Degenerative changes have been noted in the peripheral necves
and, 1 view of the incidence of neuritic symptoms, probably
would mote often be found if carefully searched for. Kernohar
and Woltman concluded that these changes are the result of occ?u-
s1on ot matked narrowing of the lumens of the nutment arterics
to the nerves The degeneration, which is diffuse at the lowet
levels, begins as an infarction proximally. The infarcts may be stn-
gle, multtple or confluent and may wvolve several nerve bum‘]‘lf&
These authors found no 1nflammation in any of the nerves smdied

Eosimophilia —Careful studies of the blood smears frequently
reveal definite cosmophulia This may range from 10 to 70 per ceat
or more and it has been found 1 15-50 per cent of the cases of
essential polyangittis teported in dufferent series. This may be ©
lated to the abservation of Bachr and Pollack that eosinophilia &
usually pronounced in the early stages although st may be absent
1n the later, healing phases.

CLINICAL MANIFESTATIONS

The fundamental clinical observation regarding essential poly-
angiitis is its brzarre pucture which may resemble an almost u?
limited varsety of diseases. The average duration is a few weels 10
five months. However, it has been reported as fatal within fout
hours of the onset of symptorns, and patients have lived for seven
yeacs after 2 biopsy diagnosis. The pathologic process Was Pf°b'
ably present longer than was appareqt in the case of brief duratiot
The symptoms ate so confusing that the diagnosis frequently 1
not made during fife. The syndrome usually appears as 2 fairly
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acute or chronic sepsis with varied Jocal manifestations. The gen-
eral clnical manifestations most often noted are itregular Jow
grade fever, sweating, weakness, loss of weight, prostration, ane-
mia, dyspnes, tachycardia, muscular, neuritic and abdominal pains
and hypertension.

‘The symptoms mamifesting secondary local invoivement ase al-
most limitless in number and variety. For example, neuritis results
from infarction of the peripheral nerves, albuminutia and hema-
tunia from renal infarction, diabetes from involvement of the
artenies of the pancreas, intestinal hemotrhage and colic from
necrosis of the intestrnal mucous membrane secondary to involve-

mant oF sho o g

SRNPERPUNIESL I IEE B .

. . : B :
and is sometimes accompanted by extraordinary changes in the
electrocardiogram. The list might be prolonged indefinitely.

Meyer described a triad of syndromes which he considered char-
actensstic: (1) chlorotic marasmus (of Kussmaul and Majer),
(2) polymyosstis and polyneuritis, and (3) gastrountestinal dis-
tutbances, including cramps, colic, tenderness, signs of peritoneal
uritation, anofexia, vomiting, drarrhea or constipation and gastro-
mtestinal bleeding. A fourth cardinal syndrome—the nephritic—
was emphasized by Brink and by Christeller It may be char-
acterized by albumtnuria and hematuria, edema, nitrogen retention
of the blood, retinitis and edema of the disks and retinas and ele-
vated blood pressure, which may also be due to widespread arterial
involvement Hypertension has been reported in 2bout 30 per cent
of all cases.

Theee types of skin and subcutaneous tissue chan
noted: rash, edema and

ges have been
ubc nodules (Rothstein and
Welt). The rashes have been hemorrhagic, varying from petechial
spots to necrotic ulcerations, or erythematous Edemna, either gen-
etalized or limited to the face o the hands and feet, has frequently
been reported 1t is usuatly considered to be of nephtitic origin
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The subcutaneous nodules represent sacculations (aneutysms) of

thickening in the walls of the arterjes. They are small, firm, pea-
sized, shotltke mmo’nmeqr and usually 2ce qute
superfictal and painless but may be reddened and tender; occasion:
ally suppurative degeneration takes place. These nodules, occur-
ting 1 one m eight cases, aid in the clinical diagnosis and m3y
petmit a positive diagnosis on biopsy study.

Pains in the joints may be severe enough to simulate acute thew
matte fever, especially when several jomts ate 1avolved Lamb
noted joint pamns in 39 per cent of his series. This symptom, t0
gether with myositis, neuritis and sore throat, suggests 2 felatiod”
ship to a rheumatic or arthntic syndrome, Salicylates do not smfu-
ence the symptoms or course,

The abdominal symptoms may be so severe as to simulate 22
acute surgical condition, and operattons have been performed i
reported cases on the basis of preoperative diagnoses of a}:l.xte a}:
penducitis, cholecystitss, cholelithiasis and vatious nephntxf an
perinephritic conditrons. In these cases essential polyangiitis #3S
diagnosed either at operation or at autopsy, when massive htm;
orthage has often been found secondary to ruptured aneurysms o
branches of the cystic, mesenteric or hepatic arterial trees .

Gangrene of a lower extremity n some cases has nccessxt:lt.td
amputation, followed by histologic confirmation of the diagnosts-
It is rather unusual to find several of these syndromes acttve at 08¢
time, the more typical picture being one of sucgessive exacetbations

SR
- patients
neralized

symptoms predominating until death occurs

DiagNosts

‘The most important factor in the recognition of essential poly-
angittis is the physician’s awareness of the existence of the disess¢
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and its vagaries. The extent of potential organic involvement has
resulted in its confusion with a great number of diseases, indud-
ing trichinosis, myositis, purputa haemorrhagica, abscess of the
liver, typhoid and paratyphoid fever, amebiasis, brain tumor,
cholecystitis, vatious nephritic and perinephritic conditions, mili-
aty tuberculosis, ingitis, alcoholic poly itis, lead neuritis
and gastroenteritis, The relation of essential polyangittis to lupus
erytt di and sclerod has been the subject
of much study in recent years, Klemperer and others have sug-
gested that they might well be grouped together with rheumatic
fever under the general heading of diffuse collagenous diseases.
In any case of a prolonged, unexplained fever the diagnosis of
polyangutis must be serously constdered along with Hodgkin's
disease, lupus and subacute bacterial endocarditis.

‘The only signi lab finding is eosinophilia, which is
characteristic when present (15-50 per cent of cases) but is not
specific for the disease, Differentiation from other conditions may
prove difficult and be solved only by elimination, providing a ten-
tative diagnosis, or by biopsy or postmortem examination.

‘TREATMENT AND PREVENTION

The situation regarding treatment has changed somewhat siace
the advent of ACTH and cortisone, Experimentally, remissions of
polyangiitis have been reported. It is difficult to evaluate these ob-
servations since the disease 1s typically prone to remissions. How-
ever, this approach has seemed encouraging and, indeed, cases have
temained atrested for long periods after the use of these drugs.
Further studies are in progress in several hospitals

Symptomatic treatrment should, of course, be used, This must of
necessity be extremely varied and is often unsatisfactory. The judi-
cious use of sedative and vasorelaxing drugs such as Papaverine and
Pantopon may be attempted, but they are probably of value only
for the relief of pain and apprehension. Arsenicals have been used,
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but there 1s no satisfactory evidence of their efficacy. The sulfons-
mudes and antibrotics have proved of no value.

REFERENCES

Atkin, A A clinical and pathological study of perfartentis nodosa+ A seport of
five cases, one hustologically healed, Am. J. Path, 6,401, July, 1930.

Benda, C P: Berl klin Wechnschr 43.333, 1908

Brnkmann Munchen med. Wehnschr, 69:703, 1922,

Chrssteller, E : Arch f Verd kr. 37:249, 1926.

Eppinger, Arch f kit Chir. 33:126, 1887.

Friedberg, C K, and Gross, L.: Penuarterstis nodosa associated with rhrum{ﬂ‘
heart disease, with note on abdom:pal rtheumatism, Arch. Int. Med. 54170,
August, 1934, "

Gruber, G B Vischows Arch £ path anat 245-123, 1923; 1bd 258 4, 1005
Zentealbl f Herz u gefasskr. 18,143, 165, 185, 198, 205, 226, 243 and 269,
1926,

Harcs, W. H, and Freduchs, A V] Exper. Med, 36:219, 19223 } M.
Research 43 285, 1922, . ediat

Hetlitz, G - Clintcal ‘study of three cases of periastentis nodosa, Acta pa
10 105, 1930 .

Kernohan, ] W', and Woltman, H. W,. Perizrteritis nodosa ClxmcaPﬂng’f
study with specral reference to nervous system, Arch Neurol, & Pyt
39 635, April, 1938 665,

Klein, T, 2nd Owen, R H Periartentis nodosa, M Clin North Amenca 17 663
November, 1933 Acute

Klemperer, P, Pollack, A D, and Bachr, G ; Duffuse collagen disease”

i i

Tapus and diffuse scleroderma, JAM A 119 334
May 23, 1942
fotz, @ T 2 Lok aml .
Kussma . ce
Arter - '
Fanse Lo . L
-
. - . . Cigease

Aanges, M., and Bache, G Periasteritis nodoss, Am, J M. Sc. 162:162, 192

Meyer, P S Virchows Arch f. path Anat 74.277, 1878 s

Motley, L.: Peniartentis nodosa, with report of case showing unusual featur
and apparent recovery, JAMA 106 898, Mar. 14, 1936

Qphuls, W.: Arch. Int, Med 32:870, December, 1923 A

Rackemaan, . M, and Greene, . E - Periareritys nodosa and asthma, Tr A A
Physicians 54:112, 1939,

Rich A R« The rala af bucpes - - . oed by

tr . Buff

. - s
- o = tAPUaBentl aemonstration AL "‘"'“525
nodosa 15 & mansfestation of hypersensitivaty, Bull, Johns Hopkins Hosp 72 65

February, 1943



LSSCNTIAL POLYANGIITIS 263

Rokitansky, K. F.s Denhschr d k. Akzd d. Wissensch,, vol 4, 1852, quoted by
Dykson ] Path & Buct. 12 31, 1908

Rothstein, J L, and Welt, S Peruartentis nodosa in infancy and in childhood,

J.Dus Child 45.1277, June, 1933

Schmorl: 1n discussion of Benda C P: Verhandl. d. deutsch path. Gesellsch
G 203, 1903

Spuro, P+ Virchows Arch. £, path. Anat, 227:1, 1919.

Thunnes, P . Frankfurt, Ztsche. { Path, 30 104, 1924,

t Vichows Arch £.path Anat, 227. 0, 1915

, and Alexander, H 1. Relation of penarteritis nodosa to bronchial

asthma and other forms of human hypersensitiveness, ] Lab, & Clin Med

39 199, March, 1945,




cuarter vie Cranial Arteritis (Tempoml

Arteritis)

ARTERITIS PRIMARILY of the temporal vessels was first described
by Jonathan Hutchinson in 1890, but no other cases wete teported
untsl Horton, McGrath and Brown described theits in 1932, Be
tween 1932 and 1944, 36 cases were observed at the Mayo Chnf‘
and cases have been reported n the literature by others. It 15
probable, however, that the syndrome is much more common {hm
the literature mdicates, for I have observed 12 cases in consu{mtmn,
none of which have been reported, and other students of pﬁ‘thl
vascular disease have had a similar experience, 5
Cranial arteritis is a febrile, self-limited discase of variable
duration and unknown etiology which always involves the ter
poral arteries and occasionally also jnvolves other asteries in d"’
cranial system, It occurs in the older age groups, few cases having
been seen or reposted 1n persons under 55. It seems to have 80
predilection for one sex and has no seasonal incidence.

ErioLocy

The general teaction plus the local distutbance suggest that ¢
are dealing with a generalized, debilitating, subacute disease pro!
ably of low grade infectious nature, Although it has been observed
lacgely in persons of the older age geaup, pathologic findings ht¥e
been noteworthy for absence of atheromatous plagues ia the 32
volved asteries. The possibility of an allergic reaction has bet?
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considered, but Stillborn and Wolff pointed out that (1) the rarity
of cosinophilia, (2) the advanced age of the patients and (3) the
locahization of the atteritis are against this theory. The relatively
high incidence of concomitant or preceding oral infection was
thought suggestive, but the evidence 1 this regard is certainly in-
conclusive, The question has repeatedly been asked whether this
15 the same disease as essential polyangittis The available evidence
15 against this view,

PATHOLOGY

The large tempotal arteties are observed as tortuous, swollen,
nodular vessels with or without pulsation and with cellulitis of
the surrounding tissue, The facial, carotid, occipital, cerebral and
retinal vessels may be involved.

Microscopic examination of the temporal artery has uniformly
revealed a panarteritis not readily distinguished from essential
polyangittss (Fig 62). There are hypertrophy of the ntima and
medual necrosis associated with granulomatous tissue and, in some
instances, foreign body grant cells, periartenal cellular infiltration

t fon T

and thromb lic lesions are rare but have
been reported.

SYMPTOMS

The local symptoms include pain and tenderness 1n the region
of one or both temporal artenes. Pain has also been reported in
the jaw, occipital region and elsewhere on the side of the head
and face, The involved temporal arteties are usually reddened,
swolfen and thickened, At first pulsations may be present, but later
thrombosis takes place and pulsations may no longer be felt.
Nodules ot durations ate occasionally palpable. ¥re-
quently thete is 2 generalized pain which appears to be intra-
cranial, and half of the patients suffer pain on mastication, An
tacreasing number of patients are reported to have partial or cam-




cuarrer vin- Cranial Arteritis (Teﬂfpoml

Arteritis)

ARTERITIS PRIMARILY of the temporal vessels was first described
by Jonathan Hutchinson in 1890, but no other cases were repotted
until Horton, McGrath and Brown described thests in 1932 Bf‘
tween 1932 and 1944, 36 cases were observed at the Mayo Clmf‘
and cases have been reported mn the Iiterature by others. It is
probable, however, that the syndrome is much more common {hﬂn
the hiteratute mdicates, for I have observed 12 cases in mmu{tatmn],
none of which have been reported, and other students of peripherd

vascular disease have had a simular expersence.

Cranial arteritis 15 a febrile, self-ltmited disease ©
duration and unknown etiology which always involves the fem-
poral arteries and occastonally also 1avolves other arteties 1 .chc
cranial system. It occurs in the older age groups, few cases having
been seen or reported 1n persons under 55. It seems to have 00
predilection for one sex and has no seasonal incidence

f varable

ErioLogy

The general reaction plus the local distutbance suggest that we
are dealing with 2 generalized, debilitatng, subacute disease P“’b'
ably of low grade infectious nature. Although it has been observe
largely in persons of the older age group, pathologic findiogs h“."
been noteworthy for absence of atheromatous plaques in the i
volved atteties. The possibility of an allergic reaction has been
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considered, but Stillborn and Wolff pointed out that (1) the rarity
of eosinophilia, (2) the advanced age of the patients and (3) the
focalization of the arteritis are against this theory. The relatively
high incidence of concomitant ot preceding oral infection was
thought suggestive, but the evidence in this regard is certainly in-
conclusive, The question has repeatedly been asked whether this
15 the same disease as tial polyangsitis The avatlable evidence
is against this view,

PATHOLOGY

The large temporal arteries are observed as tortuous, swollen,
nodular vessels with or without pulsation and with cellulitis of
the surrounding tissue. The facial, carotsd, occipital, cerebral and
retinal vessels may be involved,

Microscopic ion of the temporal artery has uniformly
sevesled a p itis not readily distinguished from essential
polyangiitis (Fig 62). There are hypertrophy of the intima and
medial necrosis assocated with granulomatous tissue and, 1n some
instances, foreign body giant cells, periarterial cellular infiltration

and thrombus formation Eosinophilic lesions are rare but have
been reported.

SYMPTOMS

The local symptoms include pain and tenderness in the region
of one or both temporal arteries Pain has also been repotted in
the jaw, occipital region 2ad elsewhere on the side of the head
and face. The involved temporal arteries are usually reddened,
swollen and thickened, At first pulsations may be Ppresent, but later
thrombosis takes place and pulsations may no longer be felt.
Nodules or indutations are occ 11 1pabl

t y palp Fre-
quently there is a generalized pain which appears to be intra-
cramal, and half of the patients suffer pain on mastication. An

increasing number of patients are reported to have partial or com-
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plete loss of vision as a result of cranial arteritis. Diplopia and
photophobia have also been noted. In a case reported by Shannon
and Solomon bulateral complete loss of vision was believed due
to the fact that the retinal artery had become the site of a patho-
logic process sumilar to the one observed in the temporal artery.

Fi6 62 —Cranial arteritis Typical section from rvolved temporal artefy

Mental sluggishness, dizziness, vomiting, dysarthria, deligurm
and even coma have been described, and some patients appeat
never to recover completely from lethargy or mental detersoration-
Generalized symptoms characteristic of the syndrome include
weight loss, which may be up to 30 or 40 Ib., fever, anorexi%
general malaise, sweating and weakness. The fever may averagt
100-104 F. and may persist 2 long time, as in one patient 1ab
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served who had fever for 13 months. Pain has been reported along
the course of brachial and radial arteties and in the thighs, knees
and ankles, although it is entirely possible that such cases really
are examples of essential polyangiitis rather than of cranial
atteritis

Results of laboratory studies have nat been very specific. Leuko-
cyte values of 7,500-15,000, with some increase in the proportion
of polymorphonuclear cells, are common. Eosinophilia is chatac-
tersstically absent, in contrast with essential polyangiitis. Bacteri-
ologic studies have been disappeinting. Vatious wotkers have
ssolated actinomycetes, streptococei, Staphylococcus aureus and
other organisms, but there has been no constant bacteriologic find-
ing and none of the postulates of Koch have been fulfilled.

The following differences between essential polyangiitis and
temporal arteritis are apparent.

Essewtian PoLvanctitas
May occur at any age, even infancy

Generalized mvelvement, often with

Cuxtat, Avraarzss

All patients previcuasly feported,
over 55

Sharply localized to_temporal ac-

seril snvolvement of one set of ves.
sels of body after another; veins
may be involved

Involvement of temporal arteies
alone extremely rare at any phase
Eosnophihia 1n 15-50¢6

Usually, but not invariably, fatal

teries and arterses of head closely
associated with temporal arteries.

Temporal arteries always involved

Eosinophilia absent or very rare
Prognosis goods, no teported fatalie
ties, but several cases of permanent
blindness

TREATMENT

Without treatment the pain and other manifestations tend even-
tually to subside, with permanent cure. Of the 12 patients 1
have seen, the six with the most severe symptoms have had ex-
t:}sion of the involved temporal artery or arteries. Five of the
six received almost dramatic relief within 24 hours postopera-
tively, slthough pain in the temporal arteries had been present in
some for a number of months, The sixth patient complained of
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severe intracrantal headache behieved to be due to the involvement
of intracranial vessels.

The simple procedute of exciston of the involved temporal
arteres is advisable in all cases in which pain is sevete. Although
pain 15 usually relieved, the general manifestations of the disease
will not necessarily substde following excision of the temp'om]
artertes, One patient 1n whom the temporal arteries were excised
had complete relief from pain, but fever, malaise, weakness and loss
of weight persisted for 13 moanths, followed by complete recovery

Roberts and Askey have reported relicf from the pain and hesd-
aches of cranial atterstis following the periarterial myection of 1 pet
cent procaine hydrochlor:ide. In some cases it was necessary to repext
the injections on sevetal days.

No other form of treatment has been demonstrated to be of 207
value The usual drugs—salicylates, codetne and papavetine—miy
be tried for the relief of pain, despite their frequent f.ul:ue, Be-
cause the course 15 frequently relatively long, the injudicious wse
of narcotics must be avoided.

Through the courtesy of Lawrence Meyers and Jere W. Lofdx
Jr, the following case 1s included.* It is instructive in that it io°
cludes most of the common features but has the added interest of
being in one of the youngest, 1f not the youngest, patients of
record and in presenting certain unusual pathologic findings, 80"
tably profound periarteritis,

A housewife aged 22 was admitted to the New Yotk Posr—Gﬂd‘i‘;
Hospttal 1n Decernber, 1945, with the chicf complaint of feft-s
temporal headaches of three months’ duration. Although she had 5P
rienced mild intermittent left-sided headaches for a year, 1n Septembets
1945, the pain became sharply localized to the left temporal xcgwr:
and was associated with deep-seat:d retrobulbar discomfort, The patied”
felt a throbbing sensation and tenderness in the temporal eB©8- In
addition there were mild general symptoms of chilliness, fever, malaise

¥This report sppeased in the Journal of tbe American Medical Association ¥
with Figures 63 and 61 is reproduced with permussion of the Journal:
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and weshness Physical examination at that time gave essentially neg-
ative results except in the Jeft temporal area, where the temporsl attery
was dsscovered 1o be thickened, beaded and tendes and showed a
feeble pulsation, The skin ovetlying it was seddened, The artery was
involved for 4 cm (Fig 63). The peneral symptoms cleared in 2 few
dags and the local manifestations in three weeks. During the next two
months the patient was troubled only by mild intermittent left-sided
temporal headaches, Results of an ophthalmologic examination by Dr.
Rudolf Acblt at this time wese negatne, Three wecks befote hospitali-
zation the focal symptoms and signs recurred with great intensity but
without any of the constitational symptoms.

Exarmnation on admission showed the left temporal artery to be
thickened, beaded 2nd tender and a faint pulsation was palpable. The
skin overlying the artery was not reddened Examination of the other
arteries of the scalp and extrematies gave negative results. Tempetature,
white blood cell count, sedimentation rate and urine were normal. On
December 22, under local anesthesis, the entite involved segment of the
left temporal artery was removed. Immediately the headache and retro-
bufbar discomfort subsided. Dr. A. E. Margulss, of the Department of

Darbuafnnes avanmed sty cm -2

ann iy e aesv UL UL LG LESSEL WALL Seetns Sightly thrckened
but 15 still pliable and around the vessel is a cuff of fibromuscular con-
nective tissue

“Microscopic: This artery was cut serially from end to end and
studied 10 hematoxylin-cossn, trichrome, elastica, van Gieson’s and
Gram's stains. The vessel shows both pernarteritss and artenstis, The
most striking change is the peniartenitss. This appears as an eccentric
cap in the perivascalar tissves, suttounding one-thitd to one-half the
perimeter of the vessel, and 1avades the surcounding fibrous and muscle
tissue  The fesion extends for a considerable distance in the long axis
of the attery and probably accounts for the nodulanity before excision.
This periarterial inflammation is an atea of granulation tissue, with
numerous small caliber, thin- and thick-walled vessels in an area of
delicate fibrass infiftrated fur loemabn 3 21 21 w oL -

suusutiut pigment No grant cells are seen :
The changes in the vessels involve all coats and ace proliferative and
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severe intracranial headache believed to be due to the mvolvement
of ntracranial vessels

‘The simple procedure of excision of the involved temporal
arteries is advisable in all cases 1 which pain is sevete. Although
patn 15 usually relieved, the general manifestations of the disease
will not pecessartly subside following excision of the temp'Dﬂ‘
arteries. One patient in whom the temporal arteries were €XCl
had complete relief from paun, but fever, malaise, weakness and Joss
of weight persisted for 13 months, followed by complete recovery

Roberts and Askey have reported relief from the pain and head-
aches of crantal artenitis following the periarterial 1jection of 1 p&
cent procaine hydrochlonde. In some cases 1t Was necessary to 1epeRt
the injections on several days

No othet form of treatment has been demonstrated to be of any
value. The usual drugs—salicylates, codeine and papaverite—m2y
be tried for the relief of patn, despite their frequent failuce Be
cause the course 15 frequently relatively long, the injudicious V€
of narcotics must be avorded.

Through the courtesy of Lawrence Meyers and Jere w. T-"fa:
Jr, the following case 1s wcluded.* It is instructive in that 1%
cludes most of the common features but has the added interest of
beng in one of the youngest, if not the youngest, patients o8
record and in presenting certain unusuzl pathologic findings, 1O
tably profound periarteritis.

A housewife aged 22 was admutted to the New Yotk Post-Gud.uJ:;
Hospital 1 December, 1945, with the chief complunt of eft sid
temporal headaches of three months’ duration. Although she had expe
riened mild intermittent left-sided headaches for a year, in SepremAe
1945, the pain became sharply localized to the left temporal 1¢8%
and was associated with deep-seated retrobulbar discomfort. The patiert
felt 4 theobb and tend, in the temporal f¢g®" /
addition there were mild general symptoms of chulliness, fever, malais®

“Thes report appeaced n the Journal of the American Medreal Asgosiation 0%
with Figuses 63 and 64 is seproduced with permussion of the Jourfls
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fibroblastic rather than exudative. The intima is much thickened n
trregular fashion so that the luminal surface is scalloped; the lumen is
much reduced in caliber but nowhere obliterated or filled with
thrombus, The thickening of the intima 15 by a generally loose, finely
brillar connective tissue in which are found occasional groups of
smooth muscle cells The luminal surface is covered by an intact layer
of slightly swollen endothelial cells ‘The internal elastica shows focal
changes. Thete are ateas of degeneration where it stains poordy and 15
\ery finely crenated, and areas where 1t 15 completely absent, at the
marguns of such areas shadows of elastic fibers being noted. The mus-
cular coat shows puncipally focal atrophy, areas of partial disappear-
ance of the muscle fibers by a finely fibnflar fibrosis. No giant cells are
oted 1 any coats of the vessels. Bactensa ate not demonstrated either
1n the wall of the vessel o in the pernascular inflimmation (Fig 64)
“Diagnosts: Penartetitis and arteritis of segment cf temporal artery
"Note The changes described do not conform precisely to the husto-
logic changes reputed to occur in the syndrome of temporal artenitis
More speafically there s not the exudative giant cell arteritis which has
been found 1n the active phases of this syndrome. It must be em-
phasized, however, that not all the biopsies o autopsies performed 1n
thus disease have shown such giant cell artentis, Relatively few histologic
studies have been made, and 1t is doubtful that the complete Life cycle of
ths fesion has been delineated. Clinicalfy it 1s known that the lesion re-
gresses and that the artery appatently returns to normal, but not much
1s known about the histologic structure of the healing or late stages.”
The patient was seen at frequent intervals for 12 months postopera-
tively and had remained entirely free from headache and retrobulbar
pain The operative site remained weli healed and the proximal pormal
teft ternporal attery was compressible, nontender and pulsated normally
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Fic. 63 (abote) —Cranial artenttss, Swollen, inflamed segment of satero!
sranch of left temporal astery, with process extending 3 em beyond the hait $i0¢
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esected temporal artery, showing most pronounced inflammatory changes io €
envasculas region (Figures 63 and 64 from Meyers, L, and Losd, J. Wo J*
JAM.A, 136.169-171, Jan. 17, 1948; reproduced with permission.)
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rucous endocarditis,” which is related to lupus erythematosus
d i Since 1924 papess have apy d which
described the disease from the clinical and pathologic standpoints.

Ertorocy

The etiology is unknown. Eatly theories of its relation to tuber-
culosts have been discarded. The disease may appear at any age,
although most of the patients reported on have been in early adult-
hood and middle age Females are much more frequently af-
fected than males. At present 1t is fashionable to consider this,
along with numerous other discases, as an allergic response to an
unknown agent, but the evidence with reference to fupus erythe
matosus 15 too limited to justify acceptance at this time.

PaTHOLOGY

In 1941 Klemperer, Pollack and Baehr and their co-workers
fiest called attention to the fact that these lesions were local ex-
pressions of a mortbid process affecting the entire collagenous
tissue system. The most prominent alteration is fibrinoid degenera-
tion, There ate thickening and straightening of the collagen fibers,
which are more friable than usual. There are matked eosinophilia
and refractibility, There is a visible increase 1n the ground sub-
stance All these changes are due to a profound physicochemical
abetration of the colloid state of the connective tissues.

In Libman and Sacks's four cases (1924) endocardial lesions
were described as atypical verrucous endocarditis Clinical signs
included fever, progressive anemia, pericarditis, arthntis, white-
centered petechiae, erythematous puspuric rashes, ulcerative
lestons of the mucous membranes, pieural and pulmonary symp-
toms, multiple embolic phenomena, enlargement of the liver and
spleen, acute glomerulat nephritis, a tendency to leukopenia 2nd
repeatedly negative blood cultures ‘Two of the four patients had
an eruption of the face resembling lupus etythematosus dissemi-



CHAPTER IX* Lupus Erytl‘lematosus

Disseminatus

BEFORE WE ENTER on a discussion of lupus erythematosus it is
essential to consider the most recent theories regarding its rcl:];
tonship with scleroderma and similar diseases Klemperer, Polla
and Baehr and others have found that certamn diseascs affect lh;
connective tissue system throughout the body and might be call}ex
diffuse collagen diseases Misinterpretation gave fis¢ o f‘]e
erroneous impression that the diseases themselves ar¢ .mcessalfﬁ);
related. Klemperer and his co-workers have been quite SPEC’.“
on this pomnt: " . . . to identify this system as the seat of certall
diseases 15 by no means to 1dentify these diseases with one anothet,
or even to relate them This would be an unjustifiable over
sumplification.” )
In 1845 Hebra first described lupus erythematosus as & 'CH‘;
neous disease usually of localized nature. He used the te{m s
orthea congestva.” Six years later Cazenave gave the disease ni
present name. In 1872 KaPosi poimed out that the disease somt.
times had generalized systemic reactions and was at times respon
sible for death, Three of his 11 patients died while under hl:
observation In 1895 Osler described a group of cases in 2 pape
entitled “On the visceral complications of erythema exudativum
multiforme,” and in 1924 Libman and Sacks described the de-
velopment of mural and valvular endocardrtis or "arypic:l ver
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the capillary bed in certain aress, as in the skin, with bloody and
setous extravasations, perforative lesions of the endothelial linings
of the capillaries, arterioles and venules associated with thrombi
which often obstructed of occluded the Jumens and degenerative
and necrotizing lesions in the walls of these vessels associated with
thrombosis and sometimes with hemorrhages in the adjacent tis-
sues.

Glomerular changes consisting of perforative and thrombotic
fesions of the capiliary loops have often been observed. It was
thought at one time that 2 peculist hitar thickening of the capil-
lary walls, termed the “wire loop lesion,” was specific for the
disease, but that is not the case. It is, howevet, typical of the dis-
ease.

Although there has been 2 considerable discussion as to whether
so-called Libman-Sacks disease is the same as lupus erythematosus,
the general inclination seems to be to consider the two conditions
different manifestations of the same syndrome. This subject is
appropniately included 1 a bock on peripheral vascolar disease
because of the ugh 1ncidence of blood vessel involvement, usually
of the smaller radicles. Fibrinoid degeneration involving the ad-
ventitia of the blood vessel walls 1s common and often widespread
Perarterial fibrosis 1n an “onion skin arrangement” is often found
involving the smaller arteriofes, pasticularly those of the spleea,
Aad not infrequently there is an invol t of the blood vessel
walls resembling the changes seen in essential polyarteritis.

These are no serologic of skin tests which aid in the establish-
ment of the dsagnosis. A false positive Wassetmann serum seaction
may be present duting an exacerbation of dissemnated Tupus
erythematosus A biopsy of the skin lesion, when present, and the
antopsy findings are the sources of positive information. Cells
alleged to be quite speafic for lupus have been described by Har-

graves and by Montgomery and McCresght and cthers. They are
found most easily in the sternal bone marraw.
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natus. Autopsy revealed verrucous endocardial vegetations whose
structuce differed from that of rheumatic and subacute bacterial
endocarditis. The lesions contained no bactera Aschoff bodies and
Bracht-Waechter lestons were not found. In two cases there was
difiuse glomerular nephritis, in three plenritis, in o0 broncho
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Fic 65 —Lupus erythematosus dissempatus Drawing showng verrucous 12

volvement of heart (Courtesy of Dr Teresa McGovern.)

pneumonia, in one ascites and 1n three enlargement of the spleen
with small splenic infarcts. '

Post described in detail the cardiac changes in 11 cases of atypt-
cal verrucous endocarditis. Five of the patients, all females, bad
eryth eruptions bling acute lupus erythematosss:
Microscopic study revealed remarkable vascular lesions extending
throughout the finer ramifications of the systemic 20d sometimes
the puimonary circulation. They consisted of simple dilatation of
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globubin values were above 2.5 Gm. and in 2 cases hc}ow this
amount. Reactions to scrologic tests for syphilis were negative in all
cases, Abnotmal urinaty values, including albuminutia, pus and
casts, were found in 14 of 17 cases.

The nondisseminated cutaneous lesion, commonly termed
chronic discoid Inpus erythematosus, is the usual form of eruptian.
Although common on the face, in typical butterfly pattera, it may
appear elsewhere There is an enytt scating app e
which becomes increasingly red or fades out in a few dags. The
individual lesion begins as a small red macule in a slightly raised
edematous area which spreads peripherally, Tt 15 later covered with
adhetent grayish scales, I 1

or wide- hed fol-
licles and follicular plugs ate scen, Telangiectasia is common, Late
in the disease the skin becomes atrophic, The course progresses
through the stages of increased follicular openings with telan-
giectasia over 1 period of years, Sometimes the fesions appear to be
mote of an urticarial nature. There js a resemblance to psoriasis or
lichen planus, and in some cases there is a hyperkeratotic discoid
appearance with a grayish depressed area centrally.

This desmatologic description is included here becanse these
skin lesions frequently blossom forth mto a widespread dissemi-

nating process with a fatal ending $ince acute disseminating lupus
yth is almost invatiably fatal, its is of great
Pprogrostic importance. 1t sho

uld be noted that occastonally a false
seaction is obtained
As is the case with many other diseases javolving the blood
vessels and other widespread systems, chance determines the area
affected and hence the predominant symptoms, It is necessary to
phasize that not infrequently the ify of the disease
are confined to the mternal organs, cutaneous involvement not

being apparent until relatvely late in the course. Such 2 case was
seen in 1944

positive Wi

A nurse in an Amy hospital had suffered for nearly a year from
tntermuttent fever, weakness and loss of 35 Ib. She complained of vague
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CLINICAL MANIFESTATIONS

The course of lupus erythematosus disseminatus may vary from
a relatively acute development with early death to a subacute of
even chronic course lasting one or more years Some patrents with
unusually chronic cases have lived more than five years In acute
cases high fever and a rapidly progressive downhill course are
common In chronic cases relapses may alternate with remissions
of vanable extent

The common clinical features include fever, tachycardia, ptos-
tration, weight loss and weakness, with leukopenia, anemia and
thrombopenia ‘The urne may contain albumin, casts and bloo.d-
Hemorrhagic phenomena such as extenstve purpura or petechlal
spots and bleeding from the mucous membranes are not uncom:
mon Retinal changes in the form of rather typcal penvasculat
hemorrhages or fluffy exudates are often seen. Serous membrane
manifestations nclude pleurssy, perscarditis and ascites. The joints
ate often involved. The lymph nodes may be swollen and tender.
The spleen may be enlarged and abdominal complaints are usual

In 18 cases seen at autopsy, reported by Griffith and Vural, the
symptoms and signs encountered were tachycardia over 10010 18;
dyspnea 1 16; jotat pains 1n 13, butterfly rash in 11, ankle edema
10 6, cough 1 6; chest pamn in 4, nausea and vomiting in 3, cOnges®
tive heart failure with hepatosplenomegaly in 3; vaginal bleeding
in 2; pericardial effusions 1 2, epistaxis in 1, Broncho- of Iobat
pneumonta was the termmal event 1n 13 cases. Nine of 12 patients
who had electrocardiographic study showed abnormalities, but 20
charactenistic pattern was found

Laboratory studies showed hypochromic anemia in 17 cases In
six the erythrocyte counts were between 2,200,000 and 3,000,000
per cu. mm. Fourteen pattents had leukopenia. In four the count
was normal or moderately elevated. Sedimentation rates were ele”
vated in all five patients in whom it was determined. In two of 13
cases the total protein values were below 5 Gm, In 9 of 13 the
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globulin values were above 2.5 Gm. and in 2 cases below this
amount, Reactions to serologic tests for syphilis were negative in all
cases. Abnormal urinary values, including albuminuma, pus and
casts, were found in 14 of 17 cases.

The disseminated a lesion, ¢ ly termed
chronic discoid lupus erythematosus, is the usual form of eruption.
Although common on the face, in typical butterfly pattern, it may
appear elsewhere. There is an erythematous saling appearance
which becomes ncreasingly red or fades out in a few days, The
indindual lesion begins a5 2 smalt red macule in a slightly raised
edematous area which spreads peripherally. It is later covered with
adherent grayssh scales. Frequently patulous or wid thed fol-
Licles and follicular plugs are seen, Telangiectasia is common. Late
in the disease the skin becomes atrophic, The course progresses
through the stages of increased follicular openings with telan-
giectasia over 2 period of years, Sometimes the lesions appeat to be
more of 20 urtwatial nature, Thete is a sesemblance to psotiasis og
lichen planus, and in some cases there is A hyperkeratotic discoid
appearance with a grayish depressed area centrally,

This dermatologic desctiption is included here becanse these
<kin lesions frequently blossom forth 1nto 2 widespread dissemi-
mating process with 4 fatal ending Since acute disseminating lupus
erythematosus is almost invariably fatal, its recognition is of great
proguostic importance. It should be noted that occasionally a false
positive Wassermann reaction is obtained,

As 15 the case with many other diseases involving the bload
vessels and other widespread systems, chance determines the area
affected and bence the predominant symptoms. It is necessary to

et that not infrequently the manifestations of the disease
are confined to the internal orgaps, cutaneous involvernent not

bcing. appatent uatil relatively late in the course Such a case was
seen in 1944

A nurse in an Army hospital had suffered for nearly a year from
ntermuttent fever, weakness and loss of 35 b She complained of vague
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pains scattered throughout the bedy. The urine on numerous occasions
had contained albumin and a few casts, Red cells were usually present
n small numbers, Several months before I saw her she had complained
of gastric symptoms, but these had subsided. There had been some
debate among her phystcians as to whether 2 cardiac murmur of organic
stgaificance had been heard. A presystolic murmur over the mitca] arex
had been described by some, but was denied by other examiness The
temperature was of septic type, the peaks each day ranging from 1013
to 103 F. Diagnosis with certainty had been mpossible. Essential poly:
angutis and lupus eryth d were constd ! d an
Hodgkin's disease was thought likely. On the morning I saw this patient
she conveniently produced a perfect butterfly rash over the cheeks 2nd
actoss the saddle of the nose. This was the first rash she had had and ¢t
clarified the diagnee's ¢ ==~ ~ 0 -1 cr e
more typical cases . s
naturally, of great

Exposure to sunlight or ultraviolet light was formerly used in
treatment of the skin lesions until it was noted in numerous pa-
tients that dissemination followed extensive exposure to the sus.
Dissemination has also been noted to follow acute infections, sut-
greal procedures and other sncidents which disturb the overall
balance of the patient's physiologic function in one way or anothet
No doubt in some instances dissemination has been coincidentsl

TREATMENT

As in many other diseases, 50 too in lupus the advent of ACTH
and cortisope has opened the possibility of thetapy. Remissions have
repeatedly followed closely the administration of these substances,
and my experience confirms the belief of others that this has beea
mote than coincidental, In 2 few patients these remissions have
been more complete and mote lasting than those previously ob
served in patients from very advanced states,

For example, 2 young woman was seen who had been demonstrsted
by biopsy to have steadly disszmimtmg Iupus for two years Without
appreciable remussions she had run o fever, had developed a dustolec
apical mutmur, and accumulations of fluid in the right side of the chest



Fic 66 (abore) ~Lupus erythematosus duseminztus Typical butterfly rash
extended over bridge of nose, laterally on the cheeks and up to forehead
(Coustesy of Dr George M Lewas )

Fi6 67 (below) —Lupus erythematosus disseminatus, with ulceration of
scalp {Courtesy of Dr Galbert Marquardt.)
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and abdomen Following the admmisteation of 25 mg. of ACTH four
times a day the fever promptly subsided, the flud cleared from the
chest and abdomen and a general feeling of well being returned Her
butterfly rash disappeared She has been maintained on Cortone (25
mg orally) for 30 months without a relapse.

It must be noted that even temporary remissions are not universal
with ACTH and cortisone therapy. In many pattents the temporary
improvement is not maratained.

Fusthermore, the therapy 1s not without risk Whenever one
admunusters these drugs untoward effects must be watched for.
Among the most common are (1) development of the so-called
“moon-face,” a rounding out of the facial contours; (2) retention
of salt, with gun in weight due to edema; ( 3) mncrease 1 the blood
pressuse to hypertensive levels; (4) albuminusia and other unndty
abnormalittes, with aggravation of these 1f already present, (5)
mental disorientatton; (6) convulsive states, with death 1 some
instances. The Jast has been encountered especially in patients with
disserminated Iupus

Although most of the complications of ACTH and corttsone
therapy are reversible on reduction or discontimuance of the sub-
stance, the convulsive state may be irreversible, Therefore, we must
conclude that although ACTH and cortisone may offer advantages
not previously avaiable to these pattents, they cannot be admin-
stered without very serious thought and meticulous observation

Treatment otherwise 15 symptomatic, and 1ncludes rest and even
hospitalization 1f fiecessary to secure proper nutsing cate Exposute
to sunlight must be avorded, Supportive treatment should soclude
transfusions and vitamin therapy. Gold, bismuth and iodine have
been used, but their value 1s doubtful,
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and abdomen Following the admunistration of 25 mg. of ACTH fout
times a day the fever promptly subsided, the flurd cleared from the
chest and abdomen and a general feeling of well being returned. Her
butterfly rash disappeated. She has been maintamed on Cortone (25
mg orally) for 30 months without a relapse,

It must be noted that even temporary remissions are not universal
with ACTH and cortssone therapy. In many patients the temporaty
improvement is not maintained.

Furthermore, the therapy 1s not without risk. Whenever on¢
administers these drugs untoward effects must be watched for.
Among the most common are* (1) development of the s()-ll‘ﬂ}ed
“moon-face,” a rounding out of the facal contours; (2) retention
of salt, with gain 1n wetght due to edema; (3) increase 1n th; blood
pressure to hypertenstve levels; (4) albuminunia and other urinify
abnormalities, with aggravation of these 1f already present, (%)
mental disorsentation; (6) convulsive states, with death 1 some
mstances The last has been encountered especially 1n pattents st
disseminated lupus

Although most of the complications of ACTH and cortisone
therapy are reversible on reduction or discontinuance of the sub-
stance, the convulsive state may be irreversible, Therefore, we must
conclude that although ACTH and cortisone may offer advantages
not previously available to these patients, they cannot be ﬂdn:“"'
istered without very serious thought and meticulous obsesvation

Treatment otherwise 1s symptomatic, and includes rest and even
hospitalization 1f necessaty to secure proper nursing care Exposte
to sunlight must be avotded Supportive treatment should include
transfusions and vitammn therapy. Gold, bismuth and jodune hase
been used, but their value 1s doubtful

REFERENCES
Bachr, G ; Klemperer, P., and Schifin, A A diffuse disease of the Pmphml
arculation (usually assocrated with lupus erythematosus and endogarditis)
Tr. A Am Physicrans 50 139, 1935,
Banks, B M Is there 2 common d n sclerod I} sitiss o
5 § lupus , the Libman.Sacks syndrome and polyarterits
faodosa? New England J Med 225 433, Sept 8, 1911,




LUPUS LRYTHEMATOSUS DISSLMINATUS 281

Cazenave, P LAt Ann d mal de a peay 3 297, 1831,

Fox, R A: DI d lupus 1l
36 311, September, 1913,

Ginzler, A M, and Fox, T, T,» Dusseminated lupus erpthematosus A cutaneous
mamfestation of a systemic discase (Libman-Sacks), Arch Int Med 63 26,
January, 1940

Gufith, G C, and Vural, 1 L Acute and subscute disserminated tupus erythem-
atosus, Circulation 3 492, Apal, 1951

Guion, G. M, and Adams, [ C.: Six autopsied cases of disseminated fupus
erythematosus, Am J M S, 205 33, January, 1943,

Hargtaves, M D, Richmond, H, and Meston, R Presentation of two bone

marrow elemengs, tart’ cell and L. £* eell, Proc Staff Mest, Mayo Clia
2325, Jan 21, 1948
Hebra, F.: Zische d kk Gesellsch d Arzte 20 Wien 1 40, 1845
Kapos, M Arch f Dermat u Syph 4 36, 1872
Klemperer, P, Pollack, A D, and Bachr, G - Pathalogy of disseminated lupus
erythematosus, Arch Path 32 369, October, 1941
———. Dsffuse collagen disease, JA M A 119 331, May 23, 1942,
+ On the pature of acute lupus erythematosus, New York State J Med
42 2225, Dec 1, 1942,
Libman, E, and Sacks, B A hitherto undescribed form of valvular and mural
endocardibis, Arch Int Med 33 701, 1924
A hitherto undescuibed form of vatvular and mural endocardutis, Tr.
A Am Physicans 38 46, 1923

Montgomery, H Patholopy of lupus erythematosus, Proc Staff Meet, Mayo
Clin 15 678, Oct 23, 1940

disease? Arch Path

, and McCreight, W G D: d lupus eryth , Atch,
Dermat & Syph 60 356, September 1949
Oleary, P A Prognosts and treatment of lupus erythematosus, Proc. Staff
Meet, Mayo Clin 15 686, Oct 23, 1940
Oslet, W On the wisceral il
Am J M Sc 110 629, 1895

of erythema 1




280 VASCULAR DISEASES

and abdomen Following the admunistration of 25 mg. of ACTH four
times a day the fever promptly subsided, the flud dleared from the
chest and abdomen and a general feeling of well being returned, Her
butterfly rash disappeared. She has been maintained on Cortone (23
mg orally) for 30 months without a relapse.

It must be noted that even temporary semissions ate not universal
with ACTH and cortisone therapy, In many patients the temporaty
mprovement 1s not mantamned.

Furthermore, the therapy 1s not without risk Whenever one
adminssters these drugs untoward effects must be watched for.
Among the most common are (1) development of the so-cal!cd
“moon-face,” a rounding out of the facial contours; (2) retention
of salt, with gain 1n weight due to edema; (3) screase i the blood
pressure to hypertensive levels, (4) albuminuria and other urinary
abnormalities, with aggravation of these 1f already present; (5)
mental disorsentation; (6) convulstve states, with death i sol'ﬂc
tnstances The last has been encountered especially 1n patients with
dissemunated Iupus

Although most of the complications of ACTH and cortson¢
thetapy are reversible on reduction or discontinuance of the sub-
stance, the convulsive state may be 1rreversible, Therefore, we must
conclude that although ACTH and cortisone may offer advantages
not previously available to these patients, they cannot be adr{llﬂ'
istered without very serious thought and meticulous observation

Treatment otherwise 1s symptomatic, and includes rest and even
hospitalization 1f necessary to secure Pproper nursing care Exposut®
to sunlight must be avoided Supportive treatment should snclude
transfustons and vitamin therapy. Gold, bismuth and iodine have
been used, but their value 1s doubtful

REFERENCES
Bacht, G . Klemperer, P, and Schufrin, A A diffuse disease of the periphera!
greulation (usually associated with lupus erythematosus and endocarditis)
Tr A Am Physicians 50.139, 1935,
Banks, B M Is there 2 common in sa
d d lupus eryth , the Libman.Sacks syndrome and poly
nodosa? New England J Med 225 433, Sept 8, 1941
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When a true cervical £ib or elongated transverse process is pres-
ent x-ray diagnosis is faicly simple. When 2 nonradiopaque tendon
or aartilaginous band is producing the pressure diagnosis becomes
increasingly difficult.

The work of J. B. Murphy and later of Adson and Coffey fo-
cused attention on the role of the scalenus anticus muscle in the
production of ular symg logy of the shoulder gir-
dle and also on the fact that division of the muscle might in many
cases relieve the symptoms and signs. Adson and Coffey demon-
strated compression of the subclavian artery by the scalenus anticus
muscle against the lower and middle trunks of the brachial plexus
as they lie on the cervical tib. There 1s also a tendency to pinching
between the anterior and the medial and minimal scalenus muscles
above theit points of attachment to the first b The importance
of the cervical rib has decreased in medical thought except in cer-

tain definite cases and the significance of the scalenus anticus syn-
drome has increased.

Naffziger and Grant collected from the literature 51 cases up
to 1938 in which symptoms of cervical nib were present but in
which the anomaly was net found Haven n 1939 reviewed the
chest x-rays of 5,000 patients and found abnormalities of the first
thoracic rib 1n 38 patients (0.76 per cent). Thirty patients (0 74
per cent) had cervical ribs, none with symptoms, Only two of the
Ppatients with abnormalities of the first thoracic b had symptoms
referable to the abnormality. One showed definite obliteration of
{he subclavian artery in 2 certain position  Scalenotomy resulted
in n.mkcd improvement, In the second there was definite pares-
th:slalof the arm, and the anterior two thirds of the malformed
first 1ib were resected to free the plexus of torsion and tension
with good results

Cen‘rical nbs that produce significant clinical findings are cer-
tanly infrequent. Adson and Coffey in 1927 reviewed the records
of Srf(l.ha patients registered at the Mayo Cliic and found only
303 in which a diagnosis of cervical rib had been made, an inc-



CHAPTER X Neurovascu]ar Synt]romes Of

tlle Slxoultler Girclle

THERE ARE at least four general types of anatomic derangement
of the shoulder girdle which may be responsible for neurovasaulat
syndromes 1nvolving the upper extremities These, 10 order of
their recognition and description, are (1) the cervical £ib sy
drome, (2) the scalenus anticus syndrome, (3) the costoclaviculat
syndrome, and (4) the hyperabduction syndrome.

CERVICAL RIB AND SCALENUS ANTICUS SYNDROMES

Galen and Vesals were cognizant of the presence of cervical
ribs. Careful anatomtc studies revealed that the symptoms of the
cervical rib syndrome arose from extensions of the transverse pre©
esses, or cervical tibs, ansing from the seventh, sixth or, ratelf, the
fifth cervical vertebra, It was later demonstrated that the symptoms
mught be produced by fibrous or cartilaginous bands in the absence
of 2n actual nb structure with a calcium composition. In 1743
Hunauld described the present concept of this Pg(hologic entity.
In 1861 Coote performed an operation for a cervical rib syndsome
with relief of symptoms. Since the work of these early jnvestigators
it has been recognized that a supernumerary rib or a band in the
cetvical area might be tesponsible for pressure on the subclavian
artery and brachial plexus which in turn might cause paresthesilsr
coldness, impairment of circulation and even gangrene of the
fingers.
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of the neck. These movements caused pinching of the vessels and
the plexus between the anterior surface of the first rib and the
posterior surface of the davicle, They found s number of soldiets
who, during the war, were forced to carry heavy packs which pro-
duced dawnward and backward displacement of the shoulders.
They also demonstrated that this pinching, which in some soldiers
resulted in obliteration of the pulses and caused neusologic symp-
toms, may be reproduced in many normal individuals. Twenty-five
of 50 men and 30 of 50 women could obliterate theie pulses by
forcing their shoulders into the position described. Tn most persons
avordance of the posttion will eliminate the condition. In 2 few
& petsists

1f the shoulder musculature cannot be strengthened to the poiat
where protection is given by a more normal relationship of the
structures, surgery with section or establishment of a groove in

the anteriot surface of the first rib or temoval of the nib or clavicle
must be considered. ‘The ab i} ic selationshi

may be
present without causing symptoms, but in other citcumstances may
produce a condition which heretofore has been loosely classified as 2
“scalenus anticus syndrome.”

HYPERABDUCTION SYNDROME (WRIGHT, 1945)

For many years my attention has been focused by patients on
laints of paresthesi bress and tingling after sieeping oc
working with their arms in the position of hyperabduction Hyper-
abduction is here used to mean that phase of circumduction which
brings the atms together sbove the head with the elbows flexed
or with the plane of theit long axes corresponding to that of the
body (F1g. 68). Some degree of external rotation is necessaty to
achieve this position Actually this term, though accepted in ana-
tomic terminology, is not ideal or entisely logical, for abdudion
1s movement away from the median plane of the body and beyond
the %0 degree angle, the atm in so-called hyperabduction achually
again approaches the median plane. Other terms are, however,




284 VASCULAR DISEASES

dence of 0056 per cent In 55 per cent cervical tib was an acd-
dental discovery and did not produce symptoms In only 36 of
the 303 patients was surgery warranted. -

It has long been noted that the cervical rib-scalenus anticus
syndrome occurs with increasing frequency in middle and late
adult life. Ochsner, Gage and DeBakey have suggested that con-
traction and spasm of the scalenus anticus muscle cause abnormal
elevation of the first thoracic r1b The contraction and spasm are
presumed to result from rritation and stimulation of the brachral
plexus, some fibers of which supply the scalenus muscles Abnor-
mal elevation of the first thoracic nib causes greater irntation and
stimulation of the brachial plexus, establishing a vicious gdle

Another Line of reasoning, suggested by the work of Todd, xe'p-
resents what 1s probably the more common situation, As individ-
uals grow older the muscles notmally respoasible for holding the
clavicle up away from the first rib relax, allowing the clavicle to
settle down against the first rib, thus pinching the subclavian asil:
lary attery and brachial plexus. The scalenus muscles tend to hold
the first rib 1n place and may not relax concurrently in some pa-
trents. This costoclavicular syndrome 1s reviewed briefly in Jater
paragraphs Section of the scalenus muscle permuts the first nb. to
drop away from the clavicle and relieve the pinching and torsion
of the nerves and vessels between the clavicle and the first £ib.

There has been an increasing tendency to sever the scalenus
anticus muscle, even in the presence of a cervical £ib, 1 the hope
that discomfort might be relieved. In some instances this has hap"
pened. Too frequently, however, 1naccurate analysts of the condi
tion before surgery has led to jnadequate exploratory procedures
and unsatisfactory results,

COSTOCLAVICULAR SYNDROME (FALCONER-WEDDELL, 1943)

In 1943 Falconer and Weddell further clasified the picture in
the shoulder girdle by describing the syndrome produced by hold-
ing the shoulders backward and d rd or by hyp: ion
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ocugh study of the incidence of this phenomenon in notmal pes-
sons and of the mechanism responsible for it was not made.
Followng some years of study regarding this intecesting syn-
drome 1 described the neurovascular syndrome produced by hyper-
abduction of the aems. The first case reported is presented hete,
A man, 37, first seen in

[QUP BN P e

numbness and paresthesias of the fingers fout months previously. These
became more pronounced and extended up the hands and arms. When
superficial gangrene appeared at the finger-tips he consulted a physician.
No etiologic factoes could be found except possibly the smoking of 10
agarets 3 day. Roentgenograms showed no cervical ribs

e possibility of thromboangiitis obli and of Raynaud’s syn-
drome had been constdered by the physician, but there were certain
objections to both, The following pomts were against a diagnosis of
thromboangutis oblhiterans (1) Pasm and tenderness were much milder
than is usual 1 this disease. (2) The gangrenous arcas were the
atrophic dry type and were not suttounded by angry-locking tissue.
(3) The typical color changes of rubor on dependency and pallor on
clevation were not present. (4) The ulnar pulses were normal bilater-
ally. (5) ‘The Allen test disclosed satisfactory function of the vessels
of the hands, (6) Cessation of smoking had no effect on the cousse
Against a diagnosis of Raynaud's syndrome was the complete absence
of charactenstic precipitation of attacks by cold, emotion, trauma or
other possible factors There was no tustory of taking ergot,

I was able to confitm all these observations In addition, roentgen
study of the vessels of the upper and lower extremities failed ta show
evidence of calcification The blood Wassermann reaction was negative.
The blood count, nonprotein mitrogen and sugar values and ufine were

all notmal. Osallomettic seadings with the patient sapine with his arms
by his sides were:

Ricxr
Upper forearm 4
Wrist

23
Hand 33

Leex
4
2
1

S 5
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even less satisfactory. For example, the commonly used term ele
vation to ndicate this position 1s inaccurate when the patient is
supine, Extension, which was also considered, has the anatomi¢
connotation of movement of the arms back from the dependest
meduan plane position. A seview of the Jiterature and conferentes
with anatomists have failed to uncover a completely adequate term;
hence hyperabduction 15 used with the foregoing qualifications.

Fic 68 —Sleepng position, frequently seen in hospital wards, which 10 500¢
ndsviduals leads to obliteration of pulse and overstretching of nerve teunks

Usually the individual merely changes position dufing sleep
or rests by bringing his arms down from his work and pays lutle
attention to the discomfort. Few studies have mentioned the subr
ject. Todd reposted an experiment on lumself ‘which be
slept with his right arm stretched out almost parallel with his pead
This was done with few interruptions from 1913 to 1921 whett
tingling, loss of sensation, swelling, desquamation, causalgia 38
patonychia developed in three months and affected especxﬂlly the
right thumb and finger. Todd reported that the experiment failed
to disclose evidence relating to vascular changes, although the
studies do not appear complete in that regard. The syndrome
slowly disappeared when he ceased to sleep in this position. ‘Thot
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the tips of the fingers from this syndrome Signs and symptoms in
the 52 new cases carefully studied were:

total 30, 4 Paresthesias 18

LB e (R0 3 Ruberpanens snfor

Am 7 swelling of hands 12

Shoulder n 6 Weakness of arms and

Shoulder hand 9 hands 8
2. Numbness 26 7. Ulceration of finger tips 2
3 Raynaud’s syndrome (total 20)

Female 14

Male 6

Many patients had two ot more of these signs or symptoms.

The occupational importance of the syndrome has become in-
creasingly impressive as we have studied more cases. Numerous
workets 1n aircraft factories were forced to give up the riveting of
the under surfaces of planes becanse they were unable to avoid the
production of the syndrome after prolonged elevation of their
hands in the position of hyperabduction. It also occurs 1n painters
who paint ceilings or the under sutfaces of ship decks and in gatage
mechanies who work 1n “pits” greasing and repairing the under
surfaces of automobiles. Gangrene of the tips of the fingers oc-
curred in a kiln worker who was obliged to keep his arms in the
hyperabducted position 2 good portion of the time. Immediately on
change of occupation, without known change of other factors, the
gangrene healed, Examination dsclosed that the pulses were com-
pletely obliterated in the position of hyperabduction

Several instances have been encountered in trapeze artists and we
have teported the case of B. K who as 2 ballet teacher held her arms 1
hyperabduction an estimated three to four hours a day In this position
her pulses ate absent and oscillometric readings are zero bilaterally,
Despite the fact that she has a left axillary venous thrombosss, recut-
rent Raynaud’s syndrome, trophic changes in the tips of her fingers and
reddened and swollen hands most of the time, we have been unable to
persuade her to grve up even the harmful phases of her career, to whick

she 15 devoted, The outlook appears progressively bad undes these
circumstances

Five patients have been seen with axillary venous thrombosis
associated with the hyperabduction, and it has also been noted to
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These were considered normal for the instrument used. Results of sut-
face temperature studtes performed under controlled conditions at room
temperature (72 F ) were all within normal limits.

Tests for obliteration of the pulses with the arms hanging between
the knees when the patrent was 1n the sitting position, with the arms
flexed forward and with them abducted laterally parallel to the floor
were all normal When, however, the arms were h;vperabducted above
the head, 1n several positions, the radal pulses were no Jonger palpﬂbk
Oscillometric readings taken in these posttions wese zero for the sight
and left arms throughout their lengths This led to constderation of the
possible relation of this phenomenon to the patsent’s condition Ordr-
nartly the arms do not remain 10 hyperabduction long enough to pmd“fe
sertous 1schemia even 1f the attersal lumens are obliterated

Questroning revealed that about two months prior to onset of the
symptoms the patient had acquited the habit of sleeping with his arms
hyperabducted The discomfort had never been suffictent to arouse furn
from sleep or to force him to bring lus arms down He went to sleep
at night and awoke 1n the morning with his arms o essentrally the same
posttion  Examination while he was Iymng 1n hus accustomed sleepng
position demonstrated that the pulse was absent on palpation and by
osallomettic study As far as 1t was possible to ascertain, his arms and
hands werte 1n a state of 1schemua with relative nutritsonal deprvation
for from seven to nine hours out of each 24 Tt wis hypothestzed that
this might well be capable of causing symptoms and, in an extreme
stance, 1nitiate gangrene.

The best treatment appeared to be to force the patient to slesp vl
the arms caudal to the shoulder level This was achieved with S0
difficulty, necessstating the tying of his arms loosely to the posts of the
foot of his bed so that they could nat be abducted above the shoulder
Ievel. There was prompt response, the gangrenous afeas healing withto
two weeks and the paresthestas disappeaning 1n 2 month

John Beyer and I have published data on 52 patieats who have
had definite hyperabduction syndromes. OFf major interest Was the
fact that 20 of them also had typical Raynaud's syndromes Ths
was the first time such a relationship had been recognized. Numet-
ous additional cases have been brought to my attention but not
studied in detail-

OFf all of these patients, six have had necrosis with gangrent of



tion . -
stro -

2 a1 puise 1s obliterated 1 position 2, & check is made to determine whether
obliteration occurs s subject’s usual sleeping posiion, This may be modified 19
mdude positions requiced 1 occupation, etc Use of an asullometer with cuff
applied at the wrist 15 2 more objective method of measuring these changes
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have complicated occlustve vascular disease such as arteriosclerosss
and thromboangutis obliterans

Stein studted the relation of position to blood pressure readings
and demonstrated that in many persons as the arms become hypf{‘
abducted the blood pressure drops precipitously and in some 5
practically absent. This phenomenon may be responsible for mis-
interpretation in the operating room when, with the patienl's arms
1n the position of abduction or hyperabduction, the anesthetist con*
cludes that the patient’s blood pressure is excessively low o that
tus pulse cannot be obtained.

It 15 also a problem to be considered in fracture or orthopedic
wotk when the arm is put up in 2 cast or splint in the pusition of
hyperabduction It is strongly recommended that the pulse bC
tested for in the fixed position and that serious attention be peid
to any of the pattent’s complaints regarding patesthesias and active
discomfort 1n hyperabduction.

Some patients present a mixed syndrome, with pinching by the
scalenus anticus muscle and the neurovascular syndrome of hyper
abduction Such a case was reported by Paull. Haggatt has descnbc;d
three cases, and Evans has reported one associated with the carotid
sinus syndrome.

To determme whether this syndrome was due to an abnotmal
at of the anatomy of the shoulder girdle or w?rcthcr
it could be reproduced n a large percentage of normal individuals,
Wright, Chinn and Mullet studied 150 young adults consndc'led
to be without shoulder girdle or arm pathology. The followmg
test was devised (Fig 69) whch is practical for use by all physi-
cisns in the routine examination of thetr patients.

Wright test for byperabduction syndrome —The subject is seated 1
a small strarght-backed chair. The radial pulse is checked for its pres-
ence and strength 1 positions below the shoulder Jevel Each arm i
then hyperabducted with the examiner's fingers on the radial pu!se.
Subjects whose vessels are obstructed are easily checked by having
them lie in bed and hyperabduct their arms,
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corr ding atm The pt a 1s thus duc to 2 noremal, o
P
a

3t least 3 very common, 1Y but is prod d
relatively ratefy as & symptom complex because few people mawm-
tain therr arms sufficseatly long in hyptrabduction, espeeuatly after
the posttion hecomes fortable. Neurologee sf includ-
g paresthesias were produced in only tho subjects 10 the absence
of zlteration of the pulse
Eaght subjects were able to block the pulse by muscular con-
traction when the arm was in 2 marginal postion (the position
which a shight movement of the arm would obitterate or restore
the pulse) In three the pulse coutd be obliterated n the marginal
pasition by deep respiration In two others the pulse was definstely
mate prosuncnt on deep respiration Thrteen of the 130 subjects
frequently slept wath thesr arms byperabducted, usoally with the
elbows somewhat flexed Six of these slept comfortably i this
posttion, and obltetation of thesr pulses was produced with diffi-
culty and not m the position i which they usually slepr. Seven
frequently fell asleep with their atms hyperabducted but soon had
sufficrent discomfort to beag thew arms below the shouldes level.
In sux of these, obliteratton of the pulses was eastly accomphshed
and ocourred s the sleeping posstion which produced the symp-
tom. Oue noted aumbness in the nght hond shen tesied by ths
proceduse without oblsteration of hus pulse
The test distlosed 2 group of mdrviduals in whom the pulse
may be present stesmutiently o 3 poswion which first produces
absteuction, the pulse suddenly becomes strong or disappears sud-
denly Change of position of the head sometiwes affects the ob-
Uteration of the pulse Tusming the head toward or away from the
2t being tested may open ot close the subclavian axdlaty artery
The degree of muscular development apparently has no effect
on the acdence of astesial obstruction with hypersbduction Dr.
Campbel! Moses has wrstten that he found no change 10 inadence
n 28 wasted or chromeatly diseased Patents One case has been
seen 1 que charc in 4 woman acrebat and contottionst It 15, how-




292 VASCULAR DISLASES

Notations ate made as to (1) whether the pulse can be obliterated
n any position; (2) whether obliteration is difficult or easy to accom-
plish, 1n other words, whether there are many positions or opl] one
spectfic position 1n which it can be achieved; (3) the position at
which the pulse first disappears when the atm is hyperabducted,
(4) whethec deep snsprration produces obstruction of the artery when
the arm 15 held 1 the marginal position (that 1 which 2 slight move-
ment opens or shuts off the artery); (5) whether the incidence of
this sign 15 influenced by muscular development, and (6) whethet
the neurologic symptoms can be produced within two munutes with-
out interference with the major circulation 2s demonstrated by lack of
change in the pulse

Extensive experience with this test has demonstrated that
marked reductions in the pulse may be present, as proved by °§“l'
Tometric readings, but cannot be accurately estimated by palpation
For example, a decrease in oscillometric readings from 40 t0 03
degtees may not be detectable by palpation yet cannot be held to
be without sigmficance 1t should be pointed out, however, that the
osaillometric pressure at which the maximal swing of the needie
occurs tends to decrease as the arm rs elevated above the heart level:
This 15 to be expected, but the pressure 1n the cuff must be nguSttg
to obtatn the maximal reading at each position, e g , 43, 90, 135 a0
180 degrees away from adduction

F
TABLE 8 —OBLITERATION of Purse OF MAJOR ARTERIES OF THE ARMS 0!
150 NoRMAL INDVIDUALS BY HYPERABDUCTION OF THE ARMS

—_—

. Dirprcyury Rmn-rOn;lzrz:Ann Lm&'?ﬂ?)
n x4 45 (309%) 47 O1%)
mo+ie 23 (15%) 22 (1%
IV b d b 8 ( 5%) 7
Total oblesated 125 (835%) 124 (827%)

On palpation (Table 8) the pulse was oblitesated 11 83 3 pef
cent of subjects on hyperabduction of the right arm and in 82 per
cent on hyperabduction of the left arm, In some this colxlc[bc
accomplished only with considerab) difficulty in manipulation.
but in 62 and 63 per cent, respectively, obliteration of the right
aad left pulse was rather easily produced by hyperabduction of the




Fis 70 (abore iefs) —Dnssection of shoutder gudle At 1s i adduchon  Note 2dequate
spate for blood vessels and netves without compression, stretchung ot tarson

Fic 71 (abore rght) —Awn in hypeeabduction Nute compression with actual pracheng
of subclavian vessels and bsachiat plexus between tlavicle and fiest nb {Examuner s finger
could not tolerate the pressute n that space ) Nate also stretch ng of xalfary antery and nesves
under the coracosd process and behand the pectorahs minor

FiG 72 (below Jeft) —Hands of man, 47, in the habst of sleeprag with asms i hyperab.
dueon Numbness, parcsthestas and pain developed ia theee months, but the relationship mas
ot recognzed  Two months Jater discojosation of Anger tips develaped, as seen bere Trophie
changes were present m same Boges tops.

Y6 73 (helow rght) —Same patient one month after shandomng sleeping paston of
ypesabduction, with no other changes 10 tégime  Color s nosenl and all symptoms bave dis
appensed {Figs 70-73 from Beyer, } A, and Wraght, I 8 Caseulstion £ £71, August, 19513
A;plmd;zmun from Medichtome Serics MM—Vasculat Diseases, by I S Waight and W0, T

cley
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ever, generally difficult to obliterate the pulses in “Joose-jointed”
individuals

It should be emphasized that manipulation into the position of
byperabduction 15 often erroneously used as a test for the scdlenss
anticus syndrome. In this position the scalenus muscles are relaxed
rather than tensed Frequently the pain or discomfort of the scalf
aus antrcus syndrome is relieved by placing the hands in the post
tion of hyperabduction In contrast, patients with the syndro.mc
of hyperabduction are often relieved of the symptoms by placing
their arms in the position of adduction, the position in which the
patient with scalenus anticus syndrome is frequently most uncom-
fortable. .

The pathologic changes must result from prolonged ocdusion
of the arterial supply and damage to the nesve trunks by stretching,
pinching, prolonged 1schemiz or all three. Severe changes arc rela-
tively uncommon because (1) compatatively few people sleep of
work (as in painting a ceiling) with their arms hypembducted .fof
long periods; (2) most of them will change position by bringing
the arms below the shoulder level when discomfort develops, 2nd
(3) 1 many the arteries are obstructed or the nerves stretched
excessively only in specific posttions of limuted range, so that, ords
narily, because of frequent changes in posture, the syndrome does
not develop even from sleeping with the arms hypembducted-

Dissections have tevealed that thete may be varjations in the
mechanisms responsible for this syndrome in different persons
and even in the same person with change of position of the arms
Two points of torsion, stretching and pinching, operatiog either
alone or jointly, appear to play the major role in most cases. Ore
is the poiat at which the subclavian artery and vein, at the sengfll
of the transition into the axillary artery and vein, and the main
trunks of the brachial plexus pass posterior to the pectoralis minof
just beneath the coracoid process. They are all protected in adduc
tion (Fig. 70), but when the amm is hyperabducted they ¢
stretched around and undetneath the coracoid process (Fig. 71)-
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By the same action the pectoralis miaae 1s deawa tight. This double
action tesults m varymng degrees of stretching and pinching of the
attery, vewn and nerves 1n different persons.

The other pornt whcre pmsuxc :md tossion may be produced 1s
[LCTISYINE AR

n pass between the clavicle

i fmore smportant point of
RRTRTI W i pornt e

Bt Boase it Madty of Vbl By, ¢ o was motmal and the

' Mt TEeAg sechanism when the atm

i ,‘.’. \ . ¢ severe symptoms, there

tenance of the position,
Abithn \\‘\ \x‘ 12 8 u;‘\ yitere was admeably described
\“\\\w\'" \ium, _‘” Vi \sm &% e to the costoclavicular

cenbone fed " Fhue shshe force his shontders back-
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wibmted to the nutrition of the extremitics in all of the cases
reported R

Table 9 presents pasts of differential diagnosts of the sesveral
sigadficant syndromes of the shoulder gudle

TREATMENT

The treatment n most <ases is sumpte and sabisfactory, pamely,
averdance of sleeping or wotkung in the pasiion of hypetabdyction
(Fig 73). If the patient ts undes surgical cate, the physicran must
see that the arms are pot mmaintained in hyperabdisction 10 splats
ar casts unless it 15 so vital that the tisk of development of this
newtovascular syndrome Js justified

Qf partiouiar intesest 15 & group of patients 1 whom the bypee-
abduction syndrome has been associated with Raynaud's syndrome.
in foor, Raynand's syndrome has been abolsshed by the simple
expedent of sbandoning the hyperabduction posstion.

Beyer and I reported the case of a 16 year old student with typical
Raymand’s syadcame of the left second, thud and fonnth Bagers on
exposuze o cold He had sanumenble avacks dunng wanter weather

Osciliometne resdings became zero when the arms were eleated to
100 degtees Shonly before onset of Raynaud’s phenomenon be bad
acquired the habit of steeping sith hus anms sn the position of hyper:
sbduction I this posttion his pulses were found to be obliterated
Swce learmog to sleep with hus acms sn positions more neadly ap-
proxunating addocton be bas gone through tho winters without
evideace of Raynaud's syndrome.

This expepsence strongly suggests that the wratation ta the
brachial plexus and perhaps also to the subclavian axsllary artery s
this syndrome 15 2 competent producng canse of Raynaud's syn-
drome Thes sould, of cousse, by fo sieans apply in alt cases of
Raynaud's syndrome. 3t is not to be expected that this sumple ap-
proach vall “care” a Jarge pescentage of such cases.

¥ the costoclavicular syndsome predominates, sucgery may be
necessary for celsef, although this should be very sare. The logical
proceduse would be etther to cut away 3 Jarge pottion of the an-
tenot sueface of the first nb of to remove the nb, as 15 done in
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In addition to the difference in structural relationships, the wide
range of reactions to the same Pposttions depend in part on the
great variation in rate of impairment of nerve conduction Which
folfows compression of short segments of a peripheral nerve. In
view of the studies of Denny-Brown and Brenner we have attnb-
uted this to uneven pressure gradtents in the nerve bundles, with
consequent variation in the degree of ischemia due to the esczpe
of some small vessels It is thought that such a relationship is 21
expression of corresponding relative degrees of ischemia and not
a durect consequence of Ppressure on nerve fibers.

The fact that tingling and numbness begin perpherally and
progress centrally i our eases js in agreement with the prmaple
of centtipetal paralsis observed and formulated by Lewis, Picker-
ing and Rothschild. They found that the sensations of cold 2nd
heat, and also muscular power, were subject to the same laws of
centripetal paralysis after the production of ischemia by a l?lOOd
pressure cuff The numbness which develops in the finger-tips 15
due not to a Pprocess in the finger-tips themselves but to changes
1 the portions of the nerves that fead to the finger-tips and which
have been rendered schemuc, In therr expeniments, the amount of
blood leakage was distinctly less than in our cascs, 1 which oalf
the subclavian axillary vessels are occluded and the many collateral
vessels of the shoulder may function fauly freely. The nerves of
the brachial plexus are nevertheless subject to ischernia. The ulnst
trunk in the axillary area, since 1t is the lowest one, is most vulner:
able to damage by steetching of this order, and this corresponds
to the occurrence of paresthesias in the ulnar distribution in some
of our cases,

The local gangrene of the tissues at the finger-tips in my first
case was, [ believe, the result of prolonged ischemia. It is thought
that in al{ patients some blood must leak through the main vessels
either continuously or intermxttently, for otherwise massive throm”
bosis would probably occur, Collateral vessels must also have con-
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chest surgery Paull reported a case in which relief was obtained
by developing the muscles of the shoulder girdle by suitable exer-
ases and by stretchuing of the nerve trunks and blood vessels to
teduce the amount of tenston to which they were subjected. I had
previously observed that it was difficult to produce this syndrome
1n loose-jointed 1ndividuals, and Paull used this as the logical basis
for his technic.

The pateent is suspended from 2 bar by his closely nppmxim;\t:d
hands while he relaxes the shoulder gredle muscles  This 15 carned out
three or four times each day, for as long a time as comfort permits.
To build up the antagonists of the muscles which ate stretched the
patient should shrug his shoulders many times daily while standing efect
and holding 2 10-20 Ib. weight in each hand.

If the patient’s shoulders can be raised by strengthening the
elevator muscles, the acuty of the angle of the neurovasculat struc
tures as they pass through the angle formed by the first nib and
the scalenus anticus muscle should be reduced. This should reduc
the irritation of the structures in this musculoskeletal angle. Eleva-
tion of the shoulder would also increase the costoclavicular space
thus lessening the hazard of pinching neurovascular structures at
this pomt. Within two months Paull’s patient reportcd marke
mprovement and three months later the improvement had been
marntained This exercise technic deserves a fair trial in cases of
this type.
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abscess in the artery wall, The commonest sites are the poptiteat
attery, the femoral artery at Scarpa’s trsngle, the axillary, beachial
and ntraabdominal asteries. E L polyangiitis often causes
small ancarysms as a result of localized necrosis of the muscula
coat of the arteries,

Congenital defects due to poor development of the musculature
and some segments of arteries may produce aneutysms in any past
of the arterial tree, One of the afeas most frequently nvolved is
the antetior portion of the circle of Willls and its branches, The
ruptute of ancurysms in this atea is a frequent cause of death from
cerebral hemorrhage. Maultiple ancurysms which could not be ex-
plained on any other basis than that of congenitat defect have been
found in several cases,

Trauma is 2 common cause of both true and false zacutysms.
This applies to the trauma of mdustnal acadents in peacetime a5
well as that of much greater inudence 1 combat duting war.
Large numbers of ancurysms, both with and without actetiovenous

anastomoses, were seen in the vascular centers of the Army and
Navy during the past war.

PATHOLOGY

Pathologically the following types of aneurysms are recogaized.
{1) Fusiform ancurysm, a rather uniform, spindie-shaped or fusi-
form dulatation of a segment of an astery, (2) Saccular aneurysm,
which Js 2 definite sacculation of outpouching from an artery, re-
suftmg from 2 sharply localized weakeess usually in the medial
coat (3) Dissecting ancuryse, which results from the splitting
of the inner layers of an artery, after which the pressure splits the
iva\l thv/ecn the inner and the outer layer for vatying distances,

imes ¢ ication is tablished at the far end from
&.xe origwal apening in the Jumen, At other times 2 communica-
tion bresks throngh to susgounding tissue or a cavity, as the case
may be (4) False aneurysm, which sesults from complete ruptuce




CHAPTER XI Ancurysms

AN ANZURYSM 15 an abnormal dilatation of a blood vessel result
ing from a localzed weakness and stretching of the wall of that
vessel. Aneurysms are usually permanent. They have been recof:
nized and described repeatedly swace the time of Galen.

Thus chapter 15 devoted to atterial aneurysms. Most venous anew
rysms ate classified as varicosities and are discussed under that
heading 1n Chapter XXIIT Use of the term aneurysm to designate
artertovenous anastomosis or fistula is to be discouraged becaus®
aneutysm is not strictly a connection between an artery and a2 Vel
although occasionally 1t occurs 1 combination with an artetio
venous anastomosts

Emiorocy

In the order of frequency of 1ncidence, aneurysms may be d‘fe '.D
(1) artenosclerosis (by far the commonest type since SYPh’h.t i«
thetapy has improved and average age of the population has in°
creased); (2) syphilis and other infections (causing socalle
mycotic aneurysms) that may weaken the vessel walls; (3} co
genital weakness of the wall, (4) trauma, and (5) polyangit®
and otherf types of necrotizing arteritss, N .

. Infectious artentis may be secondary to tuberculosis, actinormy,
cosis, subacute bacterial endocarditis, septicemua, typhoid fevef 2
other infections. Many arteries may be ivolved, the lesion fre-
quently being in the vasa vasorum and associated with 2 Jocs
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of all coats of the astery and production of a sac, the wall of which
1s developed as a result of the laying down of successive hyfrs of
hardened blood clots A common site of false ancurysms is the
popliteal space {Fig. 74).

1a actenioscl the

cause of y the pa-
thology 15 usually localized destruction of the medul coats of the
actety. The muscle fibess are seplaced by fibrous tissue and are
frequently ruptured and conspicuously malnoursshed from thick-
ening and compression of the vasa vasorum, There 1s 2 tendency
toward spliting of the snner layer, with the development of dis-
secting and later false aneurysms, although the fisst stage 15 usually
fusiform or saccular Saccular ancusysms ate most commonly scen
1n the poplitea] attenes and the abdommal aorta, but may be found
n any attery Fusiform aneurysms most often occur i the thoracic
and abdomnal aortz Dissecting aneurysms are

to the aortz and may affect any portion of 1t Sometumes massive
thrombosts 55 assoctated with asteriosclerotic plaques and dissect-
mg aneurysms 1 have seen cases in which the entire lumen of the
2orta was occluded by massve thromboses assoctated with o dis-
secting ancusysm, the aneurysm having taken over the functron
of the Jumen of the aorta. Dissection at times extends into the
branches of the aotta Artenosclerotic aneurysms most oftea de-
velop after the age of 55 They occur about 10 tumes as frequently
in men a5 m women Complete rupture 15 much less common in
artestoscletotic than ia syphulitic aneurysms

Svphihie antentss 15 2 mamfestation of tertuacy syphilis The

antee
rer .
(F .
{e
F s sy, LhUY)
Fi6 75 (below) ~Large, bughly vastularzed mixed tumor papliteal space,
previously diagnosed 25 pophtest aneurysm, This arteriogeam classfed the g,
aosis Compare with Figuse 74



artetios

titedd

Fic 74 (ab !
e ey peuem in pophical space secondary [0
3 Y V2 1n spht through a calcsfied phqu:ylﬂ PO’
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The patient may be seized with an agonizing ot tearing plit.l in
the precordim, posterior sutface of the thorax, lumbar region,
sbdomen or hip o thigh, Severe pain at the lesel of the fisst to
the sixth thoracic vertebra should suggest the diagnosis. The pa-
trent is usually in shock, Syncope, convulsions, coma and patalysis
af the lawer exteemities may all be present owing to involvement
of various groups of blood sessels, depending on the level of the
dissection. The atteties of the lower extremities may become pulse-
Yess as a result of organic obstruction or reflex spasm. The blood
pressure often falls rapidly, and usually the blood psessure of the
lower extremities is conspicuously lower than that of the upper
extremities. Leukocytosis is common. Approximately one third of
the patients die duting the fiest few hours, and SO per cent die
within 24 hours, On the other hand, some patients have lived for
many years, The coutse of patients who survive the first knowa
attack is apt to be stormy. They ate subject to repeated attacks as
the dussection progresses and there is always a possibility of sud-
den death Rarely, even massive dissection is siot accompanied
by pain.

Nondissecting aneurysm~Common sttes of artersosclerotic
aneurysms are the popliteal, innominate, subclavian and common
carotid arteries. As 1 the case of dissecting ancurysms in these
areas and the sorta, the comraonest site of origin is stheromatous
plagues One aneutysm with its charactenstic bounding pulsa-
ton should be an ymmediate challenge to scarch for others. 1
have found as many as sevea aneurysms secondaty ta asteioscle-
fosts in 2 single patient, and the finding of a second poplteal
aneurysm on the oppostte side is common indeed. The second one
15 too of ten missed because of the chinician’s preoccupation with the
Brst aneurysm he encounters. The dragnosis can be substantiated by
hearing a sharp systoltc bruit with 2 stagle pitch on auscultation,

by taking a fat x-1ay plate for soft tissue studies to reveal calcifi-
cation of the wall of the aneurysm and by making arteriographic
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commonest site of 1nvolvement is the aorta, especially the ascend:
ing portion and the aortic arch Syphilis relattvely seldom causes
aneurysms of the abdominal aorta and peripheral arteries of the
extremities. 5
A reasonsble hypothesis seems to be that the fundamental fesionis
secondary to difect involvement by spirochetes into the i
vasorum and adventitia of the aorta, An inflammatory reaction i
set up associated with lymphocytic infiltration and ntimal pwllf'
eration of the vasa vasorum, which then becomes obstructed. T’HS
interferes with the nuteition of the medsal coat of the aorta, causicg
weakness of the sortic musculature and a tendency for 1t to strefch
at 2 particular pomnt Interference with the normal absorption and
transportation of cholesterol and other bipsds may encourage the
development of atherosclerotic deposits which in turn neghen
the wall. Syphilitic aneurysms are fusiform or sacculaf. They
enlarge slowly over a period of years or, occasionally, RF”
idly. They may assume large proportions and by erosion pere
trate the thoracic cage Death occuss not infrequently as 3 result
of rupture tato the thoracic cavity or the perscardum, esophagus of
vena cava Death from external bleeding following pcﬂemnon
of the chest wall 1s not uncommon The incidence of syphihtic -
eurysms has decreased as a result of advances in antissphdc
therapy After the diagnosis of syphiltic 2ortic aneutysm has been
made, the average span of life 15 one to two years without trext:
ment and five to 10 years with the best available treatment.

SIGNS AND SYMPTOMS

Dussecting aneurysm.~The onset of the symptom complex
produced by a dissecting aneurysm of the thoracic aocta 13 068
confused with that of acute, severe coronary thrombosis o severdl
cases 1 have studied this has been further complicated by the
preseace of a reverse dissection which had proceeded toward the
heart and nterrupted the coronary circulation by involving one ©f
more coronary arteties at their ostia,
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teal space, suzgical obfiteration or, fess frequently, removal has
been successfut Teansplantation of a portion of a vein to produce
an endito-end anastomosis of an artery which has been eroded
by an ancurysm also has been tued frequently with vanying sue
cess These are highly techoical procedures and are not withn the
scope of this book They are discussed 1 detail in Pratt’s mono-
graph, Surgreal Managenent of Vacudar Diseaser.
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studies The last are seldom necessary but may clanfy the picture
of surgery is contemplated,

Symptoms of nondissecting aneurysms of the thoracic aoty,
regardless of etwology, vary greatly. Large ones may develop with
out symptoms, relatively small ones may develop rapidly and press
aguast sucrounding structures to cause pain very early. The pan
15 often substernal and transmutted to the back or to the shoulder.s.
atms or neck It may be very severe and more prolonged than is
common with the angina of effort. If the aneurysm is large enough,
there may be symptoms of obstruction of the superior venz cav2
Dyspnen from tracheal or bronchial compression and a brassy
cough with marked hoarseness may result from pressure on the
cecusrent pharyngeal nierve. Numbness of the arms 15 common 4
systolic mutmur is frequently but not always heard over the aort
first or second area A duastolic murmur may develop later. In ad-
vanced cases the anterior wall of the aneurysm may be easily P"l
pable as it becomes thinner Widening of the meduastinal ased of
dulness 15 sometimes but not always detected on percussion Fre
quently, x-ray study helps to clarify the picture by tndicating the
s1ze and {ocation of the aneurysm,

TREATMENT

There 1s no medical treatment for aneurysms except very Sm{‘“
syphulitic ones, for which the cautious use of mercursals and bis-
muth 1s sometimes indicated. Arsentcals are apt to do great d;m:
age The value of penscillin 1o syphilitic arterstes is stiil not finally
determined,

Surgical treatment has been developed for various types of 23°
eurysms in different areas of the body, For large sntrathoractt
aneurysms of the aorta, electrolysis with a thin wire coil inserte
within the aneutysm has been tried with varying results This
procedure is not without danger, and at best the benefits aré trAnsy
tory. For many peripheral ancutysms, especially those in the pop*
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an excessive demand was placed on the legs during active military
trsining, So far as 1 knaw this type of production of the syndrome
has not heretofote been described. Tt may oceur in civilian life.
Pratt has reported similar cases since the first edition of this book.

1 have studfed 4n unusual example of this type of problem in a nurse.
$he had neser had any evidence of abnormality before working as an
sssistent to an oral surgeon, when she was obhiged 1o stand with her
arms extended in 4 steamed position for hours cach day. Hee right aem
began to enlarge and became painful The diagnosis of axillary venous
thrombosts was made, but the condition did pot respond to therapy
and the hand became progressnnely uncomfartsble. Scveral physicians
saw her, but none used 2 stethoscope on her arm or hand This simple
procedure, done on her first sisu, established the dragnosis of wide-
spread arteriovenous anastomoses. In a scries of operations Dr. Pratt
has sexered and ligated hundreds of anastomoses but, as is typical of
this condition, new oues tend to open up. The situation seems under
control, with one restdual murmur above the elbow, but one cannot be
t00 sanguine regarding the future,

Dr, Lawcence W. Smith has encountered a similar case in which
the tather snactive congenita] anastomoses were aggravated by work
as a ryveter in an aircraft factory. Eventually gangrene of the hand
developed and amputation at the elbow was necessaty

Traumatic arteri are kealy beheved
to be confined to injuties produced by penetrating wounds, A se-
vete bruising blow which traumanizes the walls of the two vessels
an result in atteriovenons snastomosss,

¥ saw such an instance 1n 2 young girl who feli from a back porch
01to a pile of rough gravel. The left brivtnrt: hacama e 21 v

after the fall, and axn acterven
psoved surgeslly A similar case

The traumatic type is especially common during war, when ali
manner of shrapnel and hullet wounds are sesponsible, In peace
time the possibilities are almost unlimited.

Far examnla o ol anad o



cuarter xu Arteriovenous Anastomoses

BY ARTERIOVENOUS fistula or anastomosis j5 meant any abnormst
vascular channel directly connecting the arterial with the venous
side of the crculatory tree, The connecting chanaels may be eithet
congenital or acquired The condition was first recognized by
William Hunter, who descuibed it in 1757, It has been known
siace then by a host of names, few of which are accurately de-
scriptive

Emlorocy

Congenital atteriovenous anastomoses arise from fatlure of the
cammon embryologic analogue to differentiate into artery an
vemn, In view of the common bed of the vascular tree it s under:
standable how multiple lesions may, and frequently do, occut:
Buring the past war I encountered for the first time 2 group of
patients 1o wham cngenital arteriovenous anastomoses produced
symptoms rather suddenly. These were men who had led sed-
entary lives priog to entrance in the Army, After a few months
of heavy exeraise with much tunning and climbing, to which they
hafl never before been €xposed, what appeared to be large vaticose

study, however, demonstrated that the lesions fulfilled the criterit
for true congenital arteriovenous anastomoses, The explanation
appeared to be that the chanpels of arteriovenous anastomoses hid
always been present but hag been latent and never opened uatd
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enable us to present the pictute of acquired arteriovenous anasto-
0seS.

The establih of 2 teads to the following tnme.
dute results (1) A fafl sn the genecat artesal bllacd preswute affecting
both the systohic and the distolic fevel. (2) Ag increase in pulse rate.
{3) An tczense n venons pressure, proxmal as well as distal to the
fistula, with the sncrease shight of pronounced according to the mize of
the fistala, (4) An racrease m cardiac ontput, dependmg on the stz
and location of the fistula. (5) A very temporay decretse in the size
of the heart and of the attety proximal to the fistuta owing to the sud-
den diversion of blood from the artetsal to the c2pacious venous sys-
tem—an alterstion comparable to that scen an massave hemorshage
The establishment of 2 fistula also has more remote effects (1) A
permanent diversion of the arcuf2ting blood from the normal capillary
bed into the fistulous cisomt (2) A gradually increasing total blood
salame, proceeding pan passu with the amount of blood diverted
through the Bstula. (3} Geadual dilatahion of the heart and of the artery
and vera proxumal to the fistuls, due to the distending effect of an
wcreased rolume ot bulk of bload attracted to the Gstulous gszutt
because of s & hed {4) The deretop of an ex.
tensive colfateral cisaulation due to lowered temstance to the flow of
blood 2t the site of the fistuls In the presence of 4 constriction of the
artery proxumsl 4 2 fistula {a rare sconrence chinially), ths extensiee
coffateral airculation pools blood into the artery distal to the fistula,
thus czunng dlatayien of the artery dista] to the fistuls anstead of
prowimal 1o & (5) Shght hypertrophy of the heart due pastly to deda-
wtion and overdistention and partly to the mereased work requsred to
propel the sncreaning volume of blood flowtng through it The cardiac
entasgement 15 due manly to ditatation and only to a minor degree to
hypestrophy (6) Gradual recovery from the lowered blood pressuse
nated smimedrately alter formation of the fistula, Ehe systobic beng
equal o Iugher and the drastolic definttely lower tham before formation
of the fistuta, thus greatly wcreasing pulse peessure
The volume of blood diverted through the fistulous cirouet depends
an the size of the fistuls, ats focatian 1 the artenal tree and the absence
of any obstraction 1 the veins proximal to the fistula A smalf commu-
miation causes only slight changes that may not be detected. With the
preoision wsteuments now avaidable, the shight altesations necessary to
compensate for a small fesk are not demonstrable, nor do these altera-
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story window and 1n the fraction of a second that the patient’s leg vas
back of her duning running, the blade penetrated the poplitest SP“S
The wound quickly healed, but resulted in an arteriovenous anastomosss
(For further detals, see Chapter XXIX ) )

A tinsmuth aged 46 was cutting Allegheny metal when a portion of
1t sprang back and cut him severely across the posterior sutface of b
wrnst, severing tendons and blood vessels. The tendons were Suess
fully sutured, but several arter d Ths
case 15 described m detail 1 Chapter XXIX.

The history given by a patient will, in most jnstances, imme:
duately differentrate between the congenital and the acquired -
Usually in the congenital type the signs and symptoms have gt
ually developed 1n the course of the pattent’s life span. In the
acquired type symptoms and signs have developed relatively f2p-
idly, usually following an injury such as 2 gun shot, stab wound
or severe bruise It is often forgotten that artersovenous 20astomoses
can occur as a result of surgery.

PATHOLOGY

Each anastomosis, whether congenital ot traumatic, may hs¢
one or more of the following characteristics. It may represent sim-
ply a direct communication between 2n artery and a vein. It 3
be an aneurysmal sac between the atety and the vein, It may be
an aneurysmal sac on the arterial side with 2 communication ¥
the ven. The artery and vemn may have a common opening int0
an aneurysmal sac In the congenital type there may be large, itt-
defined pocls or sacs which have multiple openings from suk
rounding arteries mto venous sinuses of tracts that eventuslly
empty into definite veins Arteriovenous fistulas, both congenitsl
and acquired, may occur at any point in the body.

Emile Holman has admicably summarized the results of the
expenimental establishment of arteriovenous anastomoses and o
closure of such communications. Free citation from his work® will

* Reprinted here by permission of the author, From Holman, Lt Arieric:

s
enaus Aneurysm: Abnormal Communications beween the Arterial and Ver¥
Circulations (New York: The Macoullan Company,1037).
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cotrelation between an expenmental study and what actually oc
cuts 1n a pathologse chniesl condition.

In man artertovenous anastomoses have a number of forms

1 arter is may be single, but most

cases 1 have observed have shown multiple lesions and in some
Iitesslly hundreds of small

tocated, for example, from one end of an arm to the other (Fig.

Tio 76 congenttal of deft amn of 2
young man Such extensive mvolvement may lead to cardiae dilatauon and futute
Surgesy offers the orly hope of cetef, but 15 dufficult and often unsuccessful
Ultimately disarieulation at the shoulder may be necessary

76} Buch extensive mvoh ement presents a serous, if not msolu-
ble, thetapentic problem As §istulas ot are
closed surgreally, others appest within thiee to 12 months. The
aew ones apparently form from latent channels that do ot begin
0 funchon untd the orsginal channels are closed off, thus chang:
mg the pressate within the artenal tree In some snstances multiple
operattons have failed to conteol the problem and major surgery
such as disarticuatson of the atm at the shoulder has been neces-
saty Fortunately these ase the exceptions rather than the ryle
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trons produce visible visceral changes. A larger fistula may sesult in
changes, only some of which are demonstrable A fistula larger than
the feeding artery, or large enough to divert 2 constderable amount of
blood back to the heart, tnvanably produces remarkable changes, both
smmedsate and remote. That the same changes to a greater of Tesser
degree occur in the presence of every fistula, no matter ‘what the size,
seems unquestionable. The extent of change in each case depends es-
tucely on the volume of blood diverted through the fistula,

Certain tmmediate changes ase noted on closure of the fistula by
compresston or wncsion. (1) A gse in the general arteial blood pres:
sute to 2 high point for several beats, followed by a fall to a lower levdl,
but above that which was present before production of the fistula This
rise involves both drastohic and systolic levels The nse i dxastalti
pressure depends primanly on the elimination of the area of Jessen
cessstance at the site of the fistula. The nise 1n systolic pressure depends
not only on an increased penipheral resistance but also on drstention Oj
the arterial circulatory bed by the volume of blood which had esc2pe
mto the vemns through the fistulous tract. (2) Marked, immediste
retardation of pulse rate and subsidence of the vigorous cardiac achvu)s
(3) A decrease in venous pressure proximal to the fistula (€3] Matke
decrease in cardiac output. (5) A temparary increase in siz of the
heart due to overdistentton of the central circulatory bed by the volume
of blood formerly coursing through the fistulous circut into the caps
cious venous system. These immedrate changes are p:oduced not onlf
by direct closure of the artery feeding the fistul2 but, to a lesser degrees
by closure of the vemn leading from the fistula toward the heact.

Four remote effects follow reparr or excision of the fistulx (1) A
gradual readjustment of the general blood pressure, the systoltc faltng
to about the level present before elimination of the fistala md‘ 3
diastolic remaining higher than with the fistula open The result is 2
decreased pulse pressure as compared to that present with the fistulz
open. (2) Gradual decreasc in total blood volume, which is the &
cause of the fall and readjustment of blood pressure in the first fe
days after repair of the fistula. (3) Gradual recovery to a notmal pulée
rate. (4) Gradual subsidence of dilatation of the heart and of the pro*
imal atery and vein, procteding part passu with the decreasing bulk
of blood Bowing through them,

The foregoing description by Holman represents an excelient
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conelation between an experimental stady and what actually oc-
curs 1n 2 pathologie clmical condrtion.

tn man aricnovenous andstomoses have 3 Dumber of forms.

Ac 1 is may be single, but most
cases 1 have observed have shows switsple lesons and in some
mstances iterally bundreds of small aneniovenous anastomoses
tocated, for example, from one end of an arm to the othes {Fig.

Fie congemtal of Yeft mim of a
young man Such exteasw & tavelvement may dead to cardiar dedstanon 2ad fasduse
Sutgery ofery the only hope of eelief, but 15 difficolt and often unsuccessiul
Ultanately dssarticulation 3t the shoulder may be aecessaty

76). Such extensive involvement presents a serous, 1f not wnsolu-
ble, therapeutsc problem As numerous fistulas or anastomases are
closed surgually, others appear withtn three to 12 months The
few ones apparently form from latent channets that da aat begin
to functson unts the ongmat channets are closed off, thus chang-
tng the pressuce within the trtenial tree. I some instances multipte
operations have faited to control the problem and major surgery
such as disasticulation of the arm 2t the shoulder has been neces-
sary. Fortuaately these are the exceptions rather than the rule,
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SIGNS AND SYMPTOMS

Both congenital and acquired types have been observed intrs
cranually, 1n the regton of the head, mouth and jaw (Figs. 77 and
78), the neck, supraclavicular area, thorax, abdomen, back, but:
tocks, arms, legs, hands, fingers and toes.

When an extremity is involved the affected limb becomes swol
Ien, engorged and in long-standing cases actually elongated. In
young people, the bones increase 1 length due to the increased
blood flow to the epiphyscal line during the period of Smwfh'
This may be accompanied by a fecling of stiffness or even pat
The veins of the affected extremuty become markedly engorged
because of the artenal pressure shunted directly into them The
blood pressure of the extremity is higher than that of its matt,
espectally if the anastomosis is large enough to produce 2 bruit.
The patient often complains of murmur or bruit which rsd'ﬂ'?s
from the extremity; in the case of arteriovenous anastomosis of
the thorax and head, 1t may be loud enough to cause the patient
great discomfort. With congenital arteriovenous 2nastomosess
thete are frequently an increased growth of hair and increased
sweating in the affected regions The involved area shows 2 defi-
nite increase in temperature over that of the oppostte side. I8 the
lower extremity, ulcers appear 1a the region of the ankle of foot
1 about 50 per cent of the cases. .

Cardrac dilatation and hypertrophy ase common comphications
of arteriovenous anastomoses, being more usual in the acquire
than in the congenital type The bradycardia produced by pressuf¢
on the artery proximal to large was first noted BY
Nicoladons in 1875 but named for Branham, who noted it 2839
in 1890, The oxygen content of venous blood drawn ftom ‘.h‘
superficial or, in indicated cases, from the decp veins of the .m'
volved extremity 1s far higher than that of the normal extremity
This is often demonstrable simply by using two test tubes to show
the lighter (arterial) color of the blood of the affected side.
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Eie 77 {above) —Congenital artenovenous anastomosis of vessels of exters
«ar

Fi6 78 (befow) —Congenstal arteriovencus anastormosts of vessels of apper
Lp (This and Fagure 77 reproduced by coustesy of Dr Gezald H Pratt )

nz
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SIGNS AND SYMPTOMS

Both congenital and acquired types have been observed intra-
cranually, in the region of the head, mouth and jaw (Figs 77 and
78), the neck, supraclavicular area, thorax, abdomen, back, but-
tocks, arms, legs, hands, fingers and toes

When an extremity is involved the affected limb becomes swol*
len, engorged and i long-standing cases actually elongated In
young people, the bones increase in length due to the increased
blood flow to the epiphyseal hne during the period of growth
This may be accompanied by a feeling of stiffness or even pat2
The vemns of the affected extremmty become markedly C"g"’g‘d
because of the arterial pressure shunted directly into them: The
blood pressure of the extremuty is higher than that of its mafe,
especially if the anastomosis is large enough to produce 2 b.nu‘-
The patient often complains of murmur or bruit which rad.mtes
from the extremity; 1n the case of arteriovenous anastomosss of
the thorax and head, it may be loud enough to cause the patient
great discomfort. With congenital arteriovenous anastomoses
there ate frequently an increased growth of hair and increased
sweating 1 the affected regions The mnvolved area shows 2 defi
nite increase 1n temperature over that of the opposite side In the
lower extremuty, ulcers appear 1n the region of the ankle or foot
1n about 50 per cent of the cases.

Cardrac dilatation and hypestrophy are common cumplic:\!ioﬂs
of arteriovenous anastomoses, being more usual m the acquire
than tn the congenital type. The bradycardia produced by pressure
on the artery proximal to large anastomoses was first noted 1'7)’
Nicoladon: in 1875 but named for Branham, who noted it again
in 1890 The oxygen content of venous blood drawn from the
superficial or, in indicated cases, from the deep veins of the 'in'
volved extremity is far higher than that of the normal extremity
This is often demonstrable stmply by using two test tubes t0 show
the lighter (arterial) color of the blood of the affected side.
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of several hiouts a day to obliterate the small lesions may encourage
thrombosis ‘The results of the procedure ace not predictable.

Tor lasge smgle anastomoses, and cven when there are several
well defined anastomoses, sutgical closure is the procedure of
chotce for several reasons. (1) Prevention of cardiac enfargement
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P75 —bialuple congemtl , t
w13y, showing enlargemment of right fourth finger B, artenogram, shon
conspacious convolutions of invelved vessels s e

with development of insufficiency. In the presence of cardiac en-
lasgement proved by sersal x-rays, st ss wmperative that an attempt
be made to ligate the anastomosts befote cardiac falure occurs
(2) Prevention of the development of venous msufficiency with
vancose vemns ot evidence of venous stass. (3) Prevention of
enlasgement of the lumb, both w arcumference and 1 actual
fength if the epiphyses have not closed, o cases of traumatic ate-
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Blood for the chemical determination of oxygen unsaturstion
should be carefully drawn under o1l to avoid changes due to expo-
sure to air before analysts N

Atteriography with an opaque substance such 2s Thoru.tmst is
useful for diagnosis and often an important aid in aalyzing the
situation before surgery 1s attempted. By means of arteriog?aphfx
often the size and site of the fistula, the mechanism of the circula:
tion in the imb below the fistula and the presence of mutiple
fistulas can be established.

TREATMENT

1t should be remembered that occastonally artefiovenous anas
tomoses, both congenital and acquired, close spont;mcousl)’r il
though this cannot be anticipated 1n any specific case. 1 have sced
two examples of spontaneous closure of congenital arteriovenos
anastomoses in the vessels of the scalp.

In one, for example, persistent bruit had been present fof 278
was loudest over the ocaipital region and could easily be heard ;’;:
stethoscopic auscultation A definite, prominent pulsation Was pﬂle‘ .
in this area The brust was a source of great annoyance to the patients
especially when he tried to sleep, at which time the constant pulsattis
and buzzing 10 his head 1oterfered with proper rest Surgery Was con
templated Suddenly and without explanation the signs and symp "
completely cleared This was 1n 1941, Since then the patient has spen
neatly four years in the Army and 1n 1951 had had no recurrence.

I have seen several ples of small arteriovenous af 5es
due to war trauma which were spontaneously obliterated with totat
disappearance of all symptoms. Such 1nstances are rare, but if the
anastomoses appear to be very small and there is no evidence ©
cardiac strain, conservatism for a period of fime is sometimes mf.Jf‘
worth while than surgical exploration for an anastomosts which
may be so small that it will be difficult to locate or which m3f
prove to be multiple, very small anastomoses. 3

Continuous pressure by means of a pressure sponge for pert

ods
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jaw. A foud brut could

stion of the neck and the left side of the jaw.
i: }::ard theaughout the cardisc cycle, the mass was steadily enlarging
and there was no choice but surgery Inasion revealed an enormous

Fic 80 —Congenptal artenovenous anastomoses 1 neck of youag woman,
waih mnomerable conneetions with all major vessels of neck. 4, lateral view, B,
antensor view  (Constesy of Dr Grsald H Pratt )

vermiform mass of blood vessels with almost snumerable connectrons
with the yugulac vens, caroud and thyroid arteres and many other
vessels (Fig 80) Pratt ligated the vessels and temoved the tass, but
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riovenous anastomoses it is suggested that adequate time be st
lowed between the trauma and the surgical proceduse to permit
the establishment of satisfactory collateral cireulation. The optimst
time appeass to be three to stx months, In the hands of stalful
surgeons the sesults of surgery for single traumatic apteriovenoss
anastomoses are good.

The results of surgety for congenital asteriovenous anastomoses
are often discouraging, principally because of the multiple ot
munications, many of which are Jatent and unused and hente ?»f‘f
not detectable at the time of the first or second operation Durité
the first five years of observation it is not uncommon for thiee 0
five operations to be necessary to occlude effectively all of the a0
tomoses in, for example, a finger, When an entire extremty 5
involved the situatton becomes almost impossible, and in mote
than one instance it has finally become necessary to disastioulatt
a limb. However, the progress of the condition can be zcmﬂzd
somewhat and pressutc can be taken off the heart by sepe
operations to mimimize the number of open channels.

A patient, first scen at age 13, had 2 history of slowly progiEss™®
enlacgement of the right foutth finger since the age of 2. FIguse 4
is a conventsonal roentgenogram showing enlargement of ‘hc‘fmgﬁ,
and Figure 79, B, an artersogram showng conspicuous con\.olutmnsl:3
vessels involved 1 multiple asteriovenous anastomoses. Numerous brut
could be heard throughaut the finger and hand, Theee opesations m;:
been performed by De Gerzald Pratt, No bruits can be hcarq in .
hand, one bruit of maderate intensity is audible above the wrist.
hand, although somewhat swollen, functions well There has beet “°_
change for six years and no cardiac changes are demonstrable. D‘f‘_
cise capacity is excellent. A conservative course with pcriodx’c observ
tions will be followed.

Sommetimes repeated susgery is the only alternative no ¥
how serious the situation.

A young woman has been observed with Gesald Pratt for more lh“:
10 years, When first seen a large pulsating mass mvols ed the VPP
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we predicted that there would be a recurrence Since then, at intervals
of two or three years, further surgery has been required. Frequently, 0
bruit could be heard for six to 12 months after operation, but soon<f
or later a bruit appeared

By means of careful plastic surgery, marked disfigurement has been
avorded The pattent has mamntained a normal existence which most
certainly could not have been possible had not repeated surgical pr0
cedures been undertaken. The last operation was done 18 March, 19“!‘5:
at which time a very small bruit was found to be due to z single arteri®
venous anastomosss Thes was ligated, with complete cessation of the
brutt, In 1950 marked enlargement of the left side of the tongue s
noted, but no bruit could be heard. The prognesis for this patient r¢-
garding freedom from further surgery is defimtely guarded. Het lfe
does not seem to be 1n jeopardy and she is leading 2 normal existent®

Careful work by Pratt and others has demonstrated that €8
the necessity for repeated operations 1s not per s¢ sufficient 2f8%
ment for early amputation The decision to amputate should be
made only when the number of anastomoses 1s overwhelming and
when, despite repeated surgery, the hmb 15 becoming unman3g®
able or the cardiac status is deteriorating rapidly. 3

The choice of surgical procedute depends on the individufl
arcumstances and need not be discussed in detail here, If thet® 15
2 simple anastomosis between one vein and one artery it is gew
erally best to ligate the vein and the artery above and belo¥ the
site of the anastomosis and to remove the H segment, indudlf}S
a postion of both artery and vein and the intervening anastomos’s
Unfortunately the findings on exploration are frequently to0 mf“'
plex to permit this easy procedure, and the surgeon must devist
the best approach to the problem as he finds it.

The use of supportive rubber bandages, elastic stockings 0f arm
supports may reduce the tendency to development of Jarge venous
channels with congenital arteriovenous anastomoses of the ex
tremities. The pressure confines the blood to the deepef and fre-
quentiy the normal chananels,
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fotlowed by sudden exposuse to cold Sensitivity to cold can some-
tumes be trapsferred by the mtradermal injection of blood serum
from a reactor to cold, but students of allergy hesitate to dassify
this as a true aliergic phenomenon.

Dragnosss.—The history will uswafly indwcate the correct diag:
nosts 1t can be confirmed by several simple measures. If the pa-
tient 15 sensitive to cold, placing an arm in 2 container of water
at 12-14 C (53-57 F )} will cause an usticarial type of seaction n
the pottion exposed to the cold water in five minutes Frequently
2 systermuc reaction, with reduction of blood pressure and mcrease
i pulse rate, develops Syncope may occur 1 persons with ex-
treme hypersensitivity, The application of 3n we cube to the
forearm for four or five minutes also serves as an adequate fest.
Charactersstically a marked urticariat wheal appears and frequently
urticana 1s noted to follow the course of the cold water which flows
over the arm from the melting e cube Figure 81 shows a simple
demonstration of cold sensitwity of the urticarsal type. A cube of
iee placed on the rght forearm for three minutes induced 2 wheal
(arrow) Sunultancously the left hand was placed 1n waterat 4 C
This caused swelling and tenseness of the skin of the entite hand,
and 2 generalized histamine-like reactson occursed, with a drop
of 30 ponts 1 systolic blood pressure, throbbing in the head and
stuking fushing of the face

The foliowing detaded study of cold sensitivity was made in
one of our cases.*

Experiment 1—The temperatate at which 2 reaction would take
place was determined by applying 2 smafl flask fifed with water to the
forearm for 2 few minutes The temperature of the water was geadually
seduced, the tempetature at which the reaction occurred 15 shown in
Table A, Because the results seerned improbable, since the temperatuse
causing the reaction was unbelievably high, the test was repeated and
venfied One would expect that this patient would be i 2 constant

* Reposted in Saylor, L X, and Wnight, 1 § . Studies on two cases of usticaria

from cold sensitivity and of the effect of tastmuae &
192 388393, Septembes, 1936 e rertment, Am § M S
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Temperature Changes (Exclucling
Raynaud’s Syndrome)

HYPERSENSITIVITY T0 CoLD WitH URTICARIA AND OTHE
HisTAMINE-LIKE RESPONSES

MANY CASES of hypersensitivity ta cold have been reported sinc®
Béhier described his own case of cold urticaria in 1886, Dul®
Horton and Brown, and Lewis made careful investigations of the
interesting phenomenon. A sutvey of theit work demonstrit®
that hypersensitivity to cold can be made manifest by 2 variety ©
means: (1) by allergy; (2) by autoantigens; (3) by histamin®
Tike substances; (4) by underlying vasomotoe distutbances: (3) ¥
disturbances of the central temperature-regulating mechanism.
Characteristically, an urticarial reaction develops on 2 pottio
of the body exposed to cold. There is frequently @ measurable &
perceptible systemic reaction, indicated by a drop in blood pres”
sure, an increase in pulse rate and the appearance of 2 flush ovét
the face and neck, If the exposure, and hence the skin reaction 1
widespread the systemic reaction may be sufficient to produce €0
Lapse. Horton made the impostant observation that unexplsin®
drownings may occur in patients hypessensitive to cold who plung®
into cold water and suffer a systemic shocklike reaction. Tn S0
individuals the reaction is more apparent after exposure 10 hest

124
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state of edema as soon as the room temperatute reached 24 €. (754 F.),
but this »as not the case A modificatron of the test showed that the
reaction. depended entuely on actual temperature of the skim, which
sepresented 2 sesultant of the temperatuce of the obyect m contact
Sith 1, the heat conductisity of the abject and the generation of heat

TABLE A ~-TEMPERATURE AT Wmen Reacion OCCURRID ¢

Teur o Tavxar
Roou Maraaiar, Connacy, Ruactiov
Texr C rreien, C. Max
2 264 4 Neg
23 254 4 N:f
25 240 4 Redness, disuact sheals

* Control $hin temperature 21 room TEmpersture wax 31 4 €

by the tissues beneath the pont of contact This was demonstrated by
the following obsenatioas The pstient, while sested sn 2 room of
223 C temperature for over 2n hou, had no reaction Skin tempetarure
of the arm was 314 C A metal cabsset, 3 permanent fixtuze i the
room, bad a temperature of 23 5 €, or 1 2 degree higher than the room
temperature The cabinet, however, scemed cald, since 1t removed beat
from the amm an contact with st more saprdly than dud the au, conser
quently the ann became cooler after contact with the metal for four
mmutes, and skin temperztute at the pomt of contact was reduced ta
27 € Definte tedness and edetnz appeared at the pountt of contact

Expersment 2 —The blood pressuce, pulse and skin temperature and
changes in size following the production of edema in ane hand and
weest were recorded (Table B)

TABLE B —Kesronsz To REACUION wish Hanp anp Wrisy 19 8 € Warer
For 3 MimuTEs

Texreasteres C

Vst Y Ricer 1,

Tine BP  Pouse Coatnw Roow Haws Cassk Ciece
Contol 140/86 102 1573 246 325 338 331
10 min aftes semoval 124770 138 130

233 346 8 358

Expettment 3 —The patient’s generalized sesponse to induced cold
usticana was ssmslar to that on subcutaneous mgection of 1 ce of
1 1,000 histamne hydrochloride (Table C)

TABLE € ~Courarative RESPONSE To Hisraming Ingeemon
Toen

CM‘ 5P Pows T
atcol 146/50 2
Afrer hustamune s 2
3 ma 132/68 138
10 min 130/60 130
15 min 126776 116
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Frc. 81.—~Reaction to test showing sensitvity of urticarial type
was smmersed 1 sce water at 4 C. for two muautes, It 15 swollen and ten
many wrinkles less pronounced than jn the right hand An ice rube app!
right forearm produced an uticarial wheal (asrow).

326
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Expertment 9~~The Prausautz-Kilstaer seaction was observed, Ve-
fous hload was taken before and 23 muautes after exposuce af the hand
fo 1ce watesr fos five muutes, the second specimen being teken 18
munutes aftes edema had appeared and when it seemed to have eached
15 moximum,  The serams were separated 2nd sajected intradermally
m a nounal persen and the are cooled for five munutes with e, No
wheal was formed, although Levine had found s postive and five
negatsve reactions seported in the hterature.,

Expessmens 10.~~Dy teagsterting ederna fluid from an area free from
edema before application of xce to the atea, Levine had produced 2
secondagy usticanal wheal. Normal saline was used both a5 a vehicle to
nfilteste the edema and recover the edema-producng substance and
also a8 2 conteal sajection In this patient, simslar results were obtained:
within three munutes of injection of 0.2 cc of edems fluid, an area of
urtscama 2 )X 2 em. appeared, and with 0.2 ec. of pormal sahwe no
actcaca appeared

A charactersstic case seen in our chinic was that of a young
woman who noted that when she carried milk bottles which had
been on 1ce the inner sucface of her arm against which the mutk bot-
tes rested became hot, swollen and itchy and that bee face fushed
and felt very wasm, Immersion of her hand in cold water produced
a typical histamine-ike g p as well as the local
sesponse of which she complained Another young woman had a
severe choking spell after eating ice cream. This occurred severat

tunes before its sigatficance was appreciated A thud patent, 2
man aged 44, developed utticaria over most of tus body after tak-
ing 2 cold shower, associated with palpitation and weakness He
too was demonstrated to be sensitive to cold.

Te might be added at this pownt that it 15 possible that sdinduals
bave died of so-called heut disease fsom exposute to extremely
cold showers The cause of death in some may well have been syn-
cope secondary to hypersensitivity to cold A case has been reposted
from Mayo Clinic of extreme hypersensityvity to cold even on a
change of temperatute of the atr The pattent nearly drowaed on
several occasions whife Observation established beyond
doubt that he was extremely senstive to cold and collapsed on




328 VASCULAR DISCASES

Experiment 4~Exposute of a localized atea of skin to cold caused
defimite Jocal vasodilatation, prominent redness of the skin and maf:od
decrease in skin temperatuce of the exposed area (Table D). The b

TABLE D —TeMperature {C) Responss AFTER HAND AND WRIST
SWERE IN 8 C WATER FOR 5 MINUTES

3 un

Trxz Roow RIS M Fivers cane

Contsol 246 313 316 322 351
10 min alter exposure 246 35.7 341 336

pressure readings duning the experiment were: conteal, 142/9% ;ﬁ;x
hand was tn water two minutes, 146/94; after three minutes, \}0/35
after five minutes, 122/84, and after the hand had been removed for Id
minutes, 13/94. Pulse rate on beginning the experiment 3 106 a0
after the hand had been 1n the water for five minutes, 112. ol
Experiment 5 —Although Bray and Levine both demonstrated !
eosinophulia 1w wheals produced by exposuse of the skin to wold,
tests 1n this case gave negative tesults, .
Expersment 6 —Hoston and Brown demonstrated the pistamiine-1he
effect of the production of cold urticaria on gastric acrdity. The 168 :;
1 thus case confirmed their findings (Table E). The hand was pht

TABLE E—HistasNg-Like EfFect or Corp URTICARIA ON GASTRIC Acwrt

Srecrusn Fyez Acto Torst zﬂ’
Fasting 43 ;0
10 mun after hand was removed 78 06
20 mun, after hand was removed 92 !

in water 2t 10 C for 10 minutes. A tourniquet at the e/bo¥ was 1¢
moved in five miautes, The patient noted 2 genetal effect, with BB
bing 1 the head, 214 munutes after the hand was removed fiom the
water.

Experiment 7.~—1n the Perutz, Brugel, Greenfield test, in which 10
per cent mentho! m alcokol is applied to a skin area, the positive react
tion takes two forms: the reaction is the same as that induced bY @ 3
or the area becomes more seasitive to cold, The response in this Pititt
was negative, An area of redness resulted, but there was n0 urhicana O
increased sensitwvity to cold.

Experiment 8.—An 3tca 5 X 8 cm. in the deltoid segion WS &5
thetized with 2 per cent novocain injections uatil all sensation to €0t
was lost. A test tube containing jce was then applied for five miputts
Edena appeared in the anesthetized area, but was not as marked 2
that in unanesthetized skin.
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Histamine hydrochlonde 1+1,000 solution i used.  The first injec
tion 15 0.1 cc. subcutanconsly, Twice a week the patient receives intea-
cutaneous ingections, with each dose increased by 01 cc. until 0.5 et 15
reached The & ate then continued sut v, each dose
weseasing by 0.1 ce. untd 1 cc. 15 reached, following which the dossge
1 contenued at 1 cc. twice a week.

Patients frequently expesience relatuely severe teactions befora the
bigh dosage is reached In these arcumstanees st 1§ necessary to continue
vath the dose currently being admnsstered or, if watranted, to decrease
the dose to such 4 pomnt that 3 seaction 15 produced, but one of mutimal
order In some patzents the 1 cc dose cant never be adminustered Neves-
theless desensitization may take place at a lower dosage.

Results of this type of treatment are frequently not too spectac-
ulae. A number of patients have mproved to the point where
expeosure to cold weather does not cause undue disfigatement from
utticartal wheals In others smprovement has developed to 2 point
whete systemic shock 15 not an wnportant consideration. Most of
our papsenits have, however, contmued to have focal or generalized
teactions of some degree on exposure to cold or heat,

Drugs that act 25 histamsne nevtralizers exert a favorable effect
m some cases Benadtyl has been admunsstered 1n doses of 50~
100 mg three trmes 1 day prophy lactically or on the development
of cold utticana Pyribenzamine hydrochloride has proved helpful
in some, but pot all, cases. Untowatd reactions (o these drugs may

wchade nauses, drowsiness, dryaess of the mouth, weakness, diza-
ness 2ad headache

FROSTBITE
Perhaps the most important syndrome which zesults from ex-
posute to cold 13 frostbite,
Btiology.—In peacetime st is encountered especially in individ-
uals who work outdeors in very cold climates, although the in-

creasing popularty of winter sports has added to the incrdence
of frostbrte.

In warttume, +f campagas gee conducted in cold climates ot even
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any exposure to cold. I have had a patient with similar sensitivity.

An actress was accustomed to swimming in the cold watet off the
English coast. One day while swimming she collapsed and was pulle
from the water. At this time she suffered from nausea, sevete vomiting
and hives, first attributed to indigestion from eating of  lobster salad
The following day she dove into the cold water and again had tobe
rescued; the same symptoms were present. For three years thereaftet
she had to forego swimming The correct diagnosis was pot made, how
ever. She then had a period of four years without evidence of th;
syndrome. While playing 1n an operetta in New York during €%
winter, the syndrome returned. This time exposure to cold air cause
enormous urticarral welts, and 1t became necessaty for her to reach the
theater two or three hours before performances 1n order for the reaction
to subside sufficiently for her to make a stage appearance.

This syndrome 1s of great interest and is frequently missed &
1s undoubtedly much more common than is generally recognize!
and every physictan should be on the lookout for it.

Ia contrast to this condition, some individuals have marked
sensttivity to heat. Utticarial reactions follow exposure 0 hot et
vironmental temperatures, the development of fever of exerast
that causes 2n 1ncrease in body temperature Such persons seldom
have as severe reactions as those with hypersen51tivity to cold:
know of no proved nstance of true hypersensitivity to poth heat
and cold in the same indtvidual,

T'reatment—This is not completely satisfactory. Ideally, trest
ment should be directed toward desensitizing the patient. “This ¢
be approached theoretically by several methods. One is to CXP?“
the cold-sensitive patient to progressively cooler baths by reduding
the temperatute of the bath 1 degree (C.) each day or t0 expost
the hand to progressively lower temperatures, the idea being &
have the patient release his own histamine-like substance in 55
ually greater quantities and thus to desensitize himself Anothe!
method of d itization is to administer hi ine, as m;gimllj
suggested by Horton. The method of histamine desensitizati™
which we have used follows,
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of the heating equipment faited and frostbite followed. As time
went o, the madence of frostbite i high altitude bombiag was
maskedly reduced, except when flak oc butlets from enemy planes
produced vents in the plane’s structure. -

Pathology ~—Exposure to severe cold causes vasocomstriction
both focally and as 2 result of general seactions This continues for
satwe time, The resulting anoxemia seriously affects the local tis-
sues. In addition, frozen crystals of tissue Auids form, and when
these thaw out the celts are uptured and membranes break down
1o produce nectosss Thrombosis of the smaller arterses occurs, in-
creasiag the tendency to death of the tissue and panggene.

Lewss demonsteated that the true freezmg potat of skin is be-
tnveen —2 2nd 0C (28 4and 32 F.) Freezing does not normally
occur at ths level because of the law of supercooling. By supes-
cooling s meant the ability of 2 substance to undergo cooling be-
low 1ts ordinary freezng pomt without actually solidifying. Nu-
merous factors entes mnto the production of and iterference with
supescoohing in man, among them dryness of the skin, production
of oif and receat washing, Freezng of the skin frequently occues
between ~4 and 10 C. (248 and 14 F ), but occawonally it
does not occur untit 2 level of ~15t0 —20C. {5t0 —4 F ) 1s
reached. Factors which encowrage freenng are (1) increased
dampness of the air, (2) exposute to wind, which ncreases the
evaporation of sweat and removes the layer of radiant heat from
around the body; (3} arculatory stasis and ancxerma The last ts
especially smportant wn combat because 1t is frequently dangerous
For the patient to mave about to reduce the tendency to stass, The
wearing of tight boots was found by the Germans ta be disastrous
<unng the Moscow campaign, the loose boot or mukluk being
cwuch more satisfactory.

An importat element tn the praduction of frosthite sn avilian
life is peripheral vascular disease 1 have seen numerous individ-
wels B wete brought Yo Ynéir physiciacs because of Hostbite and
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10 so-called warm climates 1n which sudden drops in tempersice
may be encountered, frostbite may be a factor of even greater I
portance thaa the military strategy of the commanders. More thaa
one campaign has failed because of frostbite and trench foot

E. V. Allen and T warned regarding the military importanc® of
frostbite soan after the eattance of the United States mto World
War II. Our predictions unfortunately proved to be sound bt
somewhat consetvative Estimates of casualties from frostbite 208
trench foot have ranged from 30,000 to 50,000 combat troops
from the U.S. forces alone These conditions also caused 16
losses in the Korean catmpaign Prevention of frostbite in comb¥
is prmarily a command responsibility For example, among ts0%p
ordered to discard all equipment except rifles and ammunition
they moved forward and who later were pinned down by el
fire, casualties from frostbite have been higher than from batte
wounds. Extra socks might have reduced the casualties. In Kore
front-line weather stations have been established and 100 07
ments for the first time have been planned according to the e
dicted weather—a notable advance.

Frostbite encountered at high altitudes may be considered 3
purer form of the condition, since here exposure to stush 4%
dampness at tempecatures near or abave freezing for long penod
1s exceptional )

A typical stoty told by men returning from high altitude ™5
stons was that some mechanism, such as a machine gun, J07
and to adjust it the gunner had to remove one of his 81""5'.‘“3
mediately on contact with the metal frostbite developed THS
aot surprising when one considers that the temperature %S f'xr
quently 40-60 degrees below zero Early in the war l:oomb‘,ns
planes commonly had large vents because of “bubbles” whic
wete not properly enclosed and other errors in construction *7
situation was remedied later and flyers wete usually equippcd w
electrically heated suits. Sometimes, however, a patt or the ™ o
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of the heating equipment failed and frostbite followed. As time
went on, the incidence of frostbite in high altitude bombing was
markedly reduced, except when fiak or bullets from enemy planes
produced vents in the plane’s structure,

Pathology —Exposure to severe cold causes vasoconstriction
both locally and as a result of general reactions. This continues for
some time. The resulting anoxemia seriously affects the local tis-
sues. In addstion, frozen crystals of tissue fluids form, and when
these thaw out the cells are ruptused and membranes break down
to produce necrosis. Thrombosis of the smaller asteries occurs, in-
creasing the tendency to death of the tissue and gangrene.

Lewis demonstrated that the true freezing pomt of skin is be-
tween —2 and 0 C, (28.4 and 32 F.). Freezing does not normally
oceut at this level because of the Jaw of supercooling. By super-
cooling is meant the ability of 2 substance to undergo cooling be-
low its ordinary freezing point without actually solidifying Nu-
smerous factors enter mnto the production of and interference with
supercoohng i man, among them dryness of the skin, production
of oil and recent washing Freezing of the skin frequently occuss
between —4 and -—10 C. (24 8 and 14 F.), but occasionally it
does not occur until a level of —15 to 20 C (5to —4 F)is
reached. Factors which encourage freezing are: (1) increased
dampness of the air, (2) exposure to wind, which increases the
€vaporation of sweat and removes the layer of radiant hest from
around the body; (3) circulatory stasss and anoxemia The last is
especaally important in combat because it 15 frequently dangerous

for t}}e patient to move about to reduce the tendency to stasis. The
Weating of tight boots was found by the Germans to be disastrous
duting the Moscow campaign, the loose boot or mukluk beng
much more satisfactory.

”A“ mportant element in the production of frostbite in civilian
1te 15 peripheral vascular disease. T have seen numerous individ-
uals who were brought to their physictans because of frostbite and
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1 whom there was evidence of occlusive artecial d.isease such 8
arteriosclerosis obliterans ot thromboangiitis ghliterans of ©0
whom there was definite cvidence of Raynaud's SY"df"me" P;
nents with any one of these syndromes should tike speciat est¢ &
avoid exposure to cold because they will suffer fros!bltc.ﬂt 2 :“1
higher temperature level than will the average notmal indivi '13d

Symptoms.—It has seemed logical to classify frosthie a.'ctor A
g to degree, so that others reading reportts of cases M3y ol
some conception of their severity. In 1942 Allen and T sug8 o
a classification which follows 1n a general way that commonly ¥
for buras, hite

1st degree, Thus is characterized by the development f’f 1‘“}1 "
or yeltow frostbite involving the outer layess of the skin witho
blistering or peeling. .

2d degree.P Damgage to the supetficral Jayers of the skin 8 5;
vere enough to produce blisteting ot peeling but not sevet enoug
to affect the deep layers of the skin or the subcutaneous fusucs. B

3d degree. Damage is sufficient to cause death of thick fare!
of skin and subcutaneous tissues £ an

4th degree. Gangrene develaps, esulting in the Joss ©
extremity or a portion of it. 2

In first degree or mild forms of frosthite the skit ﬁ{“m‘s
dult yellow color associated with numbness and paresthesiaé ot
the affected area, for example, the cheek, Application of 2 wnrﬁ:
hand or return of the patsent to a normal environment “‘un cau;
normal color to return, The affected ateas, however, remain bype
sensitive to further exposure to cold for a pesiod of time, ia O™
cases for yeats.

With second degree frostbite the onsct is esseatially the so
25 in the milder form, but the tissues become firm and digits 42
are involved become stiff. On thawing, reactive hyperemtt 3
velops. With recovety, redness tends ta spread from the nO'“‘:'
tissue toward the center of the affected area. This is frt‘iﬂcmy
associated with pain, especially of a burning order. Shortly aftef
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edema of the part occurs and blisters are noted (Fig. 82). Portions
of the skin then peel off easily. The superficial skin layers may
appear necrotic or gangrenous Inexperienced observers often be-
lieve the tissue involvement is much deeper than it actually is.
Following care the superficial skin peels off, leaviag normal tissue

Fi. 82 ~Second degres frosthite of feft first —
Note st 2l & ngn o ! nx of left first toe after exposure to ~—23 F.

and frequently entitely notmal skin under areas which were
thought to be fost,

In third degree frostbite there is mare extensive and deeper
xf:vulvemelxt (Fug, 83), and in the severest forms pottans of the
limbs _and digits may be lost completely

. Patients who have suffered from severe frostbite frequently con-
tinue ta be highly sensitive to cold for many years and should avoid
fucther exposute, This was emphasized during World Wae 11
when soldiers wese of fecessity sequited to go back into combat
after one or mare bouts of frostbite It was found that many of



»
5
VRN i o
Fi6, 83 —Thurd degree frostbite after exposure to —23 F. A, mvol
greaklfl;es of both feet B, frostbite of right heel

336
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1em could not tolemate even moderate cold and were quickly in-
apacstated again

Prophylaxss —In awihian hie most frosthite can be prevented
iy prophylaxis Duning 2 war a large percentage of soldsers can be
stotected against frostbite by prophylaxis, although on some occa-
itons proper protection cannot be tostituted.

The following measures for protection ate suggested for those
who ate to be exposed ta extreme cold. Clothsng shauld be loose,
tight, watm and of many layess. The outer layer should be of wind-
proof matensal sach 2s Grenfell or Byrd cloth Extea supplees of
dry woot socks should be avarlable, and double Jayers of gloves,
the outer layer to be windpteof, should be wom The best type of
footwear 5s the Eskimo mukluk These boots ate made of sealshin
wath an mner layer of canbon skun, Between the layers of skun,
grass ot a specsal type of moss which 15 common o the Arctie
ateas ot newspaper may be stuffed to sncrease insulation 1f this
type of footwear 15 worn and the fect ate kept oided and dry, freez-
sng 15 hughly unltkely Lacking such footwear, latge, loose-fitting
shoes should be wotn over several layers of wool socks The mam
difficulty with shoes having rubber uppess would be maceration
from , leading to der p The feet should be
washed datly and catefully dnied, then orled, preferably with whate,
seal or chve ml Sk lesions should be carefully watched for and
treated promptly It 15 vital that no tight bands be worn and that
the shoes not be laced tightly,

Every effort should be rmade to keep moving; standing for pro-
tracted periods 15 especnaly bad Comtrary to a common belef,
beards encourage frosthite owing to mossture from expired asr
which freezes and tends to cause frostbite of the face

Treatment—For muld or first degree frosthute, simple placing
of a hand over the affected area or exposuse to warm environment
ts sufhcient to restore the circulation to normal The application of
additional heat should not be constdered

In more severe cases, frostbite should be considered 20 emet-
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gency problem, It is important that the skin not be rubbed' o
traumatized in any way. Snow should not be applied. The patient
should not continue walking after the feet have been frozen, wnless
this is unavoidable. Many patients have been made worse by walk:
ing for several miles and then enteting an overheated room'm
placing themselves near a stove If immediate care is not obtsitv
able and if the foot is not too badly mvolved, it is wise to remose
the shoe and sock and place the foot agamst the skin of a co®
panion as, for example, within his shirt,

If the patient can be removed to 2 home of to a hospital, are
should be taken to warm the extremity slowly and withont expos:
ute to heat greater than natural room temperature. The applicatica
of excessive heat locally must be avoided. Warm drioks of 23
alcoholic beverage may be taken once treatment has begua. It ¥
wise to paint the affected area with a mild antiseptic such s 2
1 1,000 solution of acriflavine or 1 15,000 solutron of Merthiolste.

‘There is some controversy over whether it is desirable to keep
severely frostbitten feet cold for several days or whether they
should be warmed gradually but as soon as possible, In my ¢
petience tapid warming has increased the pain, and in maay 1o
stances has caused such excruciating pain that it was necessafy 10
cool the feet again. The best approach to this problem 1s probably
to expose the feet to room temperature, If the patient cDum“s
of great discomfort, the fect are overheated, and if the feet app H.“
to be increasingly edematous st may be wise to play an elecinc
fan over them to keep the temperature reduced moderately. OCCF
sionally the application of yce bags may be necessary to 160U
edema and severe pam temporarily, This measure should not b¢
continued for a protracted period.

Nerve blocks, ganglionectomy and simylar procedures Wave
been harmful rather than helpful 1n our experience, despite €00
teary claims by others, Lange and Boyd reported marked reductio®
of gangrene in antmals and man followng use of heparin in frost:
bite, but this is not finally evaluated a5 practical therapy.
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Dunng the Korean campaign 4 farge expesience has been accu-
mulated with the use of very dilute infusions of procaine solution.
Although the eatly feports have been favorable, final evaluation
has net yet been possible.

Surgeons should resteain any desiie to amputate eatly simply be-
cause the entire foot or hand 1s covered with 2 black gangrenous
fayer, Frequently the blackened niecratic skin peels off after 2
time, leaving notmal skin with perhaps loss of portians of one
or two digits. There shaeld be pa huste abowt opersting. Brety
opportunty should be given for the extremity ta return to normal
status, even 1f this takes several months,

TRENCH Foor
As mentioned cachier, in land warfare frosthate and treach foot
ate frequently present togethes to produce a confused pictuse In
some instances, however, true trench foot develops on exposuse
to a tempenature which 55 Jugher than that causing frostbite but
at which c d tod results 1 trench foot

P P
Duning the miltary campaigns of the Napoleonic Wats, the Cri-
mean War and Wodd War 1 there were many thousands of
casualties due to trench foot

Enology.—After g and ing hundreds of pa-
tients 1 the vascular tenters of the Unsted States Army dunng
Weosld War 11, 1 was impressed by the simtlanty of the stonies
regarding the production of trench foot

“Typicaily the patient was w a combat zone where the tempera:
tuge was freezing or pechaps even a few degrees sbove, There was
stash or wet mud over most of the area or at least whete the par-
icular soldier was staboned In 2 forward position he was held
under fire m a foxhole or trench for 2448 howrs or longer, un-
able to exereise the Juwer extremities properly because of the risk
of bang shot and unable to obtam a fresh supply of diy footssear
because of his exposed posttion

Some of these miea were 1 such situations for more than 10
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days, the longest period claimed by any I interviewed beung 22
days This soldier was in the hills of Italy. When he was findlly
able to escape from his foxhole he was unable to walk and had
to crawl for 6 mules on his knees. In addition to trench foot b
thus developed lesions which were a combination of trauma and
2 condition similar to trench foot on the anterior surfaces of the
knees and which were deep enough to expose the bone.

Pathology,———Examimtions of biopsy specimens and ampumed
tissue have revealed an organization of thrombosed vessﬂs oot
unlike that encountered in Buerger's disease if the condition 18
late.  Degeneration, ischemic necrosis and infarction ate pres.tﬂt
in both soft tissues and bones 2nd are later succeeded by scatriog
and atrophy. There are marked phagocytosis of lipids and atrophy
of fat 1n subcutaneous adipose tissue. The muscles show atrophy
and 1schemtc changes simular to those of Volkmann's contractute.
Necrosis of bone with sequestration is followed by sheathiog of
the dead trabeculae with new osseous lamellae, a condition resem”
bling that of Sudeck’s atrophy. Friedman has concluded that, &
least pathologically, the distinction between true frostbite 20d
trench foot should probably be abandoned since the tissug 163
tions follow the same general pattern.

Symptomss.—The first symptoms noted by the patrent are feet
ings of coldness, d 3 and Jiness."” As long
as the patient remains exposed with his baots on, the feet are 10
some degree anesthetized from the cold. The pain is not SCvet®
When, however, the patient returns to 2 watm environment and
removes hts boots, marked edema develops tapidly and a hent
orrhagic extravasation under the skin frequently takes place. The
feet become markedly hyperemic and intense burning parm is chit’
acteristic. The soldiers discovered that removal of boots i the
field was dangerous because of the great risk that they could not
be replaced. The inclination, therefore, was to Keep the boots 02
unless rescue was at hand, After the teturn to warm environment
and development of extravasation and edema, gangrene may fol-
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low. "The gangrene may vary from 2 few isolated aseas of the skin
to rather widespread involvement of, for example, both feet. As
i the case of frostbite, gangrene is apt to be very superficial, Fre-
quently with gangtene to the ankle, pulsation of the dossahis pedis
artery can be felt,

Any thought of radical excision of amputation early in the
course is to be discouraged since observation of large groups of
patients many months after exposuse revealed that the gangrenous
skin usually peels away, leaving normat skin beneath. The pumbes
of feet ot even of digits lost a5 2 result of pute trench foot was
extraoedinarily small Secondary infection with both aerobic and
anaerobic gas-forming bacteria is 2 constant fisk. A few deaths
have been reported as a result of secondary infection

Prophylaxis—~The prophylaxis program supgested in the Bul-
letin of the United States Army Medical Departizent (p. 1, Feb-
ruary, 1945) seems satisfactory.

1. Provision of suitsble equipment Well fitting waterproaf or water-
tesistant boots witk thick, ceplaceable, inner felt soles and wool socks
may be best under certain conditions. However, with existing footgear
adequate protection agunst trenth foot can be achieved by careful
obscrvance of the measures listed below.

2, Avoidance of unnecessary fisk. (a) Stapding in water or mud-
sazked areas should be avoided as much s possible. (b) Cramped posi-
tions, profonged bility and dependency of the should
be avoided. These should be counteracted by stationary exercise of the
fet and legs. (¢} fn cold wet weather troops should be relieved of
duty as often as the situstion permits.

3. Enforcement of individeal hiygiene {4) Wet socks and 1nner soles
should be chizniged to dey ones as often as possible. Troops should catry
a dry extra pair of socks at all times (&) Shoes should be removed at
{east once dardy and the feet cleaned and dried. {¢) The upper part of
the bady shouid be kept as warm and diy as possible. (d) Noncom-
mussioned officess shonld be prepared to supervise theit men n the
cate of their feet, Frequent snspections by unet commanders would be
valusble in enforcing praper foat hygiene and also ia detecting early
climcat manifestations when men are exposed to trench foot,
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Apart from the provision of equipment, control rests with the indt
vidual himself. Measures to be taken are elementary but relatavely
unfamiliar to soldiers without appropriate precombat training or cord
experience 1 cold wet terrain and they require diligent application 0
be effective. Otherwise a well conceived and executed control progi®
will be defeated as it sifts down the chain of command unless all echelons
enforce control hygientc measures and force the policies of relief a0d
rotation calculated to minimize exposure. Daily foot inspections !
< ioned or nonc 1 officers and enforced exercises 21
changes of footgear exemplify the type of vigorous surveillance ?'hl
1s difficult to msure, yet must be attained, if contral is to be achiese!

Treatment—Once the diagnosis has been made the pate®
should be removed, without walking if possible, to 2 Bospitel

In the easly stages greatest relief is obtained in most instances
by bed rest with the feet elevated and kept cool Later, in ey
cases without gangrene, active and passive movement of the fcf‘
15 essential. Well fitted shoes must be provided and eatly walkiog
msisted upon There 15 some inhibition to beginning walking
cause of paresthesias, which are most annoying, and this e
quently becomes an acute problem with regard to futur¢ actlf

Hypethidrosis is often serious to the point whete the paiert
is disinclined to put on socks and shoes which almost jmmeduately
become wet. Lumbar procame blocks and sympath(fcfomies have
been used for treatment of the hyperhidrosis. I have had 20 oppo*
tunity to observe the end-results in large numbers of patients thus
treated. In most, if not all, instances relief from hypcxhidrusis wis
striking. In some, unilateral sympathectomy was done to anl‘
the patient to evaluate the benefits and to decide whether he woul
have the other side treated on the basis of the relief o0btain®
Some individuals have elected such treatment of the second 514%
but the majority have not considered the benefit adequate becaus®
relief from paresthesias and other discomforts has not beet £
markable. Therefore, if hyperhidrosis and coldness are severtly
incapacitating, ganglionectomy should be considered. If these fac
tots are not s important, and paresthesias and other discomfor®

™.

ol
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predominate, there is Jittle use in attempting ganglionectomy for
relief. In all cases a procajne block should be pesformed fiest to
evaluate the potential benefits.

In severe cases with gangrene the following treatment has been
developed, X .

1. The gangrenous area is treated with aseptic technic until it
has definitely demarcated and appeats noninfectious. After that.
the need for having the patient begin to bear weight necessitates
some decrease in the rigidity of sterility precautions.

2. Typhoid vaccine intravenously to induce fever is helpful in
2 coaniderable number of patients. The dosage and techaic de-
scuibed on page 201 are satisfactoty for this purpose.

3. The results of infusions of dilute solutions of procaine,
used in the Korean campaign, a1¢ encouraging but requite fusthes
evaluation,

4. Early ambut is exceedingly imp . Few patients
with this condition will, of their own volition, try to walk because
of the paresthesias and discomforts already mentioned. Various
methods of overcoming this inhibition were utilized in the Army
vascular centers These mncluded many types of exercises which
did not tequire weight-bearing on the feet and which were in-
tended to improve the general physical stamina, Among othess
were the riding of bicycles to encourage pressure on the toes and
exercising 10 swimming pools where the buoyancy of the water
lessened the weight on the feet until they became accustomed to
walking. Aa anterior bar was designed which could be placed on
the soles of the shoes and would prevent the balf of the foot from
coming in coatact with the sutface on which the patient was watk-
ing.

At this point it is perhaps appropriate to descnibe the charac-
teristic walk of the patient with trench foot. Because of the dis-
comfort, which is largely concentrated in the balls of the feet, the
patient watks with a sort of duck waddle, resting back on the heels
and avarding pressure on the balls of the feet. This means that the
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toes are thrown conspicuously outward. The walk is s0 chatacter-
1stic that an observer who has had experience with the 1}‘5 cffmsl
of trench foot readily recognizes the condition in an indwvidu
walking some distance from him.

5 As the tissue demarcates and the skin becomes loosc. t 1;
carefully removed. Amputation is reserved for only the tps ¢
digits or for entire diguts that are really mnvolved beyond hop:

6 Sk grafting 1s frequently useful in areas that have bee
severely involved.

IMMERSION FooT

Immerston foot is, 1n many respects, like trench foot. It 'ls t::
result of prolonged 1mmerston in water as, for example, m[
dwiduals who have spent days on life boats ot rafts as result °h
shipwreck. This, agam, is prmarily 2 wartime condition, altht:'u&15
1t does happen 1n peacetime. It may occur in warm chimates 5
well as cold, although most of the cases described have follos
exposure in cold areas, as 1n the North Atlantic. —

Etrology —The following factors are the same whethef unmvﬂ
ston is 1n cold or warm water prolonged dependency of the ]0“‘9
extremity, prolonged immobulity; frequently, a binding consn’lm
tion of the leg, lack of proper food, with low protein and vntamm
mtake, with vitammn B complex appearng to be the most l:s
pottant; maceration from prolonged soaking The only dlﬁertf‘ia
are exposure to cold and cold water and exposure to wartt wa
and the effects of sunburn,

Clinical picture —This has been divided into theee phases* (1')'
the initial or spastic ischemic phase; (2) the posu’mmersion, )a
peremic stage, and (3) the late vasospastic, ischemtc phase. Fo:k'
detailed description of this syndrome we are indebted to Blx
wood, and White and Warren and others. .

During the period of immersion there is a durect vasocoasti
tion of the superficial arteries and arterioles plus a reflex ":“‘50'
constriction affecting the arculation generally, The extremities
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become pale or cyanotic and cold. Pulsations are seduced or absent
because of vasoconstriction. Edema appears within 12-24 hours
a5 2 gesult of dependency and interferes fusther with the normal
ciculation Petechial lesions are apt to appear, especially in per-
sons exposed in warm climates. Shallow ulcerations may develop
over the ischemuc ares. Anesthesia becomes promineat. In waem
climates sunburn with the development of blebs is very common.

The postimmersion byperemic phase occurs when the patient
has been removed from cold 2ad placed in a warm environment,
The feet become more swallen, ted and hot and the periphera
pulsations are full and bounding. Sweating is not noticeable. The
feet must be immediately elevated and placed in a coal enviran-
ment or there will be 2 pronounced increase in the swelling and
hemorrhagic blebs will appeac. In maay cases ulceration and
gangrene may occuf. Anesthesia and numbness may persist for a
£ew days, but later busning paresthesias develop sad become more
tattense as the days pass. This phase may fast for several weeks ot
longer Secondary infection is relatively common unless guarded
against and thrombophlebitis has been seen.

The late vasospastic ischemic phase is seen in sevete cases weeks
or months aftes the acute phase has passed. The exteemities ate
cold and cyanotic and the patient complains of pains, stiffaess aad

hesias of the lower ities. Hyperhidrosis may then ap-
prar. Thus syndrome may continue or seappear during cold weather
for some years after the original insult and may intecfere with the
patient’s livelihood if he is an outdoor warker.

Prophylaxts —The Bullesin of she United States Asmy Medwal
Depariment (Februaty, 1945) contained the following sugges-
tons for the prevention of immersion oot

L, If there s time before sbandoning ship, try to obtain warm clothes
and warm covering (oil skins, rubber sheets, Qavas}, waterproof and
Xoo;: ‘ﬁ:tmg boots and several parrs of waal sacks,

- Keep the feet and bottom of the boat as dry as possible. Even
when boots ate worn, prelanged contact with cold waterpis harmful,
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become pale or cyanotic and cold, Pulsations ate reduced or abseat
becanse of vasoconstriction. Edema appears within 12-24 houts
as @ tesult of depeadency and intecfercs fucther with the normal
circulation. Petectual lestons are apt to appear, espeaally in per-
sons exposed in warm dlimates, Shatlow ulcerations may develop
over the sschemic area. Anesthesia becomes praminent. la warm
climates sunburn with the development of biebs is very common
The postimmerston hyperemic phase occurs whea the paticat
has been removed from cold and placed i a2 warm environment.
‘The feet become more swollen, red and hot and the peripheral
pulsations are ful} and bounding Sweating 15 not noticeable The
feet must be immediately elevated and placed in 2 cool enviton-
ment or there will be a pronounced increase ia the swelling and
hemorthagic blebs will appear. In many cases ulceration and
may occut. Anesthesiz and may persist for a
few days, but later burming paresthestas develop and become mare
mtense as the days pass. This phase may last for several weeks or
longer Secondary infection 15 relatively common unless guacded
aganst and thrombophlebutis has been seen.
The late vasospastic sschemic phase 1s seen 1a severe Cases weeks
or months aftes the acute phase has passed. The extremuties are

«old and cyanotic and the patient complains of pams, stiffness and
paresth of the lower

P

Hyp is may thea ap-
peas. This spndrome may cantinue or reappeas duting cold weather
for some yeats after the origimal insult and may interfere with the
patieat’s hivelihood «f be s 2n outdoor worker.

DPropbylaxix.~’Yhe Bulletin of the Untted States Army Medical
epariment (February, 1945) contsined the following sugges-
teos for the prevention of immersion foot
1. 1f there 15 time before abandonin,
f 5 ship, try to obtam warm dlothes
?nd wgrrfx Covening {oil skins, tubber sheets, canvas), waterproof and
uo;c Kmng boots and several pairs of wool socks.
when b::? the feet and bottom of the boat as diy as possible, Even
S ate worn, prolonged contact with cold water ss harmful
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3. If socks become wet they should be removed. The feet Shma;:;
dnied and oil, petrolatum ot heavy grease applied if possible. Boots
socks should be well dried before being replaced. e

4. Avoid cramped positions and dependency of the extrel
frequent exercises and temporary elevation of the [.eet.. i et

5. Keep the upper part of the body dry and diminish expos
cold winds, Lot

6. Constriction by tight clothing, shoes, socks and garters sa0
avoided. . -

7. Nutntion should be maintained at as high a level as cuf:xm;ﬁ
permut. Whisky and other alcoholic beverages should be avoice

It is obviously impossible in many citc es to f°”°wﬁm
detail such directions as these. They should, however, be app!
whenever and to the degree feasible. ot

Treatment ~When the feet ate severely involved, .(he P"i:‘:
should be lifted or casried from the lifcboat or raft if Pmt’zlly
This will decrease the rubbing of injured skin under poten! dl
septic conditions, An extremely warm environment shout ool
avoided. The feet should be elevated and kept moderately o
in a cool environment or, 1f necessaty, with ice bags or & ’me
of water over the skin Cooling may be helped by means of 2
directed toward the affected area. <ol o

All possible precautions should be taken against b:dtfﬂl o
tamination. A mild antiseptic such as acriflavine, M“thwht:m
one of the sulfonamides may be applied to areas where ‘h°0 «
is broken, A wet dressing of penicillin, 10,000 units pet 2§f s
of normal saline, may be used if infection is present and 1 ont
organism responsible is susceptible to penicillin. Penicillin o Iy
of the sulfonamides should be administered ogally of parerte
if there appears to be a generalized infectson. Heat and stmﬂs
antiseptics should never be applied to the skin of the affected aﬁd .

As s00n a5 the sweiling has subsided and does not fecuf cn~,ﬂk

" and provided the ulcerations arc healed, the P i
encouraged to become ambulatory and to phee on
the soles of his feet. Paresthesias present in immerst
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foot ae of the same order as those described for trench foot. I
2 patient has had serious involvernent of this nature, hc‘ should
atterpt to find an wdoor occupation since he s quite tikely to
have sexious dissbulity or at feast discomfort on exposute to cold,

Sympathectony ts nat indicated because the swelling and symp-
toms are frequently aggravated.

THE PCANIO SYNDROME

The pernio syadrome should be divided into the acute form, or
acute chdblains, aad the cheome form, of chrome chulblains, Acute
chilblams may be regarded as the very eatiest stage of acute frost-
bute, and chronie chufblains may be considered mild chronic frost-
bite. Certain aspects of pernso, however, deserve special attention
Immersion foot and trench foot may be considered related conds-
tions.

W Milles wrote 3 small monograph on pernio, De pernioni-
bus, in 1680, and a number of works on this subject have appeared
swice that tme McGovern and 1 emphasized that permo is a
penpheral vascular disease sather than a dermatologic one.

ACUTE PERNIO {ACUTE CHILBLAINS)

This 15 relatively common 1 northeastern United States and 1
wany other cold and damp climates. &t is frequently scen in the
hands of cutdoor wotkers and of young chuldeea who have been
playing in the snow, It is also seen with increasing frequency
the legs of wormen whe weat shost skirts, thin stockings and -
adeguate shoes mn winter weather,

The nose, cheeks 2nd ears are rarely involved. The lesions are
atmost always bilateral and symmetnical. The patient complains
of aa itching, burning sensation which 1s severely aggravated by
warmth, on coming sadoors after exposute to cold, Washing the
affected parts 10 warm water after exposure to cold aggravates the
discomfort, The skm is reddish and sometimes has a cyanotic tint.
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There 1s usually slight edema. Sometimes small blebs appeat If
thete is no further exposure to cold the condition gradually sub
sides 1n seven to 14 days. Occasionally thete is 2 prPl{”"m"
reaction dusing the acute stage, and at times 2 brownish pigmeo”
tatton persists for several weeks thereafter. Occasionally the S
becomes roughened, and frequently a diagnosis of dermatins S
ondary to exposure to some substance o which the patient is hypet
sensitive is considered. )

Treatment —Exposure to heat greater than 85 Fis undcsuﬂ‘olci
Traums, mcluding scratching of the area, must be P“"eme‘d'I
blebs break they should be treated in an aseptic mannet, usieg ®
muld antiseptic and sterile bandage. Salves, ointments and strong
antiseptics are contraindicated. The old idea that the lesion should
be rubbed vigorously with snow should be discouraged, foF fm
brisk rubbing may traumatize the skin and aggravate the conditio®
generally and may induce mild frostbite. Acute pernio 15 not &
sestous condition and will yield to reasonable care. Fu.nher =
posure to cold without proper protection must be ﬂ"o{ded 236
peated or prolonged exposuse may result 11 chronic pernio; whi
1s 2 much more serious condition

CHRONIC PERNIO {CHRONIC CHILBLAINS) .

After repeated exposute to cold and dampness 2 susceptibe
person may develop the chintcal picture of chronic periio: e
mechanism of the susceptibility is not understood. The condtio?
has been known by 3 wide variety of names, including Pazin’s &
ease, dermatitis hiemalis, lupus pernio and erythmcyanosls. Some ¢!
the confusion resulted from Bazin's writings in which he descibe”
cases under the heading of erythema induratum which were I
truth pernio rather than a true tuberculid One reason fof his €07
fusion was that the bacteriology of tuberculosis had not b’“{
worked out at the time he wrote. Careful seview of his OiB™
articles, however, shows that several of his patients had lesions
that were characteristically located and that occutred dufing <

e
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winter and cleared up each May or June. Furthermore, his descrip-
tions were accurate pictutes of pernio lesions.

Typically, after a susceptible pesson is exposed !Epc.:ltcdly to
cold and dxmpness, erythematous ulcerative hemorrhagic lesions
develop in the skin of the feet and legs, usually below the knee.
The great majority of patients we have seen have been young
women The explanation which suggests stself is that the thin
stockings worn today fail to give adequate protection against
dampness and cold during the winter months. It is interesting that
1n some of the older German descriptions the lesions were reported
as rarely occurring on the legs and feet, being more common on
the face and hands. This adds werght to the foregoing hypothesis,
since at the time of the early reports German women wore long
heavy underwear, heavy stockings and high shoes and hence their
lower extremitics were not especially exposed to the cold and
dampness.

Dusing the early years of the disease in 2 given patient the
lesions usnally appear as small nodules in October or November
and break down in three or four weeks into open and extremely
panful ulcers. The ulcers usually persist through the winter and
finally heal in the late spring or eatly summer. They leave perma-

nent scars and the legs of patients who have had this diseise for
years are disfigured 1y by i

s s d scats.
The lesions vary from pinhead size to several centimeters in djam-

eter As the condition progresses the lesions may remain open
throughout the summer. They may be so painful as to be com-
pletely crippling 1 have scen several individuals who had been
bedridden for several years as a result of the extreme pain Some
lessons may heal during the winter; as one ulcer heals others break
open 5o that there are successive crops. Most cases are incortectly
diagnosed because sufficient attention is not paid to the influence
of exposure to winter weather and the tendency toward healing in

the summer. This series of events alone should give the physician
a clue to the diagnosis.
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Most patients ate found to have a lower normal skin tempes
ture than the average person. The extremities are cool and fit
quently cyanotic. Local edema is often present around the mﬂ'{“
In some individuals livedo reticularis is present nd, 25 r“’f“i e
Chapter XIV, the pathologic process in the blood vessels in B
two conditions is somewhat dificult to differentiate. Chataderist
cally lesions ate seen simultaneously in several stages of dcvclg
ment, ranging from tender erythematous nodules, thiough i’
small bleb phase to superficial ulcers. Later the ulcers btﬁ";
deeper. They may be round or completely irregular in shape ¥
edges are usually sharply demarcated. There Is made'rate ‘”?@
tion surrounding them. Bropsy feveals angitis associated o1tk
low grade inflammation in the subcutaneous tissues.

As emphasized by McGovern and the author, the patbele?
picture 15 characteristic of, but not specific fof, pemio. .
pathologic lesions have been observed 1 a.cmcy'iﬂos.‘" tises
reticulatis and some cases of trench foot, They have three
in common: (1) angittis with intimal proliferation, thidccﬂ}ﬂgg
the wall of the artery, with periarterial-perivenous infiltration ¢
Ipmphocytes, monocytes and leukocytes; (2) pecrosis of the P
niculus adtposus; (3) chronic inflammatory reaction of the
cutaneous tissues in which giant cells are frequently (ouﬂdb“
tubercles never, Purpuric areas ate common. In some cases e
is hyperpigmentation. No acid-fast bacteria ar true tuberdes
found. .

The mechanism js probably based on repeated vasospastic ¢
actions producing anoxemic changes in the tissue. The follo™®
cases are illustrative of the typical syndrome.”

Case 2.—A girl, 19, was ficst seen in April, 1938. Aftes iofu,
the tight leg in March, 1937, she had noted fed blotches that %0'= %
vated above the surface which first appeared on the back of the 10®
third of the leg. The lesions became more raised and scalys 5% 4

« Ourgunally reported in McGovern, T., and Wright, L. § 3 Pemnto” 4 7
disease, Am. Heart J, 22-583-605, Noverober, 1941
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red to come to a head, ulcerate and heal, After two wecks in bed
Ehc: red Blotches temamned and similar Sesions appesred on the Jeft leg.
Dunng the summer the lesions healed, In November, withoot pew
wjury, sevesal similar lesions reappeared, each developing anto an
dleer No treatment was instituted. In May, 1938, afl lesons disap.
peared. After a shght smputy to the right leg December the condition
returned and both legs ulcerated Late in the summer of 1939 the
fessons had not completely healed but wese improred and confined to
the lower thid of the legs 2long the medisl 2nd postenior surfaces.

Etz 81 —Pathology of thronx pesnio Nete hyperkeratoss and sbscess

When the lesions began ta appear they were excruciatingly pamful;
after ulcetatron set ta the parn was less acute,

Physical examination 1 April, 1938, showed no abnormality except
the leg fesions Bload pressure was 100/50. Oscillometnc readings znd
capsllary studses were normal Roentgen stady of the Jungs revealed no
abnasmalsy, The Mantoux reaction was posttave at 1 1,000

Bupsy of a lesian revealed no evidence of tuberculosis Except for
2 small zone of wl e Iying squ path was not
abnormel. Immeduately beneath the basal calt layer was an extenuve
teukogytic reaction that diffusely 1ofiltrated the subcutis. Capilianes i
this region wese unusually promunent as a resubt of endothelial and

Naty fibrok i, < 1

¥ ¥ L ¥ < P was

neesotir, coptamung many nuclear fragments but showing no teae case.
auon (Fig 84) Polymorphenuclears and smalt lymphocytes mfiltrated
the adipose tissue and there was considerable fibrosts The most con-

sprcaous feature tn the panmiculus was the vascular change, which con-
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sisted of chtontc angitis; not only was the endothellum !;m\ly thrdke
ened but there was a striking perivasculat ring of fibrous tissue contaid
ing many cells, chiefly of the lymphocyte sesles. .
Case 3—A woman, 39, was first sZn in September, 1938. The his
tory was nsignuficant except for the following events In Odober 195,
she had had an ec condition that involved the fexor Smﬁc,ts
of the legs, back and hands, in that sequence. Roentgen thenapy “L”
gven, The condition, of unknown etiology, had cleared up in 10 ““,ds,
At age 14, ted mndurated areas which were painful on pressute dev .
oped on the inner and posterior aspects of both legs. Thcy Mmih
inflamed and healed without vlceration. In the fall of her eighteet 0
year similar areas appeared and ths time ulcerated. For the next 5“‘"
years the legs were normal, At 25, the lesions recusced after swimmins
late 1n the summer The condition was such that she was in be m?,;
of the time from October untl June, wearing a gelatin boot lh:&; .
changed frequently. The legs healed and she remained well for B
yeats For the following 11 years the night leg had never complcltsf
healed, although 1t was defimtely improved during the Warm SO
The left leg had been free from ulceration for four years- | .
Tn October, 1938, she had excruciating pain actoss the right m'hg
and ulcers appeared between three toes of the right foot. Ulcess €
developed on the dorsum of the foot and a single lasge lesion P‘“‘S“u
The pain in the reddened areas was knifelike, The areas Were iscte
and the color changed from red to violaceous When the patient open®
the lesions with a needle, dark red serum exuded for 2 dag, then ¥
lowish serum, and the lesions began to ulcerate, with cessation of P‘“’]L
T.hc ulcers healed m four to five weeks. The healed afeas W& cc?ﬂ.
pigmented, and on these the next year's crop of fesions became € ¥
grafted The lesions were open almost all winter and she was confin€
to the house from October to the end of February. ons
Phystcal examination revealed no ab Lities except the 18 ks\o!v\
The skin was deeply pigmented and scleradermic from the knees d0%%
A large ulcerated lesion was present on the internal malleotus m.
another on the dorsum of the tight foot The left leg showed pig‘“‘,“u
tion, scleroderma and evidence of healed ulcers Oscillometic f"d“‘pn
were normal. Lung x-rays showed an old inactive tuberculous foous
the nght hilus and an old Ghon nodule. The sputum contaio®
tubercle bacilll; the Mantoux reaction was positive at 1:1,000
Biopsy of 2 Iesion showed no evidence of tuberculosis. Ther® """:
extreme hyperkeratosis and a fairly large abscess in the ﬂ“’muu
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sthedat fayer (Tig. 85). This represented a long~s.undmg chronic
;Eocc:ls in w}vﬁd\(\dcguatiu)n played a couspicuous _x:zl:. indicated by the
fact that nests of cpithelium lay in isolated foci in l.hc subcutaneous
connectwve tissue. The angiitic seaction in the subcutis was conspicu-
ous "The vessel walls weee greatly thickened, in some instances alm(}st
to the paint of complete occlusion of the lumens. 'Y.ach vessel thus in-
olved was sutsounded by collections of neutrophilic leukocytes, lymph-

B

L
ey

- -

Eic 85 —Pathology of chrome pernro. Panmiculus 15 extensively necronic,
capillarses are unuswally promisent Leukocytes and small lymphocytes infiltrate

the adipose tissue Note endothelial thickening and perivasculas ring of Bbrous
tissue

ocytes and latge mononuclesr ¢cells There was extreme necrosis in the
panmieulus adiposus, some of the necrosis even suggesting caseation,
Chromedty was {ndicated by extensive granulation tissue on the margins
of the necrosts. An interesting featuse was the presence of many cells
m division, both in the jnvolved vessels and i the dermis,

Case 4—A woman, 39, had had two miscarriages and one full-term
pregnancy, the latter 10 gears previowly, In September, five yeass before
admission, she fitst noted cold, itchy feet, followed shostly by Hustesing,
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sisted of chronic angiitis; not only was the endothelium 5!51d7 'h‘fk
ened but there was 2 striking perivascular ring of fibrous tissee contaif
ing many cells, chicfly of the lymphocyte series s

Case 3 —A woman, 39, was first seen in September, 1938. The .
toty was insigmficant except for the following eveats In October, 193%
she had had an eczematous condition that involved the flexor sucfass
of the legs, back and hands, in that sequence. Roentgen therspy *
guven, The condition, of unknown etiology, had cleared up in 10w 4
At age 14, red indurated areas which were painful on pressure e ]
oped on the inner and postetior aspects of both legs. They l’“ﬂ;
mflamed and healed without ulceration, In the fall of het exghtf‘fm
year simdlas areas appeared and this time ulcerated. For the next 5 !
years the legs were narmal. At 25, the lesions recurred after swImmios
late in the summer. The condition was such that she was it bed i
of the time from October until June, wearing a gelatin boot that “:t
changed frequently. The legs healed and she remained well for "hi
years. For the following 11 years the night leg had never complecy
healed, although 1t was defs ly imp. d during the warm
The left leg had been free from ulceration for four years. . "

In October, 1938, she had excruciating pain across the right md;mg
and ulcers appeared between three toes of the right foot. Uless,
developed on the dorsum of the foot and a single large leston penist y
The pain 10 the reddened areas was kmufeltke, The areas were &5
and the color changed from red to violaceous. When the patient OPMK
the lesions with a needle, dark red serum exuded for a day, the ¥°
lowssh serum, and the lesions began to ulcerate, with cessation of Pm;
The ulcers healed in four ta five weeks The healed areas were deepf
pigmented, and on these the next year's ctop of lesions becd™® e
grafted The lestons were open almost ail winter and she was € n
to the house from October to the end of Febeuary.

Physrcal revealed no ab Iities except the lcg lesior®
The skin was deeply pigmented and sclerodermic from the knees SO
A large ulcerated leston was present on the internal malleolus an)
another on the dorsum of the right foot, The left leg showed pigmert
tion, scletoderma and evidence of healed ulcers Osallometric 1€3478°
were normal. Lung x-rays showed an old inactive tuberculous
the right hilus and an old Ghon nodule, The sputum contained 20
tubescle bactlli; the Mantoux reaction was positive at 1:1,000

Biopsy of a lesion showed no evidence of tuberculosis, There #&¢
extreme hyperkeratosis and a faitly large abscess in the squim®®
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epabelal layer (Fig 85). This rcprcscm;d a long-s}mdmg chronsc
precess in »hich ticeration played 2 conspicuons nglc, indscated by the
fact that nests of eputhetium lay in isolated foci in the subcutaneous
connective tissue The angitic reaction 1o the subcutis was conspicu-
ous The vessel walis were greatly thickened, i some instances almost
to the point of mplete occlusion of the lumens. Each vessel thus sn-
volsed was susrounded by collections of neutsophitic Jeukocytes, iymph-

Fig B3 —Pathology of chronic pernzo Panmiculus 15 exteomvely necrotc,
capiftanies aze ynususlly promunent Leukosytes #nd small lymphocytes snfiltrate

the adipose tissue Note endothelial thickenng and petivascular niog of Gbroas
tissue

ocydes 2nd Iarge manonucleas cells There was extreme necrosss s the
paaoiculus adiposus, some of the necrosts even suggesting assation
Chromiaity was indicated by extensive granulation tissue on the margins
of the necrosis An snteresting feature was the presence of many cells
s diaision, both 1n the 1nvolved vessels and 1n the detmis

Case 4 ~A woman, 39, had had tao nuscarriages and one full-term
pregaancy, the latter 10 years proviously In September, five years before
admssion, she fiest noted cold), stchy feet, foltowad shortly by Blistering,
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with ulceration of the inner surface of the feft ankle. Each summt e
lesions healed but reappeated in the fall. The ulcess were treated by
salves in a skin chinic,

. On exposute to cold the patient had s burming fecling follontd by
itching, which was a sign of initiation of the leg lesions The ameis

18, 86 ~Chroniz pernig, 1o, N 0 s st} wees?
and sars with pugmestation, © <S¢ leslons, with mumssov

became bluish red and some even 1 suba hematrbag®
Size vatied From a petechizl spot to that of 4 gime Thete was SV
knifelike pain, worse at night, in the discolosed areas, Aftes too &7
to three weeks a blister wonld form, exuding pinkish or yello®
exudate, followed by ulceration, 4 scab would form and the lesion

At this stage, 207 injury to the Iegs by exposure or otherwise caused
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lesions to ulcerate agsin. Each crop of lesions usually began sumultane-
ously, They were confined to the legs, usually the lower thied, with
4 fes lesions on the dossum of the foot and toes. The severe pan
usaally Yasted until wiceation, then p inely i

Physical i showed no ab lity except the leg lesions
Thete were hasge square granulating lesions on the inner aspect of the
ankles extending back to the calves and marked ulceration of the ankles,
backs of the fect and the toes (fig. 86) The domsals podis and
postersor Lbial artenes were normal, There wmere g0 color changes s
the feet on elevation or dependency, There were shight vancose sems
in bath fegs Oscillometric readings were normal. Lung x-rays sevealed
o abnosmality AN cold seasitiaty tests gave negatsve results

Biopsy of a lesion revealed no evidence of tuberculosts There were
superhcial i and ) of the stratsfied sq epr-
thefum and an increase of fibrons tissue i the underlyng comum,
with marked sdema and smoothing of the tete pegs. The seeat glands
wete duplaced and therr cotls separated by the ncreased, edematous
connective tessue fibers Mitd mononuclear cel infiltration was noted
The deeper fapers of the eprdermis were pigmented and lymph spaces
were dilated, with a tendency to veswle formation The aapdianes
showed evidence of proliferation In the subcutss the vessel walls nere
greatly thickened, occluding the lumens, and there was marked pets-
vascular snfilttation, The straking feature was angntis

Differential duagnosss must include erythema induratum (true
Bazin's disease}. The fesions of erythema mdutatum are apt to be
more nodular and indurated and the late ulcerative lesions are
likely to be deeper Ocoasionally seasonal changes are noted.

'fubﬁ(c\e formation and caseation are found Permio must also be
. ! f 1
0m

¥ , which 15 a much more
2aste process and 1s usually associated wath acute systemuc reaction,
with fever, maluse and sometsmes arthraiga. Tt usually occurs in
the spring and fall rathes than n the late fatl, The Jesions do not
tend to nleerate, The third detation 1 d ial &

s nodutar vascubiis The lessons are extremely panful and unsu:tl!y
occur m the calves of women between 30 and 40 years of age.
Ulceration is sare.

Treatment —There 15 no specific treatment fot chronic pernio.
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with ulceration of the inner sucface of the left ankle, Each summer
lesions healed but reappeared in the fall, The ulcers were treated by
salves in a skin clintc,

On exposure to cold the patient had a burning fecli.ng followed by
itching, which was 2 sign of initiation of the leg lesions. The aress

Fia, 86 —Chronic perno, Leg and ankle lesions, with numerous small uleers

and saars with pigmentation,

became bluish red and some even suggested subcutaneous hemorshages:
Size varied from a petechial spot to that of a dime. There wa$ 5':{"”
knifelike pain, worse at nught, in the discoloted areas. After t%0 ays
to three weeks a blister would form, exuding pinkish of yellowis
exudate, followed by ulceration, A scab would form and the lesion hf‘c
At this stage, any injury to the legs by exposure or otherwise CaUSE
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lesions to ulcerate sgam, Each crop of lesions usually began sunultane-
ously, They were confined to the legs, usually the lower thied, waith

& few lesions on the dorsum of the foot and toes. The severe pan
usually lasted untd ulcerstion, then proressively d hed.

Physscal showed no ab Ity except the leg lesions,
There were large square granulating lesions on the aner aspect of the
acikdes extending back to the calves and marked ulceration of the anldes,
packs of the feet and the toes (Iig 86) The domals pedis and
posterior tibsal artenes were normal. There were no color changes i
the feet on clevation or dependency. There were slight vancose vemns
10 both legs Oscillometnc seadings were notmal. Lung x-rays revealed
no abpormality. All cold senstivity tests gave negatnve results

Biopsy of 2 lesson revealed no evidence of tuberculosss These were
superficial cornfication and exfoliation of the stratified squamous epr-
thetram and 2n increase of fibtous wissue i the wndedysng conam,
with matked edema and smoothing of the sete pegs. The sweat glands
were displaced and their coils separated by the increased, edematous
connective tissue fibers Mild mononuclear cell infiltration was noted
The deeper layers of the eprdermis were pigmented and lymph spaces
were dizted, with 4 tendency to vencle formation The capitlanes
showed evidence of prohferation In the subeutis the vessel walls were
greatly thichened, occludung the lumens, and there was marked pers-
vascular snfilteation, The strsking feature was angutss

Dhfferential diagnosis must include erythema induratum {true
Bazm’s disease). The lesions of exythema smduratum are apt to be
moze nodular and indurated and the late ulceratve lesions are
bikely to be deeper Occasionally seasonal changes are noted
Tubercle formation and casestion ase found Permo must also be
differentated from erythema nodosum, which 55 a much mote
acute process and 55 usually assocsated with acute systemic reaction,
with fever, matuise and sometimes arthralgea, It usually occurs in
the sprmg snd fall rather than sn the late fall. The lesions do not
tend to ulcerate. The third consideration wn differential diagnosis
1s nodular vasculitis The lesions are extremely panful and usually
oecur an the calves of women between 30 and 40 years of age,
Ulceration s rare

Treajment —There 15 no speaific treatment for chromc pernio,



354 VASCULAR DISLASES

with ulceration of the nner surface of the left ankle. Each summet the
Iesions healed but reappeared in the fall. The vlcers were treated by
salves in a skin clinic.

On exposure to cold the patient had 2 buming feeling fotlowed by
stching, which was 2 sign of initiation of the leg lesions. The atexs

15
Fio. 86 —Chronic petnio, Leg and ankle lesions, with numerous small Ule®
and scars with pigmentation.

became bluish red 2nd some even suggested subcutaneous hemorehag®s:
Size vatied from a petechial spot to that of a dime, Thete WaS severs
knifelike pain, worse at night, in the discolored areas. After tW0 dﬂYl:
to three weeks a blister would form, exuding pinkish or yello™$
exudate, followed by ulcetation, A scab would form and the lesion b€
At this stage, any injury to the legs by exposure or otherwise caused
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tesions to ulcerate agam. Each top of lesions uswlly began siemftanc.
ously. They were confined to the legs, usually the Zower thitd, with
a fow femons on the dorsum of the foot and toes The seere pam
uspally fasted untit ulceration, then pragessively diminished.

Physical ghowed no sb Lity excent the leg lestans
There were large square granulating lesions on the inner aspect of the
ankles extending back to the caltes aad marked ulceration of the ankles,
bads of the feet and the toes (Kig 86). The dorsahs pedis and
posteniar tihual acteries wese normal, There were no calor changes in
the feet on thevation or dependency, There were shght vaucose veins
1 both legs, Oscillometew teadiaps were narmal Luag x-rags revealed
20 sboormality. All cold senstvity tests gate negateve results

Biopsy of a lesion teveated no evidence of tubetenlosis. There wese

pechiosal and 1 of the stratified squarnous epi-
thelzen and an increase of fibrous tssue in the undesiying conum,
with marked edema and smoothing of the e pegs. The sweat glands
wete displaced and thew cods separated by the increased, edematous
tonnectine tissue fibers Mild monomuctess <oll infiftsation was noted
The deeper Layers of the epderms wese pigmented and tymph spaces
were dilated, with 2 tendency to vesile formation. The capdiames
showed evidence of prolifetation In the subcutis the vessel walls were
greatly thickened, accuding the lumens, and there was marked pen-
vaseulag infiltration. The stoking featuse was angiitis

Differential diagnosis must include erythema indusstum (true
Bauin's dusease}. The Jesions of erpthems mduratum are apt to be
wote nodular and indurated and the Iste ulterative lesions ase
likely 10 be deeper. Occasionally seasonal changes are noted
Tubeccle formation and caseation ate found. Permio must also be
diffecentiated from erpthema nodosum, which is 2 much mare
ate process aad is usually assocrated with acute systermuc reaction,
with fever, malaise and sometimes asthralgra It usually occurs m
the spuing and fall rather thas 1n the tate falt The lesions do not
tend to ulcerate The thurd consideration 1 differentiat diagposis
s nodules vaseulitis The lesions are extremely parnful and usustly
octus in the calves of women hetween 30 and 4o years of age
Ulceration is rare

Treatment —There 15 no specific treatment for chromic pernio.
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with ulceration of the inner surface of the left ankle. Each suzmet t¢
lesions healed but reappeared in the fall. The vicers weie treated by
salves in a skin dinic.

On exposuse to cold the patient had a burning feeling followed b

itching, which was a sign of initiation of the leg lesions. The aress

s

1

small ulcets

Fic. 86 -'—Chx.omc pernto. Leg and ankle iesions, with numerous
and scars with pigmentation.

became bluish red and some even suggested subcutaneous hzmotlh.’lg“;
Size vatied from a petechial spot to that of 2 duyme. There W25 5‘;‘;5
1)

Lnifelike pain, worse at night, in the discolored areas. After £#0
to three weeks a blister would form, exuding pinkish of yellows

exudate, followed by ulceration, A scab would form and the lesion 1
‘At this stage, any injury to the legs by exposure of otherwise ciused H°
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been tried without mmpressne results, We are now studying the
effect of ACTH and cortisone 1a the treatment of supetficial ulcers
of this character and the tesults scem encouragng, but st 15 too
eatly to draw final conclustons regarding thest worth

CRYOGLOBULINEMIA

Among the more teresting cond which may
thrombosts but concerning which there 15 no evidence that the
true mechamsm of thrombosts 1s wmvolved are cryoglobulinemsa
and the syndrome of cold hemagglutinias In both of these con-
ditions the blood may become thickened to the point of obstructing
—nterfering with the arculation theough the minute vessels, pro-

ductog secondary infarction and, in severe cases, gangrene of the
tissues

The rold-prevpiable proteins of cryoglobulinemaa are encoun
teted most commonly 1 multiple mycloms and kala-azas but may
also be seen with arthnitis, hepatic disease, dissernnated Tupus
and, rarely, other diseases They may be present m some, but not
the mijonity of, patients with Raynaud's syndrome

Although the occurence of cold-preaspitable agglutinins sn the
seram of plisma s not e, the presence of chincatly significant
2mounts has been recognuzed m only about 15 cases

Chandtenstically there 15 difficulty n withdraswing blood same
ples and carrying out laboratory procedures with the blood because
when its temperatuse falfs below 37 C the cells sgglomerate and
become enmeshed 1 a preaiputate of cryoglobulm. Warming to
sbove 37 € generally produces resolution of the preapitate znd
freemng of the cells Although the temperatute of the central ateas
of the human body (e g, rectum) tends to remam above 37 C , st
13 ot for the temp of the peripheral and super-
ficial areas to fall far below this cutical poiat on exposwre to fow
eavitonmental temperatures or dunng such common acts as the
handling of wce It 1 not surprssing, therefore, that in such ar-
camstances studging, precspitation and obstruction of the vessels
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Above all, the patient should be protected from exposute 1o cold
and damp. Living in 2 warm climate often prevents the recurfence
of lesions, and if this is done in the early stage of the disease ¢
prognosts may be rather good Moving into the northern pat o
2 warm zone is not always sufficient protection 1have had patscets
move as far south as the Carolinas without satisfactory §e5pO%ss
and 1 Texas, where a cold wind may blow for 2 day or two,_ﬁ\l
Jesions may become active, although less troublesome than .2
northern climate.

Healing bas been reported following various forms of theciph
but because successive crops of lesions tend to heal, evaluation &
difficult, We have used Mecholyl 1on transfer triweekly with‘ 36.&
quate protection of the legs from cold In other patients acti
fever therapy by means of typhoid vaccine intravenously bas beet
associated with rapid healing The object of this pmcedufe isto
induce vasodilatation 10 order to improve the supply of blood ©
the ulcerated area.

Four of our patients have had Jumbar ganglionectomies' ’.I'l‘t
immediate response was rapid healing of the Jesions, poss)
owing to the vasodilatation associated with the anesthesia 5
complete rest in the protected environment of a hospital for severtd
weeks. The ganglionectomy undoubtedly aided in the yasoddit
tion After following these patients for several yeats, h"“{ﬂ.ﬂ'
there 15 2 question whether ganglionectomy has produced stekdng
permanent results, One patient had a ganglionectomy perform®
on one stde as a test, then elected to have ane on the opposite side
the following year 1n the belief that she had improved suffcient
to warrant the second operation. She has, however, continued 1
have ulcerations duting the cold weather of each winter. 1 will
necessary to follow a larger group of patients who have b
g:mghonectomies before final conclusions can be drawn fﬂS"d{ng
the procedure. If the patient has a severe crippling and ng;es'sx‘ic
form of chronic pernio, it would seem worth a trial at this Hm¢

Tetraethyl ammonium chloride (Etamon) and Dibenamine hat®
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may occur. If this persists over Jong pcziods, infarction :Lfld g
grene may result. In one case to be reported by Dr. David Batt,
the tissue damage was of such an order that gangrene of the fin-
gers, toes, nose and ears occurred.

CoLp HEMAGGLUTININS

Cold hemagglutinins have been reposted in low titer in the
serums of patients with a great variety of diseases and in normat
indiwviduals. Those found in human serum :haxackelistim!ly at
speatfically on sensitive cells, of the patient ot of other indvidusls
The reaction of clumping of the cells 1s precipitated by cold, evet
at room temperature, and reversed by warming to body “‘“Pc;
ature McCombs and McElroy first reported gangrene produce
by the obstructive action of cold hemagglutinins in 1937. Sumce
then other reports of gangrene of the extremities on this basts
have appeared In several cases hemolytic anemiz accompamed the
phenomenon.

The obstruction appeats to be due to mechanical blockage pr
duced by masses of cells in clumps and rouleaux acting much 25 2
log jam as the atterial tree becomes ngressxvely narrower No
cryoglobulias are 1nvolved, although doubtless these two phenor®
ena and thrombosss 1 the classic sense have been confused 18 the
past. The agglutination produced by cold hemagglutmnins does not
involve the constituents of the blood in the true thrombosiv
process. Mere warming of a test tube in which the phenomenc®
of cold hemagglutiation has taken place reverses the process In
man, however, if ischemia of tissue cansed by this phenomﬂ‘”“
persists for a sufficient length of time, the processes of necrosts
will proceed, with loss of tissue. .

REFERENCES
CoLD SENSITIVITY
Duke, W. W.: Allergy, Aitbrma, Hay Feser, Unticaria and Allied Mamfestsio®!
of Reastion (St. Louss: C. V. Mosby Company, 1925}, p. 257. &
Horton, B. T,: The use of histamine 1n the treatment of speciic types of b
aches, JAMA 116 377, Feb 1, 1941,



COLD HEMAGGLUTININS 361

Niles, H D+ Winter eczema of the srms, Awch Dermat & Syph 39 474, Masch,
1939

Perur, & Uber eine DECRITIEE Lokalisation vort Trostwhiden, Dermat
Wehasche 88 709, 1929

Ravitch, M 1 Focal miection i (elation to certam dermitosss, JAMA.
67 430, 191€

Sinmcandro, G Hutherto undescabed skin dusease, pgmented psputovermucous
dermatoss with copnective issue hyshsoss, Arch f Dexmat © Syph 16838,

1932

Schulde, &+ Uber Erythrocyanoss Cutss Symmetnca mit besonderer Besiick-

Sichisgang, zeres Falle {Frankfure Theses Franidurt 8 M Wemer u Wi
tee, 1927)

Teiford, E 13- Enthrocpanesis, rirh Eneyclopaedra of Medical Practice, ¥
V,p 182,193

e Leions of the skin 204 subcutaneous pssuc 18 duseases of the pensphersl
curculatson, Arch Dermat & Syph 36 952, Novemnbet, 1937

e Stophord, § § B Vasular ompheations of cerniest rb, Bait 3
Surg 18 357, Apnl, 193t

, and Stopfosd, } 5§ B Soma expelitRdes of sympathectomy in anteniot

pohomyetig, Bt M § 2 770, Oct 28, 193

Von Norden, W Ds¢ neutere frostbewlen Behandlung, Manchent med
Webnschr 73 691, 1928

Vigne, P, aad Dusn, J Un autee o33 3 tpbime nduré de Baza rps
Hurchinson, Matsaille méd 1 699 June 3, 193

Wonnger, ¥ Histologic preture of beginming yenous ohlsteration 0 Banin's
erythema, Bull Soc frang de dermat <t nph 45 1316, July, 1938

CRYOGLOBLLINEMIA AKND COLD HEMAGGLUTINING

Bar, D P Reades, G C. and Wheeler, © A Cryoglobulinemss 1, Aan
ot Med 32 6, 1950

Carey. B M, Wilson, J L, and Tamensh,
Iyt anemia assocated with cold hemsgg
Hosp Bull 1 2%, Jupe, 1948

Lener A B, and Watson € § Swces of cryoptobutns 1, Am § M S¢
214 410, Qctober, 1997

. € B and Wareon, € ] Studhes of ceyoplebulns HL Am |
M Sc 214 417, Ocweber 1947

McCombs, R P, and McElroy, § § Reveruble aurohemaggturming with pes
‘nv}xm\ vascubar symptoms, Awh Int Med 39 107, January, 193

Neswer & T, a0d Sachs, 1 Cyanoss due to cold agghotinins, South Afsicen M J
4933, Novembez 18, 1950

Ronnov-Jesson, V. Case of prunaty atypical poeumonia with hemolytic angrma
30d gangrens of fingers cansed presumably by <old aggiutination, togerher with
sutvey of the subjeet, Ugesk § lages 112 15148,1930

Stats, 13, and Bullows, ] & M Cold hemagglutnation with SYMImEIC SAOEIEAE
of tips of the extremities, Arch Int Med 72 306 October, 1713

lexggl;;. 1S ‘The pathogenesis and treatment of thrambosts, Careulation 3 161,

3 A Gangrene of the feet and hemo-
Tutinins 10 ALY FIRal pResmoma, Haslem



360 VASCULAR DISCASLS

~——~, and Warren, 5. Causes of pain in feet after prolonged immersion in
cold water, War, Med 3:6, January, 1944, .

Waight, 1 S, and Allen, E V : Frostbite, immession foot, and allied condivors
Acmy M. Bull. 63 136, Janusry, 1943.

Periio ,
i : 25, B
Bastman, J Comtribution 4 Pétude du lupus pesnio {(Théses de Pats, 1923
Médicales)  puns
Bazin, A. P, E: Lejons théorigue et clinigues sur le scrofule (24 e}
A Delahaye, 1861). .
Besconef ] e i A Yétude du Lymph Jorme Benin {lupus pern®
via1), (Théses de Pans- M Lac, 1928). "
Buetger, L Chilblun, in Nelsor's Loose-Leaf Medicine, vol 11, 664C K, 77
1937

n
Cajkovac, S, and Mayer, R L: Seasonal differences in shin sensibility nd
frequency of eczematous diseases, Lijeca. vijes, 54,268, 1932 i, Te AR
Corlett, W T- Cold as an etiological factor in diseases of the skin,
Detmat A, 18.95, 1894.
~——=- Cold as an etiological factor in diseases of the skin, 11th fateraat, ¥
Coug, Rome, 1894, p 153 . of
~—— Dermattis fumaity sith 1 consideraion of s pathologicsl "
3d Internat, Cong Dermat, London, 1896, p, 622, + e ot 1R
David, J: Erpthrocyanose sur malleolaire - Esude pathogénique, ehnigee @
Pentique (Pans: Jouve & Cie, 1929). 29
Duttrich, O, Uber Frostschiden, Arch, f Dermat, v, Syph 157.1, 1 19
Eugman, M F. The skin A marror to the system, J.A M.A. 73 1565,}9mw
Fuscht, F . Mdeotity of dermatitis nodalans necrotsea and papulonecsotic
id, Dermat Wehnschr 92 50, Jan 10, 1931,
Frtae, J T De perniombus (Haile-Magdeburs 1743) 525,
Gallos, P; Engelure des jambes, | de méd de Pans 48 332, June 20, s
Grschebin, S Concerning the 1deatuty of saccard Boeck, sarcords D‘"“&? i
j-r;lkhemz induratum Bazin and lupus pernio, Urol & Cutan, Rev.
uly, 1935
Haldin, D : Skin diseases 1n the winter, Pracutioner 141741, 1938
Hallam, R - Ensgma of chulblain, Bt M J 1215, Feb 7, 1931 seunt
Hawthorn and Vigne, P Un cas d érythime inducé de Bozin cher un J
V:ﬂo’zz::;:lf 34 ‘azlj,gifrscﬂle“ méd. 1 696, June 5., 19:34. che 49 1,19%6
o . sis rigida 3%
- - o+ uvenden A
o Su vug, it fon 0
Lewis, T. Observations upon the reactions of the vessels of the humsn 3
cold, Heart 15 177, 1929, 2l
McGovern, T, and Wright, I S : Pernio A vascular disease, Am Hes
22,583, November, 1941,
Maller, W - De permjonibu: (Jena 1650).



COLD HEMAGGLUTININS 361
Kiles, H D ¢ Winter eczema of the grms, Arch Dermat. & Syph 39.474, March,
1939

Perutz, A Uber emne ige Lokahisation von F hiden, Dermat
Wehnsche 88 709, 1929,

Ravich, M L Foceal infection jn relatton to certan dermatoses, JAMA.
67,430, 1916 i .

Sannicandro, G : Hutherta undescubed skin disease, pigmented papuloverrucous
dermatosss with connective tissue hyalmosss, Acch. £. Deemat, u Sgph. 166,53,
1932,

Schulde, R: Uber Eryth Cuus ica mit besonderer Beriick-
sichtigung zweier Falle (Frankfurt Theses, Frankfurt 2 M : Wemer v Win-
ter, 1927). i

Telford, E. )n Erythrocyanosis, Bratish Encyclopsedia of Medveal Practice, wot
Vip 182,157,

2 l,csions’nf the skin and subcutaneous tissue 1 duseases of the pesipheral
curculation, Arch Dermat & Syph 36 952, November, 1937

~—~—— and Stopford, ] S B. Vascular complications of cervical nib, Brit, J
Swig 18 337, Apnil, 1931,

=, and Stopford, ] S B: Some experiences of sympathectomy m anterior
potiomyelitis, But. M ] 2°770, Oct 28, 1933

Von Norden, W.. Die neurece feostbeulen Behandlung, Munchen med
Wehnschr 75°691, 1928

Vigne, P, and Dusan, J: Un autre cas d'érythéme induré de Bazn type
Hutcunson, Marsedle méd 1-699, June 3, 1931

Wonnger, F Hustolagie pictute of begiantae venous eblitecation 1n Bazia’s
ecythema, Bull, Soc frang de dermat et syph, 43 1316, July, 1938,

CRYOGLOBULINEMIA AND COLD HEMAGGLUTININS
Bart, D P, Reader, G C, and Wheeler, C A Cryoglobulinemsa: 1, Ane
Int Med, 32 6, 1950
Carey, R M, Wilson, ) L, and Tamenn, ) A - Gangrene of the feet and hemo-

Iytic anemua associated with cald hemagglutenins 1n atypical paeumomia, Harlem
Hosp Bull 1 25, June, 1948

Lerner, A B, and Watson € ] Studies of cryoglobulins I, Am, J M Sc

214 410, Octaber, 1947

==, Barnum, C, P, and Watson, C J Studues of eryoglobulins 11, Am ]
M Sc 214 417, October, 1947

McCombs, R P, and McElroy, ] S Reversible autohemagglutinens with e
sipheral vastular symiptoms, Arch Int Med 39 107, January, 1937

Nt:seﬁx‘,’A‘:r »and Sachs, I Cyanosis due to cold agglutimins, South African M J



360 VASCULAR DISEASES

. and Warren, 8- Causes of pamn in feet after prolonged immerston in
cold water, War, Med 5.6, January, 1944,

Wright, I S, and Allen, E V Frostbite, immersion foot, and aflied conditions,
Ammy M. Bull. 63 136, January, 1943

PERNIO

Bartman, J - Contribution & Fétude du lupus pernto (Théses de Panss, 1923, Ed
Médicales)

Bazin, A. P. E Legons théorigue et cliniques sur le scrofule (2d ed 3 Pans
A Delihaye, 1861).

Bescone, J . Contribution & Métude du lymphogranulome Bemn (fupus pemio
via1}, (Théses de Pars M. Lac, 1928).

Buerger, L - Chilblan, 1n Nelton's Loose-Leaf Medtcine, vol 11, 664CK, 778A 1,
1937,

Catkovac, S, and Mayer, R. L Secasonal differences 1n skin sensibility and in
frequency of eczematous diseases, Luyecn vies 34 268, 1932,

Corletr, W. T+ Cold as an etiological factor in diseases of the skin, Tr. Am
Dermat A. 18 95, 1894,

———: Cold 2s an etrological factor in diseases of the skin, 11th Internat. M.
Cong , Rome, 1894, p. 153

———— Dermattis hiemalis, with 2 consideration of its pathological znztomy,
3d Internat Cong Dermat, London, 1896, p 622.

Davad, J - Erythrocyanose sur malleolare« Etude parhogénrque, clhnigue ef 1hérs-
pentigue (Panis Jouve & Cie, 1929)

Duttesch, O Uber Frostschaden, Arch  Dermat u, Syph 157 1, 1929

Eugman, M F.. The skin A murror to the system, JAM A. 73-1365, 1919

Fischl, F - Identity of dermatitss nodularts necrotica 2nd papulonecrotec tubercu-
Iid, Dermat Webnschr 92 50, Jan 10, 1931,

Frtze, ] T De pernsonsbus (Halle-Magdeburg 1743)

Galloss, P.. Engeluse des jambes, ] de méd de Panis 48 532, June 20, 1929.

Grschebin, S Concerning the sdentity of sazcord Boeck, sarcoids Darier Roussys
efythema nduratum Bazin and lupus pernio, Urol & Cutan, Rev. 39 477,
July, 1935

Haldin, D Skin diseases in the winter, Practitioner 141 741, 1938.

Hallam, R - Enigma of chilblain, Brit M J 1 215, Feb 7, 1931, N

Hawthorn and Vigne, P Un cas d'érythéme nduré de Bazin chez ua jeunt
homme de 24 ans, Marseille-méd 1 696, June 5, 1934

Klingmiller, F, and Dittrich, O, Uber Frostschiden, Dermat Ztschr, 49.1, 1926

Knight, G € Sympathectomy 1n the treatment of erythrocyanosis fugida #ad
chronc oedema of the leg, St Barth Hosp Rep 71:173, 1938

Krewndler, A, and Elias, H,. Zur Ktnik und Pathogenese der juvenden Also
cyanose, Ztschr. £ Kindech. 50 608, 1931,

Lewss, T - Obsesvations upon the reactions of the vessels of the human skin to
cold, Heart 15 177, 1929,

McGovern, T., and Woight, I S: Permio A vascular disease, Am. Heatt J.
22 583, November, 1941,

Miller, W De permonibus (Jena-1680).



COLD HEMAGGLUTININS 361

Niles, H D : Winter eczema of the arms, Arch. Dermat. & Syph 39 474, March,
1939,

Perutr, A: Uber eine egenartige Lokalisstion von Frostschiden, Dermat
Wehnschr, 88 709, 1929

Ramich, M. L Foral infection 1 relition to certain dermatoses, JABA.
67 430, 1916

Sannicandro, G : Hitherto undescribed skin diseace, pigmented papuloserrucous
dermatosis with connective tissue hyalinosis, Arch, § Dermat. u Syph 166 38,
1932,

Schulde, R, Lber thi is Cut
sichtigung rweter Falle (Franhfurt The
fer, 1927)

Telford, E D . Ergthrocyanosss, Bretish Encyclopaedis of Medseal Practice, vol.
V, p. 182, 1937

———: Lessons of the sken and subcutaneous tissue 1n diseases of the penphesal
asculation, Arch Dermat & Syph 36 932, November, 1937

———, and Stopford, ] S§ B Vascular complications of cervical nb, Bnt, J,
Surg 18 557, Aprd, 1931,

———, ard Stepfocd, J & B - Some expetiences of sympathectomy tan anteriot
poliomyelitis, But. M J 2 770, Oct 28, 1933,

Von Norden, W Die neutere frostbeulen Behandlung, Minchen. med
Wehasche, 75 691, 1928

Vigne, P, 20d Dusan, J- Un autre cas d érythime induré de Bazn type
Hatchunson, Marseille-méd 1 699, June 3, 1934

Wornger, F Histologte picture of beginning venous obliteration 1 Bazn's
erythema, Bull Soc frang de dermat et syph 45 1316, July, 1938.

s $: t besond: Beriuck-
escs, Frankfust 2. M : Wemer u Wi~

CaYQGLOBULINEMIA AND COLD HEMAGGLUTINING

Bar. D P, Resder, G €, and Wheeler, C A Cryoglobulinemua I, Ann
Int Med 32 6, 1950
Carey, R M - Wifson, ]

L.,and Tamenn, J] A Gangrene of the feet and hemo-

o, ' T
e, a7
armum, C P, 2nd Wat: t
e “f;'mu\x':. 1937“’"‘ C ] Studses of crynglobulins I1. Am ]
McCombs, R P, and McElroy,
sipheral vascular symptoms,
Nesser, A T

4 oct Ar,

J S Reversible autohcmagglutinms with pe-
Arch Int. Med 39 107, January, 1937
A Sachs, 1 Cranosss due 10 cold agglutimns South African M 1

. Uy o M LUid hemagglutination with symmetnic gangrene
Ww: g\‘xnps‘ofsthe Cxtremities, Arch Int Med 72 306, ch\m.szau fenes
o The pathogenesis and treatment of thrombosss, Cerculatron $ 161,



cuartez x1iv Livedo Reticularis (Cutis

Marmorata)

LIVEDO RETICULARIS or cutis marmorata is characterized by 2
marble-like mottled discoloration of the skin, which is usually
dusky red or slightly blush. The condition has been described by
several terms, including livedo facemoss, livedo annularis and
asphyxsa reticulanss

The muld form 1s very common. The mottling disappears when
the patient comes 1nto a watm eavironment, and most patients pay
tittle of no attention to 1t The mild cases fall 1 group I of Wil-
hams and Goodman's classificatron They classify group 11 as
livedo teticulatts idtopathica, in which the bluish-red mottling 15
more intense than m group I and persists despite the patient’s
being brought into a warm environment. These two groups prob-
ably differ only 1n degree and represent essentrally the same con
ditron. Group III represents livedo reticularis associated with some
other skin or subcutaneous vascular disease such as erythema in-
duratum, essential polyartentis, syphilis or peraso.

Etzology~The etiology of livedo reticularis is unknown, By
far the majonty of patients have been gils and yonng women
under 40 The ranty of the disease 1n women over 40 has raised
the questton of what becomes of the condition with aging. So far
as 1 know, a significant group of cases has not been followed for
2 sufficient number of years to give a clue. It would be interesting
to know whether the patients tend to develop other vascular dis-

362
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esses such as varicose veins or whether the condition clears up
permanently. Craig, Hines and Barker seported that 30 per cent
of theit patients had hypertension and in 50 per cent nervous in-
stability was striking, We have not found as high a percentage
of hypertension in our cases. The inadence of nervous mstability
15 confirmed in my experience, although the fact that the disease
occurs 5o often in gitls and young women, who frequently become
acutely conscious of the discoloration of their legs, would prabably
not make sach a correlation temarkable,

Pathology —~The color change appears to be associated with a
natron ng, either functional or organic, of the arterioles and con-
spicuous drlatation of the capsllaries and venules.

Craig, Hines and Barker reported pathologic studics made in
one case, These was proliferation of the intima and 1solated ar-
teroles and small atteries Some of the arteries were completely
occluded and simular lesions were found m some of the larger
rans In many sections, however, the only change noted in the
attenoles of the skin underlying the livid parts was a slight thick-
emng of the muscular coat. Some observers have found prolifera-
tion of the intima of the arterioles, penvascular infiltration and
pervascular fibrosis Barker's presentation of the report of these
pathologic findings followed that by McGovern and me on the
pathology of pernio on the same program of the American Heast
Assocution. The sumitatity of his slides and oues was steiking,
E:ZQ}Z: lfg.r(the ulceration of pernio, th.c p:ll'hologic process of the
we hae ;nu:: r:pimfs to} be ?lmmt. ]d:ﬂh'cﬂ‘. Thus, onc.e again
ut oy e fsr : fnas;: ar lesion which ts characteristic of,

" » & given disease.
Th?;;i ‘f}l;:lt{re.—‘Mo.st p.:;lients h‘ave no symptoms whatever,
- imymem: ltnfrme in discoloration on exposute to cold and
complin of & 01;0 m:hwarm we?thcr. Those with mox.c severe cases
hesin of ahe fe:t ? n:lggles, col d'nesS, nufnbn.ess, aching and pares-
egs Discoloration is often found also in

the palms of the hands and in the skin of the forearms, arms and



cuarrn v Livedo Reticularis (Cutis

Marmorata)

LIVEDO RETICULARIS or cutis marmorata is characterized by 2
marble-like mottled discoloration of the sk, which 15 usually
dusky red or slightly blussh, The condition has been described by
several terms, including livedo racemosa, livedo annularis and
asphyxia reticularis.

The mild form is very common The mottling disappears when
the patient comes 1nto a warm environment, and most Fatients f:o3
little or no attention to 1t, The mild cases fall in group I of Wi
liams and Goodman's classification They classify group 11 25
livedo reticularis idiopathica, in which the bluish-red mottll{!S ‘f
more 1ntense than tn group T and persists despite the patieats
being brought into a warm environment. These two groups pmb'
ably differ only 1n degree and represent essentially the same con*
dition. Group III represents livedo reticularis associated with sol:ﬂC
other skin or subcutaneous vascular disease such as erythem? 1
duratum, essential polyasteritis, syphilis or pernio.

Etiology—The etiology of hvedo reticularis is unknown. By
far the majority of patients have been girls and young “'O‘f""
under 40. The rarity of the disease 10 women over 40 has raised
the questron of what becomes of the condition with aging- So far
as 1 know, a significant group of cases has not been followed fﬂf
a sufficient number of years to give a clue. It would be intereshl:lE
to know whether the patients tend to develop other vascular dis”
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eases such as varicose veins or whether the condition clears up
permanently, Craig, Hines and Barker reported that 30 per cent
of thest patients had hypertension and in 50 per cent nervous n-
stabifity was striking, We hate not found as high a percentage
of hypertension in our ¢ases. The wadence of niervous instability
s d m my exp <, although the fact that the disease
ocouts so often in gurls and young women, who frequeatly become
acutely conscious of the discoloration of thesr fegs, would probably
not make such a cotselation remarkable.

Pathology.—The color change appears to be assocaated with 2
narcow ing, either functional or organ, of the arterioles and con-
spieucus dilatation of the capillanes and venules.

Craig, Hines and Barker reported pathologic studies made in
one case Thete was prokiferation of the otima and isolated ar-
terioles and small aztenes, Same of the artengs wete completely
occluded and simslar lessons were found in some of the larger
sems I many sections, honever, the only change aoted m the
attersoles of the skin underlying the hivid parts was o shight thack-
ening of the muscular coat Some observers have found prohifera:
tion of the mtima of the artertoles, perrvascular infilttation and
penvasculas fibrosts Backer's presentation of the report of these
pathologic findings followed that by McGovern and me on the
pathology of pernso oa the sxme progeam of the Amerscan Heart
Association The suntlanty of tus shides and ours was stnking
Except for the ulceration of

permo, the pathologic process of the
™o conditions appears to be atmest identical. Thus, once agan
we have an cxample of a vascular lesion which 1s characteristic of,
but siot specific for, 2 gven disease,
“Cl:mml pun{re.—Mo'st patients have no symptoms whatever.
<y note the increase in descoloration on exposure to cold and
an tmpfovcmen’( in warm weather. Those with more severe cases
i’;mphm of color changes, coldness, numbaess, aching and pares-
“‘:NS ki;f the feet and legs Discoloration 15 often found also in
Palins of the hands and sn the skin of the forearms, azms and




CHAPTER X1V Liverlo Reticularis (Cutis

Marmorata)

LIVEDO RETICULARIS Of cutis marmorata 1s characterized by 2
marble-like mottled discoloration of the skin, which is usually
dusky red or slightly bluish The condition has been described by
several terms, including livedo racemosa, livedo annulass and
asphyxta reticulatis.

The mild form 1s very common The mottling disappears when
the patient comes into 2 warm environment, and most patients pay
Iittle or no attentton to 1t. The muld cases fall m group I of Wil-
liams and Goodman's classification. They classify group IT 2s
livedo reticularis 1diopathica, 1n which the blussh-red motthag is
more 1ntense than s group I and persists despite the patient’s
being brought 1nto 2 warm environment. These two groups prob-
ably differ only i degree aad represent essentially the same con-
dition. Group I11 represents livedo reticulans associated with some
other skin or subcutaneous vascular disease such as erythema in-
duratum, essential polyarteritis, syphilis or pernio

Etiology—The etiology of livedo reticularis 1s unknown By
far the majority of patients have been gils and young women
under 40 The rarity of the disease in women over 40 has raised
the question of what becomes of the condition with aging. So far
25 T know, a significant group of cases has not beea followed for
2 sufficient number of years to give a clue. It would be interesting
to know whether the patients tend to develop other vascufar dis-
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eases such as varicose veins of whether the condiion cleats up
petmanently. Ceasg, Hines and Barker reported that 30 per cent
of therr patients had hyperteasion and in 30 per Cent nervous -
stababity was stesking We have not found a5 high a percentage
of hypertension m our cases The madence of netvous snstability
1 confirmed 10 my experience, although the fact that the disease
occurs 56 often m girls and young women, who frequently become
acutely conscious of the discoloration of thest legs, would probably
not make such a correlation remarkable

Pathology ~The color change appears to be assoctted wath a
narrowing, ewther functional or orgame, of the artenoles and cop-
spicuons dilatation of the capillasies and venules.

Crasg, Hines and Barker reported pathologic studies made
one case There was proliferation of the intima and wsolated ar-
tersoles and small arterses, Some of the antemies were completely
occluded and simutar lesions were found n some of the lasger
sems In many sections, however, the only change noted in the
artertoles of the skin underlying the Livid parts was a shght thick-
emng of the muscular coat Some observers have found probifesa-
ton of the intima of the tes, pervascular and
petivasculer fibross Barker's presentation of the report of these
pathologic findings followed that by McGovern and me on the
pathology of pernio on the same program of the Amencan Heart
Assocation, The sunilanty of hus shdes and ours was striking
Except for the ulcesation of pernio, the pathologic process of the
two condstrons sppears to be almost dentical Thus, omce agarm
we have an example of a vascular lesion which 15 chatactenstsc of,
but not specific for, a given disease

Clinical prcture~Wost patients have no symptoms whatever,
They note the increase in discoloration on exposuse to cold and
an iprovement 1n warm weather. ‘Those with tore severe cases
complam of color changes, coldness, numbness, aching and pares-
thesas of the feet and legs. Discoloration 15 often found also in
the palms of the hands and in the skin of the forearms, arms and
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pectoral ateas. Allen, Barker and Hines reported recurrent ulcera-
tion of the skin of the legs, with occlusion of the arteries of the
toes and gangrene. We have encountered five cases of ulceration
aSSf)cxated with livedo reticularts Ulceration is, however, statis-
tically rare.

Treatment.—Since the only effect of the condttion in most pa-
tients 15 cosmetic and since the etiology 1s not understood, no
specific therapy has been developed The color changes ate re«
ported to have disappeared or improved following sympathectomy,

Fi 87 —Long standing livedo reticularts 1n woman, 29, with ulcerations -
tractable to all treatment, tncluding sympathectomy Hustologte studtes showed
only the charactetistic but nonspecific changes of livedo reticularss  (From Meds
chrome Series MM—Vascular Diseases, by 1 § Wright and W T Foley )

but it is doubtful that this procedute is necessary 1n most cases
since the course is usually so benign Allen, Barker and Hines re-
ported some benefit from lumbar sympathectomy when the con-
dition had progressed to the point of gangrene of the toes In one
case there was temporary improvement, then the conditron pro-
gressed and eventually amputation of both legs was necessary.
As far as T am aware, this 15 the only case on record mn which
authonitative students of the disease believed amputation was re-
quired as the direct result of livedo reticularis

I have seen three patients with severely panful, multiple ulcer-
ations of the toes, feet and lower halves of the legs associated with
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hivedo reticularis and not explainable on any otber basis. The ulcers
have been demarcated and usually shallow (Fig. 87) Serosan-
gumeous and purulent drasnage was common. Their incidence has
act been seasonal, No form of treatment, sncluding sympather-
tomy, bas had any permanent eflect ACTH and cortssone are now
being tried and do appear to encourage epithehzaton The dosage
has been 25 mg four times a day for seven to 10 days, then
reduced to 25-30 mg. a day.
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pectoral areas. Allen, Barker and Hines reported recurrent ulcesa-
tion of the skin of the legs, with occlusion of the arteries of the
toes and gangrene, We have encouatered five cases of ulceration
assoctated with livedo reticularts Ulceration is, however, statis-
tically rare

Treatment~Since the only effect of the condition in most pa-
tients is cosmetic and since the etiology 15 not understood, no
speafic therapy has been developed The color changes are re-
ported to have disappeared or improved following sympathectomy,

Fic 87 -—Long-standing livedo reticulans in woman, 29, with ulcerations 1n-
tractable to all treatment, including sympathectomy Histologic studies showed
only the characteristic but nonspecific changes of livedo reticularts  (From Medt-
chrome Series MM—Vascular Diseases, by I § Wrght and W T Foley )

but it 1s doubtful that this procedure 15 necessaty in most cases
since the course is usually so benign. Allen, Barker and Hines re-
ported some benefit from lumbar sympathectomy when the con-
ditton had progressed to the pont of gangrene of the toes In one
case there was temporary impr ; then the cond pro-
gressed and eventually amputation of both legs was necessary.
As far as 1 am aware, this 1s the only case on record in which
authoritative students of the disease believed amputation was fe-
quired as the direct result of livedo retrcularis

1 have seen three patients with severely painful, multiple ulcer-
of the toes, feet and fower halves of the legs associated with
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tertoles and the venules and edema of the skin and subcutancous
tissues. The capiifanes are usuatly ditated. Thrombosss of the ves-
sels is occasionally present. There 15 3 tendency to shight pralifera-
tion of fibroblasts around the snvolved vessels The endethelum
of the vessels may also tend to probfersbion, but this 1s seldom
marked Atrophy of the subcutancous fat in the mvolved ares ss
0t unommon

Chnteal manifestatrons—The nodules appear n vanous ar-
rangements, usually bufsterally. They vary from 1 to 10 ¢m, i
drameter They are most common on the legs, thighs aad 3tms,
tess common on the trunk and rare on the hands and face. Typr
cally, they appear on the antersor surfaces of the legs, in contrast
to the lesions of erythema induratum which most frequently de-
velop on the postertor susfaces. The nodules are firm, usually
pamful, tender on palpation and vary n color from puk to cya-
otic putple The farger and more chronic ones are likely to be
more cyanotic A crop of lesions usually subsides 1 10-14 days,
but if the causative agents remain 1n the system, successive out-
breaks ocenr The total anticspated duration 15 usually three to esght
weeks, although st oce Hy 15 iderably longer Recurren,
15 telatevely rare unless the toxsc factot is not ehimnated Fhere 1y
often a persistent purpuric appearance which subsides stowly, us
vally leaving b h of mod degtee

The fesions do not suppurate or ulcerate as do those of erythema
mdutatum, permio and other nodutar discases of the lower ex-
tremities. In the cases assoctated with nfection these may be sys-
terue reactions, sncluding sore throst, jomt pan, general malarse
and low grade fever.

The condtion must be diffetentiated from pernio, i which the
nodules charactensuieally break dowa mto ulceration and whch
s 4 seasonal madence; from erythema sndutatum, which also
tk;ntds o u!ccn:;and u'xdma‘nly ‘o‘cc‘ux.s on the postersor surface of
more elcngn’te’:d I:srxr:)ns fi p e "W{“y Produces

» from nodular syphilids, which are more




CHAPTER XV Erytlwma Notlosum

ERYTHEMA NODOSUM 15 an nflammatory vasculitis which chiefly
involves the skin and subcutaneous tissues of the extremities, It is
nonsuppurative and nonulcerative. Females are more susceptible
than males, the ratto of incidence being about 4 1. It may occur
at any age but is most common 1n the second and third decades.

Etrology —The vascular reaction may occur under numerous
conditrons and 1s probably nonspecific It has genetally beea con
sidered to be a response to the 1nfection of rheumatic fever ot an
allied condition, and theumatic fever is frequently diagnosed when
1t 1s present in the absence of other evidence of rheumatic fever.
Admittedly erythema nodosum 1s often associated with rheumatic
fever In recent years, however, I have found 1t more frequently
assoctated with the ingestion of drugs by sensttized indivrduals. It
has followed the ingestion of various barbiturates, salicylates,
bromides and sulfonamides, and no doubt numerous other drugs
and foreign substances ate capable of producing t. It is also as-
soctated with measles, diphtheria, tuberculosis, erysipelas and sim-
tlar conditions. In these diseases 1t 15 probably confused at times
with reactions to therapeutic agents In view of its occurrence on
drug ingestion, it probably should not be constdered purely a bac-
terial or viral condition, and we incline to the theoty of localized
sensitivity of the connective tissues, including blood vessels, to 2
bacterial or chemical toxin,

Pathology—The condition is characterized by the accumulation
of neutrophilic leukocytes and lymphocytes atound both the ar-
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ERYTHEMA INDURATUM 15 another form of nodulat vasculitis.
Originally 1t was thought to be of tuberaulous ongin, but 3 tu-
berculous and 3 nontuberculous type are now kaown The tubeteu-
fous type s usually found with active tuberculosss, tmast often
accompasying tuberculous Iyrmphadenitis but sometimes pulimo-
nary and gemtouninary tuberculosis Tubercle banth are setdom
demonstrated in bropsy specumens, prinapally because usually only
seserat sectsons are studied When 2 large number of sections from
several bropsies are studied, the inadence of positne sdentdfication
of Mycobacterurn tuberculosis 15 mcrezsed In the presence of
known active tuberculosis efsewhere, the duagnoss of tubercafous
erytherna mduratum s most hkely

Thete 15 no known etiologic cause for erythems mnduratum
the absence of tuberculoss Repeated cultures have farled to reveal
any speafic orgamsms from these fesons.

Fathologwally the Jesions consist of definite proliferation of en~
dothelim and fibroblastic cells There are destruction of the elastic
and colagenous fibers and atrophy and necrosis of fat Giant cells
ate frequently seen n the tuberculous Yesions. Small blood and
Iymph vessels show definite endotheliat prohiferation, and collec
tions of lymphocytes and plasma cells aze seen theoughont the secr
tions Fibroblasuie proliferation 15 definite, Necrosis may mvolve
the medial coats of the vessels and there may be mecrotic areas
throughout the skin and sulx tissues Oceasionally the
vessels contain thrombi.
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often unilateral, and from chronic nodular nonsuppurative febrile
panniculttis (Weber-Christian disease), which is a chronic low
grade disease involving the subcutaneous fatty tissues and small
vessels, is far mote chronic, recurs over a period of yeats and is
accompanied by more p fever.

Treatment —Thete 1s no specsfic therapy for erythema nodosum.
It is considered advisable that the patient remain in bed and apply
warm motst packs to the lestons. The admunistration of salicylates
1s advocated, and 1s probably justified, in cases associated with
theumatic fever, but it should be borne in mind that an indistia-
guishable reaction may follow the administration of salicylates,
hence their continued adminustration 1 these patticular cases is
contraindicated One should always search for other manifesta-
tions of one of the generalized diseases mentioned prcviously,
especrally for rheumatic fever,
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ERYTHEMA INDURATUM 15 another form of nodular vascalitis
Oniginally it was thought to be of tuberculous orym, but 2 tu-
berculous and a nontuberculous type are now known The tubercu-
fous type 15 wmally found wath actne tuberculosss, most often
atcompanying tuberculons lymaphademtis but sometimes pulmo-
nary and gemttoutinary taberculosts Tubercle baailh are seldom
demonstrated 1n bropsy speamens, puncipally because ususlly only
several sections are studied When a fatge number of sections from
seversl biopsies are studied, the madence of posttive sdentification
of Mycobactersum tuberculosss 15 snereased In the presence of
known active tuberculosss elsewhere, the diagnosts of wberculous
erythema induratum 15 most ikely

There 15 10 known etologic cause for etythema snduraturn sn
the absence of tuberculosts Repeated cultutes have fabed to reveal
any speasfic orgamsms from these lesons

Pathologically the lesions constst of defimite prohiferation of en-
dothelsum and fibrobiastrc cetls There are destruction of the elastic
and collagenous fibers and atsophy and nectoss of fat Guant cells
ate frequently seers in the tuberculous fesions. Small blood and
Iymph vessels show definste endothelial proliferation, and collec
trons of fymphocytes and plasma cells are seen throughout the sec-
Uons Fibroblastic proliferstion ts definite. Necrosis may savoive
the medual coats of the vessels and thete may be necrobic areas
theoughout the skin and subc tissues  Qccasionally the
vessels contasn thrombe.
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Characteristically, subcutaneous and cutaneous nodules develop
on the legs, usually on the posterior sutfaces, and occasionally on
the arms. The nodules vary i size from 1 to 8 or 10 cm. The color
ranges from light red to cyanotic. They usually occut in groups
which may become confluent as they enlarge. The lestons, usually
painful and tender, are frequently chronic and may exist for many
years, with necrosts and ulceration the prominent features The
frequent ulceration and slow healing resemble the course in
pernio, but there 1s no seasonal incidence. As one group of lesions
slowly heals, successive crops may appear Frequently this condi-
tion becomes very serious and on rare occasions the major arteries
may be mvolved with actual occluston. Allen, Barker and Hines
have mentioned 2 young woman in whom occlusion occurred, fol-
lowed by gangrene and slough of all the toes of both feet, but
this 1s very rare indeed

There 15 no speaific therapy for erythema induratum. Prolonged
rest in bed with elevation of the legs and the use of warm moist
packs appears to be helpful. Thete 1s a tendency to recurtence and
to the development of new crops of lesions with secondary devel-
opment of orthostatic edema as soon as the pattent becomes 2m-
bulatory again

Streptomyan 1n the treatment of these lesions mught theoteti-
cally be of some value but 1ts effect has not been determined. Re-
moval of foci of infection has been recommended, but the direct
relationship has not been established very conclustvely.
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cuarrer xvii- Acrocyanosis

SOME PHYSICIANS confuse acrocyanosts with Raynaud's syndrome.
Although the two conditions have some common characteristics,
such as blueness of the extremities 1n response to cold, they differ
in important respects For example, in acrocyanosis there ate ab-
sence of the characteristic Raynaud attacks and presence of exces-
stve sweating and frequently of edema There is also a difference
in sex distuibution and other factors. It is wiser, therefore, to
distinguish the two conditions and to study their diffesences
carefully,
EtioLocy

Many etiologic theories have been suggested, and the following
seem worthy of consideration.

Cold —Cold seems to be a faisly unsversal factor in precipitating
attacks in susceptible individuals, whereas heat relieves them
Cold may be considered the most important external factor, but it
cannot be the sole cause or the disease would be more universal in
persons exposed to cratical low temperatuses I have, however, seen
many persons who suffered from frostbite or trench foot during
World War 11 in whom there ultimately developed a syndrome
indsstinguishable from acrocyanosis. How long it will persist
remains to be seen, but 1 some it is present seven yeats after the
severe eXposure. In many patients the syndrome has slowly sub-
sided

3n2
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Mental and nervous disorders ~—~Acsocyanosis, while selatwely

X among phleg stable smdwiduals, is common among
psychoneurotic patients and rs frequently seen 1n those with neuro-
crculatory asthenia It 15 \ery common among patients with mental
disease, In one senies repotted from England approdimately 45
pet cent of 110 patients with mental disorders had acrocyanoss.
Many patsents with sdentical types of disarders did aot have this
syadrome

Actrenty —Acsocyanosss occuts about 25 times as often in
mental pattents who habstually stand ot sit around indifferent to
chilling as m the normatly active patients. While following such
groups for four years, Stetn observed that 26 per cent showed de-
areased activaty leading to greater coohing of the extremities and
wcreased cyanosts; 12 per cent showed increased actvity with con-
sequent wasmth and less cyanosss, The rest showed no changes
either way.

Endoceme funcnon and sex —The endocne relationstup is 4
subject of constderable debate We canaot test completely the
activsty of many of the endocrine glands I have encounteced 2
number of endocrine dyscrasias sn my patients with acrocyanos:s
and have found basal metabolic sates generally to be in the low
normal or slightly subnormat range

The sex ratio 35 about equal, 15 contrast to that w Raynaed's
syndrome, which accurs more frequently s females than n males
En most patients the syndrome develops between the ages of 20
and 45 The extremes 1 Stern's series wete 4 and 67 years.

Antanamic nesvous system —Thns refationshsp must be con-
sidered carefully since White and othets have seposted that
genglionectemy has a £ ble effect on the condiy Experi-
ence does not yet permit an wltmate evalustion of ganglionectomy
for this particulaz syndrome

Artanunosts ~Deficiency espeanlly of vitamin B has been
noted 10 persons with acrocyangsis, but much work must be done
befoze 2 relaionshup can be seriously considered
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PHYsI0L0GIC PATHOLOGY

Normal skin cooled to the pomt of cyanosis can be blanched
somewhat if the part 15 elevated above the heart level, demonstrat-
ing lack of venous obstructton Thus also occurs o acrocyanosis
Lewts and Landis demonstrated also that the white spot of Crocq
disappeats spontaneously and leaves no trace since it is due solely
to the displacement of blood from the area by the pressure used
Local trauma produces a red area within the cyanotic zone, which
appears to demonstrate a brezkdown 1n what 15 otherwise arteriolar
obstruction The arez of redness becomes geeater than the original
area of the trauma Furthermote, if the circulation to an acro-
cyanotic finger 1s occluded for five to 10 minutes, following release
the reactive hyperemia extends 1-2 cm. proximal to the site of
obstruction mstead of being sharply lLinited to the obstructed
pont, as i the normal finger It 1s thought that these phenomena
are due to a ready diffusion of the H (histamme-ltke) substance
to the surrounding artersoles, producing dilatation.

These phenomena fit the hypothests of Lews and Landis that
the mechamism of acrocyanosis 1s based on artersolar obstruction
If the hand 15 cyanosed and a small part of 1t 1s warmed, the area
Lecomes bright red. Stmilarly, of a little histamine (1.3,000 solu-
tion) 1s injected, the local skin reddens and the temperature fises.
In Raynaud's syadrome this response will not occur stnce the next
larger set of arteres 1s 1nvolved and the phenomenon cannot de-
velop until they have dilated. When testing for acrocyanosis, tem-
peratures as low as 1-10 C. (34-50 F.) should not be used
because in these patients, as 1n those with Raynaud’s syndrome and
normal 1ndividuals, the exposed parts become red owing to ar-
teriolar mjury, dilatation and retarded deoxygenation of the blood.

Until recently 1t was believed that no organic lesions were found
with this syndrome. It is entirely reasonable, however, to suppose
that repeated contraction of the artersoles continued over a period
of years might well produce certain changes such as hypertrophy
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of the meduat laper, Stern reported having demonsteated this to be
true He found that the medual coats of artertoles from 30 to 150
ticrograms i dumeter were thickened definutely or at least to the
upper himits of normal He afso found Jocal edema and fibrosss of
the skin, with dilatation and mncrease 10 the number of superfical
apillanes Layam clamed that various blood distutbances were
found with acrocyanosts, mcluding prolonged coagulation time
and lowered platelet count Stern checked these observations and
many other factors and concluded that no blood abnormahty could
be demonstrated

The mechanism s probably a local sensitsvty of the small ves-
sels to cold or some vasomotor action produang increased asten
olar tone, Haxthausen and Lewss favored the theory that the
sessels are espetiali pible to d cold, reacting 10 3
drffuse manner rather than specifically to extreme cold injury They
did not explan the soutce of the increased susceptibality Lewas
believed that sesponsse 15 localized to the actesioles of the sk be-
cause the cyanoss 1s not tehieved quickly by a nerve block, a5 would
happen o the condtion wete o a vasomotor basis White, on the
other hand, has suggested 2 purely vasomotor basws, claunmng that
the condition 15 rehieved, as 15 Raynaud’s syndrome, by complete

preganghomic section. Obviously, this point must be danfied by
futther otk

Sions AND SYMPTOMS

The word “acrecyanosis” was fiest used by Crocq, who described
the syndrome as one in which the hands and feet become deep
blue, especially 1n a cool envizonment, the blucness graduaily fad-
ng out at the wrsts and ankles, respectively The volar sutfaces
ate moust, freely sweating, the dorsal surfaces are dry. Pressuse
produces 2 white spot which slowly disappeats

Sutce Crocq's tume, vasous workers have poited aut that his
deseription tequires amphification s several respects. The cyanosis
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is not permanent, as Crocq thought, but disappears in all but the
most extreme cases when the extremities are elevated or the en-
vironment is sufficiently warm. When normal skin is cooled it
turns light blue owing to contraction of the arterioles 2nd smalt
arteties with resultant stasis and deoxygenation of the blood in the
capullaties and the subcapillary venous plexus The deep blue of
acrocyanosis appears to fepresent an extreme phase of this reaction
Charactersstically the color of the cyanosed skin 15 not uniform,
thete usually betng scattered red areas (so-called cnnabat-red
spots). The depth of color is usually greater in the dependent
position A characterstic white spot noted by Crocq can be pro-
duced by local p 1t disapg pe ly n a charac
teristic way, the color returning 10 one second to one mipute and
from the periphety only, rather than from below also, as in the
normal sk,

Crocq did not mention edema, whereas 1 my experience Jocal
edema 1s fairly common. There may be merely a sensation of
tightness, but in extreme mstances edema may reach the stage
where pitting is possible This 1s not seen 1 Raynaud's syndtome.
Gangrene and ulceration do not occur 1n acrocyanosts except when
frostbrte or some other factor enters the picture, again in contrast
to Raynaud’s syndrome When traumatic or othet lesions do occur,
however, they casily become septic and heal with difficulty. An-
other feature of interest s the remarkably slight disability noted
even n advanced cases Occasionally the skin follicles are abnor-
mally prominent.

The sweating of the palms and soles when the patient ss cool
or even cold, but in the absence of emotional disturbances, is 1
marked contrast to Raynaud's syndrome and is almost specific for
acrocyanosts. I have seen patients from whose hands sweat dropped
regularly and frequently—five or more drops per minute This
occutred in @ cool envitonment in which gross sweating would
ordinarily be absent. Kuno has shown that perspiration at low
temperature occufs more on the palms and soles than elsewhere,
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15 increased by hyperemua and, fading to evaporate, collects on
the surface When the croulation of the skin 1s shut off, perspira-
tion becomes minmal and the skin becomes dnier than 1n Ray-
naud's syndrome. Increased sweating keeps the stratum corneum
mosst and pliable and m patients who do fittle mamual labor this
Inger tends to atrophy In day kborers, in contrast, ene finds ex-
tremely thick, horny, dry skin. Mental steess will cause profuse
sneating of the patms and soles In a cool emvironment the sweat-
ing causes chilling of the parts and the mdividual becomes more
cyanotsc Jn some cases cyanosis of the face and other parts 1s seen

Lwvedo reticulanss (cutis marmorata) ss not unusual with acro-
cpanosis In general, the symptoms and signs are mose apparent
m winter than  summer Even 1 the most extreme cases, the
normally palpable atteries are patent, the csculatory snterfer-
ence apparently being due to spasm of the smaller vessels

TREATMENT

Treatment 1s not very satsfactory The patient and the part
should be kept warm, either locally or by moving to a warm clr-
mate The patient should be 2 actsve physically as possible within
reason Mental stran should be reduced to 2 mummum, and sy~
chuattic case should be snstituted when indicated Thyrasd extract
or thyroxin should be admsnustered if the basal metabaln rate 15
fow A high vitsnun régaue 15 usually given empinically If the
syndrome 35 due to frosthite or trench foot time should be atlowed
for 1t to subside to minumal hirmts before it 15 evalusted This may
take more than three years In the rare severe cases the possibility
of 2 preganplionse resection may be constdered

REFERENCES
f{"“ Semune méd 16 298, 1896
;‘ffﬁ’;ﬂg"“ 18 Relation 0 Skin Drsesses (Copeahagen Levin & Munks
o Yx 9 ;t;e Phyualogy af Human Perspueation {London § & A Chuschel,
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is not permaneat, as Crocq thought, but disappears in all but the
most extreme cases when the extremities are elevated or the en-
vironment is sufficiently warm, When normal skin is cooled it
turns light blue owing to contraction of the arterioles and small
artertes with resultant stasis and deoxygenatton of the blaod in the
capillaries and the subcapillary venous plexus The deep blue of
acrocyanosts appears to represent an extreme phase of this reaction
Charactersstically the color of the cyanosed skin 15 not uniform,
there usually being scattered red areas (so-called cinnabar-red
spots). The depth of color 1s usually greater in the dependent
position A charactersstic white spot noted by Croeq can be pro-
duced by local It dusapy p ly 10 2 chanac-
tenstic way, the color returning 1n one second to one munute and
from the pertphety only, rather than from below also, as 1n the
normal skin

Crocq did not mention edema, whereas in my experience Jocal
edema 15 faitly common. There may be merely a sensation of
tightness, but 1 extreme tnstances edema may reach the stage
where pitting is possible This 1s not seen 1n Raynaud'’s syndrome.
Gangrene and ulceration do not occur 10 actocyanosis except when
frostbite or some other factor enters the picture, again i contrast
to Raynaud’s syndrome. When traumatic or other lesions do occur,
however, they eastly become septic and heal with difficulty. An-
other feature of interest 1s the remarkably slight disability noted
even in advanced cases. Occasionally the skin follicles are abnor-
mally prominent.

The sweating of the palms and soles when the patient is cool
ot even cold, but in the absence of emotional disturbances, 1s in
marked contrast to Raynaud’s syndrome aad 1s almost specific for
acrocyanosts. T have seen patients from whose hands sweat dropped
regularly and frequently—five or more drops per minute. This
occurred in a cool environment in which gross sweating would
ordinasily be absent. Kuno has shown that perspiration at Jow
temperature occurs more on the palms and soles than elsewhere,




CHAPTER XVIIt Eryt}xemmlgia

(Erytlxromelnlgia)

RED, PAINFUL extremities have been obsenved for many yedrs.
Gray descnbed o case @ 1834 S Were Mutchell studied the dis-
ease 1 detasl and described st under the term “enpthromelalgia”
The term “erythermalga,” suggesied by Smuth and Alfen, mote
aceutately deseribes the syndrome, i which the exttemuties are
ted, bot and pamful There are other syndtomes in which the ex-
tremities are yed, punful and cold that should not be ciassified as
enythermalga Erythermaigsa occurs 1a two forms (1) pumasy of
rdiopathuc erythermalgia wehichs, s the name umplies, 1s not pro-
duced by ot assoaated with any known ageat, and (2) 2 lage
group, catted sccondary erythermalgea, whsch may occus m 2 num-
ber of conditions, although the mechamsm 15 seldom clear T have
seen it associated with hypertension, polyeythemua vera, dubetes
mellstus, gout and rheurmatosd arthuitss, and 3t has been zeported
Rath meroury, arsenic 2nd thatlumm powsoning  Information re-
garding the underlying pathology 1 stuking fot 1ts absence

Crimicar PicTyre

The condition usually occurs wm men or women of muddle age;
% 35 sarely seen wm younger people. The patient conplans of a
buraing pasn 10 the soles ot polms Qccasionally the discomfort ss
confined to one or twe dagits., Relsef 15 ususlly obtained by removal

3
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cunrr xvin Erythermalgia

(Erydxmmelnlgia)

RED, PAINFUL extremiies have been observed for many years.
Gray described  case 1 1834 §, Weur Mitchell stodied the dis-
ease i detark 2nd descrbed it under the term “esythromelalgia
The term “erythermalgia,” suggested by Smuth and Allen, more
ly descibes the g m which the extrermties are
red, hot and painful There are other syndromes in which the ex-
tremties are red, panful and cold that should aot be classtfied as
etythermalgre Erythermalgia otouts i tweo forms (1) prumaty or
whopathe ergthermalgia which, as the name umplies, 15 not pro-
duced by or assoaated with any known agent, and (2) a large
group, called secondary erythermalgsa, which may occur in 2 pum-
ber of conditions, 2lthough the mechamism 15 setdom clear I have
seen it associated with hypestension, polycythema sera, diabetes
melbtus, pout 2nd rtheumatord anthntis, and # has been reposted
itk mesoury, avsenc 2nd thathem possonsng  Information re-
gerding the undeslyng pathology s striking for its absence.

CLINICAL PICTURE

The condution usuatly occurs in men or women of middie age;
1t 15 rately seen 1n younger people The patrent complams of o
butung pain n the soles or patms Occasionatly the dsscomfort 55
confined to one or two dugats, Reluef is usually obtained by removal

i
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Eriarosil Cx,\ssmumoﬂ or SuPDEN ARTERIAL OeLusioN (Mndxﬁz&)
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cuarter x1x - Acute Arterial Qcclusion
(Arterial Embolism; Acute Asteria |
Thrombosis)

ARTERIAL EMBOLISM is one of the most dreaded complicattons of
cardiovascular disease Its occusrence 1s always assoctated with the
possible death of tissue. Although minute embol: in certamn aress
may not produce significant disturbances, a large embolism may
mean gangrene of an extremuty. If the embolism is to the mesen-
teric atteries 1t may mean gangrene of a portion of the intestinal
tract. If 1t 15 to the cerebral arteries, 1t may mean paralysis of 20y
degree up to hemiplegma or 1t may mean death Pulmonaty em-
bolism is discussed m Chapter XX.

It is sometimes difficult to differentiate between the occurrence
of an arterial embolism to a vessel of the extremity and a sudden
occlusive process of the same vessel that is secondary to a local
arteriosclerotic plaque with development of thrombosis or to an

occlusion from th L 15 obl Duff fation is espe-

g
cially difficult 1n the presence of generalized artersosclerosis in an
older person.

ETtioLoGy

Allen, Barker and Hines have suggested an etiologic dassifica-
tion of sudden arterial occlusion which appears to be helpful.
382
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Eriotoate CLASSIFICATION UF SUDDEN ARTERIaL OCCIUSION (Mod:fed)
f Embolism
A Catdnc
3 Aoncwlar fbullation, 30y ause
7 Myocacdad tafaect with mural thromboss
3 Ml and gogtse valvubiiy
4} Bactenal, gcute and subatute
4 Fading besst from any Gnse
B, Arteraat
1 Musat theowbosis
a} Ancatysm
&) Asteriosclerons
&) Trauma
&) InBammation
€ Venous
1 Thiosgh patent foramen asale
H Thtombons
A Inflammatos
1 Thrombosngutss obbterans
1P 2 3 rat pat )

odosz {p

3 Mycotic artentrs {severe (nfections)y
B Diegenersuve

1 Adteoascletosis—atherascleeosts
C Trawmare

1 Cervical 1ib, scalenus antcus, costoclavicular and  hyperabduction

syadeomes

2 Ewterstal trauma

3 Gunshot 3nd sib wounds
D Miscellaneous

1 Infecious diseases

2. Heznt discase

3 Blood dyseranas

4 Swgical procedures

S duopathic thrombaphula

6 Trauma

M Ligatioa snd severasce

By far the commonest cawse of axtenat embolism is chronic
suncular fibedlation wath o without sigas of congestive heart
faifure, The usual etiologic factor in young people is old rheumatic
heart disease with aurscular fbrd and the development of
thrombr en the miteal o aothic valve In middle age there is alsa
& Jugh incidence of atterial embols from oid theumatic heart dis-
e3¢, bot w addition there 15 an wceessing incidence fronr mural
thaomin secondary t coronsty thrombosis with myocardial infarc-
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tion. In the older age groups there is an increasing incrdence of
the last-mentioned type of lesion plus fibrillation seconday to
degenerative changes without coronary occluston at Jeast of the
major vessels

Thrombs occurring anywhere along the arteral tree may bresk
loose and produce embolic phenomena distal to that point This
often happens with arteriosclerotic aneurysms, especrally those in
the popliteal space, where movement of the leg tends to bend and
stretch the aneurysmal sac more than elsewhere.

Sclerosts of the aorta wath marked roughening of the intima and
the development of local thrombs is 2 surprisingly rare soutce of
emboli. Sudden arternal occlusion 1s rate in peripheral vasculat
diseases except artenosclerosis obliterans and thromboangiitis ob-
literans. In these, 1t 1s usually a terminal episode of local natrowing
of the lumen, with the final step thrombosts If the presence of
these diseases 15 recogmzed the diagnosts 1s not difficult except
when, 1n addition to the occlusive arterial disease, the pment's
heart 15 fibnllating The differential diagnosis between an embo-
Lism and a sudden local occlusion may then be impossible clinically.

SIGNS AND SYMPTOMS

In about 50 per cent of patients, acute occlusion of an artery is
characterized by sudden severe pain at the site of the occlusion,
frequently extending dustally. Either with or without pain, the
patient frequently experiences marked numbness or tingling, and
the extremity characteristically feels cold Loss of strength may
not be noticeable at first but increases after a day or two. The ex
tremity soon becomes pale, and 1n the followmng few days either
returns to normal color or continues to be pale with increasing
patchy, dusky cyanosts. Frequently the pulse returns to the Jevel
of the occlusion after having been absent for 10 0r 12 pmximdl
to that site during the first few hours. This 1s especially likely t0
occur with an embolic phenomenon that has caused spasm of the
arterial wall secondary to the shock of the original embolic episode.
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Sudden occlusion must be differentiated from acute thrombo-
phichstss, this s not usuatly diffcult, In thrambophlebitis the tem-
pesatore of the imolved extremuy 13 tikely to be wncreased, espe-
aslly Jocally, and edema is often present. The extremity feels
engarged and heavy, T thrambophlebitis is superficial, a corditke
sein gsaally 15 visble or palpable. This s all 1n contrast to acute
attensal occlusion 1 which the extremity 1s usually pate, cool and, o
anything, somewhat reduced i size, Oceassonally acute thrombo-
phiehstis produes eeclusion of the assactated astery by spasm. We
have seen gangsene result from this

A late complication may be ischernic neantis, due to degenera-
tive changes 1 the nerves resulting from 1schemia Gangrene oc-
outs 25 2 oot infrequent end-result f, howener, the otchasion has
2 more gradual onset, tume 15 permitted for coltateral crculation
to become activated and the madence of gangrene 15 somew hat
teduced

Patients have been seen with fibnilating cheumatic hearts who
have survived many emboht

We have one patient who has had 21 recognizgble emboli ta varrous

ities and the cerebral, pult and renal acteries.
Although thus patient has been near death on several occasions, the
emboli have not been large enough to produce permanent serious
efferts, but she 55 hvng with the Sword of Damocles aver her head
She hd seven embobi withn a month, the tast one to the bafurcation
of the brachual artery of the left anm, the effect of which cleared 1m
fout days Usnder contimuows ambulatory treatment with Ducarmerot
she went 31, years without an embolus then decded fo discontinue
s therapy Exactly 30 diys Jater she had an aortic saddle embatus
and nearly died She has becn on anticoagulant {Dscumarol) theeapy

for the past two years, agan free from emboly, aithough her beact con-
tinues to fibnilate

Thete ase now more than 50 such patients 1 our series under
study Embolization s bang prevented by Dicumarol or Tromesan.

shA tragc case 53 under my caze. A young guel, who did niot bnow that
¢ had heart trouble, went to have the premanital Wassermang test
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tion. In the older age groups there is an mcreasing incidence of
the last-mentioned type of lesion plus fibrillation secondary to
degenerative changes without coronary occlusion at least of the
major vessels

Thromb: occurring anywhere along the arterial tree may bresk
loose and produce embolic phenomena distal to that point. Th.if
often happens with arteriosclerotic aneurysms, especially those in
the popliteal space, where movement of the leg teads to bend and
stretch the aneurysmal sac more than elsewhere.

Sclerosts of the aorta with marked roughening of the intima and
the development of local thrombr is 2 surprisingly rate source of
emboli Sudden artersal occluston 15 rare n peripheral vascular
diseases except arteriosclerosis obliterans and thromboangntis ob-
Iiterans In these, it 1s usually a terminal episode of local narroning
of the lumen, with the final step thrombosis. If the presence of
these drseases 1s recognized the diagnosts 1s not difficult exce[‘st
when, m addition to the occluswve arterial disease, the palit‘ﬂ! s
heast 15 fibrsllating The differential diagnosis between an embo-
lism and a sudden Jocal occluston may then be impossible chaaally

SIGNS AND SYMPTOMS

In about 50 per cent of patients, acute occlusion of an astery is
characterized by sudden severe pan at the site of the occlusion,
frequently extending dustally Esther with or without pein, the
patient frequently expersences matked numbness or tingling, and
the extrenuty chatactetistically feels cold. Loss of strength may
not be noticeable at first but increases after 2 day or two. The ex-
tremity soon becomes pale, and 1n the following few days :1!?!:!
returns to notmal color or continues to be pale with increasing
patchy, dusky cyanosis. Frequently the pulse returns to the level
of the occlusion after having been absent for 10 or 12 in. meimal
to that site during the first few hours Ths is especially likely to
occus with an embolic phenomenon that has caused spasm of the
arterial wall secondary to the shock of the original embolic episode.
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L ¥
mayot axteries of the extremtics wilt develop gangrene, Some im-
provement in ths figure by rationat Jocat therapy has been reparted,
but it is difficult to evaluate catally any of the sepotts on inde-
vadual agents because the imvestigators bave usuaily employed 2
number of fomns of thenpy simultancously i 2 justifiable en-
deavot 1o save the extremuty One must guaed aganst a natural
human fault, namely, the tendency to attnbute therapeutic sucess
to whichever 2gent one 15 partecalarly interested sn

The folioving forms of treatment used 10 combination hase
proved most successful 1n our hands

t The head of the bed 1s elevated 50 that the affected extremity
12t least & 1n below the heatt fevel, The Limbs should pever be
elevated abose the heatt level.

2 Mormal room temprrature mamtuned; it should meter be
bove 50 F. (322 C.).

3 The use of tobarco 1s definstely interdicted.

4 Alaohol is grven freely i the form of whisky or braady, weth
lor2 oz every thiee to four hours, depending on tolerance,

3 Pspavenine hydsochlonsde, 15-1 gr (0 032-006 Gm ) may
be gven mttavenously of mto the actery proxsmal to the occlusion.
£ the first or second mjection does not achiere 3 definute vasode
dahng response, st 15 doubtful that forther myections will be effec-
tive. Favorable reports have been published regarding the effect
of papavenine admumstered orally, but for the most part the studies
have not been well controlied

We have been studying the effect of papavenne gen mteae
artenially 1 the affected Tunb. The imjection of 1 gr (006 Gm )
diseetly anto the femoral or brachial artesy will frequently pro-
duce g sterking merease in warmth zod in some cases @ conspicuous
fBush, even 1 an extremsty which was cold and cyanotic. This re-
sponse has occutred in extremities in which tepeated Lumbar sym-
pathetic blocks had faded. If the response is good the injection
@y be epetted every six hours—or even more often—svatchin 4
carefully to be cartain that untoward effects from papaverine do
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required by the State of New York. Her family physician listened to
her heart and found that 1t was fibeillating. This had not p )
been recognized The Wassermann reaction was negatave. In a few days
she had an embolic episode which resulted 1n complete rght-sided
hemeplegia with total aphasta, from which recovery has been very
tncomplete. The fibrillation continues There 1s a history of undiagnosed
fever three months before which was probably atypical theumatic fever.
Five years later she has matked residual signs and plans for her mar-
riage have long since been abandoned.

Embols arising from the left side of the heart may travel to any
portion of the major circulation, which includes that to the ex-
tremities and the cerebral vessels as well as the abdominal arteries.
Emboli from the right side of the heart, or the venous circulation,
can travel only 1nto the pulmonary circuit unless there 15 2 patent
foramen ovale through which they can pass into the left side of
the heart and thence into the major cizculation Usually thrombi
are formmng 1 one or the other side of the circulation, However,
i old, badly damaged, fibrillating hearts, thrombi are often
formed simultaneously 1 both sides and may break off into the
major or the mmor circulation

TREATMENT

Formerly the treatment of acute arterial occlusion was devoted
almost exclustvely to the local problem The decision to attempt
surgical removal of the embolus must be made promptly, since the
passage of even a few hours may render potentually successful
surgery useless. In general, surgery may be attempted with reason-
able prospect of success 1f the embolus is at the bifurcation of the
aorta or the femoral arteries and a well tramned surgical and anti-
coagulant team 15 available and if surgery s done within 12 houts.
For emboli peripheral to these vessels or in the upper extremitics,
conservative therapy produces at least equally good results.

If nothing but the simplest conservative treatment is carried out,
;,Ppmximalely 50 per cent of patients with sudden occlusion ‘of
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on anticoagulant thecapy. Massiie hemorrhages, some c'tf them
fatal, hiave occutred in the deep tissues at the site of such mjections.
Anticosgulant therapy should therefore be deferred until sympa-
thetic blocks ate discontinued

Sympathectomy has been secommended, but the resufts are ua-
predictable unless 2 prefimsary patavertebeal l?lack causes a strike
ing wcrease 3o croulation, sndicated by a pse in sutface tempetar
tute and an ymprovement 1n the appeasance of the Lhmb There are
2 few enthustasti¢ exponents of sympathectomy despite fastures

General sympathetsc block with tetreethyl ammonmm chlotide
and alhied substances bas been mntroduced and may be used The
safe dose for TEA (Etamon) 1s 3-10 . inteamusculaely every
three to s houts Blood pressuze must be watched carefully for
preapitous drops which occastonally occur. Its effectsveness 1s shit
to be evalusted Priscoline, 23 mg every three or four houts by
mouth o intra-arterally, 15 bewng widely used

10 As noted earlier, 1 the presence of massive embolus to the
bifurcation of the sorta or the femoral attery, surgery should
1mmediately be considered. If 1t 15 to be done, 1t should be done
quickly as an emergency procedure Surgery for the removal of
embolt s hughly techmical 2nd should be undertaken only where
there 15 avadable 2 tramed tearn composed of a surgeon, an in-
termst and an anesthetist who work together not only to remave
the embolus successfully but to give the anticoagulant therapy nec-
essaty {0 prevent the recutcence of a thrombus at the site of the
operatton In general, the operstion should be done wathun four
houts, ot at the longest 10 houts, after the embolc episode Gerald
H Pratt has, however, performed an opetation on one of my
patients for removal of a thrombus from a saddle embolus more
than 70 bours after the embolism occurred

The conditson seemed almost hopeless, but Pratt was prevasled upon
to operate, with resalts much better than could be antsspated Under
local anesthesia o sidver waze with 2 cocksceew end was troduced
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not develop—excessive drowsmness, disortentation, and the Jike

Priscoline (15-25 mg.) intra-artersally in the affected Timb every
three to six hours has also proved helpful.

The technic for intra-atterial injection is simple for the femoral
artery but more difficult for others, depending on their site and
the degree of obesity of the patient

Papavermne (006 Gm ) or Priscoline tn solution 15 diluted 10 5 <
distilled water A S cc. syrnge with 2 in 20 gauge needle 15 used The
artery 1s located by sts pulsations, fixed between the second and third
fingers of the left hand, and the needle 15 guided directly mto it as one
would do a venipuncture, Cutting down on the artery 1s almost nevet
necessaty. Entrance 1nto the artery 1s recognized by 2 pulsating sufgé
of bright red blood 1nto the synnge The solution 15 then slowly injecte
ito the artery, the needle withdrawn aad firm pressure applied for
two os three mmutes The effects are noted n five to 10 minutes, grad-
ually extending petipherally to the farthest possible point compatible
with the available atculation

Tt 1s my belief that this is a highly effective measure and should
be used more freely. The ultimate evaluation remains to be made.

6. The use of reflex heat by means of a heating pad applied to
the abdomen or under the lumbosacral area has some value Heat
above 96 F. and refrigeration should never be applied directly t©
the mvolved extremity or sefrigeration used except for preampy
tatton anesthesta Many limbs have been lost by the injudicious
use of these agents.

7 ‘The pressure-suction boot and intermittent venous occlusion
apparatus have generally been abandoned

8. The oscillating bed (p. 145)appeats to have more physiolog“i
foundation than most apparatus and 15 widely used

9, Paravertebral anesthesia, used in an endeavor to increase the
vasodilatation of the vessels of the extremity, has been widely
advocated. It appears to be effectree but must be repeated several
times within two to three days if any response is to be maintained.
Intra-arterial injection of papaverine may supersede this pmcedur.c.

Sympathetic blocks should not be undertaken 1f the patient 15
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15 made, administration of anticoagulants should begin mmedi-
arely, especaally 1f surgery 1 not contemplated 1 surgery 18 being
considered, 1t 15 ® 1s¢ to wait unhi after the operation before grang
an anticosgulant Hepann should be wjected at the site (3( the
operation to prevent the development of secondaty thrombi, and
ithin seserst houts after teenunation of the opesabon lasger
amounts of hepann mag be adminstered ntavenously. There
may be some Joss of blood unless the vessels ate firmly sutured, but
this 13 seldom a serious complication and 1s definitely less serous
than the development of thrombs at the operatne site Hepaun
may be admusstered duning the first few days postoperatnely
etther by continuovs intravenous or by intermatient njection tech-
e {p. 424) Usnally the second postoperatsve dag Dicumatol may
be given, beginning with 300 mg by mouth, or Tromexan, begm-
mag with 1,500 mg by mouth.

If suegery 1 not contemplated, Dicumarof or Tromexan may
be admunustered alone, withont hepatn, unless the condition scems
acute and multiple embol are being released, 1 which case the
mmedsate effect of hepann 15 desirable

L hae observed more than SO patients with aunicular fbnilation
who have bad from two to 21 tecogmized emboli In an attempt
& sntesrupt the propagation of the ongnal thrombus i the heart
whuch was releasing the embols, the patients have been placed on
a prolonged apticoagulant régsme I each, Dicurmarol ot Tromexan
has been started under carefully contratled conditions so the hos-
pital for one month, dunng which tune the prothrombin rate has
been kept between 30 20d 30 scconds Affer the dosage has been
stabilzed the patients have been released t contiane antwoagulant
therapy on an ambulatory basss but to have the prothrombn Jevel
checked at least three times a week The desired level has been
eonadered to be between 25 and 35 seconds

‘The serwes 5 grawing, the longest perind of observation being
five years The incidence of embol has been sharply reduced
Nearly every embolus has occutted when the prothrombin tune
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‘
throngh the femoral arteries and the thrombus extracted (Fig 88).
The patient survived, with one good leg and loss of the other leg
below the knee, which made 1t possible for hum to continue his career
as minister
Surgical removal of embolt from arteries smaller than the fem-

7

LEFT

Fic 88 -—Portions of thrombus removed from saddle embolus.

oral is generally less popular than 1t was a decade ago, the trend
now being toward sympathetic blocks and anticoagufant therapy.
11. The use of anticoagulants in treatment of emboli has re-
cewved prolonged study Anticoagulants should be given to prevent
propagation of the embolus or the suddenly occlusive thromb
and also to treat the oniginal source of the embolus, for example, .a
thrombus in the heart or elsewhere 1n the body. Once the diagnosis
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Anticoagulant therapy should be admimstered to all patients
who have had or ate suffenng from embobic phenemena, whatever
theit source, unless there are definite contramdications. 1t is prob-
ably svise to contmue the therapy for at Jeast thtee or four weeks
after the ast epusode 1n order to encourage complete sealing of
the ongenal thrombus Specsfic disections for thus treaument are
gnen on pages 423 1 For more complete smformation regarding
hromboembol d and thee with g
ulants, the reader 15 referred to the monograph by Marple an
Wrght

The local treatment for embolt to the kidneys, lungs, bran and
other mternal organs 15 largely expectant 1t is sometunes possible
to opetate {uily on the i tract folfoning embol
or thrombosss In general, the physictan should concern humself
prumantly with the preventson of further episodes, anticozgulant
thesapy offers the major hope in this regard.

1t Refrigerstion shouid not be used to suve the extrenuty, but
it may be used to reduce pain or toxsc absorption once the deassion
o amputate the lunb has been made
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has dropped below the optimal therapeutic level (25-35 seconds).
The total period for all of these patients 15 now approximately
100 years, Several patients who discontinued anticoagulant therapy
did have emboli within a month afterward, Final evaluation of
this procedure has been difficult However, these patients had been
having series of embolic eptsodes immediately preceding the insti-
tution of anticoagulant therapy and the process stopped with its 0~
auguration, This represents a logteal attempt to interrupt the
fundamental process responsible for repeated emboli of this type.*

In May of 1942 we stasted to treat a seres of patients with
coronary thrombosis with myocardial infarction with Dicurnarol
By 1945 expertence with 80 such patients suggested that this was
a sound approach since 1t appeared that both the death and the
complication rate was reduced. Nichols and Page, and Peters,
Guyther and Brambel confirmed this observation. Following this,
the Committee on Anticoagulants of the American Heart Assoc-
ation was established A case study of 1,031 patients with acute
attacks was carried out. Approxmmately half of them received hep-
ann or Dicumarol, or both The other half did not, but were
otherwise treated in the same manner. Sixteen leading cardiologists
and their hospital teams participated 1a this study The results
have been published widely, but 1n summary The mortality rt¢
has been reduced approximately one-thitd, from 23 to 15 per
cent, and the rate from thromboembalic complications four-Aifths,
from 41 to 11 per cent Table 10 shows the madence of complt-
cations 1 the first 800 cases,

TABLE 10 —INCIDENCE OF POSTEMBOLIC COMPLICATIONS IN 800 CASES
Cases 7ex muNDRED

Conteols Under anticoagulant
“Therary
Extension of orginal infarct 90 20
New snfascts 63 23
Pulmonsry embol 94 26
Cetebral embols 34 -
Penpheral embols 30 10
50 20

Venous thromboses

* The Brst prelumina;

1y report of thus treatment for the condition was presented
by the author before the Phutadely

phia College of Physicians in December, 1946,
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Anticoagulant therapy should be administered to all patients
who have had or ate suffering from embolic phenomens, whatever
theie source, unless there are defimte contrandacations. It ts prob-
ably wis¢ to contanue the therapy for at Jeast three or four weeks
after the last episode 1 order to encousage complete sealing of
the prgnal thrombus  Speafic directions for thes treatment are
grven on pages 423 ff For more complete snformation regarding
heormboembolic cond: and their ¢ sath g
ulants, the readet 15 referred to the monogtaph by Marple and
Waght

The Jocal treatment for embolt to the kidneys, lungs, bram and
other wnternal organs 15 fargely expectant, It is sometimes possible
to operate successfully on the inal teact foll bot
ot thrombosts 1n general, the physician should concern himself
pumanty wth the prevention of further episodes, antiwoagulant
thexapy offers the majot hope 1 ths regard.

11 Refrgeration should not be used 1o save the extrermty, but
1t may be used to reduce pain or toxic sbsorption once the deasion
to amputete the limb has been made
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CHAPTER XX. Tlxromhoplzlcl)itis; Plxlebo'
sclerosis; O‘Dstruction of .V:tm\ C:w:\;
Pulmonary Em‘aolism

THROMBOPHLEBITIS

THROMBOVHLERITIS INCLUDES 3 vasiety of diseases having dsffer-
eat etiology, precipiatiag factats, grosy pathalogy, coutse and
prognosts, Because this has been insufficiently emphasized in the
past, )t 55 0ot sufprising that conceptions of the processes involved
and the treatments indscated have heen chaotic and conflicting.

ETIDLOGY AND CLASSIFICATION

The classification presented here is from the Nomendatare of
Diseases of the Blood and Lymph Vessels, prepazed by the Com-
mitee on Nomenclature of the Section for the Study of the Peugh-
efal Circulation of the American Heart Agsociation Itas af once
2ppasest that thrombophlebitis is not a single syndrome but 2
many-hesded hydra

Inseases oF Vems

& Chasonne Qsgame (Stractucal)

1. Thoonts

and venout thrombosis (phlebothromt

4 Prumary
{1} Threpboanghts ehlitesans
(2} Recuesent or migeaung (wathout artertal lesions)
{3} Essequal
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&) Secondary to
(1) Mechanical anjury (contusion, laceration, surgery)
(2) Muscular effort or strain
(3) Chemical mjury (sclerosing agents, drugs, solutcons for diagnosis)
4) Infl or 1 fectious diseases

(a) Tuberculosts, syphilis, actinomycosts
() Other bactenia (to be specified)
(3) Severe 1schemia
[ORs ' ‘

%) P .
(3) . .
2 Neoplastic snvasion of vewn
3 Venous compresston—with or without thrombosts of thrombophlebitis
due to
@) Gravid uterus
) Neoplasm
¢) Aneurysm
d} Scar nissue
¢} Scalenus syndrome
}) Fractures and dislocations
&) Increased intra-abdomrmnal pressure (ascites, etc )
b) Extrnsic pressute {tight girdles, circular gasters, poosly made trusses,
etc)
B Nonobstructive
1 Varicose veins (aneurysm)
a) Primaty—congenital incompetent valves
b) Secondary (to proximal obstructive lesions or pressure)
¢) Secondary to phlebitic destruction of valves
d) Compensatory dilatation of collateral veins
2 Atteriovenous fistula
a) Congenital
&) Traumatic
¢} Mycotic
4) Secondary to local disease
3, Aberrant position
4. Hypoplasia
s Phlebectasia
6 Periphlebiis without thrombosis
d (oot usually obstructrve)

x Rupture
The differences in etiology and mechanism are clearly demon-
strated by this classification. In most instances several fact?rs ap-
pear to play a part in the develop of thrombophlebutis. For
example: (1) by means of chemical ictitation, trauma or dehydra-
tion, the intimal lining is damaged; (2) stasis is produced by
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mechanical blockage such as pregnancy, abdomunal bindets or cae-
dioarcalatory fature or varicosities, causing a strong tendency to
thrombosts by a mechamism to be desenbed latet; {3) organisms
of 2 varuable or uaknoan type savade the thrombus through the
biood or lymph streams

Ochsner and DeBakey have made the follewing differentistion
between thrombophiebitss and phlebothromt

The dotung thwmbopmchnis is the result of imjury to the
ascufar endotheliwm from mechanwcal trauma, bactenal smvason or
chemucal injury, whereas m phlebothrombos:s the ntsavascular thrombus
Formation 15 due to venous stasts and to slterations w the ¢ellular and
Hud constituents of the blood that screase the clottng tendency The
progaostic signsficance of this differentiation hes i the fact that w
thrombophlebztis the clot 15 usually fiemly adberent to the yan walt
and 15, therefore, less likely to become detached and result it embolism
On the other hand, 10 phlebothrombosis the coagulum s loosely at-
tarhed 10 the vessel and 15, therefore, Wkely to cause embolism

1 have not been able to classify many cases so clearly into esther
of these groups Although in some patients the process at the time
of onset 15 of one or the other type, after several days bath proc-
esses age neatly always active. A thrombus need be adherent only
2 vety short tyme before the stima ts damaged and destroyed. On
this of any other basis, no one 15 able to state definttely which
patient wall have emboh and which patent may die of embols,
Embols seldom represent entare clots which come away from the
vessel walls cleanly Instead they are apt to be bits of thrombus
broken off from newly formed, extending pottions of the red tasl,
especially as 1t reaches the next venous branch where the blood
‘urfent exerts suction and torsion on the fragde mass It appeats,
therefore, unwise to base the prognosts on this system of differen-

tation. In fact, to give a prognosts 10 any case of active thrombo-
phicbitss 15 hazard pectatly to the s

ion of 2 physican
prone to this fotm of mental gambling : g
The question of causative OFEINISMS femams 2s it wis 10 years
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&) Secondary to
(1) Mechanical imjury (contuston, laceration, sutgery)
(2) Muscular effort or stram
3) ~ ER . . £
(4) ' .
'
' N .
(5) Severe 1schema
{6) Chronic disease of vetn wall (varices, phlebosclerosis)
{Late 1 or hlebitee ulcers
(7) Blood dyscrasias {polycythemia vers, leukemsa, pernicious anemiz)
(8) Epidermophytosis (?)
2 Neoplastic 1nvaston of vein
3 Venous h or without
due to
a) Gravid uterus
4) Neoplasm
¢) Aneurysm
d) Scar tissue
e) Scalenus syndrome
}) Fractures and dislocations
&) Increased mtra-abdominal pressure (ascites, etc )
k) Extrinsce pressure (nght girdles, circular garters, poorly made trusses,
ete
B Nonobstructrve
1 Vancose vemns (aneurysm)
@) Prmary—congemtal incompetent valves
&) Secondary (to proxmmal obstructive lesions ot pressure)
¢) Secondary to phlebitic destruction of valves
d) Compensatory dilatatron of collateral veins
2 Arteniovenous fistula
a) Congenital
b) Traumatic
) Mycotic
4) Secondary to local disease
3 Abermant position
4 Hypoplasia
5 Phlebectasia
6 Peniphlebitis without thrombosis
boscl: (not usually ob )

7.
8 Rupture
The differences 1n etiology and mechanism are clearly demon-
strated by this classification. In most instances several factors ap-
pear to play a part in the develop of thrombophlebitis. For
example: (1) by means of chemical itnitation, trauma or dehydra-
tion, the intimal lining is damaged, (2) stasis is produced by
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has studied 2 substapce which he has called factor ¥ and which
he beheves is converted tnto aa sctve facior Vi duning coagulation.

Other factors have been described by vanous workers but need
futther canfication before introduction into a work of this fund

~> Thrombin
athion}
Thrombin
----------- —eeuee Serum AGG
”‘“ﬁ:‘,’,,‘}“ {Smatlamount] ~ ~ {active

The serum ACG then increases the rate of reoctin

Calcium ions

o P Thron_x_bonlashn N
* Serum AGG
{rapid racciion)
17 Fibrinog Thrombin Fibein

Fi6. 95 —odesn theory of mechanssm of blood

Cataum, long consmidered ndispensable to the production of 2
clat, 15 now not considered an absolute necessity from the theoret-
1al porat of view, although 1t probably has an smp part
most chinical thromboses

The hpoprotem thromboplastin 1s present 1 nearly all tissues of
the body but 15 especrally concenteated s the brawn, Yang and pla-
cental tissues 3t 15 csseatial to the completion of the pracess of
thrombosis

The final teaction 15 2 conversion of fibunogen by enzymatic
actson of th k Pol ton of §bri
transformation to fibrwn

unts results

The tales of hepatin and other possble antithrombins in keeping
the blood liqwd by batancing aganst the clotting components ate
signtficant, but details segarding their action ate lacking

Mellanby has shown that heparia is an antithrombin and nat,
& Howell believed, an anty-prothrombrn, That is, it docs not pre-
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2go. No work has conclusively demonstrated that 2 single form of
bacteria, fungus or virus is responsible for any one of the sjo-
dromes falling under the general classification of thrombophlebitis
(the exception beng the rare suppurative case with direct exten:
sion mto the vein). This 15 surprising because the picture 1 50
often typical of an infectious process, with swelling, redness, Jocal
heat, tenderness, pain, malatse, fever, tachycardia and tncreased
sedimentation fate and white blood cell count. Dunham and [ ex
haustively cultured a number of sections taken from actively m-
flamed veins without obtarming consistent results. We obtained
virus-like growths from sections from seven of 18 patients but
were unable to keep them alive through seral passages and cannot
state definitely that they are related to the disease, although the
possibility must be considered. Study of these virus-like growths
was nterrupted by the war, further work might prove profitable.

PATHOGENESIS

‘The pathogenesis of thrombosts 15 extremely complicated, with
many factors being 1mnvolved and several steps progressing simuf-
taneously in the blood. The classic theory of Morawitz (1905)
is represented by the two equations in Figure 89. This was accepted

1F bin 1)+ Ti (2) +Galcium{3)--»Thrombin
Th
0. Fibrinogen (4)-—-——-’-0-’221-"- ------ > Fibrin

Fic, 89 —Classic theory of blood cozgulation.

as a working hypothesis for 40 yeats until Quick, Owren and
Seegers all reported the demonstration of additional factors. The
factor which has been studied most completely is a globulin and
has been named by Seegers the “accelerator globulin” (ACG). It
greatly increases the rate of conversion from prothrombin to throm-
bin but, as seen in Figure 90, the mechanism is not clear. Owren
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as studied 1 substance which he has catled factor V and which
e believes s converted snto an active factor V1 during coagulation.

Other factors have been descnibed by vanous workers but need
arther clanfication before mtroduction mio 3 work of thas kind.

T(;,‘alcmm ifmf
I Prothrombin Jhromboglosthin__, Thrombin
{Slow reaction}
Thrombin
T Plasmo ACGwrz-naereamesszad Serum AGCG
o(s‘l;\gmcs { Smolt amount} e('cuc:n?w:)

The serum AGG then creases the rate of reoctiorl

Gatcrym fons

IN Prothrombin Eerom ARG Thrombin
{rapid reschion)
T Fidrinagen ~----~ Thrombn.... > Fibrin

Fio 90 —Modern theary of mechanrsm of blood coagutatron

Calawum, tong conssdered sndispensable to the production of a
clot, 15 now not considesed an absolute necessity from the thearet-
wal pownt of view, although st probably has an smportant part i
most chincal thromboses

The ipoproter theomboplastin 1s present 1n nearly all tissues of

the body but 15 especially concentrated i the brain, ung and pla-

ceotal tissues It 15 essentsal to the completion of the process of
thrombosis

by

umits resufts in

The final reaction 15 2 co af fibri
action of thrembin Pol of fib

transformation to fibun

N The roles of heparin and other possible antithrornbins m keeping
e blood Liquid by batancing against the clotting compenents are
ssgauficant, but detanls tegarding thesr action are backn,
ﬁelhnby has shown that heparsn 15 an sntthrombin and not,
33 Howell believed, an ante-prothtombin That ss, it does not px’ez
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vent the converston of prothrombin to thrombin, but 1nactivates
the latter enzyme after 1t has been formed. The inactwation de
pends on the presence of neutral salts, for dialyzed plasma does
clot readily when thrombsn and hepann, which ordinarily would
not cause clotting, are added Heparin 15 present only in mumute
amounts 1n circulating blood and is probably not solely responsible
for the maintenance of the fludity of the blood i the living body.
Jotpes has submitted evidence that heparin 1s present in, and may
be produced by, the “mast cells” of Ehrlich, which are metachro-
matic stamning cells with tolusdine blue (Fig 91) and are found
along the walls of blood vessels 1 many areas of the body. The
full function of these cells and of hepar as it 1s found in the
blood 1s not completely understood, but it probably tends to keep
the blood fluid

It may be that the blood does not clot ntravascularly stmply
because no thromboplastin is available to convert prothrombin t0
thrombin

For some years our laboratories, 1n collaboration with wotkers
from the Chemistry Department, School of Electrical Engineering
of Cornell University at Ithaca, have been studymng the electric
chatges of different components of the blood and their possible
role 1n the clotting mechanism Like charges are mutually repul-
sive, as they decrease, the repulsion may be reduced. Detatls re-
garding these and many other unanswered but basic problems of
blood clotting are summarized 1n the Twelfth Annual George E
Brown Memorial Lecture of the American Heart Association which
1 delivered 1n June, 1951

The foregoing hypotheses have been reviewed to show the trend
of current thinking. They are betng constantly revised on the basts
of new evidence.

As the changes leading up to the production of fibrin take place,
other mechanisms must come nto play to produce a lhron{bll&
In the living body a number of factors tend to protect the clrm:
lating blood agamnst undesirable coagulation, Experiments by



it 91 —~Mast colls, bepannocyzes, armund capillasies sn subcutancous ussue
of the 1at. These celfs are enncentrated storehiouses of hepann and probably sup-
Ply bepans to the blood Vatal staneng, X 700 {From Jorpes, J £ Heparm in
the Treament of Thrombosss {2d ed , New York  Oxford Unsensty Press,
1946, teproduced by couttesy of the author and publisher ¥
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Glénard and by Baompatten have shown that, under fxvorable
condatians, blood between two lgatures spplied to 2 vein may be
Lept stagnant sithaut clotting of the intesnal hining of the vessel
15 unltered and mtact

Friedlander advanced the theory that some soughoess of the
wtnd fimng, perhips secondary to tjury, or the tny nodules,
described by Dietrsch, that foltose infectson, 13 usually necessary
to provide an anchoring buoy to which a thirombus ss affixed when
the cieculation 15 disturbed, especaatly with a tendency to stagaa-
tion, Vischow considered a thrombus identical to an extravascular
dot Zshn demonstiated the process of thromboss Tollowang an
mpury to the vessel wall, white cetls and platefets collect at the
ste of mjusy and form a white "head” of the thrombus which is
fixed to the nall The stcky insoluble fibrin plays an important
past 1n this process, and alf blood elements become invobved The
blood clot forms and 15 fixed ar one end to the white “head,” and
the red “tail” of the clot usually begins by waving free at the
other end In small verns the white head s often large i propor-
0n %o the rest of the clot, whereas a large vemns the head may
be atmost visible, the red tait making up most of the thrombas
The complex snterplay of all of the factors described, plus many
othess, ocludimg the relationstups of ghucose and the etectrolytes,
anniot be elsbotated here Many of the hinks in this presentation
r;mst rest on reasonable hypotheses sather than established evi-

efice

bany other factors have mportant roles i this process, of which
the followng deserve buef mention (1) Staus of the blood with
asseaated blood siudping (2} Platelet adhesiveness due to fibrn
end the action of hydrophihe coltods on the surfaces {3) Malg-
“Q“C)'- espectally of the pancreas and hiver, which s smportant 1
‘( himi;;d\xmon of ntractable thrombophlebitss {4) Fambal

sing tendencies We have studied one famly with erght

members 11 whom sersous thromboermbolic conditions have devel
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oped. Four died of these conditions. The mechanism is unknown
(5) Idiopathic recurrent thrombosing tendencies Some patients
continue to have recurrent episodes for many years, yet the abnor-
mal changes in the blood may not be detectable (6) ACTH and
cortisone appatently encourage the tendency to thrombosts.

Two conditions which produce temporary agglomeration of the
blood and which may be confused with thrombosis but i which
no true thrombosing mechanism 1s present are eryoglobulinemsa
and the syndrome of cold agglutinins

The movement of the blood through the veins depends on
many factors, among them the sucking power of the regular put
monary respirations which draws the venous blood toward the
chest The venous valves prevent the blood from slipping badk
when intrapulmonary pressure increases. The skeletal musculature
also acts by pressure on the vessel walls to force the blood along
centrally Here agam the venous valves assure a one-way process
Two factors of slight, if any, importance are the pressure from the
artersal side, vis 4 tergo, and the sucking power of the night atrium

The venous valves are damaged by trauma and infection and
are common sites of thromboss. The thrombus usually forms 3P
1dly, and organization may begin in 24-48 hours. Propagation of
a thrombus may, however, conttnue for days or 1ntermittently for
weeks, Involution proceeds during the following weeks partly by
fibroplastic organtzation and partly by Irquefaction Eventually,
there is usually some return of function of the vein, but it is apt
to be mcomplete, especally since, as Edwards and others have
pointed out, the valves rarely escape destruction

The foregoing description 1s of thrombosis as it occurs with
iatimal changes n thrombophlebitis It should not be forgotten
that all layers of the vemn wall are usually involved by the inflam-
wmatory process Indeed, Homans has shown that there is usually
obstruction of the perivenous Iymphatic channels dunng the acute
stage In some cases the inflammatory reaction is practically con-
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fined to the adventitia and outer layers without the production of
thrombosis—thus, periphlebitss.

PATHOLOGIC PHYSIOLOGY

The pathologic phystology resulting from thrombophlebstis is
due to mtecference with the retum blood flow to the heast sn the
(soleed section of the senous tree This may not be important if
only smalt branches ase wvolved, becsuse & great sbundance of
\enous <oliaterat vessels draws most of the tissues of the body.
it should be realized that thrombophichitis 15 often 3 muluple
disease and that evidence of snvolvement 1 new afeas must
constantly be sought.

When large trunks are mvobed, senous secondary effects ate
frequently nated, 1€, for exarmple, the iliofemaral or axillary ven
18 ivolsed and obstructed by 2 thrombus that extends a consider-
sble distance, the distal venous pressure at heart level may be
quadrupled In the mstaace of the shofemoral vewn, when the pa-
tient stands the venous pressure may approximate the astersal dias-
tolic pressure This mevitably causes intense congestion of venules
and capillanies and subsequent t dation with edema

Homans has held that obstruction of the petiveaous lymphatics
15 the major factor 1 the formation of this edema, 1 am snclined
te agree with Barker that, espeaislly i the early stages, most of
the edema is probably due to capillary congestion, with a serious
dishubance of the normal downwasd gradient of inttacapsitary
pressure preventing the wsual reabsorptien of tssue and intra-
cellulas fimrds by the capillagies The fact that irgatson of the large
venous trunk does not lead to edema 53 not adequate proof of
Homans" theoty, because thrombophlebatis most § quenatly inact
vates 2n extensve pattion of the wvolved van by thrombous,
teflex spasm or hoth, thus usually blacking the return flow through
llateral vessels It 55 probable that pessistent chronic edema is
@ part due to blodkage of the pesivenous lymphatics, which may
<ontinue to be a factor long after the venous balance has been fe-
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stored toward notmal by means of canalization and collaterdd
activation

The obstructive process results in dilatation of the colfatera]
veins They often overdilate, producing huge varices from the
excessive burden thrown on their relatively weak valves and walls
A vicious cycle is set up, since the valves are overstretched, become
msufficient, produce additional reverse pressure on the venous
walls and mncreased stagnation as they fail to hold the blood It
especially serious when the important saphenous valve at the fem-
oral vein 1s insufficient, for then the entire venous pressute of the
femoral-vena cava system reverses on the weak saphenous veins
Valvular msufficiency commonly follows destruction of the valve
leaflets by the process of thrombophlebitis

The basic phenomena are described at some length because the
chinteal symptoms and signs arise from them and because rational
therapy should be considered in the light of its effect on them
rather than on the more obvious manifestations.

SIGNS, SYMPTOMS AND COURSE

The signs and symptoms associated with the syndromes of
thrombophlebitis vary widely with the type, location and ex!:flt
of the lesion. Every possible combination cannot be described in
detail, because the variations are almost countless. After accidental
and surgical trauma and delivery the physician 15 on the watch for
thrombophlebitis. He must not forget that thrombophlebitis m3y
develop insidiously without 2 known precipitating factor and even
without signs or symptoms preceding a fatal pulmonary embolisim.

Pam —The patient generally nottces pain at the site of venous
involvement. It may be slight, as with involvement of a small seg-
ment of an unimportant superficial vein, or moderately or ex-
tremely severe when large venous trunks are volved. It is some-
times descibed as a {ocal sense of soreness, It may be refetred, as in
several patients with iliofemoral venous involvement, to the back,

in the Jumbosacral area. In some patients the back pain is extremely
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sevete, even agonizing, to the point where opistes ase relatively
wneffectual, Tt 15 not genesally knowa, but this syndrome must
be diffe ted from an abdominal or psoas abscess

and acute osteomyelitis of the spine, .
In patsents »ith migratory phlebutis the same type of local pain
may mvolve various venous branches throughout the body. When
2 patient with thyombophlebitis develops pain elsewhere than the
ongmal site, a spread of the dusease must be the first onsiderztion,

1535 a patient who was treated with hepasin for thrombophlsbitis
of the decp veins of the left lag for five dags Ten days later, when she
complaned of pun m the night grom, the ebuious implications were
1gn07ed She w3 told that she yust had snollen glands and was sllowed
to be ambulatory without wheseop
phiebatis developed 2nd she became desperately di.

senous thofe 1

Multsple lesions are commonly msssed on routsae utopsy ex-
aminations becnse studies of the velns, even in good haspitals,
are unhappidy very complete, evea in paticats who have died of
pomary ot secondary effects of thrombophlebitis.

Any branch may be involved, although 2 thrombus does mot
necessanly ocaur at the site of each punful area. 3t apy

these cases that the lesions are Iy hiebit:

pears 1
the outer layers and produang a pan

peup
without thrombus and
edems, 10 contrast to the more common episodes tepresenting
thrombophlebitis 1 which the thrombus and edema are the pun-
apal featutes and pam 15 micsmal. In some patients the pains of
peuphiebitis ate of extraordinaty seventy. Many times the two
conditions ate combined One other type of pain—general malaise
3 frequently conspicucus. Contraty to the theoties of Meyer,
the pamns of phiebatis should not be confused with those of theu-
;mhs’r’n and “growing puns Pan in the calf produced by forced
of the foct 15 supgestive of thrombophte.
bitts 10 the deep vesns of the caff. It is known as Homans® sigh.
It 15 not nfallible and may be confused with wjusy to the sofeus
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stored toward normal by means of canalization and collateral
activation.

The obstructive process results in dilatation of the collateral
vems. They often overdilate, producing huge varices from the
excessive burden thrown on their relatively weak valves and walls.
A victous cycle 1s set up, since the valves are overstretched, become
insufficient, produce additional reverse pressure on the venous
walls and tacreased stagnation as they fail to hold the blood It is
especially serious when the important saphenous valve at the fem-
oral vein 1s insufficient, for then the entire venous pressure of the
femoral-vena cava system reverses on the weak saphenous veins
Valvular insufficiency commonly follows destruction of the valve
leaflets by the process of thrombophlebutis.

The bastc phenomena are described at some length because the
chinical symptoms and signs arse from them and because rational
therapy should be considered in the light of its cffect on them
rather than on the more obvious manifestations.

SIGNS, SYMPTOMS AND COURSE

The signs and symptoms assoctated with the syndromes of
thrombophlebitts vary widely with the type, location and extent
of the lesion Every possible combination cannot be described 1
detail, because the varsations are almost countless. After accidental
and sugical trauma and delivety the physician 15 on the watch for
thrombophlebitis. He must not forget that thrombophlebitis may
develop sidiously without a known precipitating factor and even
without signs or symptoms preceding a fatal pulmonary embolism

Pain—The patient generally notices pain at the site of venous
involvement, It may be slight, as with involvement of a small seg-
ment of an unimportant superficial vein, or moderately or ex-
tremely severe when large venous trunks are involved. It is some-
times described as a local sense of soreness It may be refetred, as in
several patients with iliofemoral venous involvement, to the back,
in the lumbosacral area. In some patients the back pain is extremely
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sevete, even agonizing, 10 the point where opiates ase relatively
ineflectual. B 15 not generally known, but this syndrome must
differentiated from an abd 1 or psoas abscess

and acute osteomyelinis of the spine. .
In patients with migratory phicbitis the same type of local pain
may involve various venous branches throughout the body, When
2 patient with thrombophlchitss develops pain clsewhere thaa the
onginal site, a spread of the disease must be the first consideration,

1 saw 2 patient who was treated with heparia for thrombophlebitis
of the deep veuns of the Seft log for five days. “Ten days Jater, mhen she
complaned of pun 10 the nght grom, the obuous implications were
wgrored She was told that she just had swollen glands 2nd was alloned
10 be ambul without hereupon setious thof i
phiehites devtloped and she became desperately 4l

Multple lesions ate commonly msssed on routine autopsy ex-
atmaations because studtes of the veins, even in good hospitals,
ate unhappily very sncomplete, even i patients who have died of
primary of dary effects of thrombophiek

Any branch may be involved, although a thrombus does not
necessatily occur af the site of each painful ares It appears
these cases that the lesions are esseatually periphlebitsc, olving
the outer hyers and producng a pan without thrombus and
edema, 10 contrast to the more common episodes fepresenting
thrombophlebitss 1 which the thrombus and edema ate the pun-
apal festures and pam 1 mimmal In some patients the pans of
periphlebitis are of extraordimary severity Many tumes the two
conditions are combined One other type of pun--general malasse
—1s frequently conspicuous. Contraty to the theories of Meyer,
the pains of phiebatts should not b confused with those of theu-
:nans,t)n aad "growing pans” Pan i the caif produced by forced
; of the foot is i ggestive of thrombophl
bitss in the deep vewns of the calf Tt 1s known as Homxns'xsign.

1 15 ot anfallble and may be confused with sojury to the soleus
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muscle and inflammatory reactions in the muscles and nesves of
the calf

Tenderness—Associated with the local pam is tendemess,
which in general extends along the cousse of the involved veins
The tenderness is most diffuse when deep veins ate involved, and
in areas where the veins may be pressed on directly it is acute.
These areas include the inguinal region, Scarpa’s triangle, Hunt-
er’s canal, the pophiteal space and the area durectly at the middle
of the calf.

Cramps.—A form of pain not often mentioned is that produced
by severe muscular cramps which occur rather frequently with
deep vessel phlebitis. These cramps may be extremely severe and
very setious because 1t may be virtually impossible for the patient
to lie still during an attack and the cramp may, by exerting dis-
torting pressure on the vein, release an embolus. Cramps are espe:
cally apt to occur in the calf muscles, although they may affect
any set of muscles 1n the body.

Color changes —Superficial thrombophlebitis 15 almost always
accompanied by local redness of the skin ditectly over the a2 of

fl ion and often ding as a red streak over the course
of the vein Occasionally there is a diffuse area of redness resem-
bling erysipelas. Several such patches may be seen in different
portions or branches of the same venous tree. With migratory
thrombophlebitis widely scattered patches of this type appeat far
from the primary site As the acuteness of the local process sub-
sides the patches gradually turn a purplish brown and then 2 dull
brown as they fade Some restdual pigmentation may remain in-
definitely.

A dusky cyanosis of the part distal to the occluston of 2 large
vein may be present carly and may persist for a long period.

Color change that has serious significance 1s seen on rare 0cca
sions. The periphery of an extremity suddenly becomes pale bluish
or blanched owing to spastic occlusion of an artery which rests
against the acutely nflamed vein. This may be so serious as t0
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result s masstve gangeens, as in the woman reporied by Grégoire
(cited by Homans) in whom exploration confirmed the suspected
state of affays. Figuse 92 shows another example of ths phenome-
aon, with resultant gangrene of the toes of the left foot of &
woman, 40. Jn the presence of acute thrombophlebitis which had
produced pulmonary eboli the artenes became pulseless and
temamed so for four days; aftet intea-artenal papas erine and reflex
heat thevapy the dotsshs pulse retusned Although gangrene had

it 92 Gangrene sesulting from astenal spasm second

1y to thrombophie-
bius {Courtesy of Dr Theodose § Hewncken, from Medichrome Serses Ml:\(—
Vasouhar Diseases, by 1 S Wright sad W T Foley )

aleeady set 1n, the total tissue Joss was not senous Paltor may also
be seen 1 cases of mulk leg, due to blockage of the tiofemoral
vems and tymphatics resulting w pale edema
Lozdl suwellinrg ~Avcompanpng the sedness alresdy described
s usually 2 mild degree of swelbing A lump of, more frequently,
:; fmrdhli;e mass 15 palpable afong the course of the vewn This type
swelling 15 not necessatily present and ofte
when deep vewns are nvolved. P " et be f
djf;md ~Congestion of the entire venous and capifiary bed
to the site of blockage, sn varying degrees, snevitably follows
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thrombosis. There may be prompt adjustment without the devel-
opment of gross edema, especially if the thrombosed vein is smatl
and if adequate collateral venous return is avatlable, as in the foot
and calf. The opposite extremes are seen with blockage of larger
vens, especially the femoral-iliac, resulting in phlegmasia alba
dolens or milk leg. The edema is, as previously explained, due to
obstruction with increased retrograde pressure in the venules, cap*
illaries and lymphatics which distutbs the normal downward
pressure gradient as the blood progresses from the arteries to the
veins and hence mterferes with the reabsorption of tissue fluids
by the vessels. Gross edema has been present 1n approxmately
50 per cent of our patients.

Fever —Fever may or may not be preseat. In three pateents
with seemingly tdentical degrees of thrombophlebitic volvement,
one may have fever of 103-105 F (39-41 C) with chills, the
second may have low grade fever of 100-101 F. (38-38.5 C)
and, less commonly, the third may have practically no fever

Tachycardia —This is common even when fever is not present.
If persistent, 1t must be considered evidence of continued activity
of the disease.

Sedimentation rate—The sedimentation rate 1s unpredidﬂbk~
In some patients 1t falls more than 100 mm. per hour (Wester-
gren), whereas in others, whose vens appear to be more severely
involved, the rate is well within normal limts (less than 16 mm
per hour). There does appear to be some rough parallel between
fever and the sedimentation rate. A normal rate has no signifi-
cance. When high, it gives some clue to the rate and degree of
recovery and serves as a guide to the degree of activity permissible
to the patient. As long as the rate is elevated, 2ny considerable
activity appears ill-advised Contrary to carly reports of some
workers, Dicumarol therapy does not clevate the sedimentation
rate. As patients recover from the disease, the sedimentation rate
returns to normal while they are on Dicumarol therapy.

Blood connt —The blood count also may or may not be affected
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by thrombophiebitts. The w fte cell count may nise to 40,000 or
smore, with a fugh pcl)moxphonuclcar count and many )?ung forms
and tovic granulztions Severe snemeas iy develop, with red eclt
count undes 3,000,000 and hemoglobin content less than 40 per
cent of normal In contrast, one patient had severe migratory
phichitis for more than nine months without abnormal changes
1 the blood count or sedumentation rate.

To reemphasize, thtombophlebitts may ot w any vemn of the
body and symptoms will vaty accotdingly Thus, manifestations of
Iner, kidney, pul y and cerebral phichatis are not
uncommon but are frequently uarecognized

COMPLICATIONS ARD SEQUELAE

The commonest 2nd mast dreaded complicatson of acute throm-
Bonhlet 1

p s p bol Large embolt which cause
sudden death or pulmonaty signs and symptoms, acluding sharp
pamn, the coughing up of bught red blood and the devefopment
of signs of & patch of pneumonia, are usually recogmized Obses-
vations, both of kving pattents by sersal x.ray stucies and at the
autopsy table, show that more than hatf of pulmonacy embolt ate
mussed entssely or wiongly diagnosed  This 15 parsticularly toue of
so-called postaperative pneumonias This sttuation could be meas-
urably smproved of greater attention wete pud to alf chest symp-
toms and signs occurnng donng postoperatiee peiods and the
puetperum and especially durmg attacks of active phishitys,
Senous warmiag should be regustered agasnst the practice of
conducting routine physical examsnations of the chests of patients
suspected of having or known to have thrombophlebstss, especially
if thete has been a suspicion of embolism Fercmg the patrent
1o breathe deeply may, by producing neganve pressure, suck of s
portion of the tar} of the lot with disastrons results Rough mamp-
wlation ot palpation of an mvolved extremity may also be ex-
tretaly dangerous. Exanmnations of these patients require extreme
gentlenesy, care and sall More frequent x-ray studies 1 doubtfyl
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cases would help, they should be made with portable x-ray appa-
ratus because unnecessaty moving of these patients is risky.
Many fatal emboli occur without clinical evidence of phlebitis
Zaliacus has reported 114 such cases from Sweden (see Table 15,
p- 420). Emboli are released in one of several ways (1) A por

Fi6 93 (abote} —Csoss section of tail of thrombus lying free 1n a ven
Although thrombus 1s free at this pont, the vein wall shows signs of nflamm2
tion This type 1s dangerous and the source of most pulmonary emboli

Fic 94 (below) kable example of of a thrombus to
leagth of 36 i This was semoved whole from veins of leg by suction {Cour-
tesy of Dr Gerald H Pratt)

tion of the tail of a fresh thrombus may break loose due to some
increase in rate of flow or a twist of the vein, as m one of my
patients with the thrombotic tendency typical of leukemia who had
a pulmonary embolism after manrpulation by a cult practitioner
(2) The thrombus may extend from the vein in which it develops
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into the lumen of the large venous trunk into which the vein
drzins If the current is strong eaough to break off a prece of the
tail, in a fraction of a minute we may have an embolus. Increased
suction, as that produced by deep beeathing, may seriously accentu-
ate this risk, (3) Occasionally, because of very slow organization
of the thrombus and in suppuratise thrombophlebiti a friable
portion breaks loose spontanecusly to become an embolus.

Barker ated a large series of patients with postoperative ilio-
femoral thrombophlebatis in whom fatal pulmonary embolism oc-
cured in only 5 per cent, in half of these within four days. In
one-half, the site of origin was an unrecognized fresh thrombus
from the opposite vein. The inadence of embolism in recurrent
thrombophlebitis was, in hes series, 2pproximately 12 per cent,
and of fatal embolism, 7 per cent, In 300 cases we have studied
from this poiat of view, pul ¥ embolistm was gaized in
26 patients (8 6 per cent), of whom six died. There were also 11
embols to other patts of the body. Further discussion of pulmonary
embolisin will be found at the end of this chapter

Death from embolr which lodge i the chambers of the heart
should also be mentioned, We have seen 2 number of these at

autopsy ‘The lacgest was 22 cm long and was coiled up in the
ight auricle,

Postphlebitic syndrome —The frequency of recursence of throm-
bophlebutis 15 not generally appreciated Over a period of 10 years,
Tecurrenices are seen in an average of 25-40 per cent of pa-
tients For accuracy 1t would be well to discontinue the use of the
term “cured” and substitute “asrested " As with tuberculosis, 1n
most patients who survive the first attack the condition 1s arrested
and they do not have a recursence. The risk 1s great enough, how-
ever, to yustify planning of postphlebittc care on the basis of the
dictum, “"Once a phiebatic, always a potential phiebstec.” This may
be discouraging to some patients, but 1t will make them cautions
and thefeby teduce recurrences, 4s 1n arrested tuberculosts

The important and frequently disabl

chronic after-effects of
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thrombophlebttis include varicase veins of all degeees, chronic
edema, varicose and other postphlebitic ulcers and chronic eczems,
pigmentation, taduration and other skin changes atound the ankles

Mention should be made of the pawns which persistently recur
1 the previously tvolved veins, especially with weather changes
and on prolonged standing. They are not necessarily accompanted
by reacttvation of the disease. They may occur at lengthening in-

Fie 93 -—Thrombus of left common ilac vewn lacge enough to produce 3
fatal embolus. (By courtesy of Dr John G Kidd )

teevals and with diminished intensity for some years after an acute
episode.

The d of postphlebti is has been described by
Allen and Brown. It ts seen most often 1n nervous women who
have been in bed for a prolonged course of treatment and who
trave been overimp d with the probability of p t drs-
ability or pulmonary embolism, It is common, and not susprising,
ia patients who have had mutltiple attacks and who hve in feat
that each pain represents the first signs of a new attack. The prin-
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apal complaints ate of excessive weakness and rather mebufous

shifting pams an many areas of the body not confined to pre-
wiously wvolved veins

MEDICAL TREATMENT {LXCEPT ANTICOAGULANTS)

A sound ideration of the of thrombaphiehutt
fmust staet weth the dual preguse (1) that thrombophiebitis 13 not
a single disease but, in reality, represents a group of syndromes
produced by a vanety of etiologic Factoss, and (2) that the loca-
on of the thrombophlebitis may indieate need for wide differ-
eaces 1 the therapeutic appeoach

The fist step 55 thorough study to determune the cause and
mechanism tesponsible for the disease 1 the individual patient.
For example, theombophlebitss secondary to polyqthemia vera
tequures specfic trestment of the undeslying disease, quite a duf-
ferent procedure from that used for thrombophichitis secondary
to thermeal snyury, such as a faulty mjection of Pentothal sodin,
and from that needed for thrombophlebits associated wath cacly
thromboangutis obliterans  Fatal embol: may eren aruse from

iy produced thromboph

following treatsnent for
tarcose tems, Such a case occusred on one of our servces, 1f o
sharply localized thrombopblebitic process s the Jowet extremsty

1 teleasing maultiple pulmonaty embaly, higation may be a logical
procedure  Fatlure 1o coneder the posnbilnty of myolvement m
several segments of the venous tree (some of the stes may be
Sympromless § and (o treas the patient on thas baus constrtutes lack
9, pred of the fund, I process or dereliction of
thetapentac vesponsibiity on the fpast of the physicuan.

Ten yeats ago, those tecommendsng conservative theeapy were
not w2 vety strong position Today, the situation has been radi-
cally changed by the mtroduction of antwoaguiants The avada-
bility of vatious anticoagulants, discussed 1 detasd later, hag not,
however, obviated the need for meticulous ohservation of cemi:;
fundamentat prnciples of conservative therapy.

oh
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In addition to the care of any underlying disease, the treatment
may take several forms, to be undertaken concurrently when ind-
cated. The local lesion is considered first, it being necessaty to
reduce pain and swelling, Swelling may be relatively stight and
localized or may involve one or mote entire extremities. The sec:
ond consideration is management of othet thrombophlebitic le-
sions, which may or may not be recognized at the time, but which
may be the source of serious or deadly embolr. The third includes
the treatment of pulmonary and other embolic phenomena The
fourth aspect confronting the physicran 1s the necessity for ¢
and detailed interest in his patient after the active process has
substded and the immeduate danger passes This cate must be con*
tinued for one to several years and sometimes for life Too fre-
quently the doctor dismisses the pattent after the acute phase is
over without giving adequate instructions and mamntaming propef
follow-up care

) An attempt will be made here to present in 2 practical
cise form the therapeutic methods which have been established 25
useful by clinrcal and experimental observations on appmximatel)’
2,000 pattents seen in cvilian and Army hospitals during the past
20 years, Of these, approximately 1,300 were treated with anti-
coagulants. There is still controversy regarding some of the tech-
mcs to be discussed, and the 1deas expressed are not to be considered
final; indeed, it is hoped that new concepts will be forthcoming

Elevation—An involved extremity should be elevated approx®
mately 6 in. above the level of the heart. This is especially indi-
cated in the presence of edema. The purpose 1s to facilitate drain-
age of static lymph and venous fluid from the extremity. The
measure adds greatly to the patient’s comfort. Elevation is best
accomplished by raising the foot of the bed 12-15 in. on blocks.
The use of pillows alone too frequently results in elevation of the
knee above the foot and therefore interference with proper drain-
age distal to the knee In the presence of occlusive artersal disease
levate the extremity. The use of an oscillating bed

and con-

it is unwise to ¢
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wilt help to teduce the edema safely. Otherw ise keep the extremity
1 2 honizontal position. . .

Rest—Although 1t 15 important to keep the patient active as 2
preventive postoperative measure m ordet to dstoumg'c‘t’hc pro-
duction of clots and the development of thtombophl once
thrombophlebitss has been tecognized undue actvity should be
prevented This 15 contrary to the view of some Eutopean workers,
but on numerous occasions we have seen patients who had been
placed on a régime of watking 20 to 60 blocks datly duung phases
of an acute process and s whom muld and relatively wmocuous
thrombophiebitis of 2 smalt vein distal to the knee rapidly extended
up snto the thac vein and even the infestor vena cava In view of
anticoagulant therapy, extept for o fow superfical, chrome, low
grade wstances of wmvoliement of vancose yeins, the routne of
bandaging the leg and walling 15 dangerous and obsolete

Avordance of deep breathing and stravmng —At atl times dur-
mg the active phase of thrambophiebitss, and espeaatly if there
has been any suspsason or evsdence of embolic phenomena, it 15
extremely important that the patient avoud deep breatlung, cough-
g and strumng m any way Too frequently when the patent
wmplams of pan in the chest and coughs up a httle bloed, the
house staff and ding physician undertake a thorough exam-
mation of the chest, ncluding auscultation during deep breathing
and coughing, m an endeavor to determine the site of the wfarct
Scce the dwgnoss 15 1 most such cases almost cestamn, the ocal-
wation must be consdered a smatter of academuc interest only I it
15 essentual to make 2 differential dragnosts of know the site of the

wfazet, an x-ray taken by carefully sippimg & cassette undes the
patient will seeve adequately

The reason for this warning 15 clear The movements of res-
Pitation are among the most smpostant factors concetned with the
fetutn of blood to the heart Deep breathing ntroduces negative
phases of pressure which tend to free loosely attached thrombi, or
tads of thtomiby, with serous consequences 1 have been ptcstr;t at
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In addition to the care of any underlying disease, the treatment
may take several forms, to be undertaken concurrently when mdt
cated. The local lesion is considered first, it being necessay
reduce pain and swelling Swelling may be relatively slight an
localized or may involve one or more entire extremities. The s¢¢
ond considetation 1s management of other thrombophlebitic Je-
sions, which may or may not be recognized at the time, but which
may be the source of sertous or deadly emboli. The third includes
the treatment of pulmonary and other embolic phenomen The
fourth aspect confronting the physician 1s the necessity for ¢
and detailed intesest in his patient after the active procss
subsided and the immeduate danger passes. This care mast be con
tinued for one to several years and sometimes for life. Too fre
quently the doctor dismisses the patient after the acute phase is
over without giving adequate mstructrons and maintainmg Proper
follow-up care.

An attempt will be made here to present in 2 practical and con”
cise form the therapeutic methods which have been established 25
useful by clinical and expenimental obsetvations on approximatey
2,000 patients seen 1 avilian and Army hospitals during the past
20 years Of these, approximately 1,300 were treated with anti
coagulants. There is still controvetsy regarding some of the tech
nics to be discussed, and the 1deas expressed are not to be considered
final; indeed, 1t 1s hoped that new concepts will be forthcoming:

Elevation—An involved extremity should be elevated npproxi'
mately 6 in above the level of the heart. This is espcﬂ';\lly indi-
cated mn the presence of edema. The purpose is to facilitate drain
age of static lymph and venous flurd from the extremity The
measure adds greatly to the patient’s comfort. Elevation is best
accomplished by raising the foot of the bed 12-15 in. on blocks
The use of pillows alone too frequently results in elevation of the
knee above the foot and therefore interference with proper drain”
1 to the knee. In the presence of occlusive arterial disease

age dista
1t is unwise to elevate the extremity. The use of an oscillating bed
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1. H A,
Nene blocks do not cause the bus to d Jen

s ¥
The 1k of embolus rematns, but pun and edema ate sometimes
rematkably dimimshed ‘The hot pack method has the advantage
of application for as maay days a5 15 decmed advisable. )

Qumine sulfate~Noght ctamps arc mot uncommon with
thrombophlebitis o vancose vewns Tor such cramps qusnme sul-
fate t sametmes helpful i doses of 02 G, at bedtime or with a
sundar dose at suppertune

Fluids —3t 1s important that the paticat have not Yess than 3.4
qt of fluids 2 day wn order to avoud debiydratson, which nceeases
the thrombosing tendency Provided the sodwm chlonde intake
13 oot ncreased, water pes s¢ seldom contrbutes to the edema,
especially of the extremuty s elevated, since the edema 15 not on 2
metsbohic, rensl or cardise basss,

Antif therapy D pl must be actively com-
bated One of the most satisfactory methods is soaks of potassum
permanganate I 5,000 solutron for 30 munutes every other day
Whatfield's owtment, hatf-strength, and various new antifnngy
ades such as Sopronol (Wyeth) or Timofax (Bucroughs Welt-
comej may be tyed, always with cate not to overtreat and thereby
cause 2 fughly itntated reactson in the area

ANTICOAGULANT THLRAPY

The dramatic stoty of how hetmotthagic spaifed sweet-clover
disease 1 catife led Link and his co-workers to the discovery, isola
tion and synthesss of Dicurmarct and alled deswatives 1s medscal
history Clinacal mvestigatsons of the value of this substance were
zeported 10 1941 by Meyer, Bingham and Pohle, by Butt, Allen
and Bohiman and by Prandom and Waght Al three groups of
workers found that i man, as wn lower smmals, Decumacol pro-
Ionged the prothrombun titme and delaged coagutation of the blood
There was 2 lag of 24-72 houcs befate the action in the blood was
measutable It was found that the materal was effective whent
grven arally and that transfusions of fresh whole blood would
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several autopstes on Pattents who died during or soon after unwise
phystcal examunation

The patient should be warneq against straining at defecation,
20d one of the Physicran’s functions s to see that laxatives and
enemas are ysed to Prevent the need for such straming

to that produced by lumbar 8anglionic procarne block, The tech-
nic follows,

The XMty 15 covered wygh <old cream to protect the skin from
maceration A light blanket or one O two large turkish towels are
dipped n hot water, wrung out apd wrapped loosely around the entire
Cxtremity Four to eight hot water bags are then 12;d along the leg and
weapped 1 o Large loose rubber blanket Electrsc heating pads may be
used, but only if waterproofed Thys 45 contnued for 20 hours out of
24, the skin being allowed to acrate for four hours After four to erght
days, if 1mprovement warrants, the length of time of appltcation 1s
teduced gradually Usually after 10-14 days the packs may be dis-
continued

to wrap around an extremuty, has also been devised and 15 about to be
made avatlable to the medical profession *

One to four or more Pparavertebral sympathetc netve blocks
may be petformed to break the reflex arc of spasm during the first
few days, using 2 per cent procane solution They may be per-
formed once or twice dady for three or more days, The hot packs
will prolong and enhance the effectiveness of such blocks,

* Made avatlable by Comfort Pack, old Greenwich, Conn
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for an smsufhcrent time with Dicumarol, This secord ss especially
notewarthy becanse 379 of the patients ad atready dlm?nstﬂ(cd
thrombotie tendeacses, having had thrombosis of emboalism, and
438 had an abdommal hysterectomy, an opetation for whach the
statrstical risk of thrombosts is high (See Table 11.)

The effect of Dicumarol therapy ca thrombophlebitis has also
beea dlearly shana by Batkes Among 897 controls with theombo-

TABLE 51 —DANcERs OF POSTORFRATIVE anp OBSTETRIC THROMBOPHLFBITIS *

e Clrouinn
Caspror Foieowar e plee
e sy Coer 38 Thiomd
Surgucal cases
Schnesdepy ef of 1,500 746 ®l 293 w2
Barker e ol 1,665 897 338 343 206
hbstetnic cases
Holzmann of al 9 19 138 26 347
Hellsten 420 150 338 20 476

:«Sﬂ“ﬁyﬁgsgﬁ BT IS e two sutgrea) series comende and bow widely ther
varv from the Sguzes for 1be chsainc seney, which aho cwptide
phiebitis who did not recesve anticoagufant therapy, 95 (10 6 per
cent) had subsequent eptsodes and 51 (3.7 per ceat) died of faral
pulmonary embolism In contrast, of 138 patients with thrombo-
phichitss to whom D t had beea ad d, 4 (2.9 per
cent) bad subsequent epsodes and aone had fatal pulmonary em-
bol. These figures ate sound evidence that when Dicumarol 1
dmunistered an established thrombus wdl almost certasnty not
detach wself and become an embolus, nor witl it tead to propagate

Tables 1215 give figuses compiled by Jorpes, Baver and Zid-
lacus of Sweden on results with antcoagutants These and other
figures indicate that there 1s Intle diffesence in the sesults of antr-
coagutant therapy whether hepann of Dicomarol 15 used hat that

galant therapy definitely i the peog!

There have been some cases separted, and I have seen a few,
i whith embalt occusted during Dicumarol thetapy In almost
every nstance § have investigated, the emboli occureed 1) in the
fist 2436 hours, before the full efiect of Dicumarol had been
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usually promptly restore the protheomben tume, When 60-72 mg
of vitamun K 15 gven 1n single or multiple doses st shosteas the
lengthened prothrombin time which follows the adminsstration
of Dicumarol, Prandons and 1 first repotted that m maq, 25 @
lower animals, hemorrhagic mamifestations may follow excessive
doses of Dicumaro} and that, thetefore, the drug pesfosce must
be adminustered with care and respect jn ordes to avoid segious
hemorrhagxc manifestations.

Dicumarol impairs or prevents coagulation of the blood by e
ducing the amount of prothrombin in the cireulating blood Ttis
faisly certan, though nor proved, that the site of prothrombin
synthests is i the liver and that Dicumarol mhubits prothrombis
synthesss, thus interfering with the production of the classic e
pression prothrombin + calcium - thromboplastin ~ thrombin;
fibrinogen - thrombin = fibrin. 3

1t is now well established that the effectrve anticoagulants, in®
ciuding Dicumarol, heparin and the more recently studied ons,
Tromexan, Phenylndanedione, BL5 (G pyran) and Paritol,
will help prevent venous thrombosss, thrombophlebitis and embolt
More extensive experience has been gained with Dicumaro! and
hepann than with the others, so that experience wiif be more
hiberally cited.

‘When Dicumarol has been admmustered after surgery 1 the
pelvic atea and other regtons i which thrombophlebstis is kno.wn
to be a cornmon complication, there has been a striking xedumo.n
in the incidence of thrombophiebitis Once thrombophl bitis is
established, Dicumaro} conspreuously reduces the number of pult
monasy embolt and Jeads to their abolition in most :'nsm.xces.
Marple and I have reviewed this entire subject in detail in 2
recent monogeaph

Barker and hss co-workers from Mayo Chinic reported the use
of Dicumarol 1n 1,000 cases for the purpose of preventing post-
operative venous thrombasis. Thete was only ane death from pul-
monary embolism and this occurted in a patient who was treated
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for an snsufficient tme with Dicumasol. This record 3s especially
notew osthy because 379 of the patients had already demonstrated
thrombotic tendencies, having had thrombosis or embolism, and
438 had an abdommnal hystecectomy, an operation for which the
statistical sk of thrombogs s high. (See Table 11)

The effect of D 1 thecapy on theombophlebitss bas also

been clearly showa by Barker Among 897 controls with thrombe-

TABLE 11 —DANGERS OF POSTOPERATIVE AND ORSTETRIC THAOMBORHLEBINIE ®

Eavas
Casesor FrLuoxins Por. Exrarue
TREONO Fuvatass =3 1<
o Caser Cases  of Thromb
Surgicat cases
Schoeidegg e of 1,500 746 481 298 92
Batkez ef of 1,663 897 338 343 206
Olstetric cases
Holemann ¢f of 9 ue 18 26 347
Hellsten 420 158 358 i3 416

3 Congtery ot s 7 ek
ibe b

Sorpes
Neie bow Clostly the Bedres Tof the tws surgical serles eoencude and bow widely they
wary from the higures for the abstetnie secier, which also concade

phicbitss who did not fecesve anticoagulant thetapy, 95 (106 per
ceat) had subsequent episodes and 31 (3.7 per ceat) died of fatat
pulmonaty embolism ¥n contrast, of 138 patieats with thrombo-
phiehitts to whom D. had been admi d, 4 (29 per
¢ent) had subsequent episodes and none had fatal pulmonary em-
bols These figures ate sound evidence that when Dicumaro! 15
d 1 an estab d thrombus wil almost certzinly not
detach atself and becorae an ernbolus, nor wil st tend to propagate.
Tables 12-15 gave figures compiled by Jorpes, Bauer and Zil-
lacuy of Sweden on results with anticoagulants. These and other
figures induate that there 15 Ittle difference in the tesults of ants
coagulant therapy whether heparm or Dicumarof ss used but that
ticoagulant therapy & ly improves the p

) Thete have beens some cases reported, and I have seen 2 few,
in which emboli occusted. duning Drcwmarol therapy. ¥n almost
every instance T have mvestigated, the emboli ocourred {1} in the
fist 24-36 houss, before the full effect of Dicumarot had been
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TABLE 12 —COMPLICATIONS OF THROMBOSIS WITH AND WITHOUT
ANTICOAGULANT THERAPY (ZILLIACUS)

Turouso- PuLwonay Srunto
518 EMBOLISM Oz L
No specific treatment 214 60 (20%) [
Heparin 42
Hepann and Dicumarol 103 ¢ 576 8 (%) ?
Dicumarol 131
* Deaths
TABLE 13 —COMPARISON OF RESULTs 1N THROMBOTIC CASES Tn:;z]ﬂ;“

CONVENTIONALLY AND WITH ANTICOAGULANTS, MAINLY HEPARIN,
Witnour Antt

AGULANTS
2 COACULANTS aths Aa'"m VDuxh
Med. Chimic A 16 5 2 o
Surg Chote A 7 17
Surg Chmc B Qa 5 2 0
Surg Clinic C 74 0
Surg Clinie D 33 1 31 1
161 42 153 1

* Collected from five Swedish clinics Courtesy of Dr J Enk Jorpes
TABLE 14 —RESULTS WITH AND WITHOUY ANTICOAGULANT THERAPY
(BAurr, ZILLIACUS)
TizouBosts ok

o xr “
InrazcT DzaTAS %
Conservative therapy 543 88 16
Hepann 769 3
000 4 LEH
Dicumarol 131 1

TABLE 15 —SUDDEN PULMONARY EMBOLISM WITHOUT OTHER THROMBOTIC
SYMrroMs (ZILLIACUS)

No Dears
Furst attack fatal 114 114
Furst attack not fatal .
Consetvative treatment 65 21 (30%)
Hepann ot hepann-Dicumacol 103

achieved, (2) during therapy when the prothrombmn time had
heen allowed to drop to the original normal level of below, ot
(3) after Dicumarol therapy had been discontinued and lhf pro-
thrombin time had returned to normal or below. It 15 advisable,
when discontinuing Dicumarol, to dectease the dosage gradually
to obviate the tendency to overcompensatton on the part of the
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hver Hepann should afso be discontinued gf:duzﬁ 5 uniess hemor-
shagie complications fosce its shtupt cessation

Ta the Mayo senes of 1,000 treated patients only 30 {3.7 pet
cent) devefoped mnof bleeding and 25 (235 po :'cnt) mé)or
bleeding The enly case of fatel bleeding occurred in 2 patient
who had carnotma of the third portion of the duodenum: which
requized extensive sesection with some trawma to the supesios mes-
entenic vesn, 1t 15 doubtfut that Drcumarel played & tole,

Among 2,000 persons 1 my senes, hone had fatal pulsmonary
embolt dussng Dhcematol thetapy, tvo dsed of hemorthage prob-
ably selated to Dicumasel Gae bled from 2 rectal cancer, one,
wath sevese by pectension, died of cerebeal hemorchage. Desperately

Wt with thrombosing duease, bath wete given antwcozgulants as
3 caleudated sk

TABLE 16~Rssutys 19 Fest 400 Cases ON ANTICOAGUUANT THEAAPY
(TaEaven on Sursavises v Worty
Cases without embolixm before treatment

w7

Embolush developed during treatment (eatly) 3
Cases with embolism w3
Embohsm dunng adequare saticosgulant therapy H
Embolse affer cessation of thecapy 1
Deaths from embolism o
Any planed difficulty 1n thng the prothromban fevel

with Dicumarol, especially 1 the presence of migratory thrombo-
phiebitss, should cause one to ceasder the passtbalty of 2 malyg-
nancy, espeeally one tmolsing the lner, pancreas, or both, We
encounteted Four such cases before 1946 (Table 17) Since then
“e buve seen numerous addionad pabieats whose thrombephicbi-
s was centstant to anticoagulant therapy and who later were prosed
to have cancer Althongh the pancress and hiver hane been the
commonest sites of the cancer, othet organs, snctuding the uterns,
stomach, fungs and breasts, also have been wrolved,

In 1941 we described rather extensive hemorthages produced
by Dhicurmatof, but at that time the dosage for man was ant well
understood 20d the tests for controlling the dosage were nat satis-
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TABLE 17 ~-COMPLICATIONS IN FIRsT 400 CASES ON ANTICOAGULANT
THERAPY (WRIGHT)

Inability to control thrombophlebitis 3
Causes—1 Malignaney of liver 2
pancreas 1
intestine 1
2 Phiebitis migrans }‘

Deaths from undeslying disease

Hemorrhagie manifestations B
Purpura of skin and mucous membranes 2t
(In fast 200 cases, after therapy was stindardzed 2}
Frank hematunia 4
(In last 200 cases, after therapy was standardzed  2)
0

Deaths from anticoagulant therapy

factory Furthermore, we were dealing with sertously undernour-
ished indwviduals. Since then I have seen several cases with hem
ofrhagic manifestations 1n which the drug had not been admin-
istered with sufficient caution or the tests for prothrombin levels
wete not satisfactondy performed by the laboratery, thus giving
the clinician a false sefise of secuntty. Such situations must be most
carefully guarded against 1f Dicumarol is to be used

Use of anticoagulants for the most part has been associated with
a prompt subsidence of the symptoms of thrombophlebitis. Au-
topsy exammations of patrents who have died of other causes aftera
week or more of anticoagulant therapy have usuaily revealed sealing
of the proximal ends of the thrombi whetever they were found. In
a few patients thrombophlebitis has contmnued throughout tre'at-
ment or has lighted up after the anticoagulant has been discontin-
ued. These have been patients with so-called idiopathic migeatory
thrombophlebitis—a much less tractable and more serious 80
drome than the usual postoperative, post-traumatic and postinfec-
tious types. On the other hand, in 2 number of such paticflts {hc
disease was apparently arrested. It is felt that the prognosis with
anticoagulants is somewhat bettet than that with any other therapy.
A second, fesistant group, includes those with malignancy.
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npicaTioNs FOR CAUTION 1N Uss oF Antico AGULANTS
1 bin deficsency hromb 3y

4} Vitamin K defoency

3) Severe hepatic disease X
Blood dyscrasias with distutb an normal

Renal disease, espeaaliy wath brmstan

Mazked hypertension

Ulgerations or open » ounds wth bleeding teadencies
Subacute bacterial andocarditis

Vitamin € deficiency

Pregnancy, especally wath toxemis

Certam surgical operations

) Receat apecations on bracn and spinal cord

) Procedures fetveng raw surfaces

¢} Procedures with tube drainage

43 I presence of chstractive pundice,

e

N

balaary fistuts of seveee hves Samage

Inadequate 1zboratory seposts and Jack of meticulous interest
on the past of the physican ate serious coptramndcations 1o the
use of anticoapuiants

For a duscusston of the use of anticoagulants 1 the treatment
of coronory theombosis and its thromboembol phications, the

rexder 1s seferred to Chapter XIX on Acute Arteniat Occlusion

Technss of ads of gulants —(1) The prothomb

tue 15 detesnuned by the Quick or Link-Shapiro technie before the first
dose 15 gnen Normal readings ate 12-13 seconds by the Quick method
20d 13~37 seconds by the Ligk-Shapito method {2) 1 the prothrombin
time ts normal or lower, 308 mg of Drcumarol 1 admunsstered orally
0 one dose 1f emboh have occurted, hepann may be started imme-
distely and continued vatil the Dicumaral effect 15 mantfested (This 1s
discossed wn detard dater ) (3) Each day the prothrombin time 13 deter
muged and reported to the physican wn charge of the case before the
Dicumarot dosage for that day 15 dearded on. (4) Dicumarol s adonn-
wstered n doses of 200 mp dudy untd the prothrombin time 15 30
sttands, and in doses of 106-200 wg. (depending on the patient's senn-
twty to the drug) duly whea the prothrombin time 1s between 30 and
33 seconds on the ascending pottion of the curve (5) When the pro-
thrombrn tume seaches 3% seconds, Drcumasol 15 discontinued sntid the
prothrombra tune drops below 30 seconds, 2ftet which 1t 18 Biven sgain
cutiously n daily doses of 100-200 mg (The forzgoiag prothrombin
fume values were determined by the Lok Shapiro mﬂhng, for which
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see the Appendxx) F(equenﬂy the time rises for several days after

icumaro| ;5 discontinued and then returng toward normat

(6) If the Prothrombin tyme reaches 60 or 79 seconds, hemorrhagc
mantfestations May occur, and one must be alert to the Ppossibility. At
2 level of go_gs seconds 64.7, Mg of vitamun K should be given
Parenteraily apq fepeated 1 fouy hours, Since 1942, hemorchagic
manifestations have beey confined to Very rare patients with putputic
Spots, minor 0021ng from the Bums and some red blood cells 1 the
urine. More severe hemorrhaglc manifestations may be checked by ene
Of t%0 transfusions of 300-500 ¢c of whole fresh blood (may be

weeks The dosage is then fapered off slowly, petmutting the time
to drop below 3¢ seconds, followed by a gradual return fo normal
Dicumacol hag been continued 4n gt of our cases for 20-30 days

In clotting time Thys method, BIving 50-75 mg # intravenously every
three hours, 45 widely used in Sweden and has been favorably sreported
0 by Jorpes, Bauer, Ziliacus and others The dlotting time rises sap-
dly to 60-70 minutes and falls towyeq normal before the next dose 15
1ven. This seems risky and unphyslologic, but the Swedish workers
ave demonstrated that, Practically, it 15 soung For ten years we have
sed this method extensively, with satisfactory results and without com-

* The mternational standard used 1 the United States js 160 per cent as strong
Uit used 1 Sueden, hence cur dosspe o appacently lower than the 75-12
recommended by the Swed;sh workers
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stegum, facluding the recent modif , causes wide fh and
&iffcalty in control and s use has been so painful that many patients
prefer continuous infusion, 1t may also cause aawsea Depo-hepatin
(Upiohn} s less parnful and somenhat more satisfactory 1o use but 15
stf unpredictable, We use the following dose schedule. 200-300 mg.
for the fisst dose and 200 mg on an average of evesy 12 hours «f the
dotting time 15 not 1 excess of 20 minutes gust before the next dose U
tis s excess of this, the dose shoutd be delzyed accordingly.

Subbngual admunisteation of hepatn has faled completcly to pro-
duce 2ny change 1 the clotting m tests run m out laboratory

Tromevan —Tromexan, which ss also a coumann denvatne
closely felated to Dicumarol, on the average acts more quickly and
on discontinuation ceases to act more quickly than Dicumarsol, We
bave come to use st almost entircly 1n place of Dicumarol, but
others still prefer the latter deug With Tromexan, the first dose
51,500 mg {1,800 mg if the pattent 15 farge) The second day
the prothrombrn time 15 usually prolonged If 1t 15 not above 35
seconds, the patient 15 given 300 my three times (total 900 mg )
Thereafter the usual dosage 15 300 mg two o theee times a day,
dePendmg on the prothrombim time. Divided dosage 15 much the
most y with T When the prothrombin time 15
mote than 33 seconds, the omussion of one of twa doses wiil almost
wvaeiably lead to a drop to therapeutic or normal fevels within
24-36 houss, We have almost elumnated the need for vitamin K
o teansh by the careful handling of T on our service

iﬂhelwatke:s find this drug more difficult to control than Dheu-
arg]

Phenylmdanedione —Thus too has bren wsed as an anticaagur
Bt It 15 not a coumarn, but 1t does reduce the prothrombin
2‘:1::;71:& thus prf)longs the prothrombin tune Blaustern has
0 ¢ most satisfactory imetial dose to range from 150 to
ume“t‘egs ; further doses ace adjusted accosding to the prothrombin
oo s. The action of PID, as st 1 called, resembles that of

exan more than of Dicumarol, although some patients are
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very resistant to it, and this represents a real disadvantage. Anothet
disadvantage 15 that overaction cannot be counteracted by vta
mmn K It has no known advantages over Tromexan

4-Hydroxycoumann No 63 (BL5; Cumopyran) —Used ex
penmentally, this drug acts at about the rate of Dicumarol, but its
action 1s much more prolonged so that doses need be adminsstered
only at two to five day intervals. The average dose 15 125-150 mg
and should be regulated by the prothrombin time tests. Overaction
15 countetacted rather inadequately by water-soluble vitamin K
Ppreparations but vitamin K, oxide 1n doses of 200500 mg. will
restore the prothrombmn time to normal, This substance appexrs
to require moe study before final evaluation and recommendation
for general clinical use

Partol —This preparation, a synthetic polysulfusic aad estet
of polyanhydromannuranic acid, 1s sumilar to hepasn m chemeal
structure and action but 15 less expensive to produce. It is being
subjected to clinical investigation 1n our laboratory and elsewherc
but 15 not quite ready for clinical use at this time

A liprd thromboplastin mbibitor described by Overman from
our laboratory and by Tocantins acts on factot V but 1s still in the
ammal experimental stage

di-Alpha tocopherol—Careful studtes 1 our laboratory a0d
elsewhere have failed to confirm the clams that dervatwves of di-
alpha tocopherol with or without calcum act as anticoagulant
substances when administered to man or are significantly effective
1 the prevention or treatment of thromboembolic cunditions:

Because of considerable variation in strength of the vatious
thromboplastins used fo tests of prothrombin time, it seems advfs-
able to check each group of determinations daily agatast those in
one or two healthy and supposedly normal individuals Pooled
Iyophilized plasma (Lyovac) has been used as the sta'nd.lrd con-
trol, against dilute plasma 1-8 The control figure using Lyovac
by this technic runs from 36 to 42 seconds
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Wotkers diffec s ta the preferred manner of repotting en pro-
thtombin sctwvity. It can be repotted exther in seconds of time or
sn percentage of actwaty. To use the percentage of ad{vxt}' method,
2 difution curve sach as those devised by Quick, Shapire or Batker
s pecessary To produce & reliable curve many determinations
fmust be made from a nurmber of samples; st is not advisable to
use cusves based om 2 small group of detessmnations

Tnasmuch a5 a curse may contam a certain element of error, the
perceatage method naturally suffers from this disadvantage. ¥t has
also been found that many laboratonies do not use sny of the afore-
mentioned curves, mercly making a raped calculation as foltans
control 14 seconds, patient 28 seconds, therefore the patient has
SO per cent prothrombn activity ‘This result bears no zelabion to
the curves of Quick, Shapiro or Barker and slustsates the confu-
sion produced by this additionat step. There seems to be no real
advsntage in taking the extra step of transpositon of tme to
percentage, and confuwon and etror anse from it Therefore 1
secommend that the yepost submitted to the chnitan be 1n seconds
204 that this always be atcompamed by the tontzot figure for that
day Except for sesearch studies of s unusual cases, we have pot
found the diute {12 5 per cent) prothrombsn times essentsal for
chngeal pueposes

The use of aatcoagulants requises well tramed teams of work-
e1s and laboratorses prepared to provide meticatous service. Unless
the laboratory's techauc for d of the p bin tune
's properly standardized and <an be depended aa, use of D
matol or Tromexan should not be undertaken Ounly s favorable
arcumstances 13 home therapy with ssticoagulants recommended
When st 15 undertaken, provision must be made for frequent de-

tetmaztion of the prothsombin level by rehable faboratory tech-
nicans: Otherwase, 1 15 certam that both the patient and the phys-
:::gn;: ;‘ bazardous position and may regret having wsed the

¢ conventence of a kaboeatory which may wish to
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very resistant to it, and this tepresents a real disadvantage. Another
disadvantage is that overaction cannot be counteacted by s
min K. It has no known advantages over Tromexan.

4-Hydroxycoumarm No 63 (BLS; Cumopyran) —Used ex
persmentally, this drug acts at about the rate of Dicumarol, but it
action 15 much more prolonged so that doses need be adminsstered
only at two to five day intervals. The average dose is 125-150 mg
and should be regulated by the prothrombin time tests. 0verm1m2
1s counteracted rather tnadequately by water-soluble vitamin K
preparations but vitamin K, oxide 1n doses of 200-500 mg will
testore the prothrombin time to normal. Ths substance appests
to require more study before final evaluation and recommendation
for general chnrcal use

Parrtol —This preparation, a synthetic polysulfuric acid este
of polyanhydromannutanic actd, 1s similar to heparin in chemical
structure and action but 1s less expensive to produce. It is beng
subjected to clinical wnvestigation 1n our Jaboratory and elsewher¢
but 15 not quite ready for clincal use at this time

A Liprd thromboplastn mbibitor described by Overman from
out Iaboratory and by Tocantins acts on factor V but is still in the
animal expersmental stage

dl-Alpha tocopherol—Careful studies 1n our laboratory and
elsewhere have falled to confirm the claims that dertvatives of di+
alpha tocopherol with or without calcrum act as anticoagulant
substances when adminsstered to man or are significantly effective
in the prevention or treatment of thromboembolic condltions.

Because of considerable variation m strength of the vatious
thromboplastins used for tests of prothrombin time, 1t scems advl's~
able to check each group of determinations daily agamst those in
one ot two healthy and supposedly normal indwviduals Pooled
Iyophilized plasma (Lyovac) has been used as the standard con-
trol, against dilute plasma 1-8. The control figure using Lyovac
by this technic ruas from 36 to 42 seconds,



THROMBOPHLIBITIS 427

Workets differ as to the prefersed manner of reporting on pro-
thrombin actwity. It can be reported cither in seconds of tame of
0 percentage af actnty, To use the percentage of actwity method,
2 dilution curve such as those devised by Quick, Shapiro of Barker
s pecessary, To poduce o relizble curve many determinations
taust be made from a number of samples; it is not advisable to
use curves based on & smualt group of determunations

nasmuch 23 2 curve may contam & cetain element of ervor, the
percentage method naturally suffers from thus disadvantage It has
also been found that many laboratorses do hot use sy of the afore:
mentioned curves, Merely making 2 tapid calowlation: as follows,
control 14 seconds, patient 28 seconds, thetefore the patsent has
30 pes cent prothromben actty This tesult bears po relation to
the curves of Quick, Shaputo ot Basker and sffusteates the confu-
sion produced by this additonal step There seems to be no real
advantage 1 takeny the extea step of transpostion of ume to
percentage, and confusion and error anse from it Therefore 1
recommend that the report submitted to the chntaan be i seconds
and that thus always be accompanied by the contral figute for thar
day Except for rescarch studies or i unusual cases, we have not
found the ditute (125 per cent) prothrombin times essential for
chntcal pueposes

The use of anticoagulants requires well traned teams of work-
o1 and kboratories prepared to provide meticulous service Unless
the Iab 's techasc for de of the prothtombin tsne
15 properly datdized and can be d n ded on, use of Dicu-
marof or Tromexan should not be undertaken. Only n favorable
arcumstances ss home therapy with anticoagulants fecormnmended
::':::‘;:‘ ::x u:(&:}:?km’hpmwmn must be made for frequent de-

s b prothrombsn level by rehiable laboratory tech-
o e hn;; cxlt 15 cestain that both the patient and the physi-
drag For e mtw:::‘s positton and may regret having used the

ience of 2 laboratory which may wish to
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adopt 2 proved method, the technic for determuning plasma pro-
thrombin 15 given m the Appendix.

TREATMENT OF THE POSTPHLEBITIC SYNDROME

A few words should be inclnded about the care of the post-
phlebitic syndrome When the patient 1s ready to get up and about,
as judged by subsidence of the local and general symptoms and
normal pulse and sedimentation rates for 10 days or more, he
should be briefed on what to expect 1 the future If the phiebitis
involved his legs, he must understand that prolonged standing of
even stttng may produce edema and that prolonged pitting edems
may develop into a hatd, nonpitting and permanent form due to
the development of fibroblasts and lymphoblasts m the edemz
fluid He must, therefore, take steps to prevent this, and thus de-
crease the tendency to varicose vemns and chronic leg ulcers

‘The most useful steps are. (1) the weanng of firm, knee-length
elastic stockings at all times when he 15 up, especially for the first
year ar twa, (2) elevation of the foot of his bed so that each night
there 1s ample opportumty for the edema flurd to drain out of the
leg, and (3) mavement of the extremuty under water, as in quiet
swimming, which will quickly reduce the edema In other words,
every effort should be made to prevent the edema from becoming
static or fixed until the compensating venous and Ilymphatic ar-
culation s able to assume the burden of its removal.

The patient should be wasned that he may have pains in his legs
and elsewhere, probably in the vewns, for months or even years.
Some patients become psychoneurotic regarding such pains, since
they fear that each episode represents the beguning of 2 recur-
rence of the thrombophlebtis, Since most of the pains are of no
« ce and, althougt ying, last only a short time, the
following arbitraty rule often helps these patients. “If the pain
lasts less than one hour, forget st. If it lasts more than an hour, l'l'c
down with your feet elevated. If, after domng that, severe pain
continues for a total of three hours, call your doctor.” This ruf
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has dezably diminished apprch and unnccessaty calls

a the physician i
° It u};egcmlly wise to advise the patient to avoid exerase which
tequues sudden twists, turms and stops, such as tenais, squash,
Tandbal} and horseback ndwng, for t least a year. Nismesous e
qurrences have resulted from such exerases Many patients dis-
cover that swummung, especially ocean swimming, is bcncﬁciz} 0
reduaing edema and discomfort Walking with elitic stockings
on 18 2 good form of exerase.

The patient must always guard against the development of
dermatophytosss, and any evidence of 1t must be tteated according
t previously mentioned techncs

Resssurance and use of the foregomag technics will conspicu-
ously reduce the five, 10 and 15 yesr incidence of postphiebitic
vanicose veins, edema and psychoneurosis Unless the physician
secognizes the need for this type of follow-up care, his treatment
of the thrombophlebstic patient will be incomplete

SURGICAL MANAGEMENT

With the smprovement in anticoagulant thetapy the need foc
surgieal mtervention in thrombophlebitis is becomung rarer, In
some circumstances, howeves, surgery 1 still indicated: (1) Jack
of facsfities for antoagulant therapy, and (2} hemor thagic blood
dysceasias 1 the patient

For a complete discussion of the surgical technics of ligation
a0d mod ficatsons of this procedure, the reader 1s referred to Pratt's
monograph, Sergical Treatment of Vascular Diseases.

1¢ must be pornted out that the only sound objectise of a higation
15 the prevention of an embotism arising in the higated ven from
reschung the heart of lungs. Ligation does not (1) affect the inflam.
matoty process of the thrombophlebitss in the vein Iigated, (2)
affect thrombophlebitis 1 other vens, {(3) prevent pulmonary
emboh from other vens, ot (4) guarantee that embols will not
arse from the proximal side of the ste of higation. The last is
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especially apt to occur when the vein wall 1s inflamed, I have seen
two fatal cases of emboli from this site and Pratt has reported two
such cases

Most expert surgeons 1a this field have abandoned prophylactic
ligations except 1n unusual circumstances, and the ligation pro-
cedures ate being generally superseded by anticoagulant therapy.

The wide vatiety of problems encountered in cases of thrombo-
phlebitss 1s 1llustrated by the following vignettes.

Case 1.—This represents perhaps the most frequently encountered
group A man, 21, convalescing normally from an appendectomy, noted
on the ninth postoperative day a sense of stiffness in the nght calf.
Homans' sign was present, There were tenderness on deep palpation
of the right calf and slight edema of the 1ight foot and ankle. Two
days later there was pam in the grom The diagnosis was thrombo-
phlebitis 1nvolving the deep vetns, Dicumarol therapy was inutiated
and the leg was elevated and placed 1n watm moist packs Within three
days the condition began to substde, and he was discharged from the
hospital two weeks later Recovety was uneventful

Case 2—A physician aged 36 was operated on for appendiatis On
the eleventh postoperative day he was seized with excrucrating pain 1
the lumbosacral region. He was unable to Lie quietly despite 1 gr- of
motphine The severe pain continued for several days, dunng which
diagnoses of psoas abscess, acute osteomyelitis of the spine and pelvic
peritonitis were considered After three days the right leg became
swollen and a typtcal picture of femoral thrombophlebitis developed
Because of the lumbar pain st was assumed that the pelvic and other
dliac veins had probably been primanly invelved. At that time anti-
coagulant therapy was not available, The course was stormy, with tem-
perature 103 F. (394 C) or higher each day At the end of six
weeks the condition in the right leg subsided, but the left leg promptly
showed the same type of nvofvement All told, the fever continued
for 31, months, and it was five months befote the patient was able to

i T RV (11 X
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debitic

‘P:lms with a drop in barometric pressure. He has now gone 14 years

thout a fecurrence.
W'C‘,,, 3—A man of 34 had what seemed to be low grade thrombo-
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phichitss of 2 vewn m the dorsum of the night foot It amfﬂfcg !m *:J?c
been stuated by hus habit of tying Tus shoe faces very tightly, thus
trsumatizing the en walls agnst the banes of the arch of the foot
Sereral such cases have been seen Anticoagulant therapy »as not then
suahible The conditton pragressed gradually to mvobe the vemns of
the eatire leg, then 1 spsead to the opposte leg, bath ams, the scalp,
trunk, lungs, mesentery and coronary veins After esght moaths of il
ness hepann became avadable and was gien for 16 days Dunng
thetapy the temperatuze rermaned notmal, but withi 10 és;s'amx
cessation tt tose sgan At the end of the tenth month the patient’s son
bad mumps The patsent contracted the disease, with bilaters] pasotitis
and undlateral orchiis He was desperately sif. The temperature fose to
1065 F (414 C), then dropped by chiss With the deanng up of
the mumps, the phlebirs diszppeared. The explanation for gus was
never completely chear, hypotheses mclisded hycrpyrexta or some type
of virus response He had a brief recureence two years later, but other-
wase hus beca well for 12 jears

Case 4 —~A woman aged 48 descloped severe mulk leg blaterally fol-
towing the birth of het second chifd 23 years before this hospatalization
Thete wete large vancose vens of both legs and bilatesal edema Over
a penad of years a most unusual network of enormous 1anicose vems
fad developed over the enture sbdominal wall Three days befote hospi-
tabzaatson these abdomnal seins suddealy became mflimed and she had
terere th phlebatis, with cordlike thromb palpable through
the networl. She was treated with Dicumarol, hot mont packs and rest
wbed The episode completely subsided, and she was discharged from
the hospital 1 four weeks

Case 5-—In 2 woman of 34, thrombophlebits developed wn the
saphenious vews of the calf of the left leg She was teeated conserva-
trely at home wathout anticoaguiants The episode subsided Two weeks
later, on the advice of a locat physiian, she was hospitalized and had
abstateral szphenous higation The thied postopesatise day an embolism
developed 1n the Jower lobe of the night tung Totlowing thus the tem-
peratuze subuded and she returned horne, but two wesks later she had
@ second puslmonary embolism and became acutely #l Acute thrombo-
Phlsbitis with extceme tendetness mabv
with extensive edemn
hospitalized for Dic
sk

ing all visible veins together
then developed i the nght leg and she was
ol therapy The thied day after admussion she
It0 a muxed stuporous and delrious state from which she never
regaiied consciousness The prothrombin fevel was very difficult to
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control, rangiag within 24 hours between 20 and 90‘ seconds on wcgl
segulsted dosage. This fed to the suspicion that she might have a carci-
ooma of the Iner, but he condition dud not allos 3 cateful, complete
chinueat and x-ray survey. She died three weehs hater,

Autopsy showed matked buiateral thromboses of the fomaral and
ibac vens extending to and smcluding the fowce portion of the inferior
enz cna, The primary disease was carcnoma of the rectum with
metastases to the Brver which had replaced about three fourths of the
hepstic bissue There were also metasases and old wfardts throughout
the fungs.

Case 6—A muddle-aged obese laborer whase octupation sequired
sandiag for long periods deteloped an acute pasn s the upper part
of the abdomen  After considerable distussson an explogatory laparot-
omy was done, but nothing sigmficant was found The physical ex-
smination gave negatuve tesults, although obesity prevented a detaled
study of tus lungs He cred five days fater Autopsy revealed ex-
trordimanly large thrombe amobving bath pulmonaty artenes and
some lodged 1o the chambers of the heart (Fig 96). This case dlus.
trates the possibity of a fatal thromboembolic synd without chin-
scal evadence 1 the lawer extremitees, although the casts of the thrombs
indicated that they must have come from the large 1ewns of the fegs

There 35 an smportant geoup of pattents who have had chronte
constant of recursent thrombophlebitis for many years. In the past,
the therapy was never sansfactory ‘Today encoutaging results may

be obtamned, as iHustrated by the following cases selected from
fumerous sumlar ones.

Cate 7 —Esght years before hospitalization a worker 1n a dress shop
suffered an injury to the anterior surface of the left tbal arex by stok-
308 1t aganst a shelf The shin was not broken, but thrombophlebitss
developed 10 the local area She connnued to wotk The low grade
process did not subside and sa the intervening years had been conting-
ously actne Tt had been difficalt for het to conttnue memg because
of pam, but she had persisted except for one month's rest At the

“Fie 96—Autopsy speavmens £

rom patient wath fatal theomboenbol o
?;V:nncg &:: fobded embotus, 43 o long, that blocked both pulmonary ;::t:}e‘;
.;d "i Xfl:qs; embalus corled 10 tpht ventsicle, €, embols shown A and B
bty same patient Rale 45 13 em long (Countesy of De John G
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saelhng of the legs. Exhaustive blood and mo!og}c studics were
untevealing Cultures fos vitus, bactesia and fungi gave negative
results Epudemologic studies did not clanfy the pictate

Vetns were sectioned and studsed by sevesal patbologists These
studres disclosed subacute phiebitss himited to the vasz vasorum
(some fonnd mtimat thickeniag). The majonty of the vasy vas-
orum were filed with leukocytic thromby many of which contained

phals as well a5 polymorpt fear leukocytes In a fes of

the vessels these snflammatory cells nvaded the walls of the vasa
vasorum and 10 a few, perwvascutar cuffing was noted. Some swetf-
1ng was noted 1 vessels not contaimng the theombs

The susgeons olf noted mcreased fibross surrounding the af-
fected vemms, but m ne e nas a thrombus found i the Jarge
vetas Prolonged bed rest resalted i remissions ACTH had ne
effect on the conrse At the tume Dr Peacson zeported ths to me
thiee gitls had had recurrences after 2 month of freedom {rom
symptoms

Although periphlebitis without thrombosss 1s aot extremely gate,
T have no knowledge of a similar epidernic

PHLEROSCLEROSIS—VENOFIBROSES

Phlebosclerasis 1 often seen an the foum of cidafied lesions of
the veins They may be ta the form of phieboliths, which are most
fy seen on x-ray tn the pelvis and along the

course of the vems of the leg Many elderly patients, especatly
thase wth chtomc vancose vemns, have marked calcification ex-
tending along the veins for a considerable distance, The fesions
ate wsually assocated with old thrombs i these seins which have
aaiafied It 15 prusual for caltsfication to occur an the meduat coat
Venofibrosss has been descrbed as occutrag wm celateely youag
pessons, between 18 and 45 There ate loss of endathelium and
:\;;dwlmtmn of the surface of the lumen of the vem. Fibrosis
akes place, with matked hyperplasia of the fibrous tissue in the
media The vewns, usualty of ymail order, are not dilated The in-
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time of hospitalization there were definite redaess, tenderness and

‘Lt vy Was Levdted dug not moist packs were applied Dicumaror
treatment was given for one month and the activity 1n the verns sub-
sided The thromboses became less palpable, although they could still
be felt The local heat and tenderness disappeared At the end of 2
month she was discharged from the hospital with the process appar-
ently inactive

During a follow-up period of nine months the pattent remarned free
from more than muld discomfort She returned to work and apparently
made an uneventful recovery An attempt was made to prevent a relapse
by decreasing the periods of standing at her work and by having her
wear elastic stockings Two yeass later a recurrence was respondmg to
the same therapy 5

Case 8 —A woman had 11 attacks of acute thrombophlebstis thfu‘n
two years The seres of episodes was termunated by one month of anti-
coagulant and hot pack therapy In a 12 month follow-up she had no
further recurrence

Migratory thrombophlebstis may be an mcurable and tragic dss-
ease, and no one can predict which first attack may be the onset of
the syndrome

Case 9.—A nurse struck the side of the left calf against a hospital
bed 1 1937 A munor brusse was followed by a small atea of throm-
bosts. The condition became more sevete, with tnvolvement of various
other veins of both legs and, successively, the mesenteric, splenic, pul-
monary, coronary, abdominal wall and cerebral veins She became psy-
chotic and was confined to a hospital for mental diseases 10 years later.
The phlebutic process contiaued to progress despite all forms of thesapy

PHLEBODYNIA (EPIDEMIC)

Dr John S Pearson has given me pernussion to include a de-
scrption of a very unusual, if not unique, experience he has en-
countered at St. Mary's Hospital, Huntington, West Virginia, In
the fall and winter of 1950-51, 19 student nurses developed 2
symptom complex consisting of severe pamn along the course of
the superficial saphenous vemn in Hunter's canal and with slight
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smelling of the legs Exhaustive blood and serologic studies weee
ungevealing Cultures for virus, bactena and fungi gare negatne
sesults. Epidemologic studies did not chanfy the pictute

Vs were sectioned and studied by several pathologusts. Theie
studies disclosed subscute phlchitis hrnuted to the vasa vasorum
(some found mntimal thickening). The majonty of the vasa vas-
oram weee fifled with leukocytic thromnba many of which contuned
cosmophuts 2 well 15 polymorphonuctear leakocstes ¥n 2 fow of
the vessels these inflammatoty cells snvaded the walls of the vasa
sasorum 204w & few, penvascular cuffing was noted, Some swclf-
1ng was noted 1n 1 essels not tontmrang the theomby

The surgeons all noted wncreased fbrosis sutrounding the af-
fected veros, but 10 no case was a thrombus found 0 the lasge
vems Prolonged bed test zesulted in rermissions, ACTH hed no
effect on the coutse At the tune D Pearson reported this to me
theee girls had had recurrences after a month of freedom from
Symptoms

Although periphiebitis without thrombosis 15 not extremely raze,
T have no knowledge of a similar epidemic

PHLLBOSCLEROSIS—~ VINGFIBROSIS

Phlebosclerons 15 often seen 1n the form of calafied lestons of
ii;e vems They may be 1 the form of phiebofiths, which are most
mmmlfy é’een 0n X-ray examinaton n the pelvis and along the
s \::th eh veins of the leg Mony elderly pateents, especsally
—— chronie vanicose veins, have martked calcification ex-
- m‘i . ong the vemns for a constderable distance The lestons
s ¥ associated with aid theombs in those vens Which have

: ed Tt 15 vnusual for calarfication to occur 1n the medial coat

Venofibrons has been described as accucrs, :

i::;s,ubtetwaen 18 and 45 There 35¢ Joss of endothelsum and
NN yhcxon of the surface of the lumen of the vein. Fibrosis
e 3 ’ne‘, with matked hyperplasia of the fibrous tussue 1n the

e vens, usnally of smalt order, are not ddated The in-

% 1n relatively young
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volvement may be general, being found in various parts of the
body. Clinical symptoms are rare. There 15 no known treatment

OBSTRUCTION OF THE VENA CAVA
OBSTRUCTION OF THE SUPERIOR VENA CAVA

Obstruction of the superior vena cava occurs secondary to (1)
tumors of the thorax (e.g, medtastinal tumors, carcinoma of the
bronchus, postertor sulcus tumors); (2) mediastinitis (syphilttic,
pyogenic or tuberculous); ( 3} aottic aneurysms; (4) thrombo-
phlebitis, and (5) constrictive pericarditis

Charactetistically there is a history of a feehng of fulness 10
the head, headache, vertigo and at times mental changes. Engorge:
ment and dilatation of the vens of the head, retinas, neck, arms,
upper part of the chest and under sutface of the tongue are usually
evident. There 1s consptcuous purplish cyanosis of the face and
upper extremitses It 15 espectally noticeable when the patient
bends forward and persists after he regains the erect positian. The
eyes are often somewhat prominent Edema of the head, shoulders
and arms may occur 1f the obstruction 1s sudden Venous pressure
in this area 1s definutely increased, frequently being 200-300 mm.
of water,

The differential diagnosis from congestive heart failure is im-
portant. In obstruction of the superior vena cava, with the patient
supine the venous pressure of the lower extremitres is normal while
that of the upper extremities is matkedly elevated. In congestive
heart failure, with the patrent supine the venous pressure does not
show the same differential between the upper and the lower ex-
tremities, often being elevated throughout the circulation.

It is important to determine accurately the site of the thrombus.
It may involve any of the veins supplying the superior vena cava,
thus accentuating the differential diagnostic problem. If the veins
of only one arm ate distended and show marked increase in pres-
sute, the thrombus will be found in the axillary subclavian vein.
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This 1 frequently seen in so-caffed primary axstlary veaous throm-
bowss 1€ the vemns of the nght side of the neck and of the sight
arm are also mvohved, the obstructne fesion 18 pmbxbiy n the
mnominate vein. 1§ the evidence of obstruction to venous returm
Bow involves the head, neck and arms brlaterally, the obstruction
1« 1n the supenior vena cava 1€ there 1s striking dalatation of the
vens over the amterior chest nall and sternum with apparent com-
munscations with the branches of the internal mammary vein and
without farge vems extending down over the abdomunal ares, the
ohbstruction 15 probably abose the level of the arygos vewn. If harge
‘ems extend down over the abdomen and there 1 evidence that
the blood Bows downward, the chances are that there 1s an obstruc:
won belew the azygos vemn winch fotces the blood to teturn by way
of the inferipr vepn cava

Obstruction of the superior vens cava 15 dlways senous The
progaosss, regardless of the type of obstruchion, 15 gfave, and
most cases the owtjook s hopeless A few rare patsents have te-

eprered when the ebstruction was due o thrombophlebatis whech
obsttucted but later canalized

When the underlying condstion ss med, 1 fibtosss ot com
stictne pencardttss, surgueal mtervention 13 pustified and may be
suaessful Veaesection of 500 < of blood may give temporary
rehef but wall have no permanent effect.

OBSTRUCTION OF THE INFERIOR VENA CAVA

Obstraction of the sfenor vena <ava s produced by (1)
thiombopldebits ot thrombosis, and {2) pressure resulting from
zmees, sneurysms, neoplasms or adhestve bands The commonest
ause 18 extension of the thrombus from thrombophl

¢

Remorai and stac veins phicbhs of the

Stgns and symptoms seclude bilate

ral edema of the legs and

{;;’:meenm of the superficial vems of the fegs and abdomen, ¢x-
Su xtng up 10 the thorax “The flow of blood w upward toward the

peziar vena cava znd sty branches, Differentiation from conges-
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tive heart failure frequently may be made by comparing the venous
pressure of the upper and lower extremities. With obstruction of
the inferior vena cava, pressure 1n the upper extremities will be
normal or thereabouts, whereas that in the lower extremuties will
be markedly increased. Ascites may be associated with the condi
tion, but 1s not due to obstruction of the mferor vena cava alone
A common cause of death is extension of the thrombus to and
obstruction of the renal veins esther by extenston of the thrombus
beyond their openings or by entrance into the renal veins. I have
seen several fatal cases of thrombosis of the renal veins. Albumi-
nuria and hematuria are usually, but not invarmbly, present.

The prognosis for obstruction of the inferior vena cava 15 not
necessanily poor, aithough it must always be guarded, If the ob-
struction reaches the level of the renal veins the outlook is bad.
In pattents who have an extension of thrombophlebitss mto the
sferior vena cava from the 1liac veins, the thrombophlebitis may
subside, canalization may take place, and the patient may five for
many years Signs of compensatory dilatation of the superficial leg
and abdominal veins will, however, remain,

TREATMENT

Treatment consists in treating the underlying cause. The re-
moval of a latge tumor of the pelvis or lower abdomen may greatly
diminish the obstructive signs and symptoms. Treatment of the
thrombophlebitis is the same as that from any cause

Ligation of the inferor vena cava has been practiced with
enthusiasm by some surgeons. The following observations have
made us extremely hesitant about recommending this operation.
(1) It should not be performed through an infenor vena cava
wall which 1s inflamed. The operation may encourage thrombosis
at its site. (2) If 1t is resetved for thrombophlebitis of the veins c.f
the legs it will rarely be necessary because of availability c{ anti-
coagulant and of other modern conservative therapy previously
outlined. {3) In many patients we have studied, the long term
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cesults hate not been satesfactory Severe varicosstics, edema, uicers
aad other evsdence of chronic venous insufficiency are con'\mcn,
{4} The procedure 1s major sutgery, with ks carefully weighed

PULMONARY EMBOLISM

Of all the comphaations of theombophiebitis, the most feared
15 pulmonary of catdiac embohstm Not infrequently this occurs bﬂ
fore the primaty thmm"bophlcbttis is recognuzed, and m o2 signifi-
ant percentage of cases the fitst embolism may be fatal. Many
emboh not only are mot fatal but are not recognized unless the
clncan 15 watchng carcfully for them Even then, they may be
found at the autopsy table

If the thrombophebitss 15 present in 4 small sem and a portion
of ot the entire thrombus becomes detached, the resultant pul-
monary embolas will probably not be f2tal because of sts small
sze 1, however, the thrombus 1 the small vain propagates and
extends mto 2 larger e, followmg which a portion of or the
whole thrombus bresks loose, the condition may be much more
senous of, 1 fact, fatal If the thrombus ongwmates i an shuc or
femotal vain and most or s} of 1t breaks loose, the iteal embolic
phenomenon will quste lkely be fatal Tt should be te-emphasized
that 2 considerable proporton of pulmonary emboli, varously
estirated wp to 35 per cent, anse from thrombophiebitis in sec-
11005 of the venous tree shere t cannot be tecognuzed chincally
and that fatal emboli may develop from any segment.

Alter 2 thrombus has been m place 1 2 vemn for several days,
#t 15 unlikely that the whole thrombus will break loose, although
segments of the free propagating taid may break off at any time
utless fixed firmly to the vessel wall as a sesult of organization,

Exammation of pulmonary embolt 10 fatal cases almost never re-
reals evidence of of the thromt

favors the foregoing hypothesis

Basker, 1 2 stady of 343 fatal cases of
A postoperatrve pulmona:
embolism, failed to discover clsatical of autopsy x:' y -

, which defintely

rdence of venous
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thrombosis or thrombophlebitts in approximately 40 per cent It
seemed probable that in these cases the entire thrombus had be-
come detached to form the embolus In only 15 per cent of the
343 cases was there clinical evidence of thmmbophlebxtis in any
vein prior to death from pulmonaty embolism. In only 18 patients
(5.2 per cent) was iliofemoral thrombophlebutis diagnosed clini-
cally before evidence of embolism appeared. In 11 of the 18 cses
the fatal embolism occurred within the first three days aftes dg:
nosts of thrombophlebitts. In the others, postmortem examunation
disclosed that the embolus 1n the mvolved extremuty was intadt
and otganized and that the fatal embolism had resulted from de-
tachment of a portion of a fresh thrombus that had formed in the
opposite ihiac vein without clinical signs of thrombophlebitis.

Pulmonary embolism is rare in chemical thrombophlebitis, al
though I have seen two patients who died of pulmonaty emboli
following the injection of a sclerosing solution for varicose veins
1n the calf Pulmonary embolism from varicose thrombophlebitss
is also relatively rare, These cases ate usually chronic, and the
thrombus 15 associated closely with the vessel wall. The width of
the lumen varies considerably and frequently is narrowed p! I
to the site of the varicosity. This does not prevent the development
of embol1 but tends to discourage 1t Pulmonary emboli from veins
of the upper extremty are rare and I find no record of fatal embolus
ansing distal to the axillary artery.

The cause of death from pulmonary embolism is not always
clear Frequently total obstruction of the pulmonary artery is not
found, and only one branch of the pulmonary astery may be oc-
cluded. Tt is believed that some type of shock accompantes the sud-
den lodging of the embolus and that this immediately or relatively
soon causes severe reflex constriction of the pulmonary artersoles
and bronchioles which embarrasses pulmonary function over 2
much wider area than that supplied by the 1nvolved artery The
effects on the heart may be profound, producing a severe nght
cular strain and failure with acute cor pulmonale There is

ventri
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appatently also severe reflex cans\ricfion of the confnu:y ‘:rk:{w‘s,l
and multiple myocardial infarctions involving cspccu\\) [} \c' sight
sentricle ate not unusual There is an increase of pressure in the
nght ventsicle which intecferes with venous retutn through .khc
thebesian vemn and a reduction of flow of the venous blood into
the left aunicle, Many of these parts have previously been dam-
aged and therefore do not Withstand the shock of the (cmbm?d
phystologie disturbance Many pul emboli apparently dis+
Lategrate 1n 3 relatvely short tsme, but others propagate rapidly
to volve a lasge pottion of the pulmonary arteral trec,

Stgns and symptoms —These 15 3 charactenstic severe, stabbing
pam 10 the chest which mahes breathing extremely difficult. It 15
generally considered to be of pleutal ongm. Although onset of
the pan 15 sudden, there 1s often reason to believe that the infarc-
tion hay been 1n posibion for as long as 24-36 hours before the
pleura 15 involved and hence before the pamn becomes acute.
Hemoptysis may follow the onset of pun assocated with a cough.
Some patients never have this type of pain, Nervousness and ap-
prehension with increased pulse rate are common. There may be
a0 fever, or the temperature may tise as high as 104 F. {40 C),
but 1t wsually subsides rather promptly A friction rub may be

heard, but 1t 15 unwise to ask the patent to breathe deeply dunng
2 physical folk ope pul

y embolus since the
associated negative pressure may produce another. The typecal

wedge-shaped shadow often seen m X-rays may be entirely lacking
ot very diffuse Its absence does not exclude an 1nfarction

With large embols the patient shows evidence of extreme shock,
with dyspnes, cyanosis, pallor, sweating, weakness and 2 definite
fall 12 blood pressute associated with 2 weak and raptd pulse. Pain
m the neck may be prominent and pulsating Vomiting may occur,
Scattered or numesons moist z3les are frequently heard, Pleural

Pam is ncreasingly severe, and hemoptysis is peaminent X-ray
study reveals extensive clow

ding of the lung, and not nfrequently
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thrombosis or thrombophlebitis in approximately 40 per cent, I
seemed probable that in these cases the entire thrombus had be-
come detached to form the embolus. In only 15 per cent of the
343 cases was there clinical evidence of thrombophlebitis in any
vein prior to death from pulmonary embolism. In only 18 patients
(5 2 per cent) was dliofemoral thrombophlebitis diagnosed dlini-
cally before evidence of embolism appeared In 11 of the 18 cases
the fatal embolism occurred within the first three days after dug:
nosts of thrombophlebitis In the others, postmortem examination
disclosed that the embolus in the involved extremity was intat
and organized and that the fatal embolism had resulted from de-
tachment of 2 portton of a fresh thrombus that had formed 1 the
opposite 1liac vein without clinrcal signs of thrombophlebitis

Pulmonaty embolism is rare m chemical thrombophlebitis, al
though I have seen two patients who died of pulmonary embolt
following the 1njection of a sclerosing solution for varicose \ein.s
in the calf. Pulmonary embolism from varicose thrombophlebllls
s also relatwvely rate These cases are usually chronic, and the
thrombus is associated closely with the vessel wall. The width of
the lumen varies considerably and frequently is narrowed proximﬂl
to the site of the varicosity. This does not prevent the dcvelopmfﬂ(
of embolt but tends to discourage 1t Pulmonary emboli from veins
of the upper extremty are rare and I find no record of fatal embolus
ansing dustal to the axillary artery

The cause of death from pulmonary embolism is not always
clear Frequently total obstruction of the pulmonary artery is not
found, and only one branch of the pulmonary artery may be oc-
cluded. It 15 believed that some type of shock accompanies the sud-
den lodging of the embolus and that this immedsately or relatrsely
soon causes severe reflex constriction of the pulmonary arterioles
and bronchioles which embarrasses pulmonary function over 3
much wider area than that supplied by the involved artery. The
effects on the heart may be profound, producing a severe n'gl}l
ventricular strain and failure with acute cor pulmonale. There is
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apparently also severe reflex constriction of the coronary ﬂmflcsv
and multiple myocardial infarctions imolving especially the right
ventricle are not unusual. There 15 an ncrease of pressute in the
nght ventcle which interferes with venous retum theough "l‘c
thebesan vein and a reduction of flow of the venous blood into
the left sundle. Maay of these parts have previously been dam-
aged aad therefore do not withstand the shock of the combimed
physiologic distusbance, Maay pulmonary embol: appatently dise
integtate 10 & relatively shart time, but others propagate npdly
to mvolve a large portion of the pulmonary artenial tree
Signs and symptoms —There 15 a charactenstic severe, stabbuag
pain  the chest wihuch makes breathing extremely difficult. It 1s
genenafly considered to be of pleusal ongin, Although onset of
the pun 15 sudden, there 1s often reason to beheve that the infarc-
tron has been wn posttion for as long as 24-36 hours before the
pleura 15 involved and hence before the pam becomes acute.
Hemoptysis may follow the onset of pan assocsated with a cough
Some patsents never have this type of pan. Nenvounsness and ap-
prehension with incteased pulse rate are common. There may be
10 fever, or the temperature may nise 3s high 2s 104 F (40 C },
but 1t usaally substdes rather promptly, A fsicion rub may be
heard, but 1t is unwise to ask the pattent to breathe deeply dunng
& physical following one pul y embolus since the
assocnted negative pressure may produce another. The typical
wedge-shaped shadow often seen sn x-1ay; 4
ys may be entirely Yacking
ot vety diffuse Its absence does nat exclude an wnfatctyon,
s S e s etk
fall n blood ,pressuxe a\’ssP Tt ,cis“eilulng, and :“nd 2 defnie
the mech e b ociated wil aweak and m;.nd pulse. Pan
Satteced o nyl:m ¢ prominent afld pulsating Vomuting may occur,
rous mosst rifes are frequently heard Pleural
pan 1 increasngly sevete, and htmoptysxs 15 prominent, X-ra;
study reveals extensive clouding of the lung, and nat i § ¢
S nfrequently
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fluid accumulates, The diaphragm on the affected side may be
elevated

It is smportant that the severe form be clearly differentiated
from acute coronary thrombosis and acute Iobar pneumonia Con-
fusion with coronary thrombosis is relatively common because the
electrocatdiographic changes are somewhat simiar. However, they
can usually be differentiated The characteristsc pattern of acute
cor pulmonale assocated with severe pulmonary embolism follows
The $ wave in lead I 15 promunent and often widened. In lead Il
the S-T interval usually takes off below the isoelectric line. The
T wave 15 diphasic, 1soelectric o uprght In lead III the RST

1s not ¢l d or 1s el d shightly. Characteristically
the T wave ss inverted and may be covelike In lead CFIV the $T
terval 1s usually unchanged and the T wave may be either nega-
tave or posttive In lead CF, the T wave 1s usually negative. In the
Wolferth lead the normally taverted T wave 15 upright. The pres:
ence of these changes depends to a large degree on the size 'and
location of the pul y embol. Electrocardtographc tracings
maust be made repeatedly because the changes may not appear for
48 hours and are usnally transtent, returnng to normal somewhat
more raptdly than one would anticipate for equally marked
changes on the basts of a coronary occlusion.

The changes just described, when carefully analyzed, usually
are not suggestive of coronary occlusion with myocardal infarc:
tion The possibility that pulmonary emboli may arise from the
right stde of the heart must not be forgotten. This most frequently
occurs from fibrillating hearts but may be secondary to endocar
ditis and to myocardual infarction with development of 2 mural
thrombus

Prognosis—If the embolism 1s massive enough, death may
occur within munutes. At the other extreme 1s absence of any re-
action, with no signs or symptoms The coutse with nonfatal em-
boli that cause definite symptoms lasts four to 10 days, during
which the patient shows steady improvement. Occasionally pleural
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pain persists fot a long time. Multiple emboli are mmmon-nnd
must be anticipated. Secondary infection or abscess may complicate
the pictuce, and for this reason it is usually wise to give large doses
of pentaillin for prophylaxis. .

Treatment —In general, like lightning, the embolism which is
tecognized does not kill; but, unlike lightning, this condition does
often strike more than once 1 the same place The most important
aspect of therapy, therefote, 1s to elyminate the source of the
embolism This 15 done by ligation and anticoagulant therapy if
the thrombophlebitis 15 1n the veins of the legs. Otherwise one
must lean on anticoagulant therapy alone, whether the source be in
the veins or in the heart For the techaic of anticoagulant therapy,
see eatlier pages i this chaptes.
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caren xxn- Aoute Axiu:\ry or Subclavian
Venous Thrombaosis

ACUTE THROMBOUS of the axlacy or subclavian vein ocouts tela-
tely infrequently and in most cases independently of thrombe-
phichitis elses hete in the body.

Erioroay

It useatly 55 secondacy to trauma of tuld but repetitive nature
and often becomes 3 medicategal of industrial compensation prob-
fem For example, 1 have seen the condition in several individuals
who worked a5 faboters shoveling gravel or dist. Another patient
worked at moving large shects of cardboard, with 2 co-worker

supporting the opposite end, from one pile to another. In a
woman, aallary venous thromb d

loped from straining as
she attempted to taise a heavy window that was stuck. In another
patient st developed after he had played 2 strenvous baseball game,
1this meapacitated professional baseball pitchers 1t is fairly com-
men 1 acobats, especnally thuse who work on the trapeze and

horizontel haes We have had the opportunity of studying several
such cases

CLINICAL MANIFESTATIONS
Charactersstically, atteation 15 fitst atftacted to the condition by
sensations of stiffness of the arm a0d swelling of the hand, In
several cases a friend o co-worker cafled the patient’s attention
a7
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to swelling of the hand. Pain in the axillary area is not conspics:
ous; a few patients complain of a dull ache. The extremity soon
begins to feel heavy when it 1s allowed to rematn in the dependent
position.

Examination reveals 2 swollen, puffy hand, often with pitting
edema, milder swelling of the arm to the shoulder, and 2 dusky
cyanosis 1nvolving the forearm and hand, seen in most patients
but not all. There is increased prominence of the superfical veins

Ten % Mamcscama o anee af ae —ace o+ e <ann o shrambosts Of FIBht
- - . . wrotrast feturn
- rast genurmng

. lateral veins

of the upper arm, deltoid area and, particularly, the pectoralis re-
gion (Fig. 97) This represents an attempt of the collateral cit-
culation to compensate for the blockage of the vessels. There is
often an increase in the surface temperature of the extremity. A
cordlike mass is palpable if the thrombosis extends from the axil-
Jary down into the brachial vem, It is not palpable in all cases

The condition, which arises suddenly following mild repeated
exercise or sudden mild strain (apparently produced by pinching
of the subclavian axillary vein between the posterior suface of the
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davicle and the antetior sutface of the first tib or betweent certain
muscle groups) must be differentuated from blockage of the sub-
clavian \eins or Supesior vena cava by a medisstinal tumor or mass.
X-tay study of the mediastioum and venography by injection of 3
radiopaque substance into the veins of the cubital space may clarify
the duagnosts Figuee 97 cleatly shows that when the main axflary
subelavion trank is unobstructed the dye proceeds rapidly through
the main channel without involving the coliaterals, With blockage
the collateral cirulation 15 used and the dye does not pass through
the man trank

Why » patiest tan ontinue 3t the same type of occupation fot
wmany years before suddenly developing thus condition is not cleatly
understood. Many of the patients T have seen have been middle
aged o older. Jtis possible that with agmg changes 0 the relatson-
ships of the muscles of the shoulder gitdle permit pinching or 2
tendency to sagging of the clavicle agunst the first nb, Some cases
do octut in persons under age 25.

This type of thrombosis has derable umg 30 industey
bxf{nse return of the patient to Ins former ocoupation e one re-
quiring simifar muscular action almost invariably px:ci;rimcs an-
other attack, and therefore rehablitation to another type of work
wust be senously considered Rudolph Matas, who descnbed the
adition 0 detait, emphasized thus Pphase of the problem. One of
'}’“;;5“::1‘;:3;0 “ie‘:;:;r? lh?is‘ syndeome while usiag a shovel
He s o oo ater w en.hc retutned to th? same work.

2 o automobile upholstery, which seemed a

sufficiently different type of work, b
vork, but the str. f
matetial tight caused another selapse o el g the

TREATMENT
Rest with the a4
o eleval :
et w00 oo Rod{ l:hecss::zml to prevent increase of the

o F venous channels
st packs 2re applied over the entire J;m to the shoulder,
3
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and anticoagulant therapy is administered (p 423). Antioage-
lant therapy usually should be given for three or four weeks
Procamne blocks of the cervical area have been used to induce
relaxation but are seldom necessary Ligatton or section of the sub-

Fi6. 98—A Foley sleeve worn on an arm swollen as a result of axillay
venous thrombosis  (From Medichrome Series MM—Vascular Duseases, by I S
Wright and W T Foley )

clavian vein has, 1n our experience, proved to be detrimental be-
cause edema 1s aggravated

The continued wearing of 2 specially made elastic sleeve (Fig
98) designed by my assoctate, W' T. Foley, is an important past
of the follow-up therapy. In some cases it defimtely decreases the
lymphedema. 1t may be necessaty for the patient to add a rubber
surgical glove if the fingers are swollen This compression may .be
necessary for from three months to a year and in some cases in-
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definively. 1t is equally helpful for lymphedema of the hand and
amn,

Even 1n the most {avotable citcumstances the ultimate prognasis
for this 1ype of thrombosts 15 ot very good in terms of complete
immunity to relapse. In some patients there 15 3 petsistent tendency
for the hand to become edematous on dependency. The risks of
extension of the thrombus 1nto the supenot vena ¢ava and of the
deselopment of pulmonary of cardiac emboli seem to be much Jess
than with other types of phlebothrombosis and thromt phichiti
although ocaasionally these complications do atise.
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and anticoagulant thetapy is adminsstered (p. 423). Anteoagw
lant therapy usually should be given for three or four weehs.
Procamne blocks of the cervical aea have been used to induce
relaxation but are seldom necessaty. Ligation ot section of the sub-

Fie. 98 —A 4Fnley sleeve worn on an arm swollen as a result of axillay
venous thrombosis - (From Medichrome Series MA—Vascular Diseases, by I §
Wright and W T Foley )

clavian vein has, 1 our experience, proved to be detrimental be-
cause edema is aggravated,

The continued wearing of a specially made elastic sleeve (Fig.
98) designed by my assocrate, W. T Foley, 15 an amportant part
of the follow-up therapy. In some cases 1t definstely decreases the
lymphedema. It may be necessary for the patient to add a rubber
surgical glove if the fingers are swollen. This compression may be
necessaty for from three months to a year and in some cases in-
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dsease common to fagpole siters—swollen Jegs. lasge blisters
developed on hus feet from which fluid constantly dnppcd..

There would scem to be three points of possible dbstruction of
the vessels- (1) the popliteal space, where the knee fo&ds‘,' (2}
the posteriot susface of the thigh, wbere the pressure from siting
sterferes sih the senous and lymph retum flow, and (3) the
fold of the grown, whese obesity and tight undernear may cuse
enough preswute to smpede teturn flaw.

[ hne teeated ox women mn whom this syndrome with
thrombophlebutss developed after fong automobile trips during
which they wote tight giedles that folded tightly in the ngunal
regon The same syndrome developed n tho after fiping from
Rio de Janewo to New Yotk sittng up with a tight grdle on.
Since the first edstron of this book T hav e seen numerous additional
examples of this syndrome after aur, trun or automobile travel
Most of them have been 1 women who wote girdles during these
tnps Durcag travel that requires prolonged suuing, the necessity
of moxng frequently and remormg gudles and otber clothmg
that binds at the key pownts should be emphasized Propessive

tr3tel ageats of arg, bus aad rul lines would do well to advise thee
patrons regarding these

r
Although both venous and lymphatic channels may be temporar-
iy chstucted, st 15 probable that the only serious potentuabity is
actut thrombosis of the venous channels Most patients recoves
withun 2 day ot two of rest and normal actwity. Our patients
whaey sersous thrombophlebitis dexeloped have recoveted follow-
103 treatment  Cases have been reported 1o which fatal embols
{oliowed the development of shelter faat, but 1 have not seen such
aase Dr M. C Thotnes has teported to me the csse of 2 man who
developed a sertous pulmonary embolism after a three dayrideona
$4Up train - Anticosgulants have been used when mdicated,
Of’i‘;catment, if the condition is mild, zesobees itself fnto clevation
¢ legs for a few hours and moderate activity. If there is evi-
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KNIGHT DIsCRIBLD the edema observed m mndividuals who had
been sitting up all night in air raid shelters, especially those who
had used portable beach chairs constructed with a rod that pressed
on the posterior sutfaces of the thighs. He called the condition
“shelter foot.”” This edema 15 particulacly likely to occur in
women with soft fatty tissue of the thighs The exact mechaaism
1s not clear, but it 1s thought to be due 1n patt to thrombosis
or at least to pressure obstruction of the small, and 1n some cases
lasger, veins of the postersor surfaces of the Jegs. Obstruction of
the lymphatic channels no doubt also plays an mmportant role.
The edema may be nuld or severe It is the pitting type and may
mvolve only the foot or extend as high as the groin. If pre-
domunantly lymphatic, 1t 1s pale; if venous, 1t is dusky.

We have seen at least 20 patients with a clearcut picture of
a similat edema that followed prolonged sitting with the feet de-
pendent They had traveled for 24 or more hours in a “sit-up”
train, sat for 12-20 hours during a plane trip or taken an auto-
mobile or bus trip lasting 10-20 hours The development of this
syndrome on long train, automobile or plane trips has received
fittle or no attention in the medical literature.

Perhaps the most unusual example of this phenomenon to be
recorded was that of a professional “pole sitter,” who sat on top
of 2 pole 52 days, 13 hours and 58 munutes to break all previous
secords. Tt s recorded that he thereafter was Iaid up in bed with 2

«Dependency edema now scems a preferable term for this syndrome
452
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dsease common to Bagpole sitters—swollen fegs. Large blisters
developed on his feet from whuch fuid constantly dripped.

There would séem to be three pomts of possible obstruction of
the veswels. (1) the popliteal space, where the knee folds; (2)
the posterior sarface of the thigh, where the pressure from sitting
waterferes with the senous and lymph return flow, and (3) the
fold of the grom, where obesity and tight undernear may auwe
enough pressure to impede retum flow

1 bue treated six women in whom this syndrome with
heombophlebitis developed after long bile trips during
huch they wote tight girdles that folded tightly in the inguinal
tezon. The sime syndrome developed in two aftes fijing from
Rio d2 Janerro to New York sitting up with 2 tight girdle on.
Since the first edition of this book T hase seen numerous additional
exzmples of this syadrome after arr, trun ot automobile travel,
Most of thern have been 1n women who wote gurdles dunng these
tops Dunng travel that requires prolonged situng, the recessity
of movmg frequently and vemoring gudles and other clotbing
that bunds ar the key pomts should be emphasrzed  Progressive

trased agents of aif, bus 2nd rail lines would do well to advise their
fatrons d

g these
Although both senous and lymphatic channels may be temporar-
15 obstructed, 1t 15 probable that the only serous potentuality is
actusl thrombosss of the venous channels. Most patients recover
within 2 day or two of rest and normal activity. Our patients 1n
»bom senous thrombophlebits developed have recovered follow.
‘fni treament. Cases have been reported in which fatal emboli
: awcg the developrment of shelter foot, but I have not seen such
‘;:‘)Pc; :(s;x('.'l'}mnuhu:epcntd to me the case of aman who
- 10us pulmonaty embolism after 2 three diyndeona
1_;p Uz Astuoagulants have been used when indicated.
o ur:lh‘nm;, of the condation is mild, resolves stself into elevation
g5 for 2 few hours and moderate activity. If there is evi-




CHAPTER XXII Depent]ency E(]Cmﬂ

KNIGHT DISCRIBED the edema observed in individuals who hid
been sitting up all night in air raid shelters, especially those who
had used portable beach chairs constructed with a rod that pressed
on the posterior surfaces of the thighs. He called the condition
“shelter foot."* This edema 1s particularly Iikely to occur 1
women with soft fatty tissue of the thighs. The exact mechanism
1s not clear, but it s thought to be due 1 part to thrombosis
or at least to pressure obstruction of the small, and in some cases
larger, veins of the posterior surfaces of the legs. Obstruction of
the lymphatic channels no doubt also plays an important ole
The edema may be mild or severe, It is the pitting type and m3y
involve only the foot or extend as high as the groin. If pre-
dominantly lymphatic, it 1s pale, if venous, it is dusky.

We have seen at least 20 patients with a clearcut pictute of
a sumifar edema that followed prolonged sitting with the feet de-
pendent. They had traveled for 24 or more hours in a “situp”
train, sat for 12-20 hours during a plane trip or taken an auto-
mobile or bus trip lasting 10-20 hours. The development of this
syndrome on long train, automobile or plane trips has received
little of no attention in the medical Iteratute.

Perhaps the most unusual example of this phenomenon to be
recorded was that of a professional “pole sitter,” who sat on top
of a pole 52 days, 13 hours and 58 minutes to break all previous
records. It is recorded that he thereafter was Jaid up in bed with a

+Dependency edema now seems 2 preferable term for this syndrome
452



CHAPTER XXI1I Varicose Veins; Clironic

Venous 111 S\[ﬂ"iC‘lCl\CY

VARICOSE VEINS

By VARICOSE VEINS is meant simply dilated veins. The dilatation
may eccur anywhese in the body.

ETIOLOGY
Primary vancose veins develop spontancously. It is believed that
in most cases there 15 a hereditary weakness of the walls ot \}u:
valses of the veins Some develop as a sesult of congenital arterio-
venous anastormoses (hscussed 1n Chaptes XIT). This type of

vaticosty occurs when increased pressute is exerted within the
weskened lumen on prolonged standing, ¢

ghing, ing, lift
Ing or straining or when there is increased Jower abdominal ot
pelvic pressure against the infersor vena cava ar ilic veins with
abdominal obesity, targe tumors, pregnancy and similar conditions,

Pumary vancose vems are attnbuted to an inbefent weakness
of the venous Jumens because certain marting factors lead to their
ippearance i some indmiduals and not 1 athers,

Furthermare,
the data on the heredstary factor ate imp Approximately
49 per cent of al} indwiduals with varicose veins have a family
Bustory of varicosities The following family history from my prac-
fice 15 a steikiag example

1. The mother had vaticostties most of her life. She had five -
455
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dence of thrombophlebitis, the treatment is that descubed i
Chapter XX.

REFERENCES
Editorial. Lancet 2 722, Dec 7, 1940.
Knight, B W : "Trench foot” 1n civilians, But M J 2 610, Nov 2, 1940
Life Magazne, p 27, Oct 4, 1948
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CHAPTER XXUL Varicose Veins; Chronic

Venous Insufficiency

Vamicost VEINS

BY \ARICoSE VERNS 15 meant stmply dhlated veins The dilatation
may ocout anywhere o the body

ETIOLOGY

Primary xarscose seims deselop spontancousty. Tt s belseved that
' most cases there 15 2 hereditary weskness of the walls of the
salses of the veins Some develop s a result of congenstal arterso-
“enous anastomoses {discussed 1n Chapter XI1) This type of
vincosty ocours when increased pressure 15 exerted withan the
weihened lumen on prolonged standng, coughing, saccuiag, lift:
1ag or sraining of when there 15 mcreased lower abdomunal ot
pebac pressare agunst the mferior sena cava of e vewss with
sbdomnt obestty, large tumots, pregnancy and sunilar conditrons,

Ptmary vaticose sews ate atteibuted to an saherent weakness
of the ¥enous humens because certun 1nctin, g factors lead to thesr

&p&mnu i some mndividuals and not m others Tutthermore,
4162 on the hesedita

© ry factot are smpressive  Approximately
\mr;: c;nt of 2t sndinduals with vancose veins have a family

of vancosities The foliows . ¢ .
e s 1 srking pdy ollowing famuly hustory from my prac

1
The ercther had varicosiies most of her Wfe She had five chile
455
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en 2t ages 20, 22, 23, 2% and 32 She wore clastic stochangs for 20
ears and died 2t 62 of hypertensive cardion ascular disease.

2 The fathee had muld sancosises for many §ears He died & 64
of carcinoma of the sigmosd

3 A daughter, 47, has had three normual pregnancics. Vancesties
it devedoped {wathout phichitis) dutmg the first pregnane were
aggravated by the subsequent Pregnancies

4§ A son aged 43 has had AaiOuties since age 30 a0d tno mild
epsodes of phiebitis Hehad hod at 3pe 42,

5 A daughter sged 44, unmarned, has tad sesere vancontes for
0 years They are aggrarated by prolonged standing.

6 A daoghter aged 42 had a twin pregnancy 3t age 25, folfowed
by severe vancosities and chronte induzatne edema A double saphenous
Ysgatson pecformed at 39 did not ymprove the condition

This bustory 15 unusuatly snstructne Too parents w ith varicosi-
tieshad two daughters 1t whom varscase vems deviloped follesang
pregnancy, one doughter with vancosities wbo bad neser beew
fregnant and 2 son wath vancosties, This strongly sspgests that
mberted weakness of the veins was responsible, rather than other
factors such as ptegnancy

We have seen several indrerduals who had congenstal absence of
the values of the vemns communicating between the deep and the
superficial system proved by pathologic studies This 1s probably
i’I ;ue condston but does lead o vanicossties of the superficial veins.
. :mtlu:ml diagnosss of congenital absence of the valves of com.
?usml(:gx:ge :tms may be suspected but can be established oaly on

oy amunation of the communicating branches
o :l e‘:.c;im!cedof varicositses 1s definutely hrgher sn females than
'y study of a large group of department store employes

w0g 3% smdar occupations, Lake, Pratt and 1 found a con-

Spieuously hagher 1nc
wdence of vancose v
ons 1
e who had been at the same occu e S b

shon, such as stands

o 1 standung betund

o m\t;,:;v:; anavetage of 17 years At first it was thcfght l‘}:xt

e hgm by ug to the fact that many wormen had been preguant,
© pregnancy gronp had been removed from the smxs:
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tical series the women still showed a much higher percentage of
mncidence than the men (Tables 18 and 19).

Some witers have advanced the hypothesis that the difference
in sex inctdence is in part due to endocrine factors—a rather in-
definite term. We suggested that repeated congestion of the pelvic
area during menstruation may have a role, and that the rather
thin, nonmuscular walls of the veins have relatively Jess support
from the surrounding soft tissues 1n women than in men.

TABLE 18 —INCIDENCE OF VARICOSE VEINS *
'VARICOSE VEIXS
No. k3

Men 305 125 41
Women
Never pregnant 133 89 67
One or more pregnanctes 98 8

* From Lake, M , Pratt, G H, and Wright, I S. J A M A, 119 692, June 27, 1942

TABLE 19 —INCIDENCE OF VARICOSE VEINS BY SEX AND OCCUPATION *

Mey Wosexn (Naves Parcxant)

Total Wik VYV Total Wb VoV

Standing 89 36 (40%) 63 47 (74%)

Walking 129 53 (41%) 28 19 (68%)

Sitting 40 20 (50%) 42 23 (57%)
Climbing stairs 47 16 (34%) [

* From Lake, M, Pratt, G H, and Wright, I S.: J. A, M., A 119 632, June 27, 1942

Secondary vanicose veins are due principally to thrombophlebitis
which causes damage to the walls of the vein and destruction of
the valves of the involved vein as well as of the communicating
veins between the deep 2nd the superficial system. Destruction of
each valve throws additional back pressure on the walls of the
vein peripheral to that valve and on the valve below it. If 2 num-
ber of valves are destroyed n any area, the total head of pressure
built up when the patient is erect increases greatly and with it the
tendency to varicosities.

Secondary varicose veins can, in alf probability, devefop without
congenital weakness of the vein walls in the presence of sufficient
back pressure, as in some instances of pregnancy, abdominal
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tical series the women still showed a2 much higher perceatage of
inardence than the men (Tables 18 and 19).

Some writers have advanced the hypothesis that the difference
in sex incidence 1s 1n part due to endocrine factors—a father in-
defintte term We suggested that repeated congestion of the pebic
area ducing menstruation may have a role, and that the sathet
thin, nonmuscular walls of the vemns have relatively less support
from the surrounding soft tissues in women than in men

TABLE 18 —INCIDENCE OF VARICOSE VEINS *
Vaszcose VRIS
No, %

Men 305 125 41
Women
Never pregnaat 133 89 67
One or more pregnancies 98 78 7%

* ¥rom Lake, M.: Pratt, G IL, and Wright, I 5. JA M A, 119 692, June 27, 1542

TABLE 19 —INCIDENCE OF VARICOSE VEINS BY SEX AND OCCUPATION *

xzGIANT)

Total M“‘mb v.v !r\?:x“ (e S.m vy

Standing 89 36 (40%) 31 47{4T)

Walking 120 53 (41%) 28 19 {68%)

Suting 40 20 (50%) 42 23 (579%)
Climbing stars 47 16 (34%%) 0

« From Lake, M , Pratt, G. IL, and Wright, I § J A, AT A 119 692, June 27, 1962

Secondary varicose veins are due prinapally to lhrombophlcbiﬁs
which causes damage to the walls of the vein and destruction of
the valves of the involved vem as well as of the communicating
veins between the deep and the superficial system, Destruction of
each valve throws additional back pressure on the walls of the
vein peripheral to that valve and on the valve below it. If 3 pum-
ber of valves ace destroyed n any ares, the total head of pressure
built up when the patient is erect increases greatly and with it the
tendency to varicosities.

Secondary varicose veins can, in all probability, develop without
congenital weakness of the vein walls in the presence of sufficient
back pressure, as in some i of pregnancy, abd !
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and severe night cramps, Infection may be a factor when the lesion
is complicated by edema, eczematoid dermatitis or fungus infec
tion.

It is not commonly recognized that massive varicose vems in
the legs may aggravate cardiac failure to a marked degree One
case may be cited as an example.

A man, 60, had had rheumatic heatt disease with a double mutral le-
ston for many years. For two years heart failure had been intractable
Little response was noted to digitalis, mercurial duretics, ammontum
chlonide, aminophylline or a low salt dict. Relative comfort could be
obtained by rest 1n bed, but almost ymmediately upon ansing acute
dyspnea and precordial pan became unbearable. Examunation showed
the heart sze markedly increased. Characteristic murmurs of mutzal
stenosis and sufficiency were heard There were hepatic enlargement
and pronounced edema of both ankles Most stuking were extremely
large varicosities of the veins of both legs In many areas they were 20
inch 1n diameter It was obvious when the patient stood that a large

provement was to elummnate the great \enous pool. This was done by
Dr Jere Lord, who operated on onc leg at a time Although the patient
had a somewhat stormy time after the sccond operation from the View-
pont of cardiac farlure, the end results were excellent. He wears knee-
length elastic stockings for additional support. Dyspnca and precordul
pamn on standing have disappeared and his status 1s generally quite
satisfactory on 2 cardiac régime that previously was ineffectual

Examination discloses a variety of pictures ranging from the
small sprder of tocket-burst type of varx, common in women,
especially obese ones, to varices of different sizes involving
branches of the saphenous vein up to huge tubes and saccular
varices with numerous bulging “blowouts” at the points where in-
competent communicating vesns discharge into the superficial sys-
tem 1nstead of carrying the blood into the deep system. Edema,
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pitting 20d nonpitting, cczems, fungus infection, pigmentation
snd varicose ulcers ase frequent comphications. The ulcers may be

B 100§
o enous ulcers produced by i
o v v Koo of e Gas B By 8

indurated 2nd chy
vauic (Fig 100), somy
for 2slong 25 25 and even 46 Y‘é?rs ¢ 1a our series bang open

The site of the venous obstruction and of incompetent valves
ous obst: p
0
may be determuned by various tests, among them the Brody-Tren-
d ( etar P )
ﬁc\el}bmg Perthes and Pratt tests (For detarls, see Chapter 11,
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The information gained is important for successful ligation and
tnjection treatment. Venograms are rarely helpful,

PREVENTION AND TREATMENT

In many instances varicose veins can be prevented or reduced to
2 mimmum by the avordance of constriction by tight garters, gir-
dles and other clothing which tends to obstruct venous return flow
and thus increase venous pressure. Care and thought should be
given to the prevention of vanicose vemns during pregnancy, With
evidence of their development the patient should be kept from
prolonged standing Elimination of tumors and other obstructive
lestons 1n the pelvis and abdomen may relieve the tendency to
vanicostty. A supportive ot elastic bandage or stocking worn by 2
patient with varicosities when he is going to be on his feet for
long pertods will prevent aggravation of the condition. By means
of an elastic support the venous flow 1s forced into the decper sy
tem so that the deep veins can handle the return flow without
Further pressure on the superfictal ones. The foot of the bed should
be elevated 10-12 1. to mimmize venous pressure during the
sleeping hours. -

The most important therapeutic measure for varicose vewns is
their surgtcal ligation, with stupping technic for removal of neces-
sary. The injection of sclerosing solutions to produce chemical
thrombosis is used as adjuvant therapy. Many technics for injec
tion and surgery have been presented since the time of Galen. The
objectwve 1n all instances is to obliterate permanently that portion
of the venous tree under treatment. Oftentimes 1njection per s¢
does not accomplish the purpose, for although there is an immedi-
ate obstruction, within one month to five years recanalization takes
place and the varicosity returns.

Multiple ligation at suitable levels appears to be most satisfac-
tory treatment. In the presence of severe vancosity of one of the
saphenous veins, ligation and rescction or stripping of the majot
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segment of the vein is the most commoanly used !cdmi:.. Allc; l§1€
reaton 20 resulung obliterstion of the trested poctica of the
senous e, search should be condudted for any vasnces °"b“f“'
outs cansed by incompetence of the valves of communiciting
veins zd branches These may be treated by tcad tnjection of
ligation accordng to indications. R

Injection tay be used for very small saricose veins but, 2s pre-
viowsly mentioned, is seldom pesmanently satisfactory for fasgee
sasices. Recuerences imvolsing new sets of veios are common aftes
il procedutes, so it 15 well not to give the patient a “lifetime
goarintee” thay he will not have mote varicose v eins,

There ate some contraindications to the wse of sdlerosing solas
tous. Sometiimes they cause Jocal and occasionally generalized re
actions. Sexjous diseases, including cancer, Bright's duscase, con-
gestive heat farluce, myocuedial infarction, acute cellulitis or
Tymphungitis of the leg, severe blood dyscrasias, tuberculosis and
serious hepatic disordess, contraindicate sclesosing therapy cithes
because the general prognosss does nok warrant the local treatment
o because 1t may further comphicate the general condition. In the
presence of certain other diseases it is necessary to treat the gen-
enal condition fisst and be certain that it is under control before 2
sclerosiug solution is injected. These include bypothyroidism, dia-
betes, any acute infectious disease and acthve thrombophlebitis, In

™ . N
mn:i:nc'neful thought should be given to the patient's generat

m}uinlnc and wrethan may produce the symptoms of cinchonism,
uding transitory fushing, dwziness, tinnitus and a seusation of

warmeh § i
th in lk.n: throat, nauses, vertigo and intestinal or uterine
Spism 204, in some women,

4 vaginal bleeding, Major allergic
st have occurred with i illy in by
e with circulatory collapse especially in hyper-

mosimc patients are sensitive to sodium morchuate, which is the
generally used scletosing solution, Y have seen a sudden death



462 VASCULAR DISCASES

The formation gamed is important for successful ligation and
mnjection treatment. Venograms are rarely helpful.

PREVENTION AND TREATMENT

In many instances varicose vewns can be prevented or reduced to
a minimum by the avoidance of constriction by tight garters, git:
dles and other clothing which tends to obstruct venous retura flow
and thus increase venous pressure. Care and thought should be
given to the prevention of varicose veins during pregnancy. With
evidence of their development the patient should be kept from
prolonged standing. Elimunation of tumors and other obstructve
lestons 1n the pelvis and abdomen may relieve the tendency to
varicosity A supportive or elastic bandage or stocking worn by 2
pattent with varicosities when he 1s going to be on his feet for
long pertods will prevent aggravation of the condition. By means
of an elastic support the venous flow is forced into the deeper ss°
tem so that the deep veins can handle the return flow without
further pressure on the supetficial ones. The foot of the bed should
be elevated 10-12 . to minimize venous pressure during the
sleeping houts. -

The most important therapeutic measute for varicose veins is
their surgreal ligation, with stripping technic for removal if neces:
saty ‘The injection of sclerosing solutions to produce chemical
thrombosts 1s used as adjuvant therapy. Many techaics far injec-
tion and surgery have been presented since the time of Galen The
objective in all mstances is to obliterate permanently that portion
of the venous tree under treatment. Ofteatimes injection per €
does not accomplish the purpose, for although there is an immed-
ate obstruction, within one month to five years recanalization tahes

lace and the varicostty returns.

Multiple ligation at suitable levels appears to be most satisfac-
tory treatment. In the presence of severe vancosity of one of E'W
saphenous veins, higation and resection or strpping of the majof
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segment of the vein is the most commonly’ used technic, Aftes the
reaction and fesulting abliteration of the treated postion of the
senous dree, seach should be conducted for any varices ot blow-
outs caused by incompctence of the wabes of communcating
vems and branches. These may be treated by local injection of
ligation according to indications,

Injectton may be wsed for very small vancose veins but, s pser
siously meptioned, 15 seldom permanently satisfactory for laxget
varices Recurrences involving new suts of \cios ase common after
all procedutes, so it is well not to give the patient 2 “Jifetime
guatantee” that he will not have more varicose veins,

“Thete age same contraindications to the use of sclerosing solu-
tons. Somctimes they cause local and occasionally generalized fe-
actions. Serious dtseases, including caneet, Bright's discase, conr
gestive heart falure, myocrdial infarction, acute cellulitis of
1ym.9hmgius of the leg, severe blood dyscrasias, tuberculosis and
serious hepatic disorders, contsaindicate sclerosing therapy cither
because the general progrosis does not warrant the local treatment
or because 1t may furthes complicate the general condition. In the
presence of certain other diseases it 1s necessary o treat the gen-

enal condition first 2nd be certain that it is under contro} before 3

fia-

ll cases careful th i o
ought shoul ient”

o ght should be given to the patient’s gencral
mg::me and urethan may produce the symptoms of cinchonism,
w“m:;g transitory fushing, dizziness, tinnitus and a sensation of
i a;na the throat, nausea, vertigo and intestinal or utenine
o hm, l:m son;e wr;‘mcn, vagimal bleeding. Major allergic

occurred with ar fally i
tensie patients, culatory collapse especially in hyper-

Som n
— s:npa:ﬁnts are sensitive to sodum morrhuate, which is the
efally used sclerosing solution I have scen a sudden death
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The information gained 1s mportant for successful ligation and
injection treatment Venograms ate rarcly helpful.

PREVENTION AND TREATMENT

In many instances varcose vens can be prevented or reduced to
a mimimum by the avoidance of constriction by tight gartets, gir-
dles and other clothing which tends to obstruct venous return flow
and thus increase venous pressure Care and thought should be
given to the prevention of varicose vemns during pregnancy. With
evidence of their development the patient should be kept from
prolonged standing Elmunation of tumors and other obstructive
lesions 1n the pelvis and abdomen may relieve the tendency to
varicosity A supportive or elastic bandage or stocking worn by 2
patient with varicosities when he is going to be on his fect for
long periods will prevent aggravation of the condition By mesns
of an elastic support the venous flow is forced into the deeper 55
tem so that the deep veins can handle the eturn flow without
further pressure on the superficial ones The foot of the bed should
be elevated 10-12 in. to minmize venous pressure durng the
sleeping hours .

The most important therapeutic measure for varicose vens is
their surgical ligation, with stripping technic for removal if neces:
sary, The injection of sclerosing solutions to produce chemucal
thrombosss 1s used as adjuvant therapy Many technics far mjec
tion and surgery have been presented since the time of Galen. The
objecttve in all instances 1s to obliterate permanently that portion
of the venous tree under treatment. Oftentimes injection per S€
does not accomplish the purpose, for although there is an smmeds-
ate obstruction, within one month to five years recanalization takes
place and the varicosity returns

Multiple ligation at suitable levels appears to be most satisface
t. In the presence of severe varicosity of onc of the

tory treatment
Iigation and sescction of stripping of the major

saphenous veins,
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segment of the vemn 15 the most commonly used technic. After the
reaction and resulting obliteration of the treated portion of the
venous tree, search should be conducted for any varices of blow-
auts caused by sncompetence of the valves of commumcating
veins and branches These may be treated by local injection or
ligation according to indications

Injection may be used for very small varicose veins but, as pre-
viously d, is seldom p ly satisfactory for larger
varices Recurrences involving new sets of veins are common after
all procedutes, so 1t 15 well not to give the patient 2 “lifetime
guarantee” that he will not have more varicose veins,

There are some contraindications to the use of sclerosing solu-
tions. Sometimes they cause local and occasionally generalized re-
actions Serious diseases, mcluding cancer, Bright's disease, con-
gestve heart failuse, myocardial mfarction, acute cellulitis or
Iymphangitss of the leg, severe blood dyscrasias, tuberculosis and
serious hepatic disorders, contraindicate sclerosing therapy either
because the geaeral prognosis does not warrant the local treatment
of because 1t may further complicate the general condition. In the
presence of certain other diseases 1t is necessary to treat the gen-
eral condition fiest and be certain that it is under control before a
sclerosing solution s imjected. These include hypothyroidism, dia-
betes, any acute infecttous disease and active thrombophlebitis In

all cases careful thought should be given to the patient’s general
condition.

Quinine and urethan may produce the symptoms of cinchontsm,
induding transitory flushing, dizziness, tnnitus and a sensation of
warmth m the throat, nausea, vertige and mtestinal or uterine
Spasm and, in some women, vaginal bleeding Major allergic
crises have occarred with dirculatory collapse especially 1 hyper-
tensne patients.
m&:me Ppatients are sensitive to sodim morshuate, which is the

Ost generally used sclerosing solution, I have seen a sudden death
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that was attributable to it. It is therefore important that a patieat
be given a test dose of 0 2-0.5 cc. intravenously 1224 hours before
treatment

For injection into a small vein without ligation, the patrent stands
on a table in the best position to permut the physician to reach the
vein. The average dose is 2—4 cc of a 5 per cent solution of sodn'un
morrhuate ot of 315 per cent of sodum nanoleate m patients sensttive
to sodmm morthuate Treatments may be given every day. If the locd
reaction 1s unduly severe, 2 cc. may be given twice a day. With the
appearance of any systemic reactions whatever, further injections should
not be given,

A local chemical phlebitis 15 desired to obtan satsfactory obstruc-
tion Injection 1s usually made with a 2—5 cc. synnge using 2 23 giUge
needle. It 1s important that the needle be free in the lumen of the
vein 5o that surrounding tissues will not recenve the 1ritating substance
Therefore the plunger should always be drawn back to mahe certain
that venous blood returns easily before the solution 15 injected. Any
local swelling of the skin during the injection indicates that the solu-
tion 15 leaking 1nto the surrounding tissues and the mjection should
be stopped tmmediately and a tight binder applied to the area Usually
the patient will complain of pain 1f the solution 15 spilled into the tis
sues Injection of 1 or 2 cc. of phystologic saline solution may dilite
the sclerosing solution 1n the tissues 1f this seems necessary.

After 1njection of the sclerosing solution a sterile gauze pad is 2p-
plied to the site of injection and moderate pressure mamntained by ad-
hesive tape or a bandage. The pad should be worn for two or three
hours

Nonallergic substances which are sclerosing mclude dextrosc,
invert sugar and invertose

The technic of surgical ligation of veins is not within the scope
of this volume.

The reader who wishes further discussion of the subject of
varicose veins 1s referred to the eacellent monographs of FOOI‘L'
of England, Mattorell and Puulachs of Spain and Pratt of this

country
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CHRONIC VENOUS INSUFFICIENCY-—VARICOST Urcens
ETIOLOGY

Chronse veaous insufficency may be due to thrombophlebitis
which bas fnvofved either smafl segments of the vews of the begs
(less frequently of the arms) or Isrger segments of the venous
tree up to the thofemeral o even infenor vena cnva sepraents. it
way also follow the development of aticose seins from any cuse
of may be due to congenital or acquired arterio: enous AMASIOMOSCS
which cause increase tn pressure and dilatation of the vens.

The development of chronie wsuffiniency following thrombo-
phicbitss or the appearance of congemstal vancose ews rests on
the damage to the valves of the larges vessels ot the absence of
these +alies. The mechanssta 1 the establishment of back pressuse,
with stasss and lack of proper downward gradient from the arterial
to the venous side of the muoute vessels In addition, with an at-
tak of thrombophlchntis and damage of many of the soaall veins,
their walls become more permeable to tissue fluids Homans has
abo emphasized the damage of the lymphatic chanaels which 3¢
ompanses that of the vewns snd which may result 1 severe wmter-
ference with return of fymphatic furd from the extromaty

CLINICAL MANIFESTATIONS

The condition 15 charactenized by edema and dusky cyanosss,
ddatation and protunence of the vems, and chronic ulcerstion in
some cases The edema may not be preseat when the paticat gets
up an the morming but progressnely accumulates dutsng the duy.
In some patients, however, the edema does not dissppear during
the sught This becomes wereasngly senous with the passage of
bme a0d the Taying down of fbroblastic cells in the intercellular

:Pﬁm js 4 result of stagnation of fluid Dusky cyanosis IppedLs Gt

\':;ns Y o; the The dil and promi e of the
vary widely, Ch 2 e §

bt et e sy tomic ulcers develop around the ankie in some
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Most patients have conspicuous varicosities In some the veios
are extremely large. In others there are many small plexuses of
veins which are superficial, but tests disclose marked insufficiency
of the deep veins This is also manifested by the development of
discomfort 1 the extremity after prolonged dependency and relief
on elevation. The discomfort 1s most severe after long periods of
standing. It is relieved by walking, especially if the patient 1s wear:
g an elastic stocking to support the veins and aid them 1 moving
the blood along by pressure on muscular contraction.

The sevetity of the condition depends to a considerable extent
on postphlebitic care. Patients who wear elastic support for the
first year or two after an attack of thrombophlebitis and who slcep
with the foot of the bed elevated will have far less chronic venous
insufficiency over 2 pertod of years than those who do not take
these precautions. It 1s the physician’s responsibility to see that the
patient 1s mstructed and encouraged 1n this regard

With the passage of years the edema becomes more fixed with
fibrous tissue proliferation and becomes the nonpitting type. T'hc
tissue then 15 especrally suscephible to secondary nfection, Not.m'
frequently, repeated erysipeloid attacks mvolve the extremfms,
sometimes serious, with high fever and severe general reactions.
Eczematord eruptions and ulcers are often seen, and secondary
fungus 1nfection 15 a common and often protracted complication
The ulcers may become deep, indurated and chronic; I have seen
a number that had been present for more than 25 years and one
for 46 years.

Pigmentation of the skin 1s often present in the regions with
chroatc edema and congestion, but rasely does the physician ob-
serve these arcas carefully enough to notc that many petechial
hemorthages may be present, particularly after prolonged stand-
ing. These extravasations of blood into the tissue leave hemo-
siderin, which is responsible for the pi, The petechial
hemotrhages are usually due to the back pressure which, becoming
reat for the damaged walls of the minute vesscls, causes them

too 8
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to fupture. Some patients hiar¢ the additionad complication of sub-
dhinicat or clincal scurvy, The inclusion of as much as 300 mg, of
sitamin C dadly fo the dict has resulted in almast complete cossa-
tioa of the hemorrhages and in some cases healing of otherwise
intractable ulcers (Fig 101), To determine the sigmificance of

16 201 ~Vancow sews and avstameno:
ss € A, befare theeapy Capidlary
fnsdm test shawed avee 150 petechiae, plasma ascocue and content wis 0 27
0 et L
.-

;’:dﬂ Benetalized disturbances 1n any case 1t 15 wise to make capil
; CZ Lfragxluy tests {Chapter 11) and study the vitamin C blood

TREATMENT

X‘Ecm!lmtmmf of chronic insufficiency includes the ligation, if
P . of veins which ate extensively vancosed, elevation of
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Most patients have conspicuous varicosities, In some the veias
are extremely large. In others there are many small plexuses of
veins which are superficial, but tests disclose marked insufficiency
of the deep veins This is also manifested by the development of
discomfort in the extremity after prolonged dependency and telief
on elevation The discomfort is most severe after long pen'ods of
standing It is relieved by walking, especially 1f the pattent 15 wear
1ng an elastic stocking to support the veins and aid them 10 moving
the blood along by pressure on muscular contraction.

The seventy of the condition depends to 2 constderable extent
on postphlebitic care. Patients who wear elastic support for the
first year or two after an attack of thrombophlebitis and who sicep
with the foot of the bed elevated will have far Jess chronic venous
sufficiency over a period of years than those who do not take
these precautions. It 1s the physician’s responsibility to sce that the
pattent 15 1nstructed and encouraged n this regard.

With the passage of years the edema becomes more fined with
fibrous tissue proliferation and becomes the nonpitting type- The
tissue then 15 especrally susceptible to secondary 1nfection, Not 1+
frequently, repeated erysipelord attacks mavolve the eatremitics,
sometimes serious, with high fever and severe gencral reactions.
Eczematord eruptions and ulcers are often seen, and secondary
fungus infection 1s 2 common and often protracted complication.
The ulcers may become decp, indurated and chronic; I have secd
a number that had been present for more than 25 years and one
for 46 years.

Pigmentation of the skin 1s often present in the regions with
chronic edema and congestion, but rarely does the physician ob-
serve these arcas carefully enough to note that many petechial
hemorthages may be present, particularly after prolonged stand-
ing These extravasations of blood nto the tissue leave hemo-
siderin, which 1s ble for the pigs ton The petechial
hemorrhages are usually due to the back pressure which, becoming
too great for the damaged walls of the minute vesscls, causes them
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to ruptute. Same paticats have the additionat complication of sub-
cligicat or clinical scutvy. The inclusion of as much as 300 mg of
wamin € dudy to the det has resulted in almost complete cessa-
tion of the hemorrhages and in some cases fiealing of otherwise
inteactable ulcers {Frg. 101). To detesmine the significance of

[— theee tumes a day foc tv:qu> k‘;‘
Captlacy fagihity test shrued o, rwu Wy e
petertuaz, ph
13 mg potceny, The ulter of mg);m”wm w“pbgzin&umzbm ad contet s
sxuch penexalized distusbances 2 any case st is wise to male capil-
ary fragility tests (Chapter I} and study the vitamun C blood

level,
TREATMENT

r;r:; :\:&:&;ﬂer{t of durome snsufficiency includes the ligation, if
P 2 OF velns which are extensively varticosed; elevation of



468 VASCULAR DISEASES

the foot of the patient’s bed 10-12 in ; the wearing of a knee-
length elastic stocking at ail times when the patient is not in bed,
and the avordance of prolonged standing without intervals during
which the leg can be elevated, A fungus infection may be treated
by potassium permanganate 1:5,000 soaks for 30 minutes eery
other day or with other fungicides. Tests for capillary fragility
may suggest that vitamin C or rutin may aid 1n the prevention of
petechral hemorrhage and ulcers. An eczematord or other skin te-
action should recetve appropriate local therapy i

In the presence of varicose wlcers the treatment should be in-
tensified. The ulcers are usually slow to heal whle the pznent' 1
ambulatory. The first step should be elevation of the leg for drain-
age and reduction of edema. The ulcer should be exposed to the
arr to dry uniess ths 15 too panful, 1n which case wet dressings of
penicillin 10 0.05 per cent solution or tyrothricin may be used. A
varicose vein draining out of the ulcer should be ligated before 2
permanent result can be hoped for Skin grafts may be used for
large ulcers, but if draining veins are not competent or Iigated
the results are usually poor. Drsed human blood celis (Lyogte
powder) have been recommended to aid tissue regeneration. Thl.s
preparation 1s dusted on the ulcer once or twice daily. Our exper
ence with this substance has been encouraging, but conclusive eval-
uation 1s difficult ACTH and cortisone are being studied for
their effect in encouraging epithelization.

Other technics that have proved useful are the application of
rubber sponges, bound firmly over the ulcer area for five to 25
days by means of a rubber or elastoplast bandage; Unna's paste
cast (when edema 1s not present), changed each five to 10 days,
and mecholyl ion transfer three times a week.

Whatever the preliminary treatment, experience has demon-
strated that elastic stockings or rubber bandages should be worn
for one or more years whenever the patient is out of bed, pmvidc'd
the skin can tolerate them. Sometimes chronic edema prevents their

use for long periods.
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CHAPTER XXIV Hypertensive Tschemic

Uleers of the Leg

IN soME cAsks of hypertensive discase the artertoles of the skin be-
come sclerotuc, just as are the retmal sessels, and small areas of the
skin may develop infarction Rarely, the ischemic nfarct breaks
down 1 the form of an ulcer of the skin In 1945 Martorell
described four cases of ulcer of the lower leg assoctated with hy-
pertension. Biopsy revealed arteriolar changes which produced
ischemic areas tn the skin  Such lesions had been described by
Haxthausen 1n 1940 Hines and Fatber of Mayo Clinic described
11 such sschemic ulcers, all i the lower legs of women with hyper-
tension and artersolosclerosss  In each case the skin of the leg was
normal elsewhere and did not show edema There was no evidence
of vatscose vens or thrombophlchitis and the large vessels were
patent and actively pulsating

The first abaormahty noted 1s a panful red plaque, which be-
comes blue and then purpursc in a few days. A small flat area of
blussh dsscoleration, usually over a malleolus, develops 1to a
hemorthagic bleb and breaks down to form a superficial ulcer
which slowly enlarges to a diameter of 1~7 cm The pain 15 mod-
erately severe Granulation 15 not active and little or no exudate
appears 'The ulcer may heal 1n six months with rest of the ex-
tremuty and allowing the ulcer to dry ACTH, used cautiously be-
cause of hyp may hasten epithel

of some
In tissue sections the atteriolar walls are seen to be thickened

471
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venous arculation, the severe retinal changes, the characteristics of the
ulcer and the presence of severe hypertension, the diagnosis of hyper-
tenswe ischemic ulcer of the leg was made.

‘The patient was hospitalized and the leg was placed in the honizontal

ul Fie 102 —Hypertensive 1schemsc uleers m 2 man, showing sites of former
cers over night antetior tibual area and fight anternal malleolus, and present ulcer
over left internal malleolus

Yosmou The ulcer, which was a purplish, most, sharply demarcated
L;mm, was sozhed daly 1 normal salie for a half-hour, followed by
mc application of dried human red cells (Lyocyte powder) to caver

e lesion, The ulcer healed to about one-half 1ts ongual size in 10
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and the lumens narrowed, The number and stze of the nucler and
the media are increased, with hyaline degeneration. Intimal pro-
Liferation and periarteritis are also noted.

It is important that these ulcers be clearly differentiated from
those of pernio, which are apt to be deeper and more painful,
occur in cold weather and rarely heal until hot weather armves

The first case of this syndrome recognized by us was in a man.
No doubt other cases 1n males will be identified in the future. A
typical history follows.

The patient, aged 41, ficst seen April 8, 1947, had been known to
have high blood pressute for at least fise years. Dunng this penod 1t
bad averaged approxtmately 200/140-130 and become increasingly
severe. About two yeats after the hypertension was diagnosed, ulcers
developed that iavolved the anterior tibial portion of the right leg.
The ulcers first appeared as an area of redness of the skin rangtng from
1to 8 cm across Following this, bleb formation took place. The skin
peeled off and ulcers developed which lasted from six months to t#0
years In each 1nstance the leston was extremely painful. ‘The scars
persisted (Fig 102).

Ten days before we saw him he had a transient cerebral vasculat
spasm with paralysis, numbness and tingling of the left side of the
body which lasted a few hours On examination the blood pressure 35
205/140 He was a plethornic individual who appeared older than his
age The heart was enlarged to the left. The aortic second sound was
greater than the pulmonic second sound and was sharp. Examination
of the fund: showed marked retinal artersolarsclerosis. There were no
hemorrhages or exudate

Examination of the lower extremitics revealed scars of the formet
ulcers and on the left leg an open ulcer about 1% n in diameter OV
enng the medial malleolus There was no pallar on elevation of rubor
on dependency of the extremities. The dorsalis pedis and posteriof
tibial arterics were easily palpable. Oscillometric seadings were within

normal limuts:

Ricur Lere
Foot 05 03
Above ankle 30 21

was no evidence of venous insufficiency of exther extremuty. No
4 be scen. In view of normal major arterial and

There

\aricose veins coul
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senous circulation, the severe retinal changes, the dmr:\(t:r:lsucs ’0f the

wleer and the presence of severe hypertension, the dragnosis of hyper-

tensive ischemsc ulcer of the leg was made. i "
The patient was hospitalized and the leg was placed in the horizont

Fic 102 ~Hjpertensne 1schemic ulcers 1 a man, showsng sites of former
uleers over night anterior bl area and right wternal malleslus, and prescat ulcee
over left 1ntesnal malleolus

position “The wlcer, which was a purplish, moist, sharply demarcated
lesion, was soaked dasly in normal saline for a half-hour, followed by
the application of dued human red cells (Lyocyte powder) to cover
the lesion The ulcer healed to about one-half its orsginal size 1n 10
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days, then ceased to improve. Therefore typhoid vaccimne was given in-
travenously according to the technic described on page 202, Healing
progressed rapidly and was complete exactly 28 days after beginiog
treatment. Pain, which had been almost unbearable, was completely
elimmated He returned in 1950 with a larger ulcer of the same type
Blood pressure then averaged 260,/150. The ulcer healed m exght weehs
with rest in bed and ACTH gnen cautiously because of lus high Blood
Ppressure

We have since obsetved three additional cases which we felt
met the ctera for this diagnosis, and other workers have regoﬁed
additional examples of this syndrome (see the references).
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CHAPTER XXV: Polycyt]lcmia ‘fcm as a

Vascular Disease

ALTHOUGH POLYCYTHEMIA vera s essentially a hematogenous
disease, 1t frequently produces syndromes related to vascular dis-
ease, For this reason, discusston of this combination of conditions
1s believed appropriate. Numerous patieats with polycythemia vera
have first been referred to specialists in vascular diseases because

of the occurrence of an arterial occlusion or, more frequently,
thrombophlebitss.

In several instances there has been confusion in the diagnosis
between polycythemia and thromboangitis obliterans The follow-
10g is a case in pornt.

A man 37 years old was hospitalized with a diagnasis of thromb
anglitis obl Physical disclosed gangrene of the toes
of the right foot associated with marked rubor on dependency. The dor-
salis pedss artery was occluded and there were classic local signs of
thromboangutis obliterans. It was noted, however, that his complexion
wis extraordinanly ruboric

Although the spleen was not palpable, blood study revealed red
cells 8,560,000; hemoglobmn content 158 per cent; hematocat 69 per
cent. It was necessary first to treat the polycythemia vera. This was
done by means of phicbotomy and the admumisteation of 0.1 Gm, of
acetylphenylhydrazine three or four tunes per week. By this approach
the gangrenous area healed and the patient was 1n good health from
1931 until 1940, when he died of pneumonia. Constant guidance was
fequired regarding the dose of acetylphenylhydrazine.

Pethaps the commonest vascular complication of polycythemia
475
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vera is thrombophlebitis All patients with phlebitis should have
a complete blood study. On numerous occasions we have deter-
mined the correct diagnosts of polycythemia because of a red blood
cell count as high as 11,000,000-13,000,000 which had not pre-
viously been noted owing to the physician’s concentration on the
phlebitis and his fadure to make a complete blood count.
Thrombophlebitis, however, is appatently not dependent solely
on the height of the red blood cell count Repeated thrombotic
episodes may occur in some patients with the red cell count well
below 5,000,000, There appears to be what might be termed 4
critical level 1n each patient I have had the opportunity of study-
ing a most remarkable example of this.

In a man with polycythemia vera, with an original red cell count
over 9,000,000, extensive thromboses developed each time the e
blood cell count was allowed to exceed 4,000,000 When the count
hovered around 3,000,000 no thromb: occurred, he felt well and was
able to carry on his occupation as butcher This phenomenon was 1e-
peatedly demonstrated It was first discovered accidentally when a8

dose of acetylphenythyd brought the red cell count to 2,500,
000. Then for the first time he was completely free from thrombotic
episodes. Because of the low red cell count he was given 2 transfusion
and acetylphenylhydrazine was withheld. When the count reached
4,000,000 thrombosis recommenced, with severe involvement of the
brachral vein. It has been necessary therefore to keep the red cell
count below 4,000,000 over 2 persod of years

1 know of no other teported case of this type. The explanation
s not clear, but the case suggests that the thrombosing tendendy
in polycythemia vera may depend to some degree on factors other
than the increase of cell content. This appears to be an important
concept to bear in mund. )

Arterial thrombosts 1s another common and serious complica
of polycythemia vera. Where the thrombi occur is purely a mattet
of chance. The cerebral or coronary arteries or those of the ex-
Lremitics may be mvolved, and the symptoms vary Afco:ding to
the site. One must be constantly on the look-out for this combina-

tion
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tion of diseases and be prepared to treat the patient accordingly.

TREATMENT

Control of the polycythemia must be attempted by the various
methods avarlable, These include roeatgen itradiation and therapy

with radioactive phospt 2ad acetylphenylhy drazine. The use of
the first two should be Limuted to those with spectal training. The
dmunistration of acetylphenylhyd requires care and thought.

The dose 15 01 Gm, and the ‘frequency of administration varies
with different patsents. Some have required 0.1 Gm. three ot four
times 2 week to keep the blood count within sormal limits; others
need a dose only once 1 10 days. Frequent blood counts are essen-
tial to regulate the treatment, which 1s not without some risk of
productag profound anemua. Transfustons may rarely be necessary
to counteract the effects of overtreatment.

Phlebotomy should be actively used whenever indicated to pro-
duce prompt response. It should be remembered that while phle-
botomy reduces the total amount of blood it sometimes fails to
reduce the cell concentration per cubic centimeter of blood and
;X;exefme may have relatively little effect on the thrombosing ten-

acy

Treatment of the thrombosss should be essentially that outlined
1t Chapter XX For example, thrombaosis in the veins of the legs
should be treated by warm moist packs and elevation Anticoagu-
lant therapy 15 10dicated, although the use of Dicumarol, Tromexan
and hepanin in this type of case 1s more difficult than i the usual
ase of thrombophlebitis. For some pl 1 reason the pro-
thrombin level in these patients 1s subjec

t to unusual fluctuations
undes thesapy  We have treated & number of thrombophiebitic

Patients with polycythemia. In most, there was no problem, but in
some, anticoagulant treatment was exceedingly difficult However,
beca\}se it may be life-saving, the misks must be taken and the
Physicran should be willing to assume the responsibility in order
to prescrve the patient’s health and even s life.




CHAPTER XXVI Tln‘oml)ocytic Acroangio-

thrombosis (Tllroml)otic Tlxroml)ocy-

topenic Purpura)

THIS SYNDROME was first described by Moschowitz in 1925, and
since then about 30 cascs have been repotted Most of them have
not been diagnosed or even suspected until autopsy, and the
charactenstic findings are outhined here so that the syndrome may
be considered in patients exhibiting them The most common 2nd
umpressive clinical and laboratory findings have been

1.

MmN

® N

11.

Listlessness and malaise; arthralgia

Fever, chronic and persistent.

Anemia, severe, out of proportion to known blood los's.
Purpura, frequently hematura, prolonged bleeding time,
but usually a normal clotting time.

Increased capillary fragility sn most cases.

. Thrombocytopenia
. Hyperplastic bone marrow.

Focal neurologic changes frequently involving the central
nervous system and cranial nerves.
I ly, not universal,

H
i ¢ L x (=1 A
Jaundice

Frequent assocration with sensitivity phenomena.

PATHOLOGY

Although the presence of all or a majority of these changes
should lead to the suspicion that one is dealing with a case of
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thrombocytic acroangiothrombosis, the syndrome cannot be dt:ag-
nosed at present without the histologic demonstmiqn of wide-
spread and charactenstic changes in the walls of the minute vessels
with thrombosis.

The mutial changes consist of an accumulation of vacuoles, the
content of which 1s not kaown. Granular material which shains
red with leukofuchsin is deposited in the intima and near the
internal elastic layer, which subsequently disintegrates. The minute
sessel wall, usually of an arteriole, may rupture externally, pro-
duang a hemorrhage, or mternally, where platelets, endothelial
cells and fibroblasts and other comp of the blood may form
a propagatng thrombus along the vessel wall. Local aneurysmal
ddatations have been reported. The granular material has no
lipid content, but 1ts exact composition is unknown.

PATHOGENESIS
A sunple statement suffices here the pathogenesis is unknown
Stace the condition rarely has been recognized 1 life, many studies
for infectious agents, bacterial, viral or rickettssal, have been in-
adequately carrsed out.
Sensitwvity to a vanety of agents and drugs has been suggested,

but no defimitive evidence has been advanced to support this hy-
pothesss,

TREATMENT

Since the cause and fundamental mechanism of this disease are
unknowa, therapy can only be palliative
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crarrir xxvi- Thromboeytic Acroangio-
thrombosis (Thrombotic Tl'xroml)ocy-

topenic Purpura)

THIS SYNDROME was first described by Moschowutz in 1923, and
since then about 30 cases have been reported. Most of them have
not been diagnosed or even suspected until autopsy, and the
charactenstic findings are outlined here so that the syndrome m2y
be considered 1n patients exhibiting them. The most commor and
umpfessive chnical and laboratory findings have been

1

ENEURN)

o Now

patosy
. Jaundice.
1L

. Listlessness and malaise; arthralgra.

Fever, chronic and persstent.

. Anemia, severe, out of proportion to known blood loss.
. Purpura, frequently hematuria, prolonged bleeding tume,

but usually a normal clotting time.

. Increased capillary fragility in most cases.
. Thrombocytopenia,
. Hyperplastic bone marrow.

Focal neurologic changes frequently involving the ceatral
nervous system and cransal nerves.
H

H 1 3 1

, not

224

Frequent assoctation with sensitivity phenomena.

PATHOLOGY

Although the presence of all or a majonty of these changes
should lead to the suspicion that onc is dealing with a case of

478
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1ol

yic ac groth bosis, the synd cannot be d!ag-
nosed at present wathout the histologic demonstmicfn of wide-
spread and charactenstic changes in the walls of the minute vessels
with thrombosis,

The wmitial changes consist of an accumulation of vacuoles, t}lc
content of which 1s not known. Granular materal which stains
red with Jeukofuchsin 15 deposited 1 the intima and near the
wternal elastic layer, % hich subsequently disintegrates. The minute
vessel wall, usually of an le, may rupture lly, pro-
ducing a hemorrhage, or internally, where platclets, endothelial
cells and fibroblasts and other components of the blood may form
a propagating thrombus along the vessel wall. Local aneurysmal
dilatations have been reported The granular material has no
Iipd content, but its exact composition is unknown

PATHOGENESIS
A simple statement suffices here- the pathogenesis 15 unknown
Since the condition rarely has been recognized in life, many studies
for infectious agents, bactersal, viral or nickettsial, have been in-
adequately carried out.
Sensitivity to a variety of agents and drugs has been suggested,

but no definitive evidence has been advanced to support this hy-
pothesis

TREATMENT

Since the cause and fundamental mechanism of this disease are
unknown, therapy can only be palhiative
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CHAPTER XXVIf: Lympllec! ema; Lymplmngitis

OF THE THREE major porbians of the citculatory system, the lymph
system 15 the feast understood, Little was known about the anatomy
and physiology of the Iymph vessels until Draker, Field and other
workers preced together a pictute which, although wcomplete, has
provided some understanding of the function of the system and
the pathologic processes which result in lymphedema

Lymph vessels are for the most part munute. They possess an
unbroken endothehal liming bathed in the tissue Bud which 15
found outside the blood and capitiaries and 1 cellular mterspaces.
When there 15 an sbnormal accumulation of thus fluid 1n the soft
tissues the result is swelling, called Iymphedema. Blood vessels ase
dccompanied by lymph vessels which have valves not unhke those
of the veras.

In the legs the hymph vessels are divided wmto deep 2nd super-
fienal systerns, with smajor communications at the popliteal region
and the segion of the inguinal lymph nodes. Most of the lymph
vessels penpheral to the knee drain sato the popliteal Iymph nodes,
from which a refatively large lymph vessel courses along with the
femoral vessels in Hunter's <anal, then through the pelvis to end
the external tliac nodes just distal to the bifutcation of the aosta.
Maay of the fymph vessels of the thigh draw wmto the inguwal
Yymph nodes which 1 tusn dran through lymph vessels sato the
external shac nodes Deeper lymph vessels in the muscle sheaths of
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the thigh drain into the large iliac nodes. In some places lymph
trunks are embedded in the adventitia of the walls of blood vessels
The superficial and deep vessels of the hands and arms pass up into
the axitlary nodes, sometimes interrupted by a cubntal lymph node,
at which point the supeficial and deep lymph vessels are connected.

If 2 large lymph vessel 15 interrupted, circulation may be carnied
on by collateral vessels Regeneration of cut lymph vessels is gen-
erally rapud, although there are numerous instances 10 which scar
tissue has interfered with regeneration, especially 1 the region of
the major groups of nodes. The waterruption of return flow of
lymph may then be serious enough to cause Iymphedema. This
complication not infrequently follows resection of the axillary and
ingunal lymph nodes, as, for example, in radical surgery for can-
cer.
The endothelium of lymph vessels is highly permeable and ad-
mits material forced upon its outer surface Lymph 1s moved aloog
as a result of active and passive contraction of the musculature The
rate of flow of lymph is more rapid than is generally realized. For
example, trypan blue injected 1nto the Iymph vessel of the foot of
a dog reaches the receptaculum chyli in 10 seconds, On exposuse
to air lymph clots more slowly than blood because of deficiency of
thromboplastic matenial which is supplied to a large degree by
platelets that are present 1n the blood but not m lymph Average
clotting time by the Lee-White technic is 10-20 minutes

1t is interesting that removal of the iliac and ingwnal lymph
nodes of zpumals does not lead to edema, whereas tn man lymph-
edema is likely to be a permanent result of surgery which intefrupts
|ymphatic channels, Although frequently thought to be a sequel
of complicating infection, this has occurred in patients in whom
no evidence of infection was present at the time of or after surgery.

Numerous factors may play a part i the production of lymph-
edema, but the mechanism of obstruction is essentially the same re-
of etiology. The first step 15 obstruction, due either to a2

gardless
o a tory or to an il y process or by lymphan-
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gectasis, With obstruction there is a backing up of lymph, with
wcresse of pressuce and dilatation of the lymph vessels perpheral
to the pamt of obstruction This snterferes with proper drainage
from the tissues and the lymph pools tn the tissue spaces, Nature
attempts to find new channels, but there are noae constructed to
curry away hymph, especially against gravity, and inadeguate valves
peevent seroval of the fluid, The protein content of the lymph
mncreases and fbroblasts profiferate, increasing the amount of
fibrosis and causing fusther obstraction and stasis, so that & vicious
gle 135 established.

Repeated attacks of an erysipeloid nature often complicate the
puctuse by producing obstruction of the lymph vessels

Thare studied & male patient who has had more than 90 erysipelad
attscks in the past 31 years Bach artack has been chazacienzed by
genesad smalaise, high fever, feukocytoss, redness of the leg and m-
creased swelling He bas a severely edematous Jeg up to the grom at alt
bimes and may e entually cqure 2 Kondoleon operation, though nsky
because of the chranue mflammation Only one leg has been wnalved

Alate effect of this type of process 15 thickening of the skin and
subcutancous tissue with seplacement of the tela subcutanea and
adipose ussue by enlargement of lymph spaces and extensive
prohif of lymphoblasts. Ordnardy this does not affect the
muscles, except as the rondstion hemts muscolar achwiy and
produces secondary atrophy.

MONINFLAMMATORY LYMPHIDEMA

Primary Vo phedema ( precox}—Ths term 15 apphed to the
Bymphedema whch develops spontaneously early in lfe, usually
wn females between 7 and 30 It 15 most often noted shortly after
Puberty. The Iy mphedema may be due to congenital underdevelop-
Ment of lpmph vessels or to an unexpluned obstruction of the
lymph nodes or Jarger Iymph vessels at the time of puberty Us-
tecognized infection no doubt plays 2 part in some cases classified
0 this geoup,
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The disturbance is especially noticeable after the patieat has
been standing for long periods. It is most pronounced in warm
weather. There frequently appears to be an aggravaton of the
condition about the time of menstruation, probably owing to pelvic
congestion and ncreased back pressure, In most patients, only one
extremity is involved 1 the early stages  With the passage of tme
one or mote additional extremuties may be affected The condrtion
usually progresses over a period of years, but may develop rapudly
and 1 a few months be severe.

As an extremity (usually a leg) grows progresstely larger and
looks unstghtly 1t becomes heavy and uncomfortable, but pain 15
rare. About 15 per cent of patients have recurrent attacks of
Iymphangitis or cellulitis of an erysipeloid nature. One of the
most distressing features of lymphedema 1s the psychologic effect
of the conspicuous swelling. Young women often develop emo-
tional depression of varying degrees of severity because of 1t One
young woman told me that her husband threatened to leave her
unless her swollen leg could be cured.

Congenstal lymphedema—Simple congenital Iymp
found in only one member of 2 family, whereas hereditary con-
genital lymphedema (Mlroy's disease) affects a number of mem-
bers of a family One fanuly in our series has four members 10
whom the condition developed during adolescence without ap-
parent cause, such as inflammatory or obstructive processes Fami-
lies with many more cases have been reported. In one child, the
right wist was swollen at birth and remained so

The subcutancous fat s replaced by fibrous tissue and the lymph
vessels ate greatly dilated Until lymphoblastic proliferation 15
quite advanced the edema pits slowly on pressute and the size¢ of
the extremuty can be much reduced by prolonged elevation De-
tails of treatment are discussed later mn the chapter.

Secondary lymphedema —This occurs frequently after surgt-
cal excision of the nodes or interruption of the large lyfnph chan-
nels. Why 1t occurs in only a relatively small proportion of pa-

1 hed, n
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ticats is not always uad d, but 1t 15 undoubtedly related to
intecruption of the vessels avaslable for the d of lymph from
the iwb. It may ocour without evidence of ifection, but untecog-
mzed nfection may play « cale

Iymphedema often follows occlusion of the hmph vessels by
metastases of by direct extension of a growth A vanety of malig-
nant diseases, including the Iy iphobl may be responsibl
for this spadrome. To mention 2 few, lymphedema 1s commonly
assocaated with mahignant diseases of the breast, uterus, prostate,
bladder and testes 2ad with Hodgkin's disease, ot lymphosarcoma,
Eollowsng surgery for mahgnancy the may be free
from hymphedema for years, then st may appear without expana-
ton and without evidence of recursence of the growth 1t may be
due ta scasring and fibrosts producing obstructive pressure on the
hysmph chaanels. Lymphedema also may follow treatment with
fadum ot x-tays, Here agaia thece 1s a question whether i ts pro-
duced by the disease for which radiotherapy 15 given or by fibrosss
secondary 1o iradiation

INFLAMMATORY LYMPHEPEMA OF UNKNOWN ETIOLOGY

Patients with infl Iy mpbed: B Hy give 2 his
tory of recurrent attacks of acute celulitis and Iymphangitis, fre-
quently diagnosed as erysipelas or erysipelod attacks. The attacks
are characterized by sudden onset, the selatively severe aad geoe
cralized reactions which accompany them and the self-lmiting
chatacter of each attack The ravolved extremity becomes red and
hat, and red streaks are apt to extend out of the area with an ery-
sipeloid appeatance, There may be slight elevatson of the edge of
the inflamed atez, but this ss not caastant. The patient frequently
suffers 4 severe chult and 15 nauseated, and the temperatuse may
f1s¢ to 106 F. (411 C). Sometumes the chull and fever appear
before the redness 15 noticeable The fever is Likely to subside
ithin thiree 1o five days with rest m bed With secussences the
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Iymphedema becomes more severe. The attacks apparently repre-
sent successive steps in the progression of the disease.

In the United States the condition is usually attribured to strep-
tococci, which are frequently found on culture of the skin, but the
sunilanity of the attacks of snflammatory lymphedema and those
sometimes seen with filariasis cannot be overlooked. The differ-
ential diagnosis may be extremely difficult

One example 15 the case of a patient from the Domsnican Republic.
This woman, 48 years old, had for 24 years had a succession of
attacks similar to those just described. She had severe bilatecal lymph-
edemz The attacks occutred on an average of twice a month A serious
question, repeatedly considered, was whether she was suffering from fil-
anasis of a streptococcus nfection Repeated studies failed to mc:l
filarta, but that 1s not uncommon Foll g pemaillin and sul
therapy the attacks subsided in a few days, but since this s the
typical course without treatment, 1t was difficult to determune whether
the therapy fluenced the attacks 1 any way

Shostly after seeing this pattent I observed 2 young gnl in whom
severe lymphedema developed after being butten by a so-called grass
flea in Massachusctts The bite was secondanly infected The history
was almost sdentical with that of the first patient. The flea bite may
bave been merely coincidental,

In the light of present evidence, the etiology of this condition
should be regarded as unknown and should not be definitely at-
tributed to streptococci, which seems to be the present trend.

Secondary mfl y lymphedema—It is generally accepted
that thrombophlebitis may be associated with lymphangitis and
that this may be followed by lymphedema. The combination of
venous and lymphatic stasis is frequently scen in medical practice
The association of d phytosis and lymphedema is also strk-
ing. A possible explanation for the rofe of dermatophytosis ap-
pears to be that a splitting of the skin permuts the sccondﬂl:)’
invading organisms to gain access to the lymphatic vessels. T!us
s rather clearly d ted by acute infl y processes with
streaks of 1ymphangitis extending from the infected area. I

nfec:
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twus diseases such as typhoid fever and pneumonia are often com-
plicated by Iymphangitis and lymphedema  Certain tnfections
spread rapudly theongh the Jymphatics to the regional lymph nodes
Noticeable among these are tularemsa Cat scratch fever spreads
along the lymph channels but seldom breaks down the peripheral
groups of Iymph nodes

FILARIASIS

Filasiasis formerly had compasatively slight importance n this
country. Duning World War II, however, a large number of sol-
diets i the filariasts areas of the Pacific were infected with the
parasite Filarta bancrofti, Many showed typical temporary swelling
and mflammatory reactions. However, it 1s impressive that very
few cases of lymphedema persisted True elephantiasts has been
encountered in practically no patients who have returned from the
endemic ageas. It appears that these pattents secewved too few 1n-
ocalations by mosquutoes carrying Filaria bancrofti to produce the
elephantiasss that is so common among the natives after many
Years of daily remnoculation by mosquitoes. It does not seem likely
that flarsasts will become an umportant problem as a result of the
return of these soldjers to the United States

Careful, repeated searches of the blood for evidence of filarias
have been notable for their negatrve results Almost without ex-
<eption the solder-patients we examined in Pactfic Coast Army
hosputals had already lost all evidence of the disease, although in

the Southwest Pacific area just one to three months before they
bad had minor swell 1gs and slight infl

Teactons

SPOROTRICHOSIS

A relatively uncommon disease that mvolves the Iymphatic ves-
f’ls 1s produced by infection by the sporotrichum, a fungus which
is found widely 1n natve moss, but especally m peat and other
mosses commonly used 1 cultivation Commonly mittated in
gatdeners or farmers by 2 puncture wound from a rose thorn or
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other sharp object, the prmary lesion is a low grade abscess. After
a period of weeks a second abscess may form an inch or so proximal
to the first, later a third, and so on, proceeding up the extrenuty
along the Iymph channels but not localizing in the lymph nodes
We have treated a woman with about 50 such lesions extending
from her right thumb to the axilla Seven climcians and two
pathologsts had failed to make the diagnosts or even to make the
special fungus cultures which make the diagnosis easy Diagnosts
15 vital, for treatment is very satisfactory. Saturated solution of
potasstum 1odide 1n doses of 5-20 drops to tolerance three times 3
day 1s speatfic and curative.

LiPODYSTROPHY

Lymphedema should be carefully distinguished from lipodys-
trophy, which is also common among women and has a somewhat
similar appearance. Thete is no pain or inflammation and it 15
aggravated by standing and warm weather. Lipodystrophy is char-
acterized by generalized obesity, especially over the hips and
thighs. Although 1t 15 generally panless, 1n many instances there
1s deep tenderness on palpation. Cellulstis is not typical of lipodys:
trophy, nor is pitting on pressure unless there is accompanying
edema.

TREATMENT OF LYMPHEDEMA

Medical treatment is sufficient 1a mild cases An affected ex-
tremity is elevated to the point where maximal reduction in size
is obtained It is frequently necessary for the patient to be in bed
with the extremity elevated to a 45 degree angle for as long s
10 days. The objective is to permit maximal emptying of the
fymphatic vessels and tissue spaces. With the cxnemirx elevated
the fluid tends to migrate toward the areas where the tissues ar¢
drained by normally and partially functioning lymphatic :h.mn.cls.
Once the size is reduced to the fullest extent possible, the patient
should wear a support whenever he is out of bed. This mav be a
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properly fitted, heavy elastic stocking ot a pure rubber roller band-
age measuring 3 m. by 15 ft. applied over a lisle stocking The
foot of the patient’s bed should be elevated at least 12 in and he
should always sleep with his bed 1n this position 1 order to permut
sustained, continuous mghtly dranage of the extremuty

Fic 103 —Operation for chronic jymphedema Outline of wncision Shin 15
undesmined for 75-100 per cert of leg s ucumference, and supetficial and deep
2512 with outhined shin removed en masse Cross-section _shaded arez outlined
by dots shows section of shin and fascia ta be removed (Figures 103-107 from
Pratt, G H, and Wrght, I 5 Surgical treatment of chromic lymphedema
{elephantiasis), Surg, Gynee & Obst 72 244, Feb 1, 1941 )

For patients with pronounced lymphedema or venous edema of
the arm the Foley elastic sleeve, which extends from the axillary
Area down to a haif-glove over the hand, 15 helpful If the fingers
are swollen a rubber surgical glove may be worn 1n addition This



Fic 104 (abore} —Outhned shin and superficial and deep fascra bung re-
moved en masse from two thirds of total area of leg

Fio 105 (belou j ~Broad-based pedicte tube gratt being preparcd, with base
1n buttock abote area of cutaneous lymphatic blockage.

490
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has helped to reduce edema in many patients, but failuses do occur,
depending on the process causing the obstruction {sec Fig 98)

These measures should be begun as early i the course of the
disease as possible and continued indefinitely Some patients show
marked improvement, but for many there is no complete cure.

m‘f;i 106 ~d4, graft 1n place B, after plasuc operation to complete leg ex

The am of therapy, therefore, is to minimize the degree of swell-
g This 15 extremely important, since otherwise edema of disfig:
uang of even disabling proportions may develop later

The repeated attacks of cellulitis and generalized systemuc re-
actions are treated by rest in bed and such chemotherapeutic and
ntibiotic agents as seem indicated Continuous sulfonamide ther-
2py prophylactically in severe cases may be worth trying  Autog-
nous ‘>?ccines have failed to give satisfactory results

Sargical treatment does not come withun the scope of this book
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It 1s worth mentioning, however, that in extreme cases a modified
Kondoleon procedute, developed by Ghormley, Pratt and others,
sometimes 15 satisfactory (Figs 103-107) The longest period due-
g which I have observed a patient after this operation 1s six yeas,
af\d improvement 1n the size of the leg was persistent This pa-
tient’s leg, prior to the surgery, was enormous, measuring 35 10
n arcumference at the ankle (Fig. 107, A) Following operation

Fi16 107 —Chrontc lymphedema 1n man, 21 A, leg arcumference above ankle
35 1 before operatton B, leg three months after operation, arcumference 10 10
“Three years later reduction of leg circumference was marntamned despite active

daily work

by Dr. Pratt the circumference was reduced to 10 1n, and remaned
s0 (B). In other patients there has been a recurrence of the sweil-
ing within five years,

This proceduse should be reserved for patients with severe in-
volvement, They should be carefully prepared by prolonged cle-
vation of the leg and administration of sulfonamides or pcmclllm
empitically. The skin is undermined until three fourths of the
arcumference of the extremity 1s exposed. The muscle fascia 15
100 per cent removed so that the skin can become directly at-
tached to the muscle and hence the lymph can drain through the
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rusculas Iymphatics, Thus 15 of great wwportance. For details re-
garding surgery, see the reports by Ghormley, Peatt and others

RLFERENCES

Alien, £, V 1 Lymphederna of the [ ctology and dif
ferential diagoons, 3 study of 300 tases, Asch Int Med 34 €06, Qeiobes,
1934

Dusker, € K, a0d Field, M. E  Lsmphatses, Lymph and Tissue Flud (Bal-
tmote Willisms & Walkins Company, 1933
Ghorsley, R. K , and Overtan, L, M The surgies] treatmeat of sevese forms of
o i d-resules, P

of the A seudy of s, Proc

Sef Met, Muyo Chin 9 564, Stpt 19, 1951, Swig, Gynet & Obst 61 83,
July, 1935,

Homans, J  Phlegmasia atbe dolens and the selation of the fymphatics to
wombophlebstis, Am, Heart J. 7 415, Apnl, 1932

~~——; Dnnker, C K., and Freld, M E  Elephaotiasis and the chnscat -
pheations of rts expenimental reproduction sn aausals, Ann Sucg 100 812,
Qctaber, 1934

Ludack and McMaster quoted by Alfen, £ V, and Ghormlep, R K Iymph-
ederoa of the extrenuties Etwlogy, ctassfication and treatment, sepost of 300
¢ases, Ann Int. Med 9 516, November, 19335

Matzs, R. The surgical treatment of elephantiasis and elephantod states de-
Ppendent upon cheame obstruction of the lymphatic and venous channels, Am
J Trop Dis 160, July, 1931

Middleton, D $ Congenutal Iy mph fbrous {eleph
congenita fibrosa by mphangicctatica), Bt J Sutg 19 356, Januasy, 1932

Milroy, W, F+ Aa undescibed vanety of heredutary edema, New York M J.
36 505, Nov 5, 1892,

"‘;}y Chromue hereditary edema  Miltoy’s disease, JAMA 91 1172, Ot

), 1928

Pra, G B The Swrgual Treatmens of Vascular Duseases (Phiadelphua Lea &
Eebiger, 1949)

~—— and Wnght,1 § Susgscal tseatment of chronic hmphedema (elephan-
hasis), Susg, Gynec & Obst 72 244, Feb 1, 1941




CHAPTER XXVIII Tumors of tlle Blood nlld

Lymp}x Vessels

GroMus TUMORs

THE MINUTE arteriovenule shunts known as glomera ate subject
to nonmalignant growths which have been called glomus tumor,
angiosarcoma, penthelioma, painful subcutancous tubercle, glo-
mangioma, tumor of the myoneural-arterial junction, subungual
tumor and angioneuromyoma, Masson and Barté first described
this pathologic entity 1 1924.

The cause of glomus tumors is unknown. ‘They may follow 1n-
juty to the area i which they are found, but ordinanly no signifi-
cant history 1s lable Most of the sub 1 and finger tumors
reported have been in females Rarely, the growth is maltiple

PATHOLOGY

The tumors are seen 1 vivo as minute, bluish, subcutaneous
pownts. They seldom elevate the skin, They are most frequently
found under the nail and appear through the nail as a slate-gray
spot (Fig 108). They may occur in many parts of the body, super-
ficial and deep. The linings of joints are occasionally inmvolved
When resected they are fitm and encapsulated and richly supplied
with minute blood vessels.

Microscopcally the tumor consists of a fibrous capsule filled
with masses of "glomus cells” and vascular spaces (Figs. 109 and
110). Under high power magnification the vesscls are found to

403
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be loned wath a single layer of cadothelial cells with a sustounding
fibrous layer. Xrsegularly arsanged around the vessels are masses
of auboid or rounded tumor celfs which Masson desceibed as epr-
thelioid. Msxed with these cells are smooth muscle fibers, cithee
well deseloped or in embryonal form Masson believed that the
afferent vessels have more ordetly musculat coats than the other
tessels in the yumor.

The glomus celis are Jarge and have well defined outhines, cach
with a large central nuclens The cytoplasm is pale and often vac-

glomus

Eic 108 —Common wte of glomus tumors

uolated. Some cells contarn short smooth muscle fibers 1a the cytor
plasm Mutotic figures are occastonally seen The collagen fibers
shich form a meshwork between the tumor cells are continuous
i the tissue stroma which separates patts of the mass Bundes
of myclinated aerves enter the tumor with the affereat artery and
ate dustributed without myelin sheaths among the masses of glo-
s cells (Fig 111) The fibers usually termmate i end-plates
@ the stroma and in the cytoplasm of the tumor cells (Fig 112)
T:he large collecting +enule 15 made up of single-walled endo-
thelium usually with rather swoflen, closely placed cells The tu-
men 35 crossed with valves and may be subdvided by septums

(Fig 113),
SYMPTOMATOLOGY

The t_iuculored mass may be present for some time and, unless
traumatized, cawse no discomfort Paa, the outstanding symptom,



LS
3( SRELE
IR g ',;

Yi

LNt

;
Y~

Fi6 109 fabote) —Encapsulated glomus tumor showing vascular spates and
masses of tumor cells

FiG 110 fbelow) —Diagtam of structure of glomera from which glomus
tumors deselop (From Popoff, N. W+ Arch Path 18 295, September, 19315
reproduced by permission }
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Fic. 111 (abore) ~—Nerve fibers runming betwcen groups of glomus tumor
cclls In lomer part of section are vessels outlined by swollen endothelial cetls

Fi6 112 fbelow) —High power magmfication showsng nerve end plate
adyacent to glomus tamor cells



498 VASCULAR DISCASLS

15 exquusite and severely aggravated by pressure on the tumor.
Occasionally 1t 1s not present. If the tumor is in a finger the pan
usually radiates upward, frequently to the shoulder and neck.
Paroxysms of distress may occur without trauma and last for mun-
utes or hours They may be mutiated by changes in temperature

. . X Pt
il t-

Fic 113 —Glomus tumor sinus with valves and septums dividing it

and especrally by cold. The tumor is usually 3-5 mm, 1n diameter,
one of 3 cm. has been reported Vasoconstriction or sometimes
vasodilatation of even major vessels of the extremity 1s often asso-
cated with the attacks of pun Horner's syndrome occasionally
occurs on the affected side when the lesion 1s 1n the upper ex-
trerity. Burning, warmth and sweating of the upper extremity
and half of the face on the affected side have been reported.
Subungual tumors are in general more painful than subcutane-
ous ones. The symptoms usually become progressively more severe.
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DIAGNOSIS

The history of agonizing pan and the presence of a minute,
nonelevated mass, frequently reddish of bluish, are usually suffi-
cieat to make the diagnosis Pan and tenderness are not mvari
ably present Microscopic demonstration of the process 1s necessary
to confiem it. Reflex changes n the vascular bed assoctated with
the pain, such as vasoconstriction as demonstrated by reduced osal-
lometric readings, lower temperatures or increased sweating on the
affected side may accompany the lesion.

Superficially the tumor most nearly rescmbles the slate-gray
mak left by puncture of the skin with a lead penail The latter
tepresents a form of tattoomng and 1s not permanently painful
Such 2 wound must be borne 1n mind 1a differential diagnosis of
Iesions of the hand, although I have seen lead penal matks also
on the skin of the face and trunk. Other conditions from which
these tumors must be diff d are. (1) 1 which
are usually mote ted, more superficial and painless, (2) fibrous
tumors of the skin, which are more elevated, not tender and less
vasculaz; (3) neoplastic skin tumors, (4) exostoses of the bone,
which cause pain, tenderness and localized swelling but are easily
tdentified by x-ray, (5) melanomas, with their black pigment,
(6) neuromas without muscle or vascular elements; (7) sarcomas
of the blood vessels, (8) subungual papillomas, which are not
discolored; (9) subungual corns, which are usually very painful
but not discolored, (10) subungual enchondromas, which are usu-
ally multple; (11) sub 1 angic , which grow rapidly
and are radiosensitive, (12) Boeck’s sarcosd

TREATMENT
The only successful treatment 15 complete surgical excision,
Adair described the procedure 1n a report of 10 cases in 1934
In many cases the nail has been curetted away and the tumor ex-
posed, with severe aggtavation of symptoms Because of the mi-
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nute size of the mass, careful dissection 1s necessary. Local anes-
thesta of the finger 15 dangerous owing to the high degree of
vascular spasm, so fisk of gangrene following removal should be
avotded by use of a general anesthetic Complete relief of symp-
toms follows correct surgery. Histologic studies should always be
made of the tumor to venify the diagnosss.

Since nothing is known of the etiology and aggravating factos,
no advice can be given the patient regarding the prevention of
development of more tumors, but multiple tumors are rare. Re-
currence of the excised tumor 1s unlikely if it 15 Comple!ely re-
moved

Two illustrative cases follow.

Case 1 —This represents the more common type of glomus tumor
The 44 year old wife of a physician complaned of agonizing pan and
tenderness involving the right fourth finger of four years duration
The pain was so severe that she had been unable to do her housework
and spent most of het time protecting her hand from any form of in-
juty. She had seen 22 physicians, most of whom had diagnosed asthritic
or theumatic 1nsolvement. Among various other conditions suggested
were peripheral neuntis, gout and tumor of the bone She had also
been classified as an extreme psychoneurotic, and one physician had
suggested amputation of the finger for relief of the pun

Careful questioning and examination disclosed that the source of
pain was the nail area and that pressure on the nail caused radiation of
excrucating paa up to the neck This 1s charactensstic of subungual
glomus tumors Close search revealed a small, slate-blue spot about
2-3 mm. in size under the nail at the level of the nail fold where 1t
was somewhat difficult to sec Pressure with the tip of a pencil on
other parts of the nuil did not cause a severe reaction, but pressure on
the spot caused the patient to withdraw her hand violently and to ¢ty
Pain radiated from that tny point up into the neck A complete tri
angular excision of the area down to the penosteum of the bone gave
immediate relief The next day the patient was free from pan. The
sorencss of the exasion persisted for a few dsys, but since then she
has had no discomfort

Case 2.--This case e} an unusual festation of glomus
tumor While in the Army I was ashed to review the case of a soldier
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with 2 dugnosis of psychoneurasis for which he was sbout to be
stparated from the senvice, His complaints were of extrerne tenderness
124 paia in the right popliteal space that hept hum from dnlling ot
tdung other physical exercise involving the use of hus legs.

Fuminutica faled to revesl any abnomulity, aad for this rexson
bs had been classified as 2 psychoncurotic. With the tip of a penal,
kowever, one tender pamnt was found from which pun radiated with
extremme severity. A dizgnosis of possible glomus tumor 1n the popliteal
22 ws therefore made. An exploritory operation disclosed 2 glomus
tuzor about 1 cm. in duseter, about 2 cr. below the sarface of the
skun, 20d the diagnosis was confirmed by hustologic study. The patient
wis completely free from the severe pun within 24 hours. He aade
what sppeared to be an uneventful recorery wathia six days and was
returned to duty.

Three months later he was agua seen, compluming of essentully
the sume excrucating pam n the same general arer Although the
fnst glocmus tumor had apparently been removed completely snd the
entire psule was enclosed in the pathologic spetumen, a second glomus
rumar wis suspected This would be an exceptional occurrence. Bevause
of the seventy of the symptoms, 3 second surmeal explonation was
undetihen and a second glomus tumor, tho time about 0.5 au. w
size, was found and removed. Thus dugnosis alsa was established by
TICresCopic examination

One month Liter the patient returned with the suxe symptoms, 1nd
had two glomus tumors not been proved pathologrally, the disgnasis
of psychoneuraais would have been more senously entestuned. How-
ever, agiin an espl peration Wis p d and a third glomus
tumor wis removed. Two more glomas tumors were removed from
this patient within the nest three moaths—all in the same popliteal area.

This is 2 rare and remackable case, but does iltustrate the pos-
sibality of multiple tumors, In general, multple glomus fumors,
when present, do not occur in such close proxumity to ech other.
and seldom are glomus tumors m parts of the body other than
the nail bed as tender and painful as those of thus patient. Occa-
sionally, however, excruciatingly painful glomus tumors are en-
countered in the hning of joint cavities, and in the event of
estreme tenderness in a jomt canity the poswbility of a glomus
tumor must be considered
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TELANGIECTASIA (HEMANGIOMA SIMPLEX; VASCULAR NEVUS)

Telangiectasia occurs i many dermatologic syndromes, includ:
ing xeroderma pigmentosa, acne rosacea and lupus erythematosus,
on simple exposure of the face to wind and sun and on exposure
of a portion of the skin to radium or x-rays. Four types of local
importance are recognized

Spider nevus araneus —This leston arises from a small, pra-
pont to pinhead size, red spot with fine vessels tadiating in many
directions, hence the term “spider” nevus. The lestons are usually
multiple and may be found on many parts of the body They ate
common i the skin of the face, along the lower anteror margin
of the nibs and in the thighs, especially of women Most of them
occur without explanation An increase (n number assoctated with
liver disease is frequently obsetved Occasionally they are attrib-
uted by the patient to nsect bites, but this cause 1 questionable.

Spider news ate often confused with petechae, but pressure with
a glass slide will demonstrate that they fade easily whereas pe-
techiae do not.

Ordinanily they are of such shight sigmficance that no therapy
1s indcated If because of the large numbers or increased size the
patient wishes to have some of them removed, this may be done
by injection of a sclerosing flurd such as sodm morshuate 10 mi-
nute quantities (0 1-0 3 cc ) directly nto the central point of the
nevus with a 26 gauge ncedle The use of a fine application of an
electrocautery necdle to the central vessel 1s also satisfactory

Sendle ectasia (senile vascular nevus ) —These are slightly ratsed
lesions, usually scen 1 elderly or middle-aged persons They ep-
resent marked dilatations of munute vessels of the skin. They may
appear anys here on the body, but the anterior suzface of the trunk
is the usual locatron, They are purphsh or red and range in size
from 1 to 10 mm. They have slight clinical significance and re-
quire no treatment unless for cosmetic reasons, in which case fulgu-
ration is the treatment of choice.
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Hereditary hemorrbagic telangiectasia  (Rendu-Osler-Weber
syndrome ) —Thus syndrome 1s charactenzed by famiial incidence
and the develop of small multiple tel tatic lesions of
the skin and mucous membranes. There is a strong tendency to
hemorchage from the mucous membranes Many females with the
disease have intermenstrual bleeding and frequent epistaxis

A patient was referred to us with a diagnosis of multiple petechial
spots on the shin of her hands and fingers (this 15 a common site of
hemorrhagic telangiectasia) For this reason she was bemng carefully
observed for possible subacute bactersal endocarditis. On superficial
examination the lestons did appear very much like petechial spots, but
pressute with a glass shide caused blanching and careful inquiry con-
firmed the diagnosis There was a famuly history of a sumilar type of
lesion and also of frequent epistaxis and intermenstrual bleeding. As
15 usual in this condition, there was no defect 1n any of the clotting
factors in the blood

Occasionally no famuly history can be obtained because the con-
dition may skip a generation.

Electrocoagulation, radum therapy and application of chromic
2cud and other caustics have been used m treatment of the lestons
It has been reported that blood transfusions have been necessary
to combat the severe anemua resulting from frequent bleeding I
have not encountered a case sertous enough to require transfustons.

Pulsating telangrectasia { pulsatmg hemangioma) —Thss selas
trvely uncommon condstion 1s characterized by elevated red or pur-
plish lesions from 2 to 5 mm 1n dameter which pulsate quite
noticeably. Williams and Snell pointed out that the syndrome 1s
ixequen(ly assocrated with hepatic disease, and 1t has also been
noted with pregnancy and lymphosarcoma

HemaNGloMA

Ewing defined hemangioma as a benign tumor composed of
uewly formed blood vessels, thus differing from hypertrophy or
dilatation of blood vessels already existing In general, hemango.
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mas grow slowly and do not metastasize. More than 70 per cent
of hemangiomas are present at burth, and more than 85 per cent
have appeared before the end of the first year. These are consid-
ered congenital and probably are due to development of embry-
onic islands of mesodermal tissue. Thete 15 strong tendengy to
growth into connecting canals, which become solid cords of cells
They are usually connected with nearby normal blood vessels by
efferent and afferent vessels. There ate several clmical and patho-
logic types of hemangiomas

Nevas vinosus (port-wine stan, birthmark)—This 1s one of
the commonest forms, It 1s a circumscribed or diffuse dilatation
and new growth of cutaneous capillaries and venules. The ovet-
lying skin 15 usually thin and so reveals a dark purplish spot. It 1s
usually congenital It 1s said that about one third of the chuldren
botn have a small nevus vinosus of the ocapital region. Many
disappear as the chuld grows older, but they may extend to nvolve
other areas of the body.

Plexiform angroma (caprilary bemangioma, strawberry nevus).
—Thus 15 2 new growth of dilated arterioles, capallaries and veins
which results 1 a definite enlargement and tumor of the subcu-
taneous tissue and esther flat or warty projections of the skin They
may be extensive. The color 1s usually bright red or purple It 15
difficult to blanch them on pressure These too are considered
congental, It 15 not uncommon to find them 1n mixed connective

tissue tumors such as k grolif and I bromas,
and occasionally they are seen mixed, as capillary hemangiolymph-
angiomas.

Cavernous hemangioma (nevns cavernosus; cavernoma) —
\When the vascular channels are highly diated and the tissue sep-
tums become thin, hemangiomas are called cavernous. Almost any
organ and tissue may be involved 2ad there are often multiple
hemangiomas. If supetficial, they ate dark and may be flat or cle-
vated, arcumscribed or diffuse and may be warty in appearance.
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They may be erectile and pulsating. When close to the skin the

tumors ate scen as bluish, soft nodules not unlike dilated veins

Frequently they collapse on elevation of an involved limb Throm-
bosis aad calcified phleboliths may occur.

The growths may appear at any age and may be circumscribed

ot extend slowly to large dimensions, involving an entire lumb ot

Fi6 114 —Fluctuant mass which appeated i supraclavicular area after the
patient fell off fus trsycle It was thought to be due to rupture of the thoracc

uct, a hemangioma or a hematocele and proved to be the 1ast Two tappings with
a simple size 18 needle and sy inge resulted 1n complete recovery (From Medi-
chrome Series MM—Vascular Diseases, by | § Wright sad W T Foley )

organ In the aged, large t of small h g1 may
be seen (Fig 115)
M by

3 C: or cellular may be
2ad cause death from interna! hemorrhage or anemta

Common locations ate the face, neck, extremities, liver, bone,
stomach and intestines. I have seen several 1n the area of the but-
tocks

One case, T 1 d,

y was g because the patient
some months before had fallen heavily on a pile of cracked rock, land-
ing on the buttocks This mjury had given nise to an artenovenous
fistula which clinically resembled a cavernous hemangioma uatil auscul-
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tation revealed 2 loud double bruit, which clarified the diagnosts of a
fistula * The diagnosis was confirtmed at operation

Duffuse hemangioma is a closely related tumor, It has smlar
structure and may 1nvolve an entire limb Both tumors constst of
markedly diated blood sinuses which appear to represent thin
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Fic 115 —Casernous hemangiomas mvolving left side of trunk and left arm
Seven years presiously this patient began having jacksonzan epileptic seizures be-
Lesved to be due to sumlar hemangiomas 1 the left cortical area of the bran
(From Medichrome Series MM—Vascular Diseases, by I S Wiight and W T
Foley )
walls of veins It 15 frequently necessary to differentiate them from
multiple arteriovenous fistulas, i which case search for bruits and
ncreased oxygen content of the blood i the sinuses may clanfy
the picture However, several cases have been seen 1n which both
conditions were present In older patients x-ray study may reveal

# Rarely, malignaot cavernous hemangromas erode both 2rieries and veins to
produce anastomoses with a double bruit,
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calafication 1 the form of phleboliths scattered th L the
tumor; thrombosis is not uncommon.

Racemose or cirsoid bemangioma—This lesion is a dilatation
and complex mtertwining of altered and newly formed vessels of
small caliber with subsequent involvement of normal vessels It 1s
often seen on the head 1 connection with the Jarge carotid artery
Vizchow compared the lesion to a mass of pulsating earthworms
It begins externally, extends over the neck and scalp, erodes the
skall, penetrates the cranium and may avolve the cerebral or men-
ingeal vessels. A vanety of pathologic changes may be seen, in-
cluding fatty degeneration and hypertrophy of any or all of the
coats of the blood vessels mvolved

TREATMENT

The treatment of hemangiomas 1s frequently unsatisfactory but
1s worth attempting because of the occasional good result. Some
show spontaneous wmvolution, but these are relatively rare The
most effective pracedures are radwm therapy, surgical exaision,
electrocoagulation and injection of sclerosing solutions These re-
quire the skil and equipment of speciahists, therefore the details
will not be dscussed

ENDOTHELIOMA

This tumor may anise from the Living cells of the blood and
lymph vessels as well as from cells elsewhere in the body Heman-
gioendothelioma may include, according to Ewing (1) the doubt-
ful endothelioma of corpus cavernosum, (2) Mark-Wald's mul-
tiple endothelioma of the bone, {3) a slowly growing tumor of
the skin 1n which a moderate number of blood vessels are lined
by many layers of endothelum, (4) an intravascular endothelioma
arising i hemorrhoidal and other dilated verns; (5) fibrocellular
tumors of the thyroid and ovames in which the vessels are too
scanty and the cells too numerous for angioma and many endo-
thelial cells have become dissemnated from the vessel
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The treatment of these tumors—surgery, x-ray and radium ther-
apy—s highly techntcal and should be left to specialists,

PLRITHELIOMA

This tumor anses from epithelsal cells and 15 a specific variety
of angiosarcoma Although originating from blood vessels, it dif-
fers 1n structure from both angioma and endothelioma These
tumors artse 10 the subcutaneous tissue, especially around the anus,
in the orbit, axilla and popliteal space, but not the more exposed
regions They ate also found in the pra mater, bones, breast, ova-
ries, kidneys and carotid glands. Treatment, including surgery,
x-rays and radm, 1s highly specialized

Kaprosr's SARcOMA

This rare condition, described by Kapos: in 1897, has distinctive
clinical and pathologic features Various possible ctiologic agents
have been considered, including infectious agents, trauma, €xpos-
ure to cold and fungi, but there 1s no definite evidence that any of
these is significant. It 15 seen more frequently 1n Russia, Poland
and northern Italy than elsewhere, but 1s not limited to members
of any race Ninety per cent of the cases have occurred 1n males
and generally 1n older people.

‘The first change ts 1n the form of hemorrhages under the skin
at various depths This 1s followed by dilatation of blood vessels
and deposition of hemostderin The next step s nfiltration nto
the layers of the skin, the predominating cells being the so-called
Iymphocytoid cells of Marchand Following this are extensive pro-
liferation of vascular endothelum, formation of new minute ves:
sels and infiltration by lymphocytes and plasma cells Spindle-like
cells are found. In a late stage a definite nodular sarcomatous
appearance may be noted, associated with numerous mutotic

figores,
The lesions are most common 10 the hands and feet, but may
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be found elsewhere, They begin as small, discrete, bluish-red or
reddish-brann, flat nodules Thrombosis may be noted in the su-
perficial veins. Metastasis is common to any organ of the bady,
especially the liver, lungs, gasteoiatestinal teact and lymph nodes.
The progaosis is sertous, death usually occurring in one to 10
years Trestment may prolong hfe but does not save it.

LyMpHANGIOMA

This 1s 2 tumor ansing from and composed of lymph vessels,
thesefore composed principatly of endotheltat cclis and connective
tissue The group includes a variety of slowly growing, usually con-
genital, single or multiple growths of the skin, subcutancous and
deep tissues and muscles of the neck, trunk, lips, tongue, eye, orbit
and mediastinal and retroperitoneal regions They were subdivided
by Ewing into lymphaagi simplex, 3a network
of spaces and vessels of small and medum calibee, lymphangioma
Cavernosum, a system of lymph spaces supported by thin walls and
septums, and lymphangioma cystordes, 2 coilection of large and
small masses of Iymph tissae

Lymphangroma cavernosa ~These tumors usuafly appear at
buth or shortly after and grow rather slowly. They are considered
congenatal, Occastonally they become very large and may mvolve
an eatiee extrematy Most of these tumors occur in the skin or sub-
¢utaneous fissue. Numerous groups of what appear to be deep-
seated vesicles are often preseat Puncture causes drainage of large
amounts of clear fymph that may continue 2 long ume Cavernous
lymphangiomas of the mucous membranes and tongue may be
greatly enlarged and disfiguning. Infection 1s 2 common complica-
tion of Iymphangioma.

Cystic bygroma or Lumphangioma cystoides —These also are
congenital. Mast of them accut i the neck and grow toward the
c?mhd gland and ear or down to the mediastinum and axillary re-
gion The mass 1s thin-walled, eastly compressible 2nd transtitumi-
nates well As is true of most of the foregoing tumors, therapy
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should be in the hands of experts in the treatment of tumors and
malignant diseases X-rays, radium ot surgery, or more than one,
may be utilized. In general, the results are not very satisfactory
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cuarren xxix Industrial and Medicolegal
Medicine: Its Relation to Periplleral
Vascular Disease and Injury

IN A HIGHLY 1ndustrialized country such as the United States 1t 15
important to recognize the health significance of industrial accr-
dents and their relation to previously existing disease Problems
requiting careful study and considered judgment constantly arise.

All injury of a measurable degree results in some disturbance
of the arculation of the blood or lymph systems and frequently
of both The seriousness of the disturbance depends on the type,
the degree and the site of the mjury It 1s inevitable that if major
vessels are involved and the damage 15 severe, the results will be
more sersous than those of slight and superficial trauma, the excep-
tions being the unpredictable development of nfection or other
complications in the presence of slight 1ajury

The general constituteonal and psychosomatic make-up of the
Ppatient has particular bearing on the management of injuries This
has specral sigmificance 1 vascular disease, since many of the find-
ings are largely subjective and m some mstances objective find-
ngs cannot be correlated with the patient’s complaints We en-
counter jndividuals m whom the objective findimngs are shight and
the subjective complamts severe and, less frequently, individuals
with clear objective evidence of circulatoty impaitment but scarcely
any subjective symptoms.
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The vatiation in the ability to endure pain from one mdividuzl
to another and even 1 the same individual from time to time has
been well established. Some types of peripheral vascular syndromes
present excellent examples of such variation and, like some in-
stances of low back pain, offer unusual opportunitses for malnger-
mng. As will be sllustrated in the cases included in this chapter,
each patient should be subjected to 2 complete survey of the vas-
cular system 1n accordance with the technics outlined in Chapter IT
It must always be borne in mind that a local injury which fails to
heal or responds poorly to treatment may be a manifestation of a
generalized vascular disease which is not prominent enough to be
apparent to a casual examiner

For the most part, a careful physical examnation with emphasis
on the nervous and vascular systems 1s sufficient. There are times,
however, when elaborate vestigations are required to establish
a correct diagnosis The following cases are illustrative.

Case 1 —A man caught hus right foot 1n a stamping machine and fell
over backward 1n a distorted position Immeduately the foot and leg be-
came swollen, indurated, discolored and painful. The diagnosis was
severe laceration, teanng and straining of muscles and ligaments and
rupture of the blood vessels of the foot, ankle and calf. Duning the next
few months the signs slowly disappeared, but extreme tenderness -
volving the entire foot to the ankle remained Satisfactory examunation
was impossible and could not include pailpation because of extreme ten-
derness of the skin. Duning the next five years this man was scen by
more than 50 physicians who submitted various diagnoses, including

] various orthopedic cond: of the foot (not confirmed
by x-1ay studies), vascular disease (proper examination was never pef-
formed) and neuritis.

He was refetred by the State Labor Commussioner for a differential
diagnosis. At the time of the first examination there was no evdence
of vascular disease elsewhere in the body. The appearance of the foot
was normal There was no pallor on elevation or rubor on dependence
—twa cardinal signs of vascular dusturb Palpation was fac-
tory because of constant wanaing and withdrawal of the foot. The pos:
tesior tibial arteries were present bilaterally, but the dorsalis pedis
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artery of the left (opposite) foot could not be felt. Oscillometric read-
mgs showed 025 degree excursion over the arch of the normal foot.
They could not be taken for the injured foot because of protestations
of eatreme pan and sensitivity. The temperature of both fect was low,
that of the toes averaging 24-25 C. (76 F.)} Xeray study for bony or
arteniosclerotic changes of the legs and feet showed absolutely no ab-
normality, not even evidence of disuse atrophy. The following study
was then undertaken and a technic was developed which has been found
useful ia other cases,

Tehnte for evaluating pam —The patient was prepared for geaeral
anesthesia Control temperatures of the toes were recorded and repeated
The average temperature of the toes of both feet was 24-25C (76 F)
Cydopropane anesthesia was then begun. Immeduately on completion of
wnductson, motion of the njured foot was found to be free and 1 no
way limited An oscillometer was applied over the arch, and although
the dorsalis pedis could not be palpated the reading was 0.25 degrees
In view of the same reading in the opposite foot and mability to pal-
pate the dorsalis pedis of the left foot, 1t was concluded that the dorsalis
pedis artenies wete probably bslaterally aberrant Surface temperatute
readings repeated at this time showed no change Carbon dioxide -
duction was then undertaken The blood pressure, previously 120,80,

180,100 It then began to

zssure reached its peak, vaso-

P ting for the fall With vaso-

dilatation the tempetature of the fect rose rapidly to an average of

3031 C (87 F) for the toes. The oscillometric readings for the -

Juted foat reached 0 75 degrees and for the normal foot 0 50 degrees

of swing The dorsalis pedis attetses were still not palpable, but with

such adequate response at the dilating pont 1t was felt that absence of
organuc vascular wnsufficiency had been established

The nest phase of the experiment dealt with the question of malin-
gerng ‘The anesthesia was lightened slowly, the test being made for
fesponse to pain by pressure on the supraorbital nerve at the site of the
groove At the pouit whete strong pressure elicited 2 marhed pan re-
sponse evidenced by a restless defensive movement, but while the pa-
tient was still uaconscious, comparative pressures were made on the two
feet Pressure on the normal foot elicited no tesponse, pressure on the
involved foot elicited a clearcut pain response, with withdrawal and
contraction of the body This convinced us that the patient was not a
malingerer and that he had real pan and tenderness, and by elimmna-
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tion of vascular disease we arnved at the diagnosis of pamn of neuro-
gemc ongia

While he was still semiconscious it was possible to examine the sur-
face areas carefully and to map out what appeared to be the involved
zone This corresponded to the distuibution areas of the fifth Jumbac
and first sacral nerves X-rays taken of the corresponding section of the
spine showed the fifth lumbar vertebra displaced antersorly, with sharp-
enung of the articular border. It appeared, th that mal
organtc vascular disease and perspheral neuitis had been elummated and
that the dragnosis was injury to the lower portion of the spine, 1n all
probability incutred at the time he fell over backward n the distorted
posttion For five yeats the attention of many physicians had been fo-
cused on the localized pain 1n the foot

Case 2—This llustrates a simlar type of study The patient was
struck by an automobile while niding a bicycle He was thrown to thf

Several teeth were loosened and his bridgeworh was bent out of shape
The handle of the bicycle struck against his abdomen

At the time I examined hum he complamned that when the night wrist
was placed in the dependent position 1t swelled markedly, rematned
stiff and was cold and pamnful He also complained of pasn in the grom,
abdomen, chest, neck and face and of pain on urtnatron and with bowel
movements The right testicle was extremcly tender He also stated that
be had severe burning pain 1 the night forearm and sharp pains 1n the
precordum and that all food upset his stomach

Buefly, the physical examunation disclosed no obvious evedences of
pathology The patient complaned of pain and tenderacss wherever hus
attention was focused There were two aress of extreme tenderncss
which on pressure produced a marked protective reaction the nght
testicle and the right ankle Complete laboratory and x-ray studtes also
failed to disclose a pathologic process

The test for evaluation of pain (p 513) was therefor
Cycloprop b was ad: i and then 1
pressute on the supraorbital neeve or styloid process clicited 2 defimite
pain response. At that point no pan response could be eliited by pres-
sure on either the nght testicle or the nght ankle The patient was
allowed to regain consciousaess After two minutes of coasciousness,
pressure on the supraorbital nerve ¢hicited 2 clearcut response The

¢ undertahen
htened until
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same amount of pressure on the night testicle and the nght ankle
eliated none After five munutes hus reactions to pressure in these areas
returaed,

The impression was that the problem was largely psychogemc He
did not have organic vascular or other organic disease so far as it could
be d dand 1 led bil occupational therapy
and psychiateic treatment The probable diagnosis was conversion hys-
tena The patient then left the hospital, and instead of having psychi-
atric teeatment went to a surgeon who, taking his complaints at face
value, operated on both testiles. The pathologist of the hospital 1n
which the operations wete performed reported “nio evidence of pathol-
ogy 1 the tissue submatted.” The patrent was returned to me by the
Industrial Commi with all symp greatly ex d

Another test for pain response was then performed with the same
results, except that this time 1t was 10 munutes after consciousness was
teganed before pain response was obtained by pressure on the nght
testicle The 1mpression was the same as 1t was on his previous admis-
sion except that the situation was exzggerated by surgery which had
focused attention on the male gemtal area Careful study by a com-
petent psychiatrist confirmed the smp ‘The d
»as made for (1) psychiatric therapy, (2) occupational therapy and
(3) 2 lump sum settlement.

This test for the evaluation of pain, which I first described some
years ago, may well be put to more widespread use n the study of
cases of this general type.

INjURIES INVOLVING ARTERIES, VEINS AND LyMPH VESSELS

Cutting nguries —With cutting mnjuries one or more blood or
Iymph vessels may be partially or completely severed The imme-
duate problem 15 hemorthage. After the hemosthage 1s stopped,
setious constderations ate whether the vessels can be re-opened and
whether the extremity will suffer as a result of circulatory ympais-
ment due to thrombosis or complete occlusion of the artenes, verns
ot lymph vessels, An important related question 1s whether severed
nerves 1n the injured area may complicate the picture later. Asterio-
venous anastomoses are not uncommon following cutting wounds
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A metal worker, aged 46, was cutting sheets of Allegheny metal with
shears when the metal coiled back, cutting the dorsum of the right fore-
arm just above the wrist. Tendons, nerves, veins and a few small arter-
1es wete sharply severed. The surgeon sutured the nerves and tendons
and higated vessels that were bleeding profusely,

I saw the patient about a year later, when he complamned of marhed
enlargement of the night hand, forearm and arm, especually after de-
pendency. There was extreme dilatation of all the superficial veins of
the entire extremity, and the engorgement extended over the pectoral
area A double brutt extending throughout the heart cycle was clearly
heard at the site of the injury The night hand and arm had become
definutely weaker than the left although the patient was fundamentally
right-handed and the right arm had formerly been extremely strong
When the band was held below the heast level it became practically
useless because 1t would swell Iike a ballaon tn three to five munutes
Oxygen saturation studies showed the oxygen content of the venous
blood to be nearly equal that of the artersal blood and much greater
than that of the venous blood of the left arm This was clearly demon-
strable even without elaborate laboratory procedures, for tn the test
tubes contatning blood taken from the veins of each arm, the blood
from the right arm was much brighter red than that from the left arm

Arteriographic studies showed 2 network of artertovenous anastomoses
at the site of the injury so complex that the vascular surgeons hesitated
to attempt surgery. The sutface temperature of the right hand and arm
averaged 3 degrees (C ) higher than the corresponding ateas of the
left atm Despite the | ! difficul 1f cardiac enl.
common complication of arteriovenous anastomoses—should occut, an
attempt at eltmination of the arteriovenous anastomoses or even ampu-
tation of the extremity may be necessary.

This is an example of a clearcut injury and subsequent disability
There 1s no question that this patient is entitled to total disability
compensation because he 15 unable to carry on his usual occupation
or any work for which he is trained

Penetrating wounds—These ate common causes of arterrove:
nous anastomoses. Hundreds of such instances were scen during
the war and they are not uncommon industry and evea in non-
industrial pursuits in cnvilian life. One of the more interesting
cases | have scen was ina child.
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While the child was ruaning along a street, a par of scissors fell
from the window of the third floor of an apartment house The blades
were open, and one stabbed the pophiteal space The blade was with-
drawn, and despite considerable temporary bleeding the wound healed
faly promptly. A month later the 1volved leg began to increase
size The veins became engorged and swelling appeared in the popliteal
space A brust was heard over the area and the diagnosts was obvious
Surgical excrsion of the fistula and, if necessary, of the adjoining seg-
meats of the popliteal veins and astery was advised Because of a great
tendency for collateral circulation to develop in the atea of arteriovenous
anastomoses, aurculatory msufficiency seldom occurs after this operation

Crashing inyuries—Artetiovenous anastomoses may result from
a crushing tnjury.

For example, a man fell on a pile of crushed rock from a heght of
about 12 ft. He landed sitting down Both buttocks were bruised. Noth-
1ng more was thought of the nadent until several months later, when
1t was noted that the night buttock was becomung much larger than the
left The diagnosis was tumor of undetermined type. When 1 exam-
med the patient a loud double (to-and-fro) brut could be heard over
the entise right buttock, My diag was
due to a crushing injury which had produced a fistula between an artery
and vein 10 the buttack area, Surgical excision of the fistula was recom-
mended The operation confirmed the diagnoss

Details regarding the differential diagnosis of arteriovenous
anastomoses are given tn Chapter XII.

Straiming or tearing of the vascular tree.—Such injury may occur
n 2 wide variety of circumstances It frequently results from a
blow by a heavy object, as by an automobile. As the victim falls,
the leg may be twisted 1nto an awkward position, producing sud-
den, severe tossion on the extremity and the body as a whole This
kind of acerdent 15 wsually associated with other serious immediate
damage, including severe subcutaneous hemorthage of the injured
patt Free hemorthage does not occur unless the skin 1s broken
Secondary vascular complications may 1aclude thrombosis of an
attery or vein, aneutysm, phlebitis, arteritis, edema on 2 venous
or lymphatic basis and occastonally an abscess o hquefying clot
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Arteriovenous anastomoses are not very common in this type of
mjury. The following case 1s illustrative.

A man aged 56 was crossing the strect when he was struck behn
the knces by the bumper of an bile. There were constderabl
strain and brutsing, but apparently no serious mjury, About a year later
a pulsating mass appeared behind the right knee and gradually sncressed
i size. Duning the next several years the mass became larger, but the
patient would not permit treatment. About six years after the accident
a sudden pan occurred 1n the mght foot, The entire foot became cya-
notic and the tips of three toes became gangeenous, There were eatreme
pamn and tenderness in the {ower leg, which became swollen. It ap-
peared that amputation was inevitable.

The diagnosis was popliteal aneurysm and the patient was ad’mmzd

.o B [}

Lot smomean oo« o —mtel o

Pressute caused by the swelling cumphcngd the pictuse. Exploration re-
sealed the pophteal (tibial) nerve strctched tightly over the bulging
mass, which turned out to be a firm clot walled tn by the popliteal
structures. In other words, a false aneurysm had been formed The
entire posterior wall of the popliteal artery was eroded for over an
inch A Matas obliterative procedure was performed.

The tip of the gangrenous fifth toe was amputated, and the patient
never bad pain 1n hus foot thereafter He was kept on a Sanders osal-
lating bed and the foot was put under a thermostatically controlled
cradle at 96 F. Recovery was uaeventful, At the time of operation 3
small aneurysm of the opposite popliteal artery was noted, It was de-
aded to keep this under observation rather than to operate then.

Atterrosclerosis may well have played a part in the preparation
of the arternal wall for the ancurysms In view of the frequendy
with which anearysms ace precipitated by injuty it seemed hikely
that in this case the injury had been at least an aggravating factor
Aguinst this hypothesss is the fact that a year elapsed between the
accident and tecogmtion of the aneurysm. In addition, there is
the fact that the process is bilateral.

Another case illustzating the effects of injury follows.

A man aged 32 was lifting a hicavy box which shipped and fell back



INDUSTRIAL AND MEIDICOLLGAL MEDICINE 519

agunst his legs, producing a severe strain on the muscles and soft tis-
sues Following recovery from a bruise, phicbitis of the left saphenous
ren developed This spread to insolve the peripheral branches and also
proamally to mnolse the femoral vein and veins of the trunk Two
pulmonary and one renal emboli were hnown to have occurred, but
after 18 months the process quieted down and recovery took place The
after-effects are venous edema with a tendency to varicosities of the
saphenous tree.

Similar cases have been seen following such accidents as spramed
ankle and twisted knee,

Mechanmical or chemical erosron —Tins may either imtiate vas-
cular pathology or aggravate an existing vascular disease

Case 1 —A 32 year old laborer had a job carrying bundles of chipped
slate shungles. The chips were sharp and ultimately wore down the shin
of the finger-tips, producing ulceration When fisst scen there was an
angry, infected erosion of the tip of the ught fifth finger He was a
heavy smoker The process suggested thromb 1s obl Ar-
tenographuc studses venfied the presence of a process resembling throm-
boangutss, with penpheral obliteration beginning 1n the smaller artenal
and venous radicles and extending centeally to mvolve the palmar arch
The erosion was an aggravating factor superimposed on an early or
latent case of thromboangutts obliterans

Case 2—A man aged 55 had been occupted for many years as a
wpier of music The work necessitated the use of black k Strong
Pressure against certain areas of the fingers was incidental to graspiag
of the pen Three or four times a day an nk eradscator was used on
the same areas to remove 1nk stans Gradually ulcerations began to ap-
pear at exactly the areas involved by pressure, ink and wk eradicator,
namely, the tips of the first and second fagers and the approximating
surface of the third finger at the level of the distal phalangeal joint
Evidence of arternal thrombosis developed The process wmvolved the
Palmar arch, then the radual artesy, and despite the use of vasodulators,
ncluding typhoid vacaine, abstinence from tobacco and other therapy,
the thrombus, now easily palpable, steadily ascended the arm 1nto the
brachial artery

When after theee months the thrombus reached a pomt about 3 m
below the axilla 1t was felt that a sadical procedure Was essential An
Operation was performed by Dr Robert Ackerly, who removed a prox-
imal segment of the brachial artery A thrombus about 10 in long
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extending into the axillary artery was loosened and removed and tt
artery was ligated proximally, The patient recovered satisfactotdly, §
months later there had been no extension of the process and the ar
functioned fairly well. Sections of the artery showed changes abou
which the pathologists | d to commut themselves The pathologt
process was sundar to thromboangutis obliterans. The history and onse
were not typical Again one cannot be certain that the condition statte:
m a normal vascular tree The irritating factors no doubt either pre
cpitated or aggravated the active pathologic process

PRIMARY AXILLARY VENOUS THROMBOSIS
This 15 not an uncommon occupational disease. The following
case is a notable example

A man aged 32 worked in a printing establishment where he wat
obliged to lift bundles of large sheets of paper weightng 40-70 Ib and
swing them across to a second pile. While at work a co-worker asked
“What 1s wrong with your sight hand? It 1s bigger than your left one.”
The patient examuned 1t and realized for the first time that the entice
right extremity was larger than the left one and was stiff. The next day
the swelling was greater, there was pain, and a large thrombotic mass
was seen 1n the axillaty vemn Superficial vens became dilated 10 an at-
tempt at compensation and mcreased steadily in size, This was especally
noticeable over the bceps, deltord and pectoralss areas Months of rest
resulted 10 slow canalization of the thrombus, but four years later there
were still stiffness, k and marked comp ry diatation of
the collateral veins of the arms, shoulders and chest The patient was
unable to do any physical work requiring use of his arm

In most instances axillary thrombosts does not result from a
single serious injury, being more apt to follow constant xepctxtan
of a type of motion and stram which traumatizes the axillaty vein
and encourages thrombosis This may be due in some cascs to
pinchmg of the subclavian axillary vein by the structures of th‘e
shoulder girdle, e.g, between the clavicie and the first 1ib, It is
important to realize that, although these patients may recover s'uf-
ficiently to be free from discomfort and edema, any occupation
requiring actwity resembling that of the orgmal one 15 very apt

to prccxpitate a recurrence of the syndrome.
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This was exemplified in a laborer who worked with a shovel (pre-
iously mentioned on p. 449). An attempt was made to rehabiditare
hum by teaching hum to upholster the seats of automobiles. 1t was
thought that this would be sufficient change from lus original occupa-
ton of shoveling to permit satisfactory rehabilitation. Howeves, the
muscular action of stretching the matersal over the automobile seat
appareatly traumatized the axillaty vein and thece was prompt recur-
rence of the axllary thrombosis.

For the most part these patients must be re-trained for com-
pletely sedentary occupations that do not require further wmsult to
the involved part if they are to be rehabilitated.

FRESSURE OCCLUSION OF ARTERIAL CIRCULATION

Pressure on an artery must also be considered an important
compltcating factor following trauma.

For example, 2 man suffered a sumple fracture of the tibra and fibula
just above the ankle A cast was applied. The next day his physician
noted that the foot was discolored and removed the cast. The dorsahis
pedis artery could not be palpated at first and the foot felt cold, but
after 2 while the color and warmth retutaed and pulsation could be felt.
The cast was reapplied and the patient allowed to go home, The next
day the patient was suffering from severe pain and was admitted to the
hospital, where the cast was removed The leg was found to be markedly
discolored and cold and no pulsation could be felt above the popliteal
attery This obsetvation was venfied by osallometric readings. Blebs
began to form and the temperature rose to 103.5 F He was very sephic,
swnce all vasodulators were tmeffective and high amputation appeared to
be the only recourse to save his life. Histologic study showed no definite
thrombosis of the artery, the damage having apparently been done by
pressute of the cast on the popliteal artery and the collateral vessels of
the popliteal space Necrosis of the soft tissues was evident throughout
the leg The patient’s life was saved, but at a high cost.

TRAUMATIC VASOSPASTIC DISEASE (PNEUMATIC HAMMER
DISEASE) AND RAYNAUD'S SYNDROME

1:‘0: the develop of traumatic vasospastic disease, two con-
ditions appear to be necessary. (1) the hand or fingers must be
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exposed to repeated, excessive trauma over a period of years, and
(2) the individual must have 2 neurocirculatory make-up which
makes him susceptible. The disease is usually ascribed to the use
of apparatus with high vibration rates (2,000-4,000 strokes per
minute) such as a pneumatic hammer or a shoemaker’s pounding
or lasting machine. I have, however, seen cases in typists, in two
concert pianists, a telephone switchboard operator and a handball

Fic 116 —Traumatic vasospastic dscase due to a single snjury. (From Medi-
chrome Series MM—Vascular Diseases, by I § Wright and W T Foley )
expert, in each of whom a typical vasospastic picture chasacteristic
of Raynaud’s syndrome was produced. In each case it was difficult
to produce the reaction when the body was warm but was rela-
tively easy in a cool The only was change
of occupation. The concert pianssts had to give up their careets.
(See Chapter VI for further discussion.)

Although repeated trauma scems typical of this syndrome, trau-
matic vasospastic disease may follow a single injury, as in the fol-

Jowing cases.
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In July, 1945, a man's left hand was injured by an exploding hand
grenade. The fourth finger was amputated. Three years later the re-
maining fingers easily became cold and cyanotic and, 1 addition, fre-
quently showed evidence of typical attacks of Raynaud's syndrome
(Fig 116).

Recently the patrent’s brother m]urcd his left hand in the acadental
finng of a nfle The bullet passed through the palm, no fingess were
last The wound heated, but traumatic vasospasm developed that was
quite sumilar to that 1n hus brother’s hand, This either 15 an extraor-
dinary comadence or indicates that, 1 this family, wjunes of this
type ate apt to cause vasospastic phenomena.

THROMBOANGIITIS OBLITERANS
Thromt 1s obl is fi ly confused with the late

th
effects of trauma The disease may be present and slowly progres-
stve for many years without symptoms, signs ot recogmition. Thus
has been demonstrated by careful vasculat examunation, wncluding
artersography, 1n extremities previously assumed to be free from
any vascular disease. Trauma, evea though shight, may imtiate a
process which progresses from a nonhealing ulcer to local or mas-
stve gangrene, The question which presents itself to the doctor
concerned with comPensanon or mdusmal mcdxcme 1s whether
the injury or underlying thromboang 15
for the ultimate condstion,

It must be conceded that when the wound progresses without
wterraption from the tume of the injury, the trauma 1s at least an
aggravating factor and as such 1s compensable under the laws of
most states When the wound heals, only to break down later, or
there 1s no evidence of a serious condttion uatil weeks or months
after the accident, the problem is more difficult to evaluate A defi-
fute selationship does not seem hikely 1f no signs or symptoms
whatever are present for approximately three months or more be-
tween the time of the accident, or the tume of healing of a very
miaor njury, and the onset of symptoms When symptoms appear
10 a shorter period the rel hup 15 debatable because th
angiitts obliterans is a low grade process which may be active for

P
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some tiume without causing enough discomfort to focus a patient's
attention on an involved area, Conclusions in each case must be
reached only after careful evaluation of all factors. One should
always remember that most males i1n the susceplible age group
(20-50 years) smoke, and the use of tobacco in itself may aggra-
vate or, indeed, initiate the disease. Selected cases may illustrate
various aspects of this problem.

Case I —A man 42 years old caught his left third finger 1n an ele-
vator gate. The finger was badly cut A large thrombus developed in
the soft tissues and the physicran made a further incision to release the
clot. After more than two years the lesion had not healed Meanwhile,
several incisions in other parts of the body had healed rapidly On the
left third finger was a sharply demarcated, dry, paisful ulcer that -
volved most of the sutface of the tip.

Osallometric readings showed marked reduction of oscillations in
the left wnst (the affected side) Both radial arteries responded rather
sluggishly to the Allen test, and 1t appeared that the functronal capacity
of the left ulnar artery was definitely reduced. Study of the circulation
of the lower extremities showed lack of pulsation of the dorsalis pedis
artery on the night side and of the posterior tibal and dorsalis pedis
artenes on the feft. The feft foot showed 24 rubor on dependency,
14 pallor on elevation; the nght foot did not show these color changes
The blood sugar content and cell count were within normal limits
Sed rate by the W method showed a 60 mm drop
1 one hour.

In view of the generalized evidence of vascular disease, it was be-
lieved that this pattent had early but fairly widespread thromboangutis
obliterans and that this explained why the lesion of his left finger had
failed to heal Nevertheless, 1f we accepted his statements that he had
no symptoms puior to the acadent, that lesions in other pasts of his
body had healed while the finger remained uphealed, and that his
current disability was confined to the lesion of thc'ﬁng:r, we x'nyst t‘:ﬂ'

side:
case
the 1

UTpe— - . s
ob)Iu:rznsA It was recommended that active attempts be initiated to heal

the lesion, including total, permanent abstinence from tobacco, admin-
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sstration of typhord vaccine and application of warm soaks. The prog-
nosss 15 good if the patient follows this régime precsely

Case 2—A man gave the bistory of having struck hus nght hnee
aginst 3 table 15 months before he was scen The hnee was moderately
pawnful at the time, but he continued his work During the neat nmight,
at watk, the leg paned hun sevecely and he asked to be allowed to go
home He was away from work for the greater part of five or six weehs
The knee was swollen the day after the acaident and 2ppeared slightly
brussed, but there was never an open leston. The hnee was strapped and
short wave diathesmy treatment gnen The symptoms disappeared

At the time of hus first visit to our clinic 15 months later, hus com-
plunts were referred to both feet, especially around the areas of the
first toes. The discomfort was of recent origin. His feet felt cold and
numb, They developed 2+ rubor on dependency but no marked pallor
on elevation. The left dorsalis pedis astery could not be felt The nght
dacsalis pedis artery and both posterior tibil attenies were palpable.
The radsal and ulnar arteres were actne bilaterally There was a masked
dimtnution of the oscillometric readings for the left leg

It was our impression that this was an early case of thromboangutis
obliterans unrelated o the acadent to the knee The reason for thus
decision was that the symptoms 1n the mnjured hnee had completely
substded, 15 months later symptoms had developed 1 the tips of his
toes and there was definite evidence of occlusne vascular discase. It
was felt that he did not have a compensable lesion at the tume of the
examinzhion

At times, thromboangutis obliterans figures in malpractice suits

For example, 2 man aged 29 had what appeared to be 2 sumple
paronychial nfection around the left first toe The surgeon decided to
establish surgical dramage and as a prelimunary procedure mstituted a
procaine block around the base of the toe, using the standard procaine-
epmephrine solution After the injection the entire toe promptly turned
dead white and never regained normal color The next day st was black
and mummification had set 1n After the anesthesia, and not uatil then,
the surgeon palpated for the dotsahs peds artery and found 1t occluded
The toe finally demarcated and was amputated The patient was suffer-
1ng from thromboang; bl which was undoubtediy present be
fore the operation With the deeper vessels occluded, the 1jection of

pinepk sul ly app ly reduced the potential circulation
to a level incompatible with life of the tissues
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The lesson in this case is obvious. No surgery, however simple,
should be undertaken on the extremities before the status of the
peripheral cicculation 1s determuned. The surgeon who neglects
this precaution lays himself open to malpractice suits

A similar case was seen in which a surgeon lost the second
finger of his right hand because of insufficient study of the circula-
tion before a procaine-epinephrine nerve block was established at
the base of the finger.

BLOOD DYSCRASIAS
Occasionally hematologic disturbances confuse the picture

For example, a painter slipped and fell down a few steps, striking the
right knee, three years before our examination. The knee was scratched
at the time of the acadent but did not cause appreciable pain The
foreman sent him home and the patient painted the wound with sodine.
That night the knee began to be warm and uncomfortable and the next
morming it was very red and swollen, Three days later, when a physician
first saw 1t, anfection was rapidly spreading Shortly thereafter the pa-
tient was admutted to a hospital, where he was repeatedly operated on.
For some months there was a considerable amount of purulent drainage
After about five months he began to wotk but was unable to continue
for more than a few days at a time For threc years he repeatedly at-
tempted to work but had been unable to contiue

At the time of our hus leg was definitely swollen He
complained of fatigue, extreme nervousness and weakness. After a few
hours he would feel unable to continue his work despite the fact that
his fellow wotkers considered hum psychoneurotic. This fusther de-
p(csscd him, Duning examsnation it was noted that the mucous mem-
branes were plethoric. Blood pressure was 132/98. The spleen was
palpable but not extremely enlarged. Osallometric readings were nor-
mal and the attenal pulsations could be felt at all normal points. In
ordet " "
day v
CLIS v conm =vom . . S
evening. There was 2 slight, certainly not pronounced, increasc 1n s12¢

of the legs. The most sigmificant finding was a red blood cell count of
400,000 with 21 Gm. of hemoglobia. Further study disclosed typical
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polycythemia vera which was not due to the oniginal injury It yielded
sather promptly to therapy

Thus is another ple of the imf e of ing the pa-
tient as a whole rather than concentrating exclusively on the his-
tory and site of the wmjury.

ARTERIOSCLEROS!IS OBLITERANS

Arteriosclerosis obl Iike thromboangutis obli may
be present for years before it is recognized. Frequently an open
lesion from a major or even a very minor injury will not respond
to therapy of any kind, From even the most tuvial leston, serious
complications may be anttcipated, including nonhealing ulceratron,
local gangrene, secondary infection, more massive gangrene, pos-
sible amputation and, not infrequently, sepsis and death There-
fore any Jeston 1n an older person must be cared for with the
greatest of detail, and 1t is essential that an over-all study of the cir-
culation be made 1n order to evaluate the relationship of the gen-
eral vascular status to the local lesion,

It must be remembered that sudden occlusion in an arterio-
sclerotic artery may occur at any tme. The individual may be
walking down stairs or he may be mn bed It 15 mevitable that a
certain percentage of such occlusions will occur while the individ-
ualis at work These episodes, which are part of the natural history
of the discase, are not constdered compensable under present laws

Therefore, all details regarding any injury may have legal sig-
nificance

For example, 1t was claimed that an arterial occlusion that occurred
shortly after a man's foot shipped while he was gowng up a flight of
stawrs (although he fell back only one step) was due to that incident,
Gangrene of the toes ultimately developed, followed by sepsis and death.

At autopsy the major vessels of the legs and aorta showed profound
arteriosclerosts, and all branches of the zorta showed an eccentric thick-
entng of the intima with some narrowing of the lumen. The thiac artery
showed advanced atherosclerosis, and the coronary astenes also showed
severe atherosclerosis, with almost complete obliteration of the left
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coronary and evidence of 2a attempt at canalizatron. 1t seemed likely that
the patient had generalized, severe arteniosclerosis obliterans, and the
fact that lus foot slipped back one step could hardly be considered the
cause of hus death, although this was claimed in court

SYPHILIS, VASCULAR DISEASE AND TRAUMA

Syphihis may be the underlying disease complicating trauma
A gumma may develop in a slightly traumatized area. Syphilitic
wmfection may be responsible for aneurysms thought to be due to
wjury Frequently an inclusive differential diagnosis 1s not cntt-
cally considered as in the following case

A man 1n hes early forttes was referred by the Labor Department
About six weeks before, during a very cold spell, while driving a bus
hus foot suddenly slipped off the clutch and he struck his feft shin, He
rested for about 2 week and then returned to work ageinst hus physician’s
advice Seventeen days after the accident he suddenly felt a sharp pain
1t has left foot and calf The foot became mote painful and the follow-
ng day several of the toes became gangrenous He was hospitalized.
Absence of pulsation of the dotsalis pedis artery was noted, and the
diagnosis was trauma or frostbite superimposed on astenosclerosts oblit-
erans Treatment was conservative Fourteen wecks later, the gangrene
was still present although alleged to be improved

Careful observation before the patient was touched revealed an sm-
portant pasnt, hitherto unrecognized, namely, that the entire left leg and
foot moved regulacly with each pulse wave. Palpation of the popliteal
space disclosed a walnut-sized popliteal aneurysm. Further exammation
revealed a definite aneurysm of the right popliteal artery, aneurysms 10
both axillary arteties, and evidence of aottic aneurysm, which x-ray
examination later confirmed. The logical explanation for absence of
dorsalis pedis pulsation and gangrene was that a small portion of clot
from the left popliteal aneurysm broke loose and descended the attery
to occlude it.

It is improbable that the episode with the clutch or the cold weather
affected the course of the disease, since sudden peripheral embolic
phenomena frequently take place in the presence of popliteal ancurysm
without trawma  Syphilitic ctiology was considered in view of l.hc
patient’s 2ge and, cspcu:ll't'j', other 2.{-{.:;; of the
Failed to reveal any evidence of artenosclerosis However, the blood
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Wassermann reaction was reported to be negative, and reaction of the
spinal flurd was also negative. An operation for obliteration of the
popliteal aneurysm was recommended, but this was refused About eight
months later an amputation was necessary Detailed study of the aneu-
sysmal tissues gave no clue as to the etiology of the aneurysm It was
quite unlikely that the condition was on a syphtlitic basis. It probably
was due to congenital weakness of the walls of the acteries and a ten-
dency to aneurysmal dilatation sn multiple areas It could hardly be con-
stdered due to a compensable njury

SYNDROME GOF THE SHOULDER GIRDLE

For many years cervical nbs were considered responsible for

the synd of tingling, b, and pallor, trophic
changes of even gangsene of the fingess Lates, attention was called
to the scalenus anticus synd The vascular synd due to

prolonged hyperabduction of the arms, which I ongnally de-
scibed, has been encountered in persons obliged to work with
their arms 1n that position Examples have been seen 1n persons
who rivet the under surfaces of aurplane wings, pant cellings,
work in repair pits under automobiles and at sumlar occupations.
1t 15 often serious enough to require change of occupation These
conditions are discussed at length i Chapter X

‘THROMBOPHLEBITIS

Pressure per se may be sufficient to produce phlebitis, A typical
example 1s thrombophlebitis 1n a vein of the dorsum of the foot
durectly under shoe laces tied so tightly as to produce severe pres-
sute of the vein agamnst the bones of the arch of the foot In
one pattent aged 34 the result was migratoty thrombophlebitis
that eventually involved both legs, both arms and hands, the ab-
dominal and spermatic vemns and m all probability the cotonaty
sinuses The condstion continued for more than 10 months before
subsiding,

'Fhrombophlebms 1s frequently imitiated and aggravated by in-
Juties, many of which seem imsignificant. Why ths is so, 1s duffi-
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cult to determine. The following hypothests has its advocates. The
trauma may initiate a reaction 1n the intima of the vein with local
toughness of the intima and increase in thromboplastin (thrombo-
kinase). This may cause adherence of platelets, white cells and
later ted cells to produce a thrombus, In migratory thrombophle-
bitis bits of clot, bacteria or viruses apparently break off and settle
elsewhere One explanation of why this migeation seldom follows
arterial injury rests on the direction of blood flow. In the arteries
the blood flows peripherally and has limited distribution, whereas
in the veins it flows centtally and can have widespread distribution
If this theoty should be cotrect, why do we not have multiple ar-
terral mvolvement with migratory thrombophlebitis? It seems to
be a specific disease of the venous tree alone. The insignificance of
an injury that may be the wnating cause of thrombophlebitis 1s
ilfustrated in the following case, previously referred to

A nurse aged 23 struck the external sucface of the calf of her leg
agawnst the crank handle of a Gatch bed. A small brutse appeared which
she 1gnored for several days It persisted, however, and 10 days later
presented evidence of local venous thrombosts, with redness, heat and
cordlike swelling The patient was put to bed and cold packs were
applied, but despite months of rest, the process continued locally At
the time, antic lants were not lable, The disease spread to 10-
volve most of the venous system of the bady, including bath arms and
legs, the mesentery, abdominal wall, cerebral vens and probably the
coronary vemns The patient became a complete invalid as a result of
what appeared to be a very mmor but defimite mjury.

Innumetable cases could be cited of more severe injuries that
have initiated prolonged invalidism from thrombophlebitis. One
patient was catrying a box that slipped so that the edge fell agamst
hts right thigh. Another patient had a simular accident while he
was carrying a large swordfish. A third received the full impact
of a large netful of crude rubber which was being swung off a
ship's side. Severe crushing of his abdomen led to multiple throm-
boses and serial thrombophlebitis.
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The type of thrombophlebitis known as primary axillary venous
thrombosis, which does not tend to spread, is discussed in Chap-
ter XIL,

CAPILLARY FRAGILITY

Capillary fragility may be increased by numersous potsons and
chemicals 1 industry. The list of possible agents is long 2ad not
yet completed, and the subject 1s menttoned merely as a reminder
that vascular ifestations of such poisoning should be kept in
mind. In deagf it must be r bered that capitlary fragiity
may be increased by infections, vitamin C deficiencies and other
factors to which the pattent is exposed away from his occupation.

LYMPHEDEMA

Lymphangitts and lymphedema may be a consid n some
nstances If a company sends workers into an area where filarasts
1s endemic, the responsibiity for development of the disease
should be clarified A problem of this type recently arose. An -
ternational company wished to send an executive wto a filariasis
area for three years During the past war the employe had had
filatsasis with constderable edema of the left ankle, some of which
remains. Despite his destre to take advantage of the opportunities
which this assignment presented, we could only advise strongly
aganst P himself to 1nf and the nsk of much
more extensive disabihity,

It 15 smpossible to discuss here all the hazards of mdustnal life
wth reference to theur effects on workers 1n the infinite variety of
envitonments encountered today. An effort has been made to pre-
sent some of the problems encountered 1 our experence and
to provide a suggestive guide to physictans who may be faced with

suniilar situations in their own patients or 1 workers 1 industrial
plants.
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CHAPTER XXX Amputation; Psyclmiogic
and Phrysical Care

UNFORTUNATELY, MANY patients with occlusive artenal disease
still face the loss of one or more himbs - For many the reabization of
this loss results 1n 2 severe psychologic shock, from % huch the pa-
tient may go into 2 depressine state. Recovery from thes depression
may be slow and dufficult for the patient and the family

Although the technics of operatne procedures are beyond the
scope of this volume, there ase certan frequently neglecied aspects
which fall within the province of the family physican.

PREPARATION OF THE PATICNT

“The physiaan who has observed the patseat for weeks o months
and has watched 3 limb become progressively gangrenous 15 wsually
awate of the probabslity of amputstion welf i advance of the tune
for final decssion  Qur expenience has led us to beheve that 1t s
unwase to discuss the matter with the patient untif the finat deasion
has beea azaved at from the medicat powt of vew  Obviaus m-
denision o the part of the physician during several weeks may place
the patient in a senous psychologic state, resulting 1n anorexia.
malantrition, depresston and, 1f diabetes 1s present, disturbance of
the duzbetic control  Such a situation may seopardize the success
of the amputation or even the patient’s bife,

When the decsion seems clear from the medical pomt of view
the faouly and the patient should be told The first question the
patient usually asks 15 “how hugh®" It 1s dufhcult for faymen to
uaderstand that although only one or mose toes may be gangre-

333
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nous the only wise procedure 15 amputation below or even above
the knee. This requires careful explanation that it 15 unwise to
amputate below the level of a blood supply which wall permst
healing and that such a procedure might lead to multiple ampu-
tations, which are very undesirable. We have found that the fol-
lowing statement 15 generally most acceptable. “"The susgeon wll
save as much tissue as he can He will try for a low amputation,
but 1f the blood supply 15 too poor he will have to go high enough
to insure healing. Preliminacy studies, tncluding osaillometric
readings and arteriography, as well as clinical observations, are
not as satisfactory as actual observation of bleeding vessels at the
time of surgery for the final decision.” Most patients are satisfied
with this explanation.

The second question 1s usually “Will T ever walk agan®” or,
stated negatively, “Now I'll never walk again ” It s the phystcian’s
responsibility to overcome this negative reaction  We have found
1t helpful to recount the facts about the thousands of amputees
from World War Il who have learned to walk with a modern
prosthests and the many who are accomplished 1n certain types of
athletic competition, Many patients who requize amputation be-
cause of occlusive atterial disease are 1n the older age group, and
we tell them about patients over 75 years of age who have learned
to get about and enjoy life despite their prosthesis This 15 very 1m-
portant. If the patient does not get over this first psychologic
hurdle, he or she may be a needless mvalid for many years. Wom-
en are apt to be more sensitive than men regarding this problem,
but they too can be brought to accept the situation philosophically
The responsxbxlnty of the phystcian does not end with amputation
1t includes restoration of the patient to normal or mear normal

actwvity.
PREPARATION OF THE STUMP FOR A PROSTHISIS

‘The operation must be so performed as to lcave a good stump
with adequate, firm flesh covering the bone Patients frequently
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complam of pan and tenderness, but tume and proper conditioning
will result in a tough and useful stump capable of bearing weight
for many years without breaking open under strain or chafing,
We have seen an 88 year old patient who had an amputation ag
. age 13 and has worn a prosthesis for 75 years without trouble.

The period of mactvity before and after the operation usually
leads to atrophy of the muscles of the stump, These must be
strengthened to permit use and control of the artifictal limb. As
s0on 25 the stump 15 healed sufficiently, all jomts which will be
mvolved in the use of the artifical lmb must be exercised for
periods of 10 or 15 mnutes to a total of two or more hours a day
The jonts should be moved 1 2ll directions possible, and exercise
aganst pressure 1s excellent. General muscular exercise and reduc-
tion of any excessive werght become more important than ever as
the patient begins to move about, first on crutches or a walker,
then on the artificial hmb.

It 15 also vitally impostant to produce shrinkage of the stump
from the very b This 15 accomplished by the application
of elastic (Ace type) bandages, with reapplication several times a
day to keep constant pressure on the stump. If the shrinkage is not
complete by the time the prosthesis 15 applied, the limb will
sheunk afterward, necessitating repeated addition of extra padding
within the stump socket This 15 seldom satisfactory and often a
new upper section must be made at considerable additional expense

cesstvely tight above, pxoduang a tourniquet effect

A word of warning about the fisk of contraction should be in-
cluded. The tendency of the thigh to contract antesiotly and the
leg to contract posterorly is a natural one If this 1s allowed to
persist, the use of 2 prosthesis may never be possible, When ex-
eraises are begun, someone must help the patient to extend the
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stump and to learn how to do this himself The patient must then
continue to work at this 1n the lying, sitting and, especially, the
standing positions. The good leg must also be strengthened, since
it must be prepared to bear an extra burden. Deep kaee bends
while the patient supports himself on a walker or the backs of two |
chaits will help with this problem.

When the patient first tries to use an artificial hinb he 15 very
apt to become discouraged The following factors are common
causcs of this.

1 General weakness and weakness of the stump

2 Lack of balance

3 Lack of skill in use of the prosthesis.

4 The unaccustomed weight and feel of the appliance

5 ‘The tenderness and phantom pain, which usually wears off

m a few weeks or, at the most, months

6 Final realization that, astde from the pain, this 15 an -

revocable situation,

Here too the physician must supply the needed encouragement
and moral support to tide the patient through this crisis Walking
must be practiced until 1t 15 a smooth, well co-ordinated move-
ment, with the patient well balanced throughout the entite action
When this has been achieved, the pattent will usually be well ad-
justed and the physician will have fulfilied his responsibilty



aresxoic- Methad for Determining
Plasma Prothrombin

{LINK AND SHAPIRO MODIFICATION OF QUICK METHOD)

Reagents
0.1 M sodium oxalate
Anhydrous, reagent grade sodium oxalate, 13 4 Gm. per 1,000 ml.
of distlled water
©85 per cent sodmm chioride
Reagent grade sodium chlonde, 85 Gm per 1,000 m of distlied
water
0025 M caloum chloride
Anhydrous, reagent grade caloum chloride, 277 Gm per 3,000
ml of dsstified water
‘Thromboplastin-caloem chloride miature
To 50 mg. of Maltine thromboplastin in a smali ¢ ge tube,
add 2.5 ml of 0 85 per cent sodum chlonde St wnd 2 wniform
suspension 15 obtained. Thos suspension 18 kept (with constant stir-
nag) at 5455 C. 1n 2 water bath for 10 minutes Cool to 25-26C
Add to this suspension 2.5 ml of 0,025 M alcium chlosde solu-

siightly turbid supemztant fluid and use this solition w the de-

termumtion  Ampules of thromboplastin should be stored mn the
1e box.

Apparatus
1 Water bath, constaat temperature 37 5 C. (Machlett $A484-410
metal, or A H. Thomas £9925-A glass, constint tempecatuse
water bath)

547
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2. 100 X 12 mm. test tubes

3. Copper test tube racks (Army Medical type to hold 100 X 12
mm, test tubes)

4. Stop watch

5. Folin-Wu mmucro blood sugar pipets (Normax, gradiated to con-
tain 01 and 0.2 ml

6. Kahn viewer (if Machlett $A84-410 type water bath 15 used)

Procedute

Blood samples are taken by muxing 4.5 ml of blood quickdy with

0.5 ml of 01 M sodium oxalate The oxalated blood 15 centrifuged

at 1,700 rpm for 10 minutes. The clear plasma 15 transferred with 2

pipet ta a test tube Clotting time should be determined at oace, but

if stored 1 2 refrigerator will temain farsly stable for several houts.

1f prothrombin times are to be determined on 12 5 per cent diluted
plasma as well as whole plasma, make dilution 1 another 100 X
12 mm. tube by diluting 01 ml. of whole plasma with 07 ml. of
085 per cent saline. Mix by tapping the lower end of the tube with
the index finger

The 0.2 ml portions of thromboplastin-calcium chloride suspension
are transferred nto 100 X 20 mm. test tubes with 2 0 2 ml. micro
blood sugar pipet These tubes are placed in a rack along with the
test tubes containing whole plasma or its dilution As soon as the
contents have reached the bath temperature (usually 60 seconds)
the clotting time of the plasma 1s determined as follaws

With a micro blood sugar prpet transfer 01 ml. whole or diluted
plasma to 2 tube containing 0 2 ml. of thromboplastin-calarum chlo-
ride suspension The plasma 1s quickly blown to the thrombo-
plastin mixture while at the same time the stop watch 1s started, The
tube 15 tapped sharply to mix the solutions A small Nichrome wire
sturter 15 1ntroduced and the solution stirred at such a rate that the
stirrer sweeps actoss the test tube from one side to the other two
times per second. The process of stirting may take place out of the
water bath and viewed under the magnifying glass of 2 Kahn viewer.
The end-point, which is the formation of a fibrin clot, s that pout
1t which the fibnn clot is sufficiently stable to be drawn to onc side
by the stuser, thus bringing to view a dlear arca, Record seconds
required to form the clot The clot 15 usually turbid, since the caloum
oxalate formed on calafying the oxalated plasma 15 enmeshed 1n the

clot.
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Norwal standards
Whole plasma, 13-17 seconds
12,565 drlution, 35-42 seconds

tamned easily and qmdd‘yA -
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NOTE —Asterisk (*) indicates reference to illustrattons
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treatment, 377
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1n artersal occlusion therapy, 387
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Angiography, 60
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2
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etiology, 3
multiple, 315
pathology, 312 ff
signs and symptoms, 316§
sites, 316, 3.

surgical, 319 ff
1n youth—comphcations, 316
Anastomoses, 1ntracapullaty, 80%
Anesthesia
10 dragnosis of vascular disease, 58
patavertcbral, for artenal occlusion,

388
Aneurysms, asteral, 302 ff
artenosclerotec, 120%, 121, 129, 302,
305
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stgns and symptoms, 307
10 clavicular stessigos 15 f
dissecting, 303, 305

of thoracic area—symptoms, 306
ctialogy, 302
false, 303

1 poplitcal space, 61, 304 30%
fusiform, 303, 303

pathulogy, 303 ff
popliteal, zs 120‘ 121, 129, 528
saccular, 303, 30!

signs and s)mplums 306 f
treatment,

60 ff
plexsform, 364
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TEsSTs OF ADRENOCORTICAL AND PITUITARY RESLERVE 673

1 Sceretion of supraphy sivlogic amounts of cortisol by an adrenocortical
tumor simulates the admumistration of exogenous cortisol m indueing fea-
tures of Cushing’s syndrome and m <uppressing corticotropin secrction;
the nontumorous adrenorortical tissue ceases to seerete cortisol and he-
comes hypoplastic and unresponsive to corticotropim Removal of the
adrenocortical tumor permits gradual recovery of normal pituitary-adrenal
function.

5 Secretion of excessive quantitics of eorticotropin by an inappropriately
overactive pituitary gland induces adrenocortical hyperplasia and exeessive
seeretion of cortisol The latter leads to the elinical and metabolic features
of Cushing's syndrome.

6 In vinhzing congenital adrenal by perplasia the adrenocortical mech-
anwsm for synthewzing cortisol is grossly mefficient, and a compensatory
merease in corticotropin secretion follows. Under the influence of large
amounts of corticotropin the adrenal cortices become hyperplastic and se-
erete large quantities of the androgeme “by-products” of cortizol. Admin-
tration of cortisol m physiologie doses precludes the compensatory hyper-
seeretion of curticotropin, thus permitting mvolution of the adrenal glands
and a deerease m secretion of androgeme by-produets to normal.

Valuable information concerning pituitary-adrenal funetion can often be
obtammed simply by determiung plasma cortisol or by deternining the
quantity of cortisol metabolites (17-hydrosycorticoids) i the urine Mueh
more can be learned, however, by studyimng the effects which certain manip-
ulations of pituitary or adrenal function have upon plasma or unnary
corticoids The most valuable of these are (1) tests of adrenocortical reserve,
ie, capaaity to secrete cortisol m response to a standardized infusion of
corticotropin, {2) tests of pituitary reserve, 1 e, capacity to seerete cortico-
tropin in respotise to a reduced eortinol seeretion and (3) tests of mitwitary-

hydroxycorticord values are used as the index of adrenocortical activity, 1t
1s possibfe under many of the conditions described to gain useful mforma-
tion from measurements of plasma 17-hydroxycorticoids, urinary 17-keto-
steroids, or urinary *“17-ketogenic” sterowds. The propriety of measuring
17-hydroxycorticoids can be understood from the fact that under most
conditions this measurement reflects specifically the concentration of
cortisol and related compounds m body fluds A relatively simple and
rehiable method of determining urmary 17-hydrovycorticoids is Peterson’s
modification’ of the method of Silber and Porter.?

The tests to be described are based on observations of quantitative
changes during biochemical manipulation of the pitwitary-adrenal system.
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It is clear that the diagnostic precision of the tests can be no better than
the reliability with which the treatment schedule is followed, the reliability
with which complete and carefully timed specimens are collected, and the
technical preciston with which the chemical determinations are performed,
Unless all of these conditions can be assurred the tests may frequently be
msleading,

TrsTs OF ADRENOCORTICAL RESERVE® 4

Principle: The continuous day to day secretion of normal amounts of
corticotropm mamtams the adrenal glands in a coudition such that they
are eapable of a many fold merease in secretory activity in response to an
nerease 1n corticotropin whether endogenous or exogenous This capaaity to
secrete additional cortisol in response to a standard corticotropin test we
refer to as adrenocortical reserve This is diminished in Addison’s disease,
due to loss of adrenocortical tissue; in congenital adrenal hypetplasia, due
to gross inefficiency of the cortisol-synthesizing enzyme systems and
patients who lack corticotropin (e g., patients with paunhypopituitarsm,
patients treated with corticoids, and certain patients with Cushing’s syn-
drome due to autonomous adrenocortical tumors).

Standard Procedure. Urine 18 collected in 24 hour periods (3 am to 8am) each
day and preserved with 5 c¢ of § per cent thymol in glacal acetrc actd Complete-
ness of coll should be ! by d 101 of creatinine content After
1 or 1uore control days the standard corticotropin test 1s performed by giving 50 USP
unets of corticotropin as o constant intravenous mfusion over exactly 8 hours (8am
1o 4 pm.). The vehicle may be either 5 per cent deatrose in water or physiolegic
salino (the latter 13 preferable if Addison’s disease 1s suspected) The test may be
repeated on several successive days if sdrenal wisufficiency secondary to a lack of
ACTH is suspected

Results: Approximately 98 per cent of normal adults excrete from 3 to 12
mg of 17-hydroxycorticoids/day. Lower values are obtamed m children
In response to a single standard corticotropin test about 98 per cent of
normal adults excrete from 15 to 45 mg. of 17-hydroxycorticoids/day. Re-
petitive treatment with corticotropm progressively ephances the respon-
siveness of the adrenal glands, so that if the standard corticotropin test is
performed on successive days, there 1s a stepwise increase m 17-hydroxy-
corticoud excretion from day to day.

In patients with Addson’s discase the excretion of 17-hydroxycorticoids
under control conditions ranges from 0 to 5 mg./day; thus, there is some
overlap between the Addisonian and the normal. There is no overlap of
Addisonian and normal resp to the standard corticotropin test, how-
ever, since no increase m 17-hydronycorticoid excretion is found when
corticotropin is administercd to the patient with Addison’s discase (fig 1).
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Fio 1—Unmnary 17-hydroty corticond values (1) under control conditions and (2)
in re<ponse to an eight hour mtravenous infuston of ACTH 10 (A) patients with Ad-
dison’s disease, (B) normal adults and (C) patients with Cushing’s syndrome as-
sociated with adrenocortical hyperplasta

In other words, the patient with Addwison’s discase has no adrenocortical

e & Syt s vu e g e
to respond to further increases m corticotropin Such mdividuals may
survive under ordinary circumstances but experience frank Addisoman
crices under conditions such as trauma, infection or deprivation of food or
salt,

Patients wuth frank panhypopiturtartsm, ke those with Addison’s disease,
have subnormal 17-hydroxycorticoids Like the Addisonian, the patient
with panhypopituitanism usually exhibits little or no response to a single
standard corticotropin test Like the normal subject, however, the patient
with panhypopituitarism responds to repetitive administration of cortico-
tropm with a stepwise increase 1 17-hydrosycorticoid excretion Adrenal
responsiveness can be restored to normal by such treatment, but when
exogenous corticotropin 15 withdrawn the adrenal glands quickly return to
their unresponsive state

Patients who have reccived exogenous cortisol-like sterowds often exhubit
hypopituitarism with respect to corticotropin As 1n panhypopituitansm
the response of such patients to an mtial standard corticotropin test may
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It 1s clear that the diagnostic precision of the tests can be no better than
the reliability with which the treatment schedule is followed, the reliability
with which complete and carefully timed specimens are collected, and the
technical precision with which the chemical determinations are performed.
Unless all of these conditions ean be assurred the tests may frequently be
musleading. '

TEsTS OF ADRENOCORTICAL RESERVE? 4

Principle: The continuous day to day sceretion of normal amounts of
corticotropm maintams the adrenal glands in a condition such that they
are capable of a many fold mcrense 1n secretory activity in response to an
merease i corticotropm whether endogenous or exogenous, This capacity to
seerete additional cortisol in response to a standard corticotropin test we
refer to as adrenccortical reserve. This is diminished m Addison's disease,
due to Joss of adrenocortical tissue; in congenital adrenal hyperplasia, due
to gross inefficiency of the corttsol-synthesizmg enzyme systems and m
patients who lack corticotropin (¢ g, patients with panhypopriwitarism,
patients treated with corticords, and certarn patients with Cushing’s syn-
dreme due to autonomous adrenocortical tumeors)

Standard Procedure- Unine is collected 1n 24 hour periods (8 a m. to 8 a m ) each
day and preserved with 5 ce of 5 per cent thymol in glamal acetie aeid, Complete-
ness of coll should be d by det ton of ereatinine content After
1 or more control days the standard corticotropin test 1s performed by giving 50 USP
unitg of corticotropin ag a constant intravenous infusion over exactly 8 hours Sa m.
to 4 pm) The velucle may be either 5 per cent deatrose i water or phjsiologte
saline (the Iatter 1a preferable if Addison’s disease 1s suspeeted). The test may be
repeated on several successive days if adrenal msufficiency secondary to a lack of
ACTH 1s suspected

Results: Approzimately 98 per cent of normal adults excrete from 3 to 12
mg. of 17-hydroxycorticoids/day. Lower values are obtamed m children
In response to a single standard corticotropin test about 98 per cent of
normal adults excrete from 15 to 45 mg. of 17-hydroxycorticoids/day. Re-
petitive treatment with corticotropin progressively enhances the 1espon-
siveness of the adrenal glands, so that if the standard corticotropin test is
performed on successive days, there is a stepwise increase in 17-hydroxy-
corticoid excretion from day to day.

In patients with Addison’s disease the excretion of 17-hydroxycorticods
under control conditions ranges from 0 to 5 mg./day, thus, there 15 some
overlap between the Addisoman and the normal There is no overlap of
Addisonian and normal responses ta the standard corticotropm test, how-
ever, since no ncrease in 17-hydroxycorticoid excretion 1s found when
corticotropin is administered to the patient with Addron’s disease (fig. 1).
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farge quantities, thiss suppressmg corticotropm seeretivs, and atrophy of
the non-twsmorots adrenocorttenl tivge Tollows This ~tuationt ty analogors
tothe one m which evogenuiy cortivol suppresses cortrcotropin and intduces
adrenocortical atrophy. By repetitn ¢ adnunntration of corticotropm i s
poreife to correet the unre-ponavencss of the non-tumorous adrenal
ticue Therefore, begmning from o igh bawelime {due to cortinol from the
autononwus tumar) i postile to bring about 4 further stepwise fnerease
i wrmary 17-hydrsyeortieonds through o ~cries of corticotropin test~,
Paticnts with Cushing’s synid: and bilateral ads hical hyperplasia
wsaally have supernormal adrenal responsiveiess to standand corticotropan
tests (fig 1), amd thin 15 probably o consequence of chrome muld excess
of costicotropsn Pollowing suecefud treatment of Cuding’s o ndrame
by any means responviteness ~ normal  Supernosmal adrenocortieal
responsientss v pot ynanably seen i Cuslung's syndrome and adrenal
hyperplasia, of our last 27 patients with tus condition 4 hasve had normal
adrenal responsieness Three of the four were lews than 15 years of age
Followng adequale treatment by means of sublolal adeenalictomy patients
with Cuslung’ syndrome due to adrenocortieal hyperplasia bave hitle or
no adrenscortieal meeerse Sueb patients tewemble those wath Addinon™s
diegae i that thetr adrezld remsants are already fanetiotng maxintadly
Tius statement woskd not apply to pattents 1o whom adrenal resection was
not madieal ensugh to brng about a sub-bantial decresse m 17 bydroay-
cortsconds
In patients with nreshang congentlal adrenal hyperplasia adrenocartieal
rexen e v moderately or markedly denniched  In this canhtion, the adrene-
cortical mechanteny for synthe-izing cortisol 1y grosely mefficient, and con-
requently there s 2 compencatory merease m weeretion of corticotropin
The wefficient adrenal cortex i often able tien to secrete normal quantities
of eortisol, but in the process there 1 gross hypersection of the by-prodacts
and precursors of cartiol, scome of which are andrageme and some of swhich
are excreted as 17-ketosteroxds In the mare severe cases, even maximal
stimulation of the adreral cortex fauls to rare corticol ~ecretion to normal,
thewe individuals exhsbit no adrenogortical reserse when the standard eor-
trcotropin tect 1y adounstered In lesw severe cases submaranal adrene-
cottical stunulation 1s sufficient to brnng cortise! seerction up to normat.
In re~ponse to the maumal <timulabien of the standand corheotropn test,
the adrenal glands of thewe patients can seerete additional cortisal, but the
merements my cortisof sectetion are less than those seen m normat mdavid-
uals

Teyrs ofF Prioirany Resenves: s

Princrple. Normally a decrease n zostisol secretion results in an merease
wn secretion of corticotropn by the pituitary The capacity of the priuttary
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Fia 2—Urmary 17 hydroaycorticonl values under control conditiony and 1n re-
sponse to eight hour intravenous mfusions of ACTH m (4) a patient with frank
panhy popitwitarism (a sequel of postpartum hemorrhage), and (B) a patient with
rheumatord arthritis who had just been withdrawn from corticord therapy after one
year of continuous treatment

be neghgible, but with 1epetitive strmulation adrenal responsiveness can be
restored to normal An mmportant difference between the patient with
organic panhypopituitartsm and the one whose secretion of corticotropm
has merely been suppressed by exogenous corticotds is scen m the sequence
of events following complete withdrawal of exogenous corticosteroids and
corticotropimn Over a perlod varying from several days to several weeks
when corticotropin has merely been suppressed there will be a gradual
recovery of adrenocortical reserve whereas with orgame panhypopituitartsm
there will not (fig 2)

Incidentally, since exogenous cortrcotropm acts directly on the adrenal
cortex, 1t is possible to rule out the diagnosts of Addison’s disease without
withdrawing supportive corticosteroid therapy Ior esample, a patient
suspected of Addison’s disease could be treated with desoxycorticosterone
acetate 5 mg /day and dexamethasone 0 5 mg every cight hours through-
out the study; unless the patient on such a regmmen has Addisen’s disease
corticotropin tests on five successive days should always induce a substan-
tial mise in urinary 17-hydroxycorticonds,

Certarn paticnts with Cushing’s syndrome due to adrenocortical tumors have
Little or no adrenocortteal 1eserve, In thiy group of patients the tumors are
unresponsive to corticotropin The autonemous tumors seerete cortisol in
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Fra 3-Unnary 17 bydroxy cortieand values under control conditions and i re-
rpanse Lo 515 4583 1a lef0) normal sdubts and (right) 16 piticnts with “hmited pite
tary rescrye, * The fuct that alf 16 patrenty were able to respond to standard ACTH
tests {extreme right) andicates that thetr fatfure to respond 10 SU 553 was not ow-
ng ta fack of adrenocortical reserve

corticonds and none of them renwred adretal substitution therapy under
ordiary conditions. They dud not, thorvfom, fall utto the category of {mnk
panhypopitustansm Al 16 of them resg 4 to a standard cor P
test, so they did not fall o the category n( Umited adrenocortical reserve
Since they did not respond to an SU 4883, 1t 1« mferred that the cortico-
tropun-ecreting mechanism lached the capacity to increase its activaty in
the face of requirements for nddmunnl cortieotropin  In short, pituitary
“reserve” was Junited, lucidentally, 5 of the 16 patients were known to
have suffered adrenal sufficiency durmg eprodes of infection or trauma,
suggesting onee sgain that although thewr corticotropm-secreting mech-
amsms were adequate to meet everyday requirements they were not capable
of merensed actinvity in response to further veeds for carticotropus

Not alt patients with pimtary lesions have lmted pstwtary reserve. In
the study referred to ahove pitustary reserve was found to be grossly normal
10 3 of & patients with chromaphebe adenomas, 3 of 3 patients with ac-
romegaly and 3 of 6 patients with cachena. Lack of resenve capacity to
secrete corticotropin was not necessanily correlated with thyroid function
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gland to secrete corticotropm in amounts greater than required under
ordmary eonditions might be referred to as pituitary reserve. If the test
subject has adrenocortical reserve it 1s possible to evaluate major changes
m endogenous corticotropin by observing changes in adrenal steroid secre-
tion. A eonvenient way of stimulating corticotropin secretion is to inhubit
cortisol synthesis by means of a selective inhibitor of 118-hydroxylation
Under such conditions an increase 1 corticotropin secretron results in a
rise in adrenocortical seeretion of 11-desoxy-cortisol or compound 8. Com-
pound 8 and its metabolite tetrahydro-S are measurable as 17-hydrosy-
corticords m blood and urme. Stuce compound S is meffectual as a suppressor
of corticotropm, the greater the inhibition of cortisol secretion the greater
wll be the merease in corticotropm secretion and consequently the greater
will be the rise in adrenocortical secretion of compound S. Therefore, m
subjects with normal adrenocortical reserve and mtact pituitary funetion,
the admmstration of an I1-g-hydroxylase inhibitor results in large m-
creases m lotal 17-hydroxycorticoids, due to increases in compound S and
1ts metabolites.

Standard Procedure Urine is collected for 17-hydroxy corticord assay on several
successive day s as outlined in the procedure for testing adrenocortical reserve After
2 control days the 11-8 hydrosy lase inhibitor 2 methyl-1,2-is-(3-p3 rrdyl)-1-propa-
none (SU 4585—Ciba) 15 admmstered orally 1n doses of 500 mg every 4 bours for
6 doses (first dose 8 a m., last dose 4 a m ) Since rapid absorption of SU 1885 may
lead to vertigo, 1t 1s advisable to admimster each dose following a small meal or &
glass of milk After two more control days, a standard corticotropin test may be
performed 1n order to evaluate adrenocortical reserve (the test of pitwitary reserve
1s meamngless 1n patients who cannot respond to corticotropin)

Results: “Normal” wndirduals (those In whom there 1s no reason to
suspect pitwntary or adrenal dysfunetion) respond with two to fourfold -
creases in urinary 17-hydroxycorttcords. The merease 1s appreciable during
the 24 hour period during which SU 4885 1s adnumstered, but it 15 usually
greater during the following 24 hour period

Of course patients with neghgible adrenocortical 1eserve fail to respond
to SU 4885 with an increase in 17-hydroxycorticoids.

The term limeted pturtary rescree has been apphied to a group of patients
who are apparently unable to respond to SU 4885 with an increase m
17-hydroxycorticoids even though the control 17-hydroxycorticoids are
normal and even though they are capable of responding to exogenous
corticotropin (fig. 3) In one® series of 16 such patients it was noted that 8
had pitwtary tumors (6 chromophobe and 2 eo~mophilic), 4 had prexiouqy
been successfully treated for Cushing's disease by means of pitwrtary ir-
radiation, 1 had post-traumatic diabetes insipidus, and 3 were cacheetic
from various causes. All 16 of these patients had normal 17-hydroxy-
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Fig 4—Uninary 17-hydrexy corticards under control conditions and during the
second day of treatment sith vanoys dosages of AFF in normal adults (average
of 50 subjeets), patients with Cushung's <y ndrome associated sith adrenocortical
hyperplasia (average of 23 pauents) and patients with Cuslnng's sy ndrome ax-o-
c1ated with adrenocortical tumors (urerage of 8 patients)

corticods in exeess of 12 myg sday and ful to exhibit 2 deerease to less than
4 mg /day i respone to AFF In many cases, the 17-hydroxy cortiemds are
as high during AFF treatment as they were duning control periods

In response to the larger dose of AFF, 2.0 mg every ax hours, patients
with Cushing’s syndrome due to adrenal hyperplasia exhubit reduction in
17-hydroxycorticods, alinost always to less than 30 per cent of the control
values. This may mean that the adrenocortical hy perseeretion is dependent
on corticotropin 17-Hydroxy corticoid levels of patients with Cushing’s
syndrome due to autonomous adrenocortical tumors are not suppressible
even with these Iarge doses of AF'F, This may mean that the lngh concentra-
tions of cortiso] from the tumer have already suppressed corticotropin,

Patients who have been successfully treated for adrenal by perplasia by
irradiation of the pituitary or by subtotal adrenalectomy exhibit normal
17-hydroaycorticords but show abnormal resstance to the suppressive
nfluence of AFF, This may mean that the treatment did not correct the
fundamental disorder n this disease Rather, pituitary irradiation is effec-
tive because st compromises pitwitary reserve, and subtotal adrenalectomy
because it compromises adrenocortical reserve.

Patients who have been successfully treated for Cushing'’s syndrome by
surgical removal of adrenocortical tumors subsequently eslubit perfectly
normal suppressibihty of the pituitary-adienal system. Continued non-
suppressibility following tumor resection might indicate eather of two condy-
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or with utmary gonadotropin From the available evidence it appears that
the SU 4885 test 15 a sensitive one; it has not been established that failure
of the corticotropin-seeretng mechanism to respond to SU 4885 1mphes
that 1t would mvariably fail to respond to mtense stimult such as those
encountered m major surgieal procedures,

Indwiduals who arc receiving exogenous cortisol-like sterowds or ezogenous
corticolropin 1 Jarge doses do not of course respond to SU 4885 with in-
ereased 17-hydroxycorticoid secretion, and it is important that the patient
should not be receiving such agents during or for two days preceding the
SU 4885 test

Patients with virilizing congenital adrenal hyperplasia and those with
primary hypothyrodism have been found to respond to SU 4885 provided
they respond to corticotropin.

ConTicorrorin Suppresston TESTS

Principle Normally the secretion of corticotrapin by the pituitary 1s sub-
Jeet to regulation by the concentration of cortisol in bedy fluids, In the per-
formance of corticotropin suppreswion tests it is convenient to employ
steroids which will themselves not be measured as plasma or unmnary 17-
hydroxycorticoids A synthetic sterowd which until 1ecently has been unique
mats value as an corticotropm suppressing agent iy Al-9a-fluoro-hydro-
cortisone (“AFF”). The peculiar merit of AFF 1s that it 13 about 30 times
aspotent as cortisol withrespect to cortrcotropin suppression and related bio-
logic activittes It can be used i doses which are so small that they make
no contribution to the corticosterords as measuted chemically.” The recently
developed 16a-methy] analog of AFF, dexamethasone, may be used in
corticotropm 1ests, but other corticosteroids cannot unless their cortico-
tropin-suppressing putencies are known precisely and dosages are adjusted
accordingly.

The standard corticotropin suppression test is of value in the diagnostic
evaluation of patients suspected of having Cushing’s syndrome.

Standard Procedure Urine is collected for 17-hydroxycorticord assay on several
succesmive days After two conirol days erther AFF of dexamethasone 1s sdministered
orally 1n doses of 0 5 mg every 6 hours for at least 8 doses If suppression of 17-hy-
droaycorticoids does not oceur with this dose of AFF, further iformation can be
gained by repeating the procedure using doses of 20 mg every stx hours for at Jeast
8 doses,

Results* Normal mdividuals (those in whom there 1s no reason to suspect
pituitary or adrenal dysfunction) respond with a decrease m urinary 17-
hydroxycorticoids to less than 2 mg./day by the second day of treatment,
and the values remain low for as long as AFF is contmnued.

Paticnis with Cushing’s syndrome (fig. 4) almost always have 17-hydrovy-
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tions- (1) The tumor might have extended beyond the portion resected or
(2} the "tumor” might have been incidental to a fundamental process of
adrenocortical hyperplasia, These two conditions should be distmguishable
f&r;‘;? each other by the response to repeatcd tests with the larger dosages of
Exeeptional Responses to AFF. Occasionally, patients with acromegaly
exlubit resistance to the suppressive action of AFF simular to that ob-
served m patients with Cushing’s syndrome and adrenal hyperplasia.
Among patients with Cushmg’s syndrome due to adrenal hyperplasia the
degree of resistance to the suppressive mfluence of AFF varics considerably
from one individual to another. Apparently, there is a spectrum of degrees
of suppresaility among patients with Cushing’s syndrome with adrenal
hyperplasia In time, cascs may be encountered in which the pruitary-
adrenal system is almost normally suppressible with the smaller dose of
4AFF, and other cases may be encountered 1n which the pituitary-adrenal
system may be almost completely 1esistive to suppression by the larger
dosages of AFF The author would urge a conservative policy 1 erther
situation: that great caution be cxercised in rendering a final diagnosis of
Cushing’s syndrome in the readily suppressible case and that adrenal ex-
ploration be performed in the completely nonsuppressible case.
Occasionally, patients with equivocal clinical pictures of Cushing's syn-
drome and slightly mcreased 17-hydroxycorticoids have exhibited shght

Cushing’s syndrome or are merely normal vanants.

CoNCLUBIONS

Many endocrinopathics can be viewed as disorders of homeostasis m
which the secretory mechamsnt in question is either inadequately responsive
to stimuli or 1s resistive to those influences which normally suppress hor-
mone secretton With the standard corticotropin test 1t 18 possible to find
q of ad tical resp ness With the standard SU 4885
test it is posmble to show inadequacies of the corticotropin-secreting mech-
ansm. With the standard AFF test 1t 1s possible to show that in pnfients
with Cushing’s syndrome the corticotropin-cortisol secictory system is ab-

normally resistive to suppression
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venience and can therefore be apphesd to ehizucal problems which require the
assay of large numbers of unne samples Con-derable efforts have been
directed towands establishimnyg the reliabnfity of ~ome of these methods under
a 1ariety of conditions (e, for eaample, refs, 10-12}, sud m turn the
Hestablished™ methods huve acted as controls for the newer methods as
they have been developed. As a result, the range of applicability of these
methods can be defined, and provided this range 15 oberved, confidence
can be placed w the results obtaimed This chapter deals with the applica-
tion of these newer assay technies to elimeal problens No attenspt wall be
made to desenibe them wdividually or to dienas the methods enployed
for establishing thesr rehiabnlsty The term “tatal estrogens'” witl mply the
sum of estrone, extruchol-173 and estrsol

CLvieal, AppLeaTioy oF EsTROGES 1aS1vs
Results tn Women of Cheld-Bearing Age

The Ovnlatory Menstrual Cycle N charasterstic pattern of estrogen ex-
cretion is found durmg the menstrual cxcle This 1 now s0 well ectablished
that 1t provides a wseful prelumnary cheek on the reliabshity of a new asay
technic The charetenstic feature~ of this pattern are Dlustrated w figure
1, which shows the mavmum, mean and mmmum alues for the daily
exeretion of eddrone, extradiol and evtnot by 16 women throughout thesr
menstruat eyeles The amounts of the three estrogens exereted generally
nre and foll together Quantstatnoly, extradiol-178 1~ the mnor usnary
estrogen, estrone and extnwol may be evereted w equivalent amounts or
estrol may be the major estrogen  The amount~ exereted are low during
the first week of 2 28 day evele, and then ree to o well defined peak, termed
the “ovalatory peak,” or “follicular masvimum,” which oceurs on or about
the fourteenth day of the eyele This 1 folloved by a short penod of de-
crease and then by another mee, termed the “luteal masmnum " This
second peak 13 usually Jower than the follzcul and ionally
1t may be abeent Dunng the last few days of the eycle the estrogen excre.
t1on falls and then menstruation oceurs

The shape of the ovidatory peak s hughly characterntio: it s shown by
all three extrogen fractians, the ree to the peak 1s usually gmdual, and the
subsequent fall 15 often abrupt, the riee and fall m etriol tends to lag
shightly behund the mse and full n estrone and evtradiol; and the mterval
of tune between the peak and the onwet of Menstruation » usually about

1 days

It 14 reasonable to believe that this pattern of unnary estrogen excretion
reflects the following pasable sequenre of events oceurring i the oy ary
The secretion of the prmary ovarian hormones, estrone and estradial,
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Clinical Significance of Urinary Estrogen Determinations

By J. B. BROWN, M Sc., PuD.

INTRODUCTION

T THE TIME OF WRITING, 10 metabolites of the primary estrogenic hor-
mones, estrone and estradiol-178 have been 1solated from human
urine and identified. These are present as water-soluble conjugates the most
important of which are the glucuromides They include estrone and estra-
diol-178 themsclves and a number of their hydroxy, ovo and methosy
dentvatives ' ? It 1s also certain that two and probably more similar com-
pounds have yet to he discovered
Lxperiments in which isotopically labeled estradiol-178 has been ad-
mnrstered to human subjects mdicate that this hormone is very rapidly
metabolized and excreted within a period of approximately 12 hours, partly
1n the urme and partly in the bile. The biliary metabolttes appear to be the
same as those exereted m the urme ? They are mainly reabsorbed from the
gut and re-excreted 1n the urine and bile, Eventually, during a pertod of
two to three days, the major portion of the adminsstered hormone is ex-
creted in the urine and a small amount 15 excreted in the feces.!: ® After
hydrolysis of the conjugates, the urinary component 1s found largely mn the
neutral plus phenolic fraction and ean be accounted for mainly as the known
estrogens. There appears to be no degradation of the steroid nucleus durmg
this process
At present, there are reliable methods for measuring enty 3 of the estro-
gens 10 urine, namely cstrone, estradiol-178 and estriol Obviously, a method
for measuring all the urinary metabohites of estrone and estradiol would be
ughty desirable. It would provide an accurate measure of the amounts of
the primary hormones produced in the body, 1t would yeld information
concerning the various metabolic processes and therr relative unportance
health and disease and 1t might also indicate whether some of the metabo-
Iites themselves, apart from being exeretory products, have tmportant func-
tions in the body Nevertheless, useful results are bemng obtamned through
the application of methods which measure estrone, estradiol-174 and estriol
only. Until recently, these restricted methods were generally based on bio-
assays which suffered from a number of disadvantages and were extremely
laborious. Durng the last four years, a number of chemical methods has
been described for the assay of one or all of these 3 estrogens (see, for
example, refs. 6-9). These chemrcal methods have the advantage of con-
0S4
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corresponding changes in the ovary A number of attempts has been made
to prove this pont. In a study mvolving over 100 women, Brows, Kellar
and Matthen # inviriably ohwers od o characteristic *ovulatory ™ peak when.
ever ovulation ocourred as pudged by the usnal enteria of endometrial
biopwy, basal temperatuse records and unnary preguanediol exerction How.
ever, wnee all these enitena depend on the formation of 2 functioning corpus
uteum, thewe norkers could not establish that an “ovulatory” peak with-
out accompaying futeaf changes, would m st<elf be proof of ovulation. In
thix series, the period of time between the onset of the previons phase of
bleedung sl the “ovulatory” peak saried m different subjeets from 5 10 92
days and brtween the peak and the osset of the nevt bleeding phase from
11 to 16 days Brown, Klopper and Lorame’ found that the mdeyele
estrone-entradiol peak oceurred one to four days before both the mse in
basal temperature and the Juteal phase erease in urinary pregnanediol
output, and oither comcided with the mdeyele peak of urnmary gonado-
tropin exerction or preceded 1t by an wterval of up to four days. They alvwo
reported 2 case m whieh an sesuynation performed on the day of the
estrone-o~tradiol peak rewulted o successfuf pregnaney whereas several
usenunations tuned on the bass of the change i basal temperature had
been unsuceesful

It can be couctuded that measurements ef the daly output of estrone,
estradiol-178 and extniol w the urnne throughout the menstrual ey cle, pro-
vide @ rebable pieture of ovaran activity  And, i fact, the finding of o
characteristie “avulatory” peak of excretion does seem good cuidence that
avulgtion hax oceurred and probably abwo widieates when it occurred Thas
method of testing for ovulation does not depend on the preence of a func-
Lomng, corpus lateum as do other mcethods, which can be an advantage,
for example, when testing the effect of proge~tationat compounds on ovarian
{unchion

Amenorrhoce Brown et al ® studied 23 patsents suffering from amenor-
rhoea Thewe were divided into four groups as follons:

Group I comprsed 3 caces of primary amenorrhoes due to congenital
absence of uterus end vagna. Cyeheal changes w urmary estrogen output
were observed i all eases In 2, the charactenstic “avulatory” peak fol
towed by a luteal maxtnum was demonstrated, and m both of these the
aceurrence of ovulation was eonfirmed by pregranediol assays These pases
thercfore ~how that normal ovatian function 1s posable 1n the absence of
the target organ, the uterus

Group 11 comprined B cases, age 20 to 34, one with primary amenorrhoes
the others with secondary amenorrhoea These patients d ot sulmei
quently menstruate and were therefore classified as menopause praecox. In
all cases, the endometrium was atrophic and the estrogen output was low.
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were canstructed by superimposing tndividual curves 1n such o say that each of the
estrone/estradiol ovulatory peaks coincided with day 13 of the composite curves
Soltd black bar = menstruation.

1nereases as the size of the follicle increases and reaches a peak just before
rupture at ovulation The derangement of the follicle following rupture
resitlts in o fall in cstrogen secretion. Growth and regres-ion of the corpus
Juteum cause a second rse and fall in estrogen sceretion Stnce estrone and
estradiol are metabolized and eliminated very rapidly in the urine as ther
conjugates and slightly less rapidly as estriol, it follows that the fluctuationy
in urmary estrone and estradiol should be closely related in time to the
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estrogun asays in 14 patients who were bemg studied for eyxtic glandulur
hyperplasa They found that they could divide the patients into two groups
according to the extrugen output.

1. Patients 1 whom the urinary estrogen output remained more or less
constant at 30 to 40 micrugram- total extrogen 24 hours between episodes
of bleeding, this 1= analoguus to the pattern found during anovulatory
menstrual eyeles except that the output is maintained at a higher rte.
Such a case 15 Mlustrated 1n figure 3.

2 Patients who showed a single nise and fall in estrogen output betwven
blecding phases, this differed from an ovulatory peak in that higher values
were reached and these were maintained for a longer period of time. Such a
ca~e 15 1llustrated m figure 4 Here the total extrogen output remained sbove
35 mucrograms day for 20 days and reached 80 micrograms, a value rarely
reached during the normal menstrual cycle. It was observed that ovulation
sometimes occurs between phases of this type.

The-e workers concluded that cystic glandular hyperplasia of the endo-
metrium 15 found in association with total urinary estrogens which have
been maintained for some time in the region of 50 micrograms/day or more,
and that blecding from this type of endometrium may occur while the out-
put 15 constant, while it 15 rising or while 1t is falling, After a period of

e el
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The ranges of values in micrograms/24 hours were as follows: estrone 10
to 47 (mean 3.2), estradiol nil fo 3.1 (mean 0.7), estriol nil to 5.0 {mean
2.4), total 1.8 to 10.0 (mean 6.3).

Group IIT consisted of 11 patients, who, after periods of amenorrhoea
lasting from three years to two months, subsequently menstruated These
were, therefore, examples of temporary suppression of ovarian function
The results of estrogen assays ranged from the low levels found in group IT
to those found durmg the normal menstrual eycle.

Group IV comprised two patients with functtorng ovanan tumors
Both were excreting approximately 13 micrograms total estrogens/day It
was suggested that these amounts were derived from the tumor and were
sufficient to suppress normal ovaran function

The Anorulatory Menstrual Cycle, Five cases exhibiting anovulatory
menstrual cycles were described by Brown et al © These all had histortes
of irregular episodes of bleeding, although the bleeding phases under study
oceurred at approximately regular monthly intervals Diagnosis in all cases
was based on endometrial biopsies. In a study of estrogen excretion in 27
women having apparently normal menstrual cycles, the writer (unpublished
vhservations) has encountered anovulatory cycles in 3 These were diag-
noscd on the basis of basal t ure records and preg; Jol assays
‘The results obtained in these anovulatory cyeles were symiar i all respects
to those reported by Brown et al.}?

Figure 2 dlustrates the estrogen values found durng these anovulatory
menstrual eycles. In the case shown, an anovulatory cycle was followed by
an ovulatory one, The charactenstic features of the anovulatory menstrual
cycle are. (1) The estrogen output 1emains more or less constant betweern
episodes of bleeding and shows only munor day to day fluctuations This
contrasts with the rhythmic changes which occur during the ovulatory
cycle (2) The estrogen output 1s maintamed at lgher levels than those
found 1 women with an atrophic endometrium and expenencimg complete
amenorrhoea The daily excretion values found in 116 determinations per-
formed during 11 anovulatory cycles in 6 women ranged as follows estrone
3 to 13 micrograms (mean 6.4), estradiol m! to 10 2 (mean 2 4), estriol 3 to
21 ug (mean 9.4) total 9-33 (mean 18.2) It scems that these amounts of
urinary estrogens reflect threshold production of estrogens by the ovaries
which is sufficient fo stimulate growth of the endometrium  As the endo-
metrium builds up under this steady stimulation, 1t apparently becomes
unstable and breaks down from time to time resulting mn anovulatory
bleeding from g proli ive end rium. Unltke normal menstruation
this bleeding oceurs without withdrawal of the estrogenic (and progesto-

genic) stimulation.

Cystic Glandular Hyperplasia: Brown et al.¥ recorded the results of
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estrogen assays in 14 patients who were bemng studied for cystie glandular
hyperplasia. They found that they conld duvide the patientsinto two groups
aceording to the estrogen output

1 Patients m whom the urinary estrogen output remained more or less
constant at 30 to 10 micrograms tatal estrogen/24 hours between episodes
of bleeding, this 18 analogous to the paitern found during anovulatory
menstrual cycles eveept that the output is maintained at a higher rate.
Such a cate 13 tllustrated in figure 3.

2 Patients who showed a single rise and fall in estrogen output between
bleeding phases, this differed from an ovulatory peak in that higher values
were reached and these were maintained for o longer period of time. Such a
case {3 illustrated m figure 4. Here the total estrogen output remained above
35 mucrograms/day for 20 days and reached 80 micrograms, a value rarely
reached duning the normal menstrual cyele. It was observed that ovulation
sometimes oceurs between phases of this type.

These workers concluded that eystie glandular hyperplasia of the endo-
metnum is found n association with total unnary cstrogens which have
been marntated for some time in the region of 30 micrograms/day or more,
and that bleeding from this type of endometrium may occur while the out-
put is constant, while 1t is rising or while it is falling. After a period of
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clevation, the estrogen output may fall to very low values. As this often
comeides with the onset of blceding, 1t 1s common to find patients who are
bleeding from a well developed eystic glandular hyperplasia and who are at
the same time excreting sery small amounts of estrogens.

Results i Postmenopausal Women

Normal Values: A number of centers have recently reported values for
thie vutput of urinary estrogens by postmenopausal women. The most care-
fully controlicd series 15 that reported by MeBride® This worker assayed
24 hour urine specimens colleeted twice weehly over a period of six to eight
weeks from 7 women who were 2 to 26 years past the menopause. Al 7
subjects had an atrophie endometrum und none had eaperienced post-
menopatsal bleeding. There was no vvadence of any cyche changes in
estrogen output in any individual although the amounts evercted could
vary considerably from day to day The mean excretion values for cach of
the 7 individuals are summarized in table 1. There was no correlation be-
tween estrogen output and time past the menopause.

Postmenopausal Bleeding: Brown et al®® vestigated 23 women with
postmenopausal bleeding Assays were usually performed on at least two
48 hour colleetions of urine, These cases were divided into 3 groups

1. Ten patients with an inactiv e endometrium, the bleeding in 3 of these
was due to an adenocarcmoma of the body of the uterus, in 1 to cervieal
ulceration, 1 1 to a cervical puly p, and m 1 to localized endometrial polyps.
The cause of bleeding was not ascertamed in 2

2. Six patients n whom the endometnium was not examined; 5 of these

TaBLe 1—FEslrogen Qutput n Postinenopausal Women (Resulls 1n pg /24 hr urine)

Normal® J FPostmenopausal Bleedingt
Erdometzuum % stroptuc I strgphic (:;;‘ri;i_:}) sctpe
estrong range 1127 0321 0.9-31 14154
mean 19 13 16 1.6
estradiol range 0211 014 017 020
mean 06 03 04 0.7
estriol range 1654 2273 2066 1.2-21.1
mean 33 39 3.6 109
total range 3181 3290 3689 2 6-41.0
mean 58 55 56 16 2

* From McBrnide *
} From Brown et al ®
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had a squamous cpithelioma of the cervix and 1 had a cervical adeno
carcinoma.

3 Seven patients who showed Jometrial ch conststent with
estrogenie stimulation, 3 of these had ovarian tumors which were probably
the source of the estrogen.

The mean excretion values for each individual in these groups are sum-
marized 1n table 1.

The estrogen values found m groups 1 and 2 were the same as those
found m the normal group The apparent anomaly of the low values found
m some of the patients with an active endometrium was discussed in the
section dealing with cystre glandular hyperplasia.

Cancer of the Breast. There has been much speculation on the possible
1elationship between estrogen secretion and mammary caremoma, This has
been stimulated in recent years by the finding that hypophysectomy or
bilateral oophorectomy and adrenalectomy may be beneficial to a propor-
tion of patients with this disease Consequently, attempts have been made
m a number of centers to clarify these findings by laboratory analyses.
Great difficultics have been encountered because the assay methods avail-
able are no longer rehable at the very low rates of estrogen excretion found
1n these patients,

Brown! was unable to find any convinemng differences mn the output of
endogenous estrogens in a group of 27 postmenopausal women with re-
current breast cancer and a comparable control group. Estradiol-178 was
administered to subjects 1 both groups to determine whether any dif-
ferences could be detected 1n their metabolism of estrogens The percentage
of the dose recovered mn the une as the 3 estrogens was the same in the
two groups However, in the cancer group, estriol usually accounted for a
higher proportion of the “total” urnary estrogens than m the control
group ‘This was also reflected in the output of endogenous estrogens. Such a
change m the relative importance of cstriol has been observed in other
conditions

A number of workers®™ %% measured the urinary output of estrogens
before and after oophorectomy, adrenalectomy and hypophyscctomy In
postmenopausal women no change i estrogen output could be detected
following oophorectomy Adrenalectomy and hypophysectomy usually 1e-
duced the output of urinary estrogens, but the results of the assays were
usually so unrehable at the quantittes being measured that it was imposstble
to determine whether the estrogen output had been abolished or not, How-
ever, results obtamned by brologteal methods indicated that some patients
coutinue to excrete estrogens 1n the urine after these opemti(ms“:" # No
comvincing correlation between the output of estrogens mn the urine and

the clnical response to various forms of treatment could be found by any
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of the workers, Obvivusly mote sensitive methods of assiy are required for
this type of Imvestigation.

A number of the above workers adminitered corticotropin (ACTI) to
some of their putieats This eheited 5 great merease in urlnary estrogens
swhen the adrenals were mtact but fatled to do =0 after bilaterul adrenal-
ectomy. These resalts provided good evidence, which had hitherte been
Inchinyg, that the adrenals are wnportant sources of unmary estrogens in the
fiwman bemy They further showed that adrenalectomy was effective in
remaving sl the freue which rewponds to carticotropin, The rise 1 estrogen
outpyt which follows the admmntration of corticotropim may equal that
which oceurs at ov ulation dunng the menstrual eyele. From a consideration
of the relative amounts of the three evtrogens excreted at this tune, Brown,
Faleoner and Strong®® coucluded that the adrenal cortea secretes the same
etrogens as the ovaries, namely estradiol-174 and estrone, and, when
switably <immlated, has us great o capacity for doing so as the vianes at
the height of thesr actissty during the menstrual eycle,

Narmal Men and Men with Coronary Discase

The higher wcwdenee of myocardial wfarction in men of alf ages and in
ssomen after the menopause as comparcd with that found in women of
child-bearing uge, suggests that estrogens, or laek of them, might play an
important role w the onset of thiy diecare, This suggestion 5 further sup-
ported by the ob-ervation that male South Anean Bantus, who frequently
rhow sgns of estrogeme changes such as gynecomastia, are relatively wn-
mune to coropary thaease Consequently, a number of South African workers
have compared the estrogen exerction of healthy European men, European
men with acute myocardal mfarction and Bantu men The results are sum-
manzed m table 2

Statistical analysis of the results showed differences (' = <6.005) be-
tween the following groups (1) In the healthy Europeans, the output of all
3 estrogens Was bigher i the older age group "This was espeesally so w the
estriol fraction (2) Compared with healthy Europeans of sismilar age, the
men with myoceardial mfarction exereted less estradiol, estrone and total
estrogens, but the same amount of estriol The proportion of estriol to total
estrogens was therefore higher in the group sith myoveardial infarchion (3)
The total estrogen outpat was ugher w the Bantu than in the healthy
Buropean of compurable age, the wicrease being confined entuely to the
estradsol fraction This difference between Bantu and European men was
also oberved by Bloomberg, Miller, Keeley and Higginson.* These workers
concluded that the Banta 15 less efficient in metabohzing estradiol than the
European

Bauld, Gtvaer and Milne® adminsstered small doses of estradiol-178 to a
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had a squamous cpithelioma of the cervix and 1 had a cervical adeno-
caremema.

3 Seven patients who showed endometrial changes consistent with
estrogenie stimulation; 3 of these had ovarian tumors which were probably
the source of the estrogen

The mean everetion values for each mdividual in these groups are sum-
marized in table 1.

The estrogen values found in groups 1 and 2 were the same as those
found 1 the normal group. The apparent anomaly of the low values found
mn some of the patients with an active endometrium was diseussed m the
section dealing with cystie glandular hyperplasia.

Cancer of the Breast. There has been much speculation on the posstble
relationship between estrogen seeretion and mammary earctnoma This has
been stimulated in recent years by the finding that hypophysectomy or
bilateral oophorectomy and adrenalectomy may be bencfieial to a propor-
tion of patients with this discase Consequently, attempts have been made
in a number of centers to clanfy these findings by laboratory analyses
Great difficulties have been encountered because the assay methods avail-
able are no longer reliable at the very low rates of estrogen excretion found
m these patients.

Brown® was unable to find any convincmg differences in the output of
endogenous estrogens n a group of 27 postmenopatisal women with re-
current breast cancer and a comparable control group Estradiol-173 was
admunstered to subjects in both groups to determme whether any dif-
ferences could be detected in their metaboltsm of estiogens The percentage
of the dose recovered in the urine as the 3 estrogens was the <ame m the
two groups However, in the cancer group, estriol usually aceounted for @
higher proportion of the “total” urinary cstrogens than in the control
group. This was also reflected m the output of endogenous estrogens. Such a
change in the relative mmportance of estriol has been observed in other
conditions.

A number of workers!® 182 measured the urinary output of estrogens
before and after oophorectomy, adrenalectomy and hypophyscctomy. In
postmenopausal women no change in estrogen output could be deiected
following oophorectomy. Adrenalectomy and hypophysectomy usually re-
duced the output of urinary estrogens, but the results of the assays wete
usually so unreliable at the quantities bemrg measured that 1t was impossible
to determine whether the estrogen output had been abolished or not. Yow-
ever, results obtained by bological methods mndieated that some patients
continue to cxcrete estrogens in the urine after these operations.# ' No
convineing correlation between the output of estrogens in the urine and
the clinical response to various forms of treatment could be found by any
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th eurthonis of the hyer and o control group of 1) healthy men. Indnadual
fues were not reported, but ae g group, the paticats with cirthosiy ev-
‘ted larges amonut~ of total estragens than the contrgl sroup, and again,
18 merease was eonbiued mawly to the estriol fraction, The waier {un-
thlrshed obsers atins) hao weo found that the output of unnary estrogens
a¥ sometmnes be snercased w hver discase, and that thiy increase usually
eludes the e<triof fraetion Thewe findings are not m secord with the belief
1t estrogen metaboliam unpaired 1 thewe cases, In faet, the moderately
seied ver seemis to be even mare effective in wetabolizing estrogens
wn the normal, at least m o far as the pathway to c-triol is cnnecerned,

Adrenocartrcal Tumors and -Ydrenocortieal Hyperplasia
A red estragen GUtput N 8 commog finding 1 patients with adreng-
ortieal tumor and adrenocortieal hy perplasia For example, Eberleis et ol ¢
ound estriol exeretion to be 3 to 60 Himes the noraal in 10 children and »
voung women with adrenal hyperplasia. The children exercted amounty
shieh ranged from b rogranis 21 hours by a it 3 months old to 113
merogrsms 24 hours by a gl 2 yeam old, the women excroted from 61 tg

23 muierograms extrol 23 hour In all cares the estrogen encretion was

greatly reduced by treatment with cortione op ity analogues. Brown, Bul.
brovk and Greensomd® ewimated the amounts of etrone, estradiol and
estriol exercted m the unne by 4 patients with adrenal earcinoma. One was
exereting quantities which were withun the nermal range for her age and
ey, the others were exereting 10 to 20 times the normal ameunts, The
writer has ob-rsed dady everction values as hugh as 614 wicrograms
extrone, 64 muerogranis estradiol and 640 IICEograms extriol in a patient
with an adrenal tumor, thee were reduced to normal values by remupy of
the tumor

Provided allowance i~ made for a poible crarian contnbution, the out.
put of urinary e~trogens appears to be a sensttive and relighle wndex of ah.

normal adrenal funetion

Tue: Rewsmionsimip BETWEEN UriNany Dstrocss Excnerion
b Cuivican 5168y oF Estapenie Acrrviry

The Hrstologie 4 ppearance of the Endometrium

From thew «tudy of 75 patients with g variety of gynecologie disorders,
and 16 women having normal menstrual eyeles, Brown et al.¥ were able to
show a elowe correlation between the amounts of the 3 estrogens exereted
1 the urtne and the state of the endometriug They divided they withjects
inte two maw groups according to whether they ~ eting amounts
of estrogens whieh remasned more or Jess cons -

-

-



694 CLINICAL ENDOCRINOLQGY, I

TanLe 2—Urinary Estrogen Excretion by Healthy European Men, European Men with
Acute Myvcardial Infarction and Bantu Men

) ) } Lstrone { Lstradiol | Lstrol Totat
Healthy Europeans
(ny {Range 20481798 0-31[0.69.9 {38154
Mean 31 43 11 26 80
(20y  Range 4505 | 281250538 |13127 56201
Mean 55 6.3 21 6.0 44
Mpyocardial Infarction
@ {Hﬂnge 42-81(0.696 { ¢25]/19-162{27238
Mean 57 37 07 64 108
Bantus
@ {Hange 20-15[20-113] 064[0864 [50210
Mean 3 55 2.5 35 | ns

Nate Frgures in parenthosis refer to the number of subjects studted (from Ber-
sohn and Oelofse?* #)

group of healthy men and to a group of men with recent myocardial infare-
tion They found that the sum total of estrone, estradiol and estriol re-
eovered 1n the urine, as a percentage of the dose, was the same m the two
groups however, the men with myocardial wfarction excreted relatively
more of the urinary estrogen as estriol than the control group This 15 1n
agreement with the findings of Bersohn and Oclofse® for the excretion of
endogenous estrogens. Further work using techpics which measure all the
metabolites of estradiol is obviously necessary before the signtficance of
these results can be ascertained,

Laver Discase

The Itver 1s the mamn organ in the body responsibie for the metabohism
of the estrogenic hormones Certain chnical conditions, such as gynecomas-
{ia, testicular atrophy and menstraal disorders commonly associated with
liver disease, have therefore been ascribed to failure of the hiver to inactivate
the estrogens normally produced in the body.

Cameron® measured the output of urinary estrogens i 12 patients with
chronic liver disease. All had diffuse hiver fibrosis and evidence of fune-
tional damage but none was moribund, Total estrogen exerction was ab-
normal in only 2 cases These were men who were evereting 42 and 35
micrograms/day; in one, the output of all 3 estrogens was increased, 1 the
other, only estriol was ncreased. However, 1 patients were excreting higher
proportions of estriol to totalAeMrugcns than normal. No uncunjug.:ntud
estrogen was detected 1 the urine of any case. Bloombeig et al # nbt—.unod
cumtlar resultg in a comparison of the estrogen output of a group of 3 men
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Bl eitthonds of 1 Hverand 4 control group of ig bealthy pey,, Indsyidual
values wepe Bot reported, b e & gooup, the patienty with cirrhoy ox-
creted Jarger nimounts of tatg} estrogens than the Comrol growp, g again,
this nereae B3 confined manly to the ontn fraction, he writer (un.
published obsertations) has alwo found that the walput of Urinary eatrogeny
Y scitetinye, be inerensed vor discase, and that ey, HereANG usugll,

ineludes the extriol fraction Phea Bndhigs awre ot iy aecord wilh the helief
that Erogen nsetabolim Y amp red 1 theme caees, B fuct, the maderately
diseased byer s to be even more (ffeetn © i metabiolging estrogeny
than the BOtHLAL at Teast iz fur o the pathway to estriol iy concerped,

Sdrenoegrticat Trmors and 4 racortieal Hyperplagyg
A reed etrogen output 1 g common findmg iy patients wyy, adrong.

cortieal tumop gpgd adrenocortie,g hyperplasia For esample, Eherley, ot ale
found estriol everetion to he 310 60 tones the Bormad i 10 ohyldyen and 2
Young women ) adrenal hyperplasig The eluldpny excreted amoygty
which ranged from 6 BUCrOgRams ‘2 hnyry by a grl 3 months gld g, 113
Microgmme 24 howrs by 4 gl w Jeurs old, the w OMen exoroted from g4 tq,
1235 muerograne evtriot 2Ehours In alt cyen the estrogen exeretion wo,
Breatly roduced hy treatment with eirtisone or ity anihgyues, Brown, g1
brook and Lireennaod" estunated the amounts of estrone, estradiol ynd
ostnol excreted g the wrme by 4 patients with adrenyl CUTHOMA Oya y, 4,
exereting quanfitios whieh Were within the norpy; srage for hep age anyd
&0, the others were ereretig 16 2o 20 ey the normag amounis The
wrier has obeeryod daily exeretyon values g+ high oy 61y BHCrogramy
estrone, 63 nyuerogranie e~tradiol and Gy WICTogramy estriol iy pailent
With an adrenal tumor, thew nere redueed to norgg) ‘alues by removal of
the tumor

Provaded allowanee i made for a p
put of urinary estrogens appears to by, .
normal adeenal function,

Tue ReELimionsnp Berwrgy Urixany Esrrogey Excruroy
AND Curviear, Sigys O¥ Estrogpy 1o Acriviry

The His ' " af the Endometriyy
From thew study of :
and 16 women h
show 2 close cor
mn the unne ana \,,, hvided they sabjects,
W0 W0 mam groups aceording 4 whetner o, o TC exerety Aounys,
of estrogens which Temaed mprg or Jesg constant from day to day (type Iy
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40
35 |5 CYSTIC GLANDULAR HYPERPLASIA.

ay 30
5
3
Q) 25
H
W PROLIFERATIVE ENDOMETRIUM.
8| 204 (ANOVULATORY MENSTRUATION)
£
&
:‘, 15
*5 EARLY PROLIFERATIVE ENDOMETRIUM,
L o (OCCASIONAL MENSTRUATION)

54 1 INACTIVE ENDOMETAIUM

J {(PREMATURE & POST MENOPAUSE)
o

Fre 5—Correlation between urinary estrogen excretion and endometnal patfern
(con~tant estrogen excretion) 3

or whieh <howed pronounced peitodic fluctuations (type I11). Bach goup
wan further subdiaded accosdmg to the histologic appemance of the
endometnium The estrogens, expressed as micrograms total estrogens ex-
creted /24 hours, found m cach of the subdivistons, are summanzed n
figures 5 and 6 (Iigute 6 incorporates the applicable features of figure 5).

.\ certam amount of overlap was observed between the estrogen values
found m ecach of the subdivisions This 1 not surpnsing when account i
taken of such vanable factors as endometrial 1esponse and duration of endo-
metual stimulation,

Vaginal Cytology

Young, Bulbrook and Greenwood? compared the cellular patterns of the
vagmal flurd with the output of the 3 cstrogens m the urine in 53 premeno-
pausil and postmenopausal women, Sev enty-five observations were made,
most of them on random samples. They u<ed 7 methods of grading the
estrogenie response of the vaginal cells and obtamed a close corrclation

between all of these and the output of estiiol in the urine. However, no
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Fic G—Correlation between urinary estrogen excretion and endometrnal pattern
Values for the ovulatary menstrual eycle and cystic glandular hyperplasia (fluctu-
ating estrogen levels) superimposed on the data given in fig 5%

such universal correlation was obtained for estrone and estradiol exctetion

Pattarajurs and Taylor® collected serial vagimal smears and urine speei~
mens throughout the menstrual eycles of 4 women and compared the degree
of cormfication of the vagnal epithclum with estrogen exeretion They
showed that during the follicular phases of the cycles studied, sume correla-
tion between total unnary estrogens and the degree of vagnal cornification
could usually be shown This corrclation was most sigmficant when the
estrogen output was compared with the smear taken two days later

The above relationships between urinary estrogen excretion and chmeal
signs of estrogenic activity have been established for women only, in whom
the ovartes are the mamn source of estrogen Swwlar studies have not yet
been attempted in patients with adrenocortical hyperfunction or 1 men.
The apparent anomaly that narmal men may escrete as mueh estrogen as
women during the first week of the menstrual cycle or during anovulatory
oycles and yet do not expenence enlargement of the breasts, ndicates that

androgens have an umportant effect on the response of target organs to
estrogenic stimulation.
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ConcLusioNs

This article is not a complete review of the subject. For example all the
recent work on the estimation or urinary cstrogens in normal and abnormal
pregnancy and in the new born has been omitted (sce, for example refs, 31
and 32). The mam aim has been to show that determinations of the amounts
of estrone, estradiol-178 and estriol excreted in the urine can, m certain
conditions, provide the clincian with valuable information. It should be
emphasized that the results of single assays performed on random samples
of urine may often be misleading The assay methods used to obtain most
of the data reported here are too elaborate and costly for routine chnical
use, they can only be undertaken m a well equipped laboratory devoted to
the purpose However, now that the value of these assays is established,
there is a need for simphfication of the technics so that they can become

more universally available.
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Urinary Pregnanctriol: A Practical Determination
in Clinical Medicine

By ALFRED M BONGIOVANNI, M.D.

1112 ADRENOGENITAL SYNDROME, due to congenital adrenocortical hyper-
plasta, 15 an “inborn error of metabolism” wheren the adrenal cortex

is partly or totally disabled n 1ts biosynthesis of hydrocortisone.! The
oavidation of the steroid nucleus 1s 1equired, at several positions, for the
realization of this goal In the most common form of the disease, the ouda-
tton of the C-21 position 1s poorly, if at all aceomphshed, due to a defictency
of “2l-hydrosylase ” As a result, numerous species of C-21 methylated
sterods appear in the unne, among them, pregnane-3a, 17a, 20« triol
(hereafter demgnated pregnanetriol) While present in only small quantities
m the urine of normal individuals, it is greatly mcieased in pattents with
the adrenogenital syndrome, representing an mterruption m the hiosyn-
thetic pathway at the level of 17-hydronyprogesterone, of which preg-
nanetriol 1s the comipletely 1educed metaboltte, The defect is different in
the hypertensive form of the drvorder, wherein “11-hydioaylase” instead
of “2l-hydioxylase” 1~ lacking, i «pite of which the exeictron of preg-
nanetriol may be moderately mereased

This disorder 1s characterized elimeally by masculimzation 2 The female
15 often born with ambiguous external gemitalta and the male ehibits 150~
sexual precocity The unmary 17-ketosteroids are generally elevated, but
the degree of tise is sometimes shght, particularly m young infants Under
these chicumstances, measurement of the pregnanetriol excretion 1s valuable
Furthermoie, the clevation of pregnanetriol 1s a more specific ndication of
the basic disurder Piegnanetriol was not inercared m 6 vinbzing tumors
of the adtenal cortex which we have studied, but it cannot be said with
certamty that it 1 invartably normal i the presence of such neoplasms.
Although the unnary corticords showld be dimintshed m the adrenogenital
syndiome, often they are not Stuce the defect 1s frequently partial, the
block may be overcome as a result of the excessnve adrenocorticotropic
stimulation, so that normal quantities of corticords are secreted, but this
can only occur at the cost of an merease m urmary pregnanetriol Another
form of the disea~e is nccompanied by <alt and water Juss with shock and
early death, unless suttable treatment is mstituted early In this type, the
pregnanctriol 1> usually very high. . )

The estimation of urinary preguanetriol is, therefore, of diagnostic value.

700
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1t also serves as an indet of adequate treatment with hydrocortisone ar its
anslogues; urinary exeretion ~hould be restored to normal. When treatmeat
18 inadequate or 1 the face of impesnding relapse, the urinary pregnanetriol
tends to rise before the 17-hetosteroid-,

Mernon

The methad to be deventbed has heen employ ed for ~severa] years and has
been found to be rehable, It §s based on the cuzy matie hydroly<is of urine,
evtraction, chromatography and the development of chromogens by the
addstion of concentrated sulfune acid The color produced §s unique among
the sterods X entieal analyas of they method has been publivhed * Less
diermmmating wethods are not permietble when sulfune acid is employ ed
to nduce chromogenieity, since many other compounds prxduce ~purious
colors under these oircumstances The terms “pregoanadiol complex,”
measured by the addition of wulfune ned 1o erude restdues, v without
sanetion

Reagents

1 Beta-glueuramda~e (Hetoda~e, Warner-Chileatt, 5,000 Fr-himan unit~/
mithliter)

2 Aeetato buffer, 10 M, pif 45

3 Dichloromethane (Frder, reagent grade) punfied by reditillation
from anhy drovs sodium earbonste

4 Concentrated sulfuric acrd (Malhnckrodt analy tie reagent),

3 Redesthilled benzene (Merch reagent)

6 Ab~olute ethanol (Commeretat Solvent~}

7 Musuna {catalyst, Harshaw) This ss generally employ ed as supphied,
provided the maotture content is 3 635 to 3 83 per cent

8 Spectrophotometer, Beehman, Model DU

Procedure

1 Urne Collechon: Unine 1 colfected for exactly 21 hours m a vessel
contaming several mithhiers of toluene Thus should be delivered to the lab-
oratory withm 24 hours of conplation and ~bould be «toved below 10 C. It
appears that pregnancinol may be aceusately e-timated on specimens so
stored for several neehs

2. Hydrol; A 10 molld aliquot 18 bated with 10 mibl
acetate buffer and 5,000 umts glueuromda-2 at 37 C. for 16 to 24 hours,

3 Ertraction: The unne 1 extracied 3 times with 10 nullliters dichloro-
methane and the pooled extract is wavked twice with 10 mithhters 0.1 N,
sodmm hydrovde and twice with 10 sulhiters water. The extract s evapo-
rated to dryness with a stream of mr at 40 10 30 C
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4. Preparation of Column: A glass column, 4 to 6 mm, mternal diameter
with a reservoir capacity of 75 to 150 millibters is filled with a slurry of
alumia and benzene so that a height of 7 ¢m. alumina 1s achieved. The
bottom and top of the alumma column 1s plugged with a small piece of
glass woal

5 Chromatography The residue of the urme extract 1s dissolved with
gentle heat in 10 milliliters benzene and pourcd on the column. This 15
followed by 20 milliliters benzene which is rmsed through the flask con-
tammg the ongnal residue, and 40 mulhliters of a 2.0 per cent solution of
ethanol in benzene These eluents are discarded. The final eluent conststs of
30 nulliliters 6 0 per cent solution of ethanol in benzene, this 1s collected
m a clean flask and evaporated to dryness as before In order to remove
traces of benzene, 2 0 nullihiters absolute ethanol are added and evaporated
to dryness Air pressure may be used throughout to hasten the flow a
solvent flow of 3 to 4 millilters/minute 1s permissmble.

6 Color Develgpment® To the 1esidue of the final eluent 10 nulliliters of
concentrated sulfuric acd are added After 30 to 120 minutes at room
temperature, the absorbance is determmed at 390, 410, 425, 440 and 470
millimicrons  Standaids of pregnanetriol, if avalable, are treated with
sulfurte acid and measured simultaneously in concentrations of 10 to 40
mierograms/10 milliiters aerd

7. Calculation The maamum absorption will be observed at 440 mu 1f
a sigmficant quantity of pregnanetriol 15 present With many normal urine
samples contamnmg very small quantities this will not be the case A cor-
tection factor 1s employed

Deorr = absorbance at 440 mu — (410 mpg + 470 ma )/2

The total quantity of pregnanetriol is calculated on the basis of the total
urine volume and by comparison with the standards If a pure standard 1s
not avalable, the followmng factor may be employed with reduced ac-
curacy

E} 2 corrected at 440 mp = 458

In the presence of large quantities of pregnanetriol, as may be surmised hy
the amount of dried retdue of the final eluate, a smaller aliquot 13 to be
treated with sulfuric actd. Alternately, following the development of m-
tense color with the sulfuric acd, the sample may be further diluted with
actd. Urine from normal subjects usually requizes ess than 10 milliliters
concentrated sulfurie acid, but for diagnostic purposes the accurate de-
termmation of small quantities 1s not imperative.

8. Quantutics of Pregnanciriol in Human Urine. The quantities measured

vary with the age of the subject, whether normal or discased. In the first
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fow days of lfe, ve have detected no preguanctrivl whatsoever in 4 Jarge
<eries of pormal infants, henee the veetrrence of ~mall quantities with
typical chromogens at this age s signthieant The values, indieated 2y
sullizrams preguanetriol/2§ hours, are <hown 1 the table:

Normal Adrenogenstat Synirome.
Age e
wnxe ez noge mean
o5 oo G0 4~34 58
=16 0311 46 85400 w7
wyer 16 0235 18 34600 nO

Miernatie Mcthads

Y Paper Chromalography The unmary extruet may be resoh.ed by paper
chromatography wetead of columm chromatography, followed by elution
from the paper, evaporation to dryness and the addition of concenttrated
ulfune aerd as above However, it 1> ady sadde to semone mutter dernad
from the paper, wiich unsvadably contanunates the residue, by fltration
through alumna A satisfactory system s that of Bush consting of benzene
500 mullisters, metharot 250 mallilites< and water 250 milbilters! The
extract of 10 m} unne w apphed to a sheet approamately b mches wide.
By the descending techme, preghanctriol nugmtes about 230 em. when
the wolient front 1 38 em from the Marbing hine Tt~ neee~sary to Jocate
the poution of pregnanetrsol by wse of 2 pure standard on a narrow regon
of the same sheet, or hy ~taming o narraw stnp from the center with the
phosphomoly bdate 1eagent

2 Perodate Oxidation without Chromalography The urme resdue may
be directly onidized with pertodate aeeording to the method of Coxt The
awount of acetaldehyde produced 52 4 measure of the yuantity of preg-
nanetriof and ather C-21 sterouds which have the rame wgmificance. This
method eltmmates the neeessity for chromatography but reguires expeaally
rigd techme, and has pros en difficult for the average technician However,
3t 33 an elegant tool and may lend it-elf better to some laboratories The
results, employing pregoanetriol as a standard, ave 15 to 30 per cent ngher
than those recorded nbove due to the presence of other compounds wath a
sufe cham sdestieal to pregnanatniol Nometheless, there 15 3 clear division
between normal and abnormal Jevels

Cautron The 203 romer of pregnavetnod 1 mom eaady abtained than
the 202 The sulfunc acid b and i propertses
of the two sse identical, but the chromatogmphie behaviors are quite -
ferent Hence the 208 womer 15 not ~switable for the determination of re-
covencs when chromatography 1s employed. However, they may be used
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4 Preparation of Column: A glass column, 4 to 6 mm. internal dizmeter
with a reservoir capaeity of 75 to 150 mulhhters is filled with a slurry of
alumma and benzene so that a height of 7 em. alumma is achieved. The
bottom and top of the alumina column is plugged with a small picee of
glass wool.

5 Chromatography The 1esidue of the urine extract is dissolved with
gentle heat m 10 milliliters benzene and poured on the column This 15
followed by 20 muliliters benzene which is rinsed through the flask con-
tamning the origmal residue, and 40 mlliliters of a 2 0 per cent solution of
cthanol in benzene These eluents are discarded. The final eluent consists of
30 millihters 6.0 per cent solution of ethanol m benzene; this 15 collected
m a clean flask and evaporated to dryness as before In order to remove
traces of benzene, 2 0 milhliters absolute ethanol are added and evaporated
to dryness Air pressure may be used throughout to hasten the flow* a
solvent flow of 3 to 4 mulliliters/mmute is permussible

. 6 Color Development- To the residue of the final eluent 10 muhiliters of
coneentrated sulfuric acid are added. After 30 to 120 minutes at room
temperatwe, the absorbance 1s determmed at 390, 410, 423, 440 and 470
mullimierons  Standards of pregnanetriol, if avalable, are treated with
sulfurte actd and measured simultancously m concentrations of 10 to 40
nucrograms/10 millihiters acid,

7. Calculation The masimum absorption will be observed at 440 ma tf
a sigmficant quantity of pregnanctriol 1s present. With many nermal urine
samples contaimng very small quantities this will not be the ease A cor-
rection factor is employed

Deorr = absorbance at 440 mug —~ (410 mp + 470 mp.}/2

The total quantity of pregnanetniol 15 calculated on the basis of the total
urme volume and by comparison with the standards If a pure standard 1>
not available, the following factor may be employed with reduced ac-
curacy.

Bl 2P corrected at 410 my. = 438

In the presence of large quantities of pregnanetriol, as may be surnused by
the amount of dried residue of the final eluate, a smaller aliquot 15 to be
treated with sutfuric aad. Alternately, folloning the development of -
tense color with the sulfune acid, the sample may be further diluted with
acid, Urme from normal subjects usually requires less than 10 milliliters
concentrated sulfuric acid, but for diagnostic purposes the accurate de-
termination of small quantities is not impetative. .

8. Quantities of Pregnanetriol in Human Urine. The quantitics measured

vary with the age of the subject, whether normal or diseased. In the first
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Urinary Aldosterone
Ay ELEANOR H. VENNING, MSc, PuD, PRSC

BE DEVELOPMENT OF A vuTtons for aldosterone, the sodmmeres
tainmg bormone rolated from the sdronal eortex by Simpon and Tait
in 1852, has fullowed the pattern observed wath other corticasteroids,

The ongmal methods were biologie und were designed to meassre the
<pectfic effeet of aldomtesone or of other mumeralocurticoids on ~oditm and
potassium excretion i adrenalectonuzed laboratory animals Early methods
welude thow of Borfman et al (1917), Deming and Luctscher {1950),
Speneer {1950}, Sunpon and Twit (1932), Kagawa et al (1952) and Smger
and Venmng (1934) Thewe methuds were used not unly to measure the
effeet of adrenal hormences on electrolyte metabobin but were abve apphed
{0 urmnary extrarcts to determme thor ~odwmi-retaming effect.

At finst, crude newtral urinary extructs were wned which were obtamed
by eatyaction of urme at newtral pif with chleroform and these contamed
only the free hormone Lattle actinsty could be detected in this fraction
fram normal urse slthough s sodtm-retanng effect coudd be demon-
strated 1 extracts obtamed from the unne of patients with nephrosis and
fiver enrthosts associated with edema In 1953 Luetscher showed that nuld
acrd hydrotyss released additional ts of aldosterone Aldost it
apparently exereted n urme w the form of an umdentified conjugate whieh
15 hydroly zed at pi 1, at room tempesature over o penod of 24 to 48 hour
Recently Ulneh and Lieberman (1937) have reported the ivolation of a
reduced bohte of ald ed with gl acid Thisy
metabolite » mxetive

The aswsay of crude extruets by bioasay s open to emticm as other
adrenat corticosterords as well as tonie matenial are present which may
affect sodiwm metsbolam m the adrenalertomized rat. Simpson and Tait
{1533) obtained an effectine separation of aldosterone from cortisone in
adrenal extracts by the wwe of two paper chromatograplue systetus, the
toluene propylene-giyeol system of Zaffaroni and the C system of Bush,
At the present tume, usiary exttacts are usually subjected to a preliminary
punfication using column or paper chromatographie procedures before bio-
[y

Altheugh the brozssay has senous hmitations because of s low order of
aecuracy, 1t still has many uses and 1s of pastreudar value in the ~earch for
new nclogically active sterouds.

s
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interchangeably for standards when sulfuric acid is added directly to the
steroid.
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group. The recovery of aldosterone added to urine and carried through the
whole procedure averaged 75 per eent

2 Nowaczynshi et al (1956) showed that the fraction of aldosterone
obtained after these two chromatographic separations contained small
amounts of at least four other compounds and propo~ed the introduction
of a third system, that of Eberlemn and Bongioyannt (E,B). In the following
year, these authors$ proposed a preliminary punfieation of urinary extracts
on ~liea gel columns The separation of the pure aldosterone fraction was
accomplished by the use of 3 paper chromatographic ~ystems, propylene-
glycol, toluene, 1xo-octane/butanol /water and benzene/33 per cent agueous
methanal Aldasterone was measured by the reaction with blue tetrazolium
and an ultraviolet absorption curve. Whea the hormone was added to
urme, 83 per cent could be recovered by this procedure,

Other mvestigators have alwo suggested that more than twe chromato-
grams are necessary m order to obtain a pure aldosterone fraction, Gornall
and Qwilham, 1957 and Hernando and eo-workers, 1937,

3 Our miestigations on chemical and bwassay procedures for the assay
of aldosterone mdicate that extensive punfication of the aldosteione frac-
twon must be eatried out i order to obtamn agreement between values
measured by ultraviolet absorption, reduction with blue tetrazohum and
wa~ay Dyrenfurth et al” have reported our findings and ruggested a
sequence of four chromatographie separations on paper. The systems used
were those of Zaflaroni, Bush C, E:B and Bush Bs. When aldosterone was
added to unine, a loss of 13 per cent oceurred in the hydrolysts and cxtrac-
t1on procedure and a further loss of 23 per cent was obsery ed duning chroma-
tography m the four systems The total recovery averaged 60 per cent

4 Reeently Ayers et al® have desenbed an 1~otope dilution method for
the assay of aldo-terone, cortisol and corticosterone after continuous ex-
tractions of unne at pH 1, by chloroform for 24 hours at room temperature
Paper chromatography of the steroids or their acetyl dervatives follows the
extensive prelmnary punfication by column chromatography The final
<pot on the paper chromatogram 15 measured quantitatively by a fluon-
meter after development with a solution of sodium hydiovide Recovery of
sterowds throughout the whole procedure 1s of the order of 70 per cent.

IEXCRETION OF ALDOSTERONE IN NoRMAL INpIVIDUALS

The amount of aldosterone that can be extracted from a 24 hour collee-
tion of urnne varies to some extent on the methods of hydrolysis and extent
of punfication by chromatography Continuous extraction of urme at pH 1
PRI Lt Al .

\ . i

. oy
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Bioassay MetHoDs

The followmg bioassay procedures have been used extensively for meas-
uning urinary aldosterone

1 Simpson and Tait! myeeted stmultaneously small amounts of Naz and
K® into young male adrenalectonuzed rats and measured the effect of
aldosterone upon the ratio of Na?* to K* Aldosterone was 120 tumes as
active as desosycorticosterone m causing a depression of this ratio.

2 Venning et al ? admmnstered 35 mg. of NaCl to adrenalectomized
male rats weighing 165 to 180 Gm. and measured the effeet of aldosterone
on sodium excretion Uninary sodium was determined by flame photometry.
A Tnear relationship was obtained between the log dose of the standard
matertal and the response of the test animals, expressed as a percentage of
the controls. Aldosterone was 25 times as active as DOA 1 this assay.

3. Johnson® used 3 groups of adrenalectomized female rats (150 to 160
Gm.) Control solvent, standard and matenal to be tested were imjected
nto cach group of 1ats on three successive days m order to elimmate varia-
tions m animal response. Urinary soditm and potassium were measuted by
flame photometry and the I/Na ratio was used as an index of aldosterone
activity Aldosterone was 35 times as active as DCA m this assay

4 Laddle et al ¢ developed a bioassay for aldosterone based on the usc of
adrenalectomized dogs fed a constant high sodium diet and measured
urnary sodium and potasstum Aldosterone was 30 times as active as DCA
m this assay

CHEMICAL, PROCEDURES

The mherent variabiity of the broassay methods has encouraged m-
vestigators to scarch for satisfactory chemical or physicochemieal methods
for measuring aldosterone These are all based on the oryginal observations
of Simpson and Tt with regard to the separation of aldosterone by chroma-
tographic procedures As the final determination of aldosterone depends on
group reactions which are common to many corticosteroids, the necesaty
of obtaming a pwe fraction 15 obvious Reactions that have been used to
evaluate aldosterone are sodium fluorescence, ultraviolet absorption of the
Af keto group m ring A, the formazan color measuning the a keto! group
and the formation of dinttrophenylthydrazones by the keto groups

1 XNeher and Wettstein proposed a physicochemical procedute in 1955
which was later modified in 1036.5 Two systems of paper chromatography
were used, the chiloroform-formamude system of Zaffaroni and that of Bush
C Two combined color reactions were tsed to measure the aldosteronc spot,
one depending on the reducing properties of the a-ketol side cham with blue
tetragolium and the second the soda fluorescent property of the A3 hetone
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Tasre 1—Exzcretton of Aldosterone 1n Healthy Individ; on Normal Salt Intake

#& Aldosterone

Authors Procedure ‘Der 25 hours
————

Luct~cher et al broaseny? 1-7

Venning et al 2 broassay -9

Neher and Weltstein® physrcochemieal 1-13
Genest et al ¢ physicochemrcal 2-10
Venning et al 7 physicochemical 2-12
Ajers et al? 1sotope dilution 523

metabolite of aldosterone 1s, however, piesent as a glucurontde and 1s 150~
lated on paper by different method» Jones et al. showed that when 1612
aldosterone i+ njected mnto normal women, 0 24 per cent could be extracted
as aldosterane at neutral pH, 51 per cent at pH 1, and 39 per cent of the
radioactivity was released by B-glucuromdase hydroly~s. The latter was
presumably the reduced metabohite.

The values reported for the amount of aldosterone (eatractableat pH 1)
excreted per 24 hours by normal men and women has gradually increased
with mprovement m methods of extraction and assay The most recent
values reported are Iisted 1 table 1

The range of aldosterone excretion in healthy mdividualy eported by
vanous mveshigators agree fairly well with the eveeption of those deter-
nunted by the 1otope dilution technique, which ate much higher

There are many factors which mfluence aldosterone secrction m the
normul person Variations m sodium and potassium intake as well as al-
terations m body fluid volumes will affeet urmary aldesterone excreton.
Emotional stress, such as acute anxtety, will cause a significant rise m
aldosterone excretion m some healthy individuals,

In adrenal hyperfunction associated with Cushing’s discase, aldosterone
eacretion is usually within the normal range, wiile i primary aldosteromsm
values in the range of 25 to 35 ug. per day have been reported. In chincal
conditions associated with aecumulation of edema, such as eongestive heart
falure, nephrosis and idtopathie edema, as well as accumulation of ascites
1 patients with curhosis of the Iiver, mcreased exeretion of urmary al-
dosterone have been observed In normal pregnancy, thete s a significant
rise 1t urinary aldosterone in the last trimester

At the present time, there 15 no simple method for assaymng urmnary
aldosterone aceurately All procedures are time-consuming and require
careful separation of the sterord, The amount of uldosterone isolated 1cpre-
sents only a small fractron of that scereted by the gland and the metabolism

of aldosterone still requires further investigation. The technics that have
been developed recently for measturing secretion rates using tntinted al-
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17445

Chromophobe adenoma, 1 hypopitm-
tarism, 63

Coerdiordury coets, 33537

Compuund B. Sce Corhicosterone

Cumpound £ See Cortisone

Compound ¥ See Cortixol

Contraception, 17a-ethynil-A8#%cutra.
enclone for, 520-330

Coronary disease, unnary estrogens in,
643-69

Corticomedullary imbalance and gunadal
Wl vontogenesis, 433~434
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tomized rat, 285
functional relation to cortisol, 672673
1 human plasma, 626-633
1 Addison’s disease, 631
after adrenal inlubition, 632-634
10 adrenal hyperplasia, 632
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Adrenal glands—(Cont’d}
metabolism, 403104
pheochromocytoma, 405
physiologic actaons, 404405
secretion, 402-403
storage and release, 398400

tumors, hormone therapy for, 550
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stumulation of, 7
Androgens
as cause of gynecomastia, 471-472, 519
m prttary dwarfism, 15
in treatment of caranoma of the
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See speeific hormones
A hormene See V:
Antrthy roid drugs, 202-208
Arsenie, as goitrogen, 127
Arthritis, 1n menopause, 535

humoral sttmulant to
323, 330-332, 369-390
parotid saltvary Na*/K* ratio as
index, 380-382
stress i conscrous confident ant-
mal, 375-377
transplanted adrenal gland, 382-
385
urinary, determimation of, 705-709
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M

Muerogeniosomia praseox, 334

Mummary glaod See Breasy

Mammotropin See Prolactin

Melanoes te-smulating bormone,
65t

G81-5NS Sra

640~
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BRAAY, D550

bivthenustey, 630-551

effect on pizmmmmm, S-565

iy mwlogie sgmbiesnce, 631-633

rebatiun to curticotropin, 653-65)
Melanaphare bormone Seq Melanoey to-

stiulating hormone

Menopause, 552-510

wrthnites, 535

stheroseleros, 536513

h”mlcmmn, 334

Mansgetaent, 536330

miscellaneoys elirneal conditivng, &3

mucenlar dystrophy, 533

oxleaparomy, 576

phyerology, 332-313

ehin disarders, 535335

Smptaatology, 533-534
Mevarthaga, ovulatacy, treatment of,

V5496

Menarual disonders, $su~197

from adrenal cortaea) sverictivily angt
GVerEsn vinhem, 491493

from iy patbadame drstarbanee, 18§
from by puthy fundiens, 00441
natural fustory, 493
Trem ovarin bulnre, 193
frum guturtary definiency, 480491
Progesting far, 52750
from targes vrgan resistance, 493
tseatent, J93-497

Mesensephatun, 1y wechanent of ovula.

7

fron,
Metatiohsm, earboks drate See Cachiohy.
drate metabolism
Metahc\mmnde, a2 hs pogly cenme ageat,
361

Metfumazule, 292
Metropathus bemurr)mg\c:\, treatment
of, 493
Milkeerection refea, 522.521
Mk withdraal, s2-54
Sce also Postersor pitwtary boroione
MSBH. See Melanoey te stmulating hop.
wone
Muscular dy strophy, in Tmeropause, 535
Aysedema
follovang  radiviodine for By perthy-
roidism, 201, 204205, 203
pretinal, 210
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Hypoglycemic agents—(Cont'd)
chlorpropamide, 301
hypoghein A, 305
metahexamde, 301
phenethyliguamde, 304
sulfony hureas, 300-304
synthalin, 304-305
tolbutamide, 302
Hypoglyen A, ns bypogh comic agent,
305

Hypogonadist, 407434, 437453, 455-
466, 473
Ste also Gonadal dysgenesis, Gyne-
comaxstia, Menopause
Hyponatremm
m Addison’s diseace, 341
n hypopiturtarism, 56-57
Hypoparathy rordism
differential diagnosis, 220-230
etiology, 220
m pregpaney, 231
treatment, 230-232
untreated, 232
Hj pophs sectomv
for breast carcinoma, §73-574
carbubyvdrate metabolism abupermah-
hes following See Carbobydrate
metabohism
effect on body glucose pool, 19-21
endocrine consequend es, 48-52
adrenal function, 50
carbohydrate metabolism, 51-52
diabetes snsipidus, 50-51
gonadal Tunction, 4519
thyroid function, 49-50
for ophthalmopathy of Graves' dis-
euse, 216
Hy pophywal portal system, influence on
pitutary function, 13
Hypophysis See Prtuitary gland
Hy popituntarism, 53-67
amenorrhea from, 459
diagnosis, 57-64
eorticotropin, 58-60
gonadotropin, 5860
thy rotropn, 61-62
diffezential diagnosis, 64
during surgieal operations, 65
etiology and pathology, 53-51
from hypoph) sectomy, 43

INDEX

hypothyroidism 1n, 113
management, (0-66
pathologie physiology, 54-57
See also Dwarfism
Hypothalamie nucler, as source of pos-
tenor piturtary hormones, 73
Hypothalamus
neurosecretion by, 73, 75
regulation of thyrotropin seeretion by,
56

Hj pothyrordism
a0 children, 112-121
cerebral retardation or defect, 117
classifieation and ctiology, 112-114
cimeal prcture, 114
Iaboratory diagnosis, 117-118
physiologic changes, 115
and menta] development
120-121
stgng and 8y mptoms, 114-117
treatment, 119-120
withdrawal of therapy for dtagnowss,
115, 118-119
econgenital, 112-113
and goiter, 156
menstrual disorders from, 490491
thy rotropin arsay 1, 620-622
See also Cretsmism

I
Im See Radioodive
ICSH See Lutetmzing hormone
Infertihity, progestins for, 528
Insulin
1 bleod, 663-670
diabetic patients, 666-667
m differential disgnosis of hypo
glycemia, 667-668
after glucose administration, 666
methods, 663-665
muscellancous measurcments, 068~
63

i
normal fasted subjects, 665-666
effect on adipose tissue, 553
in pancreatectomized diabetic rat
27g-284
hypersenstivity to
after hypophs sectomy, 21-23
effect of thy rotropu after by pophy -
sectomy, 27
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mechanism of action
cellular theory, 260-267
enzyme hormune theory, 260
relation to intermediate metabolism,

role in glucose metabolism, 261-267
needed for growth hormone effect, 12
Tntermedin Sce Melanoey te stimulating

lormone
Todine
deficiency, a¢ cause of endemie goter,
124-126, 130
Protein hound, of serum, 635
radwactive See Radiodine

J
Jod Basedow, 193-194
K
Ketone bodies, 278-203
Kudney
angmfensin from, 543 Sce alse ingio-
tensin
ery thropmetin frum, 552, 534-558 See
alse Ervihropoetin
Khinefclter's &y ndrome, 426~131
with gynecomastia, 473474

L

Labor, reliun and uterine rclang fae-
tor for, 515-547
TLactation, 520-524
Lactogeme hormone See Prolactin
LH See Luteinizing hormone
Lid retraction, i noninfiltrative oph-
thalmopathy, 210
Laver disease
gynecomastia 1n, 477
urinary estrogens i, 694-695
Lutemzing hormone, 11 pituitary-ovar-
1an relationshup, 482487
Luteotropm See Prolactin

M

Macrogemtosomia praecox, 354

Mammary glaud See Breast

Masmmotropin See Prolactin

Melanoeyte stmulating hormone, 64—
634

assay, 640-630
biochenustry, 650-651
effect on pigmentation, 364565
physologic sgmficance, 651-653
relation to corticotropn, 633654
Melanophore hormone Sce Melanocy te-
stumulating hormone
Menopause, 532-5;
arthntiy, 535
atherosclerosis, 534-333
hypertension, 534
management, 536-339
muscellaneous clinteal conditions, 535
muscular dystrophy, 535
osteopoross, 536
phy stology, 532-533
shin disorders, 535536
syniptomatology, 533-534
Menorrhagta, ovulatery, treatment of,
193446
Menstrual dicorders, 450497
from adrenal cortical overactivaty and
ovanan virlism, 491-493
from hyputhalamue disturbance, 458
from hy pothyroidism, 490191
natural hastory , 193
from ovarian fuilure, 493
from pituitary deherency, 469191
progestins for, 527-528
from target organ resistance, 403
treatment, 403497
Mesencephalon, 1n mechamism of ovula-

tion, 7

Metabuliem, carbohydrate Sce Carbohy-
drate metaholiem

Metabexamude, as hy pogly cemuc agent,
301

Methimazole, 202
Metropatina hemorrhagica, treatment
403

oy
Milk-gjection reflex, 522-524
Milk withdrawal, 532-524
See also Posterior pituxtary hormone
MSH See Melanacy te-stimulating hor-

mone
Muscular dystrophy, 1 menopause, 535
Myaedema
following radiotodine for hyperthy-
roudism, 201, 204-205, 208
pretibial, 210
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Myxedema—(Cont'd)
proptosis in, 210
See also Hypothyroidism

N

NEFA See Free fatty acids
Nervous system Sec Central nervous
system
Neuroseeretion by hypothalamus
identification with active hormones, 75
nueler and tracts, 73
Nicatine, for assessing neurohypophysial
function in diabetes insmpidus,
Nilevar  See 17a-ethyl-19-nortestoster-
one
Nodular goiter
analyes of inerease, 160-167
inexdence of mahgnaney, 157, 100, 174-
178, 170
pros and cons of surgical removal, 174-
175
telation to thyrod cancer, 160~167
solitary versus multiple nodules, 160
treatment, 152~159
Noradienaline
conversion to adrenaline, 401
seereted by adrenal meduita, 398-399,

401-402
Norepinephrine See N I
Norlutin  See 17a-ethinyl-19-nortestos-
ferone

o

Obesity, 558-562
anorcxigenic drugs, 561
n Cushing’s syndrome, 345
diet, 530-560
fat versus carbohydrates, 539
psy chogenie factors, 560-561
uunknown in acromegaly, 42
Ohgomenorrhes, progestins in treatment
of, 527
Qophorectomy, n treatment of breast
carcanoms, 571-572
Ophthalmopathy of Graves' disease, 210~
219

esophthalmos-producing substance,
21

hereditary factors, 214

INDEX

infiltrative versus noninfiltrative, 210~
12
pathology, 214
prognosis, 217-218
role of adrenals, 214
of steroid hormones, 214
treatment, 215-217
Osteoarthropathy, 210
Osteochondritisd dast h
{from epiphy mal dysgeness, 117
Osteomulacia
diagnosis, 245
n by perparathyrowdism, 237
with osteopoross, 255236
raie forms, 234215
relation to plasma ealcium and phos-
phorus, 237-238
treatment, 245-246
{rom vitamin D deficiency, 242
Osteoporosis
brochemustry, 248
elinieal and radologic features, 246-
248

defintiion, 246
tustology, 218
after menopause, 536
negative caletum balance, 250-255
with osteomalacia, 255-256
pathogenests, 248-230
prupary and secondary, 246
secondary , 253~255
Ovarian dysgenesis See Gonadal dys-
genesis
Ovary
relationship with pitutary gland, 482-
487

tumors, hormone therapy for, 580
See also the hormoues and the disor-
ders
Ovulation, 1nfluences on, -7
Onytoesn, 70-71 See also Postenor pitu-
tary bharmone

P

Pachydermo-periastosis, simulating se-
somegaly, 41~42

Pancreas, histology 1n hy peradrenotor-
ticism, 297

Sce also Insulin, Glucagon

Pancreatectomy , effects on fat metabo-

lism in diabetie rat, 278-293
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Parathy rord hormone, 221-227
chemustry and 1solation, 223227
clinieal sy ndromes, 272-223
effect on aitne acd metaboliom, 221
phosphatuna, 224
mitutary stimulus, 225
pnmary site of action, 221-272
renal response, 223-224
shdletal resorption, 223
stimulus to phosphate secretivn, 224-

25
Sre alse Hy poparnthy rordsem, 1y pes-
parathy rotdizm
PBI Sce Protein bound rodine
Phencthy lbiguamde, as  hy pogly cemic
agent, 304, 307
See alzo Diguanmdes
Pheny Jthioures, as gutrogen, 152
Pheochromoey loma.
excessive seeretion of catechol amines
by, 405
a8 souree of diabetes, 207-293
Phosphate, tnorganic
and calcium in plasma, 235
concentration in extracellular thud, 234
conversion to trivalent, 235-236
Pitocin See Oxytocin
Pitressin See Vasopressin
Pitiitary -adrenal  function,
052

tests  of,

adrenocortical reserve, 674-677

corticotropic suppression, 650-682

pitwitary reserve, 677-650

Pituitary gland

central nervous sy stcm involvement i
cuntrol,

changes 1n Cushing’s & ndrome, 34

deficiency, menstrual disorders from,
459401 See also Hypopitwi-
tansm

function influenced by hy pophysial
portal system, 1-3

Becrosis, 53-55

postenor, and bypothalamic connee
tions as unit, 7.

and regulation of growth, 11

retation to ovary, 482487

secretion of stimulating hormanes by,
1

tumors, plasma corticotropin 1n, §31-
632
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Sce also Anterior pitnatury hormones;
Posterior pitwitary hormones
Plant goitrogens, 127-123
Polycystic ovary syndrome. See Sten-
Leventhal syndrome
Polycythenua vera, erythroposetin pro-
duction in, 558
Polydipeia, 1n differential diagnosis of
diabetes inupidus, 82
Posterior pituitary hurmones
anatomue basis of production, 73-76
aseay, 637-617
chemistry and distribution, 68-6
deficient secretion, 71
defimtion, 68
from hy puthalamse nueles, 73
manner of release, 71, 73
mediation of pitwitary fusction by,
-3, 70
oxytoen, 70-71
pharmacology , 69
phy wologie mgmficance, 69-71
transfer to bluod stream, 76-78
vasopressin (g v ), 70-71, 637-647
Precotious puberty, from hypothalamie
Iesions, 6
Prednisolune, for shin disease, 568
Predmisone, for skin disease, 568-569
Pregnancy, and acromegaly, 41
Pregnanetniol, 1n adrenogemital
drome, 353, T00-704
Premenstrual tension
progesting 1n treatment of, 528
treatment, 196497
Probenecid, for hy poparathy rowdism, 230
Prodox See 17a-hydroay progesterone
acetate
Progestational compounds See Proges-
tins
Progesterune, 526
for breast carcinoma, 577
Progestins, 526-530
for abortion, 520
for contraception, 520-530
for endometriosis, 528-520
for infertihty, 528
fur menstrual disorders, 527-528
Prolactin
effect on breast, 520
effect on carbohydrate metabolism, 27
and luteotropin, 482

£30
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Mysedema—(Cout'd)
proptosis 1, 210
See also Hypothyroidism

N

NEFA See Free fatty acids

Nervous system See Central nervous
system

Neurosecretion by hy pothalamus

dentification with active h
nucler and traets, 73

Nrcotme, for assessing neurohypophysial

function in diabetes insipidus,

75

Nilevar See 17a-ethyl-19-nortestoster.
one
Nodular goiter
analysts of increase, 160-167
meidence of mahgnancy, 157, 160, 174-
178, 179
pros and cons of surgreal removal, 174~
175

relation to thyrowd eancer, 160-167
golitary versus multiple nodules, 160
treatment, 152-159
Noradrenaltne
converston to adrenaline, 401
secreted by adrenal medulla, 398-309,
401402
Norepinephrine See Noradrenaline
Norlutin  See 17a-cthinyl-19-nortestos-
terune

o

Obesity, 558-562
anorexigenic drugs, 561
10 Cushing’s s ndrome, 345
diet, 550-560
fat versus carbohy drates, 559
psy chogenie factors, 560-561
unknown 1n acromegaly, 42
Oligomenorrhea, progesting in trentment
of, 527
Qophorectomy, 1n treatment of breast
careinoma, 571-572
Ophthalmopathy of Graves’ disease, 210~
219

exophthalmos-produciog  substance,
213

hereditary factors, 214

INDEX

infiltrative versus noninfiltrative, 210-
212

pathology, 214
Pprognosis, 217-218
role of adrenals, 214
of steroid hormones, 214
treatment, 215-217
Osteoarthropathy, 210
Osteochondrt

Yol 3

s 4 dist
from epiphystal dy sgenesis, 117
Osteomalacta
diagnosis, 245
0 hy perparathyroidism, 237
with osteoporosis, 255-256
rare forms, 244-245
relatton to plasma caleium and phos-
Dphorus, 237-238
treatment, 245-216
from vitamun I deficiency, 242
Osteoporosts
brochemstry, 248
clnesl and radiologic features, 246~
248
defimtion, 246
istology , 248
after menopause, 536
negative calerum halance, 230-255
with osteomalaers, 255-256
pathogenests, 248-250
primary and secondary, 246
secondary, 253-
Ovartan dysgenests Sce Gonadal dys-
genesis
Ovary
relationship with prtuitary gland, 482-
487

tumors, hormone therapy for, 560
See also the hormones and the disor-

ders

Ovulation, influences on, -7

Qsytoemn, 70~71 See also Posterior pitur
tary hormone

P

Pachydermo-pertostosis, simulating ac-
romegaly, 4142

Pancreas, hustology in hyperadrenocor-
tressm, 207

See also Insulin; Glucagon

Pancreatectomy, effects on fat metabo-

sm an diabetic rat, 278-203
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Stein-Leventhal sy brome, 191193, 19~
516

e reports, 511-3H
diagnosis, ST
hustopathology, 199-501
prathologie phy etology, 501-307, 514-515
signs anid sy mploms, 449
treatment, 500-310, 515
Steroids See the vanous sterotda
Su 155 and adrenal inlulntion, 318, 676-
o)
Sulfaguanidine, as gotrogen, 152
Sulfuny lurear, as hy poglycemee agent®,
S00-303, 308-312
lucoso utihzation, 302
mlibitien
of hepatse metabolem, 302-303
of insuling 303
stimulation of panerentie release of 1n-
sulin, 303-304
Synthalin, as by pogly comie agent, 304
305, 37

T
TBG See Thy roxine-binding globulin
Testes, 07434, 437-133
In ncromegaly, 1
euranoma of, hormane therapy for, 5%
castration for carumoma of prostate,
578
germinal aplaxa, 412
after by pophy seciomy, 43
Tetany
following thy rowdectomy , 204, 228
from vitsmun 1 defieiency, 244
See alao 11y poparathy rowdinm
‘Prututerone, for brenst (arcnoma, 575
Thirst mechanmam, 10 neurohs pojhy sal-
renal aystem, 78-70
Thyroid activator, 1n hyperthyrordism,
622-624

Thyroid gland
antibodies to, 185-192
enrcinoma
autopay studies, 163-171
clintcad wurveys, 171-172
disagreement on Incdence, 157, 158,

in endemic guiter arcas, 163
hormone therapy, 158, 579
wmortalty, 171

i nodular goiter, 158, 174-178
putlary, 179-153
enduerine depeadence of, 180
weidence, 181-162
rudiation therapy, 150-181
role of thysowd stimulating hor-
mone, 150-151
surgieal operation, 182-153
thyroid treatment, 132-139, 179~

surgienl statistics, 172-174
function
caunes of decrense in, 4-3
after hy pophy sectomy, $9-50
tests
direct, 66-662
ulireet, 630
nodules, treatment with thyrowd hor-
mone, 157-158
Thyreid hormone
assoQation with plasma proteins, 92
degradation and homeostasis, 99-101
i diagnoms of by perthy roidism, 659
effect on ndipore lissue, 531
for goitcr and thyrord podules  Sce
Nodular gorter, Thyroid gland
for by poptwitansm, 63
mterpretation of protein-boundodine,
96-18

measurement of seeretiun rate, 103-104
metaholism, 91 T
dirturbed penpheral, 91
for ophthalmupathy, 215-216
requirement, 103-110
sensitivity and potency, 93-u3
state 1n arculation, 92
tranxport, 01
use with growth hormone, 15
Thy roul-stumulating hormone See Thy-
rotropin
‘Thy roidal homeustana, 91
Thyroidectomy
n diahetic animal, 27
for hyperthy roxdism, 204-207
hy poparathy roidism following, 29
Thyrowditis and thy roid antibodics, 185~
102
autermmunization studies, 145
serologie reaction for detection  of
rerum antibody , 156-190
chimeal usefulness of tests, 191-192
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Prolactin—(Cont'd)
in pitortary-ovanan 1elationship, 452-
483, 187
Proptosis
i myredema, 210
1n ophthalmopathy of Graves' disease,
210

Propytthouraed, 202
Prostatie carcinoma, hormone therapy m
treatment of, 578-579
Proian-bound rodine
m diagnosis of thyrord disorders, 656~
662

mterpretation i thyroammne turnover,
96-98
Protein matrix hypothests of osteo-
porosis, 248
Dcendohermaphrodism
female, 414417
i eongemstal adrenal hyperplasia,
354

male, 417421
with femmmzing or congenitally de-
feetrve testes, HO
gynecomastra with, 473
Stce also Sex differentiation, abnormal

R
Radioiodine
for measurement of thyrotd hormone
secretion, 103, 105-109
for treatment of hyperthyrordism, 199
Relaun
assay, 543
biologie and chemteal properties, 543
clinical effects of, 544-548
Reserpine, bloeking of ovulation by, 6
Retinopatby, m acromegaly sith dia-
betes, 42
Rickets
dragnosis, 215
ctiology, 244
relaton to plasma calcrum and phos-

INDEX

Semimferous tubule Qs sgenesis, 426
Seratomn, from pancreas, 270
Serum antsbodics in thyroid disease, 187-

189

significance, 189-191

Sex anomalies, pathogenests and classi-

fication, 407434

chromatin pattern, 107409, 431-132

cortrcomedullary imbalance and gon-
adal dysontogenesis, 433-134

differentiation of abrormaltties See
Sex differentiation, abnormal

gonadal dysgenesis, 421-126

avaries with negative nuclear cliroma-
trn pattern, 431-432

pseudohermaphroditism

female, 414417
male, 417421

seminiferous tubule dysgencsis, 426-
431

sex determination and differentiatron,
100~414, 437453

sesual dimorphism as eytologie test,
409

true hermaphtoditism, 432433 See
also Hermaphrodttism
Ses differentiation, abnosmal, 437453
anatomie findings, 437
changing of gender role, 452-453
dassificatron and etiology, 439—H0
diagnosis, +13-+6
admimstration of sterords 1 preg-
nancy, #41-446
17 hetosteronds, 444
laparotomy and gonadal biopsy , +6
nuclear chramatin studies, +13~45
wrethroscopy and urethragraphy, 416
explanation to parents, 452
frequency of types, 451~152
mndications, HO-H3
goleetron of sex of rearing and treat-
ment, 138439, 447452
10 siblings, 42
transvestism aad homoseauality, 453

phorus, 237
treatment, 215-246 Simmond’s syndrome Sce Hypoptiui-
tarem
S Shin
Salt-wasting syndrome in e mtal 1 n 535-336
adrenal hyperplusta, 337-339,  cfect of hormones vn, 561569

359-360
Scleroderma, relaxin for, 548

Somatotropin See Growth hormono
Spider telangtectasis, 563
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Stein-Leventhial ey ndrome, $81-493, §03-
516

cise reports, 511-51
dragnosts, V7508
mstop Whology, $09-0Y
pathologie phytiology, 505 -307, 514-515
sgns and sy mptoms, 433
treatment, K-510, 515

Stecoids See the vanous sieronds

Su 4583 and adreaal iohidstiop, 348, 65~

Y

Sulfaguansdine, ax gostrogen, 152
SulfomsInreas, ss by poglycemie agemts,
363, 30S-312
glucose utihization, 303
minbibion
of bepatee metabohem, 302-302
of 1nsulin, 303
stunulation of panereatie telea~e of in-
sulin, 303-304
Ssutbaln, as by pogly cemie ngent, 304~
303, 307
T

THG See Thyrasine-bimdng globalin
Teatea, $07-434, 437453
18 acromegaly, 4%
esrainomas of, hormone therapy for, 55G
castration for carcinoma of prosiate,
58
gormunal aplasis, 412
alter hy pophyrertoms, 48
Tetany
following thn roxdectummy , %04, 228
from ntamn D defimeney, 241
Sce atso M pepsrathyroudim
t for breast 575
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in nudular goiter, 138, 1T4-178
papllary, 170163
endocrine dependense of, I8
inendence, 151152
Ty aon therapy, IRO-151
sle of thyrod-stimudating hor.
wone, 150-151
surgacal operation, 152-183
thyrond treatment, 132-159, 179-
156
surgieal statisties, §72-174
funeiion
eauses of decrease in, 4-3
after hy pophy sectumy , 1030
tests
direet, 636062
widizect, 656
aaduley, trestment, with thsrowd hope
mone, 157158
Thy roid bormone
association with plasma proteins, 92
degradation and homeostasts, 99161
1n diagnows of by perthy rosdism, 659
aiiget on sdipose tassue, 535
Jor goiter and thyrosd podules See
Nodular goiter, Thyrord gland
Jor hy poputustarnim, 65
wnterpretation of protein-houndodine,
96-58

messurement of scoretivn rate, 103-104
metabolism, 9§ .

ehsturbed peripberal, 91
Tor ophthalmepaths, 213-246
revuirement, 103-110
senstivity and poteney , 9509
state w arculation, 92

Thirst methanism, 1o neurchy pophy sish-
renal system, 75-7¢
Thyrowd actsvatar, 10 by perthy romdism,
622-02%
Thyrowd ghasd
antsbedies to, 185-102
earauiama
autopsy studics, 163~171
chucal survey s, 173-172
disagreement on socidence, 157, 158,
168

m endemic gorter areas, 16D
harmons therapy, 189, 579
mortality, 173

part,
use with growth hormone, 15
Thy rrd-stimulating hormane Sce Thy-
rotropin
"Thy ruidal homeostass, M
Thy raidectomy
. dusbetse ammal, 27
for byperthyrordism, JH-207
hy poparathy reulism foliowing, 229
Thy soiditis and 1hy ro:d antibodues, 185-
192
autasmmunization studies, 185
serologie reaction for detection of
serum aptivady,
ehinreal wsefulness Df tests, 191-102
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Thy ropituitary aviz, 91
Thy rotoxaconts Sze Hyperths roidim
Thyrotropin
assay
i blood, 81062
evophthalmos, 623
hyperthy roidism, 622624
by pothy rosdism, 620-622
control of seerction, 46
effect on carbohydrate metabolism, 27
on hypophysectomzed-pancreatee-
tomized rat, 288-289
1 by popatantarnm, 55-36, 61-62
in radiesodsne uptake, 661-662
Thy reane
concent(aton of free, w harmonal
turnover, 92
dsstrsbution space, $+
effert on carbohydrate metabolism, 27
estimation of requmrements, 104-101
exeretion, 104-109
as whibitor of thy rotropin releace, §
tocalization i bran, §
metabohsm
ksnetres of, 0496
of oral, 103-107
@ plasma, 8%
turnover, $1~161
measurement of, 94-95
Thy roxtae Innding globuln, 92-93, 99
Ths roame-broding preaibumin, 92-03
Thy roune-binding protein, 92
TFolbutamude, as bypoglycemue agent,
302, 308, 311-312
Toue goster See Hypetthyrordiem
Trigmeinolone, for skin disense, 568-569
Truedothyreacetic acid, poteney of, com-
pared with thyrosne, 98
Truadothyronine
bound to thyroune-binding globulin,
93

Joealization 10 brain, §
1 plaema, 103
1w thyreid, 104
role m thyroid hormonal action, 52
Turner's syndrome See Gonadal dys-
genesis

INDEX

u

UFA Sce Free fatty acids

Urinary e-trogens, determination of, 684~
&

chimeal spplicatson of avsays, 685605
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