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PREFACE
” isi i jef way, the disorders of
e poeral t:;:iﬁfa?oio‘;;:s‘: :fb:;;eefveigé and lymphatics
the perip Tes. is, of course, o large one
11 as of the arteries. The field is, of e s £
:Z: :ﬁ {reated exhanstively iirortn ;hc “;‘:?:;?&g: gl;ﬁ:;‘;ng\? er
pathology and the technic of study an o for such o
T 5 large volume. The time is hardly ripe §

ﬁi%omvei it seems proper to record_ the rapxdﬁad:’wgcat
+which have been made since Buerger published the first gr

in thi h devoted almost exclu-
monograph in this field-~a monograp! ) e o o
sively to the then little-known gnd s*:xll m)'r:tenous A
which he named *‘thrombo-angiitis obliterans®’, In the Sitee: '
years which have since elapsed, a mth.er general agrcemcni
hag been had as to the clinical behavior aund tre.atmcnt o
{he organic arterial deficiencies snd, thanks to Sir Thomzfs
Lewis's brilliant studies, a3 to the nature of the vasospastie
conditions as well. Perhaps the pace has now slowed down o
{ittle, so that explorations have been possible int? the ohscare
and difficnlt field of the reflex edemas, hiypesthesias and -bone-
atrophies, the causalgias and cansalgia-like states, Lenchr-:’s
favorite ground, At east, it seems possible, perhaps, to writo
an account of the peripheral vasenlar diseases which will not
be quite out of date in five years,

The author’s own explorations have been ‘wainly in the di-
rection of the return circulation, the diseases of the veins and
Iymphatics, including thrombo-phlehitis and elephant e
has watched with great interest the wave of enthusiasm for
attempting the obliteration of varices by the injeetion of

stlerosing solutions and believes that he has seen that not en-
tirely accarate or conclusive

procedure, bronght to its highest
state of development, Derhaps, by McPheeters, relegated to its
proper place as an aid to Dphysiologically conceived division of
the veins at strategic po

inte. Of espeeial interest at the pres-
v
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ent day is the study and prevention of venous thrombosis and
embolism, In this field, it is especially necessary to cast off
outworn conceptions and attack the subject with originality
and boldness. Indeed, advances are already recognizable, not-
ably in the identification and exploration of the site of throm-
bosis and in the use of heparin as an anti-thrombosing and
~coagulating influence by Murray, Best and their collaborators.

This book, then, covering as it does so wide a field, pretends
only to give a short but, it is hoped, understandable account of
the various peripheral cireulatory diseases and abnormalities.
The busy practitioner, who first meets these disorders, should
be able, with the aid of the descriptions, illustrations and case-
reports it supplies, to recognize most of them and successfully
treat not a few, Various tests of the peripheral circulation are
explained and discussed. The more important operative pro-
cedures are described and illustrated. References to the most
significant monographs in the literature are freely supplied
and are assembled at the end of each chapter. These features
should be of aid both to the expert and to the medical student.
Tt is even hoped that the material offered will satisfy the lat-
ter’s peculiar appetite for an account of first causes,

The line drawings used as illustrations for most of the tech-
nical procedures are from the pens, respectively, of Misg Mil-
dred Codding and Mr. W. C. Shepard, to both of whom the
author is much indebted for their pains and skill. Dr, Geza de
Takats and Dr, Mont R. Reid have kindly permitted the re-
publication of some of their sketches picturing certain abnor-
mal arteriovenous communications. Dr. Bdward A. Edwards
has done the same for some of his anatomical sketches illus-
trating the anatomy of the veins of the leg and the manner of
their re-establishment after division, Vigot Fréres have been
good enough to allow me to reproduce several sketches from
Charles Remy’s ‘‘Traité des Varices des Membres Inféri-
eurs'’. The photographs come mainly from the surgical clinic
of the Peter Bent Brigham Hospital, but there are several
from the Children’s Hospital of Boston and from the Massa-
chusetts General Hospital, one from Dr. Edwin P. Lehman’s
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Clinie ot the University of Virginia end another, very kindly
furnished by Dr. John B. Cross, from the Federal Peniten-
tiary at Atlanta,

Finally, the anthor takes this opportunity to ihank the mem-
bers of the Cireulatory Clinic at the Massachusetts General
Hospital, notably Dr, Arthur W, Allen, Dr. James C. White,
Dr. Reginald H. Smithwick, Dr. Leland 8. McKittrick and Dr.
Henry H. Faxon for the pleasure and profit which he has re-
¢eived at many instroctive ward rounds in their company and
to express his admiration for the brilliant advances they have
made in a difficalt field.

Jomx Hoyaxs
Boston
May 1939
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CHAPTER 1

SORTING OUT THE VASCULAR DISORDERS OF THE LIMBS

Antezug deficiency in an extromity is obviously unfasorable
to its use, Minor deficiencies canse functional dxfwrdets. Se.n-
ous ones lead to malnutrition and even necrosis. 1t urtenfﬂ
stoppage develops slowly, the natural sequence o.f events is
coldness, atrophy, and finally gangrene—a dry, shn{lkmé’: an.d
only slowly destruetive process. The first external S\.);“ .05 this
change in the legs is a slowing of locometion. The mflmd\ml
steps ont, fails to obtain a sufficient blood supply for his lnb{)r-
ing muscles, rests and sels out apgain, suffering in fact {he in-
termittent clandication first described a hundred years ago, in
the case of the horse, by the French veterinatians. In other
Tespents, save for a lack of resistance {0 cold, there is little
sign of anything wrong, Acute stoppage, on the other hand, is
spontancously paralyzing and usually painful, The individual
is struck down and can not use the affected hmb. Incidentally,
since the tissues are not gradually drained but caught wet, as
it were, any gangrene which oceurs is apt to be moist and far
more liable to infection than the dry, mummifying vaviety.
One particular sort of deficieney, due to the somewhat prema-
tare arterioselerosis of dinbetes, is in the main of slow onset,
though owing to the diabetic’s lack of resistance to infection,
acute emergencies often arise.

The venous and lymphatic disorders are, by contrast, causes
of congestion, of heaviness. They do mot disable unless the
“““}‘ !’““‘“93 mechanically nnwieldy or, losing its resistance
fo injury and infection, becomes chronically inflamed or ul-
eeratet}. ‘l‘uiinduce swelling of a limb, the obstruction in the
returning cirealation must be of o high grade; the prineipal
vessels must be oceluded ang probahly over n considerabls

2
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2 CIRCULATORY DISEASES

arca. Thus thromhosis of the iliac and femoral veins causes
enlargement of the entire leg, whereas a failure of the super.
ficial venous return, as in varix, and even an extensive throm.
bosis of varicose veins, leads to almost no swelling.

Such gross distinctions as these are clear enough, and if
all cireulatory disorders fell into these categories, they would
very readily be understood. Unfortunately there are arterial
diseases which are not organic but functional; not perma-
nent but, spasmodic—disorders of vasomotor control, whether
through the sympathetic system or chemical mediation, un-
natural reactions to the emotions and especially to cold, such
as Raynaud’s disease. There are, also, combinations of ar-
terial and venous occlusion, notably thrombo-angiitis oblit-
erans {Buerger’s disease), There are arterial spasms appar-
ently reflex in nature and secondary to a variety of wounds and
injuries, Some of these are temporary; others are prolonged
and associated with serious changes in skin, bones, and joints
—painful states, ns a rule, including the causalgins. There are
even arterial spasms sccondary to, or at least associnted with,
venous thromboses. Finally, there are inexplicable and perma-
nent states of vasomotor irritation causing cyanosis, cold-
ness, sweating, and, in some instances, ulceration of the ex-
tremities.

The arterial aneurysms and venous malformations, such as
nevi and the arteriovenous fistulas both congenital and trau-
matic, also affect the limbs, though since they exhibit them-
selves in other places they are by no means peculiar to these
parts. A brief account of them, if only for purposes of com-
parison, will therefore be included here.

The Arms and the Legs.—There is a distinction of some im-
portance, rather helpful in dingnosis, between the diseases of
the arms and the legs. Whether because the blood pressure is
higher in the lower limbs than the upper or becaunse of the
wear and tear due to a more viclent use, the legs commonly
show the effect of arteriosclerotic stiffening and endarteritis,
whereas the arms almost never do so. This is true both of the
chronic narrowings and acute thromboses. The combined
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(hrombosis of both xteries and veins i thmmbo-ung‘::s
okliterans is also far more troublesome to the lega than ihe
arms, thongh hiere the distinetion is much \esis clean-cut than if
is in fhe case of the purely arteriosclerotic disorders, The legs
and pelvis are also the seat of most of {he venous thromboses
and of the wmsual sevondary arterial spasms related to them.

The arms, by contrast, tend to be the usus! site of the many
states of arterial spasm brought ahout through the medin-
tinn of the vasomotor government in general. To afl generally
Satrivated Tesctions the arteries of ihe legs of course ve-
spond, thought in a less noticeable and troublesome way than
do those of the arms. But there are certain states, sueh as
the rare arteritis, associnted wilh irritation of the brachisl
plexus by a cervieal or first rib, and the effects of ceriain
injuries of the great nerves, causnlgia or cansalgin-like states,
which are almost peculiar to the upper extremities.

There {s also a distinetion between states of spasm and or-
gonic disease, not to be taken toy seriously but helpful in
diagnosis. The area principally subiject to the effects of periph-
eral arterio-spasm oceupies little more than the fect and
hands. That is o say, it is limited contrally and sometimes
with almost & glove- or shoe-like abruptness shortly above the
wrist aud the ankle. Thus the diseases which show themselves
in changes confined to such areas will most often have a pre-
(_iomimmtly vasospasticbackground. See, for instance, a young-
ish man, a heavy smoker, snffering from o pronounced inter-
mittent limp and find, on passing your hand down his legs,
that cool skin is encountered rather abruptly at mlmost the
level of the shae-tops. Whatever degree of organic oblitera.

tion he may exhibit, you may properly judge that there is
a.lso an element of sympathetieally controlled srtavial spasm, -
in his ease,

) 'Ti\is.m\xg\\ analysis of the vaseular diseases of the extrem.
ities 13*111 serve as the outline for this hook, Information about
tthem 18 mereasing and at such o pace that dlassification is anpt
to be inadequate ang explanation fallacious, Towever. there
i3 bere ontlined a sort of index of disnbilities whick z;xay be
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useful in pigeonholing the various circulatory disorders.

Arteriosclerotic Deficiencies.
Diabetic Infections and Gangrene.
Thrombo-angiitis Obliterans.
Vasospastic Disorders.
Raynaud’s Phenomenon.
Vasospasms, acute traumatiec,
Vasospasms, chronic and related to injury and infection,
Vasospasms, functional, permanent and unclassifiable.
Arterial Embolism.
Varicose Veins and Ulcer.
Thrombophlebitis and Venous Embolism.
Post-phlebitic States.
Arterial Aneurysm and Abnormal Arteriovenous Com-
munications,
Lymphedema, Lymphangioma and Elephantinsis.

The most significant function of the cireulation is the nour-
ishment of the tissues. At first sight it might seem that this
function, in the case of the limbs, is quite the same as that
performed for the rest of the body. Such is hardly the case.
Though it is frue that when at rest the limbs make little
demand upon the circulation, in action their demands aro
enormous. Everyone is familiar with the slowing up of the
athlete, the giving out of his legs, in the late thirties. His heart
is probably as good as ever. His endurance, partly owing to
his inereased experience and skill, is probably greater. But
his elasticity, as opposed to his capacity for sustained effort,
that is, his capacity for muscular response at high speed, is
beginning to lessen. The cause of this change lies presumably
in the failure of his arterial system to respond actively enough
to the eall made upon it by the muscles. Carry this functional
deficiency a little farther and you have a basis for the inter-
mittent limp. At rest, the legs of the individual whose arterial
system is becoming limited are comfortable. In action, they
are insufficiently supplied with blood, and the characteristic
intermittent painful numbness sets in. Carry the circulatory
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deficiency still farther, combine it with minor injuries and the
eooling of small parts with large surfaces, and the extremities
‘hecome more than functionally m‘“‘}“ﬁsmd‘ They are actually
Tiable to necrosis—senile or presenile gangrene.

The second function, a0 one upon which fomiliar observe-
tions and tests depend, is the maintenance of the surface tem-
peratore. This of couste is ouly o patt of the control of body
temperature in general However, the local cutnnc?us. tcmp'er-
atre is of dhief suterest here, Warmth of the skin is a sign
of zn sbandant Wood supply. Coldness is an evidence of a de-
ficient circalotion. This is simple enough, But o deficient eir-
enlation may be restricted either organically or merely by
fanetional contraction. Aud so o distinetion must be made
between these twa states, a matter of deciding whether or not
the arferial system, especially the finer parts of it, ave capable
of contraction and expansion. An organically deficient orterinl
supply makes 2 relatively cold surface but above all is so
inelastic as no longer to respond to a reflex call for tempera-
ture regulation. Thus the skin of a limb tends to take on, not
the deep temperatare of the body but the temperature of its
environment. It can slowly be warmed by the surrounding
air, and rather more readily be cooled. A normal set of vessels

ds to a hot envi t, and particnlarly to any signal
Teceived from the heat-regulating centers, by dilatation with
consequent warming and flushing of fhe skin in an effort to
’: inate hieat, the medullary centers being extremely sensi-
tive to any rise in the temperature of the blood. By the same
i?ken, normmal vessels respond {o external cooling by confrac-
thon, Jest heat be lost through radiation. Now just as stiff,
mntrm_:‘ce\? arteries fail to respond to such influences, unnat-
urally irritable vessels may respond too readily. A little cool
ing uf {he enviropment, a Yittle nervousness or fear, sends
o averts 15 of course a gross picture. The normally
werly responsive small arteries are spoken of as if their

reactions were only to nervous control of body £
in general, As ¢ ¥ temperature
» smatier of fact they respond to local stimmi




[ CIRCULATORY DISEASES

as well. By warming a foot, for instance, its small vessels can
be made to dilate quite apart from any general influence.

The large and small vessels do not react, respectively, in
qnite the same way to contracting and dilating influences.
Vasodilatation and vasoconstriction chiefly occur in the small
arteries and arterioles. Thus it is upon the surface, particu-
larly in the feet and hands and above all in the fingers and
toes, that changes in surface temperature are most sensitively
displayed. Sir Thomas Lewis has revealed the purpose of
the numerous fine arteriovenous anastomoses, muscular and
richly innervated, which are present upon the surface of the
body and especially in the digits, the palms and the soles.
These, when dilated, permit a flood of arterial blood to warm
the skin. Similarly, their contraction aids in cooling the sur-
face. Thus, as compared with the body and the more bulky
part of the limbs, the feet and hands are far more rapidly
warmed and cooled and quickly reveal their state in the tem-
perature of the skin. It is, in fact, in the fingers and toes that
peripheral vasoconstriction and vasodilatation can most easily
be studied.

The Sympathetic System, previously mentioned but not ac-
tually described, now requires consideration. It is an out-
flowing mechanism, exereising vascular control and, by the
stimulus of pain, rage and fear, cnergizing the body for
action. Shakespeare might have been collaborating with Wal-
ter Cannon when he wrote:

“*In peace there's nothing so becomes a man
Ag modest stillness and hnmility :

But when the blast of war blows in our ears,
Then imitate the action of the tiger:

Stiffen the sinews, summon up the blood,
Disguise fair nature with hard-favored rage:
Then lend the eye a terrible aspect;

Let it pry through the portage of the head,
Like the brass cannon; ***

Now set the teeth, and stretch the nostril wide;
Hold hard the breath, and bend up every spirit

To his full height!” Henry V. Act IT, Scene 1.



Fiorre 1. A Duacrayatic SEETCH OF THE BYMPATHETIO INNERVATION
or Tre Linces, The sympathetie gangha and chain, solid black; the pre-

ganglionic rami, sohid black; the postganghonie ramu, dotted lines. Arrows in-
dieate points at whieh the rami and ¢

hain should be interrupted to scemre

above L, 1 and removal of I, 1, 2 and
3; Bives vasodilatation as hagh 2s the thigh but is only to be practiced in
emales.
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In other words, the sympathetic system, stimulated by any
excitement, raises the blood pressure, constricting the arteries,
and drives the blood to the muscles which it abundantly fur-
nishes with immediately usable fuel. But in the meanwhile,
it stops all processes not immediately required for action. By
causing the peripheral vessels to contract, it halts all loss of
heat, at the same time turning the surface pale, dilating the
pupil and widening the eye, and by an action usually but not
always consistent with this vasomotor response, it erects the
hairs and sets the skin to sweating. By contrast, paralysis of
the sympathetic leaves the muscular arteries relaxed, the skin
flushed and dry, the pupils contracted. In the normal, bal-
anced state, the sympathetic, of course, maintains a steady
vasomotor tone.

All this is accomplished by a system consisting of o series
of nerve cells and relay stations. From cells in the very oldest
part of the brain, fibers descend the cord and pass out with the
anterior spinal roots to make contact with secondary cells in
the long, paravertebral ganglionated chain, The little nerves
which earry these fibers from the cord to the ganglions are
the preganglionic or white rami, Through every one of these,
several ganglia are activated. Next, from the cells in the gan-
glin, other fibers pass on to be distributed via the peripheral
nerves to the blood vessels and sweat glands all over the body.
These are the gray or postganglionic rami., There are other
way-stations to the various thoracic and abdominal viscera,
but the simple system just deseribed serves for the blood ves-
sels. In Figure 2 the distribution of sympathetic fibers to the
arterial system of the limbs is pictured. It will be noticed that
the fibers flow out upon the great vessels from the prineipal
nerves at a series of levels but do not fravel far along them,
and that the distribution of the sympathetic supply from the
principal nerves of each limb corresponds to their respective
sensory fields upon the surface.

To this description it is only necessary to add that the sym-
pathetic supply to the arm arises in the upper thoraecic cord,
passing ont by white rami to the second and third thoracie
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ganglia and olong the sympathetic ehain fo the stellate gan-
glion (first thoracic and inferior cervieal) ; thenee, principally
from cells in the stellate, in gray rami, {o the brachial plexus.
The supply to the leg comes from the lower thoracie and lum-

FUTRE 2, Trre Thremmm, |
Broop ¥

and Po ' . ' : . .
st are - v peldl 2 which fibers desti i the
TY mAY be exposed to iritation as they pass over :Jsz:m;i?'hﬁ: d)‘:
shest nl
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bar eord. Some preganglionie fibers pass in white rami to the
second and third lumbar ganglin, and from these ganglia a
number of postganglionic fibers go out to the vessels of the
thigh, But most of the preganglionic fibers descend in the
sympathetic chain to ganglia below the second and third lum-
bar, where they make their contact with cells whose post-
ganglionic fibers are distributed, via the sciatic to the prinei-
pal arterial system of the legs. This arrangement permits
division of the preganglionic rami to both upper and lower
limbs without injury to the cells of the postganglionic fibers.
Thus, stimuli from the central nervous system can be cut off *
from the vessels of the limbs without loss of the local post-
ganglionic governing mechanism. This feature will be de-
veloped in the story of the operative treatment of vasospasm
(Chapter IV) and is a fundamental consideration in present-
day vascular surgery.

In the foregoing paragraphs the vasomotor nerves have
been deseribed as if they consisted only of vasoconstricting
fibers. About outgoing vasedilating fibers, if such exiat,f less
scems to be known. Vasodilatation takes place not only when
central vasoconstrictor control is artificially lifted but under
the influence of the products of loeal metaholism which cause
the blood supply to fluctuate very delicately and accurately
according to the needs of the tissues. The blood supply of the
muscles is governed in this way. If the cireulation to a given
area of musele is arrested, sufficient vasodilatation oceurs in

* 1t iy confusing to d.lscover, as Oughtcnon, Harvey, and Richter have done,

that nfter an 8, denervation of the lower limb,
sumc vasomoter conirol yet remains (posterior tibial nerve block causes additional
t Thoir i 1 observations suggest that vasoconstrietor

fibera reach the sciatic norve from sources in the apinal cord lower than the lowest
Litherto recognized exits for sympathetic nerves (that is, caudad to the third and
even the fourth lumbar Toote).

tIn the normal individual, they have never been proved to exist. Iowover,
T.ewis and Pickermg have shown that in anyone suffering from vasospasm, as in
Raynaud's disease, full vasodilatation in the little finger, as ealled forth by heat,
is prevented by blocking with proeaine the corresponding ulnar nerve. Yet block-
ing the ulnar nerve abolishes all vasoconstriction in tho ulnar ficld, paralyzing
<asoconstriction fibers. Thus it would scem also to paralyze vasodilator fibers, A
parallel phenomenon has been found true in tho leg.
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that area o that when blood fow is pgnin x.elens'ed its volume
is greatly inereased until the oxygen debt is paid.

The statersent has also been made that sympathch.c nerves
do not travel for any great distance upon large arteries. ’L"lus
does mot deny the fact that stimuli of some sort—pos?ﬂ.ﬂy
in-going sensory impulses, for arteries appear to ba sensitive
—do travel along the great vessels. The fixation of sn embalus
in the femoral artery, for instance, or an inflammatory resc-
tion in its wall may be associated with peripheral spasm in
the atea served by the artery. Cut out a portion of this great
vessel, which Leriche likens to a long, inflamed nerve, and &
vicious reflex cause of vasospasm is at once relieved, a reaction
which usnally improves the circulation in the peripheral field.
Whether that division has succeeded hecause of interrupting
in-going or out-going impulses is still a question. Apparently
thrombosed or infiamed, veins ionally excite s similar
reflex vasospasm. Injured nerves are capable, under unusnal
cirenmsfances, of setting up & somewhat similar symptom
complex. That sach states involve in some way the sympa-
thetie system is beginning to be made clear by the relief
seeured {rom 2 temporary or permanent block catting off all
the sympathetic impuises to the part affected. However, as
will sppear when these states are discussed, the mechanism in
most instances is not only difficult to understand but is not
necessarily of the same sort in different cases. All that can
be affirmed i that o persistent vasospasm, even of a large
arferial tree, can take place as 2 result of a considerable variety

of stimuli affecting not only the arteries themselves but the
great veins and nerves as well.

Vascolar Exercise and Reactive Hyperemia.—In the previ-
ous paragraphs some account has heen given of the normal
and pathological physiology of vasoconstrietion in eo far a8
it affects the limbs, nnd the suggestion has been mads that
vasodilatation, the reverse of that pieture, occurs, not as an

independent process, but as one which tak
constriction is aboli’ e

shed, as by fever or as a Teaction
after
temporary arrest of the cirenlation. That is, vasodilatation
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bar cord. Some preganglionic fibers pass in white rami to the
second and third lumbar ganglia, and from these ganglia a
number of postganglionic fibers go out to the vessels of the
thigh. But most of the preganglionic fibers descend in the
sympathetic chain to ganglia below the second and third lum-
bar, where they make their contact with cells whose post-
ganglionic fibers are distributed, via the sciatic to the princi-
pal arterial system of the legs. This arrangement permits
division of the preganglionic rami to both upper and lower
limbs without injury to the cells of the postganglionic fibers.
Thus, stimuli from the central nervous system can be cut off *
from the vessels of the limbg without loss of the local post-
ganglionic governing mechanism. Thig feature will be de-
veloped in the story of the operative treatment of vasospasm
(Chapter IV) and is a fundamenta) consideration in present-
day vascular surgery.

In the foregoing paragraphs the vasomotor nerves have
been described as if they consisted only of vasoconstricting
fibers. About outgoing vasodilating fibers, if such exist,t less
scems to be known. Vasodilatation takes place not only when
central vasoconstrictor control is artificially lifted but under
the influence of the products of local metabolism which cause
the blood supply to fluctuate very delicately and accurately
according to the needs of the tissues, The blood supply of the
muscles is governed in this way. If the circulation to a given
area of muscle is arrested, sufficient vasodilatation oceurs in

%It is confusing to discover, as Oughterson, Harvey, and Richter have done,

that after an 5, hetie denervation of tho lower limb,
somo vasomoter control yet remaing (posterior tibial norve block enuses additional
i ion), Their i tal observations suggest that vasoconstrictor

fibors reach the seiatic nerve from eources in the spinal cord lower than the lowest
hitherto recognized exits for sympathetic nerves (that is, caudad to tho third and
even the fourth lumbar roots).

$In the normat individual, they bave never been proved to cxist. However,
T.ewis and Pickering have shown that in anyone suffering from vasospasm, ns in
Raynaud’s discase, full vasodilatation in the little finger, as ealled forth by heat,
is prevented by blocking with proeaine the eorresponding ulnar nerve, Yet block.
ing tho ulnar merve abolishes all vasoconstrietion in the ulnar field, paralyzing
vasoconstriction fibers. Thus it would seem also to baralyze vasodilator fibers. A
parallel phenomenon has been found true in tho leg.
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n bis Wstorical account of the procedure. Aud indeed B‘i‘
seems fo have used venous hyperemis primarily to cuse newid
and chronic infections and not fo fnfuence the cireulation
alons. Rowever, he established the facts: (1) thal Fenovs
hyperemia induces o Yeactive hyperemia independently o
nervous impultes; (2) thot prolonged moderate venous stasis
(mavy will Temember their efforts to carry out Lis trent-
ment} is of greater benefit than the reaction to cqually pro-
Jonged arterial constriction; (3} that reactive hypcreu.na i
prodnced by severing large vessels {Leriche makes 8 pomt‘oi
{his); and (4) that on acoumulation of metsbolites in the 1is-
sues {8 responsible for the local dilatation of the fimer vessels
{a cantention of T. Lewis and others),

The most ambitions attempts to secnre peripheral vasodila-
fation by waking use of venons hyperemin buve taken the
form of apparatus designed to secure suetion npon o Yimd fo}-
lowed by positive pressure, the two alternating in & rhythmie
manser. The limb, being placed in an sirtight chawber, is
subjected first to negative pressure, during which phase blood
is drawn from the capillary bed into the vennles and larger
veins, after which the himb is emptied of blood by & briel
exposure to positive pressare. Hermann and Reid maintain
that ihe fow of Blood through the smaller arteries and arteri-
Oles is thus inoreased and hat the surface temperatures are
torrespondingly raised. By a very sinmlar wethod, and de-
pending upon Polseuille’s law—the volume per minufe of
fuid passing throvgh a rigid tube is increased in proportion
to the fall in pressure slong the tube~Landis and Gibhon
undertake to amplify the o of blood through the peripheral

vessels, In both cases; suction and pressure are mechanically

;nn}ro\\ed, B series of eyeles being msed, but Hermann and

b?'f ?Se.:;);ver S%ressure for shorter periods, their snetion
% himited to 80 mm. of merenry (abont di i

Hteen vt ean s ry (; iastolic level) for

' r pressure to 20 mm. for two se
By Loandis and Gibbon’s more intense and | s

1 onger yperiods
?;;e ;uny wc\‘\ be introdeced att element of reaction tg QROX
s Yacking in Hermann and Reid’s gystem, However, botk
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gives the impression of being a passive rather than an active
process. Present-day literature is so full of explanations of
the beneficial effeet of this or that method of securing vaso-
dilatation as to bewilder the mind, a state of things partly due
to the fact that in a growing field each investigator tends to
advocate the method which he has developed and with which
he is most familiar.

Although for many decades attempts have been made to
treat disorders of the limbs by inducing nctive or passive
hyperemia, Cushing’s application and release of a tight rub-
ber tube (1902) seems to have been the first successful attempt
to secure a reactive vasodilatation in the face of vaseular
spasm. The idea undoubtedly was derived from the bright and
rapid flush which accompanies the release of a tourniquet.
The tightened robber tubing was intended to paralyze the
vasomotor nerves by several minutfes of complete arterial oe-
clusion. It has since been shown that occlusion of the arterial
supply to a limb, even for as short a time as a few seconds, is
followed, on release, by a vasodilatation which corresponds to
the oxygen want created by the stoppage. That the large as
well as the small vessels react in this way is proved by meas-
uring the total inflow of bleod into such a limb, and the event
can be counted upon, provided the arteries are elastic enough
to respond. Ifs exact cause is not entirely clear but may
properly be regarded as a reaction closely related to that
ealled forth by active musenlar exercise and by local injury.
Whether the stoppage which is succeeded by such a reactive
hyperemia is capable of harm, especially when applied to a
whole limb, is another matter, but it must be supposed that
unless it permanently widens the area of the vascular bed, the
increased flow it brings merely balances the momentary dam-
age done by the occlusion.

Tenous pressure, applied for a prolonged or short interval,
is capable of inducing, less violently, a similar reaction. Al-
thongh the application of this prineiple is associated with the
name of Bier, apparatus for securing venous hyperemia by
suction is perhaps a hundred years older, as Hermann relates
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raised, is perhaps able to earry inids from the mYl"“tamsn?‘
tissnes into which they would not oﬁ\e!:\"'ﬂe be able to pe
trate. In normal persons, at any rate, heightened venous pres-
sure soon increases the flow of lymph.

The final effect of incrensed venous pressure, nf a ?hcm'
peutic (subdiastolie) level, is to lower oxygen tcnslo'n in the
{issnes nnd thereby create an oxygen want, a wx.mt whiclt mqst
be safisfied, upon releasing the cuff, by a reactive ]1)11?r.emm.
It will be Tentized, then, that venous pressure, in mldxt'\on to
doing what arterial stoppage does, namely, ereating in &.he
tissues an oXygen want, raises the pressure in the capillaries
while the venons hyperemia is going on and so confers what-
ever benefits may be received from that act.

There are vet other means of securing reactive hyperemin.
The more complicated and forceful methods of doing so by
vasenlar exercise have hitherto been described. The very sim-
plest one is of course the Buerger-Allen system of vasenlar
exercises, which consist simply in elevating, lowering, then
actnally exercising, and finally leveling and warming the
Limb. An active hyperemia ean also be secared by the fever
due to the injection of foreign protein, and there are more-
over certain vasodilating drugs. All such have or, at least,

bave had their place in treatment. This will be discussed in
a later section.

Trsrixe Toe Avteriat, Sueriy To A Lnwm

Should suspicion arise that the Wood supply to a limb is
deficient, it is first necessary to gi: whether a deficiency
actua\}y exists and, nest, whether the deficiency is duc to an
organic nnr.rowing of the arteries or fo some temporary sort
c'i cot}tracnon, that is, vascalar spasm. Naturally, investiga-
tions in h(.xlh directions will be expanded by the smbitious, Is
the organic deficiency eoufined to one Yimb3 Is there arterial
parrowing throughout the Yimb, or is some particular vessel
?b§tmci.cd\ s vascalar spasm confined to the large vessels, or
18 it peripheral, or general? And if the circulation is so d’eﬁ-
ciend that a part of the Jimb must be sacrificed, how shall
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scem to induce in the smaller arteries and arterioles an in-
ereased flow of blood. :

Reactive liyperemia, to pure venous compression is vouched
for by the careful physiological observations of T. Lewis and
Grant (1925). More recently the clinieal studies of Collens and
Wilensky (who have invented an apparatus for producing
infermittent venous compression) and of De Takats, Hick and
Coultor (who have measured the reactive hyperemia with the
aid of an oscillometer) have placed intermittent venous by-
peremia upon the surgical map. As & result, it may confidently
be held that raising the venous pressure, as by a broad blood-
prossure cuff applied to the thigh, to g height just below that
of dinstolic arterial pressure, say 40-80 mm. of mercury, will
eause, on release, a reactive vasodilatation whose intensity is
nearly proportional to the duration of the venons pressure,
though actually n duration of not more than two minutes pro-
duces the best results. It appears, moreover, that an interval
of sevoral minutes should clapse before compression is again
applied and that a series of cycles should not Inst over thirty
minutes {possibility of refractory phase). The reaction to
venous hyperemia takes place best in a warm atmosphere.

For the benefit of those who are interested in the physiologi-
enl explanation of this phenemenon, it appears that during the
application of the pressure, the volume of the extremity in-
creases for some twenty seconds. In this first phase, the ves-
sels are distended and capillary pressure rises to its limit,
that is, to 5060 mm. of mercury (according to Landis, the
avernge capillary pressure is 32 mm. of mercury in the arterial
capillary mb and 12 mm. of mercury in the venous limb).
At higher venous prossures, that is, above the diastolie level,
petechial hemorrhages occur and doubtless red cells ecscape
from the capillaries into the tissues, appehring in the increased
Iymph stream. The second phase of venous hyperemia is due
to stretching of the vasenlar bed and tissuc edema; for the
filtrption pressure is then inereased over the osmotic pressuro
in the blood. Thus in arteriosclerotics, whose hydrostatic pres-
sure is often low, the filiration pressure, thus artificially
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ds with a rise
> F, and soon {he normal hand ot foot respon o
iz “1‘; natural Timit, to §3°-04° F. (845° C.), a range of 23
<o .
23Iul::;tmmining the Jimb, the observer will ose the bav:k of lni
fingers, baving already applied them to his ovn neck to fes
their “{armth, and wil} compare the patient’s cuiuneonz te;&;
perature with his own. If ina Well-“‘"nrn‘:ed room the ];p; 11,9:] Y
<¥in feels warm to him, the circulation in the tested ¥
e Siher noTmel ot deficient. But if in & cool room the pa-
tient's foot or hand feels cold, patient smd. obferver having
been equally exposed, the patient’s circolation is n\mo‘st cer-
tainly deficient. Thus the simplest test is to expose 1:\1:: hitherto
warmly covered extremities for ten to fifteen minutes to a
room temperatare of 70° F. or lower. If, then, the hands or
feet, as the case may be, feel cold fo the examiner’s tons:h, the
cireulation in the patient’s limbs is presumed to be 'msuﬂ'l«
cient, Even more striking will appear any differcnce in sur-
{ace temperature between two symmetrieally placed limbs, To
take am example: An #lderly individual complains of feeling
a numb sort of eramp in the lely calf on walking two blocks.
His feet become cold in winter. He must warm them at night
before he can fall asleep. He is often wakened by ersmps. If
he nneovers his feet and legs in a cool room—after they have
become thoroughly warmed in hed—leaving them exposed for
tome ten minutes, both toes and feet feel coal to the tounch,
At the end of fifteen minntes the left foot is distinetly eolder
than the right. As the hand is passed down the leg, from knee
ta taes, the coolness is felt to inerease from above downwards,
but there is no abrupt change as the foot is approached {ab-
sence of spasm or thrombosis of a large artery)
and the foot is dry (sbsence of associated sudomotor excita-
tion 2s & sign of sympathetic vasocoustriction). A case such
u.s this ill usually present a feeble or absent pulsation in
cither the dorsalis pedis or posterior tibial attery (or both)

o} the aftected Yimb or Jimbs. Tha color tests usually asso-
clated with such a state wijl

 wit presently be deseribed, However,
there is little doubt that this is an arterioselerotic deficiency of
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safe level for amputation be determined? To carry the story
of investigation further wonld lead to a differential dingnosis
between the various kmown states of vascular disense. Tt is
only intended here to deseribe the various known means of
studying the vascular eapacity of the limbs. Some of these
means are simple, to be used on ambulatory patients and at
the bedside. Others are complicated and call for elaborate and
often expensive apparatus. For anyone willing and able to
nuse his eyes, his fingers and his cor , the simpl
methods afford most of the diagnostic tests he needs. The
more complicated methods correct and amplify the simpler
ones, explain obscure signs, and furnish the accarate data
needed to reveal the exact results of treatment.

Anpurarory avy Bepsme Tests

The Temperature of the Skin.—This indicates very respon-
sively the rate of the blood flow through the imb. That is, the
more rapid the flow, the greater the heat lost from the surface
and the warmer fo the touch the skin actually feels. There is
a certain normal background. Exposed to a surrounding tem-
perature of about 63° F. (20° C.} or below, normnl hands and
feet tend to he cool, to feel cool to the observer’s touch, hav-
ing an actual temperature, as determined by special apparatus,
of somewhere about 70° I, rarely much higher and never more
than a few degrees lower. In warm surroundings, say at 78°~
§0° F, (about 26° C.) or higher, the skin of the hands and feet
tends to show  temperature of 80°-84° F. {about 32°-33°C.}.
Actually the tips of the fingers and toes offer the most strik-
ing changes of this sort, because of the very sensitive ar-
rangement for vasoconstriction and vasodilatation which the
digits possess. However, the thin skin of the dorsum of the
hands and feet does very well as a test surface. In the influ-
ence exerted by the room temperature upon the surface tem-
perature there is a sort of critical level or rather hill. Drop
the room temperature below 70° F. and local circulation is
slowed, the skin temperature falling nearly to that of the air
about it; but raise the room temperature only perhaps 10°~
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12° . and soon the norresl hand or foot responds with ;\ 21;5
o ifs patural limit, to 93°-04° F, (345° C.), a vange 0
50
20IxiFe-xamin'mg the limb, the observer will use the bac}: of lnst
fingers, having already applied them to.lus own neck to tes
theit warmth, and will compare the patient’s cutuneous. ten,x-
peratnre with his own. If in a well-warmed room the ?nmn‘l 8
skin feels warm to him, the circnlation in the tested Yimb may
te either normsl or deficient. But if in a cool voom the Do
{iont's foot or boand feels cold, patient and observer having
teen equally exposed, the patient’s circulation is almost cer-
tainly deficient. Thus the simplest test is to expose the hitherto
warmly covered extremities for ten to fifteen minutes ton
room temperature of 70° F. or lower. If, then, the hands or
feet, as the case may be, feel cold to the examiner’s touch, the
cirealation in the patient’s limbs is presumed to be insoffi-
cient. Even more striking will appear any difference in sur-
face temperature hebween two syrmetrieally placed imbs. To
teke an example: An elderly individual complains of feeling
a numb sort of cramp in the left calf on walking two blocks.
Tis feet become cold in winter. He must warm them at pight
before hie can fall asleep. He is often wakened by cramps. If
he uncovers his feet and legs in a cool room—after they have
Yecome thoroughly warmed in bed—leaving them exposed far
some ten minutes, both toes and feet feel cool to the touch.
At {he end of fifteen minntes the deft foot is distinetly colder
than the right. Aw the hand is passed down the leg, from knee
fo foes, the coolness is felt to incrense from shove downwards,
but there is no abropt change as the foot is approached (ob-
sence of spasm or thrombosis of a large artery)
ad the foot is dry (absence of associated sudomotor excitg.
ton as sign of sympathetic vasoconstriction). A case such
s this wili vsually present a feehls or absent pulsation in
elther the dossalis pedis or posterior tibial artery (or both)
of the affected b or labs. The cotor tests usnally asso-
“&lﬂ‘eﬂ"“_tll such a state will presently be Geseribed. Towever,
eve is little doubt that this is an arteriosclerotie deficieney gé
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safe level for amputation be determinedt To carry the story
of investigation further would lead to a differential diagnosis
between the various kmown states of vascular disease. It is
only intended here to deseribe the various known means of
studying the vascular capacity of the limbs. Some of these
means are gimple, to be used on ambulatory patients and at
the bedside. Others are complicated and call for elaborate and
often expensive apparatus. For anyone willing and able to
use his eyes, his fingers and his commonsense, the simpler
methods afford most of the diagnostic tests he needs. The
more complicated methods correct and amplify the simpler
ones, explain obscure signs, and furnish the accurate data
needed to reveal the exact results of treatment.

AnpuraTory aNp Brosioe Tests

The Temperature of the Skin.—This indicates very respon-
sively the rate of the blood flow through the limb, That is, the
more rapid the flow, the greater the heat lost from the surface
and the warmer to the touch the skin actually feels. There is
a certain normal background. Exposed to a surrounding fem-
perature of about 68° F. (20° C.) or below, normal hands and
feet tend to be cool, to feel cool to the observer’s touch, hav-
ing an actual temperature, as determined by special apparatus,
of somewhere about 70° F,, rarely much higher and never more
than a few degrees lower, In warm surroundings, say at 78°~
80° F. (about 26° C.) or higher, the skin of the hands and feet
tends to show a temperature of 90°-94° F', (about 82°-33°C.).
Actunlly the tips of the fingers and toes offer the most strik-
ing changes of this sort, because of the very sensitive ar-
rangement for vasoconstriction and vasodilatation which the
digits possess. However, the thin skin of the dorsum of the
hands and feet does very well as a test surface. In the influ-
ence exerted by the room temperature upon the surface tem-
perature there is a sort of critical level or rather hill. Drop
the room temperature helow 70° F. and local circulation is
slowed, the skin temperature falling nearly to that of the air
about it; but raise the room temperature only perhaps 10°-
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Waru, Deep Red Skin—Such o gkin is warm Eﬁ?‘f: “‘:];;
inflamed ot because vasodilatation has heen bronght o patd
some artificial menns, such as reactive hyperemia or
(nll‘;’:::,) Deeply Cyanosed Skin~Unless the hemoglubin is
Altered (as by such & drog os sulfanilamide) such o skin is
cyanosed because the direnlation Is delayed and warm beepuse
external heating,

of Cold, Pale SLirE-——S\mh o viin is cold #nd pale because the
blood flow is restricted, A slow or absent circulation gives &
eyonotic tint. N

Gold, Deeply Cyanosed Skin—Such n skin is cold beeanse
the circalation is deficient or absent, and cyanosed becanse the
cirenlotion bas been slow for so long o time that the blood
has given up its oxygen. This is not inconsistent with  Jow-
grade inflammation.

Cold, Deep Red Skin—~If the skin is very cold, {he blood
will not give up its oxygen and since the small surince vessels
are injured and therefore dilated, the kin is deep red. Blood
flow, however, is very slow.

Homentary Pressure upont the Skin—This test, often used,
is only moderately informative and may indeed be deceptive,
¥4, for instance, the great {oe is deep red, the expression of
Hlood from the skin by pressure will be followed by a very
tapid return of color, Thia docs not indieate, it the toe is cold,
4 vigorons circalation, but merely the pressara at which blood
is standing in the nearby vessels. Tu this case, o cold, red
great toe wonld be the geat of o very slow cireplation. Indeed
{he cirenlation might have ceased, yet the blush would return
after pressure, as in any dependent part.

Again §f o cold, already pale area is made paler by pres.
suze, the ret.\mx of eclor must be slow because the finer vessely
ina cold skfn are contracted. But this does not menn that the
circalation is deficient.

m’il:iet te;tl.‘ i;n xenost :almﬂﬂe wh'en applie.d to an elevated es.
o toy.pressmr presence of a vigorous c'u'cnlation, Dlanehing
¢ upon an elevated part i ‘promptly followed
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moderate severity but affecting the left leg more than the
right.

A variation upon this test of temperature can be made if
the room is warm (80° ¥. or over). The legs from the knee
down are immersed in cool water, that is, considerably below
the room temperature, They are then dried and left exposed
as hefore. In that case, the feet and toes inndequately sup-
plied with blood will be slow to become warm, or one leg will
lag behind the other. Normally, the maximum rise should be
secured in fifteen minutes. If, on the other hand, the room is
cold, that is, well below 70° F., it may be best to start by im-
mersing the feet in hot water at body temperature. Thoroughly
warmed in this way, dried and exposed, their rate of cooling
can casily he discovered.

Test by Color.—Since color is given to the surface by the
minute vessels of the skin itself, it is a less reliable test of the
circulation in the limb as a whole than is the temperature.
However, a white skin, that is, an excessively pale one, indi-
cates a restricted circulation. A bluish skin indicates a slow
circulation, one which may or may not be abundant. Redness
shows that plenty of blood is present, owing to inflammation
or heated surroundings, which has not yet lost its oxygen. The
tint, in fact, as Lewis points out, must be interpreted in the
light of the skin temperature. For example, the cool, arterio-
sclerotic foot described in the previous section is pale. Cold-
ness and pallor indicate n diminished circulation, probably
not particularly slowed. But if this same foot were cold, pale,
and bluish, the circulation must necessarily be not only dimin-
ished but much delayed (for since cold blood is slow to give
up its oxygen it must have been long delayed to become blue
and not red). As an aid to an understanding of color and sur-
face temperature, Sir Thomas Lewis’s interpretations, some-
what amplified, are here reproduced.

TWarm, Pale (Pink) Skin—Such a skin is warm because for
some time blood has flowed rapidly through it and pale pink
because the skin is well nourished, causing vasomotor tonus
moderate vasoconstriction) fo he normally present.
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toes, the tips of which may not show color for half o mm\::c
of longer. Such a test does ot relax vasospasm, for merely
pising and loweslog the leg fails to call forth the gamo degret
of reactive hyperemia which sets in after the cironlation to
{he whole limb has actually been shut off, Thus it docs not
differentiate organic from spasmodic obslmctlon: Oth?r ob-
servations, however, may already have settled this p?mt- I
not, a somewhat more elaborate test, deseribed by Lewis, may
be used. i

Healing, Elevation and Depression to Secure Reactive
Hyperemio—~Though this test requires no complieated ap-
paratus, its variogs steps call for strict attention to detail.
The room in which the test is made should be warm, Relaxa-
tion of the blood vessels of the limb to be tested must first be
seenred by warming it for perhaps ten to fifteen minutes. The
fout bath, maintained at blood heat, is best for this porpose.
The limb is then dried and raised somewhat sbove the level of
the body until the skin becomes pale. Thus the smaller vessels
are telaxed and empty. Using o blood pressure cuff, the ar-
{erial supply 1o the limb is now shut off for five {o ten minates
by mainkaining a pressure exceeding the systolic pressure.
{There seems no good reason for keeping the limb in the
w‘ater bath during the appleation of {he pressure, us Lewis
directs, provided the room is warm, 78° F. or over.) On re-
lease of th{: Pressure, the relaxed vessels are rapidly filled so
fhat the skin becomes bright pink, to the very tips of the tacs,
in two to five seconds.

.Slmuld the hlood vessels be diseased, the toes may not turn
pink for half a mirute or even longer. Or some toes will color
lst;l;ihelfore others, giving information as to the areas most

iously deficient, The flusk dies out most rapidly in the parts

in which it first appears nnd lasts longest in the regions most
slgwly colored. An organic deficiency is clearly revealed by
thistest and can usually be distinguished from vascular Spasm.
In the latter cage, the extremity, cocl, damp, and tending tc.)

l(y)e gyanotic, ?eforehand, is made to flash like o normal Yimb,
rif spasm ig superposed upon some degree of organic eon-
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by a refurn to & normal if only fainfly pink color, But in the
presence of a feeble circulation a blanched elevated part re-
gains its natural color only nfter many seconds. The expe-
rienced observer is able to harmonize the different periods of
delay in the return of color to o pressure spot (the limb being
slightly elevated) with other tests.

Smree Trsrs or Vascurar OBSTRUCTiON AND oF CAPACETY
FOR VASODILATATION

Though the more elaborate fests are required to ascertain
the exaet state of the arterial supply to a Hmb, one or two
simple ones will give a surprising amount of information.

Elevation and Depression.~The leg having been exposed in
a warm room for ten to fifteen minutes to obviate any acc-
dental vasomotor constriction, is examined for surface fem-
perature and color, the patient lying supine. It should now be
raised to an angle of 30°-45° with the body and held in that
position for a period of perhaps two minutes, The color of the
foot is noted; that is, whether it retains o healthy pallor or
tokes on a cadaverie, yellowish-white shade. In the latter case,
the arterial supply is defieient; possibly, if the blood pressure
is low, only relatively deficient. In this position also the char-
acteristic cramp of intermittent limp is easily brought out
automatieally or by exercising the foot, and, as Samuels points
out, such exercise emphasizes any devistion from the normal
pink color of the sole, especially any difference between the
two feet.

On lowering the leg, the patient sits against the edge of the
bed, the legs resting on the floor. If the circulation is normal,
a flush appears in & few seconds, first at the ankle, and quickly
spreads to the feet and toes which take on a pink blush with-
out hlueness. The whole process takes perhaps five to ten
seconds or less. If, however, the arterial supply is imperfeet,
there may be a pause of ten or more seconds before the flush
appears on the foot at all, after which it usually progresses in
a deliberate and perhaps irregular way, stowly reaching the
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vasomotor system now in use. The next ste;‘), still & di;-;sy
one, was the triel of varions general anesthetics for o simtlat
prrpose, Bat, though auy anesthetic capsble of carrying a
patient into the stage of £ull relaxation (and even s0mo gases
which hardly go o far) paralyzes at the samo time the Symi
pothetic nerves, such o method is hardly adapted fo genera

use.

The solution of the problem was found in regional anes-
{hesin by procaine. Spinal anesthesin confers & ccm;\.\ete' sym-
pathetic patalysis npon the vegion anesthetized, which in the
greal majority of coses s the lower half of the body.. j3
seemed at first to serve ideally for 2 study of the circulation
in the legs, and still is the most definitely positive method of
securing full vasodilatation of the lower limbs, However, when
Whits proved that blocking the sympathetic supply to one
timb conld be accomplished by paravertebral injection of the
various sympathetic ganglia or by anesthetizing a greal nerve
trunk, he opened the way for comparing the state of two sym-
metrical Himbs--a most desirable event. It hecame clear also
that single peripheral nerves, the sole source of sympathetic
impulses to certain cutaneous fields, conld be blocked with
procaine, a matter explained by the much carlier anatomieal
Ubservations of Kramer and Todd, Potts and others. (See
Figore 2)

The story would be incomplete without, referencs to the
vasodilatation made possible, principally throngh the obser-
vations of Lewis, that heating the blood of one part of the
body sets off a physiological reaction (vasodilatation) which
warms ali the limbs. Coller and Maddack found that heating
the hf)fly Taises the surface temperatures of the exposed ex-
tremities and that vaseular defic cause this mect

to iai§. Gib.hun and Landis went a step farther and secured
vasodilatation in the feet by immersing the arms in het
water.
As for drugs, a good drink of aleohol gi i
st gives a very efficient
alamm'n,. and ?ecenny Beck and De Takats have found that
© administration of a standard dose of sodium nitrate offers
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striction, the reactive hyperemia will be rapid, but the flush.
ing will fall short of completeness. All such fine points will
only be settled by the more claborate tests which make use of
the surface temperature, or the actual hlood flow throngh the
extremity, as measures of the actual degree of vasodilatation,

Tests Requmine Sproiat APPARATUS

To be neeurate, tests for vasodilatation should record the
actunl surface temperature and insure in the field to be studied
the most complete vasodilatation possible. Practically speak-
ing, there is no such thing as an accurate record of surface
temperature—the radistion of heat being at the mercy of too
many influences—but the use of the thermocouple is decidedly
thie most satisfactory method. It is in scenring vasodilatation
that the variety of methods becomes confusing. A brief re-
view of these will explain why certain ones have survived to
become standard,

The test by the introduction of foreign protein, particnlarly
typhoid vaccine, was introduced by Brown (1926). Such a sub-
stance, after enusing o preliminary vasoconstriction (chill),
calls forth o high fever of a few hours’ duration and » univer-
sal relaxation of the blood vessels. The vasodilatation and rise
of temperature, according to the principles already laid down,
are most marked in the digits. And by halaneing this rise in
the tips of the extremities against that of the body tempera-
ture {mouth or reetal) a ratio or vasomotor index can he de-
termined. In simple language, the greater the rise of tempera-
ture upon the digits in proportion to the rise of temperatare
in the bedy at large, the more completely vasoconstriction has
been relaxed and vasodilatation secured. Moreover, even if no
physiologic or pathalogic vasoconstriction has been present,
the test reveals whatever capacity sclerosed vessels have for
relaxation, Unfortunately, it is disagreeable to the patient, on
account of the chills and malaise, and is not without danger.
It is not only varisble, but both surface and bedy tempera-
ture are unfixed. However, it opened the way to the more re-
liable and convenient methods of examining the peripheral
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(int o feels o sense of coldness or of heat. ‘?‘m‘%‘i s\:;
(emperatares are Tunning ab 3 cnnsj.ani Jovel, W “t <bon]
usaally be sotaewhere below 80° F: (27° C.) the palient s .
e torned apom one side for the spinal anesthesia. In this pos
tion the eontact wires will not be distarbed. e should be ur
covered as itfle os possible.

For most adults, procaine erystals to the Pmonnt of 150 ™S
in four com. of spinal flnid svill give a satisfactory anesthes
up to a point well above the umbilicus. The needle shou.]d‘\
inserted into the second or third Jumbar interspace. The inje
tion is made with the patient’s body horizonta), sfter which |
is refurned to the supine position, The foot of the bed u:
then be raised four inches, thongh this is hardly necessary.
any case, the head should not be raised on a pillow daring t
anesthesla (danger fo medullary centers). If the blood vess
of the Jegs are capable of vasodilatation, the rise of tempe:
ture Will be maximal, that is, to 91°-05° F. (33°-35° C.).

the vessels ate in a state of spasm, such spasm will be relax
and the same high temperatures ywill be reached. But if orga:
constrietion is present—arteriosclerosis or thrombo-angi]
obliterans—the rise will be altogether sbsent or of anly n {
degrees, Expect the rise in five to ten mivntes except in ca
of obstinate vasospasm when it may be delayed for ffteen
twenty minutes. Any anesthesia which extends upward to
Tevel of the Qavicles will cause full vasodilatation of the ar
Paravertebral Anesthesiz—For praciieal purposes, thi
the only method of securing paralysis of vasoconstriction
one entire imb. 3§ snceessfal, the degree of vagodilatatio
th}“‘- lin{b is, theoretically at least, as complete s is the
with spinal anesthesia, Those wha desire the most dete
deseniption shon)d consalt the wTitings of White, who
aivocated the procednre, and of Flothow, who has goneon|
eally to develop it into 8 means of seenring a prolonged «

dﬂafahm{ Yy the injeetion of aleohol, The seeompanying 3

tration will bear out the statement that precise directinns

?)i'}xfl‘\ivinm:. The operator must have the ability to vign



24 CIRCULATORY DISEASES

2 safe and relisble means of studying the capacity of the
peripheral arteries for relaxation,

All such procedures must be judged by the completeness
with which they abolish vasculsr spasm. In general, spinal
anesthesia for the lower limbs is most reliable. Heating the
body, or a part of it, is subject to the objection that any one
vaseular spasm may bo 50 severe as fo fail to be influenced.
Paravertebral nerve block would be ideal if it were not a little
too dependent upon the skill of the operator. And peripheral
nerve block only affects the peripheral vessels; that is,
vasomotor control of the great arteries central to the block is
unaffected. Nevertheless, both the local application of heat
and the various regional ancsthesias are extraordinarily in-
formative—~all the more so when means of taking surface
temperatures are at hand,

Modern means of recording surface temperature were first
developed by Benedict and his associates. Now various jnstru-
ments based on the thermocouple arc available. Nome is
strictly accurate. The most one can say of any is that witha
moderate amonnt of care, the changes in the temperature of
any one part can grossly be recorded and comparisons made
hetween two symmetrieal limbs. For the most necurate work
2 room, free from drafts, whose temperature can be controlled
is required. Seclf-recording apparatus is very convenient.
Doubtless the technique in this field will continue to develop.

Spinal Anesthesia.—To take full advantage of the complete
vasoconstriction secured in the anesthetic field by spinal anes-
thesia, eutancous temperatures should first be taken from st
least four points upon the feet, by wire loops attached with
light silk about the too or instep, during perbaps an hour’s
observation in n room neither hot nor cold but kept at a con-
stant noutral temperature——anywhere between 70° and 75° F.
or 21°~24° €, The four points should be the dorsal surface of
cach great toe just behind the nail and the instep of each foot.
(The thickness of the skin of the sale makes this surface un-
rolinhle.) While the records are being made, the thighs and
bady of the patient should be covered with light blankets so
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Fioere 3. SraearnEerio Brock ror tie Amst axp Lo For the arm, the
‘points indieated by arrows are opposite the spinous processes; for the leg,
oppoate the interspaces. In malung the mjection of procaine, it is wsually
suffirent to wject at T, 1 for the arm and at L, 2 for the leg.
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to know where the point of his needle is going. Above all he
must have the disposition suited to local anesthesia, the gen-
tleness, deliberation and power of assurance without which
injections of procaine are n trial to the patient, in some eases,
an agony.

Upper Thoracic Block (the .Arm)~The sympathetic gan-
glia at this level lie about opposite the middle portion of the
vertebral body, that is, from front to back, and very close to
the pleura. To reach them safely the needle must penetrate
between two ribs, and, about an inch (two and a half em.)
deeper, that is, in the direction of the front of the vertebral
body, hit the body. If the injection is made with the needle in
this position the solntion must bathe the sympathetic chain.

The ganglin to be reached are the {irst and second thoracic.
Injection of the first usually paralyses the whole sympathetic
supply for the arm, but injection of the second, ag well, is
occasionally required. Wheals are made four to five em, lateral
to the upper two thoracic spines and through these, nsing a
Jonger needle, procaine is injected down to the sensitive sur-
face of the underlying ribs. The eleven cm. ncedle (with a
filler, and without an attached syringe) is now thrust in di-
reefly until it meets the posterior angle of the rib. It is
then withdrawn, dirceted toward the midline at an angle of
about 25°-35° until, at & depth of ahout an inch (two and a
half cm.) frontal to the rib, it meets the side of the vericbra.
Here the operator’s sense of position must guide him. If the
patient is large and heavily museled he will have started his
insertion fully two inches (five em.) lateral to the spine and
will have farther to go to reach the vertebral body. In any
case, if he feels he is striking the body too far posteriorly he
must alter {he direction of his needle and push for a contact a
little farther forward.

On inserting the first needle, he will do well to attach an
empty syringe and suck fo see if he can draw out either air or
blood. If he secures air, he must have punctured pleura and
lung and must reinsert the needle, hugging the vertebral col-
amn closer, I blood, he must withdraw and reinsert the needle
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cem. of one per cent proeaine are injected. Ad“““?S’\SM\‘ “u‘x\
injection opposite the second lumhn'r mte‘rspnc‘e will nspn! )‘;
Hlock the whole lnmbar sympathetic chain (since o libera
swount of the proeaine solation passes i'ree]y. up ?na down ﬁ}e
retroperitoneal cleavage plane) but the third interspace 18
aften injected for additional assurance of comple(cue:ss. .An
injection of oue side will oceasionally pass ncross the mid-line,
ffecting the opposite leg

T4 should be remembered that any anesthesia which may re-
sult will pass toward the pubes and that the patient ean ex-
perience 1o pumbness in the leg or foot. Thus the sensation of
warmth, and in case poain is abolished, of comfort, is very
rendily noticed. A comparison of the state of the two legs is
of course a prime object of the test.

Peripheral Nerve Block—The vasodilatation secared by an
injection of procaine abont a great peripheral nerve such as
ihe postertor tibial, median, or nlnar, falls short, as Morton
and Scott have proved, of being complete; that is, after a rise
of surface temperature to a constant level has been obtained
by the peripheral injection, spinal anesthesia will evoke a still
fusther rise. The failure of the peripheral block to secure a

imal vasodilatation is pr bly due to the normal, high
sasomotor tone in the great arferies central to the block, n
tone nntouched by peripheral nerve block but sholished by
spinal (and probably paraveriebral) anesthesia. Po Lring out
this point, one of Morton and Scolt’s charts, samewhat siraoli-

fied, is herewith —oner v
the . ...
al. wie he botaee G to st loast 89° T, (3150
C.) and as & rule nearly to 93° F., (34° .), but posterior tibial
hlj:ck only raises the temperature of the great foe to botween
8i° P. (305° €.} aud §9° . {315° C.}. In fact Morton and
Seott go so f.ar 8s to establish a “normat vasoditatation level”
i:;r both spma} {ar general) ancsthesin and for peripheral

oc.k .anes.thesm. These levels are subject to correction for
variation in the room temperature (054° F. or 0.3° C. to be
added for every degree of room temperature hove 68° I, or
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a little higher or lower. After inserting the needie for the first
thoracie (stellate) ganglion, making suction and injecting a
fow drops of procaine to see if the patient tastes the fluid or
coughs, five to twenty cem. ean safely be introduced.

A successful block of the stellate ganglion will cause con-
traction of the pupil as well as dilatation of the peripheral
vessels of the limb (if these are dilatable). A subjective sense
of warmth will be felt in the hand, whose surface will become
dry and warm to the touch. The cutaneous temperatures should
reach a peak in a few minutes. By inserting the ncedle from
above the first rib—in a directior more canded than usual—
the risk of piercing the pleura and lnng is less and the pupils
Iary reaction is an even surer test of suceess.

Lumbar Block (the Leg)~TFor tho lumbar injection the
technique must be varied slightly on account of the greater
size of the vertebral body and of the forward position of the
sympathotic chain. The wheal is placed opposite the interspace
instead of the spinous process and at a distance of about two
and a half to three inches (six to seven em.) from the midline.
To fall opposite the second lumbar interspace it must be made
very close to the twelfth rib. Through the wheal opposite the
second lumbar interspace, the muscular aponeuraesis, which is
sensitive, is carefully infiltrated with the one per cent solution.
The long needle often meots the tip of a transverse process
and helps in the estimation of depth, for the point to be reached
is rather over an inch (tliree em.) anterior to the process and
more than three inches (eight em.) from the surface. The
needle is thrust in at an angle of about 45° toward the verte-
bral body, just meeting the body full on its lateral aspect. The
succeeding adjustment requires some skill. The needle is first
withdrawn and redirected farther forward, striking the body
at a still greater depth. Then, ideally, it is adjusted so that it
glides past its Iast contact with the body to a depth one-fourth
to one-half an inch (one em.) greater. Here its point lies on
the anterior edge of the psoas muscle and just behind the
aorta or vena eava, here suction is made to determine whether
or not a blood vessel has been injured and here ten to twenty
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upper edge of the greal trochanter 1o @he pos'tc:'lmr su;aeo\:’t::
spine (iliotrochanteric line), & perpendicular is drawn ¢ y
ward upon which & point is selected one and & quarter inches
{three cm.) from the fiest line, Here needle, four “161;0: (:;’c‘
om.) Tong, is earefully iuserted in & direction normal to to
surtace until 3t causes paresthesia in the couree of the §cxuhc
or meets bone at a depth of two and one-fourth to three inches
(six to eight cm.). The nerve £hould be looked for at about a
depth of two inches (five em.). It may be necessary to feel for
the nerve which should not be pierced. Ten {o twenty cem. oi.n
two per cent eolation of procaine may he injected. Anesthesia
shonld appear in ten to twenty minutes, It is doabtfnl whei}: er
scintic block can be expected o give a maximal vasodilatation.
Posterior Tibial Block.—~This block gives, for normal ves-
sels, an incomplete but constant vasodilatation and rise of
temperature to between 87° and 89° F. (30.5° to 3L5° C.).
The nerve is found below the internal malleolus, where it is
epsily palpated ss o hard roond cord bhehind the posterior
titial artery. Having made a Wheal over it with » fine needle,
fix the nerve with the index finger of the other hand and intro-
duce ten cem. or so of two per cent procaine into the fascial
compartment in which the nerve Yies. The nerve itself shonld
not be pierced. The skin of the heel, sole, and plantar sarface
of the foes seon becomes wholly or partly anesthetic and a
flush appears. The skin of the sele is o thick that the tempera-
tures are best taken from the plantar surfaces of the outer
phalanges of the great and Little {oes.
m?:;i;’g JY:N\M Bloc!c.——’l‘hoﬂgh the median can be bl.oc}mq at
et u;x ;aasfarge size and tongh sheath nzake its m';echcn
vasodilatation. ;'hnry ";s N of sccuring o pc.npheml
musde B - The guide is the tend.on of.the palmaris longus
scle. By resisted flexion of the wrist this tendon and that of

the flexor earpi radialis {on the radial si
side of the £
brought out. The nerve lies batwe e

e en the two. Throngh o wheal
z:ltl the :‘;vel_ of the radial etyloid, just lateral 1o the tendon of
(be [za aris 1Emgus, the needle is introduced direetly through

e deep fascia. When the vitinity of the merve ig reached,
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20° C.) but for practical purposes are those deseribed nbove.
The usefulness of peripheral block anesthesin lies, of course,
in the fact that the temperature level it secures is just as
reliable a test of peripheral vasodilatation as spinal or general
anesthesia. The defeet of the method really lies in the failure
of procaine in some cases fully to nnesthetize a great nerve
such as the sciatie, posterior tibial, median, or ulnar.

NORMAL VASODILATATION LEVELS—Moton and Scoft
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Froure 4. Norarat VASODIATATION LEVELS FOR SPINAL AND PERIPHERAL
Syupararrio Brock (after the Charts of Morton and Seott).

The Sciatic Nerve~~The nerve is reached as it comes out
through the great sacrosciatic foramen, just below the pyri-
formus muscle, Labat’s technique is the following:

The patient lies on the side opposite to the one to be in-
jected in the Sims position; that is, both legs drawn up, the
knee corresponding to the nerve to be injected a little over-
lapping the other. From the middle of a line traced from the
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coutrolled Toom, especially when mepns of continnously re-
cording surface temperature are avajlable, nffo.rds perbaps
the most luxurious and foolproof meaps of stndying the vaso~
motor renctions in the extremities. The temperature of the
digits having been tecorded in a cool room, the body can be
heated to tecure the masimal vasodilatation.

Tests by the Use of Drugs

Aleohol—A stiff drink of whiskey ot ony strong liquor is,
except for the corrnption of {he individual, on sdmirably sim-
ple and practical method of testing the ability of the vaseular
bed to dilate, Unless a very accurate cherk on such vasodilata-
tion is needed, the oscillometer will give a sufliciently good
idea of the patient’s response. His own sensations wil} usually
inform him that the dose has been sufficient and that all the
dilatation possible under the circumstances has been secared.
The test is of some value in estimating very roughly, in the
Presence of an intermittent Jimp, the elasticity of the cireuln-
tion and the possibility of improving the arterial supply to o
l.imb by (permanent) sympathetic block. Some individuals, for
instance, will be able to walk twice 25 far, without limaping,

Py T R

+no uou of sodium mitrate, mtravenously, in o dose of one
cem. of o four per cent solntion has recently been advised Ly
Beck and De Takats, The oseillometer is used to record the
amonnt of vaseular relaxation. The effect appears in ten to

fifteen minutes and lasts perhaps an hour. In this dosage, the
drug apparently is not dangerons.

Arteriography

Bty_ exposif)g a limb fo the X ray during the injection of
c;zere ain solutions * opague to the X ray, much information has
n secared as to the exaet state of the arteries in vasenlar
,,;,?;’:“'fkffaj‘ o7 " Thoratrast®? tas foem v

S taa s
by
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paresthesia in the median ficld is apt to be noticed. Ten to
twenty cem. of a two per cent solution of procaine is then in-
troduced. If no paresthesia appears, the needle can be directed
a little farther radialward. Massage aids in bringing on the
anesthesia.

Ulnar Nerve Block—This is best made at the clbow where
the merve is casily palpable posterior to the internal epicon-
dyle of the humerus. Through & wheal over the nerve a fino
needle is introduced into its vicinity (not actually picrcing it).
A two per cent solution of procaine is liberally injected, The
arca supplied by the ulnar nerve becomes pink and dry, giving
the patient, as a rule, a sensation of warmth and numbness,
the anesthesia being incomplete but vasodilatation satisfactory.

Exposure to High and Low Temperatures

The most practical means of using heat to secure vasodilata-
tion is to immerse the hands and arms in hot water. The usual
arm basins serve the purpose. The water should have a tem-
perature up to 110° I, (43° C.), that is, a heat just bearable.
If an accurate account of the rise of surface temperature is to
be kept, the usual preliminary control observations should be
made at a room temperature of about 70°-74° F. An immer-
sion of fifteen minutes will usually cause a rise of temperature
in the feet, and, except in the face of an obstinate vasocon-
strietion, the rise will in most cases be maximal, Obviously
the test can be reversed. Beginning with warm surronndings,
and a high level of surface temperature for the feet, the arms
can be immersed in cold water. But here the fall will merely
record the promptness of the resulting vasoconstriction. There
is no ideal end-point for the observation. On the whole, the
responses to immersion of the arms in hot water can not be
given full authority. Lack of response in the form of a rise in
the surface temperature of the feet can not be regarded as
proof that no possibility of vasodilatation exists. To test the
arms, the feet and legs ean be immersed in hot water, a rather
awkward procedure and not entirely satisfactory.

A jacket, clectrically heated, for use in a temperature-
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controlled room, especially when means of continuously re-
cording surface temperature are available, aﬁo'tds perbaps
{he most Tuxarions and foolproof means of stodying the vaso-
motar reactions in the extremities. The temperature of the
digits having been recorded in a cool room, the body can be
feated to secure the maximal vasodilatation.

Tests by the Use of Drugs

Alcohol—A stiff drink of whiskey or any strong ﬁquct.is,
except for the corruption of the individual, an pdmirably sim-
ple and practical method of testing the ability of the vaseular
‘ed to dilate. Unless a very aceurate check on such vasodilata-
tion is needed, the oscillometer will give a sufficiently good
idea of the patient’s response. His own sensations will nsualty
inform him that the dose hins been sufficient and that all the
dilatation possible under the circumstances has been secured.
The test is of some value in estimating very ronghly, in the
presence of an intermittent limp, the elasticity of the cireula-
tion and the possibility of improving the arlerial supply fo o
Yimb by (permanent) sympathetic block. Some individuals, for
instance, will be able to walk twice as far, withont limping,
after the dase of alcohol as before. On the whole, the method
s rather on the rough-and-ready side—for a snap-diagnosis.

The use of sodium nitrate, intravenously, in a dose of one
cem. of a four per cent solation has recently been ndvised by
Beck and De Takats. The oscillometer is used to record the
amount of vascular relaxation. The effect appears in ten to

fifteen minutes and Jasts perhaps an hour. In this dosage, the
drag apparently is not dangerous.

Arteriography

Bty‘exposipg a limb to the X ray during the injection of

. -

%er 2in solutions * opagne to the X ray, much information has
een seenred as to the exact state of the arleries in vascalar

e

by tetr - )
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disease of the limbs. The variations in the caliber of arterio-
selerotic vessels, the situation of an obstruction in the form of
an embolus or thrombus, and above all the nature of the col-
lateral circulation in serious nrterial deficiencies have been
observed. Yet it cannot be said that arteriography is of any
vital diagnostic aid, and perhaps so far it has been most suc-
cessful in confirming the impressions acquired by simpler
tests. It should probably be practiced only by the most expert,
not entirely because of the danger inkerent in the procedure
but because perfect technique alone justifies an exact inter-
pretation of a picture in a eritical esse.

There are minor variations in the method of introducing the
opaque material, depending upon whether the act is performed
by a “‘team™ or by an individual, There is, however, & general
agreement upon the following points:

1. To visualize the vesscls of the forearm and hand the injection is
made into the brachial artery just above the elbow. At this level five
eem. of the solution are suffieient and more then ten eom. are never
required.

2. The vessels of the forearm and hand are best visualized in the
antero-posterior position.

3. To visealize the vessels of the lower thigh, the knee and the leg, the
injection is made into the feroral artery within the femoral trisngle
(below the giving off of the profunda). The best view i3 sccured when
the exposure is slmost lateral, the Jeg externally rotated ond the Jmee
placed againat the plate. Twenty cem. of the solution are required.

4. To visualize primarily the vessels of the leg, ankle and foot, the
injection is made into the femoral artery in Hunter’s eanal. The ex-
posure should be made in an untero-pesterior direction. Not more than
twelve cem. of the solution are required.

The method used by Veal and McFetridge for injeetion info
the femoral artery is the following: The skin over the site of

serious damage, Such damage, bowever, bas not yet been proved inovitable is the
doazge used, .

Yodine solutions, such as are used for tha purpose of making intravensus prefe-
grams, give less vivid shadows but are withont danger to the wdividual, Some of
ther, however, cause pain when injected. Buch solutions ns ‘“Disdrast’’ seera
rensonably satisfactory, Doubtless new and auperior ones will be invented. Thus
£ar, oll the solutions used eause some degree of vascular spasui.
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injection is anesthetized with one per cent procaine, T}‘c(;“:sri
js ponctured with & number eighteen needle attached
syringe filed with the solution. As soon 8s the puncture 13 ‘i‘c‘
complished (bright red Tlood ent?“ the syringe in gpur s)f
pressure is made with the thumb just pro.xmul to th? gite o
the puncture, stopping the spust of blood :{Jtu.ﬂm syringe. At
once, the injection is made, the thumb continuing to compress
the artery. When ail the solution has entered the vessel, the
pressure of the thomb is relensed, allowing ihe distal tree t.o
be filled. Three to six seconds later, depending upon the posi-
tion of the punciure and the length of the limb, the exposure
is made.

For the brachial injection (at the elbow) a Wassermann
needle is used, the syringe containing the solution being at-
tached. A loeal anesthetic is hardly required. Immediately
upon entry into the vessel, digital pressure is made just prox-
imal to the puncture, Pressure is released and the exposure is
made as soon as the injection is concluded.

The method of injection used by Allen and Comp is some-
what different. For the brachial injection, n Blood pressure
caff is first placed upon the uppes arm as near as possible to
the showlder. The artery is punctured with the needle nttached
to the syringe containing the solution. When blood spurts back
through the needle, the cuff is inflated to systolic pressure,
shutting off the circulation. The solution is then injocted, the
zeedle withdrawn and an exposure is made at once, But now
the eoff is deflated to the dinstoliclevel for two to four pulse
Eaeats.'ﬂpon its re-inflation, to shut off the flow, a second plate

e s i

For the femoral njection, the sy oo feC Loom oLk

jection, the needle is introduced, the
:tllr‘te}'y. slu'zt off proximally by pressure with the fingers, and
re?@::]eilct;'?rl ]x:mfg\c\ g:a:: tf:dm‘ﬁng the needle, the axtery is
aguin comprossed. A in,t T exposure made, and the vessel

he case of the arm, ¢ relcase, ex-
] th 5 th 1o ©X.
Posare, and corpression can several times be repeated,
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g CIRCULATORY DISEASES
Blood Flow as a Test of the Arterial Cirenlation

The flow of blood through the foot has recently been nsed
by Kunkel aud Stead g a measure of the efficiency of the cir-
culation in the lower extremity. In their publication, they state
that they have modified for this purpose the apparatus of
Howlett and Van Zwaluwenburg s well as that of Freeman,
intended to measure the flow of blood in the hand. The ap-
paratos is g plethysmograph (water bath) in which the foot
is firat aceustomed for half an hour to a temperature of 33° C.
““When the venous outflow is occluded by a ‘collecting pres-
sure’ Jower than the dinstolic pressure, the rats of the initial
increase in the foot volume is a measure of the amount of
blood flowing to the foot.’’ The result is expressed in so many
ecr. per minute per 100 cem. of foot.

Expressed as above, the average blood flow of normal sub-
jects was found to be 17.1 com. (the highest 25.9; the lowest
111 ecm.). This is gbout one half the flow estimated in a2
similar way for the hand. The investigators found that a fifty
per cent reduction in the flow of arteriosclerotics and sufferers
from thrombo-angiitis obliterans was nof associated with
symptoms or external signs. Beyond this point, evidences of
arterial defieiency were usually noticed. A vather interesting
finding was the discovery that an intermittent limp might be
present thongh the flow was scemingly sufficient to have ob-
viated it. That is, the muscles of the calf might be ill-supplied,
though the foof received a good fiow of blood,

The test is interesting as a check on others but seems, at the
moment, to hold no advantage over less cumbersoma methods.
However, the apparatus, when perfected, should be far less
expensive than an oseillometer or the thermocouple-galvanom-
eter machine for reeording surface temperatures.
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CHAPTER 11

ARTERIOSCLEROTIC DEFICIENCY AND THROMBOSIS

Tan pathological background of arteriosclerotic peripheral
vascular disease is narrowing of the vascular channel due to
a chronic, progressive thickening of the intima. This is not an
orderly or an evenly distributed process. There is intimal
proliferation, generally most marked on one side or another
of a vessel, so that a semilunar thickening, os scen in eross
section, is built out into the stream. Hyperplasia of the elastic
tissue in such areas is followed by atheroma aud calearcons
deposits. By such means the lnmen is narrowed and elasticity
is lost. Just what makes this process vary so much from indi-
vidual to individual is o mystery. So far as the limbs are con-
cerned, it is always more advanced in the lower than the
upper, perhaps becanse arterial pressures are decidedly higher
in the legs than the arms. One can adduce as causes mental
and physical strains, infections and other influences over
which human beings have little control; but of all adverse fac-
tors dinbetes seems to be the most powerful. Diabeties suffer
at nn earlier age than do others from arterial deficieney in the
legs, and apparently insulin does not protect ngainst this
change,

Arteriosclerotic narrowing and hardening leave a vessel of
irregular caliber. Fibrous thickening and deposits of ealcium
are most marked at bifurcations and points of active bending.
Thus the vessels of the groin, the popliteal region and upper
calf in particular are most seriously affected. Once encroach-
ment on the lumen has begun, there is a tendency to a deposit
of platelets and so to thrombosis. A sudden closure brought
on in this way cuts off the arterial stream from a considerable

aren and causes ill-nourishment, if not actunl gangrene, in the
0
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el served by the occluded vessel. By contrast, gradoa con-
striction of an artery is sccompanied by the dovclopment of
xo effective o collateral cireulation that the peripheral parts
‘may remain welj nourished. On fhe one hond, anoxemin is sad-
den and gangrene Solows: on ihe other, the opening of new
channels so nearly keeps pace with contraction of the old that
fonction need never be disturhed, When the development of 8
collateral eirenlation barely keeps pace with arterioselerosis,
the stage is set for intermittent clandication and the so-called
“irophie™ disorders of the vails and elin, o state of things
whith may be prolonged, withont any serious disability, for
may years.

Tn arteriosclercfic deficiency, {he smalt collateral arterics,
Jike tho main vessels, are often irregular in caliber and so
errafic in distribution ss to permit a more satisfactory blood
supply to reach one area thap another, The toes, perhaps, re-
ceive a sufficient circalation but the museles or some one group
of them does not. Or the muscles are well locked after and
some or all of the toes are ill-nourished. Naturally the great
nuscles, which require far more blood in action than at rest,
are u}mble to function noymally. The individual finds that after
walking several blocks, one Jeg or the other fecls numh or
cramped, or even o8 if stuck with a knife. He rests for a min-
o bars et s s o v e

r about the same distsnce is
ewsered at the same pace. This inter t limp may b
Worse or remaiy fized at the sams point or may improse, ac-
?erﬁd{ng us the collatera) cireulation is able to respond to the
e i s e
“Salien nrchee, patient’s disability is atiributed to

Tn a recent sindy of arterio, 3
appearances; s
o o o kel e

! the leg carrespands §

; g : ) pands in most

i: Yﬂ;(f! i;u:nia\ signs of _urterml deficiency, that is, to t}ole ::seei
intermittent Yimp. By contrast with the abundant net-




CHAPTER II

ARTERIOSCLEROTIC DEFICIENCY AND THROMBOSIS

Tur pathological background of nrterivselerotic peripheral
vaseular diseasc is narrowing of the vascular channe} due to
a chronie, progressive thickening of the intima. This is not an
orderly or an evenly distributed process. There is intimal
proliferation, generally most marked on one side or another
of & vessel, so that a semilunar thickening, as seen in eross
section, is built out into the stream. Hyperplasia of the elastic
tissue in such areas is followed by atheroma and caleareons
deposits. By such means the lumen is narrowed and elasticity
is lost, Just what makes this process vary so much from indi-
vidual to individual is a mystery. So far as the Jimbs are con-
corned, it is always more advanced in the lower than the
upper, perhaps beeause arterinl pressures are decidedly highet
in the legs than the arms. One can adduce as cauyes mental
nand physical strains, infections and other influences over
which human beings hinve litile control; but of all adverse fne-
tors diabetes scems to be the most powerful. Diabsties suffer
at an earlier age than do others from arterial deficiency in the
logs, and apparently insulin does not proteet sgainst this
chenge.

Arteriosclerotic narrowing and hardening leave a vessel of
irregular caliber. Fibrous thickening and doposits of calcinm
are most marked at bifurcations and points of active bending.
Thus the vessels of the groin, the popliteal region and upper
calf in particular are moat seriously affeeted. Ones encroach-
ment on the lumen has begun, there is a tendency to 2 deposit
of platelets and so to thrombasis, A sudden closure brought
on in this way cuts off the arterinl stream from a considerable

avea and canses ill-nonrishment, if not actual gangrene, in the
40
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+haps more often a male, but throm‘l}o-nngutfs

z{) ;:;1:3;, i?ﬁ {elr)m\% is almost unknown. An nrtm_asclero.tm
deficiency s cither so well belonced hy.u collu('enfl fnrculnfmn
a5 to canse ooty minor disorders to whieh the m'dmdunl gives
little attention or it develops rather tapidly into e 50}10“5
local or extensive gongreme. Perhops only ono m‘h"fd““]
among ten who show minor signs of arteriosclerotic deficiency
ever comes o ulceration o gangrene, but that one may suffer
from an extensive nectosis of the toes or o foot after a very
short period of premonitory cyanosis and pain. By contrast,
the pregangrenous stage of Buerger’s disease may be pro-
fonged for years, and its actunl gangrene need never be very
extensive, which is another way of saying that symptoms of
irenlatory defiei thr ing wiceration or gangrene are

seldom noticed in arteriosclerotic disease for more than a few
months, but in thrombo-angiitis obliterans may be present for
veats. Again, though arteriosclerotic deficiency, as between
the legs and arms, shows itself almost exclusively in the legs,
there are often telltale signs of arteriosclerosis elsewhere,
notably dizziness, transient aphasia, lack of tolerance for eold,
and the arteriosclerotic vessels appenr ealeified to the X ray.
By contrast, the signs of thrombo-angiitis obliterans are no-
tieeable cnefly in the legs or only very late, in the arms, and
mlc'&ﬁca(mn of the arteries is rarc and much delayed. In
eastier times, perbaps before cigarette smoking becamo gen-
eral, %t seersed that thrombo-angiitis was confined to Polish or
F“SSXN\ J.ews. And though such is no Jonger true, the disease,
l‘!;‘:he TUnited States at lgast, is seen more often in Hebrews
fro;l::“y other Jace. Finally, arterioscleroties never suffer

perficial “'wandering” phlcbitis, whereas some ob-

zerge:‘s ]mive mgxtained that phiehitis migrans attacks those
uffering from Buerger’s disease in i
i 23 much as thirty per

Tlhe Presenting Symptoms.—Intermitient Timp, if the story
;2:\1 !3‘ lt)e }(Jlragged out of every patient, would probably be
e o be the most common initial symplom of arterioscle.

otic deficlency. Bat among those who present themselves for




42 CIRCULATORY DISEASES

work of very fine arteries and narterioles so often seen in
thrombo-angiitis obliterans, the individual arterin} branehes
are fewer and more irregular in caliber. In both diseases, the
total arterial circulation may be equally lacking and the fone.
tional difficulty much the same, but in arteriosclerosis the way
is laid for ultimate gangrene en a larger scale. The clinical
application of these characteristic pathologic changes will
again be disctssed when the course of the two diseases is
compared,

There is o pathological variation upon arteriosclerotic defi-
ciency known as Ménckcberg’s arteriosclerosis. This is char
acterized by sclerosis of the media rather than the intima, is
thought to oceur a little carlier in life than the common form,
and is not so apt to oxhibit ealeification to the X ray. However,
it may not L an independent process but rather a stage of the
usual disease, and that it can be distinguished as a clinieal
entity is exceedingly doubtful. Its supposed peeuliarities will
be considered with the clinieal manifestations of arterio-
selerotio deficiency and in partieulnr with the differential diag-
nosis between this state and thrombo-angiitis obliterans.

Arteriosclerosis and thrombo-angiitis obliterans include
ninety-five per cent of all arterial deficiencies, Of this per-
contage arteriosclerosis has mueh the larger share. Both dis-
cases produce their effects by arterial narrowing or obstruc-
tion, so that they nccessarily have a family resemblance, ¥
is in their background and in the progression of their signs
and symptoms that the two diseases mainly differ. And though
it may happen that at any one moment in the course of each,
and in the unusual individusl whose age, sex, and race are
consistent with cither disease, a differentinl dingnosis is diff-
cult, the etiological factors contrasted in the following para-
graph will greatly aid in malding o distinetion between them.

The victim of arteriosclerotic disease is rarely under fifty
vears of age, the average of those who first complain of symp-
toms being perhaps sixty, in contrast with thrombo-angiitis
obliterans which usually shows itsclf between the nges of
twenty and forty. The arteriosclerotic may be either a male
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Yaps the forefoot become zed or cYa{noti'c in ﬂ\(:1 {i)e?c:a:}!:z
position and that some particolar tee \s.dKf:olorc efore th
efhers, He may notice also swelhing, Which s the nest stepin
{he self-revelation of the deficient cirenlation, but these are
sather ohjective signs to be noted by {he observer. .

The Clinieal Signs of atteriosclerotic vasenlar deficiency,
in the sbsence of acute arterisl thrombosis ox actual gzmlf;renc,
again are suggestive rather than striking. Especially in the
very elderly, there is almost always some atrophy of the legs,
most abvions in, but not confined to, the ealf. The surface of
the leg, foot and foes is dry and cool, The skin is often rather
1¥in 1md fending 4o be izanspatent. Sueh o state i, of course,
consistent with a deficiency of long duration and is seldom 2
canse of complaint, But when gangrene is imminent or is ac-
tually present, the natural color of the skin will nsually be
changed. Then some one or several of the toes may be red or
even bluish red. The discoloration may ron up vpon the foot
itself. By contrast with thrombo-angiitis obliterans, such red-
Tess or cyanosis is less common and when present, is Jess well
marked. Edema of the toes and forefoot is likewise less im-
portant in arteriosclerotic deficiency than in Buerger’s disense
—n difference of degree only and not 2 reliable distinction.
Both oyanosis and edemn are Yikely to come out best when the
foak is Yeft dependent for considerable periods. Should spon-
taneons pain be present it will Iikewise be incrensed by letting
the leg hang.
difi;ﬂszzﬁrt:irze, in the absence of dinbeles, which will be

= \ 8 separate section, is usually well localized, In
the type which follows 2 stow atrophying sort of arterial oc-

clesion and in which a gross oceluding 4} is 1
irombosis is not
factor, it Wi often have e g b e

gun beside the great toe-nail
nl}-enay desenbed, invelving part of the uugtrer phnlalx‘xnxl,\:;i
fnﬂ no? reach the base of the tee. Or if ons of the midx“e, toes
1s.parkxcul:[r1y deformed or ealloused, o local uleer associated
with very lithle gangrene may have formed. A callus over the
pmm@t‘me‘m‘mrs:ﬂ head ot the base of the great toe is a
eommon site of gangrene and o corn upon the little toe is
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the treatment of serious pain, uleeration, or actual gangrene,
it is not the usual presenting sympiom, which actually is
numbness and coldness of one or both fect, Very likely, the
state of the arteries has long prevented the individual from
walking any considerable distance or at anything more than
the slowest pace. Yet having been broken slowly to this situa-
tion, he, or she, seldom thinks to complain of the eramp-ike
numbness, excited by locomotion, which disappears so quickly
on rest. See many an elderly woman on a street crossing. It
is not necessarily stiff joints which makes her move so slowly.
She just can’t walk faster and knows it. Only if sho hmrried
would she exhibit the limp of arterial deficiency. Intermittent
limp, already touched upon, will be more fully deseribed in
the chapter devoted to thrombo-angiitis obliterans.

Beside the characteristic feeling of coldness, of tingling,
and of a cottony sort of numbness, there is sometimes a local-
ized pain in the foot principally affected, o pain which comes
and goes, at first, without much reason but which tends to
become constant. It may be felt in the sole, the instep, the
heel, or in the toes. Such a pain or a fecling of coldnoss of the
{eet may prevent sleep at night, but even if such troubles are
absent, night cramps frequently oceur, These are apt to be
confined fo the foot or to some partienlar group of muscles of
the leg, often causing violent dorsiflexion of the great toe or
all the toes,

Trophic changes are common; cracks, especislly upon the
heel, and thickening and deformity of the nails, This last may
rosult in unekillful cutting of the nails or of attempts to treal
what seems to be, but probably is not, an ingrowing toenail
upon the great toe. An individual often complains of soreness
from the irritation of a deformed nail and ends by developing
gangrene of the great toc as o result of the trauma nnd infec-
tion brought on by an ill-advised attempt at a surgical care.
Indeed, treatment of the corn, eallus, or nail with the knife
ig very commonly a beginning of the familiar series of events,
infection, uleeration, and gangrene.

The patient is oceasionally aware that the tocs and per-
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heabnz [ 3 31, wxty vears of age. <ymptoms of one week’s duration,
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especially likely to touch off an ulcerative, gangrenous proc-
ess. With a1l such small lesions there will sometimes be found
necrosis of a phalanx, a process slowly suppurative and de-
tectable by the X ray but hardly worthy of the name of
osteomyelitis. A sinus may lead down to such a spot or to an
infected joint, but as compared with similar states in diabet-
ics, there is little redness and tenderness, that is, external
evidence of infection. Tendons and tendon sheaths are rela-
tively seldom involved.

Any area of gangrene, if scen from the beginning, will first
appear a deep purple, turning slowly to black, Not for a week
or more will the border of such an area become clearly de-
fined, but as demareation proceeds, the gangrenous part will
shrink and dry. Meanwhile, the adjacent skin is becoming &
little red and swollen. The point is often made that when the
outer half or all of a toe is gangrenous, the process cuts just
as definitely through the decper part as through the skin and
should be allowed to take its own pace, so that final separa-
tion, which only takes place after several months, is given the
opportunity to leave a granulating surface capable of healing.
The proximal zone of reactive hyperemia and induration is in
the meantime a protection against infection. To amputate the
gangrenous toe of arteriosclerosis is very hazardous and only

. those thoroughly familiar with the disease should ever at-
tempt it. Nature’s method is slow, to be sure, but safe.

There is one rather notable distinction between the gan-
grene of arteriosclerosis and of thrombo-angiitis obliterans.
Pain in established arteriosclerotic gangrene can seldom
compare in severity with that of Buerger’s disease. There i3
a burning, agonizing quality, sometimes a fecling as if the
toes were being crushed, and an associnted hypersensitive-
ness in the gangrene of Buerger’s disease which is very rar¢
in the purely arteriosclerotic states. Often the gangrene of
arterioselerosis will be sore rather than painful, though cleva-
tion and occasionally hanging the foot down may bring on
considerable pain. Absence of pain is even more marked in
diabetic gangrene as will presently appear. In such, the gan-
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grenous, perhaps infected, pa‘rt jg often actually nnes{hehtc.
An interphalangeal joint, for instance, so far destroyed as to
grate on motion, will often cause no pain whatever, R
One form of senile arterial disense, updoubtedly srierio-
scherotic, behaves 50 much like thrombo-nngiitis obmen{ns as
{o be easily confused with it. The patient i in the forties or
ffides rather than the sixties, that is, prematarely aged. The
{hreatening prodromal symptoms develop more slowly than is
usualin arteriosclerosis though rather too rapidiy for thrombo-
angiitis obliterans. The cyanosis of the tocs and forefoot, or
it may be fhe actual gangrene, is particnlarly painful ond
very resistant to treatment, Apparently a collnteral eircula-
fion 3 not readily developed. In such cases, the arteries of
ampetated limbs bave so often shown the medial type of
selerosis characteristic of Monckeberg’s arteriosclerosis as to
suggest the existence of a clinieal-pathological entity. How-
oy dbamattont 1T T T . Jer to say
' thrombo-
wugutts ouiterans but the patient js rather too old for that
disease, After all, arterial narrowing is arterinl narrowing,
and Buerger’s disease is chiefly distinguished by its inflam-
matory background, the involvement of veins, wnd especially
the youth of the subject, which permits callaterals to be opened
while the arterial circnlation is still elastic, There is no reason
why there should not be borderline cases,
wg‘e’f‘gega"firef;e: nlfitgn of great extent, ocenrs particnlarly
alaly ocen 8 good smed e oo, Hirombosis which
the. dusation of syf: to stzed artery, proviously patent. Here
grene is especially é&’m:.s'g;ecedl?g the actul ongot of gan-
by severe pain, the pain of . Iéf(llhen.t b “g?n“y “mc,k down
of 1 arterial embotism Thm o Ssehemio, much ko that
. That this varie 4
{eeling of yumb eoldness to s o sevendly from o
real agony is well known, In

many such eases the whole foref:
oo oy penges the oo refoof, or the whole foot, or the

y will turn pallid, bluish,
purplish, the color bet , bluish, and finally
T nbcv: r;; eur being rather splotehy and with no clear.cot

skin over such an area will he cold; the 4is-
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sues swollen and perhaps blistered. These signs often, though
by no means necessarily, lead to 2 moist gangrene, In any
case, there is a distinet difference between this pietare and
that of the slower mummifying process. Given infection and
edema, 2 moist type of gangrene occurs. Yet there are many
intermediate stages, making a distinetion hetween “/dry’ and
“‘moist’’ gangrene impracticable,

Diagnosis.——The identifieation of an arteriosclerotic defi-
ciency or actual gangrene rests upon the age of the individual,
an appearance of atrophy, the state of the skin, including its
coolness, and the evidence of restricted circulation vevealed
by the simple tests outlined in the preceding chapter. That is
ta say, it can be shown that the leg and foot are not only ool
to the touch but are very slow to become warm when ex-
posed to a heated environment and eannot be made to exhibit
anything more than the slightest reactive hyperemia by the
various methods deseribed. These, of course, are qualities
consistent with an arterial deficiency of any sort, but in addi-
tion, the patient, who will seldom be under sixty years of age
and nsnally a good deal older, will rarely complain of having
suffered from coldness, numbness, or an intermittent limp for
more than six months, and if actual gangrene is present, for
o far shorter time; whereas the much younger individusl suf-
fering from thrombo-angiitis obliterans will almost neces-
sarily have noticed an intermitient limp for years., The physi-
cal signs are confirmatory. The toes and foot seldom become
as endaveric on clevation or as eyanotic on depression as in
the correspondingly serious case of Buerger’s disease. More-
over, the larger gangrenes involving the foot and part of the
leg and due to a rapidly developing thrombosis are far more
extensive than are ever occasioned by the Iatter condition.

Pulsation in the larger arteries often reveals a difference
between the two logs but such pulsations are not to be counted
on to distinguish arteriosclerosis from other deficient states.
A pulse in the dorsalis pedis or posterior tibial artery is fairly
often present in the face of a decided intermittent limp, signs
of coldness and atrophy, and even actual gangrene. But all
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four arterial pulsafions are mever palpable. Both posterior
il ill be absert and the dorslis pedis of the leg most
seriously affected will perhaps be feeble, Or il pulsations
will be missing on the worst side and only barely detectable
on the other, This is in contrast with thrombo-anglitis oblit-
erans where peripheral pulsations are almost always nbsent
once dlimical signs of the discase have appeared. Sometimes
in {he presence of disbetic gangrene, which after all is merely
arleriosclerosis with or without infection, the puleations of
several peripheral arteries ate remarkably vigorous. In other
words, arteriosclerotic deficiency s » patchy one, the supply
to some parts being good and to others poor.

Methods of Recording and Classification.—By this time,
sufﬁ‘cient information has been presented, in this and the pre-
ceding chapter, upon which to base a method of study and
sysfem of record. And though arierial deficiency has chiefly
beezf discussed, the inevitable comparison with thrombo-
angiitis obliterans will have given at least o partial account
I'Jf that disense. Aceordingly, a toble of differentinl dingnosis
is p{esm&ed below and, following this, n scheme for making
special notes in vaseolar disease, Both of these are taken in
Breat part from A. W. Allen’s publications which in torn are
based upon procedures devised in the Vascular Clinie of the
é‘éﬂssgchus.etts Genera} Hospital. The writer has taken some
be::;’:sA ;‘;1:3;:)0:1}1 tb»? table and method of notation, Méncke-
e 15; erasis l}ns been ormt!ed! on the ground that

¥ 2 clinical entity. Vasomotor disorders, as & matter
of contrast, are included though, strietly, the ar, tao itk
ane type to be covered in thi > theg are 09 itle of
the egtons red in this way. It shonld be realized that
gic, pathologic and dlisical signs recorded often rep-

resent averages and tendenci i i
dieations of digease, s e han fally xeliable -

Special Notes

Th N
o ret;afz':s: seduer; h?admgs relate to the history. Headings 8 to
afcom-seta wibetic gangrene, The final group of sixz relate
0 speeeal examinations and are nof equally required



TABLE OF DIAGNOSTIC INDICATIONS

VA0sPASM~
Tanoxpo-ANGUTIS Rarnaon's Axo
ArTERIOSCLERCSIS OBLITERANE Pr r
Tuvctronas Trees
Age 604 20-40 15~30
Sex Males and females Males Females
Nationality Al Hebrews 40%. All but All
negroes
Duration of - Years
Symploms Months Years
: g, uppet:
Extremity Lower Lower {until very late) [’cnr:xi\'::zg m; f::m
S Unilateral or onc i Bilateral
ymmelry sido ot & {ime Onc eide at a timo
Ulf‘erution and . ‘Enl;ly after Late Late and moderate
¥ Byip
Vessels in Caleified Not ¢alcified Not caleified
X ray
Peripheral rmal
pulses Poor or none Nono Noi
Procaine Block] No vasodilatation | Slight latati Vasodilatation
e —
Collateral Present but Not present, of
Circulation eratic Many fine vessels requized
Pathological  |Thick frregular in-{Inflammation, organized|ln Raynaud's dxst’“.:
State of tima, atheroma andjthrombosis—arteries andjonly; then fate scl_croﬂ
Vessels caleification veins of digital arferics
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Jor off eoses. They are fully described in the prcyl'ous 07:?‘9"-

1, The dutation of symptoms: inter ttent limp, co
wumbress, traphic ehanges. If wleeration or gangrene 18 pres-
ent, its preceding and prodromal symptoms: the duration of
niceration or gangrene.

2, Date and character of injury or Jocal treatment as an
exciting factor in the development of nlceration or gangrene.

3, Occupation: when disability began; how far the individ-
al depends upon the nse of the affected limb or limbs.
4. Nature and severity of pain: eircnmstances of its onset,
its devel t. Is it spont or dependent on the use of
the linbt

5. Use of tobaceo: reaction to other factors such as cold.

6. Description of the lesion: the present state of ulcera-
tion, gangrene and infection.

7. Nature of the peripheral pulsations: their presence or
shsence in the dorenlis pedis, posterior 1ibia), popliteal, fem-
oral arteries. These fo be deseribed as -+ to 4+ + 4.

For diabetics: oll held to be emergencies
8. Blood sugar to be studied,

9. Blood cultures to be taken if infection is present or sus-
pected,

10. Caltores taken from all open wounds.

Tests to be recorded

; ll-lBﬁe?t of elevating and depressing the leg: time required
or blanching on elevation, and flush and cyanosis on depres.

slon {rontine),

L::;};“ﬁ"“ RE in response to v triction,
£t of {ime required and i

(rovtine 1), o] completeness as observed in toes

13. Surface temperatnres as noted by contact with ba
; ck of
ftl?\i‘ez (:out}my. a3 recc'?ded by thermocouple; as o reae-
T Os:c?ﬁmne black;;.;enpheml*, spinal {optional).
s seillometry, Qsmllatmns in the ealf and their changes
Bonse to & reactive hyperemia by any method (optionaly,
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15. Roentgenological study of blood vessels (routine).

16. Photographs (optional).

It will be observed that except for the X ray and the bae-
teriological investigation, both of which are available in any
well-equipped hospital, all the important routine observations
require no special apparatus, Such are described in Chapter ,
and their relative importance is there discussed.

Treatment in the Absence of Ulceration and Gangrene~
For the individual who complains of a deficient cirenlation
without gangrene—numbness or coldness, intermittent Hmp,
perhaps discoloration of the tocs, nocturnal cramps—there is
a useful routine which can be expected fo Jessen the patient’s
discomforts, retard his down-hill course, and, in the younger
and more clastic group, lead to actual improvement, This de-
pends upon the development of collateral vessels to compen-
sate for the gradual closure of ono or more of the larger
peripheral arteries—the anterior and posterior tibial and the
peroneal. It should be ecomforting to perhaps 90 per cent of
such persons to know that by giving up tobacco, curtailing
their physieal activities, and encouraging their circulation by
vascular exercises they will be able to live in comfort and
avoid the ulcerntion or gangrene which may have seemed o
threaten them,

Tobacco, if the patient is a smoker, must be barred. It has
nearly as unfavorable an effect upon arterioselerotics as npon
those suffering from thrombo-angiitis obliterans. It is espe-
cinlly to be avoided in those having pain, whether brought on
by exercise or of a spontancous sort. And since smoking defi-
nitely eanses vasoconstriction, it may be expected o interfere
with the widening of the vasenlar bed and the development
of a collateral circulation, the first objects of treatment.

Fatigue should be relieved. This may mean rest in bed for
the tired honsewife or a vacation for the business man. The
Iahorer may have to devote his days off to reclining or actually
going to bed, the feet being elevated to the position of grentest
comfort, which may mean the horizontal or & little below it.
Tor the indoars person, the stimulation of outdoor air and
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snch wild exercise as ean be taken without exciting discomfort
is u definite advantage, Though many infiividunls who com-
glain of o deficient circulation hav a high blood pressure,
come have 8 low one, in which case the delivery of blood
{hough sclerosed arteries will be nided by any treatment
which increases the force of the heart beat. Hence proper rest,
gentle exercise, and an outdoor 1ife will be doubly effective.
The Routing Care of the Feet—This is of great imporfance
in arteriosclerotic deficiency and becomes even more vital in
the presence of dinbetes. After a daily bath in warm water
a4 careful drying, olive oil or lanolin shonld be rubbed into
tbe skin, particularly where eracks are present, as npon the
toes or heels, A search should be made for sealing or blister-
ing suggestive of epidermophytosis which may beeome  point
of entry for pyogenic infection, and so lead to ulceration and
gangrene. If the fungus is found, its treatment is a problem,
Usually an ointment, such as half-strength Whitfield’s, with
thymot 1.5 per cent, is helpful but some patients ean be treated
successfolly only with Hquid fungicides, as for instance, 1 to
20003000 permanganate solution, five per cent aluminum
acetate, or one to two per cent salieylic acid in fifty per cent
slechol,
fThe toe-nails, unless they are grossly thickened and de-
“f{‘l;!:ed,“shoum_ be cot squarely and rs.x!)xer long. They should
'ye Le soaked before catting and if curved and thickened
ay be fled. Corns, which are 5o often a starting point for
g_mx‘s!e'ne, shonld be pared down by soreone expert in that
line. Like the nails, they mmst first be softened by seap and
water, Calluses shonld be reduced with sandpaper.
The matter of & coverin ’

g for the legs is most im:
;‘;zo‘l] for s((;cks ot .stack'mgs is best. If the snrtoundi:;sr t::x::
s ; !::\ het sufficiently warm, lamb’s wool casings for the
= EOCkSgM 1preserve the natural heat a3 well as onything,
ting e oy hcast shonld be worn on cold nights. Never let-
e :e ¢ exposed .to cold or actually feel cold is a con.
ot :; :x: g;:lopmg 2 collateral eircalation.

which will be more folly deseribed in
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the treatment of thrombo-anglitis obliterans, are very well
worth carrying out in arteriosclerotic states, They are espe-
cially useful when discoloration of the toes and signs of
edema indicate that the compensatory cireulation is insuff-
cient. The physician must work out with the patient the proper
routine. It will be found perhaps that the legs hlanch in a
minute and a half when elevated to an angle of 30° {45° might
be too high) and that a flush is slow to appear when the legs
are allowed to hang, but that perhaps two minutes of depres-
sion will secure the meximum pink flush without cyanosis.
During the period of depression the feet should be exercised
as directed by Allen (page 95). Finally, the legs should be
wrapped in warmed blankets and kept horizontal for about
five minutes. The physician must devise an inclined plane for
elevation, must discover how many times the cycle shall be
repeated without too much fatigue and how many times a day
a set of individual eyeles shall be carried out.

A hot itz bath, taken once or twice a day at a temperature
which feels comfortably hot to the patient, about 100°-110° Fy
will perhaps cause satisfactory hyperemia. Such a bath should
not be taken for more than ten minutes and the individual
should see that the body and legs are not afterwards cooled.
It will be found perhaps that the sitz bath works best pre-
ceding a period of exercise or that it should follow one before
the patient goes to bed.

Diathermy will be nsed by those familiar with it, but since
it ealls for a special apparatus and involves an expense over
and above that of the simple and useful measures already
described, it must be regarded as a part of hospital {or office)
rather than ambulatory, or home, treatment.

Drugs, exeept so far as they may strengthen the action of
the heart, improve appetite, assist sleep or relieve pain, are
of no real advantage in the treatment of arteriosclerotic ar-
terial deficiencies.

Treatment of Pain~If the patient suffers from sponia-
neous pain or if neeessary exercise causes a serious intermit-
tent limp, special treatment over and above the routine out-
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Iined will be required, But it will first be neeessary to dmcg:;

(1) what actnally will relieve pain and (2) whether f“ e -
tive hyperemia in the limb can be induced. These fwo ¢o
siderations can nsuslly be counted as one. i

The relief of pain by drugs can be dismissed as something
not going to the heart of the mafter. Morphine especinlly is
very dangerous {and useless). .

A case in point is the following: M.G.L., a man of sixty, I.md
been unable, for many years, to walk at a normal pace m".h-
out bringing on a cramp-like pain in the front and outer §1dc
of the right leg. For some two to three years he ad noticed
a very similar erarapy pain st night. The nocturnal pain had
recently increased in frequency and severity. For the last year
ke had suffered an oppressive (anginal) pain in the mid-
thotax on exercise. This had been benefited by vasodilating
drugs.

The patient looked more than his age, He wns reasonably
well nourished. His legs were only very slightly atrophicd. No
arterial pulsations could be made out below the knees. There
was a good pulsation in the left popliteal artery, none in the
right. The right femoral pulse was less strong than the left,
Both feet were cool.

Tpon elevating both Jegs for two minutes, the characteris-
tie discomfort in the right ealf set in. Both feet alsa became
very pale and on subsequently letting them hang down, the
color eame back more slowly in the right than the left, not
reaching the toes for perhaps half a minute. The X ray re-
vea!efl faint arteriosclerotic changes in both femorals and
defuite ealcifieation not only in the dorsalis pedis arteries,
22;&150 in the (small vessels running to the great toes. While

er observation, the patient was given two ounces of whis-

ey for his pain one nigh i i
¢ ght, apparently without relief, vet
4d not walk the floor as u; . i

ual and soon went to sleep.

r)Ex: 2 rather warm room,” that is, at o temperature of 78° ¥,

(25° C.) the Tight great toe was fonnd to have o temperature
* Naturally gpe test

8hon!d bava b
1 amslabe, Vet the teet was ,mf,‘;:;‘;‘}:!‘::;‘:?:lmom Vatortuastely nene
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of 87° I, the left 88° F. and in response to a right lumbar
block by the injection of pracaine, the temperature of fhe
right great toe rose only 2° F',, never catching up with the left,
which also rose o trifle, However, the right foot nequired a
sensation of warmth, as compared with the left, and clevation
for five minutes, while the block was effective, failed to bring
on the characteristic pain. Thus the pain was for the moment
benefited, yet with only negligible vasodilatation, a state of
things which might have been surmised from the simpler ob-
servations already made.

In such a case as this, over and above the usurl Buerger-
Allen exercises and the routine protection from cold and
trauma, a prolenged trial of suction and pressure or, porhaps
better, intermittent venous compression should be made. 5
Tittle is to be expeeted from a lumbar sympathetic resection
23 to make this procedure inadvisable, particnlarly in view of
the cardiac symptoms. There is little danger of gangrene, the
problem being to control pain. Drugs will be ineffectual.

In the above aceount it will have been noticed that a right
lumbar sympathetic block gave comfort, bringing up the ques-
tion whether, if routine measures had failed, injection of
alechol into the region of the right upper jumbar ganglis
might not properly have been tried. Both Flothow and Reichert
recommend such a course and it may therefore be proper ul
this point to deseribe the procedure:

The patient being placed horizontal, lying on the side oppo-
site to the one inte which the injection is to ba given, o wheal
is made six to seven cm. lateral to the second * lumbar inter-
space, as in the diagnostic block by procaine (page 27) and
after the usual infiltration with proeaine of the intermediate
sensitive structures, the eloven om. needle is directed, at an
angle of about 45°, toward the body of the second Tumbar
vertebra, A second needle is passed toward the third Inmbar

# The usual Qirections are to injest nleohol beside the first, sccond, and thicd
lumbar vestebrae, but injection of only L, 2 and 3 should secure the desired result

284 there 3s o theosetieal objection to destruction of the firat Jumbar ganghon in
the male,
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certebra, the plan being to see that the ‘poiats of both needles
are well anferior, that is, toward the front of the body where
the sympothetic gangliated chain is situate_d. After the usunl
suction, to make sure that 1o blood vessel is entfzred and that
no cerchrospinal fioid flows, & few drops of ninety-five per
cent alcchol had better be injected into each needle. If '11\0
points are well placed, a transient epigastric or abduminal
pain will be felt. Tn the absence of this sensation itis ulmo#
cortain that the needle points are not mear the ganglionio
chain and they should secordingly be shifted to a more satis-
factory position. Onee the pain appears, two to four em. of
ninefyfive per cent alechol are slowly injected. In any case,
the fluid should be kept well in front of the lumbar spinal
nerves, lest an aleobolie neuritis, which may last for 2 month
o tywo (almost ae serious a matter as the original complaint)
be et up. Indeed this is the Teal cbjection 1o the procedure
which, in many cases, gives a high degree of relief. The first
effect of an acenrate injection shout the ganglia is a severe
pain of a few minutes’ daration, due to a preliminary irrita-
tion of the ganglia and asseciated with sweating sud coldness
in the extremity. Following this, a fesling of warmth, both
sabjective and objective, comes on.

It has been said that smoking in arterial deficiencies should
b.e {orbidden. There is perhaps mo other routine measure so
lxkfely fo relieve pain. In the following case, there was only o
minor complaint of spontancous pain, but {he intermittent
eramp and such spontaneous discomfort as wag present were
““S“‘;;;ay with in an almost miracalous way:

-D.F., o man only fifty years of age, a i

emoker and inhaler, had noticed for t%v.; yeil::vznc;%:;\g;;
even for a short distanwe, a feeling as if o \mife hod ‘been
thrust into the ealf of his Jeft Jeg. This disappeared in the

Usual way on vest. The trouble had since advanced so rapidl
that xecently he had been atle to play continous] pidly
than three holes of gOl. At the same time h E dy ;‘" i
wake in the morning notiein, i o esun o

¢ g numbness in the inst d th
great toe of his left foot, The latta <P fnd the
et heenme cold very easily.
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The patient looked rather more than his yenrs, His blood
pressure was rather low (118 systolic). There was an obvious
atrophy of the calf muscles. No arterial pulsations could he
made out below the femorals. Both the feot appeared cadaveric
on elevation for two minutes and flushed slowly on depres-
sion, the left toes requiring twenty secconds before showing
color, On passing one’s hand down the leg, a faint but un-
mistakable change from warmth to coolness could be felt alit
tle above the ankle. The feet, however, were dry and not
noticeably cold.

The patient was given postural exercises and directed to
stop smoking. In two months a decided change had ocenrred.
Ile could now walk slowly on soft ground for two miles with-
out having to stop because of eramp. He no longer noticed
numbness of his left foot on awaking. A faint pulsation could
be detected in both the left and right dorsalis pedis arteries,
the left the stronger. The flush on hanging down the leg after
two minutes’ elevation passed out upon the toes of the left
foot in seven seconds instead of twenty. In three months more
the patient’s cramp had so far diminished that he could walk
fast for perhaps a quarter of a mile. Then the limp returned,
He could play eighteen holes of golf. 3

Here is an evident arteriosclerosis with a strong suggestion
of superimposed vasoconstriction due to the abuse of tobacco.
Giving up cigarettes vastly relieved the intermittent limp
(postural exercises probably helped) and the peripheral pulses
returned, but once this change had oceurred, the smaller ves-
sels were found to have little capacity for reactive hyperema.
Spinal anesthesia caused the temperature of the great toes to
rise moderately, the left 9° F. and the right 4° F. but in
neither caso was the low normal Jevel of 90° F, (315° C)
reached, .

The Treatment of Gangrene.—Sinee pain in arteriosclerotic
states is not usually of great importance, the first constder-
ation is the limitation of gangrene, the second, is the securing
of healing once the gangrenous part is cast off or removed,
and the last, of course, is the problem of amputation. In most
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instances, gangrene is of the dry or mummifying type, snd
leeration is limited and uncomplicated save perbaps by o
Tocal necrosis of a phalanx or disintegration of & joint, In the
ahsence of diabetes, infection is seldom serions.

Yimitation of gangrene ealls for rest in hed. The foot ghould
10t be elevated, since arterial blood will then reach the foes
with even greater difficulty than is already the case. On tho
other hand, if the leg is too dependent, edema will occur. It
will nsually be trae that a horizontal position for the legs and
2 reclining one for the body will give about the vight amount
of moderate venous congestion and of increascd eapillary
pressure. The foot should be protected from trawma by a
Jarge cradle which erosses the entire bed and inclndes at least
the full length of the egs. The cradle should not, however, be
leated or if heated the temperature should merely be warm,
thaf ig, not over §0°~90°F. For local heat calls for a more
active metabolism than the crippled arterial system is nble to
support and if it does not actwally burs the exposed parts, it
does them harm (increased anoxemia) rather than good. The
leg had better be kept warm in wool er cotton.

h . .
ﬁm“‘e :,c‘mi] d‘rfssuig; of the foot shounld be made an asentic

nsix

WiPow va wun stenie water, of seventy per cent aleo

i‘mnll'y, when the gangrenous area has beznxt)reated,tth: m‘zl:r‘:
ypskm shonld.be covered with vaseline gauze. For the gon-
f: n:xec:l\'ts gart itself every ane is npt to have his favarite
pmteczi.vencedse{:urely mux.nmxﬁed, its covering, except it be
. ood clean, is nnimportant. In the earlier stages it
) patted with any mild antiseptic and covered with

;’,:\\::ex;a“‘;::;tom? t)‘;e s'ame solu.ﬁon. Aleohol, seventy per cent,
cleanl'\ne=si: its drying quality, The truth is that routine
—— ituﬂeemm?;e. important than sny drug, But if infection
o o al Fsable ta keep the dressing moist, one mast
05 e e ;o t\1 ion, Samugls warmly recommends soaks of
ton oo atery chloramine solution to aid in the gepara-

slonghs and to elean uleerated areas, A watery
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iodine solution (Lugol’s solution 1-400) or a coconnut eil
derivative (alkyl-dimithyl-benzil-smmoninm chloride} in a
strength of 1-1000 are nonirritating and almost as good dilute
antiseptics ns any. “Busol’’,* mixed, equal parts, with min
eral oil, is an excellent antiseptio and surprisingly little jrrit-
ting to the skin,

Local dmputation~—~Onee the gangrene is localized and 2
zone of reaction cstablished proximal to the line of demarcs-
tion, or once it is cvident that a sinus leads down to a dis-
organized joint or an area of necrotic bone, the problem of
gotting 1id of the neevotic part and securing healing orises.
The safest and most time-consuming method is to allow a
gangrenous foo to he cast off. For the tip of the toe this isall
very well, but for half & great toe, for o whole smaller one, 0
for a necrotic phalanx, loeal amputation, provided certaln
rules are observed, is cconomically desirable and may octa-
sionally be performed. However, it is almost eriminal o am-
putate such a toe in supposedly sound tissues proximat to the
ares of veaction. Amputation, to be even ressonably safe, must
be made very close to the border of the gangrene in the red
zone of renction. If the tissues are cleanly divided and pob
traumatized and if any exposed phalanx is ent aeross, not
disarticulated, the wound can be left open with good prospects
of healing. Nature has already set up a defense against infec-
tion. The operation asks little new of the patient.

1t is at the stage when gangrene is over and granulation
plus epithelization are starting that the details of treatment
will decidedly help or hinder. In well-equipped institutions,
the Carrel-Dakin techuique, skillfully used, is effective. But
treatment of an open wound lined with a thin slough in avas-
cular tissues may include anything from the nse of Dakin’s
fluid to pure urea crystals. When a wound is left boat-shaped,
o8 after the necessary removal of a necrotic metatarsal head,

* The formals for Eusol is Borasic Acid 12.5 grams
Chlorinated Limo 125 grams
Distilled water 1000 ecum,

Miy, aliaw fo stand over night, and fiiter,
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the use of Dalin’s flaid or dichlorsmine-T (eigllt.pel' cent In
chloreozane) or Eusol and mineral oil are especially recom-
sended. Self-draining wounds ate easier to treat.

Once healing is under way, an attempt to seeure a reac-
tive hyperemia and a permanent widening of the vascalar bed
are apt to bear fruit. Rhythmic suction and pressure, or ve-
nous compression, will often hasten healing and of course t'he
rontine treatment as for the pregangrenous stage of arterio-
sdlerotic deficiency showid by all means bo resumed. Whe{he‘:
or not any attempt at 2 permanent block of the sympathetic
tapply to the limb shall be made is & matter to be decided on
the ground of the patient’s proven eapacity for vasedilotation
and the probalile estimated foture of Mis circulatory defi-
ciency. On the whole, little is to be expected in arteriosclerofie
gangrene fram sympathetic resections,

Ampufation of the Limb.—Jt will be profitable to discuss
the eriteria for the amputations at any level above the toes in
connection with diabetic gangrene at the end of this chapter.
Amputation is demanded when so much of the foot iz de-
stzoyed as to make it nseless, when a life is to be saved in the
presence of uncontrollable infection and, very rarely, on ac-
caunt of pain or for economic reasons. Amputations below the
kmee ean wlmost never be expected to offer a healthy stump.

Most ave performed through the knee joint or through the
lower third of the thigh.

Thromhosis in Arteriosclerotic Deficiency

Toubtless large vessels already considerably narrowed at
some one point ean finally be elosed by thrombosis without
h’nngmg on auy sndder or noteworthy change in the cirenla-
fion of & lag The Tapid dosure of ap ariery carrying a good
blood su;'\p\y is o very different affair. Except that no source
of em\mh.sm is npparent-—that is, the heart is not fibrillating
rlslnd :mi}:mg resembling a corounary infaretion has oceurred-—~
b:;ism by of the ischemia much bles that of em.

. The: perhaps no particular warning,
dness, or limp. The pain of 4

Te will have been
o Pr It 1.
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iodine solution {Lugol’s solution 1-400) or 4 cocoanut ol
derivative (afkyl-dimithyl-benzil-smmonium chloride) in a
strength of 1-1000 are nonirritating and almost as good dilate
antiseptics as any. ‘‘Eusol’’,* mixed, equal parts, with min-
cral oil, is an execllent antiseptic and surprisingly little imita-
fing to the skin,

Local dmputation—Once the gangrene is localized and u
zone of reaction established proximal to the line of demarca-
tion, or once it is evident that n sinus leads down to a dis-
organized joint or an area of necrotic bone, the problem of
getting rid of the noerotic part and securing healing arises.
The safest and most time-consuming method is to allow s
gangrenous toe to be cast off. For the tip of the toe this is all
very well, but for half a great toe, for a whole smaller one, ?'
far & necrotic phalanx, local amputation, provided cerfain
rules are observed, is cconomically desirable and may oeca-
sionally be performed. Howover, it is almost criminal to am-
putate such a toe in supposedly sound tissues proximal to the
area of reaction, Ampntation, fo be even rensonably safe, must
e made very close to the border of the gangrene in the red
zone of resction, If the tissues are cleanly divided and not
traumatized and if any exposed phalanx is et across, not
disarticulated, the wound can be Joft open with good prospects
of hesling. Nature has already set up a defense ngainst infec-
tion. The operation asks little new of the patient.

It is at the stage when gangrene is over and granulation
plus epithelization are starting that the details of treatment
will decidedly help or hinder. I well-equipped institutions,
the Carrel-Dakin technique, skillfnlly used, is effective. But
treatment of an open wound lined with a thin slough in avas- |
colar tissues may include anything from the uso of Dakin's
floid fo pure urea crystals. When a wound is left boat-shaped,
as after the necessary removal of a necrotic metatarsal head,

* The formula far Eunsol is Boracic Acid 12,5 grams
Chlorinated Lime 125 grams
Distilied water 1000 cem,

Mix, allow to stard over night, 2ud fiter,
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1o use of Dakin’s fivid ot dickloramine T {eight per cent in
clocozane) or Eusol and minetsl oil ave especially vecom:
mended, Self-draining wounds are easier to ireat.

Onge hedling is wnder way, sn attempt to secure a reac-
tive hyperemia and o permanent widening of the vascolar bed
are apt to bear fruit. Rhythmic suction and pressure, or ve-
nous compression, will often hasten healing and of course ‘l.lle
routine treatment as for the pregangrenous stage of arterio-
seletotic deficioncy fhould by oll means be resumed. Whethe't
or not any attempt at a permanent Hock of the sympathetic
supply fo the limb shall be made is a matter to be decided on
the ground of the patient’s proven eapacity for vasodilatation
and the probable estimated fatare of his circulatory defi-
ciency, On the whole, little is to be expected in arterioselerotic
gangrene from sympathetio resections.

Amputation of the Limb.~It will be profitable to discuss
the eriferia for the mmputations at any level above the toes in
sonnection with diabetic gangrene at 1he end of this chapler.
Amputation s demanded when so much of the foot is de-
siroyed as to make it nseless, when a life ig to be saved in the
presence of nncontrollable infection and, very rarely, on ac-
count of pain or for economic reasons. Amputations below the
bnee ean almost never be expected o ofter s healthy stump.
Most are performed throngh the kmee joint or through the
lower third of the thigh.

Thrombosis in Arteri ie Defiel

Doubtless large vessels already considerably narrowed ot

Sowe one point can finally be closed by thrombosis without
ﬁfmgmg on any sudden or noteworthy change in the cirenla-
;\1«1\ of a deg. .'I‘he rapid closure of an artery carrying » good

fnod Suppl}"ls avery differeat affair. Except that no source
‘x)x “gmbch.sm is am\:n‘enk—mat 15, the heart is not fibrillating
o no}}:mg resembhng.n coronary infarction has ocourred—
oo oé the iseh much t bies that of em.
oliea. et m“ hn:‘e been I‘]el’haps 10 patticular warning,

¥ , or limp, The pain of a
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sudden thrombosis is usually severe, sometimes ngonizing, but
as already explained may take the form merely of numbness
or coldness. In any case, it is of such's charneter that the
patient is immediately driven to seek help. The following isa
case in point of o mild sort:

C.L.C., o woman, seventy-seven years of age, having previ-
ously considered herself well, was seized rather suddenly,
three days before coming under observation, with a severs
pain in the left leg, radiating downward into the left calf and
foot. Since then, a butning sensation liad settled upon the
dorsnm of the foot, This pain was partienlarly bad at njghl,
keeping the patient awake as long as the leg was left horizor-
tal in bed but being relieved when the leg was hung out of
bed, or when she hobbled abont. Twenty-four hours before
entering the hospital, the burning pain spread to the heck
There had been no eramps.

Examination showed a rather frail old woman, evidently
suffering. On exposing the legs in a cool room, the right fool
retained its heat fairly well. The left foot eooled rapidly and
noticeably, as compared with the right, up to a point some
three inches above the ankle joint. When the legs were al-
lowed to hang straight down, the toes of the left foot soon
turned reddish blue (the right also to a lesser degree) and
this color gradnally faded out npward toward the ankles. No
pulsations could be felt over either dorsalis pedis artery.
There was a questionable pulse in the right posterior tibial—
practically speaking no pulsations in either leg Delow the
fomorals at the groin, The X ray revealed caleification in Dotk
posterior tibial and dorsalis pedis arteries. i

The greatest amount of comfort was secured by allowing
the o1d lady to sit in a chair, the legs resting on a stool ot 8
slightly lower level. In this position and with only the nid of
mild sedatives, she passed fairly good nights, whereas if she
attempted to spend the night in bed, she was made slecpless
by pain, which was always of the same burning sort and over
which drugs, even opiafes, had so little control as to be almost
totally useless.
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Suction and pressure gave considerable additional relief.
1t was applied, at fst rather tentatively, for balf an hour
twice a day, and with such jmprovement that it should un-
Qoubledly have been used more freely, but like most eiderly
women, {his one was utterly intolerant of hospital care. She
refused any further treatroent which pecessitated her stay in
the hospital.

Upon going home she deteriorated rapidly: her pain in-
creased, she Jost her appetite, and lived only for about a year.
She never developed nctual gangrene.

Some {hromboses canse such sudden widespread ischemia
as to be fatal, the effect of the closnre being shocking and
attended by other signs of cirenlatory failore and death within
afew days. In such cases the foot and half the lower leg often
beeome gangrenous,

Less serious accidents, yot leading to gangrene, may re-
semble the following:

P.X., a woman, sixty-fonr years of age, had been weil up
to three weeks b.efore coming under observation. Then, rather
:;d:ienly, the rl.ght leg began to ¢‘feel gare” and she found
) a:c :h'em m\xs.t ;xe fown after walking only a very short dis-
h)ad;: Colfi:]g i foot almost aif once beeame blae, the toes
e oo ess and numbness bothex:ed her greatly”’, Vesi-
¢ 0 ?Pe?red upon t.he lower third of the leg and foot,

g in size s the discoloration spread upward,
conl e £t ‘i‘ﬁi‘”ﬁ"h? 1wf111,'§re5med voman. No pulses
pilsations in the Jeft g1)'eg ii?clufii:w g‘eﬁfemom‘! W)!L_‘r':‘ns e
dorsalis pedis, were norn;aL g both posterior tibial and
N be a maist gangrene. Yet the patient was

e hospital gbout a weck late: i i
lower leg and foot were shrinkin, e ainat advice, tho
s receding. z and .ihe cyanotic, cold area
z_ns.proeudig%:;ﬁ}i’,eKe:{,teﬁé"f:i"’“;fs"m"uy m th the
sinee been lost sight of, yet it hardl oved. The patient hos
y seerns possible that she
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saved her foot. In such a case as this, careful study of the
level at which an efficient circulation ended, might have per-
mitted an amputation below the knee.

The fact that gangrene starts in a moist way does not
necessarily eall for an immediate amputation. Yet the danger
of serious infection is such that the leg must be watched in-
tensively. If infection shows itsclf and spreads upward, an
emergency guillotine amputation will be required. With s
neat, clean amputation, at or even below the knee, as the re-
ward if conservatism succeeds, and an emergency guillofine
amputation, possibly at a high level, the penalty of failure,
the difficulty of treating a case of this sort is apparent.

Diaseric GANGRENE

Diabetic gangrene is really arteriosclerotic deficiency plos
actual or potential infection in a diabetic. The background of
arteriosclerosis is only partly the effect of the diabetes
(lipemia, deposit of fat in the media of the arteries) for
arteriosclerotic deficiencies in diabetics show themselves only
a few years earlier than do similar deficiencies in nondiabetics
It is really the lowered resistance to infection, especially }’Y
the common pyogenic bacterin of the skin, which gives dia-
betic lesions of the tocs and feet their especially dangerons
character. In 1925, Coller and Marsh called attention to the
importance of separating the pure arterial deficiencies from
those primarily due to infection. This MeKittrick has followed
up, presenting the clinieal picture under the heading of ”CO{I'
ditions due primarily to arterial insuffiefency’” and # Condi-
tions due primarily to infection®’, This elassification will be
used here but it should be kept in mind that any but reslly
young diabetics are likely to be arteriosclerotic, and that eves
in those whose disorders scem typically arteriosclerotic, the
tissue cannot be expected to have even the ordinary arterio-
sclerotic’s resistance to infection,

Conditions Primarily Arteriosclerotic.——The onset of symp-
toms is not different from that of a nondiabetic, arteriosele-
rotic deficiency except that the patient may be five years
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1.

ounger, Coldness, intermittent limp are
inmp%n‘mts. The symptoms ealling for treatment will seldom
live been present for more than a few months, and useally
for wecks rather than months, The nppesrance of the toes and
fest is Iike that of arteriosclerosis. There will often be left
some portion of the peripheral arierial pulsations. Thcre‘xs
the same liability to closure of a large artery by thrombosis,
and there js even more of a tendency to irritation by n de-
formed nail, to infection of o badly treated corn or callus.
Thus the routine treatment, ontside of that required by the
dighetes itself, is the same—~epeouragement of the circulation
in general, preservation of the warmth of the limb, vasenlar
exereises, and in particular, exquisite care of the nails and
skin,

TWhen gangrene or ulceration or necrosis of some of the
toes occurs, it looks and bebaves like any arteriosclerotic
levion. All disbeties with a poor periphernl circulation are not
sitting on powder barrelst Some have a mild disease control-
!ab’(e by diet, and even a condition bad cnough fo require
insalin does not necessarily rob the individual of ail resist-
ance to infection. The real trouble is that when infection once
starls, fixing itself upon a joint, entering a tendon sheath, and
In particular progressing along the lymphatics up the foot
and leg, there is set mp at once a vicions circle of deficient
‘D‘t‘““;z:ig:{x:g\vel;ed resxs'mnee. to infection and nggravation
broken by & rzdie:;eﬁ:;:?m?;:\l‘ %i;gl; take life if it is not

ubledly, a fatn) infec-

tion can, though it seldom will, et

, start from a perfectly dry
gangrene of the outer half of the toe. However, as nn oxam.
ple of what & ey o . L

inhow i3

I : . :
- ‘.Z()., e Juwt OL BIXTF-SEVEN vhare had Lo-. o))
. o . - %" this
o was

. -, -owweow dist vasodidating drups. AL the same
5‘:‘1:‘);!, a dmgno.sxs of diabetes was made apd at one time
N was required. Yet in the sucoeeding years the disease
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made so little progress that he was not even very careful to
follow his diet. When he entered the hospital his blood sugar
was averaging 0.215 per eent, his urine showed only a trace of
sugar, and he soon became sugar-free upon diet alone, the
blood sugar remaining at 0.146 per cent.

Ten days before entry, the loft great toe was noticed to be
dark in color, sinee when a sore, inflamed area had gradually
developed upon the inner edge of the great toe-nail. The toe
had become increasingly painful and fender. L

The patient was a fairly well-preserved, cobperative indi
vidual whose periphoral arteries were everywhere hard. There
was n suspicion of an arteriosclerotic aortitis, All pulsations
in the right leg, including both the dorsalis pedis and the pos-
terior tibial, were present; those on the left below the femoral
were absent (recent thrombosis?). The left great toe was deep
red, An area of excoriation was present along the inner cdge
of the left great toe-nil, from which a little pus oozed. Usder
alcohol applications and hot saline dressings, the eellulitis
promptly eleared up. The nail was trimmed square’ but not
short. A small area of granulation was left, but the whole toe
from the metatarso-phalangeal joint down remained a deep red
without actual gangrene. .

At this point a mistake was made. Instead of insinnating 8
little gutta percha tissue or some other nonirritating substance
under the edge of the nail and continuing the warm wet dress-
ings, the nail was avulsed under spinal anesthesia. This Teft
still more exposed raw surface, which, during the next fo¥
weeks showed no tendeney to heal. Here surgical action was
again substituted for conservative freatment. .

Instead of continning antiseptic dressings and instituting
attempts at reactive hyperemia, which might have encourag?d
granulation and epithelization, the toe was amputated, not it
the zone of redness, but above it; not by dividing the pro,\'im!\l
phalanx, but by disarticnlnting the toe at its base. Result, 8
slonghing wound, bnt fortunately no extension of infection. A
month later there was evidence of cireulation in the skin abqﬂi
the sloughing hole, and a little new skin had grown about its
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edge. The battle ia therefore o draw, Very likely ‘\hc pat'}ent,’a
leg will be saved, With o grester dsploay of paticncs his toe
might have bren! L

The sabject of conditions due primarily to asterial insuff-
ciency can be summed up by quoting, with explanations, frem
MeKiitrick and Pratt.

1, No ur feeble pulsations are present in the peripheral blood ves-
sels of the leg.

2, The foot is cold, blanches on elevation and becormes dusky or
ved 1nd ey when dependent. Between the mid-foot and the knee

there §s frequently » fevel at which the cutaneous temperatare can be
£elt to change.

4. When necrosis of some part of the bony structure of a toe otcoTs,
gangrene is usnally evidevt.

4 Pain is apt to be more severe than the local lesion appents to
warrant,

5. Gangrens is common

Loeal amputations in this group are rarely successfnl and
frequently ure domgerous. Infection in o pulseless foot is the
origin of most cases of septicemia. Thus, in the pregangre-
nous stage, the usual routine treatment, as for any arterio-
sclerotic deficiency, should be used, special care being given to
axviding minor infections about the nails, When gangrene iv
present, the {oe or aren shogld rigorousty be protected, nnd
Inmost eases allowed to separate, Such treatment 1y deseribed
Inalater gection,

Conditivns Pue Primarily to Infection—Whether or not
Rangrene is present, infection in the form of cellnlitis and
Ismphangitis, that is, a streptococcal form, s cbvious, A fa-
vorite initial lesion is the ingrowing toe-nail, ronaronnd or
lfl:;trfeafed’rom ar ¢atius, One toe, or & tos and part of the
; n: ;(;t, {:' red and ywollen. One or more sed streaks of
nnaperingl nxs s;e apt o extend over the foot, upon the ankle
oo o ftp t ¢ lower Jeg.. P.ulsations in the vessels of {be
- otten vigorous. Pain is not a featnea and the §oot is

T, even hot, partly b the arterial eivculation is suffi-

cient but more beeause of the inflammatian, To sum ups
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made so little progress that he was not even very careful to
follow his diet. When he entered the hospital his blood sugar
was averaging 0.215 per cent, his urine showed only a trace of
sugar, and he soon beeame sugar-free upon diet alone, the
blood sugar remaining nt 0.146 per cent.

Ten dnys before entry, the left great toe was noticed fobe
dnrk in color, sinee when o sore, inflamed area had gradually
developed upon the inmer edge of the great toe-nail. The toe
had become increasingly painfal and tender. -

The patient was a fairly well-preserved, cobperative indi-
vidual whose peripheral arteries wore everywhere hard, There
was a suspicion of an arteriosclerotic aortitis, Al pulsations
in the right leg, including both the dorsalis pedis and the pos-
terior tibial, were present; those on the left below the fomoral
were absent (recent thrombosis?). The left great toe was decp
red. An aren of excoriation was present along the inner edge
of the left great toc-nail, from which a little pus cozed. Um.ie.r
aleohol applications and hot saline dressings, the collulilis
promptly cleared up. The nail was trimmed square’ but not
short, A small area of granulation was left, but the whole tee
from the metatarso-phalangeal joint down remained a deep red
withont actual gangrene, .

At this point a mistake was made. Instead of insinuating &
little gutta pereha tissue or same other nonirritating substance
under the edge of the nail and continuning the warm wet dress:
ings, the nail was avulsed under spinal anesthesia, This loft
still more exposed raw surface, which, during the next few
weeks showed no tendeney to heal. Iere surgical action was
again substituted for conservative treatment. .

Instend of continuing antiseptie dressings and instituting
attempts af reactive hyperemin, which might have cncoumsfd
granulation and epithelization, the toe was amputated, m.)t m
the zonoe of redness, but above it; not by dividing the proxim
phalanx, but by disarticulating the too at its base. Result, &
sloughing wound, but fortunately no extension of infeetion. &
month later there was evidenee of eirenlation in the skin about
the sloughing hole, and a little new skin had grown sbout its
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duration sbout the base of the toe. The flexor tendon was
sloughing, {he sheath infected and discharging. Though pulsa-
tion was presentin the Jorsalis pedis artery, the X ray showed
the loeal small vessels to be caleified. Under aleohol applica-
tions and hot packs, a line of Jemuareation became clear and
fhere developed a zone of reactive Tedness proximal to it. The
great toe and the partly necrotic head of the first metnearpal
bone were then successtully removed nnder spinal anesthesia,
the amputation being carried out close to the gangrense through
the red swollen tissues, that is, in the zone of reaction. Result,
good bealing. However, within two years gangrene of both
feet followed, probably because the diabetes was neglected.
Treatment of Diabetic Gangrene: Arteriosclerotic Type—
It has already been stated that gangrene due to arterinl defi-
ciency should be treated conservatively, partly to avoid dan-
gerons infection, and partly because foeal amputations will
s‘eldom result in healing, even if no infection follows. Precan-
tions against infection being taken, the gangrenous part will
aften be east off. Then, under antiseptic dressings and vascu-
lar exercises,_ healing is likely to occur. If economic reasons
and the likelihood that the foot, even if healed, will be dis-
abled arge an carly amputation of the leg, the operation
§h0uld be performed at the knee or in the lower thigh, depend-
Ing on whether or n?t the individusl is or is not hikely ta be
able to use an artificial leg.
m::f:;’:g 11' ¥pe: Emergency Treatmont—Provided the ma-
N e oc_a\l xxfft'actxon——celluhhs, osteomyelitis of o pha-
Y, suppuratisg joint or tendon sheath—affers o reasonable

!Il:c}:i glft Tocal treatment in the form of hot <wet dressings,
N ainage or local amputation will be carative, blood
should at onee be dr. ;

: 2 be drawn for o study of the blood sugar
a‘;gml; ;)actfemzma can be demonstrated, Cnlmmsg Eh!:‘;;g
ot m‘me;x arom the ocal lesion. Medical and surgical treat-
shonld oy ml:c;n btheb:tntt 0 hand in hand. The nse of inselin
carvied ot oy ;3 Zun. Conser}raﬁve freatment shonld be
I et atively for a preliminary twelve-hour period.
) welve hours, local conditions are 0o worse and t)n;
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1. Pulsation in the dorsalis pedis artery is usnally present,

2. The foot is warm and of good color. Even if the heat of the in-
flammation is not present, the observer’s touch will find no warked
change from warmth to coolness in passing the hand downward fron
knee to foot.

3. Necrosis of the bony structure of a toe without gangrene is very
common,

4. Pain js related only to the infeetion and is usually less than
the local condition would lead one to suspect, The part may even be
remarkably anesthetie.

5, Gnngrene is found only in the presence of infection or alter
trauma.

The following are illustrative cases:

H.8.C., 2 male fifty-nine years of age. Story of dinbetes for
one year, to which little attention had been paid. For fwo
weeks, 2 black slough had been present over the might gff’at
toe joint, Beneath this was fluctuation and n disorgﬂm?"d
metatarso-phalangeal joint. There was redness and sweﬂfng
of the surface of the foot back to the instep. Good pulsation
in the dorsalis pedis artery. No pain. Insulin, fifteen to twenty
units a day, barely controlled the diabetes, Incision, under gas-
oxygen anesthesia, showed infection of the deep fascial spaces
of the foot and failed to halt the infection, Amputation (closed}
through the leg, six inches below the tibial tuberosity, was
followed by healing but the stump was never satisfactory. A
better and safer procedure would have heen a guillotine !}m‘
putation through the mid-leg followed by o closed nmputation
through the knee joint (Gritti-Stokes or Callander type). Ver3
likely an initial closed amputation through the knee would
have succeeded. Such operations give s very good stump 9_‘“‘
the chances are that this patient should be able to use an artif-
cinl limb with suceess.

E.C, & woman, forfy-seven yoars of age; a dinbetic for
two years, taking fifteen units of insulin a day. For seven
wecks she lind suffered from an infeeted blister on the oute?
surface of the right great toe, Daring this time the great toe
had gradunlly turned black and finnlly mmmmified, The blood
sugar on enfry was 0.178 per eent, There was rednoss and in-



ARTERIQOSCLEROTIC DEFICIENCY, THROMBOSIS ot

toes (sl of which end sbont vpposite the metatarsal heads).
These should be entered from a Interal incision os shown in
the accompanying eketch.

For covities having no dependent droinage, the nse of
Dakin’s fivd, with ail the Carrel-Dokin ritual, is very satis-
factory. Indeed fhis elaborate techniqae finds here its greatest
usefiiness, and the various altied solutions and oily prepara-
tions are only shightly less caluable. The skin of the foot,

} Scbaponeuroic spoce, -
ANy

rictee 5, Tax Fascras Seaces or
® TuE Foor—(modified from Grodinsk;
'y tourtesy af Surgery, Gynecology and Gbstetrics, 49737, l'?Dct:.) 1;’:’%

w Homans's Teztbook o
Frox Surgery. Cout
Sprivgfind, L, snd Balﬁmo/zv; A Coartesy ot Chasles C. Thomas,

which § o

vas:’llix;: ;;7 uizslll\‘y mmre.d, must be carefully protected with

e Eo1 n. (! firess‘wgs can be allowed to adhere to raw

ot edge.s ; t; ant{septxcs are used on self-draining wounds,

v, of the skin shquld be protected with a smooth sub’
such g3 guttn pereha tissue or vaseline gauze, ’

AxrruTATION

Since s .
™~ i‘k;: :)mﬂu?l In.me joint can compare with one’s own,
e zg:xtahon is one which leaves s, four to six i y

ow the knee. Such a stump, from the very na!‘u:s QOJ;
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patient’s diabetes seems controllable, a further twelvehonr
period of observation is permissible. At this time the evidence
of the blood eulture and the nature of the local infection wilt
be available. The use of sulfanilamide (or an equivalent
drug) is very likely to be indieated by the bacteria present.
In that case, administration of a full dose of the drug, to
secure the optimum percentage in the blood, is required.

If the blood culture is positive, the local lesion is no befter
or actually worse and the blood sugar difficult to control, 2
major smputation should be performed.

If, on the other hand, o1l conditions seem favorable, the Jocal
treatment is continued with the iden of performing a minor
amputation or operation for drainnge nt the appropridle
moment,

DUnder such a system, and provided it is thonghtfully planned,
loeal treatment by amputation or drainage will usually sve-
ceed. That is, if one third, for instance, of all infected dinbetic
gangrenes are treated conservatively, only a small proportion
of these should require a major amputation to save life or
bocause of failure to secure healing. The other twe thirds—
the figures are intentionally vague since conditions and kil
are varishle—will require & major amputation on sight, or &
the end of twelve to forty-eight hours of expectant treatment,
or following frilure of a local amputation to halt infection.

Local operations to control sepsis, whether or not they i-
clude the amputation of toes, should not be performed in the
presence of an sscending lymphangitis, but should await its
subsidence.

They should take advantage of every bit of local defensive
reaction which warm moist antiseptic dressings, immobiliza-
tion, and slight elevation are able to produce, If a toe is to b
amputated, incisions should be kept away from the solo of the
foot. If a metatarso-phalangenl joint is infected, the metatar-
sal head will usually be disorganized and its removal will
make drainage more effective. The fascial spaces of the sol
which Grodinsky has described are very often invaded by
progress of infeetion from the flexor tendon sheaths of the
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The Temperoture of the Skin—The methods of determin-
ing the skin temperature and {he inferences to be drawn irf)m
such observations are deseribed in Chapter 1. In‘ﬁl‘l‘\ﬂng
them to the problem of selecting o level of amputation, gross
evidence is secnred first by exposing the previously warmed
feg to » cool atmosphere. If one leg from the knee down is
cool to the tonth, a3 compored with the thigh and the °u.‘“
leg, any amputation helow the knee will be out of the guestion
and even one through the knee joint will be dangerous. Such
an observation can of course he confirmed by the thermocoaple
and by oscillometry. A very satisfactory observation is the
YeClure-Aldrich test, which consists in making cufancous
wheals with 0.2 cem. of physiologic saline solution. Normally
these wheals should remain visible for the better part of an
hour. They are made in series downward from the upper
thigh, at four inch intervals, as close to the foot as seems
worth while, In the parts poorly supplied with blood the wheal
may last only a few minutes. Thus the lowest wheal which
fasts more than the helf hour marks fairly well the low limit
of any proposed skiv flap and the bone will of course bo
divided ot 5 considerably higher level. The wheal can also be
made with 0.1 cem. of a 1-1000 solution of histamine (in one
per cent novocaine}, the normal reaction being o hyperemic
flare and a wheal, but this test probably possesses no particu.
lar advantage,
ﬁtf: :{F“""" of the Arferies—~8. dorsalis pedis or postevior

bial pulsation suggests that an mmputation below the knee
E“ vrobably be suecessful. However, it does not guarantee

i.} ES:;R. Sepsis, for lnstance, may forhid the operation, or the
1:: en Bhs*ory‘of'mtermment limp and numbness of the foat

05 prove that it is the finer circolation, on which the nutdi.

::::; quthelﬂaps depends, which is lacking. Tn other words,
rial palsation alone i not
ey i3 not encugh. Other tests must he

A pogliteal putsation i

A guarantees nothing for the foot, The

lelm'vessels below this point may e defective. Again, not
¥ &5 the normal pulsation diffenlt to feel in many Dersons,
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the discase—arteriosclerotic deficiency—for which most of
the amputations under diseussion here are performed, is &b
most impossible to secure. Only upon the evidence presently
to be described should the mid-leg amputation be considered

The next available level is that of the knee joint. Here an-
putat' R aamenage NPT LR
tion, . . TRt e entt oo o
the anastomotic vessels about the joint. The femur js usually
divided through the upper part of its flaring condyles and the
prepatellar tendon (the patella being coxecised) or the re-
freshed posterior surface of the patella itself is used to cover
the eut end of the bone, giving what often proves to be 2o
end-bearing stump. Amputations of this sort are invnria})b‘
closed and are intended to be wsed for an artificial Jeg having
an artificial knee joint, This joint, and indeed the use of the
artificial mb in general, requires, on the patient’s part, nor-
mal sight, normal balance, and normal strength; in fact 8
moderate athletic ability, And two such legs eall for o very
able-bodied, courageous, youthful person.

The amputation through the Jower third of the thighiss
procedure primarily safe. The stump which it leaves will sup-
port an artificial imb but very often it is performed with lit
tle ides that a limb ean be worn,

The guillotine amputation—an emergency procedure to save
life threatened by infection—is almost always made in the
leg, through its mid-portion, a circular division intended {0
be left wide open, its surface flat. Such an amputation ¢
rarely be trimmed by n plastic procedure to leave a perma:
nent stump below the knee. Almost invariably it is followed
by an amputation through the knee or lower thigh. Rarely 8
guillotine amputation is made in the lower thigh, with the ob-
jeet, first, of saving life, and second, of leaving a stump which
will be ¢losed by a plastic but will probably not be reguired
to support an artificial leg.

The Selection of a Level for Amputation is made with the
above considerations in mind. The following tests should be

used:
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The Temperoture of the Shin~The methods of dcterfmm-
ng the skin temperature and the inferences to be drawn from
ueh ohservations are described in Chapter I In applying
{hem $o the problem of zelecting & level of tunl.mtut\onj gros;
exidence is secnred first by exposing the previously warmes
leg o & cool atmosphere, If one leg from the knee down is
cool to the tonch, as compared with the thigh and the oﬂ}cr
leg, any ampatation below the knee will be out of the question
and even one throngh the knee joint will be dangerous. Such
an abservation can of course be confirmed by the the):moc'uuplc
and by oscillometry. A very satisfactory observation is the
McClare-Aldrich test, which consists in making cufaneous
wheals with 0.2 eem, of physiologic saline solution. Normally
these wheals should remain visible for the better part of an
hour. They are made in series downward from the mpper
thigh, at four inch intervals, as close to the foot as seems
worth while, Tn the parts poorly supplied with blood the wheal
may last only & few minutes. Thus the lowest wheal which
Iasts wore than the half hour marks fairly well the low Yumit
of any proposed skin flap and the bone will of course be
divided at a considerably bigher level, The wheal can also be
made with 0.1 cem. of a 1-1000 solution of histamine (in one
per cent navoeaine}, the normal reaction being o hyperemic
flare and a wheal, bat this test probably possesses no particu-
lar advantage.

Palpation of the Arteries—A dorsalis pedis or posterior
{ibial pusation suggests that an amputation below the knee
will probably he successful. However, it does not guarantee
tke'resnlt. Sepis, forinstance, may forbid the operation, or the
patient’s Wistory of intermittent limp and numbness of the foot
YL prove that it is the fmer cireulation, on which the nutri-

tion ?i the flaps depends, which is lacking. In other words,
grleml pulsation alone ig

not enough. Other test
it by gh. Other tests must be
A poplitesl pulsation i
A guarantees nothing for the foot. Th
main vessels below thi ¢ ; "

3 s point may be defective. Agnin, not
only i the normal pulsation difficult to feel in many pet:ious,
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but the arterial circulation below o slowly closed femoral
artery is sometimes remarkably efficient. A more signifieant
finding would be the sudden disappearance of the popliteal
pulse, in which case the femoral arfery must rapidly have
become plugged, With such n change, the clinical signs would
undoubtedly ngree, as in & case quoted carlier in the chapter,
and any other than a guillotine amputation could never be
performed below the knee, A fecble femoral pulsation at the
groin forbids amputation below the lower third of the thigh.

Arteriography has been used in some clinies to indieate the
level at which an amputation may be expected not only to
heal cleanly but to leave a well-nourished stump. Until the
skill required for its authoritative interpretation is more gen-
erally distributed, simpler methods should be trusted.

Amputation—The various operations eannot be described
here. It is enough to discuss the present-day {endeneies. Most
amputations below the knee are emergency guillotine proee-
dures, that is, cireular divisions performed below an Esmarch
bandage. The tibin should be divided four to six inches (ten
to fifteen em.) below its tubercle, flush with the retracted mus-
cle. In the ordinary closed amputation, the fibula would be
divided one to two em. higher but for the guillotine the matter
is not important.

For the finished procedure it is a matter of indifference in
these days whether tho sear is at the tip of the stump or the
side. The main thing is to draw some muscular or tendinous
structure over the end of the tibia, and the skin flap may well
come mainly from the same direction. Thus, the musculo-
cutaneous flap comes best from the lateral and posterior faces
of the calf. Bulky muscle should not be used, but its aponeuro-
sis, nnd perhaps some muscular backing, makes a useful cover-
ing for the divided end of the bone.

The amputation at the knee joint, according to the tend-
encies today, is made at the point where the condyles begin to
flare. The skin flaps are rather long. For the Gritti-Stokes, the
anterior flap includes the skin in front of the tibial tubercle,
the posterior flap being shorter. The patella and its tendon are
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saved, the posterior face of the former is smfc(.i off, and it is
fastened to the open end of the femur. Fere it is expected to
heal, but does not always do so. £ it henls, an excellent end-
Deating stump results, A rather simpler and more generally
acceptable procedure is an amputation at the same level, by
which the patella is removed and its tendon made fast over
the end of the femur, This gives nbout sz good a stomp. The
Yining of the knee joint s not Temoved. Callander’s eperation
is of this sart, but it is peeuliar in several respects. That is,
the prepatellar tendon is merely Iaid over the end of the bone,
the posterior flap is left very long, and nothing is sewed to-
gether, the skin flaps being kept from separating only by 2
few clips. Limbs having a very nnpromising eirculation can
he amputated in this way. The posterior flap draws back, the
tendon heals over the bone, and a good stump results,

The thigh amputation exposes large muscular surfaces,
which in themselves have little power to ben), but 1o balance
this the skin is now cnt in & nearly cirenlar way, so that the
operation is not only well away from the infected or poten-
tiaily infected field, but the superficial {issues nro given the
ideal oppostunity to heal, For no flap can be as well nourished
as fhe skin adjacent to a eivenlar cut.
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CHAPTEB IIT

THROMBO-ANGIITIS OBLITERANS

Trss disease, since its first recognition, has been noteworthy
18 having a peculiar etiology. It 'is decxdedly: more common
among Hebrews, especially of Polish or Russian orgin, }hnn
in any other race. It is nearly confined to males. And it is so
g:eat'ly aggravated by the smoking of tobacco that really
serious gangrene is hardly seen in others than heavy smokers.
1t is not purely a disease of arteries. This von Winiwater ree-
ognized in his excellent deseription of a leg amputated by
Billroth for gangrene in 1877, He deseribed a “*Peculiar form
of Endarteriitis and Endovenitis with Gangrene of the Foot”’,
thereby calling attention to the involvement of the veins as
well as the arteries and separating the disorder from arterio-
sclerosis, Since his day, superficial migrating phlebitis, which
comes and goes so often with the finctuations of the discase,
has been £dded to the picture; and finally, in 1908, Buerger,
identifying the characteristic pathology with the symptom-
complex of spontaneons presenile gangrene, gave the name
“Thrombo-angiitis Obliterans®™.

Buerger holds, ““that the disease begins with an inflamma-
tory lesion attended with ceclusive thrombosis, and that it
affects the arteries and veins in a sort of relapsing fashion,
very much in the same manner as in the veins in migrating
phlebitis””, In other words, it takes the form of repeated at-
tacks, during which new groups of vessels are affected, alter.
wating with remissions, during Which organization ocenrs and
3 collateral circnlation is established, With others, he believes
ﬂt:ﬁ {ke acufe reaction which the superficia) veins exhibit in a
minor percentage of all cases, offers the only practical means
of studying the earliest stage of the disense, for by the time

7
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fhrombosis were primatily per")phm‘nl.wa tended to extend
centrally, o very interesting point in view of present-day ex;
porience. For mony observers feel thet the most malignand
form of the disease is one which shows itselt Ifnmnn‘y in the
peripheral, or smaller, vessels, as contrasted with » more frac-
table form which tends fo an early occlusion of the femoral
jtself. Tt seems o be the peripheral form which causes most
intractable pain, is less easily circumvented by. a collateral
cirerlation, and is most apt to lead to amputation. Whereas
the more central occlusion is not only less painful but is rather
rapidly relieved, for the time being at least, by a collateral
cirenlation. Now Buerger’s studies were made on the am-
putated legs of the most malignant type of disease, 5o that he
way not have been deseribing the commonest form. However
{his may he, Buerger established the tendency of the di

1o attack and gradually close the anterior and posterior tibial
arferies and veins, causing them to become adherent to each
ather and {n many cases to engolf in the inflammatory process
the assaciated nerves, And sinee not only peripheral nerves
but smpathetic fbers as well must often be affected, it is epsy
to understend how the pain of gangrene in thrombo-apgiitis
obliterans is g0 often far more severe than that of the arterio-
eelerotic type and why some degree of vasomotor spasm shonld
0 frequently be present.

The thrombosis of the early stage of the disease probably
Tesults in & greatly diminished caliber rather than permanent
obstruetion of the arteries and veins. Organization is followed
by canalization nnd the cirelation is resumed throngh nar-
vewed vessels. From a dlinical point of view, it is only the
axtena§ disease which is of consequence, Doubtless the extent
of the inflammation and thrombosis varies widely according
to the severity of each attack in different individuals. But as
the yeats ko on, the arterial tree, in the whole b, is grad.
ually narsowed, the place of its larger vessels being tak
confless fine coll 5 s g taken by

s Tme collatera) twigs, Thas it {s rare that the periph-
3“‘ \mls.es showld sursive for many years, the upper femox:‘al
one being detectable. This state of things was long ago ree.
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the deep vessels can be examined (after amputation) only the
late changes can be seen. However, no examination has ever
revealed the nature of the etiological factor, though typhus
fever, ergot poisoning (from rye bread), and a hypothetieal
recurring vascular spasm have from time to time been looked
to hopefully as causes.

Buerger describes an acute inflammatory process involving
all coats of the vessels, and pictures foei containing “‘giant
cells, endotheloid cells or angioblasts and numerous broken
down leucocytes®, showing actually a purulent area in &
thrombosed internal saphenous vein, Yet though various parts
of the walls of both veins and arteries have been found in
some degree infilirated with polynuclear leucocytes, most
pathologists have been unable to state positively whether
thrombosis precedes inflimmation or inflammation, throm-
bosis.

The gross lesion is decidedly thrombosis. To quote Buerger
again: *“Usually the vessel is seen to be filled with a grayish
or yellowish mass that ean be distinetly differentiated from
the annular wall of the vessel, and that appears to be pierced
at one point (more rarely at a number of points) by an ex-
tremely fine opening through which a minute drop of blood
can be squeezed. Such an obturating lesion is firmer in con-
sistency and does not at all resemble the erescentic or semi-
Iunar occluding masses typieal of arteriosclerosis. The vessel
is usually eontracted so that its wall appears somewhat thick-
ened”’, Apparently the length of vessel involved varies greatly.
In the case of an artery, for instance, the process, at its prox-
imal limit, may cease suddenly, the vessel above that point
being entirely normal, Below, the red clot may show a long
conical end. So far as the veins are concerned, thrombosis is
coextensive with that in the arteries. Actually, venous throm-
bosis is entirely overshadowed by the arterial disease, and s0
solidly fixed that embolism never occurs. .

Tn some of Buerger’s first (cleven amputated limbs) speci-
mens the process extends ‘‘from the dorsalis hallueis almost
into the poplitenl’’. Indeed he speaks as if inflammation and
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$ itis 3 i vite s often as in

Migraving Phiebitis is seen in the atrmss i?v hore. Thore 1s an
the Jegs. Indeed it can be studied most easily he !
obvious but very wild infammatory element in every attack.
Some vein upon the back of the Yand, for instanr,.c, \wc?mtfs
slightly painful and sore to the touch, The overlying skin is
sometimes reddened. The vein itself, for perhaps iwo to five
em. {an inch or twe) of its course, i noticeably thickened,
parlly beeause of hardening of its walls and partly becanse of
sdberence of the sarrounding soft parts. Yet the skin over the
vein is hardly warm. After a few days, such soreness as has
been present disappears, and in the course of & week or two
the thickened vein itself becomes diffienit fo feel. At sbont {his
time, a pew stretch of vein, central o the first but not con-
tinnous with it, often becomes sore, or the opposite limb is
attacked, Rarely nre more than two or three short stretches
upon the arm affected in any one period, hut it is not so very
unusnal, in an individaal who bas become wonted to a migrat-
ing phichitis, to notice the involvement of a vein upon the
temple or sealp.

Excision of a vein in the course of n wandering phlebitis
reveals the typical inflammation of all the vessel’s coats. It is
the writer’s impression, from a rather limited experience, that
fhoteflen L o 5, which jndeed

. ) : o .+ - process finally
vuvasuey, eaving behind a vein no Jonger naticeable and seem-
ingly functioning.

'LVisceml Manifestations—It has been asserted and indeed
1 appears to be trae that rarely and only in the most chronic

214 persistently vicious sort of thrombo-angiitis ebliterans
ﬁ'ﬂf)mbo'sis in some form may attack the mesenteric vesse\s:
l;':lvsngnx;xsg to peeuliar and annoying attacks of colic. Appar.
c:mze 2 mvolvement. of vessels _is not extensive enough to
ree;"n?::]fr:::' ltxpr is any particular site for the process
smalal ba;rel‘ Tlen ion may be called to either the large or the
ot o goesiere 1s meither fever nor distension. The eolie

being excited, perhaps . )
and at another by defecation) P P, ot ane time by eating
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ognized from the pathological side, but the clinical picture has
always been consistent with it and it can now readily be dem-
onstrated by arteriography.

Thrombo-angiitis obliterans is rarely acute enough to cause
early or extensive gangrene, The arterial supply, delivered by
countless fine vessels, may be inadequate for an active life, but
is not often so deficient as to canse a necrosis of more than
one or several toes. For the same reason, the peripheral parts
in Buerger’s disease have, as compared with arteriosclerotic
toes, a considerable resistance to bacteria. They ean often be
lopped off one by one, so to speak, at a very moderate risk of
infection. Long before a spot of gangrene appears under the
cdge of or besido the great toe-nail, that toe and perhaps
others will usually have shown the cyanosis, swelling, and
shiny atrophic skin of a slow and much restricted cirenlation.
Gangrene of one or more toes and even part of a foot does
occur with a fair degree of frequency as the disease advances,
but it has been said with a good deal of truth that it is not
gangreno which calls for major amputations but uncontrol-
1able pain.

Thrombo-angiitis of the Upper Extremity.—The diseasc
only attacks the arms in the severer cases and after showing
itself for many years in the legs. Less is known of its pathol
ogy in the upper extremities than in the lower, since out-
spoken gangrene and amputation of more than fingers or
finger-tips are exceedingly rare. However, obliteration of the
larger arteries, particnlarly the radial, does oceur, ond ap-
parently the small vessels supplying the fingers are rather
irregularly involved. The tip of one finger or more will oc-
casionally turn white or cyanotic, showing thickened skin
under the nail. Sometimes a whole hand will be affected, be-
coming bluish and cool. But there is a decided tendeney toward
the opening up of new pathways and rather more evidence of
vasomotor spasm than is likely to be noticed in the toes and
fect. Even in the severer forms of the disease, amputation,
successfully, of several fingers or finger-tips, without loss of
the hand is the worst which the patient is likely to experience.



TEROMBO-ANGIITIS OBLITERANS &3

tion. Such a change is not necessarily paintul, though spon-
taneons pain may from this fime sel in before any “C’-“f‘l
gangrene occurs. Along with the redness or blueness, the _Sk“‘
s apt to be shiny, the forefoot alittle swollen, o state of things
which the patient’s desire to keep on his feet will often exag-
gerate, Moreover, probably because Hood most easily reaches
» dependent part, the foot is usuaily more comfortable when
Jependent, so that the individual must get wp ot night and
bang the leg out of bed. Thus a viclons circle of deficient eir-
culation and edema is set up, the edema diminishing {he alveady
restricted arterial flow and so adding deciGedly to the patient’s
troubles.

By the appearance and behavior of fhe toes, better than by
any other factor, the course of the disease can now be traced.
Following the onset of poinful veddish Blueness and edema,
some one toe or part of a toe ay become purple and then
‘Black, the gangrene being of the dry or mommifying sort. Very
often, as the gangrencus part becomes demareated and is
finally amputated, the appearance of the other toes improves.
Further attacks sometimes follow, by which other toes nre
lost, but in the intervals the extremity is of o reasonably good
caler, the yemaining toes Himber, free from swelling, and not
unduly e(zld. Such a state is shown in Plate TI B. In other and
wore serious eases the toes remain eyanotic, cold, and shiny.
Pam_ becomes.sev.ere. It will perhaps have a burning, agonizing
quality and with it will go » high degree of hypersensitiveness.
No one must tauch or mave the patient’s toes, but he will sit
:t‘ bed gently kneading his foot between his two hands. Such o

ate may last for lirl‘ﬂn]l‘hs, the appenranco of the extremity

& & P y gives some velief but in-
ereases ederea and 8o works against improvement in the loeal

blood supply. Finally, i

g y, if and when the pain §

foes are left discolored, stiff and uselesxsﬁml e e
s

n some of the nail
?,:ff::&,? ]g:l;ap‘sl as tt;1 cut into the flesh and threaten 12:;{
L . ently such a patient is hardly b i
his toes were gangreno i s tutore v ot
Demmaere & grenous, and indeed Lis future will zetually

at a favorable moment, the toes are Temoved,



82 CIRCULATORY DISEASES

Clinical Manifestations,.—Buerger backs up his contention
that an inflammatory reaction ushers in the disease by ealling
attention fo certain premonitory symptoms before the periph-
eral arteries give evidence of obstruction, Such are, “lancinat-
ing pains in the legs, especially in the calf and foot, cramp-like
pains in the leg, first interfering with walking, later requiring
complete rest, tenderness in the calf and along the anterior
tibial region, simultaneously with, preceded by, or unasso-
ciated with attacks of migrating phlebitis’’, Such observations
must be unusual and represent a very acute form of the dis-
ease.

Intermitient claudication is nsually the initial symptom. Its
pathologic basis has already heen deseribed (Chapter I}, Clin-
ically, the pain complained of may be & sort of nambness, o
numbness followed by cramp, or pure cramp or even a feeling
as if a knife were being thrust into the leg. And it may be felt
in the mid-calf or in the anteroexternal group of muscles of the
shin or even the foot. Sometimes the pain, at its height, ends
by moving into the back of the upper thigh and buttock as if
the sciatic nerve were affected. But always about the same
amount of exercise brings on the pain or disagreenble sensa-
tion—~walking so many blocks at such a speed, The more fully
the pain has been allowed to develop the longer will be the
period of rest required for its relief. Walking on a brick sid.e-
walk brings on the limp more quickly than on the grass. It s
more troublesome in cold weather than hot, When the pain 1s
on, the leg is a little sensitive to touch, but not obvious}y
changed. A limp is likely to appear suddenly. Very rarely, in
its early stages, it may come and go, in which case a vaso-
motor element may enter into it, or perhaps a sudden altera-
tion in blood pressure. But as & rule, an intermittent limp,
once present, has come to stay.

Afier months, or it may be years, thickened skin often ap-
pears under the toe-nails, especially upon the great toe, the
najl itself taking on perhaps an unpatural transverse curve.
At this time some of the toes, again the great toe in particulu_r,
are apt to appear red or reddish blue in the dependent post-
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morning, these toes wonld turn purple but after “"mfmg ;0 ¥
2 while their normal color would Teturn and the burning o 5~
comfort wonld be for the time relieveﬁ. In the n.ex‘i two mc'xrxl hs,
{he toes, with the exceplion of the middle one, improved. i“?
however, grew more discolored, and “ihere is a luroing ecl-
ng and 2lso & pressure fecling o8 if the toe \ver'o being
erushed””, A trophic disturbance in the form of excessive peel-
ing of the skin from the other toes was evident. T!le left foot
sweated excessively. Hot water upon the skin was intolerable.
Pain was so severe at night that sleep could only: bo se-
cured when the left leg was dependent, so that the patient hixd
come to sleeping in a chair. Oceasionally he noticed a cold, stiff
feeling in the finger-tips of both hands.

Examination showed a young man of sanguine complexion,
evidently suffering. No pulsations could be made cut in the
peripheral vessels of the left foot. The skin of the toes sweated
consfantly. It peeled frecly from the great and litile toes
(fungus infectiont). The color of all the toes but the middle
ane was normal enough but all were hyperesthetie. The pa-
tient feared to have them touched. The left middle toe was
purple, its guter portion black, dry, and shrunken.

Amsputation of this parfly gangrenous toe throvgh the meta.
tarso-phalangeal joint left o dry reactionless wound which
failed to heal. Mesnwhile the hurning pain grew worge and
other toes began to show patches of gangrene, notably the
great and second.

A month after the local amputation, the patient’s state was
Pitiable. Pain was continuous, The ampatation wound, though
very little infected, was unhealed. The onter half of the great
8nd second toes was now fangrenous. On the ground that this
was Rf’m““d’s disease, some observations of reactive hy-
Peremia in response o the application of an Esmarch bandage
fo the thigh were made but were not foltowed up. The foat
flashed slowly, the toes not at ajl,

u f’;‘f&*ngon oz exfortaed s inches below the tibial tuber-
he',\led < ;.e u‘pw;c ure Xs:hlch enln:e]y.re]jeved pain and which
aled ideally. Pathalogical examination showed that the Pos-
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a prophylactic sort of amputation occasionally used by those
very familiar with the disease.

The gangrene of thrombo-angiitis obliterans, when it occurs
in such a foot as has just been deseribed, starts in a small way,
beside a toe-nail, beneath a callus, in the outer half of a toe.
Indeed, it resembles the arteriosclerotic sort, except that there
is apt to be more cyanosis and swelling of the other toes and
near-by foot. Above all there will usually be far more pain
and that of the characteristic agonizing sort. In the most seri-
ous cases, more than one toe, even a part of the foot is apt to
become neerotic. Pain and hypersensitiveness are sometimes
relieved by amputation of the gangrenous toe or toes but more
often are not. Under these circumstances, the wound of a local
amputation offen fails to heal, becomes the starting point for
more local infection and leads to an extension of gangrene.
Such is the worst form of the disease, the sort which so often
ends in amputation of the limb,

The following are cases illustrating respectively a very
acute, malignant form of the disease, a serious sort, yet more
amenable to treatment, and a variety so tractable that it ean
almost bo considered to have been cured. Smoking is an ob-
vious factor in all three. The cases were not treated upon any
consistent plan. They are selected beeause a good deal of posi-
tive information about them has been secured, permitting the
clinical signs and pathologic background to be compared.

W.J.D,, twenty-one years of age, a Massachusetts-horn
Trish-American, came under observation in 1916, complaining
of a sore toe. He was a vigorons young fellow who admitfed
smoking only fifteen to twenty cigarettes a day. The patient’s
race, the date, and the smoking arc emphasized becausc at that
time it was hardly believed that thrombo-angiitis obliterans
could occur in any but Hebrews or that the cigarette could
be go serious an aggravating factor as it is now believed to be.
The patient continued to smoke throughont his illness.

For a vague period, both feet had felt cold, the left more
than the right. For five months, a burning sensation had been
noticed in all the toes of the left foot. On first standing in the
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Ahout the next case, distinetly less acute, much infonnnuog
was secnted by surgieal methods which should be condemne
for general nse, and which were hers more successful than
they deserved to be. A

WIS, 8 Massachusetts-horn man, twenty-cight yeots of
age, without Jewish blood but » cigarette and pipe smaker,
had saffered for shout eight months before coming under ob-
servadion from “tightness and pain in the muscles of the 10[_1
calf on walking"". His oceupation, in n shoe faetory, had previ-
vusly cansed bim fo stand for Jong hourts and during the three
previous years ke had suffered at irregular infervals from
attacks of swelling and pain in the entire left leg. Through
these attacks, which were selt-limited, he wotked. Their exact
nature can hyrdly be surmised, His intermittent limp was such
that he could walk no more than a hundred yards without
bringing on the cramp-like pain in his calf. There was no
radiation. For three months the region of the great toc-mnil,
especislly its outer balf, had been dark Blee in color, The
eyamosis faded out upon the base of the great toe and the
adjacent foot.

Exemination showed a strong, stocky fellow, soffering
from only 2 very moderate spontaneous discomfort in his Jeft
great toe, The cyanosis hos already been described. It was
{aintly yet unmiistakably present on the toes of the right foot
as well, The left foot was a little caaler than the right. Tnves.
tigation with the thermocouple {in the early days of its use)
gave very similar temperatures for both feet but there was o
very abrupt change just shove the left ankle from warm
{above) to eold (bedow). The dorsalis pedis pulsation was
absent on the left, faintly present on the right.
inig:;‘:-i\!;n of the left poster’\?r t'\b"m\ artery bebind the
I nlleclns, 2 procedure which might well have regulted
na gangrenons wound, disclosed a shrunken obliterated griery

in the midst of a plexus of dilated veins. The wound
and closed with minnte care, The ot

. Patient was very fo
indeed that it healed without renclion, Y fortunato

Exploration of the left femora) aztery in Searpsa’s {riangle
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terior tibial artery had been obliferated by thrombosis, The
stump supported an artificial leg for fourteen months. At the
end of this time o vesicle formed upon its end and though
soon healed, gave warning of what was to come, namely, is-
tractable ulceration,

Some two years and a holf after first coming under cbser-
vation, the left leg was amputated through the lower thigh.
Again healing ocourred; again pain was relieved. Thrombosis
had now oceupied the anterior tibial vessels.

Six months later, the patient was using crutches, walking on
lis right leg which had begun to exhibit the disease in the form
of a bursting feeling in the right second foc. However, the
Esmarch bandage was now used intensively to secure a reac
tive hyperemia, The flushing time would grow shorter, then
longer, but pain was gradually relieved. Three years later the
right leg was, if anything, better, yel the disense had begun to
affect the hands. The fingers were numb and cold, cspecia}ly
the littlo fingers. At this time the patient drifted to Mexico
and has since been lost fo sight.

After the first violent attack, the discase in this case seemed
to strike rather less strongly, yet its progress, thongh slower,
was never altogether stopped. It was peripheral in type, at-
cessions of gangrene coinciding with outbrenks of thrombosis
and obliteration of the chief peripheral arteries, It would be
interesting to know if the patient ever gave up tobaceo. Dm_lbf-
less the application of reactive hyperemia saved, for the time
being at least, the right leg. This is in accordance with general
experience, that if an individual can be carried through o bad
attack of painful threatened gangrene without a resort to am-
putation, the collaternl cireulation which he subsequently es-
tablishes by postural exercises and other routine measures
will nsually save his leg. The toes, however, in such a case 25
this will usually have been left so cold and badly nourished—
their nails deformed, their joints stiff—that they are not on}y
useless but obviously threaten further gangreno and sepsis:
As already explained, their removal, if it can safely be per-
formed, is desirable.
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i the dorsam of the foot, began to trouble Lim when h‘“.“si‘i
1is clotbes-pressing machine. It was this X\:iuch drove im
seck advice, There was 1o spontaneons pain. "

The patient was a middle-sized, slender man who prcscnt.c
rothing abuormal except for his feet. The blood pressure Was
130 1om. systolic, The distal half of the Ief~t great toe was deep
biue in eolor, the rest rather less cyanotic but more so0 ih{m
the right toes, which were only slightly diseolored. A very dig-
tinct moisture of the left foot was taken to be a sign of sym-
pathetic irritation. No pulsations could be detected below the
femoral in either leg. Upon cutting off the circulation for five
minutes by means of an Esmarch bandage, the reactionary
flush advanced rapidly to the base of the toes which did not
become colored for twenty to thirty seconds.

Sinee the signs of disease were of unusually brief duration,
the skin in good condition and the patient comparatively
young, it was decided to explore the various nceessible vessels.
The left posterior tibial artery was exposed at the ankle. It
was not thrombosed and pulsated very faintly.

The left popliteal artery was exposed by a transverso in-
cision. Here again there was a very feeble arferial pulsation
as if the artery were thrombosed a short distance above. The
enrrent might of course have been retrograde.

Both these wounds healed well.

Some days Inter, the left common fomoral artery was ex-
posed at the bifureation of prafunda and supetficinl femoral.
The latter was obviously much thickened, as if distended by
an embolug, so much so as to be decidedly larger than the
common femoral, No palsation could be detected in the thick-
ened vessel but some blood was evidently passing through it,

for, upon bemg opened, it was found to have the appearance
of a Tubber sponge. That is, the thrombus which had recently
oedtuded it had been partly

v organized and eanalized. Behind
i could be seen several great, soft pulsati

——. gr pulsating branches of the
. Inasmuch as the canalized vessel see)
ng o good volume of Blood and hee

med incapable of carry-
ause a better collateral
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was now made. The artery proved to be large, soft and very
actively pulsating. It was not disturbed.

Finally, the popliteal artery was exposed. It wag small,
rather thick-walled and, though a feeble current evidently
passed through it, did not pulsate. A fine bougie passed up
into the femoral met an obstruction half way up the thigh
Evidently the artery was thrombosed at this point. On the
principle that the current through the popliteal was feeble
and that a better collateral circulation would form if it were
divided, a short stretch of it was resected. It proved to have
been thrombosed and canalized.

The result, as is so often the ease in arterial resections—
corresponding with the experiences of Dean Lewis and Reichert
~was favorable, The foot became free from discomfort, its
color improved and when the patient was dismissed a few
weeks afterwards, he was greatly enconraged. Tvwo years later,
after moving to California, he reported that his improvement
had continued, yet his intermittent limp remained. Indeed his
left became his best extremity, for his right leg was amputated,
first below, and later at the knee, and his fingers gave him
some trouble. Probably he never gave up tobacco. Curiously
enough, coffec secmed to affect his circulation unfavorably.

This case demonstrates, what can now be learned by arte-
riography, that a good-sized artery once thrombosed and
canalized is so narrowed as to be incapable of transmitting an
effective stream. Evidently here the thrombosis occupied both
the medinm-sized arteries of the leg and the superficial femoral.

The last case to be quoted is an example of a very mild
disease which might have done very well under abstinence
from fobacco, which the patient actually gave up, and the pos-
tural exercises which were used. However, exploration of his
vesselsin search of information was not only very enlightening
but apparently contributed to the rather dramatic result.

S.B., a Russian-born Jew, forty years of age, 2 cigarette
smoker from the tender age of nine, presented himself because
of a typical left-sided intermittent limp. The pain brought on
by walking was knife-like. After two months, a second pain
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Vasometor signs take the form of wnnatural ch‘ungcs in
color in Tesponse to a cool environment and to emohon'al up-
sots. Sweating, which oceurs in the abnormal foot while .the
olber is dry, is evidence of an associated sudomotor e'xcxte~
ment. A toe which turns Hue, then white, then pink again hos
gone through a eycle of nearly arrested circolation and reeov-
ery suggesting vasomotor srritation. And if an individenl,
subject to vasospasm, s tested by first raising and then lower~
ing his Jeg, as described in the opening chapter, it wilt be
found that the tips of some toes are very slow indeed to color,
remaining white Jong after the rest of the foot is pink. Yet if
& reacfionary hyperemis is excited by any of the enstomary
metheds, the tips of those same toes will then color like the
1est. Tasospasm is lkely to be snspected when hlueness (o
pallor) and coldness of o foot is inted with the present
of & fair arferial pulsation in the dorsalis pedis artery. It
shonld e looked for in exeessive cigarette smokers, especially
when, with no threat of gangrene, a sudden change to o cold
skin-terperature is recognized as the hand passes over the
ankle toward the foot.

The final and authoritative test of sympathetic irritability is
of eourse paravertebral blocking of the sympathetic chain with
g o o it ithis T ¥ to compare the state of two
Wgus' spinal anesthesia. A posterior tibial tlock with procaine

ill, if snccesstal, aholish arterial spasm and bring forth a
Tise of temperatare in the toes and sole. A positive is more
significant than & negative test. For though the latier suggesta

an organie constriction, the result may really be & i
0 hoe to fail
of the procaine to penetrate the narve, ’ e

Vasamotor epasm is impo: i
. Ttant {o recognize be it
often relievable by ghatinenan £xnmr gm . reanse s ®

and emotional st
trestment presen | .. .o.ctivey,
Diagnesis.—In the previous ,

i : e hapters, the differential diag-
aosxs ‘m\veez_{ i}ﬂen?sc\em‘xc vasmﬂur’deﬁciency and thiltﬂgf
! (:m.mbo-a.ngnhs obliterans has been discussed. There the fol-

Wing points were emphasized: as compared with arterio.
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circulation would be established if the artery were divided, a
block eight em. long was resected.

Immediately the toes of the lefi foot became warmer than
the right (lessening of reflex sympathetic irritabilify?) and
within a few days had taken on a normal color, In four weeks,
under routine treatment by passive vascular exercises and
withdrawal of tobacco, the threatened gangrene of the left
great toe had cleared up. After this, except for the fact thata
year later an area of phlebitis migrans was noticed in the left
papliteal region, the disease continued to recede. Four years
later, the patient could walk and even run without n Jimp, The
toes of both feet continued to be of good color.

Tt is not contended that cases like this, obviously favorably
affected by leaving off smoking and the institution of vascalar
exorcises, should be treated by resection of the femoral artery
or even exploration of the peripheral vessels. The case js put
forward as a central, as opposed to peripheral, type of disease,
that is, in respect to the limb itself; and fo illustrate the vaso-
dilating effect of reseeting a thrombosed artery, a cause of
peripheral sympathetic irritation and vasospasm. It will be
noticed that under routine treatment the carly sigms of
thrombo-angiitis obliterans in the opposite leg receded.

Vasomotor Manifestations.—It has heen suggested above
that vasospasm is sometimes an element in the ischemin of
thrombo-angiitis obliterans and may arise under either of bwo
sets of circumstances: first, because such vasomotor nerves 85
happen to be associated with a stretch of inflamed artery *“‘fi
vein are engnlfed in the inflammatory process and, being irri-
tated, excite a vasospasm within the sphere of their influence,
both in very small vessels, as in the toes, or in such large
vessels as the femoral; and second, because inflammation of 4
large artery sets up, directly or reflexly, a chronic vasospasi
in the vaseular tree peripheral to it. That this second type of
vascular reaction is n real one, however obscure its mechanism,
is vouched for by the really dramatic change in the peripheral
cirenlation which often follows resection of a stretch of in-
flamed thrombosed artery (and perhaps vein).
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intermittent Yimp, in one leg or the ather, a.i colifeslsnms :)11::
fest.of diffcutty in getting the feet warm ot night. Perhaps ¢ 3
g:e:;t toe and some part of the forefoot an the affecled;x o
il tend fo become eyavotic and painful on long Et““m‘;“?
Pulsation in the arteries of the affected foot will very ; ¥
e sbsent, in the opposite fool, ieeble.’lt may be take:x 'Zt
graated that thrombosis bus cecurred in the larger ar 2“ i
below the knee, or even in the femnoral above. The prime objed
of treatment is to encontage the establishment of & collateral
cirenlation,

Smoking must utterly be abandened. Whetker the matter,
a3 Coller and Maddock hiave shown, is purely one of ternporary
vasoconstriction with each eigarette or whether tobacco exerts
an allergic influence is immaterial. 1t is agreed today 'x.)mt
tobaceo smoking, and partiedlatly the inhalation of the ciga-
rette, seriously nggravates the disease and stands in the way
of the development of the collateral cireulation, the vital wid-
ening of the vasenlar bed. Cutting down the number of smokes
ismseless and keeps the habitual smoker irritated and dissatis-
fied. The individnal should know that he will never smoke
again, It will presently be suggested that the pain of impend-
ing ot actual uleeration or gangrene is more favorably affected
by abstinence from smoking than by any other influence. But
mezely because at an earlier stage of the disease the effect of
tabacco is less obvious, is o Teason for not giving it up.

Tasculor Exercise~—The influence which canses a collateral
cireulation to increase is, fundamentally, reactionary hyper-
emia. Just how a generalized vasodilatation of the smaller
arteries of 2 limb shall be seeured is immaterial, It is not even
certain that for every individual there is one best way. To
begin with, vasoconstrietion must be avoided. Smoking has al-
ready been disenssed, Exposare to cold is nearly as harmful.
Not only must the feet he protected during the day in cold
weather by woolen socks and thick dry shoes but they must be
warmed at night by the warm water bottle and bed socks, And
:\‘:?\:1::‘:\331;‘;9::2;5 o:n v(z]vefn one extremity causes vasocon-

ect, it is about as important to
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sclerotic disease, thrombo-angiitis oceurs in youngish individ-
uals between the ages of twenty and forty years, and almost
exclusively in males; it is ushered in by intermittent limp, the
characteristic reddish-blue discoloration of the toes appearing
considerably later; it is more given to spontancous pain and
that of a severer character, especinlly after gangrene has set
in; its gangrene is far less extensive; it is sometimes asso-
ciated with migrating phlebitis; and occasionally it shows it-
self in the upper limbs.

In distinguishing thrombo-angiitis obliterans from Ray-
naud’s disease and from the various states of chronic vaso-
motor spasm, the above criteria are equally useful. In none of
the states of pure spasm, temporary or permanent, is there
intermittent limp, nor is there involvement of both lower limbs
in young males. Raynaud’s disease is a rare discase almost
exclusively of females, which shows itself predominantly in
the hands. The vasomotor changes in thrombo-angiitis oblil-
crans unmistakably overlie a disease of chronic vascular defi-
ciency. By tests of skin temperature, it will be found that the
toes cannot by any sort of reactive hyperemia be warmed to 8
normal level. Indeed, it will seldom be possible to raise their
temperature more than a very few degrees as compared with
the internal temperature of the body.

TREATMENT

The various stages and forms of the disease reqnire partic-
ular treatment, and even those most experienced in its man-
agement are not agreed as to the value of certain procedures.
Tt is proposed, therefore, to describe, first, the generally ac-
copted method of treating the pregangrenous stage; second,
the general plan of treating the disease when gangrene is
actnally present; and, finally, a number of special forms of
treatment which in various hands have proved useful but for
which the indications are by no means clear.

Treatment of the Pregangrenous Stage—It is hardly cor-
rect to speak of such a stage since gangrene need never
develop. The patient will probably have complained of an
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proteet one part as another. By avoiding vasoconstriction, the
stage is set for vasodilatation.

The Buerger-Allen exercises, carried out as a ritual, are
superior to any other measure which does not involve the
use of a complicated apparatus. The legs are placed succes-
sively in three positions.

Position 1. Liying on his back, watch in sight, the patient
rosts his legs upon an inclined plane raised to an angle of
30°-45°, He keeps them so raised nntil the fect are thoroughly
blanched, a mattor requiring, as a rule, two minutes.

Position 2. The legs are lowered and the patient sits with
tho legs hanging over the edge of the bed; at least, this is the
usual direetion, but as the side of many beds is higher than the
middle and actually offers something like a ridge which presses
into the back of the thigh, partly cutting off the circulation, 2
better position is secured by resting the buttocks against the
edge of the bed and letting the legs sprawl out relaxed, the
heels resting on the floor, However that may be, while the legs
hang dependent, the fect and toes are put through a series of
motions: the ankle is flexed downward, then upward; the foot
is rocked inward (tibial floxed) then oufward (fibular flexed)i
tho toes are spread (extended), then closed (flexed). As thest
exercises go on, the feet are becoming flushed. They should
turn o strong pink, well out upon the tips of the toes, a matter
requiring one to three minutes. But if they become cyanotic
or painful, they should at once be elevated.

Position 3. For five minutes the patient lies supine, the legs
horizontal in bed and wrapped in a woolen blanket warmed
Dby a hot water bottle or electric pad. In this way the reaction-
ary flush, secured by position two, is maintained. .

The cycle is put through three to six times at one session.

The sossions are repeated two to four times each day.

A favorable effect is marked by a quicker and more complete
flush on depressing the toes after clevation, by a better color
of the fect, by an inereased range of walking (without exciting
the Himp) and, rarcly, by the retarn of an absent pulse in the
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supply sufficient blood. Tl\iﬁs‘l is the defect of exposure to dry
i ted under a eradle.

mfr?:;e:i}::;):m, used at a temperature which fecls comfartably
hot {0 the patient is free from danger and nsually l?roduces »
satisfactory hyperemia—ns demonstrated by Mushing of “’0'
skin, The legs ond thighs, that is, the lower half ?f the 1300}
should alone be immersed, A period of fen minutes is sufficient.
The sitz bath con e used to start or end the day, even ot both
times. Tt comes best, perhaps, after the last exercises of the
day, just before going to bed, especially if the patient suffers
at all from spontaneous pain. i

Diathermy, where suitable apparatus is available, especially
when the individual is confined to bed and suffers spontaneous
pain, is recomumended by some, If it actually conveys heat to
the deeper parts, it should do 88 much as any other agency is
capable of doing, and there may perhaps be some advantage in
directing heat to some specific locality. However, it is ordi-
narily sufficient, with a large machine, to place each foot upon
a metal electrode in order to route the current through both
legs With & gmall machine, diathermy can be spplied to one
leg o a part of ome. The amount of current must be ganged
by the pefient's reaction, his sensation of warmth and com-
fort. For smbulatory patients treatments every other day may
be suflicient. Bed patients can be treated daily.

Voscular Exercise by Special Methods more claborate than
the Buerger-Allen exercises include (1) the Oscillating Bed,
(2} the Snction and Pressure Boot and (3) Intermittent Ve-
nous Qeclusion,

The Oscillating Bed is an expensise labor-saving device for
doing Buerger's exercises. The patient need make no exertion

and the exercises can be continued day and night. Whether the
use of.the bed entails any disadvaniages, as for instance in the
dxrtectwn ff ;x bad effect on the thoracie argans or brain, does
nat seem to be known. 1t certainty 1 i

o i Yy ianot on essentinl means of

The Suction and Pressure Boot fu
. as not been particalarl
useful in the treatment of thrombo-angiitis oblilt’erans. f;}‘o)l
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dorsalis pedis artery. Such spontaneous pain as may be pres-
ent is apt to be relieved. Except for the favorable reaction to
abstinence from smoking, which is apt to be rapid, the im-
provement is usually gradual. So far as active exercise is
concerned, walking should not be attempted except within the
limits of comfort, that is, the intermittent limp should not be
excited. The value of exercise lies of course in overcoming
museular atrophy and tends to break up the vicious circle of
atrophy and a diminished vascularity of the muscles.

A judicious mixing of rest and moderate regular outdoor
exercise should tend to raise the low blood pressure which a
considerable number of cases present, Raised pressure forces
blood more abundantly through narrowed vessels and opens
up fresh collateral channels. Drugs, except in so far as they
may improve the appetite, diminish faiigue, or confer a sense
of well-being, are of no advantage.

In addition, the careful toilet of the toe-nails, toes, and fect,
as prescribed for arteriosclerotic and diabetic states, should
be put into effect: the feet and toes dried with a soft towel
after the morning wash with warm water, light greasing with
a cold eream or lanolin, softening and filing of deformed nails,
exquisite care of corns and calluses, and, finally, treatment of
any fungus infection which may be proved to be or may even
only be suspeeted of being present.

It goes without saying that the blood should be studied for
any gross abnormality—no consistent chemical changes en-
couraging thrombosis have been discovered—and that any
‘such should be corrected, that the fluids should be kept up by
an abundant intake of water, and that any discoverable infec-
tious foci should, on general principles, be abolished.

The Application of Heat.—Whether heat should be applied
depends somewhat upon the patient’s reaction to the routine
already deseribed, for the reactive hyperemia and the avoid-
ance of vasoconstriction can of course be secured without re-
conrse to specific means of heating the limbs. It has already
been explained that too high a degree of heat sets going a
metabolic activity for which the circulation is often unable to
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supply sufficfent blood. This is the defect of exposase 40 dry
uir averheated under a exadle.

The sitzbath, used ot a femperature which fecls comfortably
Tt to the patient s free from danper nd wsuslly produces o
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Qay, just before going 1o bed, espeeinlly if the patient sufters
at ol from gpontaneous pain,

Diathermy, where suitable apparatas is avaitoble, especially
when the individual is confiued to bed and suffers spontaneons
pai, is recommended by some, If it actually conveys heat to
the deeper parts, it should do as mnch s any ofber agency is
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uncommonly, even in the production of negative pressures of
sixty to eighty mm. of mercury, the heavy rubber cuff which
surrounds the thigh seems nctually to check the arterial inflow.
This is particularly true in the advanced case. In mild cases
a reactive hyperemia and a collateral circulation can be
brought out by less elaborate and expensive methods. In the
presence of gangrene, the use of the boot leads to a spread of
infection. However, it will be worth while o try the apparates
on many cases in which spontaneous pain without gangrene
is o feature. In unpredictable instances, pain is certainly re-
lieved. It will s0t be worth while to make financial sacrifices
to secure the use of an apparatus which can accomplish little
not equally obtainable by simpler means,

Intermittent Venous Occlusion.—Any one possessing a blood
pressure machine can carry out this treatment, though for
routine hospital use the apparatus of Collens and Wilensky
is labor-saving and capable of repeating the occlusion with
whatever pressure is desired. For persons with low blood pres-
sure and o deficient peripheral circulation, the compression,
which in any case should not be higher than the diastolic arte-
rial pressure, shonld range perhaps from forty to sixty mm.
of mercury and should not be maintained for more than two
minutes at a time. A broad cuff for the thigh is desirable. De
Takats has pointed out the advantage of elevating the leg for
a minute or so after each compression—to drain it of blood—
and the disndvantage of continuing the exerciso for bouts of
longer than one-half hour.

Intermittent venons occlusion shonld prove more useful in
the treatment of thrombo-angiitis obliterans than suction and
pressure in the boot, for, as already explained, it produces
pretty much tho snme physiological effeets but without un(!uly
compressing the feeble arterial stream. Tt certainly requires
less expensive apparatus and is casier to adapt to home use.

Intravenous Saline Injections.~1t is very difficult to Imow
what to say sbout this particular treatment. The suggestion
of diminishing the blood’s viscosity came from Japun._WiHy
Moyer introduced it into this country, and such experienced
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linicians and investigators as Snmuels‘und Sitbert swent by
it. Originally, & physiologieal salt solution wus vsed, 505““}‘
citrote solution has been tried, and after considerablo experic
ence with hiypertonic saline at o strength of five per cent, E}“’
tendemcy 2 present is to use a bwo or three per cont solution
of sodinm chioride, .

There is 56 question that af ene {ime rbber (ubing ad salt
solation insuiciently freed from foreign materinl—in other
words, dirt—had a good deal to do with the favorable effects
the patients experienced or thought they experiented. T‘he)'
were, it fact, subjected to protein shock with its sccompanying
chills ond fever. Doubtless {lis aided vasodilatation. Yet it
geams o be established, by oscillometric tracings as well as by
clinicaf experience, that the repeated intravenous injection of
lightly hyperionic elean salt solution enarges the amplitnde
of the peripheral pulse, The effect of any one injection may
last several hours. The patient is said to notice first o feeling
of increased warmth in the affected leg. Trophie disorders
tend to clear up. Ahave all, the intermittent Kmp is said to
improse so that the patient enn walk farther and faster. A
decided advantage of the treatment is that it can be used in
the presence of gavgrene and uleeration when passive exer-
tises and intermittent suction or venous compression may be
barmfal. Also it offers the patient a Toutine whose potential
nsefulness he ean see and feel, an important consideration as
fhose will testity who have had to see patients through a Jong
bout of gangrene and agonizing pafn. s disndvantage is the

of repeated vent breen e . N
salt solution and tabing, -+ + - - .
well-equipped hospitats,

Aannnt o
ttor
tol

o - omsscu Woler, After filtering in
cent. gysen, glons fonk, $he sodution is either ste%ilizt:dnixsxog
\:"t‘essme n‘nmdave Sor ten minutes or boiled vigoronsly for
" : sa;ms time. e extrs fifly eem, are to allow for evaporg-
. Far o £%0 pet cond sodadion six grams of salt are nsed,
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uncommonly, even in the production of negative pressures of
sixty to eighty mm. of mercury, the heavy rubber enff which
surrounds the thigh seems actually to check the arterial inflow.
This is particularly true in the advanced case. In mild cases
a reactive hyperemia and a collateral circulation can be
brought out by less elaborate and expensive methods. In the
presence of gangrene, the use of the hoot leads to o spread of
infection. However, it will be worth while to try the apparatus
on many cases in which spontaneous pain without gangrene
is a feature. In unpredietable instances, pain is eertainly re-
lieved. It will not be worth while to make financial sacrifices
to secure the use of an apparatus which can accomplish little
not equally obtainable by simpler means.

Intermittent Venous Occlusion.—Any one possessing a blood
pressure machine can carry out this treatment, though for
routine hospital use the apparatus of Collens and Wilensky
is labor-saving and capable of repeating the occlusion with
whatever pressure is desired. For persons with low blood pres-
sure and o deficient peripheral circulation, the compression,
which in any case should not be higher than the diastolic arte-
rial pressure, should range perhaps from forty to sixty mm.
of mercury and should not be maintained for more than two
minutes at a time. A broad cuff for the thigh is desirable. De
Takats has pointed ont the advantage of elevating the leg for
a minute or so after each compression—to drain it of blood—
and the disadvantage of eontinuing the exercise for bouts of
longer than one-half hour,

Tntermittent venous ocelusion should prove more usefol in
the treatment of thrombo-angiitis obliterans than suction and
pressure in the boot, for, as already explained, it produces
pretty much the same physiological effects but without un(}u[)'
compressing the feeble arterial stream. It certainly requires
Jess expensive apparatus and is easier to adapt to home use.

Intravenous Saline Injections—Tt is very difficult to know
what to say about this particular treatment. The suggestion
of diminishing the blood’s viscosity came from J npun.‘Wﬂly
Meyer introduced it into this country, and such experienced
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The sarroundings should be as cheerful und. d“‘?ttaﬂl‘r;rr‘z
possitle. An abundant fluid intake should'\ye maintained.
leg should be kept warm by woolen coverings, If the toes are

wleerated, Buerger-Allen exercises
1ot actuaily gnngremns.o\' ¢ e tried
may be used, or intermittent venous oeclusion may be tried,
or alternating suetion and pressure in the boot, Heat can be
applied in the form of diathermy, or n‘prnperly controlied
electric pad (if there is such o thing) outside the woolen wrap-
pings. In ofher words, if uleeration and gangrent are nbsl!flt,
) means of exciting a Teactive hyperemia will be tried, with
the expeetation that pain, if present, will be relieved as the
peripheral cirenlation is improved.

In the presence of ulceration and gangrene, vascular exer-
cise will have to be confined to intermittent venous
{arterial occdlusion may cause additional thrombosis and though
useful if successtul, is o dangerous gamble) and even the ve-
cluding venous pressure must be light—hardly more than
forty mm. of mercury. Under these conditions, a trial of two
or three per cent saline solution, to be injected in an amonnt
of 300 cem. three times a week is certainly worth considering.
Bisthermy can still perhaps be vsed. To assist sleep and as-
suage pain, aleoholic drinks will be of same help as well as
offering aid in vasodilatation. For drugs, the barbiturates will
have to be used, morphine never, thongh codeine sulphate may
perhaps be combined with the other sedatives.

The local treatment of an wleerated ares, as for instance the
commen form beside the margin of & nail, may properly con-
sx§t in & daily §hort 802k in a warm golution of almost any
?‘&dgv:::i:!:;?g:‘f‘ﬁ:?; is to lozsen adherent secretion
1200 is saﬁsfacto.ry. The iﬁ:eeparse 162-1 utun; ({f d}lor:}nuue,
form of Liugol's solution 400 4 v d'[; whon o ‘?&T\e n the
watery sclation of g mcoannémn;s d;r‘ix:m:"s o ll“:jtaimg. 2

atve;
will do, including & satarated boracie s s nuytling clean
provided it is sterile. Then
with cotton swabs,
a neuiral soap,

olation or normal saline
the sore should gently be dried
, the adjacent skin cleaned with cotton and
wiped off with the same antizeptic alrrady
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The original solution is resterilized eight hours later for an-
other ten-minute period. When a needle of nineteen gauge is
used, the injection should take about ten minutes. Three injec-
tions & week are advised, for a three months’ period, and are
then gradually discontinued during the next six months. For
patients whose oscillometric index is zero or less than 0.5 at
the ankle, a longer period of treatment is recommended.

Diet and Drugs~—A diet high in ealcium and low in potas-
sium has been suggested, apparently beeause of its favorable
affect on vasospasm. Perhaps it is more important merely to
seo that the patient has an abundant, attractive, varied dict,
with the idea of keeping up his nutrition during the difficult
stage of the disease, Three good meals a day are something to
look forward to during an otherwise boring if not actually
painful few weeks or months in bed. Vasodilating drugs can
not be recommended.

Sedatives and hypnotics are a problem. Opium and its de-
rivatives are absolutely barred. If effective, they set up 8
habit, but actually they soon lose their effect. The routine
measures already deseribed must be relied upon to subdue
pain, but for sleep the barbiturates are probably the most use-
ful. From the great number of preparations available some
few will usually be found to be satisfactory.

The Treatment of Threatened or Actual Gangrene.—Patients
showing deep cyanosis in one or more toes, or uleeration, or
actual gangrene, usually suffer also from spontancous pain.
The vicious circle of edema, a defective arterial supply and &
preference for the dependent position (to relieve pain) is
therefore almost certain to be present. Smoking is first of all
barred. The patient is confined to bed and if possible to a bed
whose parts ean be tilted sa that the foot can be raised for a
time or lowered. (This does not refer to the antomatically tilt-
ing beds earlier mentioned.) The plan is to keep the affected
Jeg ot least horizontal for nearly the whole twenty-four hours
if possible—to get rid of the edema—and only when the pa-
tient can bear elevation no longer to secure relicf by tho least
possible amonnt of depression.
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He may even employ pargvertebral sympathetic rese:;.lox:.
The indications for all such special procedm:es are not clea t
Oply & considerable familiarity with the ins and outs o
{hrombo-angiitis obliterans and of the procedures themselves
Justify their nse on special occasions,

SURGICAs TREATMEST

‘Peripheral Nerve Section.—Though frowned upon by many
and requiring o high degree of technical skill and judgment,
section of the sensory nerves sapplying the sole and toes may
affer the ouly alternative to a major amputation in the pres-
ence of wncontrellably painfol gangrene. Actoally, since the
fmportance of cigatette smoking has been recognized and ab-
stinence from tobaceo has been enforced, the very painfol
gangrenes are seen faT less often than formerly. It may be
possible, thexefure, to earry the individuals suffering from the
more painful types of disease through their bud weeks or
months withont resorting to nerve section, Two procedares are
avatlable: (1) hlocking the sensory branches of the superficial
and deep peroneal nerves just below the head of the fibula and
(2} blocking the superficial peroneal, anterior tibial and poste-
rigr tibial nerves in the lower middle third of the leg.
Blaeking the superficial and deep peroneal nerves of 6 high
level~This procedure is done throngh s three. to four-inch
incision which begins just above and medial to the head of the
fibula and is earried straight downwards. It cavefolly handled,
the wonnd is almast certain fo heal. The common peroneal
nerve i3 found dividing in the substance of the extensor digi-
forum longas muscle, which is extensively split, The important
Inotor bravehes come off within two inches of the head of the
ﬁb}ﬂz:. The sensory branches can be identified electrieally Lint
this s hardly esse}\\'\a\ becawse even if a partial foot drop
results from erushing the supposedly sensory hranches (ss
hagpens in peshaps filty per cent of the enses) the benefit of
the procedure is still greater than its demerits, and as the
nerves yecover, the moderate degree of paralysis disappears.
The sensory nerves are best crashed with a hemostat for per-
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used, and the area next to the ulcerated or gangrenous surface
covered with vaseline ganze. An actually gangrenous part can
be trented like an ulear unless the gangrene is already so dry
and the area nearby so clean that anything but a sterile dry
dressing would be out of the question.

To aid in controlling pain, an analgesic drug may be ndded
to an ontiseptic ointment. Such may be successful if on ul-
cerated surface is present but can have little or no effect on
normal skin or gangrenous tissue. Bthylaminobenzoate oint-
ment, ten per cent, or nuperenine, one per cent in petrolatum,
may be useful,

When a large open surface is left, as after the casting off of
the end of a toe, the exposure of & joint or the formation of 8
crevice between the toes, the use of Dakin’s solution may prove
possible. The full ritual must be used, with protection of the
skin by vaseline gauze. The oily preparations of the hypo-
chlorites are often prefernble, being less painful, as for in-
stance dichloramine-T in chlorcosane, or eusol and mineral
oil freshly mixed in equal parts. Combinations of zine oxide,
mineral oil and cod liver oil promote healing and epitheliza-
tion.

Should a good line of demareation form at the base of a tog,
with dry gangrene peripherally and reddened reactive gkin
proximally, amputation in the zone of reaction is permissible,
but such a state as this will seldom present the problem of
painful gangrene for which treatment is so difficult. In other
words, local amputation, even if surgically possible, will sl-
dom reliove the pain of gangrene. And when, as a result of the
casting off of gangrenous tissue and the appearance of healthy
granulations, the tissues are ready for healing, the battle is
won anyway. In the presence of signs indicating this outcome,
conservative treatment is eontinued, however slow progress
may be.

In aid of such treatment as the above, the resourceful sur-
geon may invoke the assistance of some of the pracedures de-
soribed in the following paragraphs, as for instance, sensory
nerve block, periarterial sympathectomy, or arterial resection.
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sympathetic supply to a fimb by rgmuvai of the ga{ngssoﬂated
chain in the lumbar region, or disiding the pregnn‘%hnme flers
in the upper thoracic, may be connted a Iast ms?rt ip the freat-
seent of thrombo-angiitis obliterans. If the youtine measures—
abstinence from tobacco, Test, protection from eold, o Yberal
diet, and passive vasealar exercises—iail to cause improve-
merk, the procedure may be considered. But before accepting
the operation, one must go mueh foriber, If resulis of any
consequence ate to be expected, it must be shown, by the trial
of some of the tests of reactionary hyperemin deserfbed in the
opening chapter—~brief arterial occlusion, heating the other
Timbs ot the body, the intravenons injection of sodium nitrate
or, best of all, spinal or paravertebral sympathetic block~
that the peripheral cutaneous temperature can be decidedly
raised or the peripheral pulsations increased in the limb in
question. Using these eriteria, syrapathetic resections will nof
oftenbe performed. However,in individuals reasonably young,
as sufferers from this disease must usually be, and in persons
whose general health is reasonably good, the operations pre-
sent no especial difficulty, For the Jumbar sympathectomy, an
extra-peritoneal approach throngh the flauk, leading to re-
maval of the second and third lumbar ganglia, is eatisfactory.
For the upper thoracie opetation, thers ace twa approaches
from above the clavicle and from the back. In ease of threatened
:?Ss of the fingers, it is believed that the upper thoracie sesee-

1on is nsually worth $rying. That an alecholie injection, as

fleicr'zbed in the previons chapter, will servo #ha ammm- 2=+ gep
v R © md
. . of
~=waal Luuntaels,
In case of thr

eatened Yoss of a leg, the fnmbar sym
; ywpathee.
to:“ny it of d9ub!iul value. 3 pain, plus gangrene, for which
wmputation is usually perfarmed, is uot telieved by other
means, nmbar sympathetle reseetian is atso hkely to fail

43 o care for intermittent lunyp, :

zot recommended, lumbar sympathectomy is

.
Thess operations are $ully described 39 1pe foliowing ehapter,
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haps 0.5 to 1 em. Regenetration does not recur until the patient
has been tided over the difficult period.

Blocking the superficial peroneal, anterior tibial, and poste-
rior tibial nerves~This operation, ns devised by Smithwick
and White, is performed rather below the middle of the leg
but not below o point five inches above the ankle joint. Plate
1IIB, page 107, shows the anatomy of the nerves and the
distribution of the cutancous branches. The posterior tibial
supplies the sole so that crushing this nerve leaves that patt,
together with the tips of the toes, anesthetic and paralyzes 08
well the intrinsic muscles of the foot. The only advantage of
the lower incisions is to avoid the possibility of toe drop. The
wounds must be made with great care lest slonghing oceur.
Smithwick and White advise making the incision o reach
the anterior tibial midway between the tibia and fibula. The
superfiein] peroneal can be picked np through this same in-
cision, For the posterior tibial, the ineision is parallel to the
posterior anglo of the tibin. The cleavage plane between the
flexor digitornm longus and the soleus-gastroenemius muscle
is the guide to the nerve. The nerves are to be crushed with
the hemostat.

The injection of aleohol into these nerves too often resulls
in an alcoholic neuritis causing pain nearly as bad as the orig-
inal. But there is no objection to dividing the nerves as Silbert
has suggested. Indeed Silbert was the first to attempt the re-
Tief of pain, using aleohol but without exposing the individual
nerves.

The benefits of blocking the sensory nerves go rather further
than the mere relief of pain, The dressings become very much
easier, nnd whereas the forefoot may have been so sensitive
that Dakinization conld not be nsed, now the application of
Dakin’s fluid or other hypochlorites is possible. Thus gangrene
and ulceration may rapidly be cleared up, and sources of pain
eliminated before the nerves can regencrate. Moreover, the
peripheral blood supply may actually he improved (release

of vasoconstriction). )
Sympathetic Neurectomy: “Sympathectomy"".—Blocking the
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aswociated with severe tungus Infection loeal treatment and lnmbar sy-
pathectotny ~ased toes I AT, azed thirty-ereht, 8 heavy smoker Uy
of Virgima Ho-prtal Lucal gangrene, well demarcatcd Lutle toe veeently
umputated Remaming tocs bealthy and lunber Prognos wosd ¢ FI1,
szed twenty tour Maw Gen Muosp 317313, n heavy smoher Intermittent
hmp for ove year Local ganurene heneath left preat toe-nail two wedks
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of gangrene—amputation through thigh Almost eertamnly, sudden oeelusion
of a hirge punphural artery by thrombosis

ULATE 1T



106 CIRCULATORY DISEASES

Arterial Resection: Periarteris] Sympathectomy.~In some
respects, these two procedures may be expeeted to act ina
very similar way. Both may break up o vicious circle of loeal
vascular irritation and peripheral vasospasm. An example of
the good effect of resecting the femoral artery in an instance
of femoral thrombosis has been guoted earlier in this chapter,
An extensive femoral perivasenlar sympathetic extirpation
acts perhaps in a somewhat similar, if less radical way. (It
fails of course to divert the stronm from a partly closed artery.)
But the indications for either procedure are not well estab-
lished, Neither shonld be used by any but those most familiar
with the disease.

Anputation.—The operations employed are those already
described in the treatment of arteriosclerotic disease; but the
criteria are somewhat different. For most individuaats will still
desire to be active and, if kept active, will be able to esrn
their own living. The danger of infection is decidedly less.
Therefore if the routine observations and tests show a reason-
able vascolarity, giving hope that an amputation below the
knee will result in & uscful stump, the ampntation through
the leg should be tried. There is all the more reason to save the
knee joint since a discase severe enough to.cause the loss of
one leg will often involve the other to a similer degree, and
one natuml knee joint is a tremendons advantage, twe artifi-
cinl knee joints being too great a handicap for any but the
most courageous and athletie.

The amputations through the knee joint® of the Gritti-
Stokes or Callander type will of course be most generally nse-
ful, and a higher amputation is seldom necessary.

There is no doubt that amputations today are resorfed to
much less frequently than before the significance of tobaceo
was generally accepted. The fearfully painfal intractable
forms of the disense are now less common and doubtless in
the future will be rare, In the treatment of thrombo-angiitis
obliterans, amputation of more than the toes is decidedly 2
confession of failure.

* These operations were briefly deseribed in the previous chapter.
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Thrombo-angiitis Obliterans in Women

The rarity of the disease among women who, until ’“‘3“;
years, have not been cigarette smoket?, }ms. always secme:
somewhat of an argument that smoking is an 1mpox_'tant factor
which at least aggravates thrombo-angiitis obliterans. In
1932, Horton and Brown, of the Mayo Clinic, were able to
collect omly ten cases in females, out of some seven hundred
fostances of the disease which they felt might properly be
counted thrombo-angiitis obliterans. The average age of the
women was thirty-nine, six of them presented characteristie
peripheral lesions, and two had suffered from a migrating
phlebitis, Curiously enongh only two gave a history of inter-
mittent limp. The disease on the whole seemed milder than
that of men. Many do not helieve that it exists.

The following case is an example of a severe form of the
diserse * observed at the Peter Bent Brigham Hospital,

S.L., a married Polish woman, forty-five years of age, the
mother of one child, desired to smoke cigareites so continu-
onsly thet although hospitalized during November, Decermber,
and January, she was kept outdoors for the greater part of
each twenty-four hours.

Since the age of fifteen, she had been troubled by an inter-
miftent imp, worse in the right leg than the Jeft. Seven years
hefore first entering the hospital, at the age of thirty-seven,
she began to su.ﬂ‘er from spontancous pain in the right foot
;negaf::e, A wh;:]e pateh a'ppeared upon the.right in-ot which
Tather E:g;;&; :}x:d as if n'ecdles were being applied to it.
leg was amput; e nght' foot t.umed pusple and the

s smpitated through the right thigh.
While still convalescent from the amputation, the left foot

*In & letter nome years Jaker, the patient recalls her habif i
:‘a‘t':;g‘;rxgu m the £ore o the fongus as it Brew on the ry‘: .Ix’\ ;::t:l:ﬂg::y:i
e (5::.,;;’ :;ﬂ;“gn: ;ue;i to walk through il fields oo wy way to Chareb,
will torn Black and £row ““:h!b:‘fi" ; ‘1!‘«“?_‘3“! :“ Fome ot e Xernee
torted kersels snd eat them gy ’ o
them, Many u tima X paryed & } . . ' !
Tosalbly her discass i tn fate, ' | .
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) .1 GaNeress oF iR Most Victous Tyee, 1v 4 Feaave 8.1, aged forty-
five, a very heavy eigarette smoker. Diag of Thromho-angutis Oblit
made upon amputated leg The other leg had already been amputated several
years embier Ihitory of eating ergot.
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B. DISTRIBUTION OF THE StNsory NErvE SUPPLY TO THE Foor. Showmng
White and Smtthwiek’s method of exposing the various perves about five
nches above the ankle Crushing them at this level does not eause toe-drop,
but leaves the sole anesthetie and paralyzes the mtrimsie muscles of the foot
(From Homans' Textbooh of Surgery. Courtesy of ¢ C. Thomas, Spring-
field, 111, and Baltimore, Ma)

PLATE III
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beeame cold and swelled at the ankle. Nevertheless, except for
a sense of coldness and ‘‘needle pricking’’ in the left foot, she
remained active, using a right artificial limb suceessfnlly.
Heat brought relief of the symptoms of discomfort in the left
foot.

One month before entering the hospital, the patient noticed,
for the first time, a whitish area upon the dorsum of the left
great toe. In two wecks, this area, which the patient had con-
cealed with a bandage, discharged pus. Soon after this, the
great toe became gangrenous, the fourth followed suit and an
area of gangrene spread across the forefoot. At the same
time spontaneous pain became fixed and fairly severe. Hang-
ing down the foot brought some relief.

The state of the foot is sufficiently revealed by the photo-
graph reproduced. It will be noticed that the area of gan-
grene s irregular and that the foot exhibits a moderate edema.
No pulses could be felt in any vessel below the inguinal liga-
ment.

During the next six weeks the gangrene advanced moder-
ately, always having a well-marked line of demareation. Pain
was rather intermittent, occurring chiefly in a erampy form
at night. The cutaneous temperatures of the foot and leg were
not particularly low. There was no difference between that of
the thigh and leg. No abrupt change anywhere. The mouth
temperature ranged daily from 99° to 100° F. Spinal anes-
thesia caused no vasodilatation whatever in the left foot. The
patient could not be prevented from smoking constantly!

Amputation, which, in view of the loss of the other leg
above the knee, might well have been attempted below the
knee, was made through the lower third of the thigh and
healed after only minor sepsis confined to the skin, The patho-
logienl report wos ‘“Thrombo-angiitis obliterans™ and the
description of the discased tissue is consistent with the ap-
pearances in authentic eases among men.

Two years later the patient expressed herself as being W‘{U
and cheerful. She was successfully navigating a wheel-chair
and smoking as much as ever,



CHAPTER IV

§PASM OF THE ARTERIES AND ARTERIAL EMBOLISM

Mavncs Raxnaun gave the first systematic description of o
disease characterized by arteriol spasm. As is usual in the
cbservation of o new symptom-comples, he included in his ac-
count of thirty cases & greater variety then he supposed, It
s even been maintained that among the thirty there is only
one instance of Raynsud’s disense! In which ease, posterity
would seem to have been rather fussy and ungracious, for
Raynaad knew enough about recurtent vasospasm to give a
deseription which has hardly since been bettered. His fault,
if any, lay in trying to explain, as a single phenomenon, too
great n variety of conditions. Natarally he began with *dead
finger”. “Madame X, said he, *“had been subjeet sineo childs
hood to an infirmity which makes her ar objeet of curlosity
to her acquaintances’, Any sudden cooling of the atmosphere,
even in sumer, would cause her fingers to become Bloodless,
without feeling, and of a whitish-yellow color. She wonld
wring them violently or soak them in lnkewarm water; where.
upen the vasenlar spasm wonld gradually relax, to be sue-
ceeded by o very painful reaction, That this was s neurosis

was suggested by the prompt disappearance of the attacks
with the onset of pregnancy.

Rawmondwoiovyr 2 . . et young
wo . ' . = of such
pe - sty it igct, the nnnataral reaction to cold, so
common in females and by no means unknown in males, in
the damp winter climate of western Barope and of Eng-
huid. H.DWEVM‘, ke reasoned corrertly fhat 2vro . EE
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Aleohol Injection of Sensory Nerves of Lower Leg'; Surg., Gynee,
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CRAPTER IV

SPASM OF THE ABTERIES AND ARTERTAL EMBOLISM

Maxmace Ravsaon gave the first systematic d‘escripﬁm'l of a
disense characterized by arterial spasm. As is usufﬂ m the
observation of o new symptom-comples, he included in his ae-
count of thirty cases o greater variety than he suppo.sed. It
s even heen maintained that among the thirty there is or.ﬂy
one instance of Raynaud’s disease! In which case, posterity
wowld seem to have been rather fussy snd ungracious, for
Raynaud knew enough shout fecurrent vasospasm to give o
deseription which has hardly since been bettered. His fault
i€ eny, lay in {rying to explain, ns o single phenomenon, teo
great  variety of conditions. Naturally he began with “dead
finger”. “*Madame X*’, said ke, ““had been subject sinee child-
hood to an infirmity which makes ker an object of curiosity
to her acquaintances’’, Any sudden cooling of the atmosphere,
even in summer, would conse her fingers o become Woodless,
without {ecling, and of a whitish-yellow color. She wounld
wring them violently or sook them in lokewarm water; where-
epon the vasenlar spasm wonld gradually relax, to be sue-
ceeded by & very painful reaction. That this was a nearosis
was suggested by the prompt disappearance of the attacks
with the onset of preguancy.

Royravd noted the frequency of this sort of thing in young
womes, especially in times of damp ¢old, the tendency of sach
perzons to chilblaing, in fact, the onpateral reaction to cold, so

common in females and by no means unknown in males, in

the damp winter imate of western Europe and of Eng-

l&}xd. However, he reagoned correetly that this was only o

mild exbibition of a very serions Drocess which could and digd

lead to nutritional chan ges in the form of actual necrosis of the
m
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finger-tips, and to a lesser degree, of the toes. It is the easily
excited, recurrent, vicious vasospasm, causing minute, oft-
repeated necrosis with conical deformation of the finger-tips,
which bears Raynaud’s name foday, a rare disease, But Ray-
naud is responsible for very much more than this, for since his
time, clinicians have been on the lockout for many other sorls
of vasoconstriction~~acute, recurrent, and even chronic arterial
spasms which discolor fingers and {oes, hands and fest—pain-
ful states as a rule and very often markead by organic changes,
ranging from small necroses and uleers to gangrene of one ot
more digits. It has been learned that acute arterial spasm can
arise from tranma to o large vessel or even fo the limb it sup-
plics, and from injuries to great nerves such as the median o
seintic—causalgins and causalgia-dike states—resulting in
painful ischemia of the peripheral parts; that an arterial
embolus not only plugs a great vessel but sets up a2 widespread
vasospasm in the vaseular tree beyond; and even that throm-
bosis in an important vein may excite such spasm in the com-
panion artery as to cause gangrene of an extremity. Still more
obscure and peculinr are the vasoconstrictions associated with
old infantile paralysis and other nervous disorders.

TIn the unravelling of these varions symptom-complexes the
names of Sir Thomas Lewis ind René Leriche stand out; the
first, for his sonnd physiological investigations, the latter, for
his brilliant reasoning and surgical feats. But many peculiar
states remain to be identified and explained, and so the writer
makes no apology for presenting the subject of vasospasm
with little attempt at order and for including, it may be, in
one category conditions which, for all that they are related to
spasm of arteries, large or small, may well be due to a con-
siderable variety of causes. After all, the main thing is to
recognize, in any one case, that vasospasm is or is not the
hand behind the disturbance and, having decided in the af-
firmative, oppose its action as effectively as possible.

At this point it will be well to review the account of the
sympathetic system more fully given in the first chapter. Nor-
mally, the outflowing sympathetic influences distributed {o the
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Blood vessels of the enlire body maintain an e‘:cn artegl.lﬂ
tone, The nerves controlling the musenlar artfmgs are 1:-
tribited from the epinal cord throngh pregauglionic fibers -
the sympathetic ganglisted chain, tvluch.lles close beside { \i
verfebral column. Thence, postganglioric nentons pass oW

with the great nerves of the limbs to ramify ab intervals over
{he Targer arteries (Figure 2), and finally, just ns sensory
nerves are distributed to the skin, 5o the vasomotor fibers are
assigned to the fine arteries and atterioles of corresponding
peripheral fislds. Thus a general stimulation of the sympa-
thetic system causes vasotonstriction over the entire body; or
a stimulus fouching omly the sympathetic supply to one arm
excites vasospasm in that arm. The disorder may even be go
local as to affect the vasomotor fibers distributed through a
single nerve. Sudomotor and pilomotor excitement is asso-
eiated with vasoconstriction. A feature of the sympathetic
system in the hands and feet is the very rich supply of fine
arteriovencus eonnections capable of heing closed or widely
opened according as the sympathetic contracts or relaxes their
walls. By means of these connections, the surface of thase ter-
minsl parts conserves heat or gives it out, and thus arterinl
spasm shows iself mote plainly in the hands and feet than
elsewhere, parlicularly in the fingers and toes. The coldness
and pallor it occasions are atmost ily iated with
sweating, On the other hand, the arterial dilatation of sympa-
thetic paralysis leaves the skin of the extremities hot, pink,
and dry. The variations npon these reactions will be bronght

out in the account of the various vasogpastic states which
{ollows.

Raysavp's PRENOMENON

’1"bi.s title is intended to inclade all recorrent arterial con-
stnc}.xons of the extremities which are excited by cold and the
ns. Sach are . It is only the serious,

Progressive, vicious spasms, which Ra. ud himsel
of cansing natritional nhnngles T it oo

, , that ave rare. These latter Wi
be deseribed g Raynaud's disease, for that, whatever Ray)*}




124 CIRCULATORY DISEASES

naud himself may have written, is the accepted nomenclature
of today. TWith this understanding, the comparatively mild
and common form will be distingnished as Intermitient Spasm
of the Digital Arteries, a Renction to Cold. Thus all members
of the Raynaud family will be housed under one roof, which,
after all, is a8 it should be; for most of its members appear to
be sisters.

Intermittent Spasm of the Digital Arteries, a Reaction to
Cold.~The disense, if so it can be called, stasts in childhood
or adolescence, rarely later, and is decidedly more common
among girls than boys, though there is o familial form, pic-
turesquely deseribed by Hunt in his Critical Review of the
Raynand Phenomenon, as *Hereditary Cold Fingers’ which
appears in both sexes. There are no associnted organic peca-
liarities of the nervous system or in the body at large. The
hands rather than the feet are affected, the fingers rather than
the thumbs, Symmetry is the rule, even in the unusual evest
that only one finger exhibits the disease; for instance, the mid-
dle finger of each hand may alone be sensitive to cold. The
subjects are apt to be thin and, in the countsies where the
winter cold is damp, are likely to suffer from chilblains. Thus,
digital spasm, and for that matter progressive Raynaud's
disease, is far more common in Bngland and Europe than
America.

The attacks, which often start in childhood, ore brought o
by exposure to cold, a cold ntmosphers, as a rule, during the
winter months, but equally well by bathing in cold water.
Sometimes, if cold alone has failed to produce an n{tf\ck,
added excitement or embarrassment will do so. There 15 8
great variation in the susceptibility of individuals, Some react
to the slightest sort of exposure. Some wilt only notice white-
ness and numbness of a finger after being in swimming for
hours, while others will find that all the fingers are fnvelved
if they poke their noses ontdoors on a cald day. Sometimes
the tips of the fingers only are affected. Lewis has ealled
attention to the fact that when the attacks are provoked by
placing the hands in cold water, there js a definitely optimal
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temperature, For instance, water at 16° C. (59°£-) Ere‘gg:h::
2 spasm, while ice water turns the ﬁnger's ra 0"“ £ the
white. The first sign of local vasoconstrietion is patior of ¢
finger-tips. The pale area soon turns gray as the rcm:'nmng-
blood loses its oxygen, but this initial change may be mc:}rlx
spicnous. When the individual first notices her fmgﬂ]i, b e
tips or even a considerable portion of each have usually ci
come wasy white, Actually these changes depem} a good dea
upon the original color of the skin. A rather highly colored
skin turns bluish and fingers already pale become wasy. Mor_e-
over, if the spasm relases at moments, fresh tlood ?lows in
and soon, giving up its oxygen, makes the skin cyanotice.

The course of any attack will depend upon the length and
severity of the exposure. If the fingers are made white and
bloodless for long, a 1 sets in at the tips and in half
an hour may involve the whole of each digit. Particularly
severe atfacks are very disagreeable, After a while, as the
hands are warmed and spasm is relaxed, a slow wave of
bright redness passes out upon the fingers, a reactionary
hyperemia, as after any arterial stoppage. Under this influ-
ence, each finger is apt to tingle, becoming warm and slightly
swollen, A capillary pulse can often be detected at the finger-
tip. Such a reaction, as Raynaud noted, may be painfni,

The course of this mild disease is rather favorable than
otherwise. Rarely it dies out as the years advance. Or the
individual learns to avoid the combination of events which
?xcites the attack. Perhaps the spasm appears so seldom that
it can be ignored and repeats itself, rather to the vietim’s
smusement, on oceasion. Should the attacks become progres-
sively more severe, the disorder must be placed in the class
presently to be deseribed as Raynaud’s disease,

Treatment.~—Madame X dig about as well as anyone ean,
fxemnﬁrfzaigd:egi Placed them in lakewarm water.

244 s others as well as her secms not

to be kmown, so that as a form of tre: i
atment it
accounted reliable! But of conrse nt it can not be

important, There are,

Irse prevention is really more
as Lewis points out, two elements in
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nand himself may have written, is the nceepted nomenclaty
of today. With this understanding, the comparatively m
and common form will be distingnished as Intermittent Spas
of the Digital Arteries, 2 Renction to Cold, Thus ol membe
of the Raynaud family will be housed under one roof, whi
after all, is as it should be; for most of its members appear
bie sisters,

Tntermittent Spasm of the Digital Arteries, » Reaction
Cold-—The disease, if so it can be called, starts in childho
or adolescence, rarely later, and is decidedly more comme
among girls than boys, though there is a familial form, pi
turesquely deseribed by Hunt in his Critical Review of B
Raynaud Phenomenon, as “*Hercditary Cold Fingers” whi
appears in both sexes. There are no associated organic pec
larities of the nervous system or in the body at large, T}
hands rather than the feet are affected, the fingers rather tha
the thumbs. Symmetry is the tule, even in the unasual ever
that only one finger exhibits the disease; for instance, the mi
dle finger of each hand may alone be sensitive to cold. Th
subjeets are apt to be thin and, in the countries where th
winter cold is damp, are likely to suffer from chilbinins, Thu:
digital spasm, and for that matter progressive Raynaud’
discase, is far more common in England and Burope tha
America,

The attacks, which often start in childhood, are brought o
by exposure to cold,  cold atmosphere, as a rule, during th
winter months, but equally well by bathing in cold water
Sometimes, if cold alone has failed to produce an utt'ack
added exeitement or embarrassment will do so. There is
great variation in the susceptibility of individuals. Some reac
to the slightest sort of exposure. Some will only notice white:
ness and numbness of a finger after being in swimming for
hours, while others will find that all the fingers are invo}\’ed
if they poke their noses outdoors on a cold day. Sometimes
the tips of the fingers only are affected. Lewis has called
attention to the fact that when the attacks are provokc(_i by
placing the hands in cold water, there is a definitely optimal
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well to emotional {adrenal) influences. 'Ilom the matter m.uyl
properly be left, with the understanding fhat the z}rtcr:;e
spasm of Raynand’s discase oceurs in the dngnu\ arieries,
nstare of the Joeal fatlt being obscure, i Is only netessary
to ndd that in advanced Raynond’s disease the 'wn\\s u? ﬂ}e
digital arteries are actually thickened, so that their capnm&)r 5
decreased. Under these e t any } \v)xu.:h
i triction~cold, embarx t, anger—~will
bo able ta close them aliogether, Ross has been glile to deter-
wmine the amount of stractural change in the digital arteries
of persons suffering from Raynaud’s disease by the speed
aed amount of the rise of cutancous temperaturs in response
to warming the body. In mild, enrly tases, the arteries are
capablo of full difatation. In advanced eases, vasodilatation
is very slow and incomplete.

The same sort of individuale—almost always women of
yonthin) years, though the disease occasionaly appears in
middle age~-ns are susceptible to the milder form o} Ray-
naud’s phenomenon suffer from serious progressive Ray-
nawd’s disease, The atiacks are now more easily provoked
and more prolonged. They start in the finger-tips and mount to
the hase of the fingers, sometimes fo the palm, but almost
uever above the wrist. The fiest color is usually o blnish one
which deopens to slato blue or a dark purple. If the nitack is
prolonged, the cyanvsis is replaced by & waxy pallor. In say
case, 1o seturn toward a normal color ean aceur unfil the
hands have been thoronghly warmed. Partinl reliof is marked
by o shift from Bloe o red as a liftls arterial blood pushes
into the fingers, Indeed, this betwixt-and-b

: etween state may
ast for some time, the red and blue areas existing in a patchy

way; o pethaps s whale finger will shift buck nnd forth,
Tever really hecoming warm sud pink, Sooner or Iater, as thc’z
D:tlacks waltiply, the pulp of the Engers hardens, ﬂ'xe skin
tightens, and its transverse srinkles disappear. The finger

\aper toward their ends, the overeurved nails pwjecﬁnggb:.
youd th.c shronken tips, Upon thess 1ips, lithte necrotic areas
appear in the form of tiny cores of dpad skin, which separate
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this sort of vasospasm. There is the loeal spasm which results
from direct exposure of the fingers and hand to cold; and
there also is the vascconstriction, in which all the peripheral
circulation shares, due to lowering of the body temperature as
a whole. Thus the individual must be on the lookout against
immersing the hands in cold water, or exposing them without
woolen coverings in cold weather, or letting the fingers come
in contaet with cold metal or glass. But she must also avoid
chilling the body or, in case the disease shaws itself only in
the hands, any other part, especially the feet. It may be well,
as is true of those suffering from the serions progressive form
of the disease, to begin the day by heating the hands in hot
water, establishing a vasodilatation which will not easily re-
act to slight cooling. .

Raynaud's Disease (Raynaud's Phenomenon with Nutri-
tional Changes).—Lewis’s experiments in exciting spasm in
the digital arteries by exposure of the fingers, even the base
of the fingers alone, to cold, and his demonstration that such
spasm cannot be excited by any central sympathetic stimula-
tion, provided the hands are kept warm, strongly indicate that
the fault in Raynaud’s disease is a local one. If this were all,
the whole trouble would seem to lie in the state of the digital
arteries th lves. This counclusion, however, cannot uore-
servedly be accepted. It has been shown that vasospasm In
the fingers can take place, especially under the inﬂuenc'e ?f
emotion, when the peripheral portion of the sympathetic is
absent. Indeed, as Smithwick, Freeman, and White have den-
onstrated, removal of the ganglia whose cells supply, throvgh
the gray, or postganglionic, rami, vasomotor fibers lo the pe-
ripheral arterial tree, leaves such arteries exposed to adrenal
influences, under which peripheral spasm, as excited through
the adrenal secretion by any emotion, may be exceptionally
severe. Moreover, Smithwick, Telford, and others have fmfnd
that if they divide the preganglionic rami of persons suﬁerl_ﬂg
from Raynaud’s disease, leaving the peripheral neurons n
tact, these persons appear to be cured of their old fcndencﬁ'
to peripheral spasm in response to cold and to be resistant as
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passed then fo a violet tint, then to o slaty white. * ¢ * A very
cold wind had blown all morning when Rose entered the roon.
Her cheeks and ehin were of indigo colour; her hands were a8
cold 23 marble, At the first view T believed them to be gan-
grenous, The ends of the fingers were of o greenish blue, the
palms of the hands were of a deep purple. On the forearms
there wete marblings similar to those which are prescnt. an
the Jegs of persons who use foot warmers. Ahove the wrists
the skin presented its natural colour. These phenomena Were
Tess pronounced in the lower limbs, which were clothed with
woollen etockings, * * ¢ Whilst this young woman spoke, 8
bright redness began to develop itself ot the root of the nose
aud over the cheeks; then it extended and invaded the bine
colour, which soon formed no more than a deep red patch on
the tip of the nose, snd ended by disappearing entirely. One
moment afterwards, the pink colour of the nose began to pale,
and this organ resumed little by little its ordinary colour. The
same change came into operation at the same time upon the
cheeks and the skin; upon the bands the change did not toke
place 5o quickly nor in the same way. * * * It was at the ex-
tremitles of the fingers that the eyanosis and the cold per-
sisted longest. Finally at the end of a quarter or half on hour
?he whole hand was of vermilion red; the pulse had regained
its force, the warmth of skin was perfectly developed, and
slight aweat had moistened the cutaneons surface. All these
phemvme.na were reproduced each time that Rose was exposed
to cool air, whether in the evening, morning, or at the middle

of the day. The reaction only commenced when she returned
to her room.”

On tl}g whale, the sppearance of gangrene away from the
cx{remxt.\es and in such parts as the tip of the nose, the checks
or {he pinma of the ear, fhat i3, a juvenile gangrens, is less
hk:ely to be coused by a Raynaud-like vasospasm than by
minate multfple arterial embolism (see page 162). Nor are
the con?mchnns of the yetinal arteries, which Raynangd ob-
:e“:ed o o2e of his later eases, at all characteristic of the

ypical disease, Vasenlar spasms, it {e now vealized, nrp ex.
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pairnfully, leaving minute sears. The process shows no sign of
gross ulceration or infection, by contrast with the outspoken
gangrene of arteriosclerosis or thrombo-angiitis obliterans, hut
is painful, sometimes ngonizing. Moreover, so far as the lmbs
are concerned, it begins in, and is decidedly most advanced in,
the fingers rather than the ioes. But even if the loss of sub-
stance is slight, pain is out of all proportion to it; and healing
of the Jittle arens left exposed by the easting off of the tiny
neerotic plugs is very slow. However, even in the severest form
of the disease, years go by before the fingers are noticeably
shortened.

Manifestations of Raynaud’s disease in other parts than
the extremities are now looked upon with some doubt. How-
ever, Raynand himself, in his second publication and after
mature consideration, deseribed them as being o part of the
disease. He says: ““In the slight cases the ends of the fingers
and toes become cold, eyanosed, and rigid, and at the same
time more or less painful. Tn grave cases the area affected by
cyanosis extends upwards for seversl centimeters ahove the
roots of the nails; at the same time the nose and ears may
become the seat of analogous phenomena, Finally, if this state
is prolonged for a considernble time we see gangrenous points
appear on the extremities; the gangrene is always dry, and
may oceupy the superficial layers of the skin from the extent
of & pin’s head up to the end of a finger, rarely more”. One
of his case histories describes changes in the nose and cheeks.
This ease, Allen and Brown accept but Hunt rejeets it be-
couse the trouble begam a mwonth after what may have been
an attack of malarin, However, the account is vivid nnd de-
cidedly worth quoting:

«“Case VI. Rose G., n washerwoman, aged 28 years, with
fair skin and bright complexion, enjoyed habitually good
health. * * * In the month of March she had several attacks
of tertian fever, which disappeared nnder a sedative, Towards
the middle of April she became very impressionable to cold:

“Tyery time that she went ont during weather at all cool,
he mose, chin, checks, hands, and feet becamo pale; they
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nal secretion. Some of the patients, if exposed, fo‘r ‘1“ s(&:;‘z
fo the slightest embarrassment, would at once display

5 Freeman, Smithwick, ond While, in two cont-
purple fingers. ¢ ted rabbit’s
bined researches, showed first that the de‘m)ﬂ&. ©
ear was strikingly sensitive to the adrenal se?t.?i\\"‘ﬂ ond “M“
went on to demonstrate that the arm of an individual depnvefl
of all postganglionic symputhetic supply was equally s“’:;g
tive. It anly remained to find out why the same condition di
not obtain, in the ease of the leg, following lumbar sympathee-
tomy. The esplanation turned out to be anatomical. ‘1‘).10 cos-
tomary removal of the second and third lumbur_ gzmgl}a (the
lowest ones receiving sympathetic preganglionic rami from
the spinal eord) interrupts all higher sympathctlc.cu?trul ({!
the blood vessels of the leg, but leaves the postganglionic rami,
emerging from stll Jower lumbar ganglis, intact. Thos the
vessels of the legs are not left without postganglionic control
and are not hypersensitive to the adrenal secretion. (See
Figure 1.)

This explanation is necessary to account for the success of
the procedures whieh were developed almost simulfaneonsly
by Telford in England and Smithwick in America. Ta free the
arm from vascular spasm, all rami passing to the second and
third thoracic ganghia are divided and the sympathetic cord
is severed below the third ganglion. The rami of the stellate
(tnferior cervieal and first thoracic) ganglion together with
the second and third thoracic ganglia themselves are loft
intact (Figs, 7, 8, 9). Tame seems already to have proved the
correciness of these proeedures which differ from each other
ozﬁ;‘ w detail and which free the arteries of the arm from any
senoms vasospasm, whether by exposnre to cold or epineph-
nne injection. Moreover they offer the very decided advantage
that i.{ the stellate ganglion (first thoracie and inferior cervi.
cal) is ‘?i“ 'm‘m.“y undistarbed, both as to its pre-
%‘i‘\:&l\:\\w Tami, the unsigh?ly falling '}n of the eye (enoph-
4 S) pertuanent narrowing of the lids and contraction of
O;G&?sl\gl:élerzxer’s Symirognejwm not ocear. The avoidance

GRIng vesuls, with s associated unpleasant sen-

and post-
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cited by such a variety of stimuli that attempts to group them
in a systematic way are as likely ns not to increase rather
than diminish the diffienlty of diagnosis, Spasm of the retinal
vessels had better not be regarded as on exhibition of Roy-
naud’s discase.

Treatment.—The background of treatment is the same as
that of the mild and nonprogressive form of Raynand’s phe-
nomenon; that is, avoidance of exposure to cold, cold drafts
and contacts, and, to preserve the natural warmth, tho weat-
ing of woolen clothing, mittens, and stockings. Ample shoes
should be worn in cold weather. The vietim of Baynaud's
disease will often begin the day by washing the hands in
fairly lot water hefore taking the risk of entering an even
cool room. If she can be sure of avoiding exposure afterward
aud does not fear the habif, sho may justifiably toke a sifl
drink of nleohol before breakfast! Whether physicians should
advise such n course is a matter which the writer is not wise
enough even fo disenss.

Sympathetic Ganglionectomy is now so universally if wn-
grammatically dubbed **Sympnthectomy?” that only a purist
would avoid using the term. Moreover, in the case of the arm,
the approved procedure is no longer resection of the gan-
glionie chain but bas gone back to what amonnts to o com-
bination of division of the chnin nnd ramiscetion, os wil
presently be explained. The story is this: A very satisfactory
and complete sympathetie denervation of the arm had been
developed by Adson and Brown, following Kuntz’s demon-
stration that the sccond thoracie ganglion often sent o sympd-
thetic ramus to the lower cnd of the brachial plaxus. They
removed, throngh a posterior approach, the inferior cervienl
and first and second thoracic ganglin. But the arm, in wany
cases, only remained free from vaseular spasm for a few
weeks or months, though the completeness of the sympathee-
tomy was vouched for by the total sudomator and pilomotor
paralysis. It then appearcd that the nenrectomy was f00 com-
plete, for the degeneration of all the postgonglionic fibers left
the smooth musele of the arteries hypersensitive to he adre-
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Figure 7. Uprre THORACW STarpararcrory—Posrerior ROUTE. Smith.
wick's Method. 4, B, and C. Approach to the sceond and thurd Jelt intercostal
serves D. Ench nerve is eleared of all rams and local branches with & blunst
ook end followed into the wtervertebral foramen. E. Each perve is pently
teased out, expouny the sensory ganglion, and its Toots are divided with scis.
sars. The sympathetic thain is eut below the third gasglion end Lfted up.
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sations in the skin of the face and head, is decidedly worth
while,

Beeanse the operations are now reasonably well standard-
ized and are cqually useful in the treatment of the various
states of peripheral vasospasm which complicate other vas-
cnfar discases of the limbs, they are deseribed below. The
indications in Raynaud's disease are that vasospasm should
not be atherwise controllable and that the peripheral vessels,
those of the digits in particular, shonld have been proved to
relax sufliciently well in response to any effective test of re-
active hyperemia (heating the body, paravertebral sympa-
thetic block). That is, it must be possible to raise the skin
temperature of the fingers (or toes) to, or nearly to, the high
limit and that with reasonable promptness. Otherwise the
digital arteries are almost certain to be so fibrosed that the
operation will do very little good,

Sympathetic Ramisection, or Sympathectomy, for the Arm.
—Two routes are available: the posterior approach, using 8
modification of the muscle-splitting incision advoeated by
White, Smithwick, Allen, and Mixter, teasing out and divid-
ing the second and third intoreostal nerves, in order fo oradi-
cate completely their associated preganglionic (white) rami,
and dividing the sympathetic cord below the third ganglion,
as deseribed by Smithwick; the anterior approach at the root
of the neck, using the technique of Gask, dividing the symps-
thetic cord below the third ganglion, eutting the preganglionic
rami fo the second and third ganglis, turning up the upper
stomp and drawing it away from the spine {o prevent regen-
eration, as advoeated by Telford.

The Posterior Approach, with Smithwick’s modification, is
here preferred.

An incision is madoe about eight cm. (three inches plus)
long, and three em. from the mid-line, nearly paralel to the
vertebral column (sloping a little upward and outward) and
centering upon the lavel of the second thoraeie spinous process
(third rib). The fibers of the trapezius muscle are transversely
divided. Those of the major rhomboid are split, as are those
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Yicuer 7. Urper THORACIC STMPATHECTOMY—POSTERIOR RoOUTZ, Smith-
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nerves, D, Each nerve is cleared of all rami and local branches with a blunt
hook and followed into the intervertebral foramen. E. Each nerve is gently
teased out, expoming the sensory ganglion, and 1ts roots are divided with seis-
gors. The sympathetic chain is eut below the third ganglion and lifted up.



—ermeeaeRadialn,

~=Stellate gangllon
e Trangy proe,
‘-:{:}1\&2 1ot thort vertf)r

R o-Median o,

etic fibers. bt
PO

H H
i Plstdangliontc fibom
Preganglionic fibers in ant.voct

Fiaure8.  Urren Tyoracie Syaramzecrorny——Postenson Rovss, 4. Schems
to sbow plan of preganglionic sympathetic interruption (indieated by ar-
rows). Pregangliomie rami and sympashetic charn in black., No pre. or post-
ganglionic rami of the steflate ganglion are disturbed. B. Cross section 2t
level of third left i I nerve. Operats b




ARTERIAL SPASM AND ABRTERIAL EMBOLISM 125

of {he sacraspinalis musele. The third rib is exposm%, isom.ted.
and resected, its proximal cod and the mttespom\mg. spinal
{eansverse process Leing subsequently bitten off with the
TOngeur. .

The plesra is pushed away from the vericbral eolomn with
game.

A bright, brain-spoon refractor serves to teflect light to-
ward the vertebral bodies, or an Mnminated retractor is nsed.

The third intercostal netve is isolated by bluny dissection,
divided at o convenient distance from the vertebrae, followed
in fo its exit from the vertebral colamn and freed from ol
aftachments with o dental spatula. Tu so doing, the posterior
root ganglion, with the anterior and posterior roots, are teased
aut, branght into view and divided. In this way all preganghi-
onic fibers axe thoroughly interrupted, & leak of cercbrospinal
fluid is unogpal

The second intercostal nerve is similasly treated. In the
meanwhile, the sympathetie ganglionated choin has not heen
Dsturbed,

The sympathetic is now picked up with » biunt hook be-
tween the second and third thoracic ganglia as it les against
th? vertebral column and is divided with seissors below the
{hird ganglion. Ts upper portion is now tarred up, care being
taken not to disturb the stellate (first thoracie and inferior
C?“'iﬂ‘l ganglis) goaglion. The object of this step is {o ob-
viate Horner's syndrome {contracted gupil and enophthal-
v stadd by e e et Yo it The
stroeture, The \vou;d is ¢ i o any cm?vem.ent fascial

re. T s closed in Jayers with silk. If the
pledra is injured, the ppening is covered with o Tra ont of
wuscle pressed duwn with ganze, &

The Anterior dppronch (Gask’s with Telford’s modifica.

::::) f::gx:ge ht:z::&}; nz; eight em. {three inch plus} incision,
1 adibs above and parallel to the claviele,
;::;::T}‘ l);rcnrc);x}:ﬂ plexus block plus loeal infiliration wﬂi

" i is
Drocdn an & general anasthetie, can be used 3§
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After entting skin and platysma, the clavicular portion of
the exposed sternomastoid musele is divided and also the little
mylohyoid, This step gives access to the anterior surface of
the sealenus anticus musele upon which the phrenic nerve lies.
The muscle is cleaned, the phrenic is retracted mesially with
o tape and the transverse cervical vessels severed if necessary.
After the scalenus anticus has been isolated and divided two
cm. above its insertion into the first rib, a view is had of the
subelavian artery and the brachial plexus. The latter is severely
let alone, not cleared at all, The carotid sheath is retracted
mesially.

Before the subclavian artery can be pressed downward, the
thyro-cervical axis, which originates from its convexity, must
usually be divided between good-sized silk ligatures, On de-
pressing the subelavian, Sibson’s pleurocostal ligament, which
holds the pleural apex against the lower border of the first
rib, is revealed. When this has been cut, the pleura falls back
and is further peeled away from the costovertebral angle by
gentle pressure with gauze.

The wound is now deep and must be lighted by an illuminat-
ing retractor or a reflecting spoon. The stellate ganglion is
seen just behind the origin of the vertebral artery, between
this vessel and the head of the first rib. The chain, below it,
is carefully exposed by detaching any loose tissue from its
surface. The stellate ganglion must not be disturbed. When
the chain has been cut, with long curved scissors, below the
third ganglion, the upper stump is lifted upward sufficiently
to divide the rami entering the second and third ganglia. It
is then attached to any convenient structure with a fine silk
stitch. The retractors are now removed and the pleura al-
lowed to fall back.

The only parts requiring suture are the clavicular portion
of the sternomastoid muscle—to restore the contour of the
neclk—and the platysma. The skin is approximated with elips.

Both sides can be operated upon at one sitting provided
the operator is sufficiently familiar with the procedure. The
patient usually is up and about on the third to fifth day.
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Fuorez 9. Ueprz Tromscic Svararaecrour—Axterior Roure. Bethod
of Gask and Telford. 4, B, €, D, and E, approach. After E, it may be nee-
essary to divide the thyroid xS, 1n order o depress the subelavian artery. F.
Division of pleuro-costal ligament and depression of pleura. G and H. Al

vam of second and thud ganglia are dnded, sympathetic is cut below the
third and planted into second thoracic nerve (De Tekats).
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Lumbar Sympathetic Ganglionectomy.~—Though this proce-
dure ean be carricd out through either a transperitoneal (b
dominal) or retroperitoneal approach, the former is mever
considered at present unless a bilateral operation is contem-
plated and there is some other reason for opening the abdo-
men. The transperitoneal procedure is not only much more
disturbing to the patient than even a bilateral extraperitoneal
attack but the sympathectomy, especially on the right, is
more diffieult.

The incision is very much that of an approach to the kidney.
Flothow recommends o muscle-splitting one, dividing the skin
alimost horizontally just below tlhie twelfth rib, then passing
forward and downward, splitting the oblique muscles in the
dircction of their fibers (and transsceting at least a few of
the fascicles of the internal oblique). The transversalis and
its fascla again are split horizontally, care being taken not to
open the peritoneum. The operator then pushes retroperito-
neally toward the vertebral eolumn, Lifting forward the Jower
pole of the kidney and the ureter (which he does not see).

The first landmark upon the surface of the psoas muscle,
before the sympathetic is approached, is the genitofemeral
nerve, a straight, tense, white filament. Beyond this, and close
against the anterior part of the exposed vortebral bodics, lies
the faintly pinkish ganglionated chain solidly attached by its
fine rami.

On the right, the vena cava must actually be retracted to
expose the chain. On both sides, the renal fascia is seen at the
upper angle of the dissection. The renal artery ean if neees-
sary be felt.

Two rather spindle shaped but not strikingly marked ganglia
will usually be found, the second and third lumbar, the latter
just above the common iliac vein (on the right) or artery {on
the left). Occasionally the two are fused. The ganglia and
chain vary in size and their exposure may be made difficult by
the extent to which the great muscles overlap them as they
are applied to the vertebral bodies. The peritoncum must be
Leld forward by gauze packing and a broad curved (lighted)
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Tiwoes 10, Lomear SyMpatiecrouy—RemorEriToNesl Roote. In B,
sowe tendinous fibers of the internal oblique (not shown) will have to be
dwvided. In E, the ganghonated chan is too distant to show that the rama ap-
prozck £, 1 §rom shove, L, 2 honzontally and L, 3 from below, L, 2 and 3
ure often fused
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retractor. It is best to sever the rami first, then cat the sympa-
thetic with scissors below the third ganglion. It can now be
lifted up and divided above the second just below the rens!
vossels, To secure o sympathetic denervation which will carry
the vasomotor paralysis as high as the thigh, the first Jambar
ganglion must be included in the resection, In women, this is
harmless: in men, if is very likely to upset the mechanism of

,;" R.pacas ™. ! Infvena cava
Genitofeinoral m. Symypathetic trank
Freure 11, Lusban STapaTIECTOMY. A cross-section showing the relre-
peritoneal approach to the mght sympathetic cham. The displacement of
viseera, ineluding the vena cave, is ot exaggerated. The psoss nwusclo roust
bo depressed to expose the sympathetic.

ejaculation. Removal of this ganglion in males should there-
fore be practiced with eaution.

The wound is closed with silk in layers.

The result of sympathectomy should ideally be the estab-
lishment of warmth, dryness and freedom from vasospasm in
the affected limb, Tests of the skin temperatures should show
2 degree of vasodilatation which can neither bo increased by
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any aitemgpted reactive hyperemin nor upp\'ccm\ﬁ); d““‘:::‘fg
Yy moderate exposure to cold. Tn other words, the 1‘0(_ .
the periphers! civenlation to display o Y:‘\somo{or renction
cither direction should be lost. The condition shoald be perma-
pent. In the legs, it usnally is permanext. In the arms, under
the operative system now in use, it will probably prove so to
be. Strangely enough, persons who have lost their vasomotor
confrol do not geem to miss it. They enjoy the sense of warm'“\
in their fingers or toes and make no objection to the dry .skm.
Even i the procedure is not completely successtul, patients
ure usually pleased with the result; and the individuals actu-
ally made worte by degeneration of the postganglionic vaso-
constrictive nerves and exposure to spasm from adrenal in-
fluence (under the earlier method of treating the supply to the
arm) are after all few.

Prevmatic Hammer Disease.~This form of arieriespasm,
{hough much like Raynand’s phenomenon, affects only male
workers who use a rapidly vibrating stonecntter’s hammer.
Within & few months after first using the instrument, the
workman may hecome subject to attacks of vasospasm in cer-
{ain fingers, These attacks are excited by exposure to cold,
particularly in the eatly morning or after the doy’s work is
aver—~never while the hammer is actually being used. Be-
tween attacks the fingers show no change, nor is the disease
Pragressive ar destruetive. Because of the manner in which
lh_e hamter is held, the fifth, fourth, and, oecasionally, the
"ilil;:i i;l}!llgef of the left hand are especlally affected; some-

e tips ."f those of the right band as well. The disease
was first identified (1927-18) by investigators for the United
States Department of Labor and of Publie Henlth, A good

de§cripﬁon is given by Hardgrove and Barker, Trom the Mayo
Clinie,

Screvoversta Aceoscrerosts Sevrrovacryny
This disense,
sibly e & nea

actually rarer than that of Raynaud, may pos.
fenuales, showi

r relation, It jg practically confired to
elation, It youn,
g itsell in ehildhood. Attention has been callcg
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to the hardening of the subcutaneous tissue, shrinking of the
skin and smoothing of the natural wrinkles in advanced
Raynand’s disease. Such = state is known as Scleredactyly.
Scleroderma secms, in some instances, to be a more wide-
spread development of the loeal digital vasospasm and sec-
ondary sclerosis; in others, the general hardening of the sub-
cutaneous tissues and atrophy of the skin appear to be primary.
A form is actually described in which the skin of the hody and
limbs becomes hairless, thick and firm, the process spreading
down the arms to the hands without causing vasomotor symp-
toms. In any case, the full-fledged disease stiffens the fingers,
forearms, and even upper arms, makes a mask of the face,
smoothing out all natural folds and wrinkles, tightens and
fixes the skin, particularly over the forehead and malar prom-
inence, and finally, in many eases, leads to arthritic changes
and ankylosis. The eyes and mouth are reduced in size, Neither
can fully be opened, nor ean the eyelids be tightly closed. The
front of the chiest is apt to be affected; the toes often, the feet
only oceasionally, .

Microscopic examination reveals atrophy of the growing
layer of the epidermis, The deep skin js fibrosed; the subcu-
tancous tissue as well, Indecd, fibrosis of soft tissue is some-
times so advanced as to extend into the muscles and bind skin
to hone. The small arteries are embedded in sear, their caliber
greatly reduced. This extensive hardening of the fissues may
follow upon Raynaud-like atiacks of eyanosis of the fingers—
in which case it follows rather promptly—or it may oceur
coineidentally with such attacks, It may oven fully establish
itself in the absence of any aftacks whatever. It is idle to
speculate whether arterial spasm is a prime factor or whether
some basie infection or endocrine disturbance is at the bot-
tom of the whole procoss,

The course of the disease, though often rather rapid in its
early stages, during which the hands, arms and face arc
hardened, is decidedly chronie, dragging along for years t_o-
ward & fatal ending, Onee hide-bound and stiffened by arthritis,
the victim is in n pitiable and hopeless state. No one actually
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secovers {rom the diseate. The best that can he x}skfd. Ss (&:
it choold become statiopary of a stage wheo the individaal i
toally evippied. . .

no;’?:atme{lt isplla;ost umsatisfaciory. When inteymittent vaso-
spasm s a feature, the patient can of course be proic’cte('l from
cold and other vasospastic infiuences, as in annm‘ul s disense.
The skin is softened and made as pliable as possible by mas-
sape and greasing. Nubsition is kept up as well as possible.
Sympathectomy occasionally makes the fmgFrs wore sapple
and comfortable, thoogh any desrease of siiffness is mﬂter
more likely o be due to diminished edems thgn to any in-
creased phiability of the ekin. Tt showd not e wsed mﬂes's
vasodifatation has been proved possible. If the metabolism s
Tow, desicented thyroid shonld be pushed.

Anresur, Seasye v Resroxse 0 Inauny

Travmatic wrterial spasm is brought on by » variety of
injuries, many of them violent; sach, for instance, as wounds
of war and aecident, bollet wonnds, fractares, hlaws, stabs,
and punctures, Sometimes there is evidence of direct tranma
to the arterial wall; almest as often, surprisingly enough, the
artery itself seems never to have heen touched. Large artarics
steh 8y the Semoral or the hrachial have chiefly been affected,
partly perhaps becsuse of their Jength and exposed position.
On the whole, it would seem as if the spastm wese the result
ol distaxbance of the Jocal vasomofor perves, and at the
beginning, at least, thrombosis 5 certainly not a factor, Spasm
of this sort Yasts for honrs or even days and usually lends to
no complieated after-cffects. There is another great group of
arterial v bowever, undoubtedly merging into this
one, which is of o decidedly more chiromic soct. In. this, the
spasu:\ ppears as a rule to be due to a vicious reflex, and the
z{s:mcmed changes in the skin, ferves, mascles, bones and
Iotnts muy overshadow the direct evidence of vasoconstrietion,
Il}c\uded in this group of chrenic arterial SPASMS are cansal.
‘g‘n and the cansa\g'm-l.ike states, reflex dystrophy of the _ex.

femities and raumatic asteaporosis, There are efill ofher
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fo the hardening of the subeutancous tissue, shrinking of the
skin and smoothing of the natural wrinkles in advanced
Raynaud’s discase. Such a state is known as Sclerodactyly.
Scleroderma seems, in gome instances, to be a more wide-
spread development of the local digital vasospasm and see-
ondary selerosis; in others, the general hardening of the sub-
cutaneous tissues and atrophy of the skin appear to be primary.
A form is actually described in which the skin of the body and
limbs becomes hairless, thick and firm, the process spreading
down the arms to the hands without causing vasomotor symp-
toms. In any case, the full-fledged disease stiffens the fingers,
forearms, and even upper arms, makes a mask of the face,
smoothing out all natural folds and wrinkles, tightens and
fixes the skin, particularly over the forehead and malar prom-
inence, and finally, in many cases, leads to arthritic changes
and ankylosis. The eyes and mouth are reduced in size, Neither
can fully be opened, nor can the eyelids be tightly closed. The
front of the chest is apt to be affected; the toes often, the feet
only occasionally. .
Microscopic examination reveals atrophy of the growing
layer of the epidermis. The deep skin is fibrosed; the suben-
taneous tissue as well. Tndeed, fibrosis of soft tissue is some-
times so advanced as to extend into the muscles and bind skin
to bone. The small arterics are embedded in scar, their ealiber
greatly reduced. This extensive hardening of the tissues may
follow upon Raynaud-like attacks of cyanosis of the fingers—
in which case it follows rather promptly—or it may occur
coincidentally with such attacks. It may even fully establich
itself in the absence of any atincks whatever, It is idle to
speculate whether arterial spasm is a prime factor or whether
some basic infection or endocrine disturbance is at the bot-
tom of the whole process. .
The course of the disease, though often rather rapid in its
early stages, during which the hands, arms and fsce are
hardened, is decidedly chronie, dragging nlong for years t'u-
ward a fatal ending. Once hide-bonnd and stiffened by arthritis,
the victim is in a pitiable and hopeless state. No one actunily
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pin prick. Motions of the toes wexe feebls and P‘““{l';l"n “::
thonght that all this was due to contosion by the bullet, “‘m
ing an intense spasm of the femoral artery. Accordingly, the
leg was mossaged every fifteen minutes, and after nine hours
the whole extremity heenme bright red and warm, the pulse
retarned and the normal sensibility was restored, The wound
healed withont incident.

Here, of course, ate instances of contasion of an artery by
& bullet which passed very close fo it; in effect, a blow upon
{he vessel itself yet without any permanent injury or thrombo-
sis. Other reporis such as that of Kuttuer and Barueh tell of
examinations of such vessels and in one instance {a wound at
the ankle) eseision of a seemingly thrombosed stretch of pos-
terior fibial artery, Whereupon the vessel, both prosimal to
and deyond the part resected, resumed its pulsation (retro-
grade cirenlation) and much to the operator’s surprise, no
thrombosis in the excised specimen was found. Thus addi-
tional jnformation was secured; for it is evident that resee-
tion of the contracted vessel broke up the spasm of the vasen-
lar tree of which the posterior tibial was the main stem.

Instances of acute arferinl spasm vesulting {rom fractures
are deseribed by Montgomery apd Ireland, from whose paper
ihe following is abstracted:

A boy, four years old, had suffered a fall upon his left
lbow an hour before coming under observation, There was
foand u fusiform, diseolored swelling with lateral angulation
of the arm helow the site of injury and marked tenderness
over both condyles of the hmmerns. Distal to the elbow, the
skin was dead whie and distinetly colder than that of the
opposite hand and forearm. No pulsation could be palpated in
lh‘e left radial or wlnar arteries. The X ray showed g com-
r&:nu{tcd supracondylar fracture with lateral displacement of

o :st ;";::‘yfragments, the radius ond oloa being dislocated

Four and enehalf hoors aft inj it
er the injury, reductio
£2s OXYEen was carri oty e

changed. ed out. The circulation remained wn.
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states such as acute arteritis, seemingly related to an ana-
tomie abnormality such as cervieal rib, which are even less
easily classifiable. All these are roughly sorted out below in
the sections which follow. It is not necessary that all should
agree ns to their relation to each other.

Acute Traumatic Arterial Spasm: Arterial Stupor.—Though
it would be impossible to tell of all the injuries which may
excite traumatic spasm, several cases, due to hullet wounds, to
fractures, to punctures and to blows have been selected as
examples. It will be observed that the first cases cited are of
a rather direct type of trauma to great vessels, and are
marked by arteria] stupor. Naturally, most observations of
this sort have been made in war-time. Two very instructive
experiences are reported by Kroh (1915). The first is one of
a wound of the right inguinal region by a revolver bullet
There had been & good deal of venous bleeding from the wound
of exit. The femoral artery was pulseless. The soldier com-
plained of poorly loealized pain in the lower thigh. Explora-
tion showed that the saphenous vein was severed. This was
doubly ligated. The femoral arteriovenous sheath was seen o
be infiltrated with blood. The femoral vein, fairly well filled,
was identified but the artery could not be found for some
time. Finally a pulsating thread, the size of a knitting needle,
was isolated which should have been the femoral but scemed
to be an anomaly! As it was watched, however, it gradually
enlarged and much to the operator’s surprise soon took on
the size and pulsations of the femoral.

This observation evidently prepared Kroh for the follow-
ing ease which was treated without exploration: A soldier,
who had been shot with a rifle bullet through the upper thigh,
complained of numbness and tingling in his foot. The Dullet
entered near the anterior superior spine and came out Just
below the scrotum. The intervening skin was discolored with
blood. The pulse in the femoral artery just below the track
of the bullet was barely perceptible. In the popliteal and poste-
rior tibial it was absent. The skin from the knee down was
yellowish white, ccld and damp, completely anestlietic, even to
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Hence the multiplicity of names. Whether the basuf ex‘cm%
lesion is in fhe sympathetic or sensory nerves :}nd %;xs less
reflex pathways are jnvolved i3 shl.l Tmeeriain. ?;li -
many sorts of injury, including blows, infected and nmh ee!
wounds, even burns aud frostbites, are able to x?et off the pz-
Jonged, serious, but nsually reversible reflex d\st“ﬁ‘m\?e. -
though he invokes, even in one case, both & vasod\la.hng a8
well as a vasoconstricting infimence, Leriche has_eonsxslcnﬂy
141d the trouble 1o the vasomotor nerves, the gcr:pheral sym-
pathetic system. A typical case of his, of which another ex-
ample is illustrated oppesite page 148, is here quoteds

“(ase 3. This man is a polish worker. After a severe blow
on the left fool be presented inebility and pain. There was
10 fracture, No treatment gave any relief. The patient stayed
in bed, snd for almost a year could not walk. He was finally
considered to be & malingerer and sent to me with this ding-
nosis.

“Examinstion showed the whole left lower limb to be
extremely painfol: the slightest tonch npon the skin made
him cry out. No movement was possible, The leg and the foot

were eyanotie. There was evident atrophy of the foot, the
Joor #lia dhink a1 T b - L. L

T L lawuul we g,

“Considering this wide distnrbance of his troubles, I per-
formed a Jumbar ramisection on Nov. 22, 1926. The same eve-
ning pain and cyanosis had gone, The following day feeble
movements were possible. Sixteen days after operation, the
patient got up for the first time for eight months, He could
btaa.t \ve'fght upon the foot withont suffering, Functional eon-
(.ixhons mproved progressively, The bone recovered rapidly
its calearcous matter, and suceessive roentgenograms showed n

very regular reconstruction of the hane which was absolntely
normal after .three months, At the end of Mareh, 1927, the
pa;x:nt was discharged perfectly cured.”
other instances of thig general type, Lericha
© k
great point of the traumatic arthritis ynﬁd, of foints

hydrops of joints
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Incision was then made into the antecubital ragion where
a large hematoma was found and evacuated. The brachial
artery was seen to pulsate down fo a point an ineh proximal
to its bifurcation, but hiere all pulsations abruptly ceased “as
though the blood were striking against a solid structure™,
The pulseless arteries were confracted, did not appear fo
have becn injured in any way and seemed not to be throm-
bosed. Warm, wet dressings were applied to the open wound.

On the day following, the hand felt warm and the nails were
no longer completely blanched, but the pulses were still ab-
sent, Three days after operation, a faint radial pulse returned,
slowly improving in quality until it became altogether equal
to that of the uninjured arm. Eleven days after operation, the
wound was closed and a posterior cast applied. However, no
attempt at final reduction was made at this time. Indeed it
was not until fifty-three days after the injury that complete
replacement by an open operation was made. This caused no
circulatory upset.

It is not easy to say whether this spasm (stupor) was in-
duced by direct trauma to the artery, of which the hematoma
perhaps offers some evidence, or whether injury to its sym-
pathetic nerve supply was the cause. Perhaps it makes very
little difference, since, in any case, a local nervous mechani'sm
in near relation to the vessel wonld scem to have been in-
volved. However, such an arteriospasm is a direct resulf of
the bullet wound, fracture, or whatever, and not 2 reflex dis-
order, as scems to be the case with the more obscure and com-
plicated group which follows.

Reflex Arterial Spasm: Chronic Segmental Arterial Spasm:
Causalgia: Reflex Dystrophy of the Extremities: Trophic
Edema: Traumatic Osteoporosis—Although this group is &
loose one and although observers, dating back to S. Weir
Mitehell, may perhaps have been deseribing a considerable
variety of states, there has been for some years a fair unanim-
ity of opinion that there is such an entity as prolonged reflex
arterial spasm and that this is capable of causing disorders
of gkin, connective tissues, nerves, museles, joints and bones.
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Henes the maltiplicity of names. Whether the bazlt‘: njc:;;gt
Tesion is in the sympathetle or s'enstl'tﬁ x\lfnr::tst;; %.)oubuess
relle pamw:?s‘ o :c\;:g:(}g ‘;:m:st nfected nnd nninfected
many sarts of 1wy, ites, are able o set off the pro-
wounds, even burns and fros!bl!e.,'a (] etarbanee. AL
langed, serious, but usually reversible reflex distur bance. :
though Lie invokes, even in ene case, bo}h [:Y vusodﬂa}mg x;
well as o vosoconstricting influence, Leriche 1‘35_0011515‘9’“ y
1aid the trouble to the vasomotor nerves, the Iienpheral sym-
pathetic sysiem. A iypical ease of his, 'o{ which grather ex-
ample 1s Mustrated opposite page 148, is here quoted:

“(ase 8. This man is a polish worker. After a severe blow
on the left foot he presented inability snd pain. There was
no fracture, No treatment gave any relief. The patient stayed
in bed, and for almost a year could not walk. He was finally
considered to be a malingerer and sent to me with this ding-
nosis,

“Examination showed {he whole left lower limb fo be
extremely painfol: the slightest tonch wpeon the skin made
im ery out. No movement was possible. The leg and the foot
were cyanotic, There was evident atrophy of the foof, the
leg, the thigh, the butteck, and even the left side of the back.
Radiography showed extensive decalcification of the foot and
lower third of the leg.

“Considering this wide disturbance of his troubles, T per-
formed s lombar ramisection on Nov. 22, 1926. The same eve-
ning pain and eyanosis had gope. The following day feeble
movements were possible. Sixteen days after operation, the
Patient got up for the first time for eight months, He conld
bear weight upon the oot withont suffering, Funetional con-
ditions improsed progressively. The hone recovered rapidly

its caleareons matter, and suecessive roentgenograms showed g
very regular reconstruction of the houe which was absolntely
norfnal after three months. At the end of March, 1927, the
patient was discharged perfectly cured.”?
In other instances of this general type, Leriche makes a
great point of the traumatic arthritis and

hydrops of joints
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resulting from what he Delieves to he reflex vasodilatation.
Such leave behind many stiff joints. Whether or not ke con
fuses the passive congestion of vasoconstriction with vaso.
dilatation is immaterial. The disorder of joints, bone and mus-
cle {atrophy)} presumably go together as a rare response to
even rather mild injuries.

Another somewhat similar type of disense but now due to
an infected wound is described by Lehman: D.E.D,, a school-
girl of eighteen, bad suffered, four months before coming
under observation, o punctured wound by a crabapple thorn
upon the ulnar border of the right forearm. This had become
infected and had been subjected to exploration and drainage.
A sinus had been left surrounded by induration, heat, and
redness half way to both wrist and elbow. The patient feared
to have the forearm fouched and could barely move the wrist
and fingers. During the following seven months, four opera-
tions for drainage were performed. Almost a year after the
original injury, the forearm and upper arm were swollen and
doughy up te the axilla. Pain was continuous. The fingers
were cool. The right radial and brachial arteries pulsated {te
the touch) less strongly than those of the left hand. Though
one of the old incisions was unhealed, the temperature and
leucoeyte count were normal. Amputation had been suggestcfi.

On the basis that the condition resembled the ‘trophic
edema*’ of some war wounds and becanse tissue removed at
the last operation had shown a perivasenlar inﬂammntio.n, 8
periarterin} sympathectomy was performed upon the right
brachial artery. Two days after the operation, movements of
the fingers had improved and tenderness of the forearm had
diminished. Six weeks later, motion at the elbow was free and
that of the fingers was beginning to improve. Swelling bad
disappeared and the skin had become warm and dry. The
wound had healed, In six months, except for some weakness,
the extremity was normal.

This case appears to have been one of a rather diffuse vaso-
spasm in response to a local injury and infection which prob-
ably did not actually touch any large artery or nesve. The
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vasospasm mounied well above the lesion' and aﬁ:cied 1)]0(.1:
motor and sensory functions. The reflex c}\sorder, or such ¥
must be called, was broken up by removing {he nerve fibers
sarcounding the brachial arters. 1t wonld seem that a cure
was due to the interraption of stimuli going totward the ch}-
tral mervous system, since the interraption of sympathetic
jmpulses passing ont opon the brachial artery coul(} bardly
have affected parts of the arm proximal to the operative i"n:ld.
This case, in respect to its painful state and oversensitive
ckir, much resembles causalgia, an instance of which is taken
from the original publieation of Mitehell, Morehouse, and
Keen {page 107).

“#Qase 24.—Hiram Weston, aet, 42, Co. E, 18th Mass,, en-
listed May, 1861. Healthy until wounded, in the Wilderness,
May 5, 1864, He was running at o double quick, and was shot
in the left arm. The ball entered three and a half inches im-
mediately above the internal condyle of the humerns. It
emerpged directly below the anterior angle of the axilla, two
and a half inches lower. The ball passed over the nerves, and
injured the uina nerve especially.

“He felt violent pain throughout the limb, which was in-
stantly flexed at every joint and so continned for fifteen min-
utes, when it was extended by the aid of the other hand. The
pain which then began never left him. The arm soon lost
fno\‘\on entirely: but within a few days regained so much ns
it bas now. As to sensation, he can tell us nothing, except that
probably it was only damaged in the wlner range of nerve
supply.

o Sl 1o ety o s s o v
Immedistely after the x\'ﬁund' y thg‘ e)sz o it sedlton s o
{his rapidiy sabsided ng 11 L;g, e whole limb swclle(.l; hut
low, until abou; the n;v’m :h i;nd ey l.argez thoa Hs‘fel-
sedemat : teth day, when it became rapidly
‘matous, The pain has consisted al} along of dartin

from bel : § pangs

v ot under the elbow, down into the hand, byt not
on the antenior surface of the forearm, Tn the hand 'the agn
is burning and tingling, or as he calls it prinkling”, » 'I:ﬂ\ "
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hand is sore to fonch everywhere, but tact is unimpaired, save
in the little finger and ulnar side of the ring finger., * * * The
nutritive changes did not become marked until about the forty-
fifth day; they are now obvious, and in time will doubtless
give rise to the glossy skin, to which we have so often re-
ferred. The hand is swollen. The palm is red and dotted with
patches of thickened epithelium. * * * The nails are laterally
much arched, the skin at their bases retracted, * * *. The joints
are exquisitely tender, and very stiff and swollen. The patient
has kept the hand wet ever since he was hurt, * * * Tactile
sensation is perfect throughout the hand, escept in the fourth
finger and the ulnar side of the third.”

The authors feel the case to be typieal of the symptom-
complex which Mitchell later named eausalgia. The burning
pain comes first, then the glossy skin. But the pain itself only
arises during the healing of the wound. Moreover it may
transfer from the ficld of the wounded nerve to that of an
unwounded one. Its site is always the foot or hand and here
the mutritive changes are seen. The part affected is not only
subject to the intense burning but is so sensitive to a touch or
draft of air that the victims almost invariably keep it moist

The foregoing description, which does little justice to the
full account of Mitchell and his associates, fits fairly well the
chronie arterial spasm and reflex dystrophy of today. Into
the story of Hiram Weston one may read, if one likes, an
ulnar nerve injury, a blow upon the arteriovenous bundie fol-
lowed first by a venous thrombosis and, after some fort?'
days, by the full-fledged edema, malnutrition, and oversenst-
tiveness of o serious, extensive, reflex arterial spasm. One can
find in the writings of Meige and Madame Athanassio-BemS_fy
deseriptions of causalgias resulting from wounds received in
the war of 1914-18, exactly similar to those of Mitchell Bl_lf
the French neurologists call attention to the fact that Weir
Mitehell described particalarly wounds of the brachial plexus
and failed to notice the causalgias of median and sciatic nerve
injuries, They themselves describe these states very acct-
rately. They say:
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#In the painfal form of wounds of the m'cdiu:l\ mrv:t?v:ll:
major causalgia, the hand takes on an emaciate agﬁd 5 "
oo is delicate, wrinkled, rosy in c'o\o}', snd morble (_‘“1
bright ved patches; it is hot both subjectively and objectively.
The arterial pressureis elevated, Sweating s sbundant, Kuiri-
tion is decidedly changed.” .

They find that the nerve itself, when exposed, is 'f"ﬂ!!‘?s""d
and that the vasomotor and sudomotor disorder is shown
prineipolly in the structures supplied by nervous ierzmxgzﬂ_s of
the sympathetic; that is, in the various nervons (Pacipian)
corpuseles and the capillaries of the skin. They regard the
median and sciatic as especially vilnerable becanse they are
rich in sympathetic fibers and ave well supplied with vessels
which themselves are abundantly farpished with vasomotor
nerves, Theye is probably a distinetion, which bas never been
cinically clear, between the eanssigia of median or sciatic
origin, that is, a primarily nervous lesion on the one hand,
and an the other, the sort of injary which Leriche was the first
to cure by interruption of the periarterinl nervous pathways.
Both his early cases wese wounds in the region of {he npper
axillary artery. In one, he siripped the axillary and later re-
sected, with a very favorable result, its proximal portion, His
second case is briefly deseribed below:

Corporal G, was wounded Sept. twenty-ffth, 1015, by o
bullet whith fractared his left clavicle. A flaceid paralysis of
the left arm made 1t seem probable that the brachial plexusg
had been divided. Ten days later, Leriche explored the plexns,
finding 3t and the distal part of the subdavian artery emn-
l‘mdded in sear tissue. The plexus had ot actually heen in-
Jured. There were no pnlsations below the davicle. He dis-
sected free the plevas and vessels without effect. The hiand

telm}’med cold, deeply eyanotie, 2nd totally paralyzed.

Five months Iater, the soldier reported back to Leriche, The
hand way colder and more purple than ever. The skin was
glossy and felt cold Yike that of a snake (by contrast with
sonte o‘i t‘n_c median and séiatic nerve injuries in which the
extremity is hot), There were Ylood-blisters on the fourtk
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and fifth finger-tips. Crises of burning pain kept recurring in
the hand. Leriche now laid bare the upper brachial artery
which was only two to three mm. in thickness, did not pulsate,
and was covered with reddish patches. The neighboring nerves
were soft. Stripping off the outer coat of the artery caused
no bleeding whatever. But on the following day the soldier
noticed tingling in his whole arm and felt much relieved. The
left hand, previously colder than the right, had now become
the warmer of the two. The blisters dried up. Three weeks
later some motion was beginning to return in the forearm. No
further aceount is given,

Leriche belicves that the wide-spread arterial spasm broken
up by periarterial sympathectomy accounts for the paralysis
and atrophy in such cases, no actual lesion of the great nerves
being present. Yet the vasomotor disorder seemingly is capa-
ble of affecting the peripheral nerves through their blood sup-
ply, causing paralyses and weird contractures. The fingers,
for instance, may be left extended but pointing together, the
thumb flat in the palm, the wrist straight or flexed. Suck a
deformity somewhat resembles that of paralysis of the median
nerve above the elbew. With it, the trophic disorders o often
seen—Dlisters, uleerations, desquamation, deformed nails—
are consistent. Probably some causalgias or causalgia-like
states are primarily due to peeuliar peripheral nerve injuries,
while others are the result of irritations of the plexus of nerves
surrounding the great arteries of the limbs. In the latter case,
vasomotor spasm, if sufficiently prolonged, may cause a great
variety of nutritive changes in Dones, joints, muscles, sul.J-
cutancous tissues and skin, imitating in some cases, if it
does not actuslly occasion, serious inflammation of certain
great nerves. Apparently a vicious sensory-sympathetic reflex
is set up, as pictured by De Takats, Indecd, some such mecha-
nism must be imagined to explain the dramatie cares 50 oft‘cn
secured by blocking the periarterial nervous pathway or excis-
ing the sympathetic rami and ganglia.

Minor degrees of these reflex disturbances are rather com-
mon. It is not necessary that all or indeed many of the peculiar
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changes described should be present. A little cdcfnn, a little
alteration of superficial sensibility so that seratehing or han-
dling the part is nopleasant, & diminntion of (lm_ pesipheral
pulse, » moderate atrophy of the bones; sach will oﬂm} be
noticed after a variety of disorders ranging from serious
fractures {o eat-bites and from laceration of a great nerve to
a superficial bruise. The condition may show o tendet}cy o
spontaneous recovery, but as a rule it is decidedly persistent.
The best test of its presence is a paravertebral nerve Yok
(ot spinal anesthesia). This will usually, for the moment, bring
on a full vasodilatation, restore the natural sensibility of the
skin, and even diminish edema. It will guarantes a {avorable
result from sympathectomy, provided the seriousness of the
symptoms demands such a step.

Treatment—1In all reflex osteoporoses, reflex edemas and
causalgialike states, the effect of paravertebral nerve block
with procaine should be studied. In the milder cases, hyper-
sensitiveness of the skin will not only disappear for aslong as
the block Jasts, but will sometimes, from that moment, show n.
progressive improvement. It may therefore he advisable to re-
peat it. Relief {s favored by the skillful use of massage, heat

I

«eg wu wuruuVe. BUL I the more serious cases, o sym.
path'ehc neurectomy is required. Obriously a paravertebral
T ; ‘G.n" or tomy will break the ontflow of vaso-
ccnst.mtmg impulses, and there are very fow cases incurnble
by }\ms menps, However, as alrendy explained, even  **periar-
terial sym.pn?hectomy", that is, stripping off the outer coats
of the principal artery supplying the affected limb, which
rresnmably acts by interrupting mainly eentml-gn{ng im-
pu}s?s,wﬂl often break up the vicious reflex. This was Leriche’s
original contention and is well g rated by Lehman’
case, The whole matter will come up agai :

A n in the management
:‘f :h; r.emarkah:le arterial spasms which are so oftexgx 2350~
mA ecu ;:l:::m'm‘ embo'lism and even with venous thrombosis,

etitis: Cervical Rib: Sealenns Anticus Syndrom«;
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(Naffziger: Ochsner)—There is some question whether all
these terms refer to the same abnormal sort of arterial spasm.
Acute arteritis may perhaps be a variety of arterial stupor
or even reflex chronie arterial spasm, It will be sufficient to
present it as oceurring in the brachial artery. Although infec-
tion at a distance has been invoked as a cause, it is held here
that some unnatural relation of the brachial plexus and sub-
clavian artery to the first rib or an actual cervieal rib is more
likely to be responsible.

The Clinical Signs of abnormal pressure upon or irritation
of the brachial plexus and subclavian artery usually point fo
a pervous rather than to an arterial difficulty. Indeed, Naff-
ziger regards the arterial disorder as relatively rare. The
syndrome is more common in women than men.

The principal nervous symptom is pain, referred to the
supraclavicular region and shoulder, the side of the neck and
car, the arm and forearm, espeeially upon the ulnar surface:
It may be tingling and numb or sharp and knife-like. It_is
usually aggravated by depression of the shoulder. Supraclavie-
ular tenderness and a radintion of the pain down the ulnar
side of the arm are often brought on by pressure over the
sealenus anticus musecle at the root of the neck.

The first vascular manifestation is usually weakness of the
arm, made worse by exercise. Then, coldness, numbness and
tingling gradually set in. An early diagnosis is difficult. Relief
of the distress by clevating the shoulder and aggravation of
the symptoms by lowering it are confirmatory. The radial
pulse may be obliterated or its weakness may be evident; ot
oscillometry alone will show that pulsation is slightly Jossened
in the affected arm. The brackial artery is occasionally felt as
a tender cord, proximal to which the axillary and subelavian
beat normally. If necessary, arteriography can be used.

In a case described by Clute the following obscrvations wer¢
made: The patient, B.K., a man, thirty-five years of ag¢, )h'_'d
suffered for several years from a nonspecific prostatitis. Six
months before coming under observation, he had noticed
Pblanching, eoldness, and occasionally eyanosis in the left hand
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and arm, Pain was moderately severe and Tind progressed wp-
ward along the radial and Prachial artex_’ies. The l(.:ft m'lm
was found to be cold, damp, and cyanotic. On motion, the
fingers blandhed, The brachial artery could be palpated as o
deep, tender, swollen cord. There was @ good pulse in the
axiffary, none Gelow,

Cluizyﬁ:st exploted the supraclavicular region. Th? sob-
davian artery and brachisl plexus did not appear to be pinched
between {hie seolenns antiens sauscle and the first rib. Never-
tuless, o few of the fibers of the tendon were divided. No
improvement followed,

The brachial artery was tben explored and found to be a
firm cord surrounded by a mild edematous reaction. Two
inehes of the artery and vein were resected. The vein proved
to be normal; the artery, the seat of #chronic periarteritis®’.
Thete was 1o thrombosis and no bacteria could be cultivated
from the tissues. Improvement set in within three days and
ended in almost fuil recovery of all functions. The arm was
only slightly disabled but the radial pulse did not return.

Here is a disease which is not associated with injury, with
which infection can have had little to do, and which may fall
into the class deseribed by Telford and Stopford (who at.
tribute the explanation of the condition to Todd) naraely, that
cither a first or a cervical rib is capable of making pressure
upon and irritating sympathetic fibers entering the lower cord
of the brochizl lexus for distribution to the brachial artery
(rather than the subelavian ot axillary), The initia} vasocon-
striction causes pallor and coldness, Later, they say, the vasa
Vasorum are obliterated and finally the brachisl becomes
thrombosed. They fes that it is not =0 mnch the abnormal
o f 1 pl o f s
Tl G v b e e o e ronble Tho perine.

state of irritation which Leriche has

50 vividly deseribed by saging that the arte

d\?ei\seﬁ sympathetic nerv}:", ey has become ta
t is perh i i j

dcsmbxg; : :ps unfair to suggest that the particnlar case just

really one of an unnatural relation hetween the
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upper rib and the brachial plexns, Yet the signs and symptoms
are those characteristic of the cireulatory disorder cansed by
a cervical rib or the scalenus syndrome of Naffziger. The
truth is that only after many years and because of repeated
lowering of the shoulder or bending of the head, does the neces-
sary nervous irritation due to contact between rib and the Jow-
est part of the plexus take place. A cervical rib may be preseat
on one side and the symptoms on the other! Ochsner finds that
in many cases the scalenus anticus appears to have become
unnaturally shortened (by repeated irritation of the nerve
supplying it) and to have lifted the cervical or first rib ua-
naturally high. Thus a vicious circle is established which ean
be broken by dividing the tendon of the scalenus anticus and
letting the rib drop. Adson and Coffey had already suggested
this step but with the idea of letting the artery and plexus
slide forward and downward. This matter will again come up
in & consideration of treatment, When exposed, at operation,
the subclavian artery, distal fo the rib, has often been nofed
to be dilated, almost like an aneurysm, The dilatation is pre-
sumed to be related to the constriction of the brachial beyond,
which, by the time the signs of the disease are advanced, may
have become impermenble because of contraction or actually
thrombosed.

Treatment.~When the signs persist, even though the use
of the arm in @ hanging posture is prevented nud in spite ‘_’f
sleeping with the arm suspended above the head, operation 1s
indicated. The supraclavicular region is approached as in ﬂ:e
anterior operation for cervico-thoracie ramiseetion (page 12{ )
and the subelavian artery ean readily be inspected, but it s
not easy to be sure that the supposed nervous irritation is
taking place unless a cervieal rib is present, the first rib is
held very high, or the subclavian artery is enlarged. In any
case, the phrenic nerve can bo drawn aside and the tendon of
the scalenus anticus divided. A lowering of the rib may be the
only obvious change secured; in which event the wound may
properly be closed without further surgery, to determine the
effect of the procedure, In an carly case, the brachial artery
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will, at once or in o few days, relnx. If it Temains & contrncteg
cord, it had better, as Leriche directs, be resected for sever:
inches. Whether or not the radial pulse returns, the symptoms
are then Wkely to be relieved.

PrraraNENT STaTES OF VASOSPASM

Tp fo this point, the arteriospasms described have beex‘l in-
termittent, temporary ot prolonged, yet us a yule not strictly
permanent. Those now to be idered ave of a per t
sort, Some are due to such disabling disenses of the central
nervous system as infantile paralysis, Others sre very similar
permanent states of vasospasm for which no eause can be
pamed, Why some of these vasoconstrictions should result in
uleerations, some in {rophic disorders, and others merely in
blus, sweating feet and honds, by contrast with the viciows
cansalgias just deseribed, is as yeb not understandalie. One
ean only keep in mind the simplest form which arterial spasm
may take, and recognize the variations upon it.

Infantile Paralysis: Spastic Paralysis.—~Children born with

grarbiom-u-d

¢ B "

i . : ol
Teussina, G0, SAIP Limbs. That this ooplensant state is due to
arterial vasospasm is proved by the vasodilatation which va

R TN SN

ey

" ' © o eaea v basOLORstnetion is doe prixnatily' to
disuse or to a nenragenic di i T e i

ortea genic disorder s not oloaw ¥ ¥ case, it

' This was

a rami-

» wleew 10 uummsh the tenicl n i
ousti g e tonicily of the muscles in

Talysis. The treatment failed in its principal obj
});zte\;lxis %muvered. quite wnexpectedly to }mvlz lcftpthe“:;::‘:
= gm!:\m;v‘z:;m, fpmk and dl:y. Acmz.ﬂly it opened the way for '
rial o :!o iyx.npathenc ganglionectomy to relieve arte-
contorty only is the blne, cold extremity made pink and
ortable but if the atrophy of bone and soft parts hag not
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existed for too many years, the limb, whose length and girth
have lagged far behind its mate, may show an aceeleration of
growth. The procedure is also of nse in connection with plastie
operations on the foot, encouraging the healing of wounds.
To determine that the operation is indicated it is only necos-
sary to use one of the tests of vasoconstriction deseribed in
Chapter L

Acrocyanosis.~—Like Raynand’s phenomenon, this is rather
a physical sign or symptom-complex than a discase. The name
merely means blueness of an acral part, almost necessarily an
extremity, The arteriospasm which causes the blueness is
permanent. The hands and feet alike—in this ease the feet
rather more than the hands—are eontinuously blue, cold,
and sweaty. Probably in different parts of the world the condi-
tion varies in this or that detail. Crocq, who named it (1896)
described it as occurring in young liysterieal women. It is cer-
tainly rather common in girls, especially Jewish girls, appear-
ing at about the time of puberty. Some of these individuals
suffer from pes eavus as if there were some slight congenital
background such as a spina bifida oceulta. But the same state
or one indistinguishable from it may crop out in persons of
any age, men as well as women. There is one particulnr{y
troublesome form which has been called Erythrocyanosis
Frigida. Telford and Simmons, in their excellent account, say
that this is known on the continent as erythrocyanosis crurum
puellarum and in France as erythrocyanosis sus-malléolaire
{above the ankle). Its remarkable feature, as will prcsent}y
e told, is ulceration of the lower log which takes a most dis-
abling and intractable course. 5

Acroeyanosis in its mildest form is very familiar; in l.fS
serious form, rare. Once established, it scldom altogether d'ls-
appears, though the adoleseent sort tends to be outgrown with
maturity and in many individuals is only really troublcso{ne
in cold weather. The degree of redness or blueness varies with
the vascularity of the particular skin. The change is by no
means confined to the digits, for the whole hand is discolored,
the whole foot and even the leg for some inches above the



Travatatie EpExs (Rercex Dystrornr). Follow-
1ng an myury to the left foot without fracture. The
atrophy of the bones of the foot (ruentgenogram)
was extraordinary. The skin of the foot and leg dis-
played hypesthesia and advanced hypersensitiveness
to ceratch or pmeh. Six hours after a disgnoste
spinal anesthesia, the edema bad nearly disappeareml

(Courtesy of Dr. Jobn B Cross, Atlanta )

PLATE IV



Ervrirocy axosrs Friatny, 4 Serensn Forar or Acrocyiosts, On the Jeft,
the preoperative state, the ulcers are open, the skin of the feet and Tower
leg dark (reddish-blue). Oy the mght, the post-operatise stafe. the wleers
healed, the skin of natural color,

PLATE V
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ankle, As ope passes a hand down the leg from the knee, “f“““
ass s usnally eneonstered pethaps half way {o the ankle, 8
coolness which, in many cases, becomes actual coldnesa as the
ankle is reached, There is very little discomfort, }mt the co}d
feeling may be very disagreeable. In damp cold climates, chil-

tlains oceur. . .
Erythrocyanosis Frigida~The acrocyanosts of yowng S“‘}S
may take this serions form. The tronble shows itself chiefly in
the foet and legs, overshadowing the moderate blue dampness
of the hands. Tt is always bilateral. Not only the feet but the
Tower half of the legs are purplish, espeeially on the posterior
strface. In a fair proportion of cases, uleerations oceur, Any-
where between the matleoli and the mid-calf, indurated nodules
appear and slowly break down into uleers. There may be two
to a dozen such sores which are of a moderate depth and
hardly exceed one cm. in dinmeter. The lesions are distinetly
reminiscent of erythema induratum, or Bazin's disease, but
while the latter occurs npon the front of the thin, cold legs of
llnourished girls and is believed by many to be s form of
tuberenlosis, erythroeyanosis frigida attacks well-nourished,
even fat girls, The uleers of both, however, are equally chronic
and diffienlt to cure. The diagnosis is not at all difficalt and the
cyanosis and coldness are readily driven away for the moment
by indncing o reactive hyperema. The pulses are quite norma,
ﬂ\e. vascolar spasm taking place presumably in the arterioles.
This is in contrast with the recarring spasms of Raynaud’s
rlhenomextmn in which the digital arteries are the seene of the

vasoconstriction. Plate V, oppasite, pi

Macl,, desocibe or page,lf)};? , pictures the case of M.
Treafment of acrocyanosis need seldom be radieal unless
the sense of coldness is very troublesome or ulceration oecurs,
1§ any dEf()m']ity of the foot exists, o spina bifida oeculta
should be looked for but can rarely be treated direetly with
success. Apparently, like Raynaud's Phenomenon, acrocyanosis
:i&%gn‘wnted hY. psychic upsels as well as cold, so that pro-
i th:;?c ?;isfn d;::wn§ is req.uired. Though the milder cases,
g girls, will usually become Yess tronble.
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some with advancing years, the serious and especially the
ulcerated states should be subjeeted to lumbar sympathectomy,
The results of this operation are excellent,

The following are instances, respectively, of o mild and of
a serious form of the disease:

B.Y,, a Jewish girl, thirteen years of age, complained of
cold, blue fingers and toes. The catamenia had been established
a year carlier. The child was of unusual intelligence, played
the violin, ate her meals in a hurry, and got insufficient sleep.
Her nutrition was good.

For three years, the coldness, dampness, and cyanosis had
been increasing in hoth feet and hands. The feet had given the
most trouble, apparently because the little toes had progres-
sively overlapped the fourth toes, finally projecting so far
dorsally that another surgeon, two months earlier, had am-
putated both. The balls of hoth feet had become prominent,
the arches high, the proximal phalanges extended and the
distal joints flexed. The child was aware that any emotional
strain—her violin lessons, secing a doctor—~made the coldness
and sweating worse.

The hands were reddish blue in color, cold and damp. '1_‘110
change toward normal came rather gradually at the wrist.
The toes and feet were more blue than red. The legs were
dusky. Coldness was marked up to a rather definite leve} jost
above the ankle. No changes in the subcutaneous tissues wero
present and no uleerations, Studies of cutaneouns temperature
were not made. R

The patient was advised to eat slowly, rest after her mid-
day meal, secure at least nine hours of sleep and protect her
hands and feet from cold. When seen two years later, the feet
weore less troublesome ; the hands were about the same. Sweat-
ing was less noticeable.

Seven years later, at the age of twenty, the patient made no
more complaint of her feet. Both fingers and hands were red-
dish blue. Their palmar surface was glistening wet (when she
came in for examination) yet the rest of the body sweat no
more than secmed natnral. The patient, without fecling that
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her life was miscrable, would have welcomed any operative
relief.

MMeel, o girl, seventeen years of age, complained of re-
current uleers of both Jegs, For the last few yeurs, these had
roken ont with the first snow-storm and had disoppeared in
{ke spring. Her feet perspired more readily, she thought,
then those of others and frequently felt subjectively cold. She
appeated for ireatment in March.

She was & good-sized, somewhat obese girl. Examination of
all systems and organs was negative save for the legs. The
hands were perhaps a little red, but not beyond familiar limits.
The blood pressare was 93/60. Both legs, for their lower two-
{hirds, were mottled and reddish in color. Jnst sbove the
ankles were half a dozen ulcers on each leg. These were much
alike, shallow, round, only a little moist and surrounded by a
red tender areola shout one to two em. in width. The feet and
foes resembled the legs but swere not nleerated. Both dorsalis
pedis arteries pulsated normally.

At a room temperature of 27° C. (80° F.) the temperature
of the great toes was exactly that of the air and somewhat
lower than that of the ekin at the upper margin of the ul-
cerated area. Here the temperature was sbont 20° €. (85° F.).
Spinal suesthesia brought sbout a maximal rise npon the
great toes, to 34° C, (95° F.) and upon the mid-leg to 32° C.

(90: ‘I“) This resction wag considered favorable for relief
by bilateral Jumbar sympathectomy and the operation was
verformed tr itoneally. The immediate result was en.
;::}ly; snhsine‘lory. ‘T‘he ulc.ers prompily healed and the tem-
ot o gomeney e zemained high, being fittle affected by
xposure to various environmental conditions.

The late rosult wi s -
oy sult will not be known wntil several winters have

Hzremorosts

o}:vdescﬂhing the varions states of vasomotor spasm, dam
usmc&e\;e& hands and feet have usuelly heen descri’bed nI;
sorders, Sudometor aclivity is in fact almost in.
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variably associated with sympathetic vasospasm, especially
the persistent sort aggravated by cold and emotional stimuli.
In some cases, the vasospastic blueness and coldness is more
and the sweating less, but with the sort of hyperidrosis which
is really disabling, the cyanosis is less and the sweating more.
When the hands and fect sweat excessively they very rarely
flush red at the same time; there is almost inevitably some
vasoconstriction.

Clammy, or wet, hands and feet are more than a nuisance.
They are actually disabling. The slightest nervousness makes
the skin glisten and some water actually flows. White, in an
excellent account, tells of some special eases, of his own and
others; of a man who felt he could not practice Jaw because
he must so often shake hands; of a medical student whose
rubber gloves filled with sweat at the operating table, The
change is limited rather sharply at the wrist and ankle, and
the individual perspires no more over the rest of the body than
do others. Both sexes are equally affected.

Treatment by any other means than sympathectomy is very
unsatisfactory. Formalin (five per cent) soaks macerate and
irritate the skin. Radiation, if just the right exposure is used,
causes atrophy of the sweat glands at the risk of a ¢hronic
dermatitis. Sympathectomy is especially snitable because after
the sympathetic pathways are blocked, the glands can not be
excited to secrete by adrenal influences (apparently they re-
spond only to the chemical action of acetylcholine). Thus,
even if the postzanglionic neurones should be destroyed, the
sweat glands will not be exposed, as are the arterioles, to the
action of sympathomimetic hormones.

The appropriate operations to dencrvate the sweat glands
of the hands and feet are exactly those advised for vasospashc
states and deseribed earlier in this chapter. In the thoracic
sympathectomy, the stellate ganglion should not be disturbed
lest Horner’s syndrome set in, and in the lumbar operation it
is sufficient to remove the second and third lumbar gapglia
and the connecting chain, Unless the operator is very expert;
the lumbar operations had better be carried out at separate
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sittings. The same is even more true for the theracic sym-
patbectomy. The results should be permanent,

Agrzrunr, Bxsousi

Whes an embofus pugs an artery it is afmost invariably
true that it has come from a diseased hewrt. Thus the back-
gronnd of the most sodden closure to which s grent artery can
e subjected is nufavorable to life. As a rule, the h(iurt is
fibrillating, the left suricle dilated as in mitral stenosis, but
sometimes, because of o coronary infarct, part of a thrombus
is defached from the left ventricle, Actually, any dilated heart,
in the presence of congestive heart failure, may be a source
of arterial embolism. Very rarely indeed, the cardiae disease
is so Jittle marked that the source of an embdlus can not be
surmised,

Enmholi tend to lodge where a great artery divides. The
fifureation of the common femoral ot the groin is the most
eommon site, nearly forty per cent of all ladgments accurring
here, The bifurcation of the eommon iliag and the aerta be-
tween them add ahout twenty-five per cont more, Thus sixty
1o seventy per cent of alt emholi are more or less neeessible
irom the region of the groin. The popliteal division adds an-
olher ten per cont. The rest oceur in the arm, principally in
the axillary or the bifurcation of ibe brachial,

I an embolns merely lodped ot one of these likels spots,
abstrueting the vessels here and nowhere else, the resalt
yould be bad enongh (it has been estimated that perhiaps one
fu five limbs wonld be Jost from a pure occlusion in the common
femoral and twies 25 many from ome in the Dopliteal) but
dowate u'i Yhe artery by fhe embolas is not the whole story:
e arlerind treo deyond the plug is thrown into sposm and

thrombosis is otten propagated from the point of chstroction
far down the vegsel.

A dassip dacavieato- 2 = v -, "
a sudden ag S )
=i not due v .
ot &y . o s v g emigolus ttself but to the
Testliing isthemin. Such an event, coming ont of 3 tatally clear
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sky, is not, however, invariable. Often there are prodromal
signs, due either to small warning emboli or to the incomplete
obstruction of the artery by the final large one as it is molded
in the vessel. These signs take the form of a feeling of numb-
ness or of tingling and coldness, the sort of thing one might
expect with the onset of thrombosis, and the exact moment at
which an embolus becomes lodged is not always easy to fix.
Pain, however, is the role and is nsually severe enough to
indieate the hour from which time elapsed after the complete
obstruction can be counted. There is a great difference be-
tween embolism in the leg and in the arm. In the Iatter case,
the initial coldness, or it may be pain, is severe, and though
the forearm and hand, in embolism, become cadaverie, gan-
prene of any consequence seldom follows. In the former case,
the situation is different. In middle age and beyond, the arter-
ies of the leg are never as elastic, nor is a collateral cireula-
tion so easily established, as in the arm. Thus the lodgment ?f
the embolus is followed at ence by coldness and a eadaveric
appearance of the foot and more or less of the lower leg.
When the stoppage is such as to have allowed some blood
to push, for a time, into the periphery, there is apt to be
edema and a good deal of bluencss, A considerable amount of
blood may remain in the small veins. This will give o false
impression of vascularity, for a pressure spot will quickly
beeome colored again and even a small vein will refill (from
the peripheral direction) after being emptied by pressure.
Seldom is the foot of arterial embolism altogether white. It is
always more or less eyanotic and if the color be compared with
that of the opposite leg, it will usually be clear that the change
mounts well above the ankle, in rare cases into the thigh.
Within an hour or two, the upper level of coldness will also
be evident. If this is at or above the middie point of the low?r
leg, the prognosis is poor for survival of the foot. If it is
merely just above the ankle, the level which marks the upper
limit of vasoconstriction in the foot, both foot and leg may
well be viable. i
Bad sigps in arterial embolism are, then, eoldness, cyanosis
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and edema, especially if these monnt well toward the knee and
if all pulses below that in the common femoral are abs_ent,
Good signs are some preservation of pinkness (howeves {aint)
and warmth, preferably in the foot, ‘but at least as Jow as t.he
ankle, The level at which pulsations are felt demands specinl
consideration.

Lodgment of an embolus at the femoral bifurcation o}»
literates all pulses below the groin, that is, the femoral in
Scarpa’s triangle and below, the popliten), posterior tibial,
and dorsalis pedis. Just helow the inguinal ligament, 2 vigor-
ous pulse will be felt in the common femoral, The artery may
even be palpably thickened. Both pulse and thickening may
e dus fo the embolus which {ransmits a strong arterial beat
from ahove. Lod t of an embolus at ihe iliac
bifurcation may or may not completely obliterate the femoral
palsation. However, it always weakens it and sooner or later
obliterates it altogether, It is not unheard of for an embolas
to catch and then slip down, or, after lodging, to set up o

thrombosis, finally plugging the artery after only partly clos-
ing it at first.

Lodgment at the aortic bifurcation generally blocks one
arterial tree more than the ofher, but there will usually be
evidence of some diminution of pulse in both femorals,

In determining the extent to which an arterial pulse extends
down the leg, an oseillometer is valuable, but even without it
4 blood pressure cuff is helpfal, If any oseillation can be de-
tected at a particnlar level, it may of course be due purely to
2 collateral eireulation. However, it is not particalarly impor-
\fmt, 20 far as the fife of the leg and foot is concerned, to dis-
Vinguish between a pulse transmitted through the main artery
and one derived from collateral vessels, The main thing is ta
know wh_ether Or ot a good pulsation is present in the mid-calf,

To bring out some of these points, the condensed hisiorie:;

of several cages of emtholi

. sm to the lower and w 5.
ties are quoted from the records of pper extremd

Hosyitals the Peter Bent Brigham
MEF., Surgieal 21614, 2 woman, thirty-four years of age
s
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suffering from rheumatic heart disease, in the form of mitral
stenosis and aortic insufliciency, had been reasonably well un.
til the onset of the illness which brought her under observa-
tion. Three days before this moment, she had suddenly been
straek down by a violent, almost unbearable pain in the pelvis
which radiated down the inside of both legs, especially the
left. Her vision was blurred; she vomited, and hecame semi-
conscions. Both feet turned bluish white. Ier left leg and foot
were cold, numb and pulseless. Three days later there was
still only a fecble pulse in the common femoral. Yet nothing
worse than a purplish area outside the left heel had appearcd.
In the right leg, all pulses had returned. In two more days, an
effective collateral circulation must have become established,
hecause pulsation reappeared in the left foot and the patient
reeovered, A rider thrombus evidently caught on the aortic
bifurcation, only to slide down into the left femoral The
patient’s youth and dilatable vessels saved her leg.

F.J.MeK., Surgical 59780, a spare man of twenty-scven,
suffering from rheumatic valvular disease, had been fibrillat-
ing for several days when he was seized with an agonizing
pain in both legs. Within fifteen minutes he was seen by the
surgeon. Pain had then settled in the right leg, which was
white, eold and pulseless up to the level of the common fem-
oral at the groin. Here a distinct pulsating thickening could be
felt. Fecble pulses were present in the left foot. The patient
was groaning in agony. Within two hours of the accident, the
right femoral bifurcation had been fully exposcd and an em-
bolus was found in the common femoral projecting into the
superficial branch. While all approaches were controlled by
soft rubber tubing, the femoral was opened, the cmbolus milked
out from below and extruded with a gash of blood when the
current was let in from above. Repair was followed by com-
plete restoration of the circulation. The moment the current
was allowed to flow back into the peripheral vessels—and n?t
before—the pain ccased. The operative procedure used 18
shown in Figure 12, page 160.

F.V.D., Surgical 38637, a man of forty-seven, suffering
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from o serious mitrad Jesion, entered the hospital Ghrillating.
o days earlier, infaretion of the left kidney was thought to
Tave oceurred. At three o’clock in the afternoon, he com-
plained of severe pain behind his left knee and of numbness in
the leg. That evening, pain and numbness 1eft him but in 1\.“3
early morning, twekve hours affer the initial sttack, his pain
reeurred more violently than before and by noon had become
exeruciating. This was nine hours after the second episode:
the left leg was then cold, blnish-white in color, and pulseless
up to & point just below the inguinal Yigament. Tn this case
again an embolns was Temoved from the femoral bifureation,
but at this Iate hour was adherent. A long, soft clot was found
attached to its distal end. After removal and repair, a feeble-
peripheral pulse persisted for only o few hours. Evidently
thrombosis oecurred and gangrene followed. Emboleciomy was
performed too lafe, partly because the early symptoms were
misleading,

W.G.B., Surgical 37369, o man, sisty-four years of age
and snffering from rheumatic heart disease, entered the hospi-
tal fibrillating, Four and o half hours easlier, numbness, which
rapidly changed to pain, had attacked bis left hand. The srm
washeld flexed of the elbow, the fingers claswed, cold and white,
the arm eyanotic, distal to a point just above the cthow, When
the arm was placed st » nght angle with the body, » pulse
could be felt in the axillary just distal to the edge of the
Pectoralis major musele but not beyond.

E}splor'ation, asbout five hours after lodgment, disclosed a
solid \‘vh\hsh embolus, thres em. in length, fixed in the upper
L’::“?:‘]‘;;‘;TY. Toa its lower end a filmy ted clot, two o three

- , was attached. The artery was washed ont with

:1\1 titrate solution and seemed to be dlear. Yet after repair,
though & pulse conld be okt in the lower bradbiad 71- = = )
. .o .

st Leturned, 1 must &berefore.be e e hat eal prlse

suppo:
left after embolectomy, finally diiamr\)f;\::g that some spasm,
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The sccond case is of a less familiar sort but as it demon-
strates the good effect of resceting an artery thoroughly ob-
structed and irritated by an embolus, it is worth quoting.

T.H.W., Surgical 50595, a man, fifty-six years of age, sul-
fered twenty-four hours before presenting himself for treat
ment a tingling pain and pallor of his left hand. There had
been no sign of heart disease, The hypothenar eminence of the
hand was especially painful, the fourth and fifth fingers were
““white as a sheet””, Below the wrist, the whole left hand was
cold, dirty white in color, the finger-nails dusky. The patient
was 5o fearful of any contact that he guarded his left hand
with his right. At first, a radial pulse was palpable but the
blood pressure at the elbow was only 110 systolic as compared
with a pressure of 170 on the right. A peculiar feature was
a systolic bruit whick could be heard just above the middle of
the left claviele,

After nine days of treatment by intermittent use of alter
nate suction and pressure in the glags chamber, the bruif dis-
appeared and a long tender mass could be felt in the lower
course of the radial artery. The color of the hand as & whole
had improved but the fourth and fifth fingers remained bluish
white, clawed, and very sensitive to touch, The skin temperd-
ture of the left thumb and the tip of the little fingor were
barely lower than that of the corresponding parts of the right
hand but rose only half as much as that of the right hand
following a large injection of antityphoid vaccine. Some pe-
ripheral influence evidently was not only causing vasoconstric-
tion but decidedly checking reactive hyperemia in the leit
hand. The tender, thickened radial artery, giving the impres-
sion of an acute arteritis, seemed to be responsible. It never
eccurred to anyone that an embolus had caught in the sub-
clavian and later slipped down into the radial, yet such proved
to be the case. Resection of the lower radial showed it to
contain an embolus and at the moment of rescction, under
Jocal anesthesia, the patient found himself suddenly relieved
of his sense of coldness and sensitiveness in the fourth and
fifth fingers. The color of the fingers improved and warmth
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returned, The vicious circle of arterial {rritation and vaso-
eonstriction had Deen broken up. Subsequently the state of
the hand continued to improve, .
Treatment.—In spite of failures such os are illastrated by
the case of, F.V.D., failures which are only too common, em-
olettomy iy still the method of choice in the treatment of
embolism in the arteries leading to the legs. The Swedish sur-
geons, Key and Nystrom, have shown what can be done by
coneerted effort, but enly when patients are promptly brought
to the operating table. Unfortunately it is not easy to bring
patients suffering from fibrillating hearts and suspected om-
bolism quickly to the surgeon, nor is it always easy to be
certain of a di is, even when embolism occurs, as it is
sery likely to do, in a hospital. One can only hope that by
cducation, better collahoration between physician and surgeon
can he secured, Tt is especinlly important that hospitels should
be equipped with ¢he few simple tools necessary for opening
and closing arteries, The fine needles and sitk are now for-
nished prepared and sterilized. Soft rubber tubing is preferred
for the purpose of lifting up and cheeking the flow in a Jarge
artery. A long, smooth probe, a fine rubber eatheter, through
which suetion can be made, and one per cont sodinm eifrate
solution or physiologic saline are readily available.
. It s been abundantly demonstrated that after more than
en ho\_lrs an embolus can rarely be successfully removed, be-
tanse it will have g0 injured the intima that thrombosis will
i‘z;’:;“:m;:l““myy or thrombosis wilf have spread from the
o the peripheral tree, Even a four-hour interval

Tay be too long, yet one hears now and th
odabadenty en of success after

P . s
‘m(:: ‘l";eeltis;ver limb, attack on most embolki can be made from

guinal Ggament. Th ite i
femor b e most frequent site is the

v it , yet if the embolus is Todged higher, it cx
::\:;;hg{g;sluflged by probing npward and by mul%ing ’e.n e::
Teherito ;a g(fproach through which extraction of the em.
m— e(1 aided by‘massage (Nystrom). By laying bare the
and superficial femoral arteries, through a generous



TPraure 12, Apterian Ex v. A d tic sketch after a3
setual operation, 4. The right common and superfieial femoral artery 8T
distended by a great cmbolus. B. The femoral and 1ts branehes have fully been
cleaned and isolated, and soft tubiag bas been passed about them. The Jowest
part of the thrombus, in the superfieral femoral, has been miiked out. O
Retrograde blceding controlled by tubing about the superfiaial and deep
femoral branches, While the common femoral is ready to be compressed 2
any moment by the upper tubing, the upper part of the embolus is Joosened.
D, All bleed: trolled Repair, everting the intima.
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incision made wnder movocaine infiltration, the site of the
lesion can almost certainly be discovered and further explora-
tion, if necessary, planned. The artery st be handled as
Tittle os possille, its intima touched only witht the smoothest
probe or blunt hook, Suction through a soft catheter and gen-
1o pressure will deliver wost emboli ence they are looosened.
Tn dlosing the artery, intima is united ta intima with a con-
{innons stiteh of fine Chinese silk.

For the arm, embolectomy is seldom required, yet it is, i€
properly performed, all gain apd Do loss and may well be
aftempted in elderly persons in whom a good collateral cir-
culation is unhkely to develop.

For long-standing cases, in which there still scems some
hope of sasing 5 limb, reseetion of the plugged artery offers
1 decided advantage. For it often relieves vasospasm in the
peripheral part of the arterinl tree, and may just torn the
seale in fasor of a nearly gangrenons foot or hand,

Conservaiie Treatment should invariably be used (1) ot
an early stage untit operative treatment ean be secured and
{2) when embolectomy is for any reason unpossible of accom-
plishment. It consists in the application of warmth to the body
and to the affeeted lmb, slight lowering of the limb, between
ten and fifteen degrees below the horizontal, and the injeetion
of such a vasodilator as papaverine hydrochloride. Such
mez\sure.s are fally discussed by Allen and hy De Takats,

Heat is applied by placing a large cradle over the lower half
zi:e]:"lll’ﬂm’)f?’s;tdy and legs. The temperature should nof
i st ke st stion posne. o oo
better, 1o conserve ita heat ) a‘;a;mn i .'T)\e leg had
under the haated cradle 3 ;m oot “:nnmng‘the _body

Y wrapped in ool S pre erable to hieating the Yimb itself,
oolen coverings.

Lowering the Yimb makes ent i

! ¥ of the arterial blood easy,
2&&;‘— ;w:{n") of the skin mnst be stadied. The toes (or ﬁngcr:)’
oy e made too pale or too eyanotic but, if possible,

Papaver ide is gi
paverine hydrochloride is given intravenonsly in a dose
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of one-fourth grain (0.015 gm.) dissolved in salt solution.
Twice this amount can probably be used with safety and the
dose can be ropeafed.

Whether suction and pressure or intermittent venous com-
pression shall be used depends upon whether such apparatus
is casily available, There is a general feeling that this treat-
ment is unlikely to save a limb which is not benefited by the
measures already deseribed. It is more likely to Lelp develop
n collateral circulation once the jmmediate erisis is success-
fully passed.

JuveNLe GANGRENE

This rare and little understood form of gangrene oceurs in
children. Almost any pointed or terminal parts, usually many
simultancously, become necrotic—the nose, ears, toes, fingers,
the tips of the elbows, the knee-caps. But gangrene may also
involve a whole limb, or several limbs, As a rule, the gangre-
nous part dries, shrinks and turns black, The buckgroum:! is
usually an acute febrile infection, oceasionally a debilitating
iliness.

From Martin’s excellent account of four cases and his stu.dy
of the literature, one gets the impression that bacteria carried
into the blood stream may occasionally attack the wall of oné
or more large or many small arteries. The vessels are somé
times plugged by emboli, sometimes thrombosed, sometimes
the seat of arteritis without thrombosis, and on occasion are
undoubtedly thrown into a state of violent spasm by thrombo-
sis of their companion veins, a matter more fully dealt with
under diseases of the veins, It is hardly eredible that any
peripheral arterial thrombosis or gross embolism in a child
can of itself make an obstruction sufficient to eause gangrent
as of o whole limb, There must be, in all cases, an e]cmen‘t of
secondary vasospasm. But this vasospasm, if present, 18 8
single episode, and not in any sense recurring, as in the Ray-
naud’s disease or the reactions to cold. It must then be sup-
posed that juvenile gangrene can arise under a variety of
cireumstances utterly unpredictable and generally in the pres:
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ence of jofection; that the arterial or venous occlusion which
aceasions it is & source of such local and profonged va.saspnsm
{hat considerable masses of tissue may undergo rapid ne’cro-
sis, and that repetition of the episode need nat oceur, provided
{he basic disease is relieved. .
Treaimend, being powerless to prevent gougrene, 18 devoted
fo curing the infection back of it if guch is discavered. E['hnt,
however, is Toutine, as in fhe case of diphtheria, (yphmd., or
pueumonia. Tf the child is debilitated and snemie, transfusions
are apt to be useful. The gangrenous part must be allowed to
separate, the adjacent tissues being encouraged to heal, 50
that every living bit eon later be used to secnre, by a plostic

operation, the most usefal amputation sturap, ot the leost dis-
figuring remains of an ear or nose.

ERvrrroMELALGIA S EIRYTHERMALGIA

This pecaliat and rate symptom-complex is the very oppo-
site of Raynand’s vasoconstriction in response to cold. 1t is,
in fact, a vasodilatation in response to heat. As Weir Mitehell
first described it, the symptoms appear in middle Life. The
individual first notices pain in the ball of the foot or toes mpon
standing, walking, or even letting the legs hang. Soon the de-
pendent part becomes deep red and sensitive to pressure
whenever the pain appears. With the decp redness go en-
gorged veins, pulsating avteries and a hot gkin, Sinee that
Q?ﬂy deseription, the disease has seemed rather vague and
difficalt Eo identify. Most physicians go through Gife without
CYEX Stelng a case, and Smith and Allem, in a recent paper,
present on}y five cases from the Mayo Clinie,

The 'onginal name, of Greek derivation, meant red.
extremity-pain, Smith and Allen

malgia, suggest the name *“‘eryther-

» Meaning red-heat-pain. They find that the individ-
unls.\.vho Dresent the very pecnliar sywptom-complex are
Ene‘n‘i:t‘l‘ve toheat, that is, in ene or mote limbg-the feet, hands,
'-‘asodi]l mx;ts Qncee the hand or foot has undergone the violent
e o, ﬂfe temperature of its skin is found %o be cle.

o the limit. Bat the bouts of vasodilatation continus
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unchanged for so long as the warmth is maintained. Heat the
body enough to cause even a slight reflex hyperemia, and as
the skin temperature of the part rises to 32° C. (90° F.),
vasodilatation is so accelerated that a temperature of nearly
36° C. (97° P.) is soon reached. Thus 32° C.—the point varies
slightly from person to person—is a critical level, a sort of
trigger point. As long as the skin temperature remains in the
sensitive range, between 32° to 36° C., the flushing, heat nnfi
pain continue. The discomfort can even be brought on by arti-
ficially inducing venous congestion when the critical level has
not quite been reached.

The pain comes on as a tingling or pricking, not well local-
ized, but once the hiyperemia is full blown, the ball of the foot
and tips of the tocs, or the corresponding parts of the hand,
suffer the unpleasant burning sensation, like a severe suo-
burn, which Mitchell deseribed. To ward off the painfal flush,
the individual does not hesitate to expose the part to cold, some-
times sleeping with the feet out of bed, going about without
shoes on cold floots, and, of course, clevating the feet. When
the hands or feot are not flushed, there is nothing to observe,
though vasoconstriction is sometimes present. Polycythemia
has been noted in one or two cases.

Treatment.—Aside from the measures instinctively taken
by the resourceful individual to keep the extremities cool,
there is little to be done. One of Smith and Allen’s paticnfs
obtained considerable relief from 0.6 grain of acetylsalieylic
acid but why the salicylates should be useful is unknow?-
Local nerve divisions have been tried without much success.
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CHAPTER V

VARICOSE VEINS

Vanicost veins are those which have lost the power to trans-
mit blood toward the heart against gravity. They are nsnally
dilated, tortuous, and fibrosed. Above all, the cup-like valves,
indispensable to their normal function, are disabled. Varicos-
ity is practically confined to the lower extremity and, for rea-
sons which will presently appear, to the parts superficial to
the muscular aponeurosis.

Varicose veins are totally useless. When the body is erect,
blood actnally flows down them and must be carried off by
alternate routes. The very fact that in their presence venous
blood is still able to return from foot to heart against gra\'if.y
guarantees the efliciency of those alternate routes. Thus, theit
removal or destruction must always benefit and can never
harm the venous circnlation. For if the efficient veins are able
to earry, in addition to their normal load, the down-flowing
blood of the varicose vein, all the more easily will they fune-
tion once this unnatural load is removed.

Varicose veins, in the dependent position, rid themselves
of their contents by the aid of two sorts of vessels, namely,
the communicating or perforating veins, which pass the stag-
nant or downward-flowing blood through the muscular aponet-
rosis into the deep system, and the deep veins, which then
carry the blood up the leg to the body. Thus the communieat-
ing veins are a safety vent for the superficial vessels, but the
deep veins actually do the work. Should the capacious, deep
vessels find this something of a burden, the legs feel Lieavy
under excrtion and tire easily, But should they actually brcsz
down, the feet must turn purple and swell. Such an event 18
extraordinarily rare. Absence of blueness in the dependent
foot of a person suffering from varix is sufficient proof that

68
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the deep veins are functioning normally. H. ““f “"'“"“ is rue,
come of the modern ritual of tests for varicosity is nec.dlcsf.
These categorical statements have an anat ical, !}hfsmlﬂg"
cal, and pathological background which is offered in the fol-
lowing paragraphs.

The Muscular and Valvular Mechanism Governing the For-
warding of Venons Blood from the Legs.—Blood is pushed
into the veins of the legs vnder very low pressure from the
capiflary bed, the strength of the nrterial stream being nearly
lost and, when the individnal stands, must force its way
against gravity to reach the heart. Suction from the therax
can hardly be expected to do more than dsaw blood toward it
from the great sbdominal veins. The ability of the legs to
empty themselves npwards, under these conditions, is due to
theit muscular quality and the presence of valves in the veins,
The veins are enclosed in what amounts {o a musenlar en-
velope, and the valves, bicuspid as a rule, are so placed that
blood can flow past them toward the heart but never hack. In
effect, they divide each vein into a long series of segments in
soch 2 way that muscolar pressure, intermittently applied,
permits them {o be filled from below and emptied upward.

Nt all the veins of the legs are equally exposed {o this fa-

vorable action. The deep ones, enormously greater in numher
and eapacity, being encl

i d within the lar apouen-
Y;)SXS. are alwasq ememe- & 1T - ., . t mug-
ck . . walk-
wm, N iefinial
o - o .

4 ~ewsyoupoll tnem s therefore indirect nnd 3s
greatly dependent upon the resilieney of the superficial tie-
sues. As years go by and the skin loses jts elasticity, the sub-
cutanesus tissue itg firmuess, muscular pressure bec:)mes less
a}\d Tess ef.iecﬁve. Thus the deep veins, well protected at all
times, continue to function normally but the superficial veins
- o bo?ozne dl.steuded, to lose a set of valves here and
re, and if additional strains are Pt upon them, fail oY Jast
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Fiqure 13, Tue VENs or tne Lower LEg. Sketeh after a yoentgenogram
of an injected leg (presumably at autopsy). Notice the cnormously greater
eapacity of the decp as compared with the superficial vetns, Arrows point to
some of the communieating veins. The bones have been removed (Sketch made
after Charles Remy's “Traité des Varices”, Figure 8, Courtesy of Vigot
Fréres, Paris.)
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{0 transmit Blood against gravity. These strains are vano us
and will presently be discussed. The valves require immedinte
consideration. .

The valves ore distributed at such intervals that in the great
sapbenous vein, which drains the medinn fate of the colf and
thigh, there are more than o dozen between the foot and
groin. There is also one in every entering branch, c10§u to the
parent stem. In the perforating veins, which communicate be-
tween the superficial veins and the deep system, the valves
sreusanily £0 st as to allow Hood to flow inward but not ont-
ward, However, in all communications of this sort the valves
perit the most ingenious alternate routes. In time of need,
when one part or another of the venous system is obstrueted,
venous Wood is able to pass in o direction mever normally
{aken. The nppermost valve in the veins of the legs is found,
rather ineonstantly, in the esternal ac,

The local arrangement of the valves, as Edwards has shown,
is such as to fnsure thelr perfect action when musenlar pres-
sure is applied to them. Where each pair is attached, the vein
is slightly elliptieal in cross section, the major asis of his
Lf]lipsc being parallel to the overlying skin, and cach cusp nris-
ing from a long side of the ellipse. Thus the erack between the
opposing edges of the cusps is Yikewise parallel to the sarface
of the limb, and as the skin, or the underlying apenenrasis,
Presses upon the vein, the latter is flattened and the edges of
the cusps are bronght together. Blood ean of course flow up-
\Vﬁlrd past them but is les-s than ever able to flow back. When
‘;:virn é;‘rgg Slngle cusp is present, its sitnation is similarly
i s s L ety g
ThEY may 10‘!0) and a":?:ica he““h}: state of ﬂln VE]D,B W&“.

= &3 gain their competence as the vein

becomes overdistended and retn i
rns o its pataral size,
permanent distention and fi ot o

brosis leave them functionl
they are gnatl A N ionless and
ey malite to resume their effeetive shape after thrombo.

Etiologie Factors in Varix—Vari

cosity of veins i
most often due to inereased intrg- e 18 B s

abdominal tension such as
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is caused by heavy labor. Long hours of standing predispose
to it. So does pregnancy, but just in what way is not dear;
for the superficial veins of the legs may be uncomfortably
dilated as early as the second month of pregnancy when in-
creased abdominal tension would seem not to be a factor. In
other cases, the veins only become distended late in preg-
naney, and not until several children have been born is vari-
cosity established, Young persons of either sex, girls as a rule,
occasionally begin to notice varicosity at about the time of
puberty, after which the condition beecomes progressive. Here
there appears to be an inborn defect, of valves perhaps,
which leads to dilatation of the superficial veins when the Jegs
undergo rapid elongation. To some, this type suggests an
endocrine influence,

Thrombophlebitis occasionally leads to varicosity, When, a8
occasionally happeus, the saperficial veins, especially those of
the groin and thigh, become engorged as collaterals during
obstruction of the external iline and upper femoral, they are
apt to remain dilated and so a completely varicose superficial
system results, In other ecases, the previously normal great
saphenous itself becomes thrombosed either independently or
in association with a femoral thrombophlebitis. Then, its
valves being destroyed, it loses its pawer to forward bleod
against gravity, thongh it may remain a small, firm, straight
cord.

Anatomical and Pathological Features of Variz.—It is the
great saphenous vein and its branches, the principal drainage
system of the front and median face of the thigh and IEE;’,
which habitually become varicose. The lesser saphenous 18
sometimes involved throngh its connections with the greafer
but may become varicose when the saphena magna is altogetler
normal, In the latier case, dilated veins are evident upon the
hack of the calf and external surface of the ankle, close to the
heel. When the lesser saphenous shares varicosity with t%xe
greater, it serves as 2 leaking communicating vein, as will
appear below in the deseription of the tests for varicosity of
the superficial and communicating systems,



From dors.
25 V.ofpenis

Ficvre 14, Tire GEEAT AND Lesser SapENOUS SYSTEMS 0F VEINS, their
connechions and a few of the commumeating veins Note the many branches of
the great saphenons ¢lose to its entry into the femoral. In the female, some
of these would yun to the volva, The valves are accurately shown. From a dis-
section. Reproduced from Edwards, B. A, “The Treatment of Varicoso

Vens™. Figure 8. Surg., Gyn and Obst., 59.916:928 (Dee.) 1934, Courtesy
of Surgery, Gynecology and Obstetrics.
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The great saphenous vein, as the sketch shows, enters the
femoral at the saphencus opening. Iere it is joined by vari-
ous superficial branches, somg of which come from the lower
abdominal wall, some from the pubic region, and some from
the thigh itself, These vessels must earefully be divided when
the saphenous is resected at the saphenous opening, For if a
varicoso stump is left, and these little veins with it, a new
varicose system, surprisingly like the old one, is soon organ-
ized. The great saphenous ocensionally splits, in the upper
thigh, into two vessels of nearly equal size, but the main stem
will always be found to pass toward the median-posterior face
of the knee. Just below this point n rather constant dingonal
branch comes off and slants across the shin to the outer face
of the calf. The principal vein heads straight for the internal
malleolus. It is in connection with these vessels of the ealf
that the principal lines of perforating or communicating veins
of which Linton has recently given so full and accurate a
description, are found. The communicating veins of the thigh
are fow in number, inconstant, and of little clinieal jmpor-
tance.

The onset of varicosity is usually consistent with the notifm
that back-pressure causes the saphenous vein to dilate and its
valvular mechanism to fail; that is, that varicosity t‘rm'ds
from above downward. For, though dilated, tortuous veins ar
first noticeable in the calf, examination of the groin will often
show, at the same time, a full, tense, dilated arca over the
saphenous opening. In thin men, such an arca forms a visible,
rounded lump which transmits an impulse on coughing o
stroining and is easily mistaken for a femoral hernia. In
women, the subeutancous fat is so thick that the dilated saphe-
nous vein of the thigh is scldom visible, thongh if can usually
Do traced upward from below by palpation. The fact is th_»‘lt
in almost cvery case where permancntly dilated veins are v15-
ible below the knee, » flow of blood down the great saphenous
is obivious, ag evidenco that the valves in the thigh are gonc.
Sometimes a down-flow can only be demonstrated when the
individual has Iong been on his feet, suggesting that some



Frovss 15, TaE GresteR, A, AXD Lrsser, B, Sapresovs BYSTEMS OF TIE
Lo, thomng ther communieating branches; after Charles Remy. (Courtesy
of Vagot Frires Paris)

The eommumenting veins are stown by eircles and their connections with
the decper vessels (atcording to Kemy) axe indiested by letters es follows:
F, fewmorsl, Aet, arbendar; 4 7, anterior tiwaly P, perinends P T, posteriar
tudnal, It would seem {hat the communicating veins in A, marked P end P' 7,
should paturally jou the antenor sl or permes) veins, and that thoss 3o
B, marked P and P T, showdd 3o the postesior tibia) exclnsively. In any case,
this sketeh pives & good 1dea of the pumber and distribntion of these vessels.
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valves still function for a time after the vein has, by eleva-
tion, recovered its lost tone. There is, however, such a thing
as local varicosity, if one so chooses to name it. That is, a
stretch of some visible superficial vein is thin-walied and
snake-like though never greatly dilated, yet no general vari-
cosity of the great saphenous system is evident. Such a state
is occasionally seen in multiparous, adipose women and were
it not that a thrombophlebitis sometimes starts in the locally
abnormal vein, would be of Iittle consequence.

The pathological change in the wall of the varicose vein is
one of fibrosis, At first, the vein, though abnormally disten-
sible, is still elastic and ecapable of contracting. Later it be-
comes permanently dilated, tortuous, and finally hard, even
caleified. It often gives way here and there, making pockets,
some of which reach considerable size but chiefly it takes on
n writhing snake-like appearance, projecting above the skin
in & very obvious manner, In thin persons, such a state is
almost unmistakable but in the adipose, the skin may be
smooth and the dilated state of the veins hardly visible. In
some eases, the main channel of the great saphenous vein is &
single, grossly distended, tortuous cord. The branches of such
a vein are still quite normal, and the blood it receives is car-
ried off by the communicating vessels. In other cases, there
are several large varicose branches both in the thigh and calf,
but the continuity of the whole venous tree is cvident, The
capacity of such a system is considerable, and one would sup-
pose that the patient, on gotting up in the morning, would lose
so much blood into it as to become faint; yet one never heard
this story. Rarely, varicose veins are extraordinarily diffuse,
coming to the surface here and there rather than continuously,
all over the leg.

Tho state of the skin in most cases of varix is not remark-
able. Occasionally, pigmented areas appear upon the lower
third of the leg, but no sign of malnutrition need be present.
Cortainly, varicose veins lead to no serious degree of ede{na
or eyanosis. In other words, the collateral circulation which
takes the place of the great saphenous system is usually effi-



GARICOSE VEINS i

dent. Dlcers appear t0 be due to injury, Yocal malputrition,

and infection. They will e considered in o later seefion. Tt is

sstonishing how nearly their location corresponds 1o that of

A B

Ficree 16.
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e ish) vens. B Superfieral Variconity. The eom-

e e ot og the lesser saphenons, are competent and act as
avicase vemns. O, Spperficial Varicosity with intom-

petenca of gome o i
iy 1 the commumeating veins, smong thers, the lesser eaphe-

ather
ot m:;::é‘f (:;f if]m :zg; that is, in the lower third, more often
el r::i e than F\sewhere, seldom below ¢he ankle, but
T e gion of ex.ther malleolns and never on th ’

Y y tend to ride upon a varicose vein. Evene\fll:zxtl
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the area of the ulcer is greafly indurated, & varicose vein ean
usually be traced down to the site of the sore.

The Subjective Symptoms of varix are often remarkably
slight. It seems to cause more discomfort in the way of tingling
or aching when partly developed than when full-Wlown. In-
deed, well-compensated varicosity would be ignored more
often than it is if it were not so unsightly; but when varicose
veins do cause symptoms the leg is apt to feel heavy on long
standing. The skin may tingle and often itch quite severels.
All such troubles are confined to the lower leg as if the degree
of back pressure was vesponsible for them. The large veins
of the thigh are seldom a source of discomfort, though acea-
sionally, in adipose women, a very tortuous, distensible, super-
ficial vein in this region causes pain, Uleeration and thrombo-
sis, after all, chiefly cause the varicose individual to complain.

The Diagnosis of Varix: Trendelenburg’s Tests.m’l‘rcnflcl‘
enburg had a very profound understanding of varicose veins,
and the simple examinations he devised still afford all the in-
formation which anyone requires for diagnosis. Ife showed
that varicose veins, once emptied of blood by elevation, fill by
o downward rush of blood on depression. He understood how
the communicating veins are able to carry into the deep sy5-
tem the blood accumulated in the functionless superficial
veins. The valves of the perforators, he realized, are s0 set a8
to favor this flow, but he pointed ont that, even when no
valves are present, once pressure rises higher in the long vart-
cose column than in the well-valved deep vessels, blood must
pass from the former into the latfer, Finally, he devised 2
test for the efficiency of the communicating veins. .

Trendelenburg’s first test consisted in emptying the varicost
veins by elevation; after which the leg was depressed nnd’ﬂlc
patient stood up. The blood can usually be seen to flow into
the large veins, distending them rapidly from above down-
ward. Let this be called a positive Trendelenburg test. How-
ever, the test is not always easy to carry out, nor is a com-
plete absence of valves invariably evident. Varicose veinsg aré
often so little visible, or it may be so hard, that the down-flow
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can not be scen. It ean then be detected ol.ﬂy by ?1\:(:\‘“\5 ?‘:z
finger-tips upon the empty veins, ot a point Just C o o
kmee, and noticing their tengion as th?y fill fmm.n ovet. :
carry out the test, then, begin by hoving the patient stand,
and view the whole limb, noticing the course and prominence
of the veins. Decide whether the down-flow of blood shall be
detected by sight or palpation, seat the patient in avery strong
chinir, and lot an assistant tip the chair back. As this is ﬂox_xe,
elevate the leg to be examined, inspecting, and palpating its
empty vessels. Then let the chair be tipped forward n_nd }et
the patient stand, Should the veins 1L with a shock, varicosity
is evident enough. If they only fill in five to ten seconds, some
valves are still present and are able, until distension of the
vessel is complete, to delay the downward flow. Such an event
is of no great importance; varicosity may be counted present.

That Wood actually flows down a valveless vein when the
teg is depondent requires Yitile proof. Withoot valves, blood
could never mount against gravity. But actual proof has been
secured by McPheeters and others that blood descends a vari-
cose vein, passes through communicating vessels into the deep
system, and there mounts toward the heart. That is, opaquo
material has been injected into & varicose vein and traced by
the aid of the X ray slong the course described nbove,

Noxt comes the Trendelenburg Test with Conmstriction.
Blood is known to flaw down the valveless vein. The question
then is: ean blood still flow into the varicose veins of the lower
leg when prevented from flowing down from aboved In faet,
?" the communicating veins leak, allowing blood to escape
mis‘;d and :n;‘ 'é:f “;se? tl:d o o ehair, and tipped \3ack, the leg
dnge thont ihepnifd t: f hlm)d. ?uﬁ Dow carry a piece of ban-
105t 25 seias oo -0 1g! ,c{sassmg its en.ds thfa}xgh the fingers
st of the hand tgbtons the bans o oo rar 06,8 oree. 4
Again the "ar'\msegvegl: }t]h]e bm:dage and the patient stands.
their state of emptiness ere de“:i ho Fmes must be palpated if

Oof emp ension is not plainly visible,
The constriction indents {he thigh sufficiently to pievent a



Figure 17. Tae TreNvELENDURG TEst, wirn Constricrioy. The leg, bav-
ing been emptied of blood by elevation, is subjected to constriction m the
mid-thigh by the tightening of a piece of bandage. In purely superficial
varicosity, down-flow of blood is prevented and the superficial vews, below
the constriction, do not All—for half & minute or more. Even when moderately
full, they become increasingly tense on release of the constriction. In the

of i p icating veins, filling oceurs rapidly below
the copstriction and there is little or no addtional impulse on release of the
bandage. (From Homans's Textbook of Surgery. Courtesy of C. C Thomas,
Springfield, TIL., and Balt; e, Md )
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downward flow in the varjcose veins but does not interfere *
th the cireulation beneath the museaiar aponeurosis. Should
the varicose veins remain empty and relaxed below the von-
striction for half 2 minute to a minute (depending upon i?mt
capacity; for they must finally be filled from the arterinl side)
the test may be considered negative; that is, the communicat-
ing veins are competent and no Hlood escapes through them
frow the deep to the superficinl system. This being deter-
mined, what the French have called the éeontre-preuve’’ of
the Trendelenburg test may now be completed: the bandago
i released and the impact of the down-flowing blood into the
varices below is seen or felt.

A positive constriction testleadsto fnrther discoveries. Sup-
pose the varicose veins fill below the constriction in five, ten,
ot fifteen seconds, proving that some communicating veins are
ineornpetent. T may be desirable, especially if a varicose uleer
is present, to discover at about what level the leak or lenks
oceur. A varieose lesser saphenous vein, which bas connee-
tions with the greater and empties into the poplitea), should
fiest be suspected. So apply the constrietion to the elevated
leg just below the patella and repest the test. If the veins now
fail to fill helow the constriction the problem is solved. The
lesser saphenous vein is almost certainly varicose and con-
x;:etts;h with th(': varicose greaf Faphe_nons system—blood leaks
'l‘hem;::eg): x; fro; the poplfteal into the snperficial veins.
et n s;e;)] ‘:ec;h e superficial parts frox.n venous stasis the
obliterated, or g ater saphen?ug? ven must be divided,
the suI’EIﬁ:‘jnl ::;mve"ll' Boyond i it "s rot easy to go. It
constmtion s ns~ still fill, on dep?es.smg the leg, when the

applied at the knee, it is only possible to say

thati
v Incompetent perfarators are present at s still lower level,
* Th

‘““g'tr’;hr:‘:‘fwd reasen for uming & bandage rather than a fece of rubber
Pty ;: 32 80 yrelding that it fas, uatd drawn very tight, to shut oft
wers ety uamwnvml Sow in the superhieia) Yewms; and when dr;“m tight is
ot e "\é:“ with the venous return heneath the wponcnrosiy mg.-xki.n

to memy \nye'ﬂew :‘r::a“ n‘: very eday to terlat the bandage Just ﬁzhu'y enou:
congestion whmta ® Yoricose Yeins without causing any deep venons
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However, one may sometimes learn a little more. One may
wish to know, for instance, where most of the communicating
veins are situated. So the leg is depressed until the varicose
veins are full and tense. Then, with the finger-tips, one com-
presses the great saphenous at the groin and elevates the leg,
say to an angle of 20° above the horizontal. As a rule, the
veins of the thigh remain full, there being no perforators (or
insignificant ones only) above the knee. Below the knee, the
superficial veins will usually empty themselves through per-
forating veins into the deep system, so that one can deteet the
level of the highest (cephalad) of the latter. One can then,
with one’s free hand, sweep the blood from the thigh toward
the foot and note at what point most of it disappears from the
surface vessels, In the jargen of varix, a positive constrictio_n
test—filling of a varicose vein below the constriction—is
called a ‘*Trendelenburg double®.

The Schwartz Test—In 1908, Chevrier published a mono-
graph on varix in which he ealled attention to the “*Signe do
In Chiquenaude de Schwartz’’, With the leg horizontal, the
full vein was tapped in the thigh and the consequent undula-
tion traced toward the periphery, thus demonstrating the ab-
sence of valves, The writer (1916-27) having adopted this test
to his own purposes, used it in the erect position, making the
wave travel from below upward and using it to trace the
course of the varicose vein in the adipose thigh. To this end,
the varicose vein below the knee is snapped with the back of
the finger-tip and the shock ig felt by the flat of the fingers of
the other hand placed upon the inner face of the thigh. Ofﬂ)'
# varicose vein will transmit such an impulse. Thus the sig?
ig in o way o test for varicosity.

Others have observed the same phenomenon. .

The Perthes Test—A number of clinicians, whose opinion
deserves respect, mako use of this test. Its object is to prove,
or disprove, that in the presenee of superficial vuricosity.fhc
deep system of veins is functioning normally. Porthes noticed
that after Trendelenburg’s division of the varicose snphenqus
vein in the thigh or when the vein was compressed high with
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the fingers, exercise caused thfa calf .to bccogmc smullleer,w \;5;
which he judged that the pumping action of the mnsc{ 3 o
emptying the leg of blood effectively through the fem :
{deep) systemn. On the other hand, if the blood were free 10
pour down the Varicose vein, the calf failed to shrink tm((il
even became enlarged, the task of the c:ommumcalmg an
deep veins being one of cleaning, as he said, the Augean sta-
bles! His compression of the great saphenons at the groin
was pchunily & fest Defore operation of how wuch more effee-
tively the deep veins would empty the leg of lfload after the
down-flow throngh the varicose saphenous vein was cut ‘ofi
than hefore. However, he did not propose high compression
of the varicose great saphenous vein either as a test of ob-
struction or eficiency in the deep venous system, It is otbers,
in subsequent years, who have held it o be available for this
purpose, and recently Mahorner and Ochsner have used it o
bring out some rather fine points in diagnosis. Tying a picce
of rabber tubing about the thigh, they set the patient to walk.
ing and notice whether the varicose veins, below the consirie-
tion, shrink or remain full. If the veins shrink, the deep veins
are effectively draining the varicose system and are them-
selves patent ang efficient. By applying the elastic constriction
at variaus Jevels in the thigh, they hold that they can identify
2 point at which the deep veins are obstrueted or at whick a
I?&ki“'é perforating vein is present. The test ignores the prin-
ciple already laid down earlier in this chapter, namely, that
merely walking or stantting, with no constriction applied, tells
the story of the deep velns in the presence of varix, For since
the deep vessels mnst always do the work of the varicose
vems,;esnde their own, their efficiency is already tested amd
x;;n::a‘ \;{n the fc:}ct of th.e varicose leg does not become eyanotic
i é;oixzm 1s‘(:mdmg. One ¢an compare t.he varicose leg
othersise com one, br bwg varieose legs with those of an
parable individual. Finally, it should be pointed
t{)nt umt. the right degree of constriction with a piece of rub-
see:“ ::\:Eg(-—!:npmpeﬂy called a tourniguet—is difficalt to
+ An faet, the Perthes test, with its variation, is ane for
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experts. Skillfully used, it secures information about the level
of incompetent perforating veins, The presence or absence
of valvelessness or obstruction in the femoral system is evi-
dent without its aid,

Varicose Ulcer.—Uleer is the most common complication of
varix and is chiefly responsible for the disablements due to
that disease, It has already been explained that the varicose
leg often presents, throughout life, a healthy skin, The change
most frequently seen is o deposit of brown pigment, first asa
Iocal speckling, lafer as a deep brown patch. Such may pre-
cede ulceration. The change secms to indicate malnutrition
and to appear most often in the lower part of the leg, in
front or upon the inner surface, occasionally over or below
the malleoli,

Tleers are apt to appear in pigmented areas and on the
course of veins, that is, they tend to ““ride’” veins, A trifling
injury usually initiates the process. The first sore is trifling,
shallow, and as a rule is readily healed by eleanliness and the
use of a bandage sufficiently firm to compress the veins o
which the uleer is tributary. But a spot once uleerated, tends
sgoner or later to break down again. In time, the sore e
larges and becomes the center of an arca of more or less
marked induration and edema. Just how varicosity Jowers the
resistance of the tissues, is immaterial. Local malnutrition,
followed by injury and infeetion, is sufficient excuse, In some
instances, however, the location of a sore is dictated by a great
lnke of varicose vessels or by the presence of a leaking com-
municating vein beneath. This latter possibility needs keeping
in mind, for if a leaking perforator is present, merely doir}é’
away with the great saphenous vein proximal to the pleer will
rarely cure it, local venous stasis being maintained by the
incompetent communicating vein. This is the best reason -for
using the constriction test to detect the presence of such veins.
It may call for speeial operative treatment to rid the leg of
them,

Uleers are more or less painful and disabling according as
they are or are not inflamed. But even a badly infected nleer,
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i tit,
as indicated by the redness, swell.mg atx!\d teng;r;es; l:\:(:xo rxsé
i ainful in certain situations tha o - The worst
:r?l:;\: sl;own upon the inner face of the leg over'lm)fu‘::f xzﬁ:\y

derive their pa
teral malleolus. Perhaps they P
f the long internal sap
from the presence, beneath them, of ) i
1::\?: nerfe, whid; is closely associated with the great sa

Fiure 18, Vamcose Vems axp Utcess. 4. The uleer “rides” upon a
ven B The uleer 15 in the mdst of a considerable induration and is lesa
directly related to any one varicose vein. At the growm, a dilatation over the
oot of the great saphencus vein is shown. (From Homsans's Teztbook of
Surgery Courtesy ot C. C, Thomas, Springfield, T, and Baltimore, Md.)

phenous vemn 1n the calf and supplies the skin of the median
face of the leg and ankle. Tt will sometimes be found advan-
tageous in treating the vlcer to divide this nerve mear the
knee.

.Th? fa}‘orite sitoation of varicose nlcer does little to dis-
tinguish it from other sorts. The postphlebitic ulcer is most
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often found in similar locations, and even the unexplained
uleers of the adipose are usually seen on the median face of
the leg in jts Jower third. Nor does the appearance of a vari-
cose uleer mark it in any way. It is usually shatlow and not
undermining, but so are most other uleers {except syphilitic
ones). It rarely encireles the log but others rarely do so cither.
In fact, a varicose uleer is identified prineipally by a history
of, and by the presence of, varicose veins. Destroy the varicose
veins and some varicose ulcers will persist, either because of
great thickening and scarring of the surrounding tissues or
beeause of incompetent communieating veins beneath. But just
beeause an uleer looks like a varicose one, it should not sobe
labeled, and treated, unless varicose veins are plainly respon-
sible. In these days, when a multitude of clinicians seem fo
be in the habit of filling any vein they can find with a scleros-
ing solution just beeause an uleer is present in the lower leg,
this prohibition is important. Many ulcers so treated are post-
phlebitic ones and are made worse by such thoughtless asts.
The postphlebitic ulcer will subsequently be discussed as a
separate problem.

“Varicose Bezema'—In a small percentage of cases, 8
patch of dermatitis, usually described as “eczema’, is asso-
ciated with varicose veins. This is most often situated on fhe
inner face of the lower half of the Jog, just as is the case with
uleer, but may appear upon the outer surface or even oceupy
the whole lower leg. The patch is slightly elevated, reddened,
scaly, and constantly weeps, but is not actually uleerated:
Plate VI, facing page 202, illustrates an advanced but per-
fectly typical disease of this sort. Appavently varicose veins
merely oceasion the change which favors the establishment of
such lesions, and it is almost equally probable that oll these
dermatoses, if such they may be called, are not of one sort.
However, since signs of fungus infeetion on the fcet—-‘scaliﬂ.g
skin, moist, itching patches between the toes—almost invari-
ably are present, it may be supposed that most of them are
allergic reactions to, if not the immediate seat of, epidermo-

phytosis.
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Treatment is exceedingly Qifficalt. In the first place, \}m
aricase veins had better be divided at the knee and gmim.
Fren if incompetent perforating veins suggegt t'hfs need of o
Gissection of he colf, this will bardly be possible in the pres-
ence of an infected skin, Probably life in bed for a_\veck or
saore, while gentle lignid fungicides, such as gutas.sm'm per-
manganate (1 to 2000-3000), thymol or szjhcyhc avid in fifty
per cent aleohol (1-2%) or Watery aluminum ncetate (1.. to
12-20) sre applied to the leg and foot, shonld precede the .Ingh'
fow division of the saph vein, Any idersble dissec-
tion mnst be postponed till Jater.

1n the subsequent treatment of the **cezema'’, the sensitise.
ness of the patient to fungi &s well as other possible canses of
an allergic reaction should be studied. Any recognizable epi-

dermophytosis should be freated by fungicides earried in scln-
tion or ainfment as trial directs.

Teeamarext or Varicase Vervs axe Uwoen

Nonoperative Treatment.—This comprises the application
of bandages or stockings and the injection of sclerosing chemi-
cals,

‘The principle upon which Bardeges and Stockings are np-
plied is a very simple one, namely, that the blood which other.
wise would fill, distend, and even flow down varicose veins is
by (_he pressure of the bandage prevented from o doing, The
varicose veing are compressed, though one can hardly expect
them to be bept altogether empty, and the venous blood, in-
stend of Temaining stagnant in the superficial parts, is assisted
by the elastic pressure to enter the deep veins which are quite
ableto £ate for 1. The modern semi-clastic cotton bandage is
Tery eﬁe{zwe, as is the elastic stocking, but an unyielding
'l;zna";tgt;, ilzt cal'fefu]!y fitted, serves almost equally well and

1 Ve left on for many days, & lace-w ing 1
oo very et ¥ day: ace-up canvas stacking is
In the presence of uleer, such inti
¥ Y pallintive treatment is in.
\(?;ﬁ:“-.ﬂ] to keep stagnant blood away from the sore and
2) toaidin applying such loeal aintments or antiseptic solu-
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tions as will diminish infection and favor epithelization. When
afflicted with large, infected, and deeply indurated ulcers, the
patient had better be confined to bed, the leg slightly elevated,
Hot saline or boracic dressings should then be applied. A de-
hydrating solution such as glycerine and saturated magnesivm
sulphate, if not too painful, may be of advantage. As edema
diminishes, the ulcer will take on a bright color and skin will
begin to cover it. Such treatment must usually precede one
of the operative measures later to be described. Even if it
induces healing of the ulcer it can not be expected to prodace
a permanent cure.

For ambulatory treatment of a difficult nlcer, the nse of the
rubber sponge, or ‘‘venous heart”’ as described by McPheeters,
is very effective. *“ A good grade rubber bath sponge is selected
of a size larger than the pleer. Some soothing ointment is ap-
plied to the nleer surface. Fluffy gauze dressings are applied
and a few layers of sheet wadding. Over this the rubber sponge
is applied and bound in place with a plain gauze bandage.
* * * Now apply the fonr-inch aco cotton elastic bandage start-
ing at the knee and going downward with a double figure-of-
cight about the ankle.”” Walking is then encouraged as it tends
to pump fluid ont of the tissues.

Another excellent ambulatory dressing, seldom used because
its application requires time and pains, is the Unna’s paste®
stocking. This is indicated when there is little infection but
the ulcer is resistant to epithelization. The application of the
stocking requires some skill, The leg, after being elevated for
half an bour, is painted thoroughly with the warm liquid
paste. At once a single layer of narrow gauze bandage is ap-
plied from toes to knee, over skin and ulecer alike. Upon this
2 second painting iy made, Then another layer of bandage
In this way three or four alternating layers of paste Bl.ld
gauze are applied until the bandage is fairly firm though stil
flexible. If the uleer is relatively clean, such a boot is left on
for even a couple of weeks, af the end of which time healing

* To make Unna’a paste: mix zific oxide, 10 gm.; gelatin, 40 gm.;‘glyceriné.
120 cem.; water, 150 cem.; heat in & water bath to liquefy befose applying.



VARICOSE VEINS 180

will often be complete, Or a window can be cat for dres.sxmg&
As o substitate Tor this boot, o very useful procednre, 1n the
case of a clean, shallow uleer, is to cover it with strips of ZIne
oxide plaster, which half encircle the leg and make o little
pressure upon the sore. Over this, even withont an interven-
ing dressing, a bandage (from toes to knee) is applied.

The natute of the local application seems on the whole she
least important aspect of treatment. Tn other words, vascline
gimze s nhovt 2s eficient as boracic ointment and .huramc
oinfment almost as good as an cintment * of oxyquincline and
searlet red. Sometimes a sore can be treated effectively by
regarding it as a burn and painting it with a dye sach as
gentian violet (2 per cent), to form a dry covering, or with
& 10 per cent solution of silver nitrate.

The Injection of Sclerosing Chemicals—~This method has
oW been long enough in general wse so that its virlnes and
{ailings can be fairly well evaluated. It is not a cure-all for
the lazy surgeon to use. Indeed, the successful injection of
selerosing flnids into varicose veins calls for a high degree of
skill and pains. It is probably true that as the great majority
of surgeons practice injection, they fail to obliterate perma-
nently more than & small percentage of {he veins they treat,
which is not to deny that such injection may bere and fhere
close & short length of vein, However, their injections, by at
least temporarily obliterating ove or more veins leading to
s ulcer,‘mu cause it to heal while the patient is ambalatory,
£ fnost important consideration for those who must work
daily. Two or perhaps {hree serious indictments can be
brought sgainst the injection method : {1) In unpredictable in.

shmc?s., a.disagreeable, wandering, obstinate sort of thrombo-
p‘fx\e‘mhs Is £2t up; (2) recurrences are conmmon and offen 80
diffuse ns to be

.di!ﬁcu)t ta treat by any method, and Q) itis
Rot easy to avoid an oecasional slough,

Gme, or Ce
* Oxyquinling sulghate o;.e ”
Schatlach B ointment 5eq 120
Lignad petrolatum 15.



190 CIRCULATORY DISEASES

The first two undesirable happenings just deseribed ean be
avoided, or rather minimized, by combining with the injection
a high division of the great saphenous vein, that is, at ifs
junetion with the femoral, A retrograde injection made dur-
ing this procedure is seldom followed by any serious degree of
soreness of the injected veins and the combination certainly
lessens enormously (over pure injection) the number of re-
currences. However, high division, except in very favorable
cases (thin men) requires hospitalization for forty-eight
Yiours. It is not a routine procedure for the outpatient depart-
ment or office.

To these general eriticisms it should be added that very
large veins are difficnlt to closo by injection, and that injec-
tion is particularly ineffective in the presence of leaking com-
municating veins (doubly positive Trendelenburg test). In
the treatment of postphlebitic ulcer, injections are utterly use-
less and even dangerons, not because they may not obliterate
a dilated vein now and then, but because they aggravate the
already inflamed state of the fissucs, increasing disability and
pain and even causing new uleers to appear.

The indications for injection, pure and simple, that is, with-
out high division, are, first, the treatment of varicose uleer
when the connection between vein and uleer is elear, especially
in working people and the aged (in the former it should, how-
ever, be followed up by more radical treatment) and second,
the obliteration of unsightly but otherwise symptomless var-
ices of moderate size. .

High division plus retrograde or sccondary injection I
indicated in the treatment of any variees at any age, provide.d
that incompetent communieating veins are net present (indi-
cation for open resection) or that a deep thrombophlebitis las
not left behind postphlebitic indurations.

o the above should be added two general rules, which, if
religionsly followed, greatly favor the success of injget?ont
(1) Inject as great a length of vein as possible at one sitting;
and (2) inject the vein when empty of blood, keep it empt.)'
for a few minutes afterward, and, by compression, prevent it
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¢rom being distended with blood during the followlng twenty-

ar hovrs, .
tu[miecn'(m without high division~The length ‘°f vein o be
treated should carefully be studied. Tt may require the use of
several needles, o matter calling for a certain degree of quidk-
ness and skill—one needle perhaps to a sixeteh of 75 em. W
the veins of both thigh and Jeg are to be treated, Nc’)?.hm\era
recommends that the thigh be treated at the first s'ﬂ?ng, the
Teg at the second. An encircling piece of rubber tubing pre-
vents the sclerosing solution from passing down from 1be ves-
sels of the thigh into those of the calf. The needles nsed should
Tiave a short bevel and should not be too fine lest blood clot
in them hefore the injection cap be made. Eath iy inserted af-
tached to an empty syringe, while the vein iy reasonsbly fu
of Blood, the leg stightly dependent. Blood mnst then be dern-
onstrated by suction, after which the sysinge is detached and
the needle, from which a little blood oozes, left in the vein
If onfy one injection is to be made, the leg is then raised snd,
to &eep the vein empty of Wload, o ring of lead wire is pressed
down npon it, isolating the streteh of vein to be treated {or
pieces of bandage or tubing are tied shove and below the
area). If several injections are to be made in series, an assist-
st may hold a plece of gauze ahout the open Aripping base of
gnt:h needle uatil the operator is ready to make his injeciion
lufo. thera in turn, The injection is of course made when the
Tegis elerated, & long segment of vein can be isolated and kept
expty by encireling rabber tubing.

For large injections, solutions of fnvert sugar (seventy-five
{;:ri;:?, dextrose {fifty per cent}, or sodium chloride (ten
sertls nx); 1:‘:]‘ :'e'ntl) are sultzble. Such are now available in
15 s . of o o threy copetene etions. A6 ruch
time, For ‘m'ecﬁmf ;1(; ;se o ions can bp injected at one
qninine hidgunmmde °l5 a6y ohe, 8 uselul solution is

Wined 1 5 by o, i {:‘;."Xilj‘rand 'urnthune. {gm, 013)
used at one sitting (voms ﬁ;xg - No more than this should be

itting tay ocenr i the patient’s toler.
e fot quinine is Jow). Angther effective one is sodium

€]



3, A. Necdles aro jnserted
hed as successive ones ATS
the vemn. . The leg is
between bands ab knee
Joenlize an injection

Froone 19. Tuoe Ingeorron oF Varicose VEIN
while the leg i3 partly dependent and are left detac
placed; 8 rubber band prevents down-flow of blood in
quickly raised to the horizontal and the injection made,
and nnkle, inte empty vessels. C. The use of lead wire to
as of quinine aad urcthane, or sodium morrhuate,
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morrhaste, in five per cent sotution, of which two to five cem.
‘be nsed .. .
mal}x’l former times, mueh sodiom salicylate was ms‘ectca ina
thirty per cent solution {or even stronger). This, ke strong
codium ciloride, canses sufficient pain fo calt for o general
anesthetic and is not now favored. .

Tollowing injection, the needle is left in place for a mnmse
while the salution diffuses. As it is withdrawn, pressure 33
mmade over {he spot with o picce of gonze. A pad is then ap-
plied over the injected ares and held in place by a bandage.
Undoubtedly the efficiency of the injection is jnereased if the
leg is not Towered for twenty-four hours, thongh active exer-
dise, immediately after the injection, hos been advised to carsy
any excess of golution out of the deep veins, Jnst why this is
proposed when mnderate elevation drains the leg still more
rapidly, is not clear 1o the writer.

High Resection of the Great Saphenous Vein—The ides of
combining the injection of a stlerpsing solation with Yigation
of the great suphenous vein in the thigh is an old ope, and
De Takats seems to have been the first to use n reasonsbly
high dirisien in ambulatory patients for this purpose. The

writer prefers to speak of “resection’” and that at the high
est point possible, the saph

pening, The word, *'resec-
Si«m” is advisedly used in place of “Ligation”. A vein ligated
in contimaity Te-estabbshes its chammel with astoriehiog rapid-
1‘9]. Simple division between Yigatures is hardly more effee-
tive. But disision of the varieose great saphenous vein at ity
Junegmn with the femoral, feaving no varicose stump and re-
moving seviral centimeters of the vein helow, is reasonably
Etfect}ve. Particular attention should be given to the branches
entering 1he vein mear its reot. Ag fhese are divided they
should be followed gently into the faf with the point of & ﬁn'e
heufostni aud there ligated. It is easy to understand that if o
varicose sturnp is Jeft, with branches emptywg into i, con-

:f\:—ti?m Met soon made with neighboring veins and @ new
Ticose system is soop established, To bear out
this stadement, the writer ha. nt g e

s observed that among women




Froure 20. Recurmence oF Vanicostry AeTer aw Issurprerenry Hior
SapneNovs Diviston. The new varicose connection might well have been
shown passing into the stump of the great saphenous or the vulval veins
After an actual dissection of Dr. B, A. Edwards, who has kindly allowed the
use of his sketch. (Courtesy of Surgery, Gynecology and Obstetrics, 59:916-
928 (Dec.) 1934.)
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who have borne children and in whom large “_‘;vult Y";S;:Ii
connecting with veins in the apper thigh are evident, 1 e
practieal impossibility, by any method, to prevent a Tec ;
rence of varicose veins. One may yesect the upper '5“&
taphenous with its entering branches, carry the masw“dmfm&
ally close ta the vulva, dividing all veins encountered, t
make a Tetrograde injection of the main stem of the greal
saphenous {or even remove it down to the kl\e?): yet, .“;.“
rule, s new set of varicose veins will be established within
#ix months o a year, The esplanation seems to be tlvmt many
small potentizlly dilatable veins cross the operative field,
Mere division of these fails to prevent their making some sort
of connection across or around the reunited surfaces. Back
pressure from above, there being no valves or only useless
valves in the neighboring veins, soon opens up & new varicose
pathway.

The technique of resecting the saphena magna at the groinis
sulficiently illustrated in the accorpanying sketehes. The apera-
tien is performed under procaine infiltration. The one per cent
solution is generously infiltrated into the skin, snbeatancous
tissne, and, if the patient is not 80 £at as to make the where-
abonts of the needle point uncertain, into the fascia lata. The
operator then waits twenty minutes (by the clock). The vein
ie necessanily eneountered by the oblique cot and once found is
then and there isolated and divided between hemostats, It
i3 then dissected upward until the operator can see the bend
of the vessel as it enters the femoral, which he must be careful
“?t to draw out. In this part of the procedure he will some-
times be aware of a vague group of lymph nodes, which may
take the form of & faintly inflammatory thickening, rather lat-
eral .ta the varicose sturp. He should disturh these as little ag
’{mss\x\?le or an oceasional reaction will result, causing some
‘;ca mﬁnrlatx?n and ss?'e)hng in the region of the wound. As

¢ stomp is lifted up, its entering hranches are elaroped, fol-
Towed into the fat

ad tied with fine silk. Clamps {!
stump’s side are rarely nee e St

Stun X ded. As the great saphenons itself
is ligated (with larger silk > tension on the stuwp is Telensed



Frouer 21. Hiam Divistox (RESECTION) OF THE Varicoss (npar Sari-
X008 VEIN, The low ineision for the “Ingh-Low Division” is also indicated.
. The great saphenous and ts highest branches. B. The varicose vein i
divided well below the sapl pening, Its branches are followed into the
fat, divided and higated with fine silk. €. The stump s turned up, ready to
tie at its entry into the femoral. D and &, The insertion of the Mass. Gen.
Hospital “pagoda” into the distal stump, ready for injection of the sclerosing

solution.
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to ke cerlain that Yhe femoral is not being drawn oub wad
{ncloded in the gature, & long euff (1.5 em. o1 half 2n fnck}
{a 1eft Jisto) to the fe. The pessimist, will apply two ties.

1 & retrograde injection is to he made, 3t will be of advan-
tage to have aperated with the lower end of the mb}e clevated
perbaps #x inches sbove the head, The veins will ‘,he}\ he
exopty, By fying » canwula, which fts o {wenty com. sYTINES,
into fhe lower end of the divided vein, the floid is easily in-
jected without leakage. Any of the concentrated sugar solu-
tians, combined with twenty per cent saling, can be nsed in
a0 amount up to bwenty tem., depending upon the size of the
variase veins. There will often be a momentary crnmplike
paia nnd, after the lower stamp has been ligated with sitk,
the wound Is frigated with warm physiclogic saline snd
closed with fine silk stitches so placed ag 1o obbiterate all desd
space. A smali foeal flexible dressing is then snfficient for the
wound, but @ gauze pad muy be applied to the inner face of
the thigh (to compress the injeeted veins) and held in place
Ty adhesive strips or a bandage. How long the patient shsll
temain i bed depends upon {he hesling of the woupd. The
log can be moved freely from the start. If the wonnd is reac-
tioniess, oue or st the mogt three days in bed is sufficient, but
during this time the patient should remain prone, mot st up
or recline. Whether he can then get about wihout discomfort
will depend apun the reaction in the varicose veins, As o Tale,
& veasonshly normal life can at ouce be resnmed. For 5 re-
b:'zb!e account of the vitimate success of this procedure, espe-
sfally as compared with injeetion alone, Faxon and Barrow’s
papes from the circdlatary clinie at the Massachuselts Gen-
eral Hospital should be constited,

. Cawbined Righ-Low Resection.~—An advant & varia-
I st i pogade o, anpecily

S 8Y¢ large aud present one
at the knee,

table being

s : Be o main channe)
18 to begin by dividing this vein—the foot of fhe

saised six inches above the head-—throw

elng saise - gh a trans-

:zrse ineision jast below (or above) the knee joint, In that
38, 20F branch connecting with the lesser saphenons vein
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can be cut off and the solution, later to be injected from abore,
will not run down and set up a useless, annoying secondary
thrembosis in the calf. Needless to say, the division and ligs-
tion of all veins encountered must be painstaking and con-
plete, lest a leak of the sclerosing solution into the tissues
occur. Following this operation, and at the same sitting, the
resection at the groin and retrograde injection are carried
out. The high-low procedure is probably more effective than
high resection alone.

Operative Resection of Varicose Veins.—This operation,
nearly discarded at one time in favor of injection, has a place
nnder certain conditions, That it was a eause, in persons over
fifty-five years of age, of just as much fatal pulmonary embo-
lismas ocenrs in such individuals following any operation apon
the abdomen or below is reasonably certain. That it was o
cause of embolism, in younger persons, unless carelessly per-
formed, is extremely doubtful. It may, in fact, be undertaken
without hesitation, provided the operator is not planning to
hurry over it, in any one, preferably in the twenties or thittie.S;
who desires a radieal eure of his varicosity. Howerver, it i
distinetly indieated: (1) when, in a young or middle-aged ind'1~
vidual, the varicose veins are especially large; (2) when, in
such an individual, & varicose nleer is threatened or present;
and (3) when incompetent communicating veins are proved
to be a factor, especially in the presence of an uleer. It D3,
in faet, be clected by patients in either of the first two of
these three categorios and is more or less mandatory in the
last. The operation calls for eight to ten days in bed and per-
haps two weeks in hospital. It requires a perfection of tech-
nique and gentle handling of tissues to sccure ideal healing of
o number of wounds, the least possible immobilization in bed,
and unnoticeable sears.

The operation is performed under a spinal or gascous anes-
thesia, the foot of the operating table elevated perhaps Si¥
inches above the head. The same technique is employed for
dividing the great saphenous vein at its junction with ‘ﬂlc
femoral as is used in & high resection—an obligue incision:
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pataliel to he tnguinal ligament, resection of 11111 bmm}:ﬁz
entering the upper stump, and ligation exactly upon )
Somoral vein. From its point of division to a point just below
the knee, the great saphenous vein may be rex}loved by any
canvenient method—the Moyo stripper, for instunce. The
operator may elect to tear the wain saphenous stem from its
branches and control hemorrhage by pressure, but he should
prefer the more surgieal method of entting down npon the
vein whenever a group of entering branches is demonstrable.
In any case, he should keep in mind that the most jmportant
part of the operation is the abolition of back pressure im}n
above by thorongh eradication of the great sopbenous vein
from groin to knee. Here, with {resh instroments,® the dissce-
fion of the Jower leg is begun. As a rule, the course of the
principal varicose channels in the calf should be stadied and
a liheral incision made which will permit their removal with-
out lifting faps for more than an inch to one and a half
inches in a lateral direction, Unless for some special Teason,
the veins need seldom be removed for more than two-thirds
of the way from knee to ankle; if a wide dissection in the
lower part of this area seems desirable, a travsverse ent,
making the whale incision take the form of an inverted T or
broad Y, 3= wise. Since the arterial supply for the superficial
tissues of the front and sides of the calf comes from Tongi-
todinal vows of small arferies emerging from the deep fascia
at quite regular intervals, very wide Saps are likely to slough.

.I‘\ meking an incigion for the removal of varicose veins, the
dissection should at once be carried to the deep fascia (whether
9r not in 5o doing the veins are divided
'ljhen flaps of full thickmess, including all fat and subentancons
tisste, ave turned up, and from the inner sacface of the flaps
favors hoatts fa cutaneons r.:dges and tissues in general, and

& without necrosis of the skin,
* There is Liftle more

Juatifieation for nsing the axnse dissenting
* suetennion of melsiony N secting instraments $oy
atter pateat, e in om patient than for asing the same ones for patlent

in several places).
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If a probable connection with the varicose lesser saphenons
vein has been demonstrated—that is, a leaking communicat-
ing vein in the region of the popliteal space—a transverse
inecision should be made behind the knee. The lesser saphenous
will usually be found without difficulty just beneath the thin
deep fascia, passing upward in the middle of the space. No
more of it than can easily be reached through the transverse
incision need be removed.

The Operative Removal of Varicose Veins in the Presence
of Ulcer—It is desirable that an uleer should be clean if not
healed before a radical operation is undertaken, since the
lymphatics encountered in the dissection may, in the presence
of dirty ulcers, become a source of infection.

The veins are removed as usual and the dissection is car-
ried as near the ulcer as is considered safe. It is convenient
to end the linear incision in a very broad inverted Y. If the
ulcer is of moderate size and little indnrated, this will be
suficient, But if the ulcer is old and much indurated, it may
be excised at the same time with, or some days subsequent to,
removal of the veins. In the former case, the excision of veins
should first be finished and the wounds closed. Then the uleer;
with a margin of sound tissue and the aponeurosis beneath
should be removed in one block, Inying bare muscle and, i
necessary, tendon-sheath, periostoum, or the capsule of the
ankle joint, The clean surface thus left can at once be covered
with an Ollier-Thiersch graft which usually heals without dif-
fieulty. Such a radical procedure is seldom necessary. Most
uleers can be given a trial of excision of the veins alone. If
that fails, it is time enough to remove them.

After-Treatment.~When the patient is first allowed ont of
Ded—some ten days after the operation—the leg is bandaged
from toes to knee. Moderate exercise is encouraged but when
the log is not in use, it is elevated, not left dependent. A week
of this routine should be taken to accustom the leg to new con-
ditions, after which the bandage may gradually be left off.

Should an uleer have been excised and a skin-graft made,
some weeks are required to aceustom the graft to its depend-
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et position, ¥t tends at first to be very cyanotic “‘;‘1\}? :‘;&
down ot its edges. T mast therefaore be supporied by

d a semi-elastic cotton bandage.
paé:;‘nr‘e of V:r'\wse Ve’ms.»Occzxsim'mﬂy med nnexpcctc\d‘ié
a varicose vein ruptures externally, giviog xise {o o gus! \‘E
dark blood. The vein which ruptores does pot eetm to be N )
grest sacenlated vessel projecting above the surface of the leg
~guch is more apt to undergo thrombosis—but & sxzmner ond
lags conspieuons one, the wall of which, however, is covered
ouly by very thin skin, Rupture slways oceurs below the keee.
Naturslly, for solongas theleg remains dependent, Plood Dows
Tapidly from the tiny epening and will in time, if nnc‘heckcfl,
deain the entire vaselar system. However, the Jesk is
prompily stopped by elevating the leg sbove the body mnd
taking pressure upon the Tegion of the hale. A firm bandage
aver a small gaoze pad sufficiently compresses the varleose
veseel 50 that Little o no blood can reach the opening. Thus
the individual, 3 given first-aid treatmeny, con nsually geb
about af ence, It is then adrisable, not as an emergency but
within a week or two, to divide the vein above the rupture,
whether or not the great saphenous is resected at the groin.
Buptare is of course an indieation for some sort of corative
treatment of variz.

Thrombophlebitis in Varitose Veins.—Those who have
read, up to this point, the seetions devoted to varix will have
observed that almost no mention of thrombosis has been made.
The spparent omission is doe to the writer’s copviction that
alt forms of thrombophlebitis should be considered together
—that whith oecars in varicose veins being the most common,
least dangerons, and on the whole the most tractable form.
The thrombophietitis of varix will, therefore, be deseribed in

the following chapter, It i enough to say of it here that it is,
1ext 4o wleer, the most

e ; annoying and disabling complication
of varicose veins, It occurs unptedictably in persons of all
Sm“?, young, nld_, vigorous and fecble. Onee it hing nttacked 5
;ﬂncose veln it is apt to retarn, like the tiger with a taste for

rnan Weed, Tts treatment, beeanse it is an everyday affajr
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which almost never takes life, has long been unenterprising
and dictated by outworn traditions. Embolism is execedingly
rare but does oceur,

PosteaLLsITIc INDURATION AND TLCERATION

Little is to be found in textbooks or in the literature of
uleer upon the subject of the common disabling indurations
and uleers which follow phlegmasia alba dolens {femoro-iliac
thrombophlebitis). Leriche briefly describes and pictures them
as results of a vasomotor disorder associnted with this sort of
thromhophlebitis. In this conntry, Trout has noticed them and
described an operative treatment, The writer, in early papers
(1916-17) primarily devoted to varicose veins and wleer, de-
scribed them as ‘“the sort of ulceration which is associated
with postphlebitic varix of the small-vessel type”’. That is, ke
was unable to shake off the iden that some sort of varicosity
was behind the uleer, though ho recognized the postphlebitic
character of the disease. Actually this was a useful concep-
tion, for it led to many efforts to cure the indurations and
uleers by excision of the dilated superfieial veins and division
of the communicating veins with which the lesions are 80
often associated. But the disscotions proved that though de-
feets of venous drainage were a contributing factor, the Iesior}s
could and often did oceur in their absence and were not iR
fact ““varicose uleers’”. This is the reason for the considerable
space given here to these lesions. Many practitioners, upon
secing something which appears to be a varicose uleer, scek
out any vein in the vieinity and inject into it a sclerosing solu-
tion. By so doing they merely increase the local inflammation
and aggravate the sore.

Postphlebitic induration and ulcer follow only a deep throm-
bophlebitis. No enlarged visible veins need be associated with
them. However, in a minor proportion of cases a number of
superficial veins scem to become enlarged, as collaterals, dur-
ing the obstruction of the deep vessels and afterwards become
varicose. Mareover, there may rarely be associated with them
a straight, bard, shrunken saphenous vein which has apparently
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which almost never takes life, has long been unenterprising
and dictated by outworn traditions. Embolism is exceedingly
rare but does oceur.

PostpaLEBITIC INDURATION AND ULCERATION

Little is to be found in fextbooks or in the liferature of
uleer upon the subjeet of the common disabling indurations
and ulcers which follow phlegmasia alba dolens {femoro-iline
thrombophiebitis). Leriche briefly describes and pictures them
as results of a vasomotor disorder associnted with this sort of
thrombophlebitis. In this country, Trout has noticed them and
described an operative treatment, The writer, in early papers
(1916-17) primarily devoted to varicose veins and uleer, de-
scribed them as “‘the sort of ulceration which is associated
with postphlebitic varix of the small-vessel type’ That s, he
was unable to shake off the idea that some sort of varicosity
was behind the uleer, thoungh he recognized the postphlebitic
character of the disense. Actually this was & useful concep-
tion, for it led to many efforts fo cure the indurations and
uleers by excision of the dilated superficinl veins and division
of the communicating veins with which the lesions are 50
often associated. But the dissections proved that though de-
fects of venous drainage were a contributing factor, the lesim‘ls
could and often did occur in their nbsence and were not it
fact ““varicose uleers”. This is the reason for the considerable
space given here fo these lesions. Many practitioners, upenr
secing something which appears to be a varicose uleer, seek
out any vein in the vicinity and inject into it » sclerosing solu-
tion. By so doing they merely increase the local inflammation
and aggravate the sore.

Postphlebitic induration and uleer follow only a deep thro_m-
bophlebitis. No enlarged visible veins need be associated with
them. However, in o minor proportion of cascs a number of
superficial veins seem to become enlarged, as collaterals, dur-
ing the obstruction of the deep vessels and afterwards become
varicose. Moreover, there may rarely be associnted with them
a.straight, hard, shrunken snphenous vein which has apparently
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been thronbosed ai the time of the femoral throm\)oph!ehms'
And there are very Hkely to be asgociated with therm incom-
petent communieating veins {whother or not dilated Fuperﬁ.
dial veins are evident). Any or alf of these may contribute to
the persistence of postphlehitic induration snd wiceration,
owever, as has alrcady been erplained, it is easy enough to
find cases in which obstinate postphlebitic lesions are asso-
ciated With ho shnormal superficial or communicating veing
whatever.

Qrset and Course—Because the pathological features and
appearanca of the lesion itself are not entirely characteristic,
its onset end course, which are pecoliar, will first be deseribed.
The earliest signs of tbe disease appear at any moment
{rom three months to twenty years following the femoro-
ilize thrombophlebitis. The “milk-leg™, “*phlekitis’’; or what-
ever if may have been called, will usaally hnve been gevere,
bot recovery will wot necessarily have been, though actually
it offen is, sueceeded hy residual swelling, Withont warning
and usually with little discomfort, a patch of edema will be
{Joﬁoed upon the lower third of the leg, most oiten upon the
inner face of the ealf a few inches above the ankde, but ocea~
sionally wpon the back or in the neighborhood of either malleo.
Ins. As.u. rale, the swelling is low, tounded, hot to the fonch,
very slightly reddened, and from two to four inches in dinm-
eiex:. One seldom sees the lesion at this carly stage, since the
Patient does not consider it serious. Actually it is nothing but
a }‘Wa\ Dateh of edema, not a furunclelike affair, yet it is
slightly hot to the touch as i it were the seat of a wild, nop-
WPP?Yﬂ!l've infc‘cﬁon. In some instances, the appe:mu;ce of
;:;enlkn{.{ 13 lacking and the skig is merely pigmented and
By g it m'ated: If pigmentation is the first &g, 1he eolpr

4y decpen rapidly to n heavy brown. Rarely pigmented
pafches or indurated areas are multiple, Fente
dii geen very early, t!‘:e local edema can usnally be made to
o ppear upon elevation for a few days in bed. The writer

seen ane or two cases ghorted, as it were, by prompt eleva-

t )
ion and bandaging. The following ie an instance of this sorts
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Escept for its relation to phlegmasia alba dolens snd ite mode
of ooset, that is, through the establishment of locallcd_emt\
and jnduration in the absence of varicoze veins, there is little
o distinguish it from any ofher tleerative process upon the
legs. Pain is usually present, especially in the case of Jesions
upon the inner face of the calf, a little above the internal
malleolos, Such leers have been called *irritable nleers” and
are often agonizingly painfal.

Veins ave rarely noticeable, at least at first, and, indeed,
may never appear. However, as already explained, an ocea-
sional collateral enlargement may bave ended in varicosity, so
that & rather sclerosed Lype of varicose vein sometimes Jeads
from the groin to the region of the induration and nleer. In
that case, varicosity clearly contributes to the development of
the sore and gives an opportanity to test for the presence of
ineompetent communieating veins. These latter will often be
found to be present, so that it has seemed to some as if they
must be a basic featnre of the disease. Their presence is dis-
covered by using the second form of the Trendelenburg test,
that is, the test of back-flow when s constriction is applied to
the thigh. On lowering the leg, after a turn of bandage has
been tightened about the thigh, the veins of the calf will be
_felt to become tense in five to ten geconds, or even less, show-
12;;;,; ﬁu}:t venous h!oo'd i§ leaking from the deep veins out
ioo":udg the communicating vessels to the surface. But the

oe3 not beeome blue; for the deep veins themselves are
nok erippled.

Undonbtedly the leaking communieating veins are £ requenily
afeatare of postpllebitic nlcer, and one or more will be found
2;:;:?::’;:1071) eneath 2 great area of induration. However,

as excised many such aveas in toto, including the

apozxeurusis beneath, without finding any perforating veins of
zu mt?mpe‘(ent sort {one ean fest their competency at the
d';)le:t:;mg iable by abserving whether or not they are grossly
T an‘:: allow blood to Row foward the surface when eut),
- as mever seemed to him that the veins were greatly
cerned with the pathology of the lesion,



204 CIRCULATORY DISEASES

A married woman, thirty-three years of age, had suffered,
seven years earlier, from a bilateral milk leg, the left by far
the more serious. She had subscquently gone through a pelsie
operation without a recurrence, but the left ankle had always
swollen after a long day on her feet. For several days before
she came under observation, she had noticed a localized swell
ing and hardness just above the external malieolus. This gave
her some discomfort, especially at the end of the day. In other
respeets she was well,

Examination revealed an area of indurated edema seversl
¢m. in diameter, slightly reddened and barely elevated aboe
the surrounding skin which, as compared with the other Fool,

vas faintly pinkish blue in color.

A semi-elastic cotton bandage was applied £rom tocs tolnet
and the patient was advised to spend a8 much as possible of
the next weck in bed, This she did, with the result that fbe
ankle took on a natural color and the edematons spot dis-
appeared, She was instructed that the early lesion was 3 dan-
ger signal and that if af any time she expected to be much 01
her feet she should use her bandage. Two years later she 1&-
ported that she had had no fusther trouble, barring some
swelling of the ankle when her children kept her purkiculaﬂ‘y
busy. Whether carly treatment should always produce this
fnvorable Tesnlt is unknown, for most patients present ﬁl?m'
selves only when the edema has become permanent induralion
or actual uleeration,

Ouce the lesion is established, it takes on a discolored 2
pearance, usually a combination of pigmentation and re(—?ﬂ‘ffs
which fades into the normal tissues about it. The skin 18
thickened, the subcutancous tissues hardened. The ]mrdn?%
fades grodually, in some cases, into the normal soft quality
of the subeutancous fat. In others, it ends irregularly ond
abruptly so that its rather scalloped border, though invisible,
can be palpated. At this stage, uleeration will usually _h“""’
oceurred at its center, a sore very much like the early varicose
uleer, having its same tendeney to heal on elovation {1!1& pro-
tection, and the same tendency to widen and deepen with fime.
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calf, On the ofher hand, the very eatly lesion, as in the caze
Aready quoted, moy e made by elevation, rest and b”'“d;fi‘x“g
to disappear aliogether, or, if more n will by s . ar
mefliods be held in check. In some instances, enlarged veins,
passing into ihe indurated area from above, can be‘ removed
with beneft, an operation which may include esection of the
entire great saphenous system. At the same time any incom-
petent feating veins fered can be divided at
the Jevel of the aponeutosis. Any such operation, it will \?e
realized, will approach, i€ it does not actually enter, a field in
which he fissnes are indurated and perhaps actually infected.
Ttis earried ont exeetly ke the operation for varicose nleer
{g..). Tt will be best that any such operation should not be
performed in {he presence of an open nleer—the tissues are
already sufficiently liable to infection. They must be handled
with great gentleness, and asepsis must be perfect. Recently,
Linton has shown how by long ineisions from kmee to ankle,
carried through the aponeurosis, the atea of induration can
be ¢clevated and the incompetent perforating veins divided
from bepeath.

Eacision of the indurated, nleerated area is a very satistac-
fory way of pormanently curing the disease, This does away
a{ one moment with any venous stasis and the badly diseased
tissnes. The operation should be reserved for eases with heavy
and wide-spread indaration, should remove all searred tissue,
no matter how large the atea, and shonld always include the
muscular aponeurosis, I€ this heavily searred layer it not
taker:\, a ekin graft upon its eurface will never permanently
survive. On the other hand, if the aponeurosis is removed, a
suceessful graft can be placed upon the exposed periosteum,
et ot o st e e i G
chordd e perfom):?euwsxs not belng invelved. The exeision

ina bloodless field (Esmarch bandage to

thigh). After removal of the Esmarch
bandnge, :
vessels should be tied with nge, the bleeding

3 d the finest gilk. An Ollier-Thiersch
graff, xmmedmte'ly applied, will almost invariably ““take’” ana
sarvive, though its sahsequent adjustment to a dependent posi-
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The most noticeable pathological feature of postphlebitie
ulceration is the thickening and hardening of the tissues,
which is most marked upon the surface of the nponcurasie
Indeed, this layer is somatimes two to four mm. in thickness,
a dense lenthery barrier through which the arterial supply
fails to penetrate from beneath (the superficinl tissues are
supplied, as already explained, by arterial “‘trees” which pass
from the great arteries out through the aponeurosis ina series
of rows). If, then, one were to sketch what appear to be the
steps which lead to the establishment of the advanced lesion,
one would place them in the following order: localized edema
(lymphatic or vasomotor?) associated with low-grade infec-
tion; fibrosis; lowered resistance to infection; ulecration.
Aftor which the vicious cirele of cdema, fibrosts, diminished
arterial supply, and infection continue and cause the lesion to
extend. Sometimes, indeed often, after a great ulcer has been
excised and skin-grafted, yet leaving a little induration at one
edge, an acate process will recur at that point and soon 11
volve new areas. .

The diagnosis is suggested by the appearance of the lesion
and the absence of a history of varicose veins. Tndurations and
uleers unusually placed (from the standpoint of varicosity) of
multiple are nearly certain to be postphlebilic. The accom-
panying page of illustrations will support the statement t-hat
the appearance of any one lesion should lead to an investiga-
tion of its background. See Plates VII, VIIT and IX.)

Treatment.—~Since induration and ulceration may become
established in youth, following the milk leg of childbirth and
the thrombophlebitis of acute fevers, surgieal operations nnd
injuries, there is often granted an opportanity for cure at &
time when the tissues are still capable of permanent healing.
Tndividuals first seen when over fifty years of age, especially
when the lesions themselves have been present for many years,
ave nsually incurable, Indeed, there is nothing more resistant
to treatment than a long-standing postphlebitic uleer which
occupies the inner faco of the leg from ankle half way to knee
and encroaches on both the anterior and posterior faces of the
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pathectomy, had befter be treated by of_her‘methods. Ihn :xhne
female, removal of the first lumbar gangth is not cnl_y ; a
less but will raise fhe level of vasodilatation to the thigh.

REFERENCES

1 Carver, L : “De I'examen du reflex veinenx dans les varices
superfieielles”; Arch, gén. de Chir., 2:44, Jan., 1908, .

2 DeTaxats, G.: ** Ambulatory Ligation of the Saphenons Vein'';

our. . 4,94:1194, Apr. 19, 1930. X
¥ Eﬁwﬁm %, 4.« “lho Orlentation of Venaas Valses in Relation
10 Body Surfaces; Angt. Rec,, 64:369, Feb. 25, 1936, X

4, Faxox, 1. K, and Bargow, D. W.: ““The End-Results of High
Ligation and Injection in the Treatment of Varicose Veins'’; Surgery,
3518, Apr, 1938

5. Howuwg, J.:
Varieties, Course, C
641, May, 1923,

8 Lymrcue, R : “Traitement, Chirurgical des Snites oigneés des
phidbites of deg grands oedimes non-médicaux des Memhres in.
férlears™; Bunt, of Mém. Soc. Not. de Chir., 53.187, Feb. 18, 1927,

7. Livrox, R R.: *The Communicating Veins of the Lower Leg

and the Operative Technie for their Ligation”; Ann. Surg., 107 582,
Apr, 1933,

Thrombophlebitis of the Lower Extremities; Tty
omplications and Treatments'; Ann. Surg, 87:

H R,and Ocasyer, A.:
lation in the Venons System
Varicosxtiu”, Arch. Surg,
, 1. 0., and Axoreso
s and Hemorrhoidsy

“A New Test for Evalu-
of the Lower Extremity
33:479, Sept, 1936.

N, I K- Injection Treatment
F. A. Dawng Company, Phila-

Affected by
8. McP;
of Varieose Vein,

delphis, 1938
10 McPrEerees, B, 0 » and Mergeer, C, B,
Treatment with the ‘Rubber Sponge or Venons Heart’ and Supportive
Banﬂage", Surg, Gynec and Obst, 52 Als4, June, 1931,
" 1. Manu:n:m, H O, Merxerr, C, E, ana Luxvouan, R. A.:
The Mechanism of the Reverse Flow of Blood in Varicose Veins ag
fffmfl 7 Blood Pressyre Readings. Yts Clmieal Applieation to the
nxe:hon Treatment"; Surg, Gynee and Obst, 55 298, Sept., 1932,
12 Preymrs, G.; “Ueber die Operation der Unterschenkelvarjeen
na;:i; Trendelenb\u-g"; Deutsche Aed, Wock, 1-253, Jan.~Jane, 1895,
Frheﬁgﬂﬂ;:‘]rm(é des Varices des Membres Inférieurs; Vigot
1, 'l‘&mmu.zxnvxu, F.: “Teber die Un&erb'mdung der Vena

“*Varicose Uleers:



208 CIRCULATORY DISEASES

tion is often time-consuming. It is remarkable how soon the
abrapt edge left by the excision of such an area is flattened
and smoothed, showing that the edema and thickening about
the uleerated area has disappeared.

Other, less radical means of dealing with these postphlebitic
lesions are (1) nerve division and (2) lumbar sympathectomy.
The former is only available for painful, but not too deeply
scarred processes upon the inner face of the calf, at or above
the median malleolus. The latter is most likely to succeed in
the case of lesions moderately indurated. .

Internal Saphenous Nerve Division is especially useful in
treating painful ulcers in the field of that nerve. The ulctfr
should be healed or at lenst very clean when the operation is
performed. A transverse incision is made under proeaite io-
filtration just below the crease on the inner face of the knee-
Joint, that is, over the great saphenous vein which‘exacﬂy
overlies the nerve and is the guide to it. The nerve, in turm,
lies upon the aponeurosis, exactly behind the vein, usually 8
single structure but sometimes in the form of two trunks (hav-
ing split just above). Having divided the nerve, the operater
will do well to bury its proximal stump bencath the apeneure-
sis. On the whole, the larger the nerve and the less it has
broken up, the more clean-cut and free from overlapping eol-
lateral sensory supply will be the saphenous field.

The cffect of a saphenous block is to raise slightly t'he o
taneous termperature (partial sympathetic paralysis)' in the
saphenous field. The uleer will become painless and will very
often heal. (See Plate VIIT,) X

Lumbar Sympathectomy is only likely to succeed when 1
duration is of moderate grade, incompetent superficial and
communicating veins are absent, and the vasodilatation of the
sympathetic paralysis ean be made to mount higher than }‘W
lesion. To cause vasoparalysis to reach up to the knee, oxclf?lDD
of the first as well as the second and third Iumbar ganglions
will usually be required, an operation which may disturb the
male sexual function. Therefore, in the male, indurations
whick extend high, though otherwise appropriate for sym-
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patbectomy, had better be treated by et‘\\er'mclhodi. Ix:;:i
female, removal of the first Jmbar gangh'm is not onI 3‘ ;
less but will raise the level of vasodilatation to the thigh.
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tion is often time-consuming. It is remarkable how soon the
nbrupt edge left by the excision of such an area is fattened
and smoothed, showing that the edema and thickening abont
the uleerated area has disappeared,

Other, less radical means of dealing with these postphlebitic
lesions are (1) nerve division and (2) lumbar sympathectomy.
The former is only available for painful, but not foo deeply
scarred processes upon the inner face of the calf, at or abofe
the median malleolus. The latter is most likely to succeed in
the case of lesions moderately indurated. .

Internal Saphenous Nerve Division is especially useful in
treating painful uleers in the field of that nerve. The ulcfr
should be healed or at least very clean when the operationﬁls
performed. A transverse incision is made under procaine iv-
filtration just below the crease on the inner face of the knee-
joint, that is, over the great saphenous vein which exaclly
overlies the nerve and is the guide to it. The nerve, in turs,
lies upon the aponeurosis, exactly behind the vein, usually 8
single structure but sometimes in the form of two trunks {bar-
ing split just above), Having divided the nerve, the operator
will do well to bury its proximal stump beneath the aponeurd-
sis, On the whole, the larger the nerve and the less it has
broken up, the more clean-cut and free from overlapping col-
Interal sensory supply will be the saphenous field.

The effect of a saphenous block is to raise slightly t}xc o
tancous temperature (partial sympathetic paralysis) in the
saphenous field. The uleer will become painless and will very
often heal. (Sce Plate VIIL) .

Lumbar Sympathectomy is only likely to succced when 1
duration is of moderate grade, incompetent superfieinl and
communicating veins are absent, and the vasodilatation of the
sympathetie patalysis can be made to mount higher than ‘the
lesion. To ¢ause vasoparalysis to reach up to the knee, excl'swn
of the first as well as the second and third lumbar ganglions
will usually be required, an operation which may disturb. the
male sexual funetion. Therefore, in the male, indurations
which extend high, though otherwise appropriate for sym-
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THROMBOPHLEBITIS AND PULMONARY EMBOLISM

Tae thrombophlebitia of surgical operation, accident and se-
tions illness is recognized today as a problem of the flr_st
fmportance, This venous thrombosis is one that occurs, not in
the auricles of the heart, the cercbral sinuses, or the portal
system, but in the veins of the pelvis and lower limbs, a sort
which attacks persans put to bed beeause of snrgicul.opera-
tion, childbirth, injury, or disabling disease and which not
only adds a new illness, but introduces the hazard due to the
presence of a detachable thrombus. Beside this coramon variety,
which might well be ealled the thromhophlebitis of hospitaliza-
tion, there are other forms which oceur in active life. Each has

its anafomic background and each presents itself in a char-
acteristic way,

The word, thrombophlebitis, is taken to mean thrombosis in
& vein and does nof necessarily imply inflammation, certainly
Db anat 2on .

* tion, ““Phiebitis,”
s . R * v word, thrombosis
buug te bagis of the Process and phlebitis o reference to jts
seene, At ity very &tart, thromb

osis is not, clotting; for clotting
Telales oaly to coagulation of the blood, o chemical-biclogieal
DProcess which follgys fairly well-defined rales, occurring when
blood is exp

! osed to tissne Juices, after death or in association
with the release of o thrombop!

lastic sabstance from throm.
boertes, Thrombosis cqn and usnally does take place within
norm?) intact blood vessels. The thrombot:yte, or platelet, is
the villain of the piece, attaching itself in places where itg
d.enﬁz will be mogt inconvenient. When g mass of these tiny
dises becomes Plastered upon the intima, of a vein, they gie,
nd & thrombpa has begun to form. '

21
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Saphena Magna bei Unterschenkelvaricen’”; Beitr, 2, klin, Chir, Tt
195, Nov., 1890.

15. Trovr, H. H.: “Ulcers due to Varicose Veins and Lympathie
Blockage; new Principle in Treatment’’; Arch. Surg., 18:2281, Juze,
1929.
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unmeeessary fo follorw what has becomo the classicfxl form, and
relate the aimost inumerdlle causes of thrombosis assembled
under Lubarseh’s tripos, that 3s, disorders of the venous re-
arn, disorders of the Blood, and disorders of the vein's wall.
An aceount will be given rather of the factors which are rec-
ognized today ns leading most directly to thrombosis and
which ate heing attacked with some vigor in various parts of
the world. These includes (1) Tetardation of the venous flow,
and with this certain basic anatomieal relations; (2) debydrat-
ing factors; {3) the local and general influence of traumen,
which ey be ealled the X’ factor; and {4y inflammatoery
changes shout cextain great arteries and veins.

T the discussion of thrombophilic influences which follows,
seference will necessarily be made to several varieties of
thrombophlebitis, These will subsequently be fully deseribed.
It is sullicient here to give a brief characterization of each.

Femoro-itiac Thrombophlebitis: Phlegmasia Alba Dolens:
Milk Leg~This is the common ** phlebitis'! which is responsi-
b{e for the great, white, swollen leg—usnally an outspoken
disease, cometimes painfal, especially at its onset, Tts scenc is
the principal vew drainivg the leg in the region of the groin.
Qslg a very emall praportion of femero-iliac thromboses lead
E“ pulmonary infarction or serious embolism. Yet the disease
1530 commeon that the number of resulting embolisms must be
considerable.

Thrombophlebitis in the Deep Veins of the Lower Leg—
Th.xs s‘e]dom-mcogrﬁzed disease affects the great plexnses of
veins in and among the muscles of the ¢alf *—p system xe-
Guired for emergency use and therefore capable of nourishing,

with Yittle externat sign of congestion, a silent, treacherons

Process—a frequent canse of emholism,

isg‘ﬁ;gzl;:pgllib:tis i.n ?\Iﬂnvaricose Superficial Veins, a freak-

i ;propa; ::gxalt ;ansg:, often Jocal but Bn occastonal

wory e & thrombus and at east minor pulmo.
* A good 1ex of the ex

Patity bf these v f
{Ctantes V) aad Figuro 250 ot - :s; P;e“: ¢an bo had by eonsulting Figure 13
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The thrombus grows into the venous stream as a sponge-like
mass of dead platelets, which excites coagulation, so that
leucoeytes, red cells and fibrin are soon entangled in its tough
meshes. At first the process does not close the vein but when
the body of the thrombus has been built out from the adherent
head, the vessel is soon filled with a mixed, dork-red solid
mass. As the thrombus extends up and down the vein, its
youngest portion, or tail, is seen fo be soft and clot-like, having
no longer a supporting framework of platelets, Indeed, the
tail of a thrombus is almost pure congulum, red and flimsy,
easily broken up and carried away. A thrombus tends to 8“{‘"
until it meets a vigorous stream, and thus its proximal end is
likely to heal at the point where a branch carrying a sh-on‘g
current enters the thrombosed vessel. Tts extension distally is
uncertain, since it is not easy to say where a good current
will be able to leave the main vesscl against the set of the
valves in the entering branches. However, there are many curt
ous bypaths in the venous system, and doubtfess the establish-
ment of collateral channels is less difficult than one would
suppose. In o complete backwater, the intima being intact’, a
thrombus does not form. It is the slow and fecble currenh\'.lucl\
offers it encouragement. Into such a sluggish stream, pTOK{U‘“‘
to the main thrombus, the flimsy tail grows on, often pr0]ec’t'
ing from a smaller vein into n greater or along 2 greater in
the slow, entering current of o smaller—a propagating c“’f-

This propagating clot, soft and fragile, waving free in &
large vein, such as the femoral or external iliac, is the sonrce
of pulmonary embolism, for the embolus, once hroket'\ o.ﬁ‘,
meets with no obstacle from its point of detachment in its
course through the great ilinc vessel, the vena cava, the right
side of the heart, and so into the pulmonary artery. .

Tt is casy enough to grasp the nature of the thrombus, its
50lid head, oecluding mixed body and insecure tail. But why
do thrombocytes lay themselves down to diein particular parts
of the venous tree? And why, under circumstances c‘l‘}“_”y
favorable to thrombosis, does a thrombus form in one individ-
ual and not in fifty more In presenting this problem, it seems
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confused, enconraging the setlling and adherence of throm-
bocstes. Another areq, more commonly the Ecene of thro_m-
Bophlebitis than s generally supposed, is the popliteal region
and the upper patt of the ealf, For several Plexuses draining

the great, fiat, flexor rouscles come together here. !
Most, if not all of the canses of a slow venous return dissp-
gear when the legs are elevated, especially if the thighs are not
fexed bt i Tine with the hody. For this reason, an obvious
first step in thrombus-prevention is elevation of the fooy of
the patient’s bed. Already some observations have been made
opon the favorable offect of such treatment, especially in
groecologic surgery, and since many surgeons are aitempling
by this wethiod to discourage postoperative thrombosis, posi-
tire information of its value will soon doubiless be available.
There Is aldo evidence that a throrbosis onee started ceasos
to progress foward the heart when once it meets & vigorous
current, For example, in the varicose saphenous vein it fre-
quently ascends to the junetion of that vein with the femoral,
which, however, it is almost never able to enter. The writer has
O_bserred, , on geveral ions, the effect of eleva-
f"”f upon superficial thrombosis ip a pouvaricase vein. In an
individal whose thrombosing process had just run over both
- Yegs while he was aflowed to recline in bed, o new thrombosis
was halted and disappeared within a week when the foot of

the bed was elevated six inches,

inBYﬁt‘Oniras‘t, as already explained, the dangerous propagat-
iuier:;l;bus, the souree of fata! palmonary emholism, is
Yo nf); hﬂ slow current. That is to say, the friable, clot-
¢ thrombus grows ont into a fechle stream eater-

:lg Iroma prl?ximﬂ branch or, if thrombosis has began in &
t;z!:ﬁ,s gxeh tail grows into and waves in, without oeeluding,
i Sh carrent of the principal vein, Until the -
g thrembus s besn stadied Libeu

; S further, the conditions under
'kamh # forms 2nd grows can only be sarmised, yet there is
widence, espocially in instances of thromt

Veins of the calf, be

axin is in the deep
the following accounts,g 2pox the matter, as will sppear in
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Thrombophlebitis in Varicose Veins, a common disease, in-
eapacitating but not dangerous. The thrombosis is usually
solid and strictly confined to the varicose veln—rarely a
source of embolism.

Thrombosis also ocenrs in the venous plexuses of the infer-
naf genitals of both sexes, the prostate and the uterus, but the
behavior of the process is little understood and its clinical
nature is unknown, It is probably a source of serious pul-
monary embolism,

Retardation of the Venous Return, that is, a slow but not a
dead current, is cssential to thrombosis. In surgery, the re-
tardation is usually due to mechanical canses; in medicing, to
debilitating disease or enfeeblement of the heart. But in sny
case, confinement to bed is of first importance, Certain ani-
tomical relations are of hardly less moment. Blood is pushed
out of the lower limbs by muscular action. Therefore, & patient
reclining or sitting up in bed causes the return flow from fhe
rolaxed legs to be decidedly delayed. Add to this effect the
increased abdominal tension of intestinal distension, post-
operative or otherwise, of tight abdominal dressings, ﬂﬂd. of
excessive adiposity. Or add to it the pelvic venons congestion
of pregnancy and the puerperium. Such influences aggravate
the inherent difficulty of emptying the veins of the legs and
pelvis unless the lower part of the body is raised above the
uerr.

Certain anatomical features not only retard the venous
blood-flow but introduce those eddies and oross currents whiclh
according to many, favor a deposit of blood platelets in certt}m
localities. The relation of the iliac veins to the great urtL:r_lCS
of the pelvis is sufficiently fomiliar. The left common iliae
vein is orossed at almost a right angle by the right commo?
iline artery. There is thus a hypothetical slowing of the venous
carrent §n the left common iline vein, The slowing is perhaps
raost likely to produce its effect whore the vein passes behin
the hypogastric artery. In the region of the groin, many
branches enter the femoral and external iline veins. Sﬂc_h
valves ns may be present are large. Here, then, the current 13



SEROMBOPRLEBITIS AND PULMONARY EMBOLISN ar

which ave ot ohstracted by the nitind throwbosis. 1t is very
probable, though by no means certain, that the same result is
to be expeeted in o majority of similar enses. .

Ta sum up the disorders of the venons relurat the dxﬁ'xf:u}\y
of forsrarding Blood from the legs is inerensed by o veelining
position in bed, especially if the Iegs are flaceids it is nggre-
vated by increascd abdominal tenston and peivie eongestion;
and becanse of confused enrrents in the upper eolf and at the
groin, a slow stream is espeeisily Jikely to 1ead to thrombosis
at these poiats; finally, a slow curreni, onee fhrombosis bos
taken place, favors the formation of & dangerous propagating
tlof, just as & brisk cyrrent discourages such n protess.

Delydration hias lung been Tecognized as leading {o throm-
l‘sasis. Individuals who have become anemic because of bleed-
ing uterine fibroids, those who have become depleted by vomit-
ing, by sweating and foilure of fluid inteke in connection with
an ghdominal operation, perhaps those niso who have suf-
fered serious malnutrition from any cause, are more Yisbis
than others to {hrombapklehitie. Debydration must, however,
¥e connted among the influences which oceasion clatting rather
than thromhosis, tn the strict sense of the words, influences
“Yl{ch Bancroft, of New Tork, has described o well and for
which he has established a *clotting judex". On the whole,
debydration apd depletion of the blood in general ave the Jenst
ohsenre tfﬂd most remediable of all the vatious causes of
thrombosis under disenssion. Means of prevention, of course,
;m'nea.dﬂy he' practised, The free administration of parenteral
w!iif&, if the intestina} m}et is not sufficiently available, and,

i n‘necessary,' transfusion of blood, offer the ohvious Tem.
o Furthes gisemssion of turombophitio infiuences in the
08 41 body flnids will be found in the Iollowing section,

Trauma, the *X fa N
N oior, which seem immedi
excitant of thrombosis, y s to be the ediate

. is not only among the most active bnt
?:;z;:iy the most ‘elusi\-e of all thrombophilic influences. Tts
e foday iz attested by the fact that such measures

88 are directed against thrombophlebiti
" \( i .
wediately after {hae aperatior aphlebitis are being used im-

n, childbirth, or accident. Though
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A man, fifty years of age, suffered a fracture of the fifth
metatarsal bone in a minor accident, A plaster cast was ap-
plied for a week, For the next four months swelling of the
ankle and moderate discomfort in the calf occurred repeatedly
upon use of the leg and rapidly disappeared upon rest in bed.
At the end of this period he died of pulmonary embolism. The
twelve to fifteen inch (thirty to thirty-five cm.) embolus was
found to have been detached from the point at which a large
thrombosed vein entered the poplitea, as shown in Figure 22C.
The femoral vein had never been occluded. Here was a fatal,
ensily detached, propagating clot, encouraged to form by par-
tial occlusion of, and retardation of the current in, the venous
tree and never subjected to continuons elevation. By contrast,
prompt elevation following the establishment of thrombosis
in these same vessels scems to have a favorable effect and is
likely to cause the thrombosing process to recede aud heal
The following is a case in point:

A vigorous athletic man, twenty-seven years of age, was
first seen when, some four days after jumping a brook, ane leg
had become lame, the ankle and calf considerably swollen but
without any ecchymosis. He displayed the sign which the
writer believes to be characteristic of this disease, that is, 8
painful soreness noticed high up in the back of the ealf upon
forced dorsiflexion of the foot, by which the tendo Achillis is
put on the stretch, The foot of his bed was elevated six inches;
the leg placed on a soft pillow but not immobilized. In a week,
the swelling had disappeared. In ten days, all sorencss on pas-
sive dorsiflexion of the foot had gone, and in three weeks the
patient was going about as usual. There has been no recur-
rence.

This, like the preceding case, is judged to represent throm-
bosis in one or more of the great intermuscular plexuses. of
the lower leg. But here, instead of resulting in the formn'tlfm
of a propagafing clot and death from pulmonary embolism,
the thrombosing process healed, to be organized and uhsorl_)ed-
This favorable outcome is laid to clevation and the estahh_sh'
ment of a brisk venous current in the many veins of the region
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aud fibula, The suggestion haa heen offercd, v:i.thuut proof, of
coutae, that some product—allergic or otherwise—of damage
to, or 1apid atrophy of, muscle, emtsequcut upon the njury,
is the active, exciting thrombosing influence.

There ia thes, perbaps, a state of the blood, related to the
general and local effect of traumn, which may be expected {o
ack rather rapidly. The conclusion is diffiendt to eseape that
when other influences are favorable, the injury &clem!f\es tl_\u
decisive action of the {hrombocyte. Best and his nssociates in
Toronto have attacked thrombocytic adherence direetly, mak-
ing use of a perfectly pure heparin, which they have developed
themselves, By {ntravenous therapy, based wpon apimal ex~
ftion, they bavear ble bope of preventing the
of the thrombocyte to a venous surface. Sufiicient
keparin to raise the clotting time to about fifteen minutes hins
been given coptinnously for several days, beginning an hour
or so after operation, in a long series of major procedures.
Apparently, postoperative hemorrhage is not o davger and
thrombosis is aholished. Similar ohservations, which have not
83 yet been sufficiently prolonged to Jead to an anthoritative
conclotion, are being made by Crafoord in Stockholm. One
may say, then, that hypothetical changes in the blood, related
to trauma, are important enough to suggest the need of using
measures directed against thrombosis irumedintely after the
operation or other injury. This, of course, is not ot 4}l new.
Previons attempts, such as the administration of desiceated
thyraid pland, exercises in bed, and, more recently in Enrope,

“sympatol" and other substances have been used in a similar
way.

adhetion

Perivenous Inflammation~Changes in fhe vein’s wall,
brought forward as one of the canses af Throwbophiehitis,
ha\'e’.neenthought te represent & tive and inf} tory
t.ea:chons‘ In the presence of acute fevers, 1his seems intel.
’;legx’g;xz el:cuﬁh, and indeed acute rhenmatic changes, sctnally

ading to thrombosis, are jzable. H eviden
fhror 2 g ever ce

) ;:;;cih lesions in U{e vein's wall a5 a consistent ca'use of the

.l ar, and especially the pastaperative, fors of throm.

|
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the gross evidence of thrombosis, that is, edema in the form of
phlegmasia alba dolens, may not appear until two to three
weeks or even longer after operation, there is good reason to
believe that the actunl onset of thrombosis and of the condi-
tions which lead to it occur much earlier. Moreover, if the
propagating thrombus must, as Aschoff states, attain a length
of some {welve inches (thirty em.) or more to become a fatal
pulmonary embolus, it clearly requires time * for its forma-
tion, presupposing an onset of thrombosis very early indeed.
Thus, although the proper combination of factors can surely
oceasion thrombosis at any time, the early hours and days are
especially liable to it,

The thrombophilie influence of trauma is, apparently, both
general and local. There is no intelligible reason why an opera-
tion upon the gall bladder should cause a thrombosis in the
left upper femoral and external iliac vein (its favorite seat).
Yot unless the writer has been completely deceived, he has
seen a locally reactionless thrombosis start in such a patient
on the night of an utterly uncomplicated cholecystectomy and
lead to a fatal embolism three days later (as proved by
autopsy). Here the very fact of operation, barring, perhaps,
inereased abdominal tension, seems to have been the only ex-
citing factor. But it is well known, also, that thrombophlebitis
following fractures of the bones of the thigh and leg ulmoft
always occurs on the injured, not the sound, side. This Is
brought out in Vance’s account of the fatal embolisms of acel-
dent cases observed over a period of ten years by the Chief
Medical Examiner’s Office in New York City. He reports that,
in the large majority of instances, the causal thrombosis was
found on the side of injury, however slight that might be. B?t
one does not need to assume that actual damage to the vein
itself is responsible, since fractures of the femoral neck afe
nearly as apt to lead to thrombosis as are those of the tibia

« Fatal embolisms bave been known to otcur on the evening of the day of

ration. They are by no means rare on the third or fousth day. Therefore a loug

ope under the right conditions, to form With

propagating thrombus must be able,
great rapidity.
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202 fbula, The suggestion hias been offered, without proof, of
course, that some produet—allergie or otherwise—of dmfmgo
to, or rapid atrophy of, muscle, conseguent upen the injury,
is the active, exciting thrombosing inflnence.

There is then, perhaps, a stafe of the blood, related to the
general and local effect of trauma, which may be expected to
act rather rapidly, The conclusion is difficult to escape that
when other influences are favorable, the injury determines the
decisive action of the fhrombocyte. Best and his nsotintes in
Toronto have attacked thromboeytic adherence directly, mak-
inguse of & perfectly pure heparin, which they have developed
themselves. By intravenous therapy, based upon animal ex-

imentation, they have a v ble hope of preventing the
adhesion of the thrombocyte to o venous surfuce. Snfficient
heparia to raise the clotting time to about fifteen minutes has
been given continuonsly for several days, beginning an hour
or o after operation, in a long series of major procedures.
Apparently, postoperative hemorrhage is not a danger and
thrombosis is aholithed. Similar observations, which have not
as yel 1.7%11 snfficiently prolonged to lead to an puthoritative
conclusion, are being made by Crafoord in Stockholm. One
:““Y say, then, Flmt hypothetical changes in the blood, related
;::;“::; dli\::cltx:émrtaflt enongh to suggest th.e ueed of using
operation o oth against thrombosis immediately after the
Previon: é other injury. This, of course, is not at all new.
fhs'mi; g\,;n é??xt; cis::shi:; et:]xe administration of 'dcs'mc:\ted
, and, more recently in Europe,

4,
sympatol”? i
- P and other substances have been used in & similar

Perivenous Inflo; i 3 4
brought fonvmdﬂa;nnwhm—c}mnges in the vein's wall,

one of the cause: M
E:::;::n t?:ﬂght to represent deg s.:?vfx. ;E\‘;‘_ﬂ‘iﬁ?ﬂ*‘\’\ﬂ.
Bigible e:ou ht,he presence of acute fevers, this seems intely-
leuding " %1“ m‘:i n_xdeed acute thenmatie changes, actoally
of such !esions°§ &515. f‘rf reeognizable, However, evidence
fumilins, gog e veln’s wall as a eonsistent cause of the

’ especially the postoperative, forms of throm.
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bophlebitis is not forthcoming. Moreover, there scems to be
no difference, cither clinically or pathologically, between the
thrombophlebitis complicating acute fevers and that associated
with traumatic, postoperative and puerperal states. Evidently
infection and fever, as related to the operation or injury it-
self, are not important etiological factors in thrombophlehitis.
Nevertheless there is a relation between perivascular inflamma-
tion and thrombosis, a relation unfortunately not often dis-
cernible but of such a nature as to make it clear that the
inflammation, when present, is a cause of thrombosis and that
thrombosis docs not oceasion the perivascular inflammation.

Perivenous inflammation has been diseussed by Leriche, not
so much as a eause of thrombosis as of the pains, edemas, snd
late complications attendant npon femoro-iliac thrombopllehi-
tis. Just as involvement of vasomotor nerve fibers by inflam-
mation of the wall of a large artery leads, he believes, to
disorders of the peripheral arterial circulation, so inflamma-
tion about a great vein, by involvement of perivenous nerves,
causes peripheral pain, edema, and eventnally, as a Jate com-
plication in some eases, uleeration. Leriche comes to this con-
clusion partly upon experimental grounds buf chiefly because
of noticing the favorable effeet of resecting, or perhaps merely
freeing, adherent, chronically thickened, occluded iliac veins
upon peripheral pain and edema, The writer is able to present
o somewhat different sort of evidence. Being interested in the
relation of the lymphatics to the edemn of phlegmasin alba
dolens, he has, in several instances of this disease, explored
the pelvis in order to examine the Iymphatic-bearing tissues
surrounding the great ilinc vessels, In one instance of A left-
sided phlegmasia alba dolens, which had already persisted
unchanged for about ten days, he found, upon dividing'ﬂle
peritoneum over the iliae vessels, an intense, nonsuppurative,
vasenlar exudate surrounding both artery and vein. The artery
was 50 engulfed in inflammatory tissue that it could not be
seen, but it was evidently in a state of spasm. The vei_n ?ms
only found by cutting into it. Strangely enough, its intima
was, by contrast with the adventitia, entirely normal and it
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wag filled with & solid, dark, mixed thrombus. It was clear that
a primary perivascular inflammation had led at one moment
fo venons thrombosis and arterial spasm, and inconceivable
that the reactionless thrombus conld be the causc of the active,
external, inflammatory exudate, The perivaseular reaction sur-
rounded the common as well ag the left external iline vessels
and was found to extend down Hunter’s canal. In the lower
third of the thigh it was much less active, and here the fem-
otal vein was found o contain Jiquid Blood. In another ease
of longer duration, & similar reaction was seen during the
stage of repair, the exudate having undergone such fibrosis as
to wite the artery and vein firmly to each other and to the
currounding sheath. Yet it cannot be shown that the perivas-
calar reaction s always present; for in a third exploration
by the writer, there was no trace of it, though a solid thrombus
oecupied the left external iline vein up fo the crossing of the
%‘Ypl}gas(ric artery. Obviously, if such o reaction is the rule,
it will he ecessary o offer an explanation of its origin. One
may, therefore, go back to the Iymphaties, the primary ohject
of the writer’s explorations. Any infection earried by the
haph stream from the legs, the genitals, or the anal region
E‘;?‘ga“; to the Iymphatic vessels ang nodes about the great
0! £l . H
ey S sl e o
dolens, One such case is eited, et of phlegmasia alla
Yeié‘,’:’;ii};tzlﬂ;,lsnﬂ'c;'ing.f'rom pheumonia of 0 great se-
ing hypode Jmphangitis anfl fc'mornl adenitis follow-
YP ertmocysis of saline solution in the right th

SEO1e Dain in fhg sty ) . ght thigh, The

808 leg, which then suddenly set in, was
"rance of the pulses in the right foot

t. The more interested one be.

ation ag a cause of femoro.itine
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thrombophlebitis the more important it seems, but the varions
other causes of thrombosis are clearly so significant that one
fears to become too much attached to one~-and that little
studied—hypothesis. However, a quotation from Cruveilhier,
upon the subjeet of iline thrombophlebitis, is perhaps ap-
propriate:

“Drune autre part, j’ai vainement cherché dans la mem-
brane interne des veines des traces d’inflammation: point
d’injection vaseulaire, point d’paississement notable. On ne
trouvait d’indices de travail fluxionnaire que dans le tissue
cellulnire extérienr nux veines, lequel tissue était plus cohérent
que de contume et injecté de eapillaires veineux qui enlagaient
1a veine comme dans un résean et pénétraient dans son épais-
seur, Dans aucun cas de phlébite, je n’ai tronvé la membrane
interne des veines injecté.” (Italics, writer’s.) .

Pulmonary Embolism.—Before going on to the specific van-
eties of thrombophlebitis, it will be appropriate to diseuss the
nature of pulmonary embolism. The Propagating Thrombus
has already been pietured as the usual souree of cmbolism.
There is ample reason to believe that, if it is to form, there
must be available, proximal to the primary site of the throm-
bus, a sufficient length of large vein, That is, if the solid Pﬂft
of the thrombus ends proximally where the external jliac vett
joins the hypogastrie, the propagating thrombus must float
the common ilinc and far up the vena cava. Aschoff helioves
that most long, fatal emboli come from the femoral, an as-
sumption the more reasonable hecause of the fact that out-
spoken phlegmasia alba dolens, which represents a thro.m‘
bosis extending proximally through or above the external iliae
vein, is seldom a source of fatal embolism. Certainly, many
long emboli are broken off in the popliteal vein, having grown
into the femoral as propagating thrombi; whence the impor-
tance of thrombosis in the deep veins of the calf.

In regard to the pelvic plexuses as sources of emboli, Hittle
is actunlly known. Thrombosis has been shown to extend, a8
an occluding process, from the uterine veins into the hypogas-
tric and common ilinc. But the unanswered question is: Does
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a floating, propagating thrombus originate in the nterine or
prostatic veins and grow out into the hypogastric and common
iliac? If so, it may well break off, leaving little trace behind.
Apparently there is no evidence that such occurs, though
when no other source of embolism is discovered, the great
pelvie plexuses must be under suspicion, Indeed, it is then
hard to see from where eise the embolus can have come.

Embolism from unnoficed Thrombosis—There is good
reason to believe that outspoken processes such as phlegmasia
alba dolens or thrombosis in varicose veins are less apt to
cause embolism than the quicter ones, Tn the case of plhiegmasia
alba dolens, inflammatory changes, such as have already been
described, tend to fix the thrombus, and the collaters} enrrent
called forth by the obstruction of a considerable length of the
‘main venous trunk wonld seem to offer little opportunity f?r
the formation of the long, fragile, clot-like, detachable tail.
Again, in the case of varicose veins, the sclerosed state of the
vein, the overstretching of its conts by rapid dilatation, per-
iaps the presence of bacteria in its wall, combine to make &
thrombus adhere solidly. Common as it is for thrombosis, Ye-
ginning in o sacculation of the upper calf or thigh, to resth
the saphenous opening, the extension of a soft propagating
clot from the varicose saphenous vein into the femoral 18
almost unknown. Conversely, among Vance’s ninety fatal ac-
cident cases of pulmonary embolism, already mentioned, there
was rarely any external evidence that thrombosis had occurred.
Another pertinent observation relates to the trivial injury 88
2 conse of a quiet thrombosis and a fatal embolism. Vance
noticed that among eleven such cases, in six, the thrombosis
was on the side of the injury, while in the other five, no souree
of embolism could be discovered—facts which speal for the
case with which thrombosis can be established by traumn‘m}d
for the incrensed frequency of embolism when thrombosis 18
not extensive enongh to have cnused external signs, 0T, for
that matter, to have left internal traces.

Tt scems that not only may a short though dangerous thro
hosis remain utterly silent, but even an extensive thrombosis

omm-
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may be remarkably quiet. The reason for this is not entirely
clear but a very gradual spread of the thrombosis is the prob-
sble explanation, for the collateral eircnlation can then keep
pace with the obstruetion. The writer has scen, in a vigorons
elderly man, reclining in bed following prostatectomy, re-
peated pulmonary infarctions when only a very slight cyano-
is of one foot was all that indicated the presence of thrombo-
phlebitis. But when the attempt was made to divide the
femaral veinat the groin, thrombosis, incompletely obstructing
the vessel, was found. A fatal pulmonary embolism followed,
aud antopsy revealed a bilateral thrombophlebitis which ex.
ie?ded proximally, on one side, as high as the common iliae
vein. It is certain that incompleteness of occlusion by the
U\r?mbus is an important factor in the formation of a propa-
gating clot. The writer has several times met with it in his
Mlemgts to divide a vein proximal to the supposed souree of
::;K;hzni;. A slo'w b)ood_-ﬂow past a sof.t thrombus should cer-
by uri er an ideal soil for the creation of loose detachable
gments,

inlf- Etshegotbstervatxons of Leriche, Cruveilhier and the writer,
ek Se:i o1 outspt{ken femoro-liac thrombophlebitis, are
o nm;oﬁou; {i‘and if !he.{requency of embolism from quiet
mten itciz " .mmbosxs 1s at all what has Just been sug-
o d'ale alr.to Suppose that with outspoken phlegmasia

NS, an Imsecure, embolism~threatcning thrombus is

very unlj eoli
y ‘.‘mxkely to forml xf'lule with qguieter, incompletely ob-
is °1¥9re 2 that the leslt is nh.vays a threat. The explanation

ren Varteres op TRROMBOPELERITIS

oro.dls

] L&?ih;ﬁo’l‘h]rgmbophkbitix: Phiegmasia Al Dolens;

been thorrany i:g 1instanceg :?f femoro.-ilige thrombosig ]mvz;
Persong leading an active life (Barker) the
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disease usually attacks those who, for one reason or another,
are confined 1o bed. The veins involved are the upper femoral,
the external, and perhaps common iliae. Apparently the con-
fused currents due to entering branehes and large valves favor
thrombosis in this region. Aschoff remarks that when both
sides are affected, the process is likely to extend, on the left,
through the common iline vein, up to the point where the vein
passes under the common iliac artery, but on the right, mounts
only to the region of the inguinal ligament. The anatomical
background for this distinetion has alrendy been discussed.

Phlegmasia alba dolens is particnlarly apt to follow opera-
tion or injury in persons in or beyond middle life. But it oc-
curs 50 often in young women after childbirth and often enough
in young adults of either sex after acate fevers or such 8
simple operation as appendicectomy, as to make any cale-
gorical statement about o particular age incidence absurd. It
would be better to say that a femoro-ilinc thrombosis comes to
mind when any sort of operation is proposed for an individual
of fifty-five years or over. After an operation upon the pros-
tate or hysterectomy for fibroids, it is perhaps twice a8 fre-
quent as after upper abdominal procedures. Surgeons aré apt
to forget how very often a phlegmasia alba dolens is asso-
cinted with debilitating diseases—not only the serious, .ncute
fevers like pnenmonia and typhoid but the circnlatory failures
and advanced organic diseases of any sort. Fractures ?f the
lower limbs occasionally bring it on, the injury, plus mmo-
bilization of the leg, plus the reclining position so often used
combining to offer an ideal background for the disease. Rea-
sons have already been given for believing that the initial
thrombosis usually starts very promptly after favorable con-
ditions for its establishment have occurred, How soon it sh’aws
jtself thereafter seems to depend upon developments little
understood.

When o whole lower limb is swollen, it is certain that 2
femoro-iliae thrombophlebitis is present, but absence of edema
is no proof that the disease does not exist. The amount. of
edema seems to depend upon the extent of the process, the im-
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permeability of the plug, the efficiency of the “’“;.tf.“‘l zl::u:\::
tion, and the degree to which thc‘ deep lymp o wsuk o
siructed. Naturally, o very estensive th'rom‘lm‘sxs m: c; e
prompt establishment of a collnteru! cirenlation o dx w‘?ii

matter, whereas & locsl one is easily cu‘cumyented. .En insi t
ons onset and development is istent with an of

edema, By contrast, a very acute, active process will causo the
lim’ {0 swell so tensely, within a period of sevcnt)t-'m'o hours,
that it will not pit on pressure and is utterly mm:mldy. Alleg
of this gort is not eyanatic and though o sufficiently wx'd&
spread thrombosis is perfectly capable, by itseli, of causing
an advanced edema, one cannot help thinking that lymp)m'hc
abstruetion 1s very mach concerned with the swelling. Paine
Tooks upon an slmost pure lymphedems as being exccodingly
common, The writer, though understanding the perivasenlar
infiammation which Craveilbier, Leriche and he have demon-

etrated in their several ways, to be a probable cause of Iymph-
eems, is aware that o very full swelling of n Yimb can be pres-
whatever, This de Takats has experimentally proved.
wbhered i by pain, sometimes of such severity ns {o suggest
. referred to the groin,
® Wner face of the thigh, even to th
L. With this there j5 apt to be some degree of sorencss over
. 1 region and sometimes above the inguinal
Lgament. Bt the
t with g feeling of numbness or heaviness,
As 2 mle, tpe pain is preceded for twenty-four hours by o
moderate g
lUowed by swelling for perhaps another day. Then
edema O
-y %07 of the Tocal pulse is of great interest. Allnsion
en Mad 2 weakening or disappearance of
Iéﬂfa(xun W the periphery
‘:‘é‘:‘;‘: ofny s i2 appearing more and mors often
erature, Frencl abservers, in particalar, stimnlated

eat witkout any perivascular involvement of the Jymphaties
The onset of Dhlegmasin alba dolens is more often than not
seute arterial ischemia, The pain is
e back of the Jmee or
the upper femara)
3 swelling may appear insidiously, without
TR ot at the mog
. evation of pulss and a slight rise of temperature.
Tt s not £
s Tapidly From the ankl th n,
The beha T e e to the groin,
Made earlier to
? vessels and even in the femoral,
teria) spa;
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perhaps by the writings of Leriche, have deseribed arterio-
spasm 80 severe as to canse gangrene of the leg. Apparently
it is not necessary that a perivascular inflammation should
be the cause of this spasm. The mere presence of a thrombus
in the upper femoral and iliac vein is sufficient. A very strik-
ing nccount is that of Gregoire:

A woman, forty-nine years of age, had been operated upon
for pyosalpinx, Three days after operation, swelling and
heaviness attacked the left Jeg but so mildly that the patient
did not at first complain. On the following morning, however,
the leg turned blunish, cold, and numb. In an hour, the color
had reached the knee and soon the thigh as well was cold,
cyanotic and rather marbled, a picture of arterial embolism.
At the same time, the face beeame pale, the pulse rapid and
the femperatore elevated (38.5° C.), There was no cdema and
strangely enough, no pain. Cutaneous sensibility was lessened.
No pulsation could be detected in the femoral distal to a point
three em. below the inguinal ligament~—the usual findings
when the femoral is obstructed at its bifurcation by an em-
bolus. Upon exploration, the femoral artery was found to be
in a state of violent spasm for a distance of only two em. and
contracted to the size of the radial. This contraction lay be-
side the lower end of an enormous, bluish-black stretch of
femoral vein, The thrombosis ended cleanly three cm. below
the inguinal ligament and disappeared beneath the ligament,
above which it was not followed. Distal to the thrombus, the
vein was small and pale. When punctured by a needle, the con-
tracted artery bled in spurts. Evidently it transmitted a little
blood and an injection of novocaine into its outer conis
caused it to expand to its natural dinmeter, bringing back t'he
peripheral pulse. However, the vessel soon contracted to .ltS
previous size; nor could it again he made to dilate in sl"'“'
of a periarterial and perivenous sympathectomy over a dis-
tance of ten em. (four inches). Perhaps spasm had now set
in higher up. In any case, during the following days the leg
became gangrenous and eventually was amputated above the

Imnee.
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1t should then Be recognized that venous thromboses may
be associated with, if not actually o reflex eause of, arteriol
spasm serions epongh in some cates to induce gangrene of
the limb, and that pain, which usnally marks the onset of
arterial ischemia, may oveasionally be replaced by mere cold-
ness and numbness,

Minor degrees of fhis reflex sympathetic disorder are not
souncommon. Leriche has made the very Interesting observa-
tion that it can be broken op by injections of novoenine into
the paravertebral lumbar sympathetic. He states that by daily
Injections discomfort is diminished and that the edemn dis-
appears far more rapidly than the ordinary expectation.
Whe}bex suck treatment should be made & routine in phleg.
asta alba dolens or shoyld only be nsed when evidence of
rellex arterial spasm is observed is not yet clear,

The caurse of n femaro-iliae thrombophlebitis is extraor-
fimanly variable. & mild form eanses only & moderate swell-
25 which disappears after ten days and leads fo almost no

ema when the patient first gets about. A severe form,

residual ed
th fever and both Jocal and genernl discomfors,

asspciated wi
Sesults in g Inge, hard log which chan, i

:Z?I subject throughout life to some degree of edema, espe-
12ily of the anklo and Jywer leg. Once a femoro-iling thrombo-

.:s]xs ;}sinblisbe()., fatne individuals seem to Yecome inereag-
ﬁi&; mrorx{hophmc, The opposite limh is involved far more
40 33 fenerally Supposed, but perhaps with so ittle

" . 4
o her; Teeursing Iater i the one first attacked.

o ;s;x:::anﬁ of the leg i:s usually one of white swelling,
Dresens ¢ «-n“f. feintly e aaﬂh':', Dpinkish color ax if fharn wne.
Tarely vigp 0 - ! ‘ .
coliatern) . I : . .
P pa “v-o BuPear 1 the upper thigh the

102 and the Jpmep abdomen, Temaining throgug’houi



230 CIRCULATORY DISEASES

life. Sometimes the great saphenous vein can vaguely be felt
as o fender thrombosed cord which later becomes varicose.
Far more often, tenderness over the upper femoral canal gives
rise to the suspicion of a superficial thrombophlebitis which,
in fact, does not exist. The leg is not noticeably hot or cool.
Only very occasionally are any lymphatic streaks to be seen.

The aftermath of a phlegmasia alba dolens is usually far
less disabling than might be supposed. Tt is inconceivable, of
course, that any valves invelved in thrombosis can again func-
tion normally, yet very few feet are left cyanotic after the
upright position is resumed, The ankle may be puffy but the
toes are not blue, Only oceasionally, large veins are Jeft which
in time become varicose. The probability is that the worst of
the thrombosis takes place in the external iliac, where only
ono valve is occasionally present, and in the upper femoral
where after all only a fow are lost. Collateral vessels help cut
and the decp veins of the lower leg arc seldom involved. The
real difficulty is with the superficial tissues. Whether or not
these are left edematous, there may develop later areas of
edema, of pigmentation, of redness, of induration, and finally
of uleeration, the “postphlebitic induration and uleeration”
the nature of which is so obscure and the exact cause of whic'h
is 50 hard to understand. Very rarely a painful hypersensl-
tiveness, associnted, perhaps, with signs of vasospasm is lefh
a state reminiscent of causalgia (g.v.).

Treatment, Preventive.—Certain influences favoring thron}-
bosis are unavoidablo: in particular, the anatomic and physi-
ologic peculiarities of the venous return from the legs, the
exciting factor of operation, injury, childbirth, or debilitating
disease, and of course life in bed. To these are added the more
or less avoidable influences of dependency and immobilization
of the lower limbs, inereased abdominal tension and dehydra-
tion. The first set can be minimized; the second, in most cases,
climinated. Elovation of the legs opposes the anatomic and
physiologic difficulty with the venons return. The legs and
indeed the body in general ean be oxercised, preventing re-
laxation and atrophy. Increased intra-nbdominal tension can
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be forestalled by perfect closure of wounds, loose drchh}gS
and the ekiliful anticipation of intestinal distension. The difGi-
calty with o]l such measures ia that in nigeteen cases out of
twenty they are nob requited—~one must go gunning for the
twentieth case! One must never, however, leave & patient
weskened by operation ot disease sitting vp in bed for more
than & few hours at o fime, A permonent sitting position, the
legs being relaxed, is an invitation {0 thrombosis of the quiet
fype which go often canses embolism. Tt would be best that
the patient sbout whom oue is especially nervons shonid re-
m.nin sapine ot even head downward until be is ready to be-
gin getiing out of bed. Indeed, unless the potient hos o very
‘fn!nernble cardio-respiratory sysiem, an elderly man sub-
#eted 1o prostatectomy had better be kept, during the post-
sperative period, head down and feet np for o good part of
each twenty-four hours.

The prevention of inereased intra-sbdomingl tension hns
been dealt with by Bancroft sud his associates. They insist
Dz‘at ahdcm}nul wounds be 8o carefully closed that tight slrap-
Ding and‘ binders are not needed and they regard the prompt
!Eiiiomtwn of intestinal tone by the early use of semi-ectid or
:;ldd food as essential. Probably the surgeon’s handling of ihe
An‘:\‘(‘i’;‘“it"l;cta_m at the operating table is equally important.
mere!yq, 5' mdb:ﬂ_tmce: a5 Maddock and Coller have proved,
o (ﬁvgq ires un intelligent calenlation, In these days, glo-
i“tm"enmf:l; cf?t)t t:‘”d phystologic valine selation are given,
ndeations, r the most part, according to the particular

Jic s .

ml;:::;zg;‘rected against thrombosis should start at the
actor e s o momcnt: not several days after the exciting
Best in givil"ll’ea!ﬂl: This has been realized by Murray and
Toronto, By egt I;Eiﬂﬁlﬁd hepm:m after major operations in
& contimuns i“:‘ shing, within an hour o two of operation,
they raise the co"‘““*‘n".‘m “})ecﬁm at an appropriate dosage,
it there for Sev“s:‘hbon time to fittcen minutes, maintsining
long series of eral days, and hace decidedly lowered, in a

of cases, the incidence of thrombosis nné em-
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bolism, The presence of heparin not only delays coagulation
but prevents adhesion of the thrombocyte; that is, it com-
pletely abolishes thrombosis. Unfortunately, the treatment
is very expensive, and is certainly not yet available for gen-
eral use. One may perhaps depend upon Baneroft’s clotting
index as a measure of the threat of thrombosis, taking special
precautions or using an anticoagulant drug for the case in
which thrombosis seems imminent. For an account of the test,
Baneroft’s writings should be consulted. His formula is shovz
below.

Prothrombin (1) + Fibrinogin (05 fo 0.7) == 0.5-0.7
Antithrombin (1)

An index of over 1. points to n tendency fo thrombosis and
the need of preparing the patient by the use of a high proteifx,
low fat and carbohydrate dict. Whether or not this diet is
given, sodium thiosulphate in ten per cent solution is adminis-
tered intravenously for three conseeutive days in a daily dose
of ten cem.

The Treatment of Established Thrombosis must always
hurry the retnrn of blood from the legs and pelvis. A solid
thrombus, it must be supposed, occupies the apper fomoral
and more or less of the iliac vein. Bt is a loose, detnchable,
propagating clot present at the proximal end of the thrombus?
In the usual outspoken phlegmasia alba dolens it is very rarely
present: in the oceasional quiet, barely noticeable and per-
haps incompletely obstructing thrombophlebitis it may well
be. However, the only proof of its existence is the occurrencd
of a pulmonary infaretion due to a nonfatal embolus. There-
fore, unless one believes {hat the common iliac vein or ven?
cava should be divided rather often on suspicion (1) the pres-
ence of the propagating process must be ignored and all ef-
forts directed against its formation. It isn’t the patient’s
furning over in hed which should be hlamed for the fatal
embolism, but the presence of the defachable embolus; and
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the best practical defense against the formation of the em.
bolus is elevation of the lower limbs, .
Elevalion of ihe Jegs hns two objeetst the hurrying of a
collateral stream past the prosimal end of the thrombus, to
prevest the growth of the fragile clot which a slow stream
encourages, and the relief of edema. There is no reason \\:hy
the leg should ot be efevated nnd no reason against its being
woved, the proximal end of the {hrombug being within the
pelvis and hittle influenced by such factors. Indeed, why worry
shont easual exercize when the patient must practice daily
the athletic feat of using the bed pant So the foot of the bed
should be ruited six inches and the swollen leg elevated stin
Ware upan an inclined plane or in o sling. A conple of pillows
Pay be placed under the shonlders and bead but the body
kanld not he hent, by raising the upper half of the adjustable
bed Under these conditions, the leg will have $reedom of mo-.
fon and shonlq ot be cavered with jee bags. Beyond the fact

that heat ustally brings more comtort—if he thigh is pain-
Tol—tke ice bag defays the flow of blood rather than hastens it
{nd oceasionally inflicts

I a frost-bite, The ol cnstom was to
Bt fhe Palient ap in bed, apply ice to the flaccid legs and wait
‘;Or swelling and fever to subside. Whether the existence of
i;m Is aetoally an important consideration is unknown to
@ Writer, When Present, it may be expected to disappear
‘m:z the edomma, Under the system here deseribed, as edema
=2pPears, active exereige of the leg ot legs in hod is be,
. g
:ﬂa should B continned, with assistance if necessary, for
V?&% ‘:hiyds brfore the patient is ericousaged to get up. Then,
o o Nandages applied up 1o the knees i ) go-
050 g g T o P ces, he begins to walk, go

\m‘n'ui edema i pf
to0 Yittle elesation, Standing,

ent, ReOURLLS swwellin,
Shonld iy, oty

8 great veiy
76 harg ng

conrse a sign of too mneh dependence ang

or sitting with the legs depend.
sealar exaraise diminishes it.
oRary infaretion aceur, the question of dividiy
! g
tProXunzd fo the thrombus comes up, For those
85 yet been trepted by elevating the lywey half
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bolism. The presence of heparin not only delays congulation
but prevents adhesion of the thromboeyte; that is, it com-
pletely abolishes thrombosis. Unfortunately, the treatment
ig very expensive, and is certainly not yet available for gen-
eral use. One may perhaps depend upon Baneroft’s clotting
index as a measure of the threat of thrombosis, taking special
precautions or using an anticoagulant drug for the casein
which thromhosis seems imminent. For an account of the fest,
Bancroft’s writings should be consulted. His formula is shown
below.

Prothrombin (1) + Fibrinogin (0.5 to 0.7) == 05-0.7
Antithrombin (1)

An index of over 1. points to o tendency to thrombosis and
the need of preparing the patient by the use of a high protein,
low fat and carbohydrate diet. Whether or not this diet is
given, sodium thiosulphate in ten per cent solution is adminis-
tered intravencusly for three consecutive days in a daily dose
of ten com.

The Treatment of Estadlished Thrombosis must ulwa).'s
hurry the veturn of blood from the legs and pelvis. A solid
thrombus, it must be supposed, oceupies the upper femoral
and more or less of the iliac vein. But is o loose, detachable,
propagating elot present at the proximal end of the thrombus?
In the usual outspoken phlegmasia alba dolens it is very rarely
present: in the oceasional quiet, barely noticeable and per-
haps incompletely obstructing thrombophlebitis it may well
be. However, the only proof of its existence is the ocourrence
of a pulmonary infarction due to a nonfatal embolus. There-
fore, unless one believes that the common iliac vein or vend
cava should be divided rather often on suspicion (1) the pres-
ence of the propagating process must be ignored and ol ef-
forts directed against its formation. It isu’t the patient’s
turning over in bed which should be blamed for the fatal
embolism, but the presence of the detachable embolus; and
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the best practical defense against the formation of the etw-
botas i elevation of the Jower limbs,

Elevation of the Jegs has two ohjects: the hurrying of a
eollateral stream past the proximal end of the thrombug, o
prevent the growth of the fragile clot which o slow stream
encoutages, and the relief of edema. There is no reason why
the leg should not be elevated and no reason against its heing
moved, the prasimal end of the (hrombus being within the
pelvis and little infloenced by such factors. Indecd, why Worry
2hout easual exercise when the patient must practice daily
the athlofic feat of using the bed pant So the foot of the bed
sbeald de raised six inehies and the swollen leg elevated still
ore apon an inclined plane or in a sling. A conple of pillows
way be placed under the shoulders and head ut the body
should not be hent by raising the upper balf of the adjustalile
bgd Under these conditions, the leg will have {reedom of mo-
tion and should not be covered with ice bags. Beyond the fact
;hnt heat. ustally brings more comfort—if the thigh is pain.

althe foe bag delays the flow of blood rather than hastens it
and oceasionally infliets a frost-bite, The old eustom was to
:’t the vatient up in bed, apply ice to the flaccid legs and wait
i::;“‘gh;? u:;id feve'r to subside, Y}’hetli?r the cxistence of

: J an fiportant consideration is unknown to
“0, 3t may be expected to disappear

Sith bandages appp aged to get up. Then,
. rplied o ; .

iny \ohedbeiween his e Nty e o N fibl
y the

iﬁa.ry}afxmtion ocenr, the question of dividing
i mal to the thrompys comes up. For those
et been treateq by elevating the lower half

& graat, ¥oin g
Who Yiavg pof



232 CIRCULATORY DISEASES

bolism. The presence of heparin not only delays congulation
but prevents adhesion of the thrombocyte; that is, it com-
pletely abolishes thrombosis, Unfortunately, the treatment
is very expensive, and is certainly not yet available for gen-
cral use, One may perhaps depend upon Bancroft’s clotting
index as a measure of the threat of thrombosis, taking special
precautions or using an anticoagulant drug for the case in
which thrombosis seems imminent. For an account of the test,
Bancroft’s writings should be consulted. His formula is shown
below.

Prathirombin (1) 4+ Fibrinogin (0.5 to 0.7) == 0.5-0.7
Antithrombin (1)

An index of over L. points to a tendency to thrombosis and
the need of preparing the patient by the use of a high proteiz,
low fat and earbohydrate diet. Whether or not this diet s
given, sodium thiosulphate in ten per cent solution is adminis-
tered intravenously for three consecutive days in a dnily dose
of ten cem.

The Treatment of Established Thrombosis must always
hurry the return of blood from the legs and pelvis. A solid
thrombus, it must be supposed, oceupies the upper femoral
and more or less of the iliac vein. But is a loose, detachable,
propagating clot present at the proximal end of the thrombus?
In the usual outspoken phlegmasia alba dolens it is very rarely
present: in the occasional quict, barely noticeable and per-
haps incompletely obstrueting thrombophiebitis it may well
be. However, the only proof of its existence is the occurrence
of a pulmonary infarction due to a nonfatal embolus. There-
fore, unless one believes that the common iliac vein or vend
cava, should be divided rather often on suspicion (!) the pres-
enee of the propagating process must be ignored and all ef-
forts directed against its formation. It isn’t the patient’s
turning over in bed which should be blamed for the fatal
embolism, but the presence of the detachable embolus; and
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the best practical defense against the formation of the em-
bolus is elevation of the Iower limbs,

Elevation of the legs has two objects: the limnrrying of a
tollateral stream past the proximal end of the thrombus, to
prevent the growth of the fragile clot which a slow stream
encourages, and the relief of edema. There is no reason why
the Teg should not be elevated and no reason against its being
moved, the proximal end of the thrombus being within the
pelvis and little influenced by such factors. Indecd, why worry
about casual exercise when the patient must practice daily
the athletic feat of using the bed pan? So the foot of the bed
should be raised six inches and the swollen Jeg elevated still
more upon an inclined plane or in a sling. A conple of pillows
may be placed under the shoulders and head but the body
should not be bent by raising the upper half of the adjustalle
bgd. Tnder these conditions, the Teg will have freedom of mo-
:L‘;’;;ﬂd should not t.:e covered with ice bags. Beyond the fact
ful-ujat' usually brings more comfort—if the thigh is pain-
o oc"‘ ice bog delays the flow of blood rather than hastens it
e 4‘35tl'onally infliets a frost-bite. The old cnstom was to
P sw:;:;i ;ent né) in bed, apply ice to the flaccid legs and wait
feven 1, acf ﬂ; feve‘r to subside. Whether the existence of
the writer :‘fhzna:t:;l:;ﬂ;u; consideration is nnk‘nmm to

s ay be expected to disappear

with the edem .
dcappenns e; a. Under the system here deseribed, ns edema

too it X e 2 sign of too much de endence an,
at, enceo :1;:?:1. St.andmg. or sitting with !heplegs depend(f
Should pape :well‘mg. M}lsc\ﬂnr exercise diminishes it.
2 et vagg pm:'ry infaretion ocenr, the question of dividing
¥ho bavg gop 'mal o the thrombuys comes up. For those
28 yet been treateq by elevating the lower half
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of the body, elevation should first be tried. But should infare-
tion oceur while the patient is being exposed to the favorable
effect of elevation, the answer is difficult, Xt has already been
explained that embolism from an outspoken, completely ob-
structing femoro-iliae thrombophlebitis is unusunl, It is far
more common when swelling is slight or absent and a consid-
crable current is able to flow past the thrombus, Should such
a condition be found upon exploration at the groin, opening
the common femoral—the current from the various entering
branches being controlled—may permit extraction of the in-
securcly fixed clot by gentle suction, The femoral and its
various branches should then be divided. However, the indi
cations for this diffieult procedure or even a direct aitack
upon the iliae vein within the pelvis are not yet clear. Ap-
proach to the left commen iliac vein is best made transperi-
toneally; to the right, probably extraperitoneally from the di-
rection of the ilinc crest and right flank. But now the operator
must determine the upper limit of the thrombus, which may
be very soft. Unloss he is fortunate enough to have divided
the vein above it, he must still open the vessel and suck ouf
the clot. Possibly the appronch to all ilinc thrombi had better
be made, a8 in arterinl embolism, through the common femoral

Thrombophlebitis in the Prostatic and Uterine Veins.—
Thromboses found at antopsy in these vessels have indieated
them to be a source of fatal pulmonary embolism, especially
when no other source is discovered, Probably thrombosis it
the plexus of veins draining the prostate or the uterus is able
to progress throngh the hypogastric vein into the common
iline, obstructing the return from the leg and causing phieg-
masin alba dolens. Indeed such must be an occasional cause
of that disease. But may o long, nonobstructing, loose clob
spring from a prostatic or uterine vein and may it break oft
leaving only the parent thrombus decp in the pelvist That
seems not fo be known. There is cortainly no way of identify-
ing such o process during life. One ean only hope that the
routine treatment intended to forestall o femoro-iline throm-
baphlebitis will prevent its ocenrrence.
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thrombosis is still active—is even perhaps extending—and
that & propagating thrombus may well be growing up the
femoral vein, There is all the clearer indication for femoral
division in that experience has shown such treatment to cure
the disease with remarkable rapidity. Of conrse it removes the
danger of pulmonary embolism. One might suppose that divi-
tion, even below the profunda femoris, wonld eaunse, for a
moment at least, cyanosis of the foot. Such is not the case. The
foot, which is usually a Little cold, becomes warmer and even
perkaps pinker than the other, In other words, a peripheral
vasodlatation occurs.

'Di\'ision of the femoral is performed under local infiltration
with procaine or spinal anesthesia, A ten to twelve em. (four
to five inch) oblique incision parallel to the inguinal ligament
and ghout three em, {one inch plus) below it is satisfactory,
The great saphenons vein is first found and is not disturbed.
Tt actually is the hest guide to the femoral. With retraction
"Wﬂﬂ_i and. downward apon the parts superficial to the apo-
n?nrosxs,'ths layer is divided peripherally from the saphen-
i?gg:‘im& ;xposi.ng the common femoral Jjust proximal to
isolated.'m erhaps two cm. of the superficial femoral is

Just distal to the profonda, silk ligatures are tied, the

Toper &
hﬁ:; J&.:;} below the brofunda, and the vein is divided be-

distally., 1t This gives 2 good enfl bath proximally and
y sed, a considerably longer

T resection, the patient i

o divisi , the patient remaing
fOrav;eel:oiofo:rOf lhxch is kept elevated four to six inches,
for 11 80ch 2 period g the surgeon feels is required

e hl’-‘ﬁhﬂg‘ of the ‘wound, ombosig 10 longer
d e thr
The th if 18 5

lower leg is adyi i
by ¢ €13 advisable when walkin,
erenes tc‘;zzrﬂ}al.hfe can 80on be resumed. In the \Vtitcr’i

s 0818 i3 not afterwards noticeable, but g litfle
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tempted. The difference between the two legs is usually very
clear to the patient. Not only is this test useful in diagnosis
but in following the progress of the discase, for with healing
of the thrombosis nnd the re-establishment of a normal cir-
culation, the sign disappears.

Treatment varies with the stage at which the disease is first
seen. If the patient has but just complained of lameness and
now for the first time exhibits n slightly swollen, biuish foot
and sorcness on foreed dorsiflexion of the foof, conservative
treatment should be tried. The lower ond of the bed is raised,
on blocks, four to six inches above the upper, and the affecled
leg is placed on a soft pillow, A large cradle is used to keep
the bedclothes off the feet. No restriction is placed on moving
the leg, but on the other hand no attempt is made at this time
to exercise it. A couple of pillows may be placed under the
head and shoulders. If the patient is able easily to manage the
bed pan for defecation he should do so. If nof, he had better
get up once a day (applying a semi-elastic handage from toes
to knee) and use the bedroom cabinet.

Tlevation in bed is maintained for at least ten days or until
all signs of soreness on forced dorsiflexion of the foot and all
edema have disappeared. The next four or five days are spent
gontly exercising all the muscles of the leg in bed. For it is
held that such exercise should precede getting up and that 8
propagating thrombus need not at this time be feared. Then
the patient begins to get up, wearing, when he first walks, 2
somi-elastic bandage from toes to knee. He feels his way
along, walking a little and again elovating the leg, gradually
increasing the periods of use and shortening those of rest.llf
no swelling or blueness of the foot is noticed, an active life
is resumed, the whole period of treatment having been three
or four weeks,

If, on getting about, swelling and cyanosis recur or if the
patient is first seen when he (or she) has already, during sev-
cral weeks, undergone successive periods of elovation, appar
ent recovery, and a return of the original signs, the femoral
vein is divided distal to the profunda. For it is reasoned that
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sociated with » 7eddened, tender skin, local edema, apd some
indaration. The vedness is sometimes such as to suggf.,’st thflt
2 lymphangitis is present, and, moreover, the brownish dis-
coloration which often afterwards remains does not ulwn):s
follow exactly the course of the vein. Perhayps the Iymphangitis
eauses the thrombosis (Figare 25 shows how nearly the Iym-
Yhties are related to the superficial veins), in which case the
common epidermophytosts of the feet may be a factor. Tn any
ease, such infection as is present rarely leads to suppuration.
The process tends rather to become chronie, the thrombus re-
maining fixed in the vessel with Yittle change over & period of
several weeks. In the end, a combination of soffening and or-
ganization occurs, by which the lumen of the vessel is Testored,
a1 it egains zomething very much resembling its previons
state. Bot once having hieen thrombosed, o varicose vein is al-
wags liable to this accident, which is a sufficient reason for
dealing radically with the process.

Palliative Treatment.~There are two ways of making the
\hrombosis of varix last a Jong time: the first is to go about
vithout an elastfe bandage, the second is to go to bed, sitting
;P;t‘):lo;h the Jegs ontstretched in a horizontal position. Both
t!zmmb;f‘eep the venons stream slow and enconrage continued
ﬂpvlyin;,:;;By; Qf"{lfrﬂst. fhe process is made to disappear by
cather ;mre ;?;:ic blaudag‘3 nnd}eadmg un active life, or,
andso remginine s ";:’1 by elevating the feet above the head
especally & 10 bed. The first of these last two methods is

5 seful when thrombosis is confined to the lower leg

£ that an elastopls
plast bandage can firmly b i
foes to the knee, that is, o H ¥ bo applied from the

m P t6 a point well above the Yevel of

‘fr:::ct?:v?m days of ench treatment—elastic pressure
Bopeas bt nimm stream—ofton causes the thrombus to dis-
Elevation o !hco;uxe: leaves the way open for a recurrence.
fhe g dranfage enleg in I.Jed acts almost more quickly and has
Wbtz prese:tt' it ig equaﬂy suceessful when thrombo-
threatensd 1y Z'eﬁchl:]]; the thigh. Indeed, when the process has
tadtory treatmyent, sapheénous opening, it is the only satis-
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cdema on hard usage of the leg may be present for some
months, A brief note upon two typical eases of deep throm-
bosis in the lower log will be found on page 216. A casein
which femoral division was practised will be found below
among & group illustrating diagnostic problems,

Thrombophlebitis in Varicose Veins—The fibrosed, un-
healthy state of the varicose vein's wall, associated with 8
feeble or reversed current, is explanation enough of the eom-
mon thrombosis of varix. One may presuppose infection 3
tissues of lowered resistance, or one may believe that the lio
ing of a dilated, pocketed varicose vein actaally eracks undes
heavy back pressure, since pressures of arterial height have
been recorded on coughing or straining. The wonder is, not
that thrombosis oceurs sometimes, hut that it does not oecdr
always. It usually appears near the knee, more often below
than above and in a prominent dilated vessel or pocket, From
its point of origin it progresses erratically npward, as 8 Talé
and for an uncertain distance, but once half way np the thigh
it is likely to reach the saphenous opening. Beyond this it al-
most never goes, that is, 1t does not grow into the femoral
either as & solid occluding thrombus or as a propagating clot
threatening embolist,

The failure of thrombosis in a varicose vein fo invade the
femoral is a good example of the ending and healing of
thrombosis where it encounters a strong bloed-stream. '1_‘)“7
writer knows of only two instances of pulmonary infaretiont
comsed by thrombophlebitis in varix. Both of these were suc
cessfully treated by high division of the great saphenous. Y-
parently the best reason for the solid attachment of a throt™
hus in the great saphenous vein is again the unkealthy state
of the vein’s wall. This is in accord with the general principle
already lnid down, that the more outspoken the thrombor’lfle‘
hitis the less the danger of embolism, The dependent position
of the leg—most of the time—has little to do with the con
finement of the process to the varicose vein, clse the subject
of thrombophlebitis had better never He down.

The {hrombophlebitis of varix is oceasionally acute and as-
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sociated with a reddened, tender skin, local edema, and some
induration. The reduess is sometimes such as to suggest that
3 Iymphangitis is present, and, morcover, the brownish dis-
coloration which often afterwards remains does not always
follow exzetly the eourse of the vein. Perhaps the lymphangitis
causts the thrombosis (Figure 25 shows how nearly the Iym-
phaties are related to the superficial veins), in which case the
tommon epidermophytosis of the feet may be a factor. In any
“ase, such infection a5 is present rarely leads to suppuration.
Th? process tends rather to become chronie, the thrombus re-
nsining fived in the vessel with little change over a period of
several weeks. In the end, a combination of softening and or-
gatization oceurs, by which the Jumen of the vessel is restored,
and it regains something very much resembling its previous
state, But onee baving been thrombosed, » varicose vein is al-

ways liable to this accident, which is & sufficient reason for

deah'né- zadically with the process.
hPaHrati.re Treatment.—There are two ways of making the
ﬁt;ml;om of varix Jast a long time: the first is fo g0 abont
» x:i‘:h?il ellashc bandage, the second is to go to bed, sitting
Dethode z iﬁs outstretched in o horizontal position, Both
lhmmbosie 1}7z ¢ venons stream slow and encourage continned
rlyins S;l ;X'a cogtrast, the process is made to disappear by
ot ;)oie eff sh‘c bandage and leading an active life, or,
g xi;'m ecfxvely, by clevating the feot above the head
Spcily roy ulgm Bed. The ﬁrs.t of these last two methods is
0t gy when thrombosis is confined to the lower leg
elastoplast bandage can firmly be applied from the

983 o th kpee, i
¢ Prosess, Te'nﬂ:;: 15, 3p 10 2 point well above the level of

Trries the venoug stys of such freatment—clastio Presgute

& Team—often causes H
P03t bat of eogyge leaves the wa, the thrombus to dis-

threateneq ¢ Teach the . tﬁi &b, Illdeed., when the process hag
factory treatmeng, saphenons opening, it is the only satis-
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Local applications are not cssential. If any are nsed, heatis
preferable to cold. It encourages hyperemia, brings comfort
and presumably discourages further thrombosis, whereas the
traditional ice-bag delays the circulation, devitalizes the tis-
sues, and encourages an extension of the thrombus, The only
good which ean be said of the ice-bag is that it is often com-
forting, quite as much so as the hot-water bottle.

Curative Treatment—~To check thrombosis, shorten the
patient’s disability, and prevent recurrence of the discase
nothing can compare with resection of the great saphenous
vein at its entrance into the femoral, The only contraindiea-
tion to such treatment is the presence of a thrombus in the
upper part of the vein. However, this contraindication is not
absolute and in many eases it is difficult to decide whether or
not thrombosis is actually present at the saphenons opeing.
Should it be determined beforehand, hecause of the presente
of a thickened vein and Jocal tenderness, that such is actually
the case, the patient is subjected to the rountine elevation of
the foot of the bed. Within ten to fourteen days, the local
thickening and tenderness will usually have disnppeared, indi-
cating that the thrombus has been organized or liquefied. %s
one follows a superficial thrombosis one is aware that the vgm
beeomes continually softer, so that it is less and less GHSI{Y
palpated. From being o solid eord, the size of a lead penctl, it
will often in a space of ten days, more or less, take on the
character of a soft, barely palpable vessel, Xts wall always be-
comes thickened, but not to such a degree as to suggest ﬂ}f’t
the whole thrombus is organized. Apparently the most clot-like
portion is Hquefied and earried away.

Once the upper saphena magna is again open, it may well be
resected, Opinion will naturally be divided as fo when the
operation should be performed; but the likelihood of reour-
rence is such that a high division had better be made soraciime.
‘Why not, therefore, resect the vein at once and avold n subse-
quent hospitalization?

If exploration at the groin unexpectedly finds o thrombosed
saphenous vein, it has been the writer’s practice to pass two
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Tigatures under it ot the point where it is exposed and divide
fhe vessl bitween the ligatures, In so doing the operator
<hoold Gistord 3t 09 Kttle ns possible but nctually the danger
of detaching a port of the thrombus is very slight, For not
orly js disision made an inch from the fernoral but o prop-
aguting ot sery rarely grows into the Jatter vein.

Should the thrombus end proximaily below the saphenous
apening, the operation of dividing the great saphenons vein
s performed in exacily ihe ssme woy as for nneompiieated
varix, One shonld bave in moingd, however, that almost every

perficial thrombaphlebitis s inted with some insolve-
uent of the perivenous Jymphatics and some degsee of Iym-

hadenitis at the saph D Any suggestion of en-
larged Inflamed nodes is therefore a signal for especial eare
lest the glands be distarbed nnd spill infection into the wound.
gg;evgr‘ su?h sn infoction never scems actually to suppurste,

owing high rescetion of the grent saphenous, the throm-

besis elones np very rapidly. The varicose veins aa well are
vsually enred,

Ia;fmh‘;:‘bophlehitis in Nonvaricose Saperfieial Velns.—The
‘el ﬁ;m 2z p{lvkbl‘ils migrans has heen described in Chap-
it fake 2 complication of thromb titis obltterans, There
¢ an its most typical appearance. However, o discase,

§ i N
:reem:;f)zu;;::r {r‘:yegs ident'iealt does occar in these who
tiereisa tendoney o1 Brerger's disease. Irlz some of these
hrions e 0¥ Lo reentrence throughaat life. Withent any
ot im’:rs'e;b? slreteh of vein, an inch or two in length,
s, mi('kezlxedy ﬂpon. the surface of the lower leg, becomes
£or 0w gy ttmd slightly tender. In this state it remains
stoted som“";;;;nd then, gs it softens and apparently is
#otber agen ofeth § very much ke its normal condition,
the fust, qppe romhaphlehitis, considerally proximal to
sl thg Efc(:r;‘ The first may oceupy the region of the
Tones thigh, Ao the upper calf, and u third, perhaps, the
and cnnﬁm;edl\:zamqu}f there is Tittle tendeney to embolism
Sateessly] gg ¢ within an olastoplast handage is about as
any other form of treatment. Whether the dis-
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case would promptly disappear (on any one oceasion) if the
leg were subjected to continuous clevation is unknown to the
writer. It is usually treated by only partial rest and elevation
and has exhausted everyone’s patience before it ceases to
break out. A fairly typical example, in which high division
was finally used, will be found inclnded with several other
case reports below.

The superficial thrombophlebitis which does not take the
form of phlebitis migrans is actually more freakish and anac-
conntable than any other. It occurs most often perbaps it
locally dilated veins which, however, are not a part of a vark
cose saphenous system. Loeal chafing, as in horseback riding,
has been known to bring it on. Exposure to unusual cold, 3
severe bout of coughing, a trivial injury of any sort may o¢-
casion thrombosis. It seems to have the faculty of banging o
for considerable periods, and if not promptly eured may 8t
any time quietly march out of & small radical into the main
stem of the great saphenous and from somewhore in the consse
of that vessel give off an embolus. Altogether it is difficult fo
know whether or mot to fear it, For in most cases such 2
thrombosis must heal with little to show for its presence. It must
also be admitted that among adipose women, in whose fat 3
local thrombosis is not easy to identify, the diagoosis betwee‘m
it and a local lymphangitis or mild cellulitis must often remait
doubtful

Treatment.—~Following the general rule of treating thros-
bosis, the superficiel form, if anly suspected of being present
should be treated by elevation—of the legs above the head—
over a period of perhaps ten days. This period is set to offer
a safe margin for thrombophlebitis not easily palpated. As 3
matter of fact, the writer has seen it disappear completely
from & vein mear the ankle in less than a week. But if, as 0
often happens in this and other sorts, the thrombosis has al-
ready persisted for severnl weeks when firat seen, it should
recoive more radical treatment. That is to say, the parent
vein, usually the great saphenous, should he divided at the
saphenous opening, after which the process is soon henled.
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Cases Tlustrative of Varlous Sorts of Thrombophlebitis—
and Their Treatment

The reader may, if he likes, come to & conclusion as to the
nature of the disease in {hese cases and plan the treatment.
Hewill perhaps prefer his own plan to that sctually nsed.

Case 1~B.C., on athletic raan, forty-eight years of age,
while plasing fennis six weeks Yefore coming under obsersa-
tion, gave his left leg an unusual wrench. He suffered con-
siderable pain but was able to continue play. e must have
torn a musle (1) in the upper calf for he noticed considerable
Tocal eechymosis in the conrse of the days following. Neves-
theless he kept about for three days, his lower leg somesshat
swallen and painful. Then he took to his bed, with such relief
ﬂlat. al {he end of a weck he thought himself fit to get about
again, However, on getling up he soon noticed that the left
azkle was swollen, the foot bluish. Again he went to bed. for
tme days ¢his time, and again on getting about the foot be-
tame eyanotie, the lower leg swollen.
he 1h§:dh:' came under ohseyvation, he had gone to bed for
ol ;1;!: and had kad six days of it. The left leg looked
her “g ; e foot felt cool to the tonch as compared with the
Ates ogt Diu;ned a little blue when hung for a couple of min-
Yension, beli %d‘ There was o slight feeling of soreness and
o "ne,ionu\:mm; knee, on foreed dorsiflexion of the left foot.
went to hig oﬁici bz::l:;\g, the patient spplied a bundogs and
bine and the marks a u:’“ ;Qe“ that afternoon, the foot was
swollen leg, e bandage showed clearly upon the

Diags
biie g{‘g;:——numure of muscle (and vein?). Thrombophle-

v i y' H PN
femm\v&h?a;;;l:eg left lower leg. Immediate division of

Operats,
conti m’i{:’;;‘fhe iemura] vein, which appeared normal and
A regmment exci::»s] us, was divided just below the profunda.
operating tohe) th‘ms not rcm:_ukuhle. Tmmediately (on the
- e left ft!ut, hitherto eolder than the other,
¥ warm and if anything a little pinker in color.
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The patient left the hospital in a week wearing a semi-clastic
bandage. In three weeks he had begun to exercise as usnal. At
first the ankle would be found a little swollen ench night but
would be normal in the morning. After six weeks he gave no
further attention to his leg.

Case 2~~B.S.N,, a woman, fifty-two years of age, had suf-
fered during her sixth pregunancy, nine years earlier, {rom
an inflamed vein upon the inner side of her left thigh, This
troubled her during the lust few months of her pregnancy.
During delivery (placenta previa) she lost much blood, and
two weeks later developed a milk log. This came on with ter-
rific pain and Insted for two months. The leg had never been
the same since, swelling at the ankle when she was for long
hours on her feet.

Four months after delivery and the onset of the milk leg,
the patient suffered what seemed to be a pulmonary infzfrct
(severe pain bencath the left breast but without hemoptysis).
This was repeated, without obvious reason and in a far more
severe form, eight yenrs later—severe thoracic pain, fall 9f
Bblood pressure and prostration. Soon after recovery from this
episode, the writer saw the patient and found a slightly
darkened area upon the inner face of the upper left calf, the
remains, he thought, of a recently healed greai saphenous
thrombosis. No actual varicose veins. As the patient had been
up and about very little, he suggested sceing her again whes
she had been more on her feet but he only saw her six months
Inter after her third and almost fatal pulmonary embolism.

This embolism, whick was marked by agonizing pain be-
hind the sternum and a violent fall of blood pressure, ¥a$
preceded only by a little patch of redness and soreness upon
the inner side of the calf {in the region previously thought t0
be the scene of a saphenous thrombosis). This was yemem-
bered afterward, In the meantime, the E.K.G. was found tobe
consistent with a pulmonary embolism and the X ray of the
thorax with a pulmonary infaret.

Upon recovery, the state of the leg was the following: Red-
ness and soreness of the calf had disappeared. Howevers
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Yigher vp, on the thigh, a faio discolored pateh over the
oomse of the great saphenons vein was noticed, But at the
came {ime there was fypieal discomfort back of the knee on
forced dorsiflexion of the foof,
Thus the qrestion was raited Whether the last embolns had
come from the saphenous system {evidence of recent thrombo-
¢} or from the deep veins of the calf {dorsifiesion sign).
More than this, there was, in the backgronnd, the old fernara-
ilige thrombasis, so that the embol could conceivably have
come from the iac region, Tt was decided to divide the great
tapbenons 22d to examine the femoral, with the idea of divid-
ing it nuless it contained a thrombus, Tt seemed desirable to
ogerafe prowpily when the state of the vessels was likely to
giveaclue to the recent conrse of events.
At operation, the great saphenous was found whitish, thick-
walled, evidently the scene of an old thrombophlebitis {which
might have heen secondary to the origival milk leg). There
were enfarged, juicy lymph nodes about the saphenous open-
xvn;; 43 evidence of a recent process. The femoral artery and
v:il(: were esmbedded in fibrous tissue and were dissected apart
dn[mz‘;m;hm@fy (common result of o1 philegmosia slba
b e veln coptained no thrombus. It was divided distal
[m*;pr?funda, hetween silk ligatares.
Normaeld;it?;:em“’ normal color and warmth of left foot.
ot both ﬂl;:l} i.: Unaceountable weakness of extensor muscles
ot com 1&  leg, and foat, from which recovery was gradual
fqmeﬂ;’L;tAnkle and foat afterwards swelled less than
cenﬁnue;] dreport, Otfly six months after operation, showed
which V‘Essgeolathhea“h I-‘o one will ever know, of course, from
Zeenens s 13 emboli had come, the great saphenous o

D veinin the calf, bt the egisode s unli P T 8

Case 3B M; episode is unlikely to be repeated.
o g ehildre e s sixty-two years of age, the mother
2 youth, ¥l Typhoid fever, rheumatic fever, and malari

Following her first . e » and foa aria
Yatged veins on thy {er £ pregancy, she had noticed en-
the Sebt teg below th, !mr aee of t_ll(! thigh and outer side of
Eaphenons systeg, @ smee. No typical varicosity of the great
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About a month before being seen by the writer, the patient
noticed an area of redness and sorencss over the enlarged
veins outside and below the left knee, together with some
erampy feeling in this region which came on suddenly at
night and promptly disappeared. She kept about under con-
siderable discomfort for four days, at the end of which fime
she consulted her physician who made a dingnosis of ¢“phlehi-
tis’* and put her to bed. There she remained, sitting up most
of the time, her leg on a pillow, for two weeks. The area of‘
redness in the meantime subsided.

At the end of her two weeks in bed, the patient experienced
a sudden epigastrie pain and a desire to defecate (a common
premonitory sign of pulmonary embelism). At stool, she was
stricken with a sharp, sovere pain in the right chest, beecom-
ing weak, breathless and apprehensive, With the aid of an
oxygen tent and cardiac stimulants, she survived. As soon a3
possible, the left leg was elevated and the head lowered, Both
B.E.G. and X ray confirmed the diagnosis of pulmonary en-
bolism and infarction.

On recovery from the cmbolism, the patient was found fo
present no asymmetry of her legs, no blucness or swelling of
the left foot. The veins of the left leg, lateral to the knee, were
a little prominent as were those of the inner face of the thigh
No tenderness or masses, but at the groin, in the region of the
saphenous opening, was a pencil-shaped, slightly tender mas%
three em, in length which, from its situation, might have been
cither n thrombosed saphenous vein or a group of smﬁ“!?
inflamed lymph nodes. Under several days’ observation this
mass disappeared.

There was no discomfort on forced darsiflexion of the foot

Diagnosis.—Superficial thrombosis, probably in the great
saphenous vein (history, presence of enlarged veins and ten-
der mass at saphenous opening) but possibly in the Jesser
saphenous (position of original soreness and redness). .

Operation—~Division of great and lesser saphenous veuils'
The lesser saphenous was found sclerosed and irregularly dis-
tended. Near the popliteal, it was small and not thrombosed.
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1 was ot believed to have been the source of embalism but
was divided. .

The great saphenous vein at the groin was straight and
thick-walled. About a large branch, entering it laterally, the
tissnes were adherent, A vague mass of iyaph nodes wns pres-
eat and was not distarbed. Evidence of recent inflammation in
the upper saphenous and o large lateral branch being clear,
&nd no thrombus being now palpakle, the great sap} was
resected, from the femoral downward for over an inch {three
an}. Pathological examination revealed an organizing throm-
bus in the resected portion! A propagating thrombus must
bare grown from the great saphenous into the femoral while
the patient reclined in bed for two weeks.

The patient made an excellent recovery. The left leg swelled
alittle at first at the ankle when the patient spent much time
on her feet—actually less than before the operation.

Case 4—REF, a man, forty-five years of age, was first
20 complaining of a sore spot upon the inner face of his
ealf, 2 little below the knee, Six years earlier he had noticed,
&t 8 fime when he had been going up and down stairs 8 good
deal, & sudden Dain in the back of his left calf, which then be-
m:!}e"mjre to the touch, He never reslly gave in to the illness
:r“ ot *** md of which time
Mo ' began to 6pit up
i a}‘t;;;;‘r‘i; at first thought to have tubcrculosistn dingno-
o, howe;ershco(;liradxcted by an expert on that d.lSCI\SE. No
the Tung, 1 ims\ .connected. the state of' the. leg with that of

Whe; oo slx)nce reAmamed well until his present illness,
of the g areayof 1€ writer three days nf.ter t)\e.uppcarnncc
chresk overlyimg £ sO;er_less, there was notlce.d 2 little reddish

5%, the {hyg l[:'xb: 9 Vzuusl.y thrm.nbosed vein, In those three

%0818 had rigen slightly until it reached tho

the kn s
% 25 shaved and g g1ag ee, rather posteriorly, The
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About a month before being seen by the writer, the patient
noticed an area of redness and soreness over the enlarged
veing outside and below the loft kmee, together with some
crampy feeling in this region which came on suddenly ot
night and promptly disappeared. She kept about under con-
siderable discomfort for four deys, at the end of which time
she consulted her physician who made a diagnosis of ¢“phlebi-
tis’? and put her to bed. There she remained, sitting up most
of the time, hier leg on a pillow, for two weeks. The area oi'
redness in the meantime subsided.

At the end of Ler two weeks in bed, the patient experienced
a sudden epigastric pain and a desire to defecate (a common
premonitory sign of pulmonary embolism). At stoo), she was
stricken with a sharp, severe pain in the right chest, becom-
ing weak, breathless and apprchensive. With the aid of an
oxygen tent and eardiae stimulants, she survived, As soon as
possible, the left leg was elevated and the head lowered, Both
E.K.G. and X ray confirmed the diagnosis of pulmonary em-
belism and infaretion.

On recovery from the embolism, the patient was found to
present no asymmetry of her logs, no blueness or swelling of
the left foot. The veins of the left leg, lateral to the knee, were
a little prominent as were those of the inner face of the thigh-
No tenderness or masses, but at the groin, in the region of the
saphenous opening, was a pencil-shaped, slightly tender mass,
three em. in length which, from its situation, might have been
eithor a thrombosed saphenous vein or a group of slighﬂ_y
inflamed lymph nodes. Under several days’ observation this
mass disappeared.

There was no discomfort on forced dorsiflexion of the fook.

Diagnosis—Superficial thrombesis, probably in tho great
saphenous vein (history, presence of enlarged veins and ten-
dor mass at saphenous opening) but possibly in the lesser
saphenous (position of original soreness and redness). .

Operation~—Division of great and lessor saphenous veins.
Phe lesser saphenous was found sclerosed and irregulnrly dis-
tended. Near the popliteal, it was small and not thrombosed.
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ally asises from a propagating thrombus occul.)ying the
ole length of the femoral, is rarely if ever survived. _Th°
bolus is too Jong and too heavy, However, it secmed wisest
wut off both sources. Resection of the diseased vein appears
o to be actually beneficial to the peripheral cireulation
lease of vasospasm?).
Jase 3 represents almost certainly a pore great saphenous
bolism and brings up the question whether the propagating
owhus had floated, before detachment, in the common fem-
Hor belanged entirely to the great saphenous system, hav-
+been detached from some point in the Joswer thigh or ealf.
¢ former seems the strongest probability in spite of the
Teme rarity of embolism from the femoral end of the
ombosed great saphenous vein. That is, a propagating
‘ombus almost never forms and hangs in the strong femoral
7ent when the saph vein is thrombosed. Here, hos-
1, the patient had remained in beq for two weeks, suffering
@ what must have been at first a very local superficial
"0mbosis, much of the fime reclining and thus creating con-
fo8s favorable to propagation of a thrombus,
& Case 4, whith shomiq bave been subjected to operation
,ﬁ?‘:’{ths earlicr, adhesive bandaging was given more than

tial. Apparently the state of the patient’s vein was the
ﬁ;’tﬂm f&cfo.r. e showed, according to Bancroft’s index,
) edr%mblgph‘hc_ tendency, and his gisease was quickly abol.
°¢ 0y high division of the great saphenous. Tt ig Tairly
pical of the phiebitis migrang type.

8 group, these cases illns
™ the point of view of obst
g a great vein when dise

trate the gtter harmlessness,
rucfing the venous return, of
e 3¢ 15 present in its peripheral
!:::;golf :ie"?ﬁt tf’ the c.irculation is perhaps dne I:o the
i di!ecﬁund.eszrable impulses passing along the vein,
uste arterialo;é :s not e}ear. The matter is perhaps analo-
T ol tho g »efhfm in the presence of a Iocal plug. The

romhosuz itself ig always striking. After division

Teseetion pf gy, .
most be ignored? vein, the peripheral thrombophlebitis can
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bandage still being in place, s fresh area of thrombosis about
two inches in length appeared just above its upper limit, Fresh
adhesive bandages were therefore applied up to a higher leve],
but in & few more days, the thromhosing process jumped
again, this time to the mid-thigh. There it remnined station-
ary, the lower areas being healed and free from soreness, The
patient continued to use the adhesive bandage and during the
following month, when in New York, consulted Dr. Baneroff
who found his elotting index normal and advised high division
of the great saphenous vein. Some three months after the on-
set of thrombosis, the process still being active, the patient
consented to operation,

The Diagnosis was thrombophlebitis of the (nonvaricose)
saphenous vein—phlebitis migrans type.

Operation—The great saphenous vein was resected in the
usual way at its junction with the femoral. It was not diseased
at this point. Several days later his rather badly diseased
tonsils were removed,

The immedinte result of operation was n rapid disappear-
ance of the thrombophlebitis without further treatment. The
patient has remained well.

Comment

These four cases are presented, not to show that operatiqn
is the only treatment for thrombosis, but to illustrate hot'V i
may be used when a fatal embolism is feared. Case 1,8 t}"plﬂal
example of a persistent thrombophlebitis in the deep veins of
the calf muscles, would have been treated, if seen early, by
elevation alone, Yet after six weeks of shillyshallying, 8
operation offered not only the quickest, surest means of eure
but an almost certain safeguard against embolism. )

Case 2 was & complicated one; for it presented suggestive
evidence of thrombosis in both the superficial system and the
deep veins of the lower leg. Probably the embolisms vwhich bad
already occurred eame, however, from the great saphenous
stew. This conelusion is reached principally because they were
not fatal. Embolism from the deep peripheral veins, which
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slightly enlarged arm is faintly eyanotic. It is impossible to
say as yet whether such a condition is likely to persist, If so,
auaxillary periarterial sympathectomy or a sympathetic rami-
section would presumably be curative,

Puyosary Farsorisst

Inthe foregoing account of thrombophlebitis, reference has
repeatedly heen made to the varieties most Yiable to the for-
mation of an fnsecure propagating thrombus and the subse-
quent defachment of an embolus, A brief summary of these
taatters and o reference to promising metheds of treating

tinor pull y embolism are included in the following parn.
graphs,

rfhat there should b
frigble clot of suffici

e formed in a vein a floating, waving,
ent thickness and Jength to plug the

pulmonasy artery, it is necessary that a stroteh of some ten
1o twelve inches fn 2 medium. to large-sized vein should be
*tsilable proximal to the thrombus. Such, of conrse, is found
’:ﬂle super'ﬁcial femoral, the external, and the common ilige,
;rzﬂlﬁgatmg clof may project from a vein of the deep calf
etto P! 1081 space into t}x_e femoral, from the femoral into the
I, G‘Hd. common ilize, from pelvic veins through the
‘}-Tel‘:f:im iate the common iliac and vena eava, and from
ight bcw iacinto the vena cava, Doubtless other sitnations
e pelvi:l'lg&:s:ed' but .the femoral system and the veins of
eretm&g’ ;'n oth of which the venous stream can so readily
aticalas :&e;mo‘be the most available sources of pmbolism,
present iy Pols anatomically favorable to thrombosis are
certain parts of these vessels, namely in the upper

Part of tp, i
e e deep calf, the Tegion of the groin, and the deep

Pelvi;

The ;
it o :ﬁe; ;N;ll embolus is often g foot long and may show
thronte o e ;_lcel left by its detachment from the parent
. - SUmelimes g nambey of Separate emboli are found
Bment;
St g ?1 Zlad been detached one after the other, Sneh

ually rapidly fatal, but rarely the embolus
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Thrombosis (by Effort) of the Axillary Vein

This sort of thrombosis is rare and is evidently a very spe-
cinl Torm. It is seen almost always in netive individuals, of the
third, fourth, and fifth deendes, who have recently made with
one arm or the other—the right as a rule~some unaceus-
tomed cffort. Ilence the name ““thrombite par effort” be-
stowed upon it by the French. Those who have most carefully
studied the accident believe that when the arm is abducted,
and during expiratory engorgement of the axillary vein, the
costo-coracoid ligament indents the vessel (Lowenstein) or
the subelavius muselo actually stretehes the vein’s wall at a
cortain point and injures a partieular large valve (Gould and
Patey). In any case, it is the arm most actively strained whick
exhibits the thrombosis. From the upper axillary vein, the
process extends downward for a variable distance toward the
elbow,

The usual history tells of some rather strained exertion
with the arm elevated. Almost at once pain or swelling of the
arm sets in, and during the next day or two the whole limb
Dbeeomes edematous and somewhat blue. The superficial veins
are apt to stand out, particularly over the shonlder. The axil:
lary vein itself can be folt as a cord or elongated Jump.

Treatment consists of rest in bed and elevation of the arm
upon pillows. Fixation is unnecessary. Under these conditions
the discomfort and swelling disappear very much more rapidly
than is the case with a femoro-iliac thrombosis. In ten days to
two weeks, the arm will usually have regnined its normal lllp~
pearanee, save perhaps for some enlargement of the veins
sbout the shoulder. There may also be left some temporary
stiffness—no permanent after effects. Embolism dees not
secm to be a danger., .

As 5 rare complication of an effort thrombosis, the indi-
vidual may be left, as in other forms of thrombosis, with some
degree of vasospasm, even a mild eausalginlike state. T}lc
+writer has seen one such case. The individual suffers & paiy
something like that of intermittent limp, on exertion, nnd the
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haps a mild iymphadenitis at the sapl ing. A deep

P
thrombosis in some of the grest plexuses smong the muscles
of the calf gives a characteristic story and often is betrayed
by subjective discomfort behind the upper ealf on forced pas-
ive dorsiflexion of the foot. The detection of a femoro-iliac
{hrombophlebitis is less easy. The ontspoken sort—phlegmasia
#lba dolens—causes the familiar painfnl or uncomfortable
swelling of the whole lower limb, but this sort seldom causes
eabaliem, and if it docs, the embolus comes from the external
oreven the common iline, o situation, which, except under the
most unmsual drcumstances, must be regarded as out of
m_idL The quiet, incompletely obstructing, embolism-threat-
ening sort is practically undetectablo—there may be no swell-
183 0F eyanosis and even no discomfort or tenderness over the
{emoral vessels nt the groin. As for thrombosis in the depths
of the pelvis, which i presumed fo exist, it is absolately silent,

An aceount of how these various processes can best be
treated and how, in the presence of some of them, the patient
e be protected against farther embolism, has already been

given. Tn many eages, effective preventive treat;
by 5 preventive freatment ean be

The treatment of the fatal type of pulmonary embolism by

rf;snie:gfhu;g's operation, performed upon the unconseious
operin ::g yuilenbund patient, that is, exposing the henrt,
should he s:nﬁ' d?nﬂry artery and sucking out the embolus,
Teeenly, of let in the writings of Trendelenburg and, more
ible n'ly inY; rtt"lh Byn pc.rfect cooperative technique, pos-
el Nt tstrafe hospitals, an occasional life can be
i °ﬂeredyb r:m relates, yef 4 more promising field is prob-
s, o1, 5 iy g’m‘l)'z:if::int designed to prevent thrombophlebi-
ncidenge of cmbotion, as already oceurred, to cot down the

. REFERENCES
L A*.cnm-y L.

R ISI
H?bﬂ., Tue, New Y::Qﬂlengn Pathology, Chapter XI; Panl B,
Burenory, W,
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will float for some days in the artery without being forced
into one of its main stems or causing more than & partial
obstruction of the pulmonary cirenlation. As a rule, howerer,
the patient is struck down by breathl and an agoniz
oppressive discomfort or pain in the mid-line behind the
sternum. Breathing is violent, the accessory muscles of res-
piration are ealled upon, and cyanosis is succeeded by pallor,
feeble breathing and death. The first sign of trouble may be
o vague abdominal discomfort and a desire to defeeate. Occa-
sionally the substernal pain and respiratory distress almost
exactly imitate coronary infarction, so that only by the aid
of an clectrocardiogram can a distinction be made belween
the two.

Small emboli, causing pulmonary infarction, scem to be of
two sorts: first, fragments of cmbolus detached from a large
thrombus and, second, entire loose propagating clats from
vessels of moderate size. The first sort are likely to be fol-
lowed by the fatal detachment of n large ewbolns. The second
cause only the familiar infarction, leaving an arca of dullness
and diminished respiration in one lung or the ofher and 3
pateh of decreased acration detectable by the X ray. Asa rale,
infarction eauses the patient to expectorate some blood and s
pleuritic pain is usnally present. The serionsness of the situa-
tion depends upon the size of the embolus. Minor infarctions
are recovered from very rapidly but the larger ones are shotk-
ing and require eardiac stimnlation and the use of the oxygen
tent. Naturally, the occurrence of infarction leads to & gearch
for its source, in ovder to determine whether a vein can e
divided proximal to the process, protecting the patient from
further and perhaps fatal embolism.

The search for the source of any embolus will lead o 2
study of the superficial veins of the leg, the deep veins of the
ealf, the femorals and iliacs. The nature and course of throznbo-
phlchitis in these various vessels has already becn explained.
Byidence of a thrombophlebitis in the great saphenous system
+will usually be found in the form of a story of local tenderness
and redness, the nctually palpable thrombosed vein and per-
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tags a mild Iymphadenitis at the saphenous opening. A deep
{rombosis in some of the great plexuses among the muscles
of {he calf gives o charactexistic story and often is Betrayed
by subjective discomfort bebind the upper ealf on forced pos-
sive dorsiffesion of the foot. The detection of iemnm«\ht_xc
thrombophiebitis is less easy. The outspoken sori—phlegmasin
alba dolens—causes the familiar painful or uncomfortable
swelline of the whole ower limb, but this gort seldom canses

mow, tousual eivenmstances, must be regarded s ouY us
teach, The guiet, incompletely obstrueting, embolism-threat-
euing sort is practically nndetectable—~there may e no swell-
ing or eyanesis and even no discomfort or tenderness over the
femoral vessels at the groin. As for thrombosis in the depths
of the pelvis, which is presumed fo exist, it is abzolutely silent.
An accomnt of how fhese various processes can best be
treated and how, in the presence of some of them, the patient
c“:“ Te protected against further embolism, has alrendy been
given. In many cases, effective preventive treatment ean bo

established,
T;ﬁ; tl“fgmel:t of the 'fatal type of pulmonary embolism by
and s: <u! u;g s operation, pesformed upon {he unconscious
Dmm“:n:;lg y moribund patient, that is.. exposing the heart,
ol be :t %‘}lm?nﬂl'? arfery and sacking ont the embolus,
ety oi!)z\: ied in the writings of Trendelenburg and, more
S orly in";t“:m- Ty a perfect cooperative technique, pos-
wsved as Ryst ;:ﬁ:n -mlte( hospitals, an occas~m'nn1 life ean be
&y offered by trem ates, et 2 more promising field is prob-
atment designed to prevent thrombophlebi-

Yis, o, i thrombosi
. 0s1g hasg al:
incidence of embotism, already occurred, to cut down the
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CHAPTER VII

ARTERIAL ANEURYSM. ABNORMAL ARTERIOVENOUS
COMMUNICATIONS

ARTERIOVENOUS ANEURYSM AND FISTULA

ArrEnal ANBURYSM

A¥ awpvrysyt is a local dilatation of an artery. It is the media
which fails, This is the muscular layer of all but the Jargest
arteries. Of these it is the heavy, clastic cont which confers
such an astonishing combination of strength and elastieity
upon the aorta and its main divisions. The media of the great
arteries gives way chiefly because of syphilitic infections.
Smaller vessels such as the femoral or poplitesl suffer from
anenrysm which is less apt to be syphilitie. Arteries often and
actively plied, as at the knee and groin, have a greater tend-
ency than others to erack or bulge, and syphilis as a back
ground is not required, Of the grent aneurysms, those of the
aorta are the most common ; those of the innominate and sob-
clavian being next in rank. Of the peripheral aneurysms, the
popliteal is the best example and as a matter of fact, by {8t
the commonest.

The form of an aneurysm depends first upon whether & con-
siderable streteh of arterial wall gives way or whether one
particular spot weakens. A diffuse weakening mokes s fust-
form aneurysm: a loeal one, o saccular anenrysm, Howeven
time modifies these forms, A saceular ancurysm, slovly en-
larged, may so streteh the vessel, upon one side of which it
first lay, that the original form of the artery is altogether lost.
Then the artery, becoming flattened, may sce its lateral open-
ing lengthened and expanded until finally the sac assumes an
almost fusiform shape. By contrast, a fusiform aneurysm {nﬂ}’
rupture, acquiring an almost sacenlar shape. Such distinetions
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are important, chiefly from the point of view of t;?attméntt;
That is, & irce fusiform aneurysm can rarely be subject eu‘m
s plastic operation intended to restore a Jumen, but a sncel o
azearyam ean sometimes be {reated by one of the ingenio s
procedures of Matas, “‘restorative’” or “rcconstmch\:ﬂ!

tneutysmorrhaphy. Some arterial dilatations are so extensive
that the whole vessel widens over o very long distance, In the
aotta this is common enongh, bat the same thing may happen
o practically all the great arteries of the body. The vessels
of the legs, for instance, rarely become arteriosclerotic wind-
ing chaznels me fo two centimeters in diameter. Such stnfes
asthat are not considered here, It is proposed only to deseribe
the subelavian and popliteal types of ancurysm, as reprosen_m-
tives of thase which affect the circulation of the limbs, to give
fote account of the fests intended to reveal the nature of the

ellateral eirenlation and diconss very briefly the standard
methods of treatment,

Suscraviay Axeuryss

This D€y, 3 representative of the great vessel type, ia

ually fusiform ang presents itself as an expansile swelling
which &tadeally appears ahove the clavicle at the root of the
2ok 1f partientarly targe, it has been known to fill the space
bet}feen the claviele, scapula, and sternomastoid musele, even
tiing the elaricle anq bulging into the axilla. It is more often
Paht. m_ﬂuleft—sided and nearly confined to males, Because of

ty Proxitity to the hrackial plexus it is likely to be a canse
*pain ang sseakress in the corresponding arm, and pressore
2on the compagion el

iy . 103 will result in venons congestion and
Pessars e radial pulse may be weak and delayed, the blood
°Pl>l;site 1'1:1 the corresponding arm lower than that of the
Tt :l . The natural course of the lesion is toward final
et Pon the surface gt o point where the skin will already
 DC0me reddeneg aud adherent. Before any surgical af-
the state of the collatera}
tually there is no authori.
s circulation gave by tem.

fative {oq¢ for the eficiency of gy
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ARTERIAL ANEURYSM. ABNORMAL ARTERIOVENOUS
COMMUNICATIONS

ARTERIOVENOUS ANEURYSM AND FISTULA

ArrErun Anzunyss

Aw anpvnysy is a local dilatation of an artery. It is the media
which fails. This is the muscular layer of all but the largest
arteries. Of these it is the heavy, elastic cont which confers
such an astonishing combination of strength and clasticity
upon the aorta and its main divisions, The media of the greal
arteries gives way chiefly beeause of syphilitie infections.
Smaller vessels such as the femoral or popliteal suffer from
aneurysm which is less apt to be syphilitic. Arteries often and
actively plied, as at the knee and groin, have a greater tend-
ency than others to crack or bulge, and syphilis as a back-
ground is not required, Of the great ancurysms, those of the
norta are the most common; those of the innominate and sub-
clavian being next in rank. OF the peripheral ancurysms, the
poplitesl is the best example and as s matter of fact, by far
the commonest.

The form of an aneurysm depends first npon whether a con-
siderable stretch of arterial wall gives way or whether one
particular spot weakens. A diffuse wenkening makes fusi-
form aneurysm; a local one, a saccnlar aneurysm. However
time modifies these forms. A saceular ancurysm, slowly en-
larged, may so streteh the vessel, upon one side of which it
first lay, that the original form of the artery is altogether lost.
Then the artery, becoming flattened, may see its Interal open-
ing lengthened and expanded unti] finally the sac assumes an
almost fusiform shape. By eontrast, a fusiform aneurysm may
rupture, acquiring an almost saceular shape. Suck distinetions
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the afferent artery can be controlled. The same thing shonld,
if possible, be done for the efferent vessel, to check any retro-
grade flow into the aneurysm from this source. It should then
be possible to open the sac widely. Bleeding from any enter-
ing branches must be stopped by pressure with the finger, and
thebranches closed by silk or chromicized catgut stitches taken
ecross their mouths, Nexf, with eircular stitches which take a
good grip upon the inner coats of the anenrysm, the afferent
and efferent orifices are closed from within. By a series of
similar eirenlar stitches, placed at short intervals from one
end of the sac to the other, the whole of a small ancurysm can
then perhaps be obliterated, but if the sae is Inrger and fri-
#ble, 20 that the stitches will not hold, the wall of the aneu-
Tysm had better be infolded and made into a compact mass by
mattress stitches. Much will depend upon how strong a retro-
grade flow is found to enter the sac from any branches en-
countered. The less such a flow, the easier and less bloody the
operation. This of course is the same general plan which
Matas uses in the treatment of any oneurysm of a smaller

vessel whiclf can not be reconstrueted or restored. In the end,
the controlling rubber tubes are released and if the oblitern-
tion has been the;

rough, all bleeding will be found to have
ceased,

PorLrrear, Axrurysa
coghls_ fs decidedly the most common peripheral aneurysm,
oml’:;?;g perhé‘xgs fifty pef- cent of all such lesions, the fem-
v emoro-xhaf: (combined) corning nest in frequency. It
ing whaty'd the fusiform type but may be saccular, represent-

13 almost a rupture of the artery at some cne point,
°0 #till 50 small s to call 1o attention to itself by local

swellin 2, the aneurysm sometimes {3 -
causes coldness or numh

» Perhaps an intermittent lim , that is, com-

’g’l;'ga]c: Symptoms of an arterial deﬁcienc;. When it has
Poplitealrfer, the a.ctuzfl tum?r beneath the deep fascia of the
ety of pace, Whl.c}f is 5o likely {o interfere with the move.-
of the knee Joint, often out of g elear sky calls atten.
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perary occlusion of the afferent artery, since digital proximal
compression, in the ease of any but a small aneurysm of the
third portion of the subelavian, is impossible. The clavide
must be removed, the proximal portion of the aneurysm ex-
posed, and a Matas or Halsted aluminum band closed about
the entering artery. If this is tightened just sufficiently to stop
all pulsation in the ancurysm, the state of the circulation in
the arm will become clear in the following day or two. In the
event that the arm and hand remain reasonably warm and
pink, nothing more, for the moment, need be done, but the
state of the sne will of course be watched, If it becomes smaller,
harder, and remains without pulsation, the aneurysm may be
considered cured. If the response is unfavornble, that is, if the
hand and arm become white and cold, threatening gangrens
the closed wound should be reopened and the band, which has
injured neither intima nor media, should be loosened just suff-
ciently to restore the circulation. Even then, the development
of the aneurysm may be checked or it may actually, by 2
process of thrombosis and organization in the periphery of
the sac, be reduced in size. Naturally, its subsequent courst
should be followed with care. Even though the pulsation and
enlargement recur, a collateral eirculation will doubtless have
developed.

Operative Treatment.—~Shounld the application of 2 band
have failed to control the aneurysmal pulsation or should
pulsation and swelling have reappearcd affer a temporary
improevement, more radical treatment will have to pe tried.
This will usuaily mean some form of ancurysmorrhaphy, that
is, infolding and obliteration of the sac, o method best adapted
to preserving the collateral circulation.

For anenrysms of the great vessels, the obliterative aneu-
rysmorrhaphy of Matas is most likely to succeed and produce
a permanent cure. The region of the aneurysm is wi_dely
opencd, the sac, with its afferent and cfferent arteries, is a8
fully as possible exposed and the entering vessel especially 15
so well isolated that a picce of rubber tubing can be Pass?d
under it. Thus by lifting on the rubber tubing the current in
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others, and those interested in the subject will do well to study
His writings,

The more simple yet reasonably reliable tests are the fol-
lowing:

L Delbet’s test, If the peripheral pulses distal to the aneu-
Tyem are absent, yet the limb is of good color and nutrition,
the callateral cirenlation is almost certain to be dependable.
The reason for this is clear enongh. For if the main channels
ae ahstructed ot receive no arferial flow, the well.nonrished
Limb must be getting its blood by collateral channels,

2. It the principal arfery is compressed just proximal to

tke aneuryem and the peripheral parts fail to turn yellowish
white but rather remain a reasonably pinkish white, the col-
Iateral eirenlation §s sufficient,
3: 1t the principal arfery is compressed as sbove and an
Osc{Hometer or even a blood pressure cuff applied to the
Pe“lﬁ_lﬂﬂl part reveals some trace of pulsation, the collat-
eral circutation is probably sufficient,

IowTil;e more complicated and anthoritative tests are the fol.
72

w):_- Matas™y flushing test (attributed by him to Moszkowicz)

ch i3 especially usefn} in the case of a popliteal ancurysm
:’:: Vl:ihx;'h ;ailu also he ?sed fqr any femoral lesion which i‘;ynnt
beinogca e arfery immediately proximal to the aneurysm

. ;m‘utx_lres.sed by the g‘mgers or a mechanieal deviee until
ey ;: E!}tm in the sae is ?bohshed, and the leg being ele.
o th; . smarch bandage is firmly applied from the toes up
g er pole of .the aneurysm. In this way the leg is

Plied of hlood. Tt js kept in this state for ten minutes in

?‘}”f’;}} Persons, bat for not more than five in elderly. Now,
essure is maingaj
m‘“ﬂlhzmﬂage y aived on the afferent artery, the Bs-

nings the flush will reach the toes i
€ OT 80, Usually it will go rather
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tion to the expansile pulsating swelling. If the sac cracks open
at some point, the aneurysm may enlarge rather rapidly by a
process of giving way, thrombosis, organization, and further
stretching or rupture. If the peronesl merve is injured by
pressure there will be some degree of toe- or foot-drop. Swell-
ing and eyanosis of the foot and ankle are to be expected, but
the most serions eomplications come from thrombosis within
the sac. If this process extends into the efferent arteries, ihe
anterior tibial and the terminal branches, that is, the peroneal
and posterior tibial, the foot will occasionally become gangre-
nous, especially in arterioscleroties whose collateral circula-
tion has not become abundant.

Most popliteal aneurysms oecur in middle life and for ne
apparently sufficient reason, though forced flexion followed by
a violent museular effort has sometimes been observed and
syphilis is present in a small proportion of eases. They are
almost unknown in women, even though elderly females oite‘n
suffer from arteriosclerotic discase of the arteries in their
lower limbs, The truth is that active use of the legs soon after
the arteries have begun to stiffen rather than ndvanced srte-
riosclerosis scems to be the eause of most popliteal anel
rysms, Once the expansile pulsation of a good-sized popliteal
aneurysm is present, the dingnosis is clenr. At an carly stagt
however, when only signs of arterial deficiency are evidenty
diagnosis is very difficult, The ancurysmal sac may be smalt
or sufficiently thrombosed to prevent a deep pulsation from
being apprecinted, that is, if palpable at all, it will feel soh’d-
Vet all the while it may be responsible for a serious intermit-
tent limp or impending gangrene. Theis calls attention to Elle
combination of very low peripheral skin temperatures with
an excessive elevation of the oscillometer readings at the Jmee.
In case of doubt arteriography can of course be used.

Tests of the Collateral Circulation.—It is in the case of the
aneurysms of the lower limbs that special tests of the colla'f-
eral eirculation are particularly needed. The upper limb, 18
this respeet, is far better safeguarded, Matas has made a very
thorough study of these methods, condemning some, sceepting
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tubing, the sae is opened from end to end snd cleared of
{hzombi. All entering vessels are Aosed by stitches taken
theongh the inner coats of the ancuryem. The 82t 38 then
dosed from within by a series of dircnlar stitches. If it is too
Targe of too friable for such a sfep, it is infolded and matted

Feoer 23, Axerer
donp swucrrpspHy—after Mstas, 4. After Ma
o ehu?:::,:‘ﬁ of eollateral errenlation ean ba controlled. 2. l'if::s’:k;;it
epond (e e eur:lmunbaphy. C. A pophites] sneurysm, showing the sse
Y mearyemy ;;\:t perve has been compressed) B, The sac pnne]y eloged,
2y mon e pby. £ Furiber closure of map with sik. The fr a
tared iz and anited by mattress sutures. o tree cdges



262 CIRCULATORY DISEASES

lovel of the ankle, after which it spreads to the toes in a hesi-
tating, erratic, and patchy manner. However, if the toes are
colored pink in three minutes, the result may be considered
satisfactory.

Should the flushing time be considered foo slow, the pa-
tient’s leg should be subjected to measures intended to im-
prove the collateral cireulation. These will include compress-
ing the afferent artery for perhaps ten minutes at a strelch
several times a day, and the usual vasodilating stimuli, espe-
cially the application of heat to the body. Vasodilating exer-
cises might cause rupture or thrombosis in the ancurysm. Too
much heat applied to the limb might be harmful though the
leg should always be kept warm. Massage, avoiding the sie
itself, will be nseful.

2, The Application of s Matas or Halsted aluminum band—
The rationale of this test has already been explained. The
band should not injure the afferent artery nad should be
placed so close to the aneurysm as not to blot out any collat-
aral nrteries however small. The various possible results of
its application have been deseribed under Subelavian Anew-
rysm. If the peripheral part remains well nourished, the
band may be left on with a reasonable hope of cure. If the
peripheral part does not seem viable, the band is Toosened &
trifle and the case followed, in the hope that further trezxtr_nent
will not be needed and with the feeling that a collateral cired-
lation is being developed.

If the pulsation in the sac is mot controlled, some other
procedure to cure the aneurysm is required.

Surgical Treatment of Popliteal Aneurysm.—-Un&oubtcdl)‘
tho routine method used should bo Matas’s Obliterative Anev-
rysmorrhaphy, but for those skilled in the treatment of aneu-
rysm, Restorative and Reconstructive Aneurysmorrhaphy a1e
available and are occasionally useful.

Obliterative Aneurysmorrhaphy.—This operation, alrcady
deseribed under Subelavian Aneurysm, is pietured in Figure
93, The afferent and efferent vesscls having been brought un~‘
der control, preferably by elevation upon a picee of rubber
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of the vaseular malformations and arteriovenous fistulas have
the appearance of innocent superficial swellings, ?thers limkc
the form of large superfieial vessels much like varicose .\'ems,
and yet ofhers are pulsating masses, which call uttcnf:on o
themselves by a thrill and andible bruit, and are evidently
dlated by receiving an arterial stream. At first sight, the rela-
tion between these various types is not clear, but basieally all
£uch as are not of traumatic origin belong to one family; that
is, they are failures of development in the eommon capillary
plexus of the embryo from which the arteries and veins are
excled. All are apt to be called angiomas, or hemangiomas,
with the implication that they grow, and actually there are
famors, some of them malignant, which originate in vascular
endothelium, However, the arteriovenous malformations ravely
BT0W in the sense that their parts multiply. They enlarge
Becanse they swell as o result of dilation of the Blood spaces
or Vessels of which they are formed. The simplest of them

18 2 swelling composed of undifferentiated spaces, neither
arterial or venous, Such is the “naevus’’, which may be
“eapillary”

1 or ““cavernous” and which may have the purplish
covering of the port-wine stain, a coat of normal skin, or a
mlx_lure € hoth. By contrast, the arteriovenous fistulas are
59“““!_ and oceasionally terrifying lesions. The great arteries
20d veins are formed, yet retain eonnections from one to the
f"hﬂ', 80 that at one or many places blood pours from artery

i‘:f" vein, cansing obvious dilatation and carrying in its train
Some very remarkable changes, both in the part involved and
nthe circalation in ge

Gt as neral. Tn other words, it makes a great
. \ﬂaa of difference \\:hether the malformation oecurs in the vas-
* bed of the skin ang subeutancous tissne or in the great
vessels serving g Jimb,
sulgo;ii;éhe .capillar;i and eavernons types of malformation are
‘15}; with arterial blood but 5o indirectly and with so lit-
iy ver;ce\-that fhey never pulsate—the tissue merely resembles
O}ber typ?;“hr Spouge with smaller or Jarger meshes. An-

8 a more direct cormection, usually by a series of
¥ vessels, bat there need be no aetual pulsation in the



264 CIRCULATORY DISEASES

togother by mattress sutures. The controlling tubing at either
end of the aneurysm can be loosened from time to time {o see
if hemostasis is satisfactory.

Restorative Endoaneurysmorrhaphy—This operation is
only possible in saceular aneurysms, especially when the orig-
inal arterial lumen is well preserved, so that even if the lateral
opening is large, the original channel is present as a groove.
The blood supply being controlled by tubing or rubber-covered
artery clamps and the sac lnid widely open, the slit or gap in
the side of the artery is closed with a continuous stiteh of fine
oiled silk reinforced with n number of individual silk or
chromicized catgut stitches, The current is then allowed to
resume its natural course, It must of conrse be determined
that the efferent artery is not thrombosed.

Reconstructive Endoaneurysmorrhaphy.—This is the anew
rysmal expert’s dream which is almost never realized. There
is seldom any real need of the operation, which in any case
is only possible of performance when there is present, from
one end of the aneurysm to the other, g straight posterior lane
of normal intima. The walls of the anenrysm must then he
sewed together in such a way as to leave a posterior channel.
Matas recommends that this channel be constructed over &
piece of rubber tubing which is extracted before the long ToW
of stitches, carefully placed, is finally tied.

Should syphilis become rare or extinet, the arterial aneu-
rysms of the lower limbs will be practically the only oncs &
comntered. Even today, many a surgeon goes through life
without seeing any of them. Probably the arteriovenous sorts
are better worth studying.

ARNORMAL ARTERIOVENOUS COMMUNICATIONS

There is here presented a brief account of such pnnataral
arteriovenous tions, both congenital and traumatic, 8
are likely to appear upon the extremities, with the idea of
sorting ont the different varieties and distinguishing th'esc
ancommon and often serious lesions from the more familiar
and harmless states which in some degree they resemble, Many
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of the vasealar malformations and arteriovenons fistulas have
the appearance of innocent superficial swellings, others tkac
the form of large superficial vessels much like varicose veins,
ad yet athers are pulsating masses, which eafl attention to
themselses by a thrill and audible broit, and are evidently
dilzfed by receiving an arterial stream. At first sight, the rela-
fion between these various types is not clear, but basieally all
such as are not of traumatic origin belong to one family; that
s, they are failures of development in the common capillary
lests of the embryo from which the arteries and veins are
evolved, ANl are apt to be called angiomas, or hemangiomas,
with the implication that they grow, and netoally there are
tamors, gome of them malignant, which originate in vaseular
endothelipm, Howevar, the arteriovenous malformations rarely
&row in the sense that their parts moltiply. They enlarge

beeause {hey swell ag o result of dilation of the blood spaces
?r vessels of which they nre formed. The simplest of {hem
i a swelling composed of undifferentiated spaces, neither
i""’fﬂl Or”\'enou& Such is the ““naevus”, which may be
m‘“P‘_H"Y or "cavem.cns" a{\d which may have the purplish

vering of the port-wine stain, a coat of normal skin, or a
mﬂfﬂre of both. By contrast, the arteriovenouns fistulas are
Ecnﬂﬂﬂ.s’md oecasionally terrifying lesions. The great arteries
:a?e\'ems are formed, yet retain connections from one to the
htotesi; that at one or wmany places blood pours from artery
comer b eausing ohvions dilatation and carrying in its train
. Ty Temarkah!

le changes, both in the part involved and
nthe circalation in eneral ther words, it mal es & prea
al. In othe ds, it mak t
3 g d B

ealar bed of the skin n: 80 aneous tissue or in
nd subent, t; h
1SS! T in the great

other type has more direct
tiny vessel,
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receiving veins nor any brait or thrill. The connection may
indeed be so insignificant that the bloed of the prominent veins
which mark the lesion is merely given an arterial tint and o
rather high oxygen content. Qccasionally it happens that one
of these relatively quiet forms is injured or undergoes some
other unexpected change by which the afferent artery is ableto
pour a large stream directly into it. Then the original angioms
and the efferent veins dilate and pulsate, forming what has
often been called n cirsoid aneurysm. This is most apt to oceor
upon the scalp. .

The arteriovenous aneurysm or fistula is especially com-
mon at the root of the neck or of a limb, beeause in theso
situations great arteries and veins lie rather superficially in
close contact aud are held together in o fibrons sheath. X
they are malformed, that is, not fully differentiated from one
another, there may be multiple fistulas between them, a serics
of small channels making tions over a considerable dis-
tance, as, for instance, for the length of a thigh, or eved
through a good part of the arm and forcarm, A fistula has
usually been defined as a direct opening or simple narrow
passnge, whereas an aneurysm is held to be a sacculation
interposed between the artery and vein, The cirsoid aneuryst
then is merely one which presents a varicose appearance. Such
distinetions, even if valid, are of no basic consequence.

The traumatic arteriovenous fistuln differs in having only
one connection (unless one artery communicates with W0
veins) and that usnally o relatively large one such as may be
made by flying glass or steel, by the astab of a narrow blade
or a bullet wound. Some of the aneurysms of the ancients weré
probably of this kind and must have been made by spears oF
arrows. However, pure arterial aneurysms must also have
occurred even though syphilis was apparently unknown before
the end of the fifteenth century. Thus the operation of Antyl
Ins—ligation of the afferent and efferent vessels and removal
of the sac—which has been handed down ag a classical pro-
cedure, may have been used for lesions of either sort.. A
commen site for the acquired fistula in these days is the region
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A, Cavernou~ anwoma
Treatment by mse of carbon-diomde snow, followed Ly partal everon

{rourtesy of r D W MacCollum, Chuldren’s Hospital, Boston)., B Esten-
\ISe eavernous hemanioma i process of treatment by «arbon-dotide snow,
C. Promsnent hut lowal cavernous hemangioma, triated by exemon {conrtesy
of De Robert E Groms Childrn's Hopital, Boston) D, A seemingly 1nno-
eent eapitlary nevus The mfra-red photograph on the nght shows how large
were the vuns with which 1t was connected (courtesy of Dr. George D,
Culler, Cluldren’s Hospital, Boston)

PLATE X
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many fstulas was divaded JdFndt exposare, Proumal connections with eon-
tarted mass of vemns on back of arm 2 Secomd exposure (3 seconds later).
The radwl and ulnae arteries, free {rom fistulas, are not filled by dhe thores
trast The fistefas ariee vhuefly from the alnar veenrrent and anterior intoros
seotts arteries The flow follows the enttise of Jeast resstanee, that is, through
the vavions istulas

C. AN ARTERIOVESNQUS ANFURYSA op g Bracnian Anrxnr-—-[onuwing'a
wound by a fragment of metal, A cnwe treated and pubbshed by Dre Reit
and MeGQuire who have kindly pernitted o reproduction of therr tlustration
{Courtesy of Annals of Swigery, 108 643, Oet, 1035,)

PLATE XiItp
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Iekizd or above the elavicle, Tess frequently the groin, and tho
bullet s perhaps the most common canse. The nature of {he
great mass of pulsating veins which soon de.vc\ops n.m} of
1be changes in the heart which so often ¢ollow will be explained
is & stbsequent account of the lesion.

Heyuxoonas Carmrany axp Cavenxovs

The familiar and picturesque deep purple birthmark upon
the face or sealp, which 5o acenrately occupies the field of ono
of the trifacial branches is a rather pure hemangiomn, very
superficial and capillary or deep and cavernons a3 fhe ease
may be. Not all congenstal malformations are so clean-eut.
Some subeutsnenns swellings are unclassifiable, being dis-
arders of the subeutaneous struetures jn general, lymphatic as
wel as arteriovenons, as is told in the following chapter. The
hemangiomas as a rule are compressible, that is, mach of
{helr content ean be expelled by pressure and returns on xe-
Lease, No vessels are seen entering or leaving them, nor do
they palsate, Such ns these accasionally appear on the limbs.
They are zsually raised above the surface and sharply marked
off from the normal surronnding skin, Their covering may be
W‘}"“Y of the purple capillary sort or of a reasonably normal
‘f&n Bot there is always some admiztare of port-wine stain
inthe form of smaller or larger patches. Muoltiple Yesions are
Sometimes seen, Several of these malformations, all of the
civernons iype, with a more or less capillary surface are
shown in Plate X. These are taken frox the records of the
Chlldren’s Hopital in Boston, to the s4aff of which the writer
s much indebted.

tment is nenally surgical exelsion. Wheress on the fnce
or scalp the large hemangioms mast often be trented by the

li}plicaﬁon of carbon-dioxide snow, by multiple ponctures
with the endothermy needle or perhaps by radiom or the
X ray, 1t 13 seldom thut those of the ¥imbs ean not completely

excised. They may be fed by several large vessels, but since
Y% operation can he kept in the fild of normal s;

fhem, the control of their blood supply is not tao diﬁ;::l ZhTo::
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museular aponeuresis is apt to be missing, so that the base of
the angioma must be dissected from the underlying muscle.
The lesions shown in Plate X, have been treated by various
methods or combinations of methods as is told in the legends,

Tumor of the Cutaneous Glomus: Glomangioma.—~This
rather rare tumor is especially worth having in mind hecanse
it has the peculiar quality of being extremely gensitive and
painful. Long known as *‘subcutancous painful tuberele' it
was first shown by Masson (1924) to represent an abnormal
development, that is, a hemangioma, of the cutaneous glomus,
the widely distributed tiny neuro-vaseular organ which gov-
erns the rapid vasomotor reactions of the extremities. By i‘!s
means, the arteriovenous flushing passages in the deep skin
of the hands and feet are opened (Chapter I) raising the tem-
perature of the surface. In the npper limb, the glomus tamor
is most often found upon the fingers, the thenar and hypo-
thenar eminences, and especially beneath the nails. Tn {he
lower, it is more erratically distributed. Rarely it is scen upon
the body.

Attention is ealled to the glomangioma by a sensitive spot
which causes the individual to protect it against all contn?ts,
whether by friction or pressure. Pain of a knife-like, radiating
sort, is also excited by cold and is even spontaneous, but for
all this sensitiveness Bailey remarks that most patients har-
bor the tumor for many years before secking relicf. Over iY
the skin may be normal in color and without elevation, or
may be bluish and elevated. Under the nail it makes a pus-
plish spot. Actually, the glomangioma is so very vasemar that,
when exposed, it must display a color somewhere between red
and blue. Its size is small, rarely more than a centimeter {one-
fourth to one-half inch) in diameter and it does not grow
having no malignant tendency whatever.

Pathologieally, the tumor is distinguished by showing eer-
tain epithelial glomus cells, a considerable admixiure of fine
nerve fibers and struetures reminiscent of the contorted ves-
sels of the typical glomus,

A very interesting feature, first noticed by Barré, for
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which wateh should be kept, is the association of\ﬂm g\?mw
gioma with a chronic tord of vasomotor thange in .ﬁ\e m;c—
tion af heat and flushing (or coldness and cynmosis) of the
estremity, . .

Teeatment is surgienl excision, which offers no ‘espncm\ (}ﬁ
ficalty and is entirely curative. A nerve block with proeajue

should be used wherever possible, rather than Joesl infiltra-
tion,

CoNcestrat ARTERIOVENOUS FISTULA OR ANEURYSSt

The appearance of this lesion varies enormously aceording
to the natare and extent of the connection between atiery and
vein, There will pehaps have heen noticed from birt!\ a group
ot vefus upon some part of a limb, a pateh easily distingnished
from the area shont it and without visitie superficial afferent
Or efferent vessels. Often the skin over some parts or all of
{be patch will be more or less ghnormal in appearance, a little
Purplish or brownish, Sometimes a long dilated vein or plexus
of veins will pass down an extremity, Along its conrse the
&in will show blotehes or spots of discoloration and appear
Sightly pitted or irregularly bossed. Usvally such a lesion
il take roughly the form of 2 broad band or ocenpy part of
afoof or hand following in an erratic way one or more derma-
tomes,* In other words, although large veins may be present,
there fs apt also to be a suggestion of the port-wine stain, the
eapillary nevas,

4 mass of veing or a single vein of this kind does not pul.
sate, Indecd, if its anatomical situation is such as to corre.
pond {0 the £amiliar saphenous varicosity, it may be mistaken

for varix. There is o swelling of the limb but there will ocea-
slonally be lengihening of some bone, Th
radher foval leston of this sort,
€ide of the lower feg,

* The d upon the to the tentory zones opon
e body whick tako their onigia from the apmal segmente, Thoss of 152 army and
3 1o elongated aud bave 20 representation ©Po% the body, Thefr number corra.
*Pndls to that of the nerve roots whieh farnish the nerve #3pply, respectively, gor
15 Wpper und lower Lurada, b

¢ writer has seen a
ehiefly confined to the onter
external mafleolus, and dorsum of the
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foot, which led fo lengthening of the leg at one period of the
child’s growth, though subsequently the two limbs became
cqualized. The skin over such an angioma will perhaps feel
warm to the touch as compared with other parts. It is impos-
sible, without a study of the blood drawn from the distended
vein, to determine the size of the arterial fistala. In the ab-
sence of a bruit, the arterial connection can only be very
indireet, yet it may be sufficient to cause considerable difficulty
in controlling bleeding both at the time of exciston, if a surgi-
cal operation is used, or afterwards, as the following ease
shows:

G.C., 2 young man twenty-one years of nge, had noticed all
his life a dark patch of skin upon his left thigh and a large
vein which seemingly emerged from the muscle on the upper,
external surface of the thigh near the glutenl fold and ran
down nearly to the ankle. By the Trendelenburg test, this vein
lncked valves. It was in fact varicose. The lower limbs were
otherwise symmetrical. No pulsation could be felt and, appar-
ently, before surgical treatment was undertaken no bruit was
searched for, yet subsequently a faint and utterly nonrhyth-
mic, bubbling or clicking noise was heard through the stetho-
scope over the diseolored area of skin above the kmee. Blood
from the vein was unfortunately not examined.

Throngh & long incision in the thigh and another in the
lower leg the greater part of the vein was excised. The va.scu-
larity of the tissues was noted and at one or two points,
notably where the vessel emerged from an opening in t}xe
faseia lafa, bleeding was difficult to control. Throughou.t its
course in the thigh the vein gave off a series of “inﬁmt::ly
small branches apparently conneeting with the naevus® which
lay principaily median to it. Healing was complicated by 8%
acoumulation of blood-clot in several parts of the wound, 5
that the patient was unable to leave the hospital for six weeks.

Ten months later G.C. returned for the treatment of ap
uleer and shallow sinus at the apper end of the wound in the
thigh. Serious bleeding had oceurred from this point on sC¥-
eral occasions. Upon excision of this area a plexus of Jarge



ABNOBMAL ARTERIOVENQUS COMMUNICATIONS m

eins was found, Iying partly upen and partly beneath the
fyseia lata. Painstaking removal of the plexus was followed
by permanent healing. Three years 1ater, various dilated tor-
fuous veins in the Yower leg were succosstolly treated by the
injection of selerosing solutions and at the present time, six-
teen years after the original operation, the leg gives no fur-
ther troble. Tt looks very much as it did in the photographs
taken immediately after the first operation (Plate X1},

Cases much like the above have many times been deseribed.
Tn one of those recently published by De Takats, who has
very kindly permitted me to reproduce several of his sketches,
@ additional and very troublesome feature was the presence
in the birthmark of very delicate multiple capillary angiomas

Turer 24, A A

2 {By conrtes;
1(3;“«? Takats: Publisked in Surgery, Gynecology and Obsmn'cf, sosn myz;§
b ,,u)l 1932 Fig\!éﬂ G,:ﬂllnd 12) These bring out the sssociated eapillary pevi
no cas i i i i
ﬂz‘x’da e e ';,] y., pecnliar epots consisting of delicate collections of vessels
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which bled readily. By such lesions the nutrition of the ex-
tremity is in no way harmed, the circulation in general s not
affected, and only if the angioma chances to increase the blood
supply of the growing end of a bone or bones will any effect
upon development be observed; that is, the extremity may be
overgrown. A very different sort of disorder is caused by
injury to the hemangioma, Then dangerous external blecding
may oceur, or, as alveady explained, if the connection of an
efferent artery with the lesion is suddenly widened, s bruit or
thrill or even a palpable pulsation may develop. The distant
results of such a change require separate description.

The Physiological Changes Consequent upon Large Arterio-
venous Fistulas or Aneurysms

These changes have long excited the curiosity of those who
have been obliged to deal with such disorders. For a histori-
cal aceount of the many fundamental observations upon this
subject, Holman’s monograph should be consulted. In this
country, Matas, Halsted, Reid, and Holman, in particular;
have made significant contributions both to the study of the
lesion as well as to its treatment. Most of the observed clinical
findings have been reproduced experimentally by Holman. It
appears that the secondary effects, namely, dilatation of {hc
afferent artery and of the heart, are proportional to the size
of the fistula. Considerable time is required for their develop-
ment and this again is related to the size of the unnatural con-
nection. Moreover, the neaver the heart the fistula is situated
the more rapid and extensive will be the secondary changes.
With such modifying circumstances in mind, the following
may be considered to represent the usual result of the sertous
arteriovenous communieation. The explanations given arc the
result of much experiment and observation, but need not
necessarily be considered correct.

General Effects upon the Heart and Circulation—A 1a1ge
fistula calls for unnaturally rapid and vigorous contractions
of the heart, increases the cardiae output, causes dilatation
and perhaps hypertrophy of the heart, and may in time Iead
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to decompensation, When arterigl blood pours from a lsrge
artery into & vein, the circulation in the limb, or neck, o ar-
£a1, 55 the case Moy be, 38 short-circoifed. An casy path is
made, by which the norma), Tesistant vaseuinr bed of small
vessdls mnd capillaries is nvoided. As between the distal capil-
hry bed and the Sstoln, the streamn therefore chooses the
fistela, The sudden fooding of the capacions venous system
which necessarily oceurs has the effect of n massive hemor-
thage. The arterial pressure falls and, in consequence, the
beatt beats faster, Venons pressure is clevated, Sufficient
Ylood now being supplied to the vight side of the heart, more
blood is put out per beat and the arterinl pressure rises. In
this way the systolie pressure may gradually be restored to a
normal fignre nt the diastolic pressure remains Jow, the
pulse pressure being inereased much as an aorfic regurgita-
tion (Lewis and Drury). The tendency of o fistula, then, is
first fo Iower and then raise Blood pressure, yaise {he pulse
pressure and ineresse the pulse rate,

To compensate for the loss of blood on the arterial eide,
which results from flooding the veins, an increase in Wleod
volume oceurs,” and the cardiac output becomes grenter. Yeb
the fistuln continues to earry much of the Iarger volume Into
ihe shorter eirenit and so, 0 accommodate the increased bulk
of blood, the heart and blood vessels dilate. Only the large
fistulas induce this change and especially those not too far out
{oward the periphery. A fistula between the external iline
artery and vein is more potent than one in Hupter’s canal.
beart rate s so\:ed !:hm temparaity dosed by prossure, the
. , the blood-pressure rises. When the fistals
1s permanently closed, the blosd-volume is saon reduced, the

lood-pressure, tem i i
porarily elevated, again falls, and the sj
of the heart is restored to normal, ’ ® oo

.

mm:;:;, mm;_u ;Azfm\nhs ou what appear to be wibistactory expenmental gng
X o

bt 0 ottt e Beart puts out more blood with ezch
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which bled readily. By such lesions the nntrition of the ex-
tremity is in no way harmed, the circulation in general is not
affected, and only if the angioma chances to increase the blood
supply of the growing end of a bone or bones will any effect
upon development be observed; that is, the extremity may be
overgrown. A very different sort of disorder is caused by
injury to the hemnngiomn. Then dangerous external bleeding
may ocenr, or, as already explained, if the connection of an
efferent artery with the lesion is suddenly widened, o bruit or
thrill or even a palpable pulsation may develop. The distant
results of such a change require separate deseription.

The Physiclogical Changes Consequent upon Large Arterio-
venous Fistulas or Aneurysms

These changes have long excited the curiosity of those who
have been obliged to deal with such disorders. For a histori-
cal account of the many fundamental observations upon this
subject, Holman’s monograph should be consulted. In this
country, Matas, Halsted, Reid, and Holman, in particular,
have made significant coniributions both to the study of the
lesion as well as to its treatment. Most of the observed elinical
findings have been reproduced experimentally by Holman. It
appears that the secondary offcets, namely, dilatation of the
afferent artery and of the heart, are proportional to the size
of the fistula. Considerable time is required for their develop-
ment and this again is related to the size of the unnatural con-
neetion. Moreover, the nearer the heart the fistula is situated
the more rapid and extensive will be the seeondary changes.
With such modifying eircumstances in mind, the follm\.'ing
may be considered to represent the usual result of the serions
arteriovenous communication, The explanations given are the
yesult of much experiment and observation, but need not
neeessarily be considered correct.

General Bffccts upon the Heart and Cireulation—A large
fistula calls for unnaturally rapid and vigerous contmcti?ﬂs
of the heart, inereases the cardiac output, causes dflatatxoﬂ
and perhaps hypertrophy of the hearf, and may in time Jead
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: o —~A small fistula
¢ Progress of an Arteriovenous F tst.ula. ) fist
‘»szv'}:ry ocgas'wnu'ﬂy closed by thrombosis and 0184;:;28?::;
one of modest size often remains statiopary, but ﬂd Rorent
tends to become larger. As the afferent sriery oend cl S
veing dilate, tere is @ natural and pnr‘ely mechnlt‘uca eving
ency to widening of the fistulous opening. As t‘ L3 ;D .
widens, peripheral resistance diminis_hcs, more bleo Pt ey
through 3%, tke total volume of blood increases, the hen§ i

prosimal arferies dilate further, ond so the ﬁstu\x& enlarg:

lill mare, a true vicious cirele. Xf, however, at nny time, p're;»
sure in the receiving veins rises enongh to c(}m\\ t}m periph-
eral resistance beyond the false passage, qﬂ‘nmhu‘n of t‘hl(;
shortireuiting fistula will cease, and the sicions .cxrc]e i

be troken. By this same equalization, the dxlatn!‘wn of the
Reart is brought to an end, and ultimate dcgencmt‘xo‘n of that
“rgn may be prevented. Actually, in a young individua), the
inereased blood valume and elevated eardine output are com-

palible, even over many years, with a heart of normal size and
Yehavior,

Summary of the Effects of an Arteriovenons Fistnla
1. The elfets are greater aceording as the fistala is (a) larger and
() nesrer the hegrt,

2 The arteria? blood pressure falls,

. The pulse rate is inereased,

4 The VeNous pressyre rises (between fistala and heart and perhapy
e'lmchgre).

§ The blood votume is increased,
6 The eardiae qutput is inereased

7. The heart becomes dilated (and perhaps hypertrophied),
2. The afferant artery becomes dilated and weakened.

. The efferant veing hecome dilated and strengthened.

lbi Tke collatera) eireulation about the fistula to peripheral parts
€velops,

I The Limb may become overgrown, but its terminal part may
*ome W.ngurished,

12 Al these effects axe reversible If the afferent and efferent ves-
uly 8r¢ divided ang the fistula removed, the peripheral pact is well
Wurished by the eollater:

al cirealation, Todeed nutrition of the periph.
s part will he improved.
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Local Effects upon the Blood Vessels and the Peripheral
Parts~—The tendency of o fistula is toward the “‘venafica-
tion’’ of the proximal artery, toward “‘arterialization’ of the
receiving vein and toward the establishment of an abundant
collateral cireulation. Reid points out that under the influence
of the lowered resistance of the fistula and the lack of recoil
against the arterial wall, the Intter scems to undergo = sort of
degeneration. Its muscular and clastic fibers deteriorate and
it soon dilates. Possibly, as Holman suggests, the greatly in-
creased blood mass of the shortened circuit enters into this
dilatation, In any casc, the process is often earried well back
toward the heart and very rarely oceurs distal to the fistula.
It may be so serions that after exeision or repair of the fistala,
the afferent artery becomes an aneurysm or actually ruptares.
The receiving vein, by contrast, not only dilates but hyper-
trophies. All coats are thickened and strengthened, the elastic
material heing greatly increased. This results in one of the
most conspicuous features of the large fistula, the great mass
of dilnted, pnlsating veins.

The cffect of this local change upon the peripheral part of
the limb, in the region of and for some distance beyond the
false opening, is to enlarge it and to make ifs surface unduly
warm. Peripheral to this swollen, hot aren, the extremity
is left cool and sometimes actually ill-nourished, so that local
neerosis and uleeration may occur. Strangely enough, how-
ever, o collateral cireulation of considerable importance is d’E'
veloped, as a result, seemingly, of the very Jow pressure i
the vessels near the fistula. Possibly the oxygen want estab-
lished in the peripheral tissues hastens the peripheral vasodil?-
tation. In any ease, the collateral channels, if established'm
the region of a grewing epiphyseal line, sometimes oceasion
overgrowth of a long bene. Moreover, if the fistula, together
with its afferent and efferent vessels, is excised, the collateral
cireulation ean be relied upon to nourish the extremity. How-
ever, if the afferent artery alone is divided, the collateral
circulation carries all its blood into the fistula (easy retro-
grade pathways), and peripheral gangrene resulis.
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greafer i clrenmference thao the right. Tis npper part was
hot fo the touch. The honds were like, Great veins conid by
«en on the veotral surface of the whole forearm, but there
was i especially prominent wass of them just below {he back
of the elbow. There was felt, over the region of the elhow and
{orearm, a systolic thrill, and a continnous bruit was audble
through the stethpseope. Thrill and broit estended along the
course of the brachial vessels into the axilla, ending at a point
above {he dlavicle, The Tadial pulses were slike and seermed of
siilar force, Firm pressure on the Jower brachia), just apuve
ot in the antecubital fossa, obliterated both Projt and thrith
Pressure over the great mass of pulsating veins upon the dor-
eal surface of the upper forearm nearly but ot goite secom.
plished the same thing.

The following special observations were made by Dr, C. 8,

Burwell and his associates of the Medical Staff of the Teter
Bent Brigham Hospital.

1. Pulse rate with fistola open, 8%
Pulse rate with fistula closed, 71.

2 Arierial Pressure Right Arm  Right Leg Yeft Leg

ﬁ:{stnla open 102/57 123/83 128/76
Fistula elosed 117778 142/300 142/87
3 Venous Pressure®  Right Arm Left Etbow  Dorsal Aspect
{in mm. of water) of Left Fore-
arm
65 mm, 145 mg. 265 rm.
4 Cireglation Time  Right Arm Vein  Left Arm Yein {just
to Tongue above andecubital
space)
£2.6 seconds 12§ seconds
5. Oxpgen Content of Venons  Right Arm Left Artm
Blood in Volames per ¢ent. 145 16-17 in forearm

{Oxygen capacity 18.2) 14 3 at wrist

* Elrvation of the v

enous pressure, in thiy case at Jeast, is appa

":‘it”:b most marked in the vicnity of the fiatels asd M&L‘;‘:‘;‘t;;g
Bty -:;UXM: nearer the heayt. Heowever, at every point studied between the
fy ¢ beart, the véngua pressure was higher than in other pars of the
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The Congenital Arteriovenous Fistula: Case Report

It has alrendy been explained that there is no valid distine-
tion between arteriovenous fistula and aneurysm, but there is
a rather consistent difference between congenital and trau-
matic communications. When in the course of the differentia-
tion of artery from vein in the common capiliary bed of the
embryo, connections are left uniting the two sorts of vessels,
these are apt to be multiple, to ocour even over o eonsiderable
distance. Espeeinlly upon a limb, there may be a whole series
of small connections between the principal arfery, or one of
its lnrger divisions, and its companion vein. A traumatic
fistula, on the other hand, unites the paired vessels at some
one spot, in the axilla, at the elbovw, the groin, the popliteal
space, or some intermedinte point. And because o considerable
amount of bleod escapes into the tissues where the bullet or
sliver passed through the two vessels, the resulting hematoma
is apt to become organized and to be hollowed out into 2 {alse
aneurysm connecting with both artery and vein and ﬁm‘ﬁly
lined with endothelinm, Thus, most congenital communied-
tions resemble fistulas while the traumatic ones are either
direct openings or arteriovenous ancurysms. In such 2 situa-
tion as the neck, the two sorts of lesions resemble each other,
but in a limb the congenital lesion is apt to present a charae-
teristic appenrance. The following case roport gives an ac-
count of most of the features of a congenital multiple ﬁst'\ﬂ&
in an extremity and of some of the difficulties met in treating
2 condition of this sort. (See Plates XIT and XITI, A and B.)

J.JM., o husky nineteen-year-old youth, had noticed noth-
ing remarkable about his left arm until, at the age af tenm, he
foll out of & swing. Then the arm began to swell but never
lengthened disproportionately, Dilated veins appeared nbout
the etbow and upper forearm, especially upon its dorsal sur-
face and after a time were seen to pulsate. The arm caused no
pain or disability but because of the pulsation and palpable
thrill the boy was induced to seek treatment.

Examination showed the left forearm to be seven em.



ABSORMAL ARTERIOVENOUS COMDIUNICATIONS o]

exposed. The brachial was larger than before and seemf:d very
frishle, Several small connections from artery to vein were
fomd just sbove the biforeation. Upon disiding these, the
ulnar and the ulnar recurrent arteries were seen to have large
comnections with veins, but since distal division of these ar-
terles and veins could not be performed Irom the antecubital
eide and sinee it was evident that distally placed fistnlas would
eqntinge to open up as the proximal ones were obliterated, the
wound was closed and further surgery was for the moment
abandoned.

During the pext two weeks the dilated brachial artery rap-
tured twice (others have noticed this accident) and was finally
divided, together with the vein, half way from elbow to shoul-
der, The median perve was accidentally severed and was re-
wited by suture,

The result, January, 1938, shows considerable improve-
ment. The pulsation, thrill, and bruit in the forearm are gone.
The hand is well nourished. However, the bruit can still be
beard in the axilla. The median nerve has shown a reasonably
complete regeneration.

. This case illustrates the multiple character of the malforma-
Hlon, the dilatation and degeneration of the afferent artery,
2nd the opening up of secondary peripheral connections as the
Proximal omes are closed, More especially it shows how re-
markably efficient is the collateral cirenlation ereated in the
Presence of such a fistula. Ordinarily, division of the efferent
arfery results in gangrene of the limb (the blood earried by
the collateral vessels flows back into the fistula). Here the
Proxima) vein, as well, was divided (raising the pressure on
the venous side and foreing blood to follow the collaterals)
nd successive division of several proximal fistalas probably
belped to increase the resistance of the fistulons pathway and
direc the stream into the peripheral parts.

TrAUMATIC ARTERIOVENOUS ANEURYSM AXD FisTura

\ In order to make clear the distinetion between the various
esions which may result when an artery is pierced or rup.
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6. Total blood volume 6770 ¢, em. or 102.6 (c. em.) per kilo (Blue
dye method of Gibson and Evans) “*which is well sbove nor-
mal even for a very muscular active man and is at a level seen
in congestive heart failure,"

7. The heart, by seven-foot plate, was within the normal limits of
size,

Operation, June 4th, 1936. Under cther anesthesia and with
compression of the upper arm by an Esmarch bandage, on
inclsion was made exposing the brachial vessels in the lower
arm and through the antecubital space. In the upper part of
the wound, for a distance of five to six em., the brachial artery
appeared fwice its normal size, It then beeame quite rapidly
smaller, reaching its natural caliber some two to threc em.
above its division into radial and ulnar branches. Almost four
to five em. proximal to the point where the brachial narrowed,
was an S-shaped little vessel two to three mm, in diamefer
and about one and a half cm. in length which passed from
artery to vein. This was divided and tied with silk, Then the
operator, not at first realizing that this little vessel might be
on important fistula, asked to have the Esmarch bandage
loosened and when the current was let in, the venous pulsa-
tion, thrill, and bruit in the region of the elbow were found fo
have ceased! .

However, an axillary thrill and bruit persisted and since
these in turn were blotted out by compressing the brachial
artery and vein in the wound, some connection distal to the
division of the brachial at the elbow was judged to have per-
sisted. This idea was confirmed on the following day when
the expansile pulsation, bruit, and thrill in the forearm re-
turned.

Two months later an arteriogram was made, This showed
that ‘‘the opaque material enters the region of the aneurysm
by means of the dorsal and volar interosseous arteries and
the ulnar recurrent artery; the radial artery does not appear
to communicate except through the radial recurrent’.

Second Operation, October 7th, 1936.—The formcr_scnr was
excised and the lower brachial artery and its bifurcation again
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oint and controling its Blood flow with 2 mbber-covcfcd .
damp or riibber tubing, or, i€ this is impracticable, by making
digitel pressure upon it, the clot and blood ean oftm be evaca-
sled from the region of injury and {he astery either repaired
by sufure or ligated above and below the opening, Naturally,
{he decision whether or not to attack the vessel direetly or o
sllow o hematoma fo develop to its fullest extent is o difficalt
one. Provided means of transfusion are nf hand, direct ainck
is nsnally the method of choice.

A pulsating hematoma which has actaally come 1o resemble
a purely arterial aneurysm will present the sigms of aneurysm.
Thatis, it will have an expansile pulsation and o systolic hruit
2ad thrill, in contrast to the arteriovenous aneurysm or fistula
in whick these sigps, 1kough accented in systole are continned
throngh diastole. The treatment of such 2 folse ancurysm is
that of anevrysm {gv.).

Varieties of Arteriovenons Anearysm and Fistula

1t would be impossible to deseribe all or indeed many of the
ppearances presented by traumatic fistulas in varions ro-
8ions, Naturally most of the vietims will be aware that they

72 been shot ov stabbed, thongh 4 fine, fiying sliver of glass
or s}eel Toay perhaps fail to be noticed, Sotme bleeding from
the infured artery is inevitable, Pxternal bleeding may oeepr
ora large hematoma, may form. However, a fistala is some-
times established so quietly that 2 continnons anditle bruit
ad palpatle theill, sppearing a few days later, will be the
Brst sigug of the serionsness of the injury. Oceasionally, espe.
the limbs, the aneurysm or Hstuls will
near-by nerve, causing mumbness or mus.

elally in wounds of
ke pressute on
calsr paralygis.

The Tapidity with which eardias damage may take place

alter the irat signs of fistale have been noticed, is voucked far
by 8 case reported hy Mason,

& brief acconnt of whicl §
ﬂb;lracled from his report, e
colored woman, aged thirty, was first seen hatf
alter being stabh o

ed below the left clavicle, close to the sternam,
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tured it is necessary to consider several possible ocenrrences:
(1) the artery alone ig injured, in which case a Pulsating
Hewatoma, or False dneurysm may develop; (2) the artery
and vein are injured in such o way that, following the or-
ganization of 2 hematoma, a connection is established between
them by way of a sae, which becomes lined with endothelium—
an Arteriovenous Aneurysm; or (3) the artery and vein are
so injured that a direct connection is made between them—
an Arieriovenous Fistula. For purposes of study and treat-
ment, it has already been stated the arteriovenons aneurysm
and fistula are alike. However, the pulsating hematoma is dif-
ferent and requires a separate description.

Pulsating Hematoma, or False Aneurysm.—This is a very
rare lesion and the reason for this is easy to sece. When a
large arfery is pierced, its companion vein is usually injured
as well, so that if the individual survives and if the vessels
are not at once ligated or repaired, an arteriovenous connee-
tion is made. Suppose, however, that an artery alone is in-
jured. The opening is made beneath a heavy layer of fascia.
If it is not so directly connected with the outside world that
the individual bleeds to death, a hematoma is rapidly formed
beneath the aponenrosis. Bleeding continues until the pressure
within the hematoma equals the arterial pressure. If the
hematoma is then left to itself, it will tend to become so tense as
to block the blood supply to the distal portion of the limb (in
the case of the femoral, poplitea, axillary, or brachial, for
instance) and gangrene will ensue. This is all the more likely
to happen because the rapid loss of blood will have caused o
decided fall of blood pressure. However, should the limb sur-
vive, the mass of extravasated blood will soon become or-
ganized at the periphery, its center remaining liquid. Only
through this very rare combination of circnmstancei; can a
pulsating hematoma form, but actually it is seldom given on
opportunity. For if an individual has been stabbed or .sh_ot in
such a way that a large artery appears to have been IDJul‘fzd
and if o hematoma is rapidly enlarging, most surgeons.mn
endeavor fo ligate the vessel. By approaching it at a proximal
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point and conteolling its Woad flow with & mbhcr-co;gcd )
clawp or rubber tubing, or, if fhis is impracticable, by making
digita) pressnre upo it, the clot and Blood can o.ﬂenbc caen-
ated from the region of injury and the arlery e'xther repaired
by suture or ligated sbove and below the opesing. Naturally,
{be decision Whether or not To attack the vessel direetly or to
allow 2 hematoma fo develop to its fullest estent is & difficalt
one. Provided means of transfasion are at hand, direct aftack
i3 nenally the method of cholee.

A pulsating hematoma which has actually come to resemble
apuely arterial anenrysm will present the signs of ancurysm.
That is, it will have an expansile pulsation and o systelic Trait
and thrill, in contrast to the arteriovenous ancurysm or fistula
in which these sigps, thongh accented in systole are continned
through diastole. The treatment of such a false ancurysm is
{hat of avenrysm (g.2.).

Varieties of Arteriavenous Anearyam and Fistula

Tt would be smpossivle to deseribe s}l or indeed many of the
appearances presented by tranmatic fistalas in various re-
glons. Natarally most of the victims will be aware that they
bave heen ehat or stabbed, though a fine, Bying sliver of glnss
or steel may perhaps fail to be noticed. Sorne bleeding from
the injared axtery is inevitable. External bleeding may oceur
ora Iarge hematoma may form. However, n fistala is some-
times established so quietly that a continuous andible bruit
22d palpable thrill, appearing a few dsys fater, will bo the
ﬁ_rst sigus of the seriousness of the injury. Occasionally, espe-
<ially in wounds of the Yimbs, the aneurysm or fistula will
make pressure on a pear-by nerve, causing numbness or mus-
cular paralysis.

The rapidity with which cardise damage may take place
after the first signs of fistula have been noticed, is vonched for
by 2 case reported by Mason, a brief secount of which is
abstracted from his repost.

A cni?rea wonan, aged thirty, was first seen half an hour
after being stabbed below the left clavide, close to the sternum,
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tured it is necessary to consider several possible occurrences:
{1} the artery alone is injured, in which case a DPulsating
Hematoma, or False Aneurysm may develop; (2) the artery
and vein are injured in such & way that, following the or-
ganization of a hematoms, & conneetion is established botween
them by way of a sac, which becomes lined with endothelinm—
an Arieriovenous Aneurysm; or (3) the artery and vein are
so injured that a divect connection is made between them~—
an Arteriovenous Fistula. For purposes of study and treat-
ment, it has already been stated the arteriovenous nnenrysm
and fistula are alike. However, the pulsating hemntoma is dif-
ferent and requires & separate deseription.

Pulsating Hematoma, or False Aneurysm.—This is a very
rare lesion and the renson for this is casy to sce. When &
large artery is pierced, its companion vein is usually injured
as well, so that if the individual survives and if the vessels
are not af once ligated or repaired, an arteriovenous connec-
tion is made. Suppose, however, that an artery alene js in-
jured. The opening is made beneath a heavy layer of fascia.
If it is not so dircctly connceted with the outside world that
the individual bleeds to denth, a hematomn is rapidly formed
beneath the aponeuresis, Bleeding eontinnes until the pressure
within the hematoma equals the arterial pressure. If the
hematoma is then left to itself, it will tend to become so tense 88
to block the blood supply to the distal portion of the limb (in
the casc of the femoral, popliteal, sxillary, or brachial, for
instance) and gangrene will ensue. This is all the more likely
to happen becauge the rapid loss of blood will have caused &
decided fall of blood pressure. However, should the limb sur-
vive, the mass of extravasated blood will soon become or-
ganized at the periphery, its center remaining tiquid. Only
through this very rare combination of cimumstanceg can &
pulsating hematoma form, but actually it is seldom given an
opportunity. For if an individual has been stabbed or shot I
such a way that a large artery appears to have been mjutgd
and if & hematoma is rapidly enlarging, most surgeons_wlﬂ
endeavor to ligate the vessel. By approaching it at a proximal
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ard treatment for avteriovenous fstula. Matas has S‘BOCCSS‘
fully restored the continuity of the sabelasion by closing tho
rent ix the artery throngh the opened vein, but most surgeons
fecl mote suze of p cure in making the quadraple disision snd
excising the fstulaconnected vessels. Mason gives fo everyone
who contemplates attacking o subclavian arteriovenous fistula
the advice fo begin by reading Halsted’s essay on ‘“Ligation
of the Left Subdlavisn Artery in its st Portion®’. Tho &iff-
calty of aceess is such that one should always resect the clavi-
de aud even the adjacent upper and lateral portion of the
wanchrinm sterni. The claviele is missed less than one would
suppose and if resected subperiostenlly will often regenerate.
Subelavian fistlas bring np most of the difficulties inherent
in treating all traumatic arteriovenous communieations. 1f
the operation is performed foo soon, a collateral circulntion
may not have become established. If performed too late, the
keart will have received permanent damage or ihe patient
will have deteriorated beyond aid, Xf performed eatly, the
vgssels will have barely recovered from the injury and will be
diffientt to hardle. If performed Iate, they will have established
fo many unexpected connections that quadrilateral Yigation
will fail fo still the current in the region of the fistola. This
last dil.ﬁculﬂy was demonstrated to the writer by Elkin in an
Ope_mhon upon & subclavian fistula of sixteen years* duration,
Incidentally, this case, by contrast with Mason’s, though it
kad cansed the heart to dilate, had led to no cardiac decom-
Pensation. Atter three honrs’ work and when every visible
m!me.cﬁun with the great dilafed vessels which constituted the
arteriovenous ancurysm had been divided, arterial blood still
Tassed abundantly throngh the fistwla, Any further approach
fumeq on! to ke so very bloody that recoursé was had to
e e T e
I a ar way, and on another
dccasion, when all the vessels connected with the fistala conld
tot be severed, has twisted the divided proximal vein until it
was not only obliterated but completely closeq the openin;
To summarize the subject of the subelavian fistalas §¢ xiuy
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Her heart was known, by previous examination, to have been
normal and ré St wmce L Yot L s e
sueceedingy -t L L - . FA
region, and a bruit could be heard Joeally and in the neck
Thrill and bruit, which were continuous, increased in viclenco
and range during the two following days.

Sixteen days after the injury, the signs persisted, but the
heart appeared undamaged. The same was true after thirty-
three days.

About Torty-five days after the injury, the patient was dis-
covered confined to bed by cirenlatory embarrnssment and at
the end of nearly ten weeks was in a serious condition. The
heart was enormously dilated, n ploural effusion had formed
on the leff, the feet and legs were edematous, the liver en-
larged, the abdomen distended and dropsieal. Dyspnea and
cough were present. For all this, there was as yet no external
swelling over the fistula

Two operations, under o local anesthetic, were required be-
fore the fistula could be isolated by quadruple ligation and
excised, so that it was over three months after the wound had
been received before the strain of the great fistulous leak from
the subelavian artery could be tnken off the heart, As a re-
sult, the heart regained its normal size and all the other signs
of decompensation cleared up, but an gortic thrill and bruit
remained as well as a double mitral murmur, Mason noted
the occurrence of Branham’s sign when he drew tight the
ligature on the subclavian artery, that is, the pulse rate fell
at once (from 124 to 104), 1ad this difficult operation not been
so skillfally and bloodlessly performed the patient would soou
have died.

Subclavian Fistula—The case just quoted will serve as an
introduction to this subject. It has been duplicated by others,
though never more dramatically. There is a general agree-
ment that division of the artery and vein proximally nod
distally, that is, quadruple ligation, completely isolating e
fistula, is compatible with the Yife of the Jimb supplicd by the
injared great vessels, This may then be regarded as the stapd-
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five. The radial pulse was not altered. Al yessels were found
to have opened into a common sac.

Here the carly operation was forced upon the attendant
surgeons, yet, perhaps beeause the young patient’s vessels
were so elastic, quadrnple Yigation and excision were followed
by no disabilities.

Tt is hardly necessary to deseribe ofher nrteriovenous fis-
tulas of the upper limb. Suth o lesion may even occur on &
finger. Elkin illustrafes one of this sort. The treatment of
such conditions is exaetly that of the lorger vessels.

Femoral Fistula—In general, the fistolas of the lower ex-
tremity are less well borne and more prone to cause cardiac
dilatation and decompensation than those of the upper. Those
of the femoral, becanse of its size, are particularly serions.
The limb is apt to become edematous and eyanotie, and sores
gpon the lower Ieg may develop. Though the lesion is casily
aecessible, the many vessels centering on the region of the
groin make it especially complicated. The inferior epigastric
anf] deep circumflex iliac artery and vein, the great saphenous
ein, the profunda femoris artery and vein, all join the super-
ficlal feroral almost at one spot. Thus a fistula near the in-
guinal i t may be impossible of Even after
dividing the proximal and distal vesscls, the fistula-connected
artery and vein will perhaps continue 10 exhibit the familiar
thrill. Tt may then be possible only to transfix and plicate the
Mhm.l region af the false passage with many stitches. As in
"‘“‘“S‘g fistolas of other great vessels, it is usaally necessary,
as Reld tells, to ligate with tape, rather than even the largest
and. heaviest §11k. Halsted’s metal bands may be useful on ac-
;‘:;%;l; especially when the proximal artery ig dilated and

Pop}iteal Fistula.—This, like the true arterial aneurysnm, is
:spemzmy apt to interfere sericusly with the nutrition of 'the
{%t..Eﬂema osnd cyanosis will usnally bo considerable. A fis.
nln in the lower femora} or upper popliteal region is easier

fo deal with than one in the lower m
T ngle of the popliteal
For here the popliteal artery, having given oﬁpthe unstre':ic:x:
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come on quietly or with a hematoma; it may lead rapidly to
cardise decompensation or be well borne by the patient; it
may and usually does create o permanent mass of pulsating
veins above the claviele. At the risk of some cardiae damage,
it had better not be attacked surgically for several months, to
permit the establishment of a collateral circulation, If shouid
be approached by an ample incision and by removal of the
clavicle (and perhaps a portion of the sternum). 1t should be
isolated and if possible excised after quadrilateral division.
Fistulas of the Upper Limb.—The same general principles
ag have been discussed for the management of fistulas nearer
the heart apply to these, but the indications for treatment may
be somewhat different. By the kindness of Reid and McGuire,
the writer is permitted to reproduce their illustrations of a
brachial fistula, successfully treated by a very early operation:
The patient, No. 81335, Cincinnati General Hospital, a boy,
sixteen years of age, had been struck in the right arm, just
above the elbow, by a fragment of exploding pistol shell. Free
external bleeding was followed by marked swelling which sub-
sided after three days. At this time, a pulsating tumor ap-
peared, and the usual continuous thrill and bruit were noted.
There also developed a weakness in gripping the hand and o
tingling sensation in the hand (pressure upon the median
nerve). The tumor rapidly and painfully inereased in size.
By the twenty-third day after the accident, the median nerve
palsy had become so pronounced, the causalgia so serious, and
the aneurysmal covering so thin, that a surgical operation was
imperative. The circulation time in the right arm proximal to
the fistula was 14.0 seconds and compared to 21.3 seconds in
the left. The heart was normal by every test. Blood pressure
was 120/60 in both arms, a suggestively low diastolic pressure.
On occluding the aneurysm, the pulse rate did not change but
the diastolic pressure rose thirty mm. Hg. )
Operation disclosed the characteristic picture shown it
Plate XIIC. The afferent vessels had not yet become di-
lated, and excision after quadruple division (or rather sex-
tuple, since the two venae comites were involved) was curs~
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of blood in cirvulation may require the withdrawal of some of it after
the fistula has been excised.
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tibial, divides into the peroneal and posterior tibial branches,
It is easy, then, to understand that when these are conneeted
with the fistula or with the ancurysmal saec, division of all
afferent and efferent vessels is almost impossible. It is not as
if one could eontrol the arterin supply merely by compressing
the main vessel proximal to the fistula. Cut off this vessel, and
the distal branches at once pour in & retrograde current. It
may thus be necessary, after all accessible arteries and veing
have been ligated, to plicate the remains of the sac, or the ves-
sels joined by the fistula, with heavy silk,

Codntent on THE TaEataesnt oF TRAUMATIC ABRTERIOVENOUS
ANEURYSM AND FIsTULA

In planning and execnting n surgieal operation, the follow-
ing considerations must be kept in mind:

1. The collateral circulation must have time to develop, but if more
than a few months are allowed to pass, the local conneetions of the
fistuls may become so numerous and complicated that quadruple liga-
tion is insuffieient to effect a cure. Then, special means may be Te-
quired to obliterate the fistula and its connecting vessels.

2. If treatment is delayed, scrious damage may be done to the heart,
which, therefore, must be very earcfully watched.

3. If the heart is 50 damaged that it can not be expeeted to with
stand a radical operation, division of the proximal vein will lighten
its Joad and perhaps permit it to recover.

4. Ample exposure is absolutely essential,

5. In exposing the fistula, the afferent artery should be reached and
isolated as soon as possible and should then be controlled by the use
of a piece of soft rubber tubing. .

6. The afferent artery should never nlone be divided. If divxs{on
of the afferent vessel seems imperative, the afferent vein or veins
should also be ligated. X

7, The afferent artery is often exceedingly friable and require
great care in ligation. It may subsequently undergo ancurysmal dile-
tation or actuslly rupture, .

8. Since Joss of blood at the operating table may be excessive, &
sterile system of suction should be used to conduct blood from the
wound into a receiving bottle containing sodium eitrate. It can then
readily be infused into & vein while the operation proceeds.

9, Tf very little blood has been lost during the operation, the exeess



CHAPTER VI

LYMPHANGIOMA ELEPHANTIASIS LYMPHEDEMA

sz Iymphatic system is an independent anntomical anit, ho-
ing the fanetion of absorbing all such tissue %1\‘11&5 as }he
blood capillaries are unable to necept and, in addition, forcign
particulate matter, These fluids, filtered through intervening
groups of Iymph nodes, it forwards to the superior vena cava.
In many ways, it resembles the venous system, with whx?h it
makes only two connections, Of these, the principal one is at
the point where the left jugular vein joins the subclavian.
Here the thoracic duet, carrying lymph from the lower limbs
and fower half of the trunk, chylo from the lacteals, in fact,
the Iymphatic drainage from all of the body except the right
upper quadrant, enters by o broad delta. The small, short
duct on the right, receiving only the lymph from the right
&, right pectoral region, and right side of tho neck and
bead, enters the right subelavian vein at a corresponding
Doint. The lymph vessels, down to those of the very smallest
Size, are furnished at frequent intervals with valves, so that
Iymph is forced through them by muaseular pressure from
without, much as is the case with the veins. Indeed, without
some movement, lymph tends to accumulate in the Kmbs and
s flow is decidedly quickened by active exercise.

The ultimate lymph spaces, in the form of an epithelial-
lined network, permeate the skin and subcutancons tissues
everywhere, a closed sysem of capiMlaries soon gathered to-
gether into somewhat larger but etill bardly visible vessels
which take very much the same course as the veins, The Yong
‘é’l}lphut‘\cs.upmnr to run in several planes, (1) a very super.
_cml one, in t.he true skin, where they are casily scen when
infected and inflared, as i

n the easo of seute tubular Iym-
289
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Ticore 26, Tue Lyarmurics AND NODES OF TIE ARM AND AXILLA, The
arm 1 abducted to a night angle with the body—may be viewed from the long
nde of the page. A. The superfeial Iymphaties snd their relation to the veins
20d sxillary nodes Note the assemblage of nearly all of the superficial Iym.
phaties at one point 18 the lower axilla. B. The deep lymphatics and their re-
lation 16 the prineipal artery. The guperficial lymphatics join them in the
lower axilla, The course of the lymphatics follows Rouvidre's descriptions
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Frovee 25, Tire wisematics op THE Lower Liues. In the left leg, the
superficial Iymphatics and nodes are shown, especially thetr relation o the
superfieial veins In the mght 1o s the deep Iymphaties are associated with
the principal arteries. The lymphatics of the pelvie brim are drawn from 8
dissection by the late Dr. John Warren of the Harvard Medieal Schook,
{Courtesy of Annals of Surgery, 100 :815, Oct. 1934, and the New England
Journal of Medicine, 204:1025, Moy 14, 1931.)
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dant and few other than the serious trapical inf‘es\?h;ns :i
varions sorts are sble to bring on an elephantissis by
jon at the root of a leg or arm. .

ob;iruu&;hizz:mw known of the anatomy of ih'e l):mphnhcs bnf; xg:
t ate important matter no yeallp au!%wntatwe s&atsmen zl X
Tortheoming, They do not appear te drain the 1.mxsc'lcs. Lymp
vessels ronning in the intermusenlar connechv? tissne spsmés
are recoguizable but the cirealation in mns?le 1Ese1£ seemns to
be carried on by Blood vessels and blood capillaries only. That
this ig actually so is strongly snggested by the absex‘zce ?f any
detectable lymphedema in wusdle when the supe}'ﬁcm\ tissues
of & lindh axe grossly distended with fluid and erippled by the
Bhross of elephantiasis, For though the limb is tbFn beavy
end wnwieldy, the wascles remain normal and funetion natn-
vally. Nor has it ever heen shown, in spite of many attempts,
that the accumnlated flgids of the surfnce can be introdnced
arang the muscles and so draiped from a limb,

Embryological Considerations,
ofthe lmuphaties in the extremit

2malformation of the superficial tissue may ocenr, giving rise
1o pofty, spongy thickenings ar actual eyst formation, Sach
malfcmaﬁons, or Iymphangiomas, may occupy a part or all
of 4 lip or tongue or cheek or

» OT 0BY evex cover & whole
dilated Jymph vessels are evi-
s without any great collections
ontrast, eongenital eystic mal-
do ocenr, especially at the root
multiloenlay cavitieg diffienlt to

many of these lesions,
dent; in others, irregular space:
of tissue fnidg are found. By o
™mafions of the Iymphaties
of the pagl ot of o Ymb, huge
deal with py surgical means,

Physiologica) Cansiderations,—The faid which bathes the
eells of the tisgneg is deri

, that is, from the
* Boundre states {P3ge &) thsp 11y Ratsenlar Iymph notmgryy contist of very
:nc cipillaclen which are arranged in
»
L H,

4 Tatiegated maaney 3round the rynysly
2 quotes Ragard (1913) 5n TP,

Azgrrdsy demonatration 35 zot canvineing
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phangitis, and (2) a deeper one eorresponding fo that of the
superficial veins; that is, in the subeutancous fat or actually
lying upon the aponeurosis. The accompanying Hlustration
shows how groups of these vessels follow, in the leg, the
course of the principal branches of the great saphenous vein
and, coming together at the saphenous opening, join the
trunks which conrse along the femoral artery and vein. This
third and last group consists of only two or three rather larger
but still fine vessels which drain the foot, the back and outer
side of the leg (through the local lymphatics which empty into
the popliteal space) and probably the intermusenlar connec-
tive tissue. A very similar condition obfains in the upper
extremity. Most of the superficial lymphaties enter the mid-
axille in order to pass info the axillary glands of this region,
while the deep trunks, which are assoeiated with the varions
great blood vessels, drain the palm and receive in the lower
arm the lymphatics which have already passed throngh the
epitrochlear group of glands. An occasional lymph vessel
passes into the upper axilla in association with the cephalic
vein or even jumps the clavicle,

In both the upper and lower limbs, each great collecting
tree has a very narrow base, at the groin and axilla respec-
tively, after which a group of large lymphatics, about a milli-
meter in diameter and varying in size and number, winds
about the prineipal blood vessels, the arfery in particular, to
join the thoracic duct. There is, then, a long bottle-neck be-
tween groin or axilla, as the case may be, and the great collect-
ing duct which is to pour the lymph into the superior vena
cava. At such a bottle-neck the drainage of any one limb can,
theoretieally, be rather easily interrupted, especially where
the lymphatics pass through the great groups of reglonal
Iymph nodes. As a practical matter, however, the flow is not
ofien cut off at these points, save by operations performed
for cancer of the breast; that is, infections, considering the
frequency with which they cause an extensive axillary or
inguinal adenitis, ravely lead to lymphedema of a limb. Appar-
ently alternative routes and emergency passages are abun-
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1t is hard fo imagine any injection of foreign material }vhlt:lx
does not rupture many lymphatics, but in any case motion 3
evidently a prime factor in the 1ymuphatic a\)so.rphon of fordign
waterial; for without it the process is exceedingly slow.

Leaving ot of consideration the generalized edefuas due _to
a1 altered chemistry of the hlood, most sccumalations ?t tis-
sme fuids in the legs are of & mechanical nature. That s, the
Iymphatics ate absolutely deficient or (on the {unetional side)
zare tissae fuid is present than a normal sbsorbing system
etn accommodate or, the fluid and absorbing system being nox-
mal, the elastie pressure of muscnlar action is lacking. There
il therefore be included in this chapter congenital malforma-
tions, elepbantiasis, edemas resilting from thrombophiebitis,
edemtas refated to allergy and to infection, and functional
edemas relafed to injury and disnse.

Lipneranciosas, Coxaexttan MaLrorstaTioNs
or TRE LYMPEATICS

As js the case with the hemangiomas and abrormal arterio-
venoug communications, the actnal growihs of lymphatic tssue
and the varions sorts of congenital malformations so merge
into ope another that o clear distinetion between them is ire-
possible. Almast all subeutoncous swellings of lymph vessels
are present at birth, and grow with the bedy, thowgh they
may enfarge disproportionately—particnlasly the cysiic ones.
%fn\ Tired 1’ ‘1 u‘ or ].' . U- clatic swell-
ing, not present at birth, grows in after years, it is likely to

be mistaken for a lipoma or plesiform nenroma. Sach an
event ig very rare.

Mal{ormations of the lymphatics are much less common
than the corresponding disorders of the blood vessels, They
have been éhvided into three classes, simple, caverpous and
Cystic, end for the sake of clearness the various sorts will
briefly be described here, whether or not they are likely to be
found upon the extremities,

Simple Lymphangioma (Ly

phangioma Simplex).—This
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arterial side of the capillary bed. A pazt of it, consisting prin-
cipally of water and salts, re-enters the blood eapillaries, but
plasma proteins and all foreign materials are carried off by
the lymphatics, whose task it evidently is to remove from the
vicinity of the body cells substances whose presence in abnor-

A 3. em embryo pig
B 43c¢m embryo pig
C &%m embryo pig

YANVEN
S ( E\“

A

10, Showing
how they grow out upon the Hmbs, Modifed from sketches of Dr. Florence B
Babin,

Frovne 27. Tz DEVELOPMENT OF THE LYMPHATICS 1N rue P!

mal amounts would harm the organism. Obviously the kighper-
centage of colloidal material in the blood capillaries opposes
the entrance into them of extravascular proteins, whereas
the lymph capillaries, whose funection is purely absorbtive,
are quite able to receive them. Just how foreign: bodies, such
as red cells, carbon particles, and other dusts, enter the lym-
phatics is not understood. Of course they can be, and are
earried in by phagoeytes, but they are undoubiedly taken up
mechanically as well, though whether they are forced through
the capillary wall, or infolded by it, or pushed in, after actual
rupture of the delicate endothelial cell membrane, ig nnknown.
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oped and afterwards charges littls in size, eXeept o¢ it grows
with the Ifant. .
Many lpmpbangiomatons deformities inclade malformations
of the blaod veszels, ea that it is only possitie to soy that
somethice has gone wrang with the davelopment of the whole
sugerficial vazenlar systery in the region affected. The surface
of an entire limb may he malformed, es a result of which
bizarre changes oecur. Groups of nipple-like projections from
whith finid iz dizcharged at fntervals Bave been deseribed.
The writez bag encomatered a cate of this sort in a young
gitf. Af fhe tiwe of her mepstrral periods a brownish fluid
would be discharged from thesa little exerescences, apparentiy
teeanse of some ehange braught ou by the menstraal cycle, 2
fort of viearious menstruation. In other cases, the projections
2ppear £ consist of loeal dilatations extruded ahove the sur-
taee, capable of disckarping a great deal of fluid, i injured.
The bowndaries of thase caverncus Ismphangiomas are vague.
They merge at their edges fnto normal tissues, The back of
tev'eral finzers may be covered with a sof} spongy thickening,
¥hick fadey gut opon the back of the bhand. The scar-like,
bml"h»saaked, vasenlar tizsne of the growtk has no clean-cut
Seep surtace but is directly attached to the mderiying muscle,
Yendan, or whatever, without the intervention of the menal
ponearedis, It may even grow into intermuscnlar planes in
the form of wedge-shaped procesees.
 Treatment of these lesions is very difficult. Eixcision is the
el method hut anything like z complete, clean-cut remaval
8 m::ly Possible. Considerable masses can, however, be ex-
©sed I 4 geries of operations, by turning back flaps of skin,
Xtsing the exposed Iymphangiomatous tissue down to normal
mastle, have, or whatever lies heneath, and replacing the skin.
] upon these sound parts. In such operations the blood
:ﬁ!&‘y 18 rather difficult to control and the patient is exposed
M e risk of infection. However, by not attempting toa much
% ¥ one time, much may be done. As an lternative, the
Ssu¢s may be punetnred over many sittings with the en.

dothery needle and eagsed to shrink considerably,
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sort is confined to the skin and subentaneous tissues, It takes
the form of n soft, ill-defined swelling, easily compressible,
over which the skin is unchanged. Oceasionally, very super-
ficial, large, clear lymph vessels can be seen through o very
thin cntaneous covering. Simple lymphangiomas occasionally
appear upon the hands and feet.

The writer’s exporience includes none of these simple lym-
phangiomas of the extremities but instances are reported of
bands of lymphangiomatous tissue passing out upon a limb
and containing good-sized vessels, These vessels, if injured,
are capable of causing a long-continned leak of Iymph, or
lymphorrhea.

"The treatment of such angiomas is surgieal excision, or, in
case this is impracticable, the use of the endothermy needle.
Possibly sorae of them are more or less radiosensitive.

Cavernons Lymphangioma (Lymphangioma Uavernosum).
~This lesion, which merges into the simple sort, a malforma-
tion or growth according to your fancy, is & spongy mass of
dilated Iymph spaces lined with endothelium. It appears asa
smooth swelling which may cause great enlargement of such
a part as the tongue (macroglossia) or the lips (macrochei!‘m}.
On a surface like that of the fingers or the back of the hand it
forms a puffy thickening upon which the natural folds of the
part may be lost. The skin over it is usually normal in color,
and the connection with entering vessels is free enough to
pormit the surface of the mass to be indented. However, after
many years, especially npon the lower mbs, the tissues may
become so fibrosed that pitting is only produced with diffienlty.
With these swellings bizarre deformities of the fingers and
toes are often associated, ag is shown in one of the accompany-
ing Plates. The digits may be of giant size or stumpy of
webbed or missing. However, the deformed toes or fingers are
not necessarily themselves the seat of lymphangioma. They
may merely exhibit fibrosis and edema. A distinction bctwce'n
Iymphangioma and & congenital clephantiatic tymphedema is
not always clear, but as & rule the clephnntiotic part progres-
sively swells, whereas the lymphangioma appears fully dovel-



Lyypaayciosrss v Canorey. 4 RF.A, 132513, There 15 a diffuse wnell-
g of the base of the ring finger and ulnar sde of the right band. A partiul

excision has already been performed. ’l'he lcft hand 15 malformed. (Courtesy
of e T W T LA T

tw
tw

(Comnusy va 11 augusius Luornguse, Children’s Hospital)

PLATE XIv
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Cystic Lymphangioma (Lymphangioma Cysticum): Cystic
Hygroma.—~This form, actually a benign growtl, is composed
of huge multilocular lymph spaces and is seen more often in
females than males. Its favorite seat is the root of the neck,
but it may appear nearer the jaws, in the axills, or even, very

Fioure 28, Hyonoms A. The primitive jugular Iymph sacs (shadcd) of
the human embryo and the formation of the thoracic duct (Kampmeiet).
B, €, snd D. The cystic bygroma sn verious situations, Drawn from repre-
sontative illustrations i the pubheations of Dowd and of Goetsch.

ravely, in the groin. It is really a maldevelopment of one of
the primitive lymph saes, especially one of the jugnlar sacs,
which fails to become united with the rest of the Iymphatic
system. Its peculiar manner of growth has been explained })y
Goetsch, who finds, budding from iis surfaee, ‘endothc‘élml
sprouts from which microscopic fibrils foree their way mt;
adjoining muscle, causing atrophy and fatty degencration o

the fibers they isolate. Moreover, the pressure exerted by the



Leseuasgiomss v Crsomry
1 of the base of the nng

CREA, I3, There 140 Wiffuse ~sell
i) finger and ulnar sude of the night band A partsl
A or o nsady been porformed. The Ift band 13 malformed (Courtesy
o 4 4t Lanman, Children's Hospital, Benton.) B, J B.A., 15151 Aged
oo, 3 e Sl of the Teft foot, dumal surface, €. G , ANIE2 Aged
[ ormation, partly lymphangiomatous, of the sight ~eund toe

Ttesy of Dr. Angstas Thoradike, Childrcn's Hoepital)

PLATE XIV



Ao A VFRY Exvexsnn Lyari-1rewvavcioaa., RN, 43318, 0 girl, aged
fifteen Notwe the eapillary hemangiomatous patehes and the peetiliar <pots,
which diseharized a bloody fhud with the eatamenta, upon the larger swellings
at the grom and on the hack of the lower thigh

B 1D, 51493, aged 30 Infectious type of Elephantiass In the eentral
figure, note ulcers on the nght, On the extreme left, this same leg (darh-
red) during an inflammatory attack Treated by lumbar symputheclnn:]y—
Since then no more attacks and most of ulcers have healed. C. T.IL, 20‘(;0 5
(ODD), oged 56. Bilateral edema of an allergie <ort. Repeated attacks of
allergic edema due to fungus.

PLATE XV



Ereestanriass Nosmea 4 HS U, 50361 A wowan,
From left to nght VLefore elevation, atter ¢l
otd stage, after fourth stage B 1 Fw,
From feft to night after elevation for seve
an means vedncs) , after seviral opes
Tesult of old Kondoleon procedares

aged thirty-even
evation for a week, atter see.
56209, a man, aged forty-threq
ral days, dunng an attack (dark
1odions, The scars an the thigh are the

TLATE XTI
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groving cyst causes it to envelop structures in its path. et
the hygroma is never malignant.

Being & growth of congenital origin, the hygroma usvally

appears, mote often just above the Tight clavicle than tlse-
where, in the first year of Tife, ond efore two years hovo
passed, has become an orange-sized gwelling, fluctuant, per-
haps translucent, but not to be obliterated by pressure. The
seeompanging sketches, made after the Figures of Goetsch
and of Dowd, will give on idea of fhe nature of the tumor.
Oaly when it first shows itself, as it occasionally does, in
childhood or adolescence rather than infancy, is it Tikely to be
confused with such lesions as branchial cleft cysts, soft or
cystic neurofibromas, angiomas, hematomas, or broken down
rmph nades. The fiuid contents of the hygroma are thin, clear,
watery, and contains as a rule a low percentage of protein,
&0 that it docs not coagulate on exposure to the air; and sineo
it is independent of the lymphatic vessels in general, it does
z?t eanse swelling of the limb at whose root it happens to he
sitnated. It may, however, force its way into the mediastinum,
enveloping the great vessels in its path.
. Treatment is excision. Radiation or fhe injection of scleros-
ing solutions can mot be recommended. Operations, for {he
most part, are performed in the second year of life. Some are
very difficult, especially when the hygroma invades the medi-
nsh,}mm. It is important, if the operation is to leave nothing
behind, to excise the entire mass unruptured.

Lyppha.denocele.-—'fhh pame is given to a swelling of Yym-
Pbafxc origin, particularly at the groin, which appeats to be
derived from cystic enlargement of the regional lymph nodes.
Such a.swe.lling may perhaps be relafed to eystic hygroma or
to ﬁ}anal infections. In the latter case, the female filarial or-
ganisms may be found in the Jesion. Any cystic disease of th
h‘mpl.x nodes at the Toot of a Yiwb 3s of course likely t ‘be
associated with a Iymphedema of the whole limb, {h‘: o
elephantiasis,  subject next to be considered. It is (ij_ﬁict:ml:;
see how a Jymphadenocele can be treated by any method other
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than excision and why excision should benefit (or aggravate)
obstruction of the lymphatics of the limb involved.

ELEPHANTIASIS

There are certainly three and probably four varieties of
elephantiasis, if one chooses to accept a classification based
on the manner in which the disease makes its appearance,
However, since the means hy which lymphatie drainage is put
out of action is far from clear even in tropical (filarial) ele-
phantiasis and is utterly unknown in the sporadie and heredi-
tary sorts, classification had better be as simple as possible,
Accordingly, the varieties presently to be described are dis-
tinguished from each other sometimes on pathological and
sometimes on elinical grounds without much thought of scien-
tific acenracy.

1. Burgical Elephantiasis (Elephantiasis Chirurgica), usu-
ally results from operations performed for mammary cancer
but very occasionally for serious protracted infections or
malignant tumors of the lymph nodes themselves. Thas, most
instances of this sort oceur in the arms.

Elephantiasis of the arm, following a radical operation for
mammary cancer, appears to be related to destruction of the
great collection of superficial lymphaties ns they enter the
axilla to join the deep perivascnlar lymph vessels. It happens
in a freakish way, most often perhaps when the regional nodes
are already infiltrated with cancer but on occasions as well
when cancer is aliogether absent, as after operations per-
formed under a mistaken diagnosis. Nor does it seem neces-
sary, as Halsted assumed, that infection should be a factor,
That the Iymphatie obstruetion is not due primarily to infer-
ruption of the perivascular Iymph vessels coming up from the
lower arm ig suggested by the anatomical fact that those lym-
phatics are related to the artery (and even the great nerves)
rvather than to the axillary vein. Actually, of course, it is the
vein rather than the artery which is exposed and cdleared of
Iymphatic tissue in the radical operation upon the breast.

1t is the writer’s experience that clephantiasis of the arm
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is most likely to follow a radical masicgiomy (cxtten)sl:‘:‘ ::un
eerous invasion of lymph nodes not being a iac. 01;‘ P
considerable accumulation of lymph has nppezu'c.d in 1c nlt)ion-
five field during the week or ten days iollqmng ophr ; oé
that is, when there is evidence that o consld'emblfe t\:; 1}; -
Iymrbatics has been interrnpted, ?pon cesgation o e y.
swelling of the arm is apt to begin. Howc_:ver, gwe 3ngi -l
rarely appear, disappear, and recur, as if lymph’ raing ‘[:;n
were teetering on the edge of sucecess for some'w.ecks or v 4
montks Once a surgical lymphedema sets in, it is almost al -
‘Ways progressive, for when too much of a task if put on o f'c‘\
femaining vessels, there is experimental ground X for believing
that they may easily dilate and so hecome fnuctmnl?ss. More-
ov, pastaperative elephantiasis of the arm shows 1tse\£_ first
in the farearm rather than in the hand, whose Iymph ﬁlrmnuge
£eems {o persist for some time via the deep lymphaties after

t of the superficial tissues of the arm and forearm has been
Interrapted. Recently, Veal hos analyzed various fypes of
clepbantiasis of the arm and has found that there is n pure
Iymphatie variety, a sort dne to venouns obstruction and a
Rived type, He regards Tecurrent cancer as mainly respon.
sible,

A surgieal elephantiasis of the arm behaves, in respect to
the peculiar fehrite attacks so familiar in permanegt Iymph
stasis, about fike oauy other elephantiasis, and iy subjeet, un-
Predictably, to the onset of these attacks. But becanse the arm
5 less dependent than the leg, and more easily drained of jts
tissne figig by gravity, its elephantiasis is usually rather Joss
disahling, Only when recurrent cancer aggravates the obstrpe-
tion by actaally bloekin,

is almost the anly recoy
Lief be desired in Jess serious cases,

lephantinsis of the leg may he yse
Temembered that even though the

" TES wWriter hta abmameaz an
searly (.

Tse. Should re.
the operation advised for
d (page 310). Tt should be
Jymphatics yro destroyed,
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fluids still flow by gravity through tissue spaces; but the
tissues have now lost the advantage of the valved vessel in
forwarding fluid ngrinst gravity, Fluid, therefore, flows onf
of the arm on elevation and lates in it on dependency.
Llevation plus exercise drains it most effectively.

With surgical elephantiasis should be included the terminal
tymphedemas of the leg associnted with malignant growths in
the famale pelvis. These are clearly due to cancerous invasion
of the lymph vessels and nodes along the pelvic brim, as by
ovarinn or nterine cancer. There should also be included the
serious ederans which may ensue when a mass of primarily
malignant lymph nodes is treated by surgical excision plus
irradiation,

2. Elephantiasis due to Infection—The serious progressive
lymphedemas which arise from this cause are apt to be asso-
cinted with some open lesion such as an uleer, Through this,
theinfeetionsorgar -+ -~ T T T Lo
interrupt themby . - or - - 0 o T
almost always the leg which is affected. Tn some cases, it is
difficult to decide which is the cart and which the horse. Does
the lymphedema arise from repeated infeetion, or does the
elephantiasis oceasion, at an ummsually early stage, the at-
tacks of collulitis so characteristic of the advanced disease ond
g0 hasten its own development{ The log, in cases of this sorh,
is apt to be enlarged and temse at all times, having little
tondeney to the drainage and wrinkling on clevation which
marks most other elephantiases. Moreover, there is n sus-
picion of an allergic reaction in some cases, a hypersensitive-
ness to fungl or bacteria entering through the lesions of
epidermophytosis such as will bo deseribed in a later section.
The elephantiaais based on infection is rare in temperate re-

o - smmon, a5 Mains has stated,

Tae

R . - infection of all soris, are
spproached, Under such circumstances, & femoro-i.linc throm-
bophlebitia occasionally leads to a discase of this kl_nd. Un1e§s
open uleer or evidence of infection elearly forbids plastic
operations, such treatment ns is used for the commoner sorts
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ot eleghantiasis is suitable for this form. Actually, m:event‘we
freatsvent s the vowin Ahing. Fungus and bacterial infection
st be fought off by appropriste means. Tn this respect the
witer has more than a snspicion that the vasodilantion 5o-
cared by lumbar sympathectomy moy prose nsefdl,

3. Blephantiasis Tropica, the filarial sort, is due to perracs-
fon of the Iymphaties of the Yimbs by the parasite, especiolly
the large female form. Except in those bizarre clophantinses
it which a lymphadenocele 38 present, and exeept that the
ams are sometimes jnvolved and that fhe secondary febrile
altatke are mote often abserved in fropical countries than
dsewhere, there is pothing about fhis form of the diseast
eseentially different from the heredifary and sporndic varie-
hfs. The manner in which the Jymphatics are destroyed is
different but the end-result is mach the same. Considerable
zunthers of caleified worms ean be found in the tissues, ns
Dqunnor, Golden and Auchincloss have @ trated by the
id of the X ray. These may also be present in individoals
who show no sign of elephantinsis. Tissney contsining them
havebeen excised by Auchincloss in an effort to remose tender
pots and areas which have persistently ached, areas which
f!a\'e seemed to the patients to be starting points for their
inflammatory attacks. His removal of such elephantintic fis-
Stey l'ed him to advise operation for this purpose only and
204 mtp the idea of securing drainage of the tymphedema as
such. Since this general plan of surgicnd treatment now seems
to offer the Yest chance of success in the nontropical as well
23 the flarial sorts of elephantiasis, it is presented below,

4. Blephantiasis Nostra: Milroy’s and Meige's Diseas;.-»
These are lymphedemas exactly similar otk pathologically
and dlinically, but for which no cause whatever can be dis.
covered, Mitroy and Meige deseribed independently an heredi.
tary elephantissis as each saw it in 5 family, Hape aad French
have wrillen & most picturesque acconnt of another famil ;
Alnfost alt of Miltoy’s eases were not only familia) but y.
genital, that is, the elephantiasis developed from h'con:
Whereas in the other families the condition first shawed ié:t?f,

i
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ag a rule, in the neighborhood of puberty. The disease exhibits
all the characteristies of sporadic elephantiasis; its situation,
progressive course, tendency to inflammatory attacks and to
gross terminal deformities. It therefore requires no separate
description.

Tlephantiasis nostra, or sporadic elephantiasis, is not par-
ticularly uncommon. Certainly it is vastly more often seen
than the familial form. More would he heard from it were it
not that most of its victims are not only ashamed to show
their legs but are told that nothing can be done for them.
Both sexes are affected; females perhaps the more often, The
onset is usually at about the time of puberty, rarely at birth
or during childhood, occasionally after the twenticth year and
very rarely indeed after thirty. As a rule, the disease is con-
fined to one leg, but perhaps one ease in eight or ten is
bilateral.

As in filarinl elephontiasis, enlargement of the leg is grad-
ual. The anldle is swollen first, then edema mounts to the knee
and finally invades the thigh. In the beginning, the skin is
unchanged and the superficial parts pit on pressure, but as
time goes on, the skin becomes thick and the subcutancous tis-
sue hard, After some years, pitting no longer takes place un-
less the parts are made to soften and wrinkle by elevation of
the leg for several days. By the yielding of the skin here and
there sacculations of strange shape are made. These are apt
to be separated hy deep creases. All changes are less well de-
veloped in the thigh then the lower log and the swelling stops
cleanly at the inguinal ligament and the crease below the but-
tock. If a shoe is constantly worn, the foot does not enlarge
and the appearance of the skin which it covers does not change.
That is to say, continuous pressure, in the form of a boot 0T
anXlot, keeps the tissues drained of fluid. The blood supply
of the elephantiatic leg, so far as can be judged by the color
of the skin aund the surface temperature, is entirely normal,
and so it certainly appears at the operating table.

The explanation of these clinical findings is to be found i.n
the state of the tissues and tissue fluids both in the experi-
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mental animal,* in which the disease has almost e-xnctly h?fln
teproduced, and in the human patient. As the hssno' fluids
sccumulate, thefr content of protein increases until it may
reach a height of even four per cent—half that of blood serum.
Tith this change, fibrosis advances, perhaps becauso the
kizhly proteinized fluid acts as a tissue-culture medium, (;h:m
eeteristie coarse trabeculations become visible in soft tissue
Toentgenograrms and constitate, as Reichert has shown, a foa-
tute of the disease. AYl such reactions seem to be proportional
fothe degree of stasis. It has already been explained that they
&e almost unnoticeahle in the area of foot covered by the shoe
and that they are far loss marked in the thigh, from which
faid can rather easily escape into the abdominal wall or re-
troperitoneal tissue, than elsewhere,

Efforts to demonstrate a valved Iymphatie, or indeed any-
thing like & normaf Iymph vessel, in the elephantiatic leg have
Leea fruitless, There may be great spaces containing flnid
tither just beneath, the skin or upon the thickened aponeurosis,
Bat the injection of trypan blue, which the lymphaties readily
take up ang retain, fails to demonstrate any paths for tissue
rainage except such spaces. Sometimes the dye injected into
the deep ekin will run oqt rapidly, making a diffuse splotchy
i the feg is elevated, it may Pass up from the
h in a few minutes, Just as is the case in the
elephantiatie leg of the dog, though in gther instances, it
Merely makes a local biue mark and moves hardly at all, If,
bowever, 5 patient elevates the leg at an angle of thirty de.
Brees for a few days, the fluig may reach the body so rapidly
2310 form o swelling in the corresponding flank and skyrocket
e urinary ontput, As g rule, if the deg kas not been elevated,
Puncture with 2 needle anywhere in the ealf wil obtain g flow
of dlear lymph, but sometimes the engarged spaces are not
Teacked by the needle, so that bardly a drop of fluig will flov,

The deep as well as the superfiia) Iymphaties are totally
absent. The writer bas evplored the femoral vesselg of the

* Dricker, Frelg and Homans, Algy Homany, Drink b1
e 2 T er and Fucld. Sea Bihiiog.
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asg a rule, in the neighborhood of puberty. The disease exhibits
all the characteristics of sporadic elephantiasis; its situation,
progressive course, tendency to inflammatory attacks and to
gross terminal deformities, It therefore requires no separate
description.

Elephantiasis nostra, or sporadie elephantiasis, is not par-
tienlarly uncommon, Certainly it is vastly more often seen
than the familial form. More would be heard from it were it
not that most of its vietims are not only ashamed to show
their legs but are told that nothing can be done for them.
Both sexes are affected; females perhaps the more often. The
onset is usually at about the time of puberty, rarely at birth
or during childhood, occasionally after the twentieth year and
very rarely indeed after thirty. As a rule, the disease is con-
fined to one leg, but perhaps one case in eight or ten is
bilateral.

As in filarial clephantiasis, enlargement of the leg is grad-
ual. The ankle is swollen first, then edema mounts to the kmee
and finally invades the thigh. In the beginning, the skin is
unchanged and the superficial parts pit on pressure, but as
time goes on, the skin becomes thick and the subcutaneous tis-
sue hard. After some years, pitting no longer takes place un-
less the parts are made to soften and wrinkle by elevation of
the leg for several days. By the yielding of the skin here and
there sacculations of strange shape are made. These are apt
to he separated by deep ereases. All changes are less well de-
veloped in the thigh then the lower leg and the swelling stops
cleanly at the inguinal ligament and the crease below the but-
tock. If a shoe is constantly worn, the foot does not enlarge
and the appearance of the skin which it covers does not change.
That is to say, continuous pressure, in the form of & boot or
anklet, keeps the tissues drained of finid. The blood supply
of the elephantiatic leg, so far as can be judged by the color
of the skin and the surface temperature, is entirely normal,
and so it certainly appears at the operating table.

The explanation of these clinical findings is to be found i.n
the state of the tissues and tissuc fluids both in the expert-
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stroal periods or in connection \':"x\l\ & t?spimlory 'miechmI\;
especially, perhaps, when the patient s tired or run d“‘m'__
4 recent case treated by the writer, the young man, following
the usaal plastic operation, remained free from nttacks (which
bad presiously made an invalid of him) for some two years.
Thes, during 2 very damp hot summer, sn old epidermophy-
tosis of the foot Teenrred nud be suffered a febrils attack.
Probubly streptococed entered by way of the fungus infection.
1t has recently been shown that in the experimental e\cp\m}x—
tiasis of the dog, the attacks, like those of man, may set in
tpontaneously, Thishas offered the opportunity, which Drinker
and Field seized, to secure tissue fiuid just as the atiack
teached ifs height. They found in the fuid, at this moment,
with perfect regularity, a limited number of streptococei. The
same strain would persist in the attacks for many months,
and then mysteriously a new sirain would appear. The loeal
eat, swelling, fever, and prostration esactly imitated the
human disease. However, soon after the attack had reached
ts height and between attacks, no bacteria could be found in
the tissues. Doubtless in man the attacks are of similar chare
acter, and in party of the world where the disease is common
bave been treated by polyvalent streptococeal sera with con-
siderable suceess. Possibly sulfanilamide will prove effective
against them and should undoubtedly be tried on the ground
that the streptocacel are probably hemolytic.

4Advanced elephantiasis, associated with extraordinary mal-
formations, frequent febrile attacks and perbaps loeal ulcera-
tions, is a very serious disease. A case in point is iltustrated
herewith, that of & man whose attacks had worn him down so
that not only did his unwieldy leg keep him from work and
all enjoyment of Yife but he had become Qull and depressed,
a chronic invalid. Removal of much of the disensed tissuo lms's
made o new man of him. Even if his attacks should oceasion.
ally vecur he will have taken on a new Tease of life. It has been
shown furthermore that in such & case as his, bucteria are
Present in the tissues at all times and that operations must he
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elephantiatic log without finding any lymphatics about them.
However, on the occasion of a pelvic exploration, in the case
of a young woman suffering from elephantinsis of both logs
and the external genitalia, the great perivascular iliac Iymph
vessels were actually observed, They were large, by reason of
being thick-walled, as if chronieally inflamed, and actually
contained the lenst bit of Iymph, so that some remnant of
lymph-flow remained. However, it could not be defermined
what tissues they were draining (probably those of the pelvis
only) and the lymph nodes were curiously fattened and
atrophied, Whether such an appearance is the rule is un-
known.

The Febrile Attacks of elephantiasis are dramatic and pecs-
liar. They rarcly appear until the disease is well advanced.
Many porsons are free from them altogether. Indeed, in both
the sporadic and hereditary varieties of the diseasc, which
are alike also in other respeets, pexhaps not more than one
patient in four suffers from this complieation, However, once
attacks arc established, they continue at long intervals or
short as the ease may be. In a typiecal instance, the elephan-
tiatie leg first feels uneasy and within a few hours becomes
hot, red, and additionally swollen, The temperature rises s0
rapidly that & chill, often a very severe ane, is almost always
felt. The infection is distinguished from others by involving
the whole limb at one time, not in a creeping manner. The
temperature rises to 102°-104° B, (39°-40° C.) and the pa-
tient is often severely prostrated. But for all that, the att.:mk
is self limited. It usually lasts for three to five days, being
totally uninfluenced by treatment.

The eause of the attack, which is far more common in the
filarial clephautiasis of tropical countries than in the dle-
phantiasis nostra of temperate climes, has always seemed
obscure, It is usually dubbed erysipelas or cellulitis, yet bac-
tarin hove seldom been reeovered from the tissues. Moreoven
the timing of the attacks has always been erratic. They may
occur about once o manth or once in six months, with men-
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1ar spaces beneath the aponcurosis. To that end, 1°ng'i“d5‘°“s
were made, flaps were turned back, Tymph-sonked tissue and
aponeurosis were Temoved and the skin flaps were replaced
wpon the muscles. It was thonght also ihat pathways c‘.‘“m
be made o lead fiuid to the body by prolonging the incisions
from the leg over the hip to the flank or over the inguinal
ligament in front. These latter schemes were based on Han-
dley’s plan of inlaid silk strands which were intended to drain
the elephantiatic arm after radical mastectomy. Unfortunately
there s no such thing as restoring lymph drainage, nor does
@ sear conduet flnid to the body as effectively as nature's
widened subentaneous fissne spaces. Thus any benefit whick
ensues upon plastic operations seems to be due to the removal
of those tissues in which the finid is formed and retained. The
ideal procedure is, then, the making of the thinnest possible
flaps of skin, removal of all soft parts down to healthy, mus-
cle, tendon and bone—rone of which seem to aceumulate tissue
fluid—and replacement of the skin-flaps upon these deep strue-
tares. Sistrunk went a good way toward accomplishing this,
Auchincloss frankly planned to do away with (filarigl) ele-
phantiatic tissue and the operation described below seems to
g0 about as far in the way of reducing the amount of sub-
cntaneons tissue as it is possible to go. Moreover, since the
lower leg is the chief reservoir of finid and is subject to the
;_srea(est deformity, there is no reason in most eases for carry-
ing the plastic higher than the Ymee. Actually the thigh is
teduted in size by the complete operation below, for less flnid
g Rel s et vy Bred oy e 418 e
¥ elevation.

b o ey i i
ic, the leg, foot, and toes

are thoroughly cleansed by any routine method. Then, wh
gverything is ready to procede, an Esmarch bandage is i 1-%
in a broad band to the thigh. This may hy 5e s applied
" ¥ bave to be reinforced
h)j mb.bcr tubing, for the elephantintic thigh is com r: ced
with diffienlty and the operative field must be b!oudlcssf e

An incision is then made from Just below the knee to the
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performed with great care. No sort of incision, much less an
claborate plastic, can be made in his case without exciting
infection and sloughing (Plate XVI B).

Non-Operative Treatment—~On the ground that fluid can
escape from the elephantiatic leg anly by way of tissue spaces,
it would seem that unless the individual spends his life with
his feet higher than his head, his leg must gradually enlarge.
Such is not quite true or at least not true in all cases. The
wearing of a firm anklet and bandage will keep some legs
fairly free from accumulated fluid and the shoe is so effective
that the same size can usually be worn on the foot of the
elephantistic leg as on the other. If the individual, in addition
to receiving the nid of this sort of pressure, is able, when
sitting, to elevate the leg upon a stoel or ehair, for a good part
of the day, and does not have to stand for long hours, drainage
of the ler is still further favored. Finally, the foot of the bed
should be raised, if possible, six inches, so that gravity may
help to empty the limb at night. The writer Imows of a work-
ing girl who, having invented these means for hersclf, has
used them so successtully as to be able to control the swelling
of her leg. Possibly her tissue spaces are particularly adapigd
to such treatment, but she can actually pass an evening in
dancing provided she is willing to use a little extra clevation
before and after, Of course, a leak of Iymph, such as may fol-
low any little injury, keeps swelling down, but the excessive
wetness is not exactly compatible with normal activities.

Fungus infeetions must be overcome. They offer an entrance
to bacteriz and in that way, as already explained, may occa-
sion the streptocoecal attacks. Uleerations, if present, are 2
similar menace. However, in any but the very advanced cast
they are not apt to occur, for, in temperate regions af least,
most elephantiatie tissues heal about like any others. .

Operative Treatment.—There has been a good dea} of mis-
understanding sbout the objects of the sort of plastic opera-
tion, based on Kondoleon's original procedure, which h:.\s
usually been performed. Kondoleon’s idea was to drain fluid
from the lymph-soaked superficial tissues into the intermuscu-
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in it the row of little perforating arteries and veius given off
l:,'lthc anterior tibial vessels, lateral to the tibie. Then the
incision is enyried down through the musm‘af QpONCUrosls 0
{hat the flaps, when turned up, lay bare periosteum, muscle,
tendon-sheath nnd even the capsule of the anile joint. Soper- -
ficial nerves are as & rule ignored but the yposterior fibial ves-
sels and nerve are carefully avoided.

The great flaps are turned back so as to expose mors than
holf the cireomference of the leg. Then the thin skindflaps
ate defined. For perhaps two.thirds of the width of each, the
flap i5 formed of bare skin, the deep skin being cleaned just os
if 2 whole-thickness graft were being made, However, at the
base of each flap some fat is left, particularly where draining
veins are visible, for the difficulty with these flaps is that they
Yhave too little venous drainage, ot too little arterial supply.
The faps on the foot are made less completely of skin than
those of the ealf. Just how much of the edge of each flap to
remove is a problem. Much extra skin is of conrse present,
and it would seera that the final tension npon each Nap mast
resemble that of the skin in its original state (just as is the
case with g fnll-thickness skin graft).

Onee the skin-flaps are mwade, the flaid-soaked tissues be-
neath are removed, the base of the groat masses being divided
with heavy scissors, At this point, the Esmarel ‘bandage is
relensed Irom the thigh and o}l bleeding points are picked up
with fine snaps and ligated with fine silk, the object being to
leave the least amount of injured tisste possible. The field
must be left partienlarly dry if the flaps are 1o heal ideally,
The best results are secured by tacking them down with rows
of fine silk stitches, one Jine in the middie of each flap and the
third wniting and holding down their edges, so that very few
skin sutures are needed. It will be well t

! ) o score the flaps
lightly near their edges with a sharp mife, which drains their
e Lland Gens Bfey e e O -

ue LIvsu LLoUEH dett bY the plastic, held in place ) L.
muslin or semi-elastic bandage and . Dlace with 2 firm

supported by o Light plas-
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foot, having at the top a broad symmetrical Y and at the bot-
tom an inverted Y of which the forward arm is much longer
than the other. This lower inverted Y is placed below the
internal malleolus, The incision is made upon the anterointer-
nal face of the leg so that the base of the lateral flap will have

Figoes. 29, Teg Two-S1ace OPERATION FOR ELEPIANTIASIS, A. The first

plastic (antero-medial) B. Cross-section of leg showing what is to be removed
{shaded tissues) at the first stage. C. End of firet stage and plan for seeond.
D, End of second plastio (Postero-Jateral incision),
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te supposed that the Iymphatics are not seriously disensed of
prlaps that ouly some particular groups are affected. One
e esly coneeive that the sott of perivascular infinmation
diseribed in Chagter VI ns so often engulfing the prineipal
vessels of the limb, may destray or eripple some of the Iyph
ruzks which wind about the femoral and iliac artery aund vein.
O:Ative olker hend, & moderate venous stasis might keep the
fissues sooked In a fuid which only the lymphatics conkd
wny ey (Wgh protein coutent). This might be just 100
?MF ofa iflsk for them and edema would naturally resol,
d:ﬁf:-l; ;:\{fe is k.nmm of the vasospasms and venous valvular
i ;;;SHW;I:;]‘] follow thrombophlebitis, an suthoritative
5 oo o1 is sort of cdema can not bc.oﬁercd. However,
s O{QEM appearance, ofter o feworo-line thrombophle-
o ?:\;e e;‘ r{u:;?f vaseular spasm or even o reflex dystrophy
ntTiuus o perﬁs.‘i:ll:itg_em that a vasomotor disorder may be
m:}‘g;'::f:—js.ome regard postpllebitic edemas s purely
o m’a?mmrtlg(l:’ others, os iymphatic. Actually, for purposes
Yinis g pariai e dlﬂmgh'nu. is not very important. The prob-
i mel’)‘;mﬁ the individugl the greatest amount of activity
swalen )imist‘ l’vsslbl_e resultant swelling: first, because a
tlema encoutls a finisance and second, Leesuse continumed
and uleers a]r:g:;s ﬁbms}s and the postphlebitie indurations
8 bandage o described. Compression by the reni-clastie
e ind;ﬁaunige)g: the elastie stocking is very valuable, but
Bis or her 1 ) T e the suflecer f.rom clephantingis, must plan
o iy, Ay o o e groportion af periods of clovation of
dovelope of conrse any varicow veinu which may hnve
tloped from collateral venous enlarg ¥
Teriod of actaal obstruetion il tpenets dusing the
Tere te e oot mny‘ N:mmv mr;zwn\ treatment,
Corv on ¢ petent ating veins §
13&‘?;2::”' Tnjection in untially eontsalniticnted, and paine.
seription oil‘:;?esd‘;f!;:;;??r;’l’fn: ,f ':J" dromanded, & de.
for the treptment of such wl teehatoot proes dutes eequiced
Chn 0 ch varirers rins will be found §
Pter V. In oceasionnl instaness, wher wvidenor of vn:c}ﬂ:x!:
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ter cast. This support is necessary both to prevent foot.drop
and unexpeeted strains on the flaps.

Originally, the writer advoeated o four-stage procedure,
treating one-fourth of the leg’s cirenmference at each stage
but the two-stage procedure saves much time and seems to re-
sult in no serious slonghs. Even the necrosis sometimes shown
by the skin in patches at the edges of the flaps is apparently
shallow. However, the operation can doubtless be improved
upon by the thoughtful surgeon.

The sccond stage is performed after an interval of perhaps
two months, when it may be expected that new flaps can safely
be made with their bases toward the old enes. The incision
now is postero-external and since a part of the aponenrosis
upon the lateral surface of the leg is inseparable from the
underlying musele, a little of the actual tendinous muscular
sheath is necessarily eut away. The sural nerve is saved if
possible, since it supplies the lateral side of the heel and foot,
Otherwise the operation is similar to the first one. Possibly
the whole procedure ought to be divided into three stages.
instead of two, for then the three sets of perforating arteries,
and roughly corresponding veins, could be preserved—ihe
antero-lateral (anterior tibial), antero-mesial (posterior tibial)
and postero-lateral {peroneal). A supporting bandage is worn
during the first few weeks following the final proeedure. The
patient must of course continue to avoid long hours of stand-
ing and elevate the leg whenever possible.

Lymphedema following Thrombephlebitis.—The local edf-
rmns, indurations and uleerations which follow phlegmasia
alba dolens (femoro-iline thrombophlebitis) were deseribed in
Chapter V, so that they could be compared with vnrico?e
uleers. The sort of edema referred te here is that which, 12
oeeasional instances, follows this same form of thrombopﬂe-
bitis and may rarely persist throughout life. It is easily dis-
tinguished by the history and by the fact that it nffects the
entire limb, It differs from clephantiatic Iymphedema in that
it is not progressive but stationary, inereasing by day and
nearly or enfirely disappearing at night. It must therefore
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et weeks or moaths in bed, or if muscles or joints aze £0
injored {hat normal masenlar eovtractions and molions are
0, permitted, finid secummlates. Lymph fow, Jike the ﬁuw. of
nats blood, s already explained, preatly depends on motien
nd s ratter readity disturbed.

Mok of this sort of disabilify can be aveided or ot teast
kesened by exercises and maseage during the period of o
serfons fllness and by an arrangement of apparstus during
e reatuent of sprains and fractures such that the funetion
dtonsrleand joint eanbe preserved. Nevertheless the sprained
tle, mless ehillfally treated by adbesive strapping and ne-
e exercite, may result in many weeks ot swelling.
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spasm or reflex dystrophy is present, an interraption of the
reflex pathway by periarterial or Jumbar sympathectomy is
indieated,

Lymphedema resulting from Allergy and Infection~It is
difficult fo segregate the lymphedemas of this sort: they must
be considered very similar to the swellings of the lips asso-
cinted with chronic infestions of the sinuses, which Stevens
deseribed some years ago and with which those dealing with
allergie manifestations are doubtless familiar, As a resull of
repeated attacks of infection or allergic swelling, a leg or lags
may gradually enlarge, becoming progressively indurated but
not uleerated. Such a stale, resulting in clephantiasis, has
already been described. The writer has the impression that the
fungus infeetions may be responsible for some of these swob-
len legs and the streptococeal infections which enter by way
of the lesions of epidermophytosis for others. It is very difi-
cult to separate netually infectious from allergie attacks and
the matter is all the more confusing in that the protein of
dead Pangi or of dead bactoria may equally well constitute the
exciting cause in any one case,

Treatment of such sn indurated swelling includes a thor-
ough stady of sources of infection and of the possibilities of
hypersensitiveness to fungi and bacteria, Desensitization may
then produce good results. Surgical treatment, save for the
possible usefulness of a permanent sympathetie vasodilatation
in overcoming  chronic cutaneous infection, has litile to offer.

Lymphedema related to Injury and Disuse.~Such must bo
described as functional and for the most part temporary, They
should not be confused with the “‘traumatic edemas” related
to the dystrophies and causalgias described in Chapter IV.
These Iatter are arterial in nature, whereas the sort deseribed
here are due 1o a failure of muscular effort to aid the lym-
phaties in the disposal of tissue fluids.

The borderline between swelling and no swelling is & nar-
row and delicate one. The circulation of the lower extremities
s had to adapt itself to the upright position which imposes
an unnatural burden upon it. Xf, therefore, the museles atrophy,
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after weeks or months in bed, or 3f muscles or joints nre 80
injured that mormal musenlar contractions and motions are
not permitted, fluid secumulates, Uymph flow, like the flow of
venous blood, as already explained, greatly depends on motion
and is rather readily distarbed.

Huch of this sort of disability can be avoided or at least
lessened by esercises and massage during the peried of &
serjous illmess and by an srrangement of apparatus during
the treatment of sprains and fractares such that the function
of muscle and joint can be preserved. Nevertheless the sprained
ankle, unless skillfully treated by adhesive strapping and ac-
tive exercise, may result in many weeks of swelling.
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CHAPTER TX

VATIONS
INTERPRETATION OF SOME SIMPLE OBSER'
UPON THE CIRCULATORY DISORDERS OF

THE LIABS

Ix 158 opening chapter of this book, the varions cirenlatory
disorders were named and ronghly sorted ont, Methods were
deseribeq by whiek, once their nature was suspcctcd,'tbey
conld be studied; how, for instance, an arterin] deficiency
conld be aseribed to arferioselerasis, to thrombo-nngiitis o.ls-
Literans, or 4o Peripheral arterial Spasm, recurrent or chronie,

© 8etious attempt wag made, however, to diseuss the varions
Possibla meanings of common Symptoms. Actnally, the cir-
culatory diseases of the Jimbs have 4 rather limited number
of ways of showing themselves, They canse pain or numbness,
colduess or heat, Cyanosis, pallar, swelling, atrophy, or gan.
Brene, ysnally 4 combination of severgl of these changes. Tt ig

¥ the manner of onset of such symptoms and signs, thejr
combinations ang their background of age, sex, and associated
is enmistakably indicated. Widely
T8 may sometimes look much alike; arferial
ewholism gpg venous thromhosis, for ingt,

ance, Byven those

Tost familiar with the Weaning of outspoken, familiar signs
May he confused, Ap the more wij} those who rarely meet them
& cartain appearanpey meaningless ang bewi
Propased, therefore, to disenss here 80/¢ common Dresenting
complexes, showing how, by relativaly simple abservation and
Teasoning they may be explained,

Paxw
s Teans arterin) deﬁqiency. X it comes on as

Teise and disappears on rest, it represents
317

Pain, as 5 pqpe
B result of X,
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CHAPTER IX

INTERPRETATION OF SOME SIMPLE OBSERVATIONS
UPON THE CIRCULATORY DISORDERS OF
THE LDMBS

I~ TaE opening chapter of this book, the various cirenlatory
disorders were named and roughly sorted out. Methods were
deseribed by which, once their nature was suspecied,.ﬂ\e}‘
could be studied; how, for instance, an arterial del"\c'mncy
conld he aseribed to arteriosclerosis, to thrombo-angiitis o'b~
literans, or o peripheral arferial spasm, recurrent or c‘hrqmc.
Ko serious attempt was made, however, to discuss the various
possible ings of sympt: Actually, the cir-
cdlatory diseases of the limbs have a rather Yimited nomber
of ways of showing themselves. They cause pain or numbness,
coldness or heat, eyanasis, pallor, swelling, atrophy, or gan-
grene, usnally a combination of several of these changes. 1t is
by the manner of onset of such symptoms and signs, their
combinations and their background of age, sex, and nssociated
disease that a dingnosis is unmistakably indicated. Widely
different disorders may sometimes look much alike; arterial
etnbolism and venous thrombosis, for instance. Even those
most familiar with the meaning of outspoken, familiar signs
may he confuged. All the more will those who rarely meet them

d certain appearances meaningless and bewildering. Tt is
Preposed, theretore, to disenss here some common presenting
compleyes, showing how, by relatively simple observation and
Teasoning they may be e

xplained,
Pary
Pain, 23 2 rale, meang arterial deficiency. If it comes on as
B revult of pxer

ise and disappears on rest, it Tepresents
17
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intermitient limp, and indicates thrombo-angiitis obliterans or
arteriosclerosis. In cither case, it may be referred to the calf
or shin or foot and will vary in severity from numbness,
through eramp, to o sharp stab. It is thought to be due to an
accumulation of certain metabolites in the tissues.

Pain which comes out of a clear sky, an agonizing per-
sistent pain, usually means sudden arterial closure. Several
causes of such closure should come to mind, depending upon
the circumstances under which it appears. With all sudden
arterial closures, absence of the peripheral pulses, coldness,
loeal paralysis, marbled bluish pallor, and very offen some
slight degree of swelling are likely to he associnted.

1. Arterial thrombosis (Chapters II and III). The patient
will be one who, beeause of advanced age, is subject to arterio-
selerosis or whose earlier age, sex (male) and story of inter-
mittent limp are consistent with thrombo-angiitis obliterans.

2. Arterial embolism (Chapter IV, last part). The patient,
who may be of any age from youth on, will exhibit a fibrillai-
ing heart, evidence of mitrnl stenosis or coronary disease, or
of acute eardiac decompensation. Immediately premonitory
numbness or coldness will often have oceurred.

8. Venous thrombosis, in the femoral or external iliac veir
(Chapter VI). Usually an operation, or injury, or debilitating
disease, or childbirth, will be & background for the throm-
bosis. This form, phlegmasia alba dolens, is often ushered in
by severe pain, referred to the inner face of the thigh, the
back of the knee or the calf, an indication of ischemia due to
reflex arteriel spasm. The peripheral pulses may be weak or
absent, the leg cold and white. Such a state is apt to be tem-
porary—being followed in a day or so by the characteristic
swelling—and only rarely goes on to the full state of coldness,
mottled pallor, and final gangrene, with no or little edema,
characteristic of the organic occlusions.

Artorial thrombosis, arterial embolism, and arterial spasm
secondary to venous thrambosis need not necessarily eanse
pain. Colduess, numbness, and paralysis may be the initia}
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signs, The gangrene which so often follows, tends to be of
moist type.

thePaix.; of as.rl;ersistent continuons sort, espccin\l? in the {'oes
and forefoot, associated with cyanosis and a shiny swelling,
together with some degree of gangrene of on¢ or more toes,
indicates a serions arterinl deficiency and threatens loss of
toes or even foot and leg. The most severe pains ate (.luc to
thrombo-gngiitis obliterans, but arteriosclorotic eyanosis and
gengrens sometimes exuse great suffering. The pain is usually
made worse by elevation and is diminished, temporarily at
least, by moderate depression of the foot. The diabetic gan-
grenes seem to cause little pain (Chapters IT and IIT).

Craxosts, Parros, axp CoLpNESS

Cyanosis, pallor, and coldness will be discussed together be-
canse they are due to a much retarded and usually restricted
circulation, Pallor represents constricted vessels; cyanosis, a
slow current, irrespective of whether the cause lics in the ar-
teries or veins {Chapter I),

In the fingers (rather than the toes) coming on acutely and
temporarily in Tesponse to cold or cmotional upsets, these
signs are due to Raynaud’s Phenomenon, that is, spasm of
{he digital arteries (Chapter IV).

. The sudden establishment of cyanosis, pallor, and coldness
inany limb, whether or not preceded by severe pain or merely
b_y nunbress and paralysis, indicates sudden arterial occlu-
sion, which, as already explained, may be embolic, thrombotic,
or spasmodic (associated with thrombophlebitis), If the cold-
Bess persists, if the polses below the roat of the limb disap-
pear, if the mottling becomes a fixed purple, and if these
changes affect the lower half of the limb, such changes are
gangrene will follow. Swelling is variable,
) cold area is at Jeast full and often blistered.

. Ezplanation, That some degree of cyanosis and even edema
13 vsnally a§soc’1ated with sudden arterial stoppage need not
cause surprise. The veins of the terminal parts may even be

irreversible and
but the blae,
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prominent. When the arterial stream is slowly cut down until
it entirely ceases to supply the foot, for instance, the leg
gradually atrophies and is, so to speak, drying up even before
the final stage of gangrene, On the other hand, when blood-
flow is rapidly cut off, the tissues are caught wet, Blood
accumulates in the finest blood vessels, having nothing to push
it aloug, and losing its oxygen, while the leg is still wamm,
gives the skin a deep purple color. Very likely the oxygen-
want due fo the sudden arterial stoppage canses the fine ves-
sels to dilate, so that they accamulate the last of the blood
delivered to them. Actually there seems sometimes to have
been an eseape of blood into the subeutaneous tissues, as in
post-mortem lividity, for often the purple color of the mot-
tlings or large patches can not be sltered by pressure. But
even if pressure causes the purple skin to become pale, such &
change should not be interpreted as proving that 2 cireulation
exists and that the tissues are alive, The stagnant blood will
flow back into the pale spot with a speed proportional to its
accumulation in the neighborhood. Only if the limb js elevated,
can the manner in which o spot, blanched by pressure, regoins
its color, be interpreted as meaning anything at all. If, while
the foot is elevated, the blanehed spot regains some degree of
color, then the circulation is still going on and the pari is
alive. (For a further interpretation of color see Chapter 1)

The cecasional absence of pain, when a large vessel is snd-
denly occluded, is very puzzling. Any leg which rapidly be-
comes numb, powerless, more or less edematous, blistered,
and pulseless, which takes on within twelve hours a mottled,
bluish whiteness, and which, at the end of thirty-six hours,
appears partly white, partly livid, and utterly cold, has cer-
{ainly suffered a sudden shutting off of its arterial stream. That
this ean happen without pain is certain, yot the ischemin of an
embolic arterial occlusion, when painful, is as agonizing 88
anything encountered in medicine. Morphine may have no
appreciable effect upon it.

Chronic Oyanosis and Coldness of the Hands and Peet are
rather common. In young people, usually but not slways fe-
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males, this indicates continaous arteriolar spasm. Tands an'd
feet ave equsily affected. TFixcessive sweating of the eyanotic
parts is almost the rule. Obvionely the state is thercfore one
of continuous sympathetic irritability, since {he parts affected
are those most respomsive to sympathetic chonges. Warm
surrounding? lessen but never abolish the cyanosis; they
merely change the tint toward red or even pink. Exposure {o
cold and emotional strains intensify the sympathetic irritabil-
iy, The peripheral arteries présent normat pulses. In the
presence of such a state, sympathetic paralysis, however pro-
dueed, turns the skin warm snd pink; that is, organic changes
in the finer arteries have not occurred, and the condition is
slways carable by sympathectomy.

Chromie cyanosis and coldness in elderly people usually
means arterioselerotic deficiency. Peripheral pulses mny still
be present tmt more often are shsent.

Tue Prerroenst. ARTERIAL PULSATIONS

The Dorsalis Pedis artery is best palpated upon the forward
part of the instep, just lateral to the first metatarsal bone,
and two to four fingers’ breadth proximal to the (distal) head
of that bone. This artery is, as a rale, more easily felt than
the posterior tibial, and its pulsations are used ns the stand-
ard for the state of the poripheral vessels of the leg. It almost
never happens that, under normal conditions, both dorsalis
pedis arteries are insignificant or absent, but if such is the
case, the posterior tihials will be particnlarly strong.

A!_Jsence.cr enfeeblement of one dorsalis pedis pulse is sug-
gestxve. evxfie_nce of arterial deficiency, and in that ease the
}ms\enor 1ibia) wilt, natarally, be equally deficient. Such is
s‘;urﬁc:‘f thrombo-angiitis obliterans and all acute arterial ob-
— s1:115. tAbsen.ce of .tlxe dorsalis pedis is not, however,
attens 1\'};1 eﬁoin diagnosis of arteriosclerotic or of diabetic
e ot tZmncy or gangrene. In fact, arteriosclerotic gan-
onen usuzme oecurs imrly_ often in the presence of a pulse,
more ¥ 2 weak one, in the dorsalis pedis. This is even

ely to happen in & disbetic, in whom an arterial de-
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prominent. When the arterial stream is slowly cut down unti}
it entirely ceases to supply the foot, for instance, the leg
gradually atrophies and is, so to speak, drying up even before
the final stage of gangrene. On the other hand, when blood-
flow is rapidly eat off, the tissues are caught wet. Blood
aceumulates in the finest blood vessels, having nothing to push
it along, and losing its oxygen, while the leg is still warm,
gives the skin a deop purple color. Very likely the oxygen-
want due to the sudden arterial stoppage caunses the fine ves-
sels to dilate, so that they aceumulate the last of the blood
delivered fo them. Actually thore scems sometimes to have
been an eseape of blood into the subentancous tissues, as in
post-mortem lividity, for often the purple color of the mot-
tlings or large patches can not be altered by pressure. But
even if pressure causes the purple skin to become pale, such a
change should not be interpreted as proving that a circulation
exigts and that the tissues are alive, The stagnant blood will
flow back into the pale spot with a speed proportional to its
accumulation in the neighborhood. Only if the limb is elevated,
can the manner in which a spot, blanched by pressure, regains
its eolor, be interpreted as meaning anything at all. If, while
the foot is elevated, the blanched spot regains some degree of
color, then the circulation is still going on and the part is
alive. (For a further interpretation of color see Chapter 1)

The occasional absence of pain, when a large vessel is sud-
denly occluded, is very puzzling. Any leg which rapidly be-
comes pumb, powerless, more or loss edematous, blistered,
and pulseless, which takes on within twelve hours a mottled,
blujsh whiteness, and which, at the end of thirty-six hours,
appears partly white, partly livid, and utterly cold, has cer-
tainly suffered a sudden shutting off of its arterial stream. That
this can happen without pain is certain, yet the ischemia of an
embolic arterial occlusion, when painful, is as agonizing 8s
anything encountered in medicine. Morphine may have no
appreciable effect upon it.

Chronic Cyanosis and Coldness of the Hands and Feet are
rather common. In yourg people, usually but not always fe-
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re changes irom n good plsniion to o poor ono oF

f:?:::;e‘:e fuiluri. A sudden deterioration is nimost juvaxi-
jous sign.
ab}i as:z::s ois il::uie Coldness and Hmn\mess,‘ due to the
arterial stapor which occasionally results from direct tm'm;:ln
10 a Jarge artery, as by a bullet wound or %mctufe {especial g
- 5 {he elbow), {he peripheral pulses rapidly disappear an

oy again, though seldom so rapidly, return (Chapter IV): .l]\
very special form of spasm of o large artcr?', !lm 'bmc]ufx ,
gy very rately occur suddenly as a Tesult of irritation of its
sympathetic nerve supply where it joins the lowex: end of the
brachial plesus in its passage over the highest rib. Usun!l,?,
Dervous symptows predominate, and the arterial closure is-
incomplete and chrorie,

The sudden disappearance of the peripheral pulses heeanse
of arterial thrombosis or embolism, or as a reflex with the
onset of a femoro-iliac thrombophlebitis has already been
described. The ischemin of all such states is usnally painful
but rately is a canse merely of coldness and numbness,

Swenusg or A Lius, witwour A Cmaxee oF Covon

Teaving out of consideration cardiae edemas and those due
to an alfered chemistry of the blood, edema of 2 Yimh accurs
becanse Tnote finid colleets in the sobentaneous tissues than
the drainage system cas carry away. Such an edemn may be
caused by venous stasis, by musenlar atrophy and weakness
after an jllness, or by logs of the fuuction of lymphatic drain-
age, .
When 2 whole leg swells from toes to groln within a peried

of & day or two, especially after an operation or injury, or
childbirth, or in the eourse of a seri,

ous illness, but rarcly dur-
ing active life, a femaro-iliae thr is is almost rily
present (Chapter VI). That is, any edems which Tapidly
wovis {0 o point BYove Bhe knee implies that the upper fem-
oval and provally exlornal itiae vein (at least) are throm.
bosed and obstracted, Thers may be tenderness over the
femoral vessels. The £reat saphenons vein, secondarily throm-
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fieiency is aggravated by a lack of resistance to infection
{Chapter II).

The explanation of this distinetion between the gangrene of
arterioselerosis and thrombo-angiitis obliterans lies in the
patchy, crratic character of the arterial narrowing and ob-
literation in arteriosclerosis. Nor are the vessels which furnish
the collaternl cirenlation evenly distributed and of regular
caliber. By contrast, the collateral circulation of thrombo-
angiitis obliterans, if adequate, is regular and composed of
very many fine vessels, Thus a patient subject to this latler
disease and lacking all peripheral pulses may, unless an espe-
cially rapid closure of & good-sized artery oceurs, go abont
for years suffering from an intermittent limp, yet with no
abvious change in the nutrition of his toes, Whereas an arterio-
selerotic sometimes loses a toe or two by gangrene even though
the beat in his dorsalis pedis is distinetly perceptible. Dia-
betics, as already explained, are apt to suffer from infection
plus gangrene, infection plus neerosis of a phalanx, or infec-
tion plus destruction of o toe-joint in the presence of sarpris-
ingly good peripheral pulsations.

At or Enfeebl t of the peripheral pulses in per-
sons over fifty is not particularly unusual. Many of these are
conscious that they can not walk fast without bringing on
an intermittent limp, yet they adapt themselves to this state
of things and say nothing about it. Their legs are rather
atrophied but the color of their toes is unchanged and their
toe-nails are not deformed. On the other hand, some individ-
uals bitterly resent being obliged to walk slowly and persist-
ently seek aid. No treatment is likely to be of any great benefit
to these, though abstinence from tobaceo and the use of Allen-
Buerger exerecises often help considerably. On the other hand,
they may live to a considerable age without ever losing even
atoe.

It will be realized that the significance of the peripheral
pulsations in the foot is not always easy to perceive. T}}e
pulses have ene meaning in arteriosclerosis, and especiallst mn
dinbetes, another in thromho-angiitis obliterans, Of most im-
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and the subeutaneous tigsues harden. U]c?rution may occor.
Tn the presence of any such reaction, evidence of Snfection
with a fungas, in the form of dry desquamating patches on
the toes or foot or eracks and white patches hetween the toc_ﬂu
should be sought, The fungus is not likely to be present in
the thickened skin of the calf. There is not necessarily any
particnlar discomfort. .

Swelling of any one extremity following » wound or in)nr.y
and associnted with an oversensitive skin indieates * traumatic
edersa,’” “reflex dystrophy,”’ or whatever the causalgia-like
state is to be named (Chapter IV). The cause usually scems
insufficient-—a blow without fractare, the bite of an snimal, 8
punetared infected wound, a mild burn~but may be serious,
as in the case of a nerve injury or postphlebitic state, The
edema is skight or considerable, developing slowly. The part
1may be eool or warm, reddish or slightly cynnotic, the periph-
eral pulses diminished. The change, however, which really
identifies the discase is the hypesthesin of the skin. There
acteally is Yoss or diminution in the patient’s sensibility to
light touch avd oversensitiveness to a pin-prick, seratch, or
vinch. UDA degrees of this state are common, casily over-
Jooked, and frequently recover of themselves, Serions forms
are rare, progressive, and incapacitating.

Bwelling of one or both legs, gradual and without evident
tause, is due to elephantiasis, that is, complete failare of lym-
hatic drainnge (Chapter VIIT). The swelling is at first most
noticeable at the ankle but within months ar years involves
the whole leg, to the inguinal Yigament in front, to the fold of
\?\e.bnttocks betind. As a yule, there is no suggestion of pre-
1xmmfx\'y infection or ot exposure to any tropical disease. The
swelling nanally begins in the *teens. At first it is compressible

but later feels very solid and docs not pit
t lafer | on pressure. Th
skin is thick. The foot remains of no y h .

rmal size where it is com-
pressed by the shoe. There is no limit the i i
may take a bizarre form, © tho smelling, which

This gradual swelling withont apparent cause separates
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bosed, may be felt. However, the main thing is the white swell-
ing. Cyanosis is rarely evident and if present, takes the form
of n faint bluish pinkness.

‘When swelling, confined to the ankle and lower leg, develops
within a few days, during active life, a deep thrombosis in the
celf muscles should be suspected (Chapter VI). There is
usually n little eyanosis of the foot. All signs disappear within
a day or two when the patient goes to bed, but tend to recur
when he gets up ngain. There is rarely auy local tenderness
or pain beyond discomfort on rising upon the toes. Tensing
the tendo Achillis causcs a disngreenble sensation behind the
knee, This sort of thrombosis, in the veins of the great muscles
of the ealf, incompletely obstructing the venous stream and
favoring the formation of a loose, fragile, propagating clot,
threatens serious pulmonary embolism.

When swelling of a whole imb develops within & few weeks
or months, it suggests lymphatic obstruction beeause of malig-
nant disease—as in the pelvis, the breast, or a group of lymph
nodes {Chapter VIII).

Swelling of a foof, in an infant, may either represent 2
cavernous lymphangioma, which is, after all, merely o mal-
development of the lymphatics, or an clephantiasis of a con-
genital sort (Chapter VIII). A distinetion between the two
states is at first almost impossible, Both are rare. However,
any malformation of one or more digits indicates Iymphangi-
oma, and failure of the swelling to affeet the rest of the limb
points the same way. Gradual involvement of the whole fimb,
on the other hand, almost necessarily a leg, makes a diagnosis
of clephantinsis practically certain. The hemangiomas, by
contrast, almost invariably present some discoloration of the
skin, and in any case are very unlikely to cause a symmetrical
swelling of a foot. .

Swelling of a foot or of a foot and leg, which appears in 2
series of attacks, marked by heat and redness and followed by
desquamation, suggests an allergie reaction (Chapter ViiD).
The swelling gradually increases, the skin becomes thickened
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Reactive hyperemna, 1
by h;'-;tmz. elevation 223 depression,

ofygen want eanging, 12
vavodilatation due to, 13
Venous pressure canwing, 12, 13, 14
Reflex dystrophy of extremities, 136

Balieyhe 2e1@
gicide,

Bealenus antiens rredrome, 143

g:;nez red owtment, 189
watts test in vani 2

Selerodactyly, 191 o 1

Beleroderma, 151

Bun temperature, §

in 5066 sleokol, an a fun.
187 -
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godinm ebloride as a sclerosing #olu-
tion, 101
Soditm ‘motrhuate 8a 3 sclerosing solu-
tion, 191
asm, 111, 134
spn::;iﬂ, 113, 134, 138
acute traumatie, 134
¢hronle segmental, 138
tefiex, 136
of digital artenes, fatermitteat, 114
Spastic paralysis, 147
Epinal anestbesia, 23
vasodilatation due to, 23
Snetion and pressure boot, ia thrombo-
angistis obhiterans, 87
Swellng of a foot, 324
in infaney, 324
Bwelliag of a leg, 324
ia gttseks, 324
Swelling of a limb, 323
gradual, 323
afier sniery, 323
mthout ehange of eolor, 323
Jower Iex only, 324
saddes, 323
in weeks, 324
Bympatheetomy, 104, 120, 122
for arm, 122
by anterior approach, 125, 126, 127
by posterior approach, 123, 123
lumbar, 128, 129
far Raynaud‘a disease, 120
in thrombo angiitis obliterass, 104
Bympatbetic block, 2
for arm, 27
for leg, 27
Bympathetic system, &
am of, 7
distribution to blood vessels, §
vasodilating fibers in, 10

Tests

of arterial supply, 1%, 16
ambulatory, 16
by arterography, 33

nde, 26

by bload flow, 36
by eolor, 18
by elevation and depression, 20
by akin temperature, 16

for vasodulatation, 13
by arugy, 33
by exposure to high and low Lem-

peratures, 32

by foreign protein, 22

by beating, elevation and -
siow, 21 " Gepres
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by prravertebral aneathesia, 23
by peripheral nerve block, 29
by epinat anestheata, 93, 24
Thrombo-anglitis obliterans, 7
amputation of a limb in, 106
loeal, 106
of army, 80
Buergers-Allen exesclsaes in, 04
course of, 83
diagnosis o, 81
intermittent Nimp in, 82
treatment of, 92-106
by arterial rescetion, 106
by diet nad drugs, 100
gangrens in, 100
by intermittent wenous occlusion, 28
by intravenous salioo injections, 95
by oseillating bed, 97
by periarteria} sympathectomy, 106
by peripheral nerve sectlon, 103
pregangrencus stape fa, 82
by suetion and pressure hoot, 87
by sympathectomy, 104
vasomotor manifestations in, 80
viscoral manifestations of, 81
in women, 107
Thrambophlebitis, 211
nrterial epaem in, 827, 808, 289
axillary, 258
of deep veins of tho lower log, 235
division of the femora} for, 237

prggigntiux thrombus fn, 222, 223,

dehydration eausing, 217
femoro thae, 813, 283, 225
Hlustrative eases of, 243
non obstructng, 223
embolism from, 224
in non-varicosc superfieial vewmns, 213,
211

perivensus inflammation enusing, 219

preventivo treatment of, 230

propagating thrombus in, 213

in prosiatic veins, 234

yetardation of the venous veturn eans
ing, 214

teauma causing, 217

treatment of cstablished thrombosis,
asn

n uforing veins, 234
in varicoso veing, $0L, 214, 238
cnrativo Ereatment in, 240
patliative treatment in, 230
rombosis, arterisl, 47, 61

INDEX

in arteriosclerotic deficieney, 61
axillary, 250
by effort, 250
Thymol in 50%% aleobol, as a fungiride,
187

Traumatie oateoporoais, 138

Treadelenburg test for varlcose veins,
178, 150

Trendelenburg fest with consteiction,

k4
Trophic edema, 136

Uleers, with varicoso veins, 155
Unna's paste formula, 188

Varicose cczema, 186
funguy infection in, 186, 187
Varicoso uleer, 184, 1
Varicese veins, 168
combined hiphdow rescetion of, 197
diagnosis of, 178
by Trendelenburg test, 173
high rescetion for, 193, 106
injoection of selerosing chemieals for,
189, 182
injestion without high division for,
191, 192
non operative treatment of, 187
operative removal of, 108, 200
Perthes test in, 183
recurrence of, 194
rupture of, 201
Schwarte test w, 152
thrombophiebitis 1n, 201, 214, 538
curatsve treatment for, 240
treatment of, 187
Unna’s paste in, 188
Trendelenburg tost for, 178
Treng, 1 test with m,
179, 180
Varix, See Varicose vewns
Vascular exercise, 11, 53, 94, 95
Vasodulatation, 13
tests for, 22
wenous hyperemia causing, 13
Veins
communieating, 175, 177
deep, of the lower leg, 170
valves of, 171, 173
drrection of the current, 177
great saphenous, 173, 174
lesser enphenous, 173
Venous Rrperemia, 13
rasodilatation due to, 13
Venous pressure, 15
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amputation of g limy in, 106
loeal, 106
of arm, 80
Buerger-Allen exercises in, 94
courso of, 83
diagnosis in, 91
intermittent Hmp in, 82
treatment of, 92.108
by arterial Tesection, 106
by diet and drugs, 100
gangrene in, 100
oo
; .
by periarterial sympathectomy, 106
by peripheral nerve seetion, 103
bregangrenous staga in, 99
by suction and Pressure boot, 97
by sympathectomy, 104
Yasomotor manifestations in, 90
visceral manifestations of, B1
in women, 107
Thrombophlebitis, 211
arterial spasm in, 227, 298, 229
axillary, 250
Al a
23
dehydration eausing, 217
femoro-iliae, 213, 223, 225
illustrative eases of, 243
non-obstrueting, 223
embolist from, 224
in non-varicose superfieial veins, 213,
241

rotardation of the venous return eaus-

ing, 214
trauma eausing, 217
of establ

232
in nierine veins, 234
in varicose veins, 201, 214, 238
curative treatment in, 240
palliative treatment in, 239
hrombosis, arterial, 47, 61

INDEX.

in arteriosclerotic deficiency, 61
axillary, 250
by effort, 250
Thymel in 506 aleohol, a3 a fungicide,
187

Traumatic osteoporosis, 136
Trendelenburg test for varicose veins,
178, 180

el g test with

179
Trophic edema, 136

Uleers, with varieose veins, 185
Vara’s paste formula, 188

Varicose eczema, 186
fungus infection in, 186, 187
Varicose wlecr, 184, 185
Varicoss veins, 168
combined high.Jow rescetion of, 197
diagnosis of, 173
by Trendelenburg test, 178
high reseetion for, 193, 196
injection of selerosing chemieals for,
189, 102
injection wathout high division for,
181, 192
non-operative treatment of, 187
operative removal of, 198, 200
Perthes test in, 182
Tecurrence of, 194
rupture of, 201
Schwartz test in, 182
thrombophlebitag in, 201, 214, 238
curative treatment for, 240
treatment of, 187
Unna’s paste im, 188
Treudelenburg tost for, 178
Trend € test with ietion,
179, 180
Varix, See Vancose vews
Vaseular exertse, 11, 53, 94, 95
Yasoddatation, 13
testa far, 22
venous hyperemg cansing, 13
eing
commumenting, 175, 177
deep, of the lower leg, 170
valves of, 171, 173
drrection of the current, 177
great gaphenoys, 173, 174
Yeszer saphenoug, 173
Venous byperemna, 33
vasodilatation due to, 13
Venouy pressure, 15







