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PREFACE

One may note a trend in this and recent volumes‘of the Annual Review
of Medicine, toward more concentrated discussions of relatively limited
fields and also that writers from other lands are contributing to the desired
broad coverage of medical science. To all of those experts whose reviews
compnise this volume, we are deeply grateful, and we give thanks as well to

Miss Beryl V. Daniel, Editanal Assistant. -
REC. G.J.D,
WPC. MAH.
w.CC. DAR.

EAS, Jr
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VIRUS DISEASE: SOME ASPECTS OF HOST
AND TISSUE SPECIFICITY®

By F. B. BanG

Departments of Pathobiology and Medicine, Johns Hopkins Medical
Institutions, Baltimore, Maryland

Virus infections were susely a part of man’s experience long before the
species was separated from the other anthropoids. As human
increased in size greater opportunities for survival were given to these
small cellular d greater op ies of transfer from
animal reservoirs into the human population. It is entirely possible that new
types of human virus inf are y being duced. The tremen-
dous increase in virus research which has occurred in the last ten years has,
however, brought forward a mass of data that 1s only beginning to be
digested. The publication of the third edition of Rivers’ compendium of
“Virus and Rickelisigl Discases of Man” (1), the emergence of a new
three-volume text on viruses (2), the appearance of a new journal from the
Commumist countries, “Acta Vwologtca,” (3) published both in Russian
and English, the bli Ad: in Virus Research”
(4), and of “Progress in Medical melogy (5) not only reflect this vigorous
adolescence but make a considered review difficult.

While most of the latter were being compiled (though not published)
a pandemic of influenza circled the world, and nearly every virologist who
had chick embryos or tissue culture tubes handy has written about it
Several preliminary reviews (6, 7) have been published but there has not
been time to assess the pandemic as a whole

In the hope, then, that this review might be other than a modernized
tibliography we have purposely excluded large portions of the recent liter-
ature on such virus diseases as, for example, poliomyelitis, Coxsackie, and
adenoviruses. This omussion has been made easier by the availability of the
above-mentioned texts as well as the authoritative review of “Newly Rec-
ognized Respiratory Tract Viruses,” by Hucbner, Rowe & Chanock (8).
Our emphasis then will be on (a) the pathogenes:s of certain respiratory
tract infections; (b) the pathogenesis and the production of symptomatology
of central nervous system viras infections; (c) the general problem posed
by chrome virus infections; and (d) ammal-human virus relationships, A
scattering of miscellaneous contributions will also be included, with no
attempt to force them into the framework

PATHOGENESIS 0 RESPIRATORY TRACT VIrUs INFECTIONS
Infectious agents moculated by a more or less direct implantation of
large particles on the upper respiratory tract may produce localized infection,

* The survey of the literature pertaining to this review was concluded in August,
1959.
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2 BANG

The means by which the mucus-ctliary complex responds to this historic
insult is poorly und d. Experi fon on man i to be im-
portant (9, 10) in demonstrating the etiological sigmficance of recent candi-
dates for the title of the “cause of the common cold ” Tyrrell & Bynoe (11),
from the Common Cold Research Unit at Salisbury, have reported that the
J.H. virus isolated by Price infected 11 of 55 volunteers who were inocu-
{ated with it, that the virus multiplied 1 the nose and throat, and that there
was little relation between antibody titer and experimental susceptibthity.
Price et al. (12) reaffirm the role of the J.H. and 2060 [Pelon ef al. (13)]
viruses in producing mild upper respiratory disease in a large proportion of
the population, but found evidence of their presence m only 12 per cent of
901 upper respiratory infections at the time of study. Jackson & Dowling
(14) found that of 1034 subjects i lated with cold washi 42
per cent developed colds as compared with 10 per cent of those receiving
buffered solutions, a figure very close to that of the British workers (9) in
Andrewes’ group

However, this gives us a little knowledge of the actual pathogenesis For
this reason some animal expertmentation has been carried out on the factors
involved in natural upper respiratory tract infection of animals (15) and
recently a large text by an otolaryngologist (16} and a review of the com-
parative anatomy of the region (17) have been published.

Cihated and mucous cells are discarded 1nto the overlaying mucous cur-
rent as they are damaged or destrayed in the course of growth, differen-
tiation, and repair. Thus, as large numbers of them are infected and damaged,
they are sloughed off and may be found in the nasal secretions of upper
respiratory infections or in the sputum of acute generalized respiratory virus
infections. This latter point was well documented by Hers & Mulder (18)
several years ago, and has been used by several Russian virologists in the
differential dlagnosls of fluenza by staining the exudate and searching for

i i (19) It has even been suggested that
these mclusmns represent a cellular defense mechanism (20). The occur-
rence of these degenerate cthated cells 1n the respiratory mucus has been
given the name “cilio eytophthoria” which seems hardly justified until some
degree of specificity of lesion besides their association with viral disease
15 established (21) The staining of the ciliated and mucous cells with specific
fluorescent anttbody as was done by Liu (22) seems of more likely general
diagrostie value,

Destruction of human ciliated epithelial cells by influenza and the slongh-
g of these cells into the overlying mucus has been demonstrated in organ
cultures of human embryome tra:hea (23) Presuma\)ly, this reflects the
course of 2 mild, possibly fl

The emergence of pandemic, but xelahvely mild, “Asian” influenza re-
emphasized several old problems in the pathogenesis of influenza. These
may be separated into the (a) pneumonia and the possible pneumotropism
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of the virus; (5) the bacterial complications; and (¢) the logical com-
phcanons :md their gencsls.

—P; which is app ly caused by the virus alone,
has been reported in a number of series (24 to 27). The evidence for this
is both pathological and clinical. The absence of bacteria and the recovery
of virus from the lung in relatively large amounts, when combined with
necrosss of alveolar epithelial cells, as described by Hers, seems clear enough.
The reason for the pneumonia is less easily determined. A natural virus in-
fection of animals may be either himited to the upper respiratory tract or
spread through it by aerosolation. It is not known whether any aerosol
spread of pandemic influenza took place, and tests with the virus itself on
animals have no bearing on the human infection Many of the series of case
repons point to the effect of cardiac disease (28), pregnancy, and chronic

3} y disease as predi: causes of nfl and it
seems clear that people with mitral stenosis, etc, were particularly suscepti-
ble. Such bility might well be ined by the excess pulmonary
flurd which has been recognized as a factor 1n the spread of the virus (29).
Tt has also been proposed that this influenza strain has a direct pneumotropic
tendency, te, it multiplies in and destroys the alveolar and bronchiolar
epithelium of man more readily than do other strains. Demonstration of this
as a characteristic of the virus would need more elaborate tissue culture or
amimal experimentation than has yet been forthcoming,

Buocterwal cumﬂicaltﬂn:—Possnbly because of both mcreased mterest in
and greater p 1 of hyl i, this was
found as the most frequent associated pathogen (24, 26, 27) in general,
although pneumococe: were also active (24). There has been no evidence
of actual synergism between the influenza virus and the staphylocaceus, and
the relative importance of ciliary destruction (which has been clearly shown
in the absence of bacterta) and of pulmonary edema, etc., in preparing a
more favorable condition for the growth of the staphylococeus is unknown
The fation of hyl and infl A (not Asian influenza)
was studied 1n monkeys by Verlinde & Makstenieks 1n 1954 (30). With the
Limited number of ammals available, quanmahon of the effect was difficult.

‘The d of the hel. and the pertb ‘hial edema and intra-
alveolar edema were increased by the presence of coagu!ase—posmvc staphy-
lococei, The bi d a more ithelial necrosis

which was mostly hmited to the bronchioles but which sometimes encroached
further on the respiratory tree In the latter case, it was then accompanied
by bronchopneumonia The authors conclude that though the two together
produced more lesions, there was no evidence oi synergism Thus, both in

the naturally occurning and in the expe: 1 disease, the association of
the two in one host is dangerous, but there is no ev:dencc of a synerglsm
similar to the “complex infe o duced by swine infl virus in

with Hemophilus infl surs
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Neurological complications~—Ingress into the central nervous system
from the respiratory tract may come cither by way of the olfactory bulb or
by way of the blood stream. Two other members of the myxovirus group of
viruses (mumps and Neweastle} are well recognized as pathogens of the
central nervous system, One of the classical lat y strains of infl
virus is a “neurotropic W.S.” strain which may produce extensive viremia
in new born mice (31). Recently, virenma has been reported with other
strains (32). Viremia had not been reported in man with influenza until
the recent pandemmic. In laboratory isolation of myxoviruses by egg inocula~
tion it is too well known that 1f passage of virus 15 required, contamination
is almost inevitable if isolatrans are made in a room in which the same
stramn of virus 35 under study in embryos. Precautions against this are diff-
cult, In the study reported by Kaji et al. (33) in which the virus of Asian
mfluenza was recovered from (a) the tonsil; (b) spleen and fymph nodes;
and (c) the liver, spleen, kidney, and heart of 3 of 135 fatal cases of m-
fluenza, precautions were taken to prevent contamunation of the tissues
at autopsy, and the virus was twice resolated from the stored frozen tissue
by the amniatie injection of embryos. The virus was also recovered from a
1-10-500 dilution of the onginal spieen, Afthough virus was not recovered
from the blood, presumably only blood dissermnation could produce the
spread

A wide variety of logrcal sequelae to ik have been reported,
ranging from transient newrofogical signs to coma and death. At autopsy
there are few inflammatory changes, which agrees with the Jack of cells 1n
the spmat fluid. One stuking case reported by McGill & Goodbody (34)
showed at autopsy a hzed hemorrhagic halitis with the pre-
dominant lesion present in the white matter A careful study of the patho-
genesis of the blood-borne encephahtis produced by the W S neurotropic
strain of influenza m chick embryos shows lesions very simiar to these (33).

The teed far demanstrating that the vartous encephalitides which aceur
at the bime of pandemic influenza are actually caused by influenza virus 1s
great {36 to 40). The number of cases reported as occurring during or

diatety after proven infl: di seems to be more than chance
cowneidence The similarity of the expermmental and natural lesions, the
recogmzed neurotropisms of other members of the myxovirus group, and
the faboratory sefection of highly neurotropic strains of influenza A makes
the aircumstantial evidence strong The recovery of virus from the central
nervous system has been reported (41) but more carcful isolations are
needed.

Par orF CENTRAL SvstEM INFECTIONS
Chimcal virologists have in the past accepted the wdea that most of the
casily recogmzed virat infections of the brain or spinal cord could not be
diagnosed in terms of specific etiology, and that about 10 per cent of cases
of aseptic meningitis were attributable to 2 known virus. The great increase
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in available agents combined with greatly improved routine diagnostic tests
has offered a real challenge, and a contribution from the Veterans Hospitals
and the Army Medical School showed that between the years 1953 and 1958,
71 per cent of the 430 cases of aseptic meningitis were identified and 72
per cent of the 139 cases of encephalitis (42). Cases of aseptic meningitis
were caused prmcipally by Coxsackie B, mumps, ECHO, poliomyelitss,
{ymphocytic choriomeningitis, and herpes simplex, in that order. The cases
of encephalitis were chiefly attributed to mumps, lymphocytic chariomeningi-
tis, and arthropod-borne viruses. Of particular interest was the rise in cases
of Coxsackie and ECHO viruses dursng midsummer and early fall, whereas
mumps had its greatest prevalence 1n the spring.

A clue to the question of “orphan viruses 1n search of a disease” was pro-
vided by Arnold & Endery (43) demonstration that two ECHO viruses
which have been associated with cases of acute paralysis produced, when
mjected intrathecally into monkeys, clinical signs of muscle weakness and
pleocytosis of the spmal fluid along with antibody response

Arbor viruses —There 15 little need for a complete review of recent
work on these arthropod-borne agents. The Rockefeller Foundation has,
1n the last few years, collected and studied these agents all over the world and
they have been ex!ensxvcly reported by Theiler & Casals (44). Work (45)
has the the sudden outbreak of Kyasanur
Forest Fever in India; and a complete rev:e\v of Russian Spring-Summer

halitis has been published by

The variety of exotic names which are attached to the different viruses
reflect temporary confuston about the exact relationships of the different
members Casals’ work is rapidly bringing order into the group but, in
the meantime as outbreaks occur and agents are 1solated, new distant spots
gan recogmition An unusual ontbreak of fever occurred in a group of
Okinawan pioneers who were attempting to settle i the Bolivian rain forest
(47). Of a group of some 400 almost half had “jungle fever,” consisting of
the sudden onset of fever, headache, profuse sweating, and polyuria. There
were 15 deaths. A new virus was 1solated from the blood of patients by
Schmidt ef al (48) and was shown to be the cause of some of the fevers,
Yet the outbreak, which appeared 1n October of one year and lasted untal
July of the next when the colony was abandoned, was apparently of muttiple
etiology The virus called “Uruma” virus belongs to Casals’ group A and is
clearly related to Mayora virus.

The recognition of a number of cases of tick-borne meningo-encephalo-
myelitis (49) 1n Sweden serves as a geographic intermediate between the
fouping 111 of Scotland and the Russian Spring-Summer encephalitis, Tn a
study of 66 patients who had serological evidence of infection with this
virus, 70 per cent reported tick bites and 75 per cent had a diphasie febrile
course (50) In Russia, continued emphasis 15 also placed on goat’s milk
as a possible source Levkovich & Pogodina (51) report 102 cases of al-
mentary tract mfections primarily in small families living in the city away
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from the likelihood of tick bites, but known to be consumers of goat's milk.

Despite extensive studies on the encephalitides of the United States,
particularly eastern and western equine encephalomyelitis, there 1s still
considerable haze surrounding problems of winter reservoirs, transmission,
etc. When the ordmary garter snake 1s infected by the mosquito vector,
Culex tarsalis, there 15 a viremia in the snake for 4 to 20 days, with as
much as 10° or 107 virus being recovered from the blood (52). Colorade
tick fever virus, when transmutted to porcupines by mnfected ticks, produces
a viremia which lasts from 25 to 50 days (53). Undoubtedly, as new viruses
are discovered and new animals i lated, more peculiar binations wilt
be found, each needing further epidemiologzcal evaluation

Analysis of clinical sympiomatology.—Despite the tremendous advances
in neurophystology, there have been relatively few attempts to apply either
techniques or ideas to an analysis of the varsety of peculiar symptoms pro-
duced by virus infections of the central nervous system. This, of course,
cannot be done on man and, agam, reasoning must be by analogy with ex-
perimental diseases of animals

A uniformly fatal and peculiarly horrible disease of cattle, appropriately
called “mad itch” (pseudorabies), has been studied in laboratory ammals
for some years. The rhythmical progressive scratching localized to the
stte of inoculation has been explained as part of the progress of the virus
up the sensory nerve to the dorsal root ganglia. When sympathetic ganglia
are infected by appropriate inoculation, these gangha may be studied in vitro.
Dempsher, Larrabee et al. (54) showed that spontaneous discharges coming
as rhythmical bursts of activity were a regular occurrence in such mnfected
ganglia, and that they might be studied both in an i witro bath or in the in-
tact animal. In this first report the relation of the virus multiplication and
pathology to the 'y was blished, and the progression of the
discharge first over the postganghonic fibers, then over the preganglionic
fibers was followed The suggestion was made that the acetylcholine
mechanism was involved since the activity seemed to be at the junction be.
tween nerve and cell (55). In further studtes of this system (56), Dempsher
et al. explored the possibility that the presynaptic nerve endings are superir~
ritable, and that the diseased cells release acetylcholine because the virus in-
fection is interfering with the normal action of an inhibitmg system. Evi-
dence for this idea was (&) blocking normal preganglionic transmission
either by cocaine or by cutting, evoked spontaneous activity in those ganglia
which were early in theiwr infection and had not developed activity; (b)
activity was increased 1f 1t was already minimal; (¢) gamma aminobutyric
acid, norepinephrine, and epinephrine caused mitially a simultaneous and
synchronous increase in activity of both prc- and postganglion nerves. Re-
gardless of the tual explanation of the p this model of cell
pathology is clearly of importance in the initial investigation of the rhyth-
mical irritation characteristic of the disease.

Russian work on the relation of virus activity to neurophysiology has
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simultaneously followed the same general interest, Medvedeff (57) appar-
ently demonstrated in 1954 that the influenza virus exerts an action on the
superior cervical ganglion of cats. This was done by perfusion of the blood
vessels leading to the superior cervical ganglion and studying the response
of the “third eyelid” Ado & Alekseyeva (58), from the same laboratory
in Moscow, studied the action of influenza virus on the superior cervical
ganglion of ferrets. The gangha were taken from animals which were (a)
healthy, (b) in the acute phase of infection {3 days), and {r) immune.
Influenza virus was reported as depressing or inhibiting the action of
acetylcholine on normal gangha which, with ACh, gaie off spontancous
discharges. The addition of influenza virus (allantoic fluid) to gangla from
infected ferrets yielded greatly increased spontancous activity in the post-
ganghonic fibers, and the virus increased the susceptibility to acetylcholine.
Ganglia from immunized ferrets behaved much hke those from the acutely
infected ferrets. Various controls and comparnsons were made with normal
allantose flud, influenza B, and herpes virus Influenza virus apparently
had no effect on the sensory sensitivity of skin receptors. If this work is
substantiated 1t is clear that a heavy infection of the respiratory tract in the
ferret (which is highly susceptible) leads to functional changes in at least
one part of the sympathetic chamn which drains the respiratory tract. The
sigmficance of this for man is but 1t must be re bered that the
respiratory tract of the ferret presents a huge involuted surface which is
severely affected by the experimental disease Thus, there is a much greater
chance for infection of the gangha 1n the ferret by drainage either by way
of the blood stream or possibly through the sympathetic nervous system con-
nections in the upper respiratory tract.

Many of the clinical abnormahties and symptom complexes produced by
viruses, and which are difficult of analysts in man, may be seen either spon-
taneously or experimentally 1 animals Presumably, the most fruitful infec-
tions to study would be those of pnmates Bogaert (59) reported several
types of ly viral, mn primates in the
Antwerp zoological garden. Symptoms included severe behavior dis-
turbances, anxiety, general and Jacksonian epileptic seizures, various
myoclonic movements, and postural tremors Autopsy showed severe en-
cephalitss of the bram stem which spread anteriorly to the hypotha!amus

Myoclonic (rhythmical, jerking, lar) are ch
of Newcastle disease in chickens, mice, cats, and monkeys. In a continued
analysis of this activity it was found (60) that typical myoclomc epilepsy
was a common part of this disease, A histologic analysts showed that the
virus apparently spread along preferential nerve pathways, as had been
shown previously for other viruses by other workers. There seemed to be
a clear d ds of 1 i o both
route of i 1l lectr h

and paresis on the
showed no evidence of cere-
bral dysrhythmia and acute decerebration did not alter the character or
rhythm of the myoclonus. The focal origin of these thythmical efferent im-
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pulses to the muscle groups was best demonstrated by further experimental
surgical procedures (61). Some 13 cats infected through cranial routes were
made acutely sptnal by high cervical transection at the level of the allantoic-
occipital junction In all but one the character, distribution, and rate of myo-
clonus in limbs and trunk were unaltered. Complex spinal reflexes were
observed and these spinal animals were able, without artificial respiration, to

Y v ion for hours solely by myoclonlc
contractions. Additional acute transections were performed in animals in
which the myoclonus resulted from virus inoculation directly into the
spinal cord, In six cats infected 1n the cervical region, the myoclonic move-
ments developed initially i the forelmbs and later involved the hind-
quarters, Midthoracic cord ion then abolished the myocl com-
pletely in the lower extremities but had no effect on muscular contractions
in the forequarters Conversely, 1n seven cats inoculated into the midthoracic

or lumbar spinal cord, myocl made 1ts first ap in the hind legs
and subsequen(ly 1 the forelimbs. In these animals acute high thoracic
tr: 1 d the i the forequarters, leaving those in

the hind limbs unchanged.

These observations, combined with a recent study by Feldberg & Luttrell
(62) which showed that intraventricular moculation of the virus often pro-
duces myoclonus of the tongue and that this may 'De abolished by local

of small of h or chlorpr clearly
demonstrate a focal origin from groups or nuclei of nerve cells.

Crronic VIRUS INFECTIONS

Continued advances in the study of viruses in cells and anmimals have
made the clinical virologist aware of the great difficulties of assigning etio-
logical sigmificance to a particular agent when it s isolated from the pa-
tient, This is particularly true of chromec infections 1n which an antibody
rise no longer occurs and therefore gives no circumstantial evidence of the
presence of virus. On the one hand, virus may be repeatedly isolated from
apparently healthy organs, as witness the adenovirus from the adenoid
tissues obtamed at operation; on the other hand, classical virus mnfections
such as chicken pox or herpes zoster, or both, have yielded an agent which
kills cells and spreads from cell to cell in tissue culture, but which has not
been recovered from the tissue culture flnd or from homogenates of the -
fected cells Thus, virus may be recovered n the absence of disease, or in-
fectious virus may be absent 1n the presence of specific viral lesions

In a sertes of young children, Rowe et al. (63) have shown that the vtrus
of human salivary gland disease may be recovered repeatedly from mouth
swabs over a period of two to five months and from 8 to 24 months after
the infection origmally produced antibody. The virus was also present in
the urine as long as 15 to 24 months after neutralizing antibody had first
been demonstrated. Furthermore, virus was found only in those children
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who had l fixing antibody. The responsibility of this virus in dis-
sermnated disease is becoming clearer (64). Newborn infants may have
jaundice, hiae, and h i! ly leading to death Older in-
fants and children develop g i inal, upper respi with

pp P Y symp
a prolonged course, usually fatal. The disseminated form appears m adults
m association with diseases of the hematopoietic system.

Bredsky & Rowe {65) subsequently showed that the mouse analogue of
this virus can be recovered from the salivary gland one year after the original
infection of the mouse, while typical inclustons were not found later than
60 days.

Hepatitis 15 perhaps the most serious of human chronic virus infections,
and it 1s probable that little advance will be made until this agent can be
cultivated in tissue culture or can produce disease in animals, It was sug-
gested by Braunstemer ef al. (66, 67) that the agent had been seen in their
electron microscopic sections of biopsy materials. The published pictures
are not stmalar to known viruses, and may represent cellular changes un-
related to viral multsplication

A hemagglutination test developed by Havens (68), which is dependent
upon the treatment of sera with acetone and the agglutination of chick cells,
has a high apparent correlation with the acute stage of the infection, but it
may also be positive 1n other situations. It is not suggested that the hemag-
glutinin 15 the virus particle,

The virus of camne hepatitis has no apparent relationship to human
hepatitis (69). From a recent study of a farmlial infection with another virus

(hepatoencephalomyehtis) this appears also to have no relationship to
human hepatitis (70)

Human tumor viruses —The increasing knowledge of the variety of
tumors produced in animals by viruses, and the growing numbers of such
known agents, have intensified the probability that such an agent will be
found 1n man. It 15, of course, well recognized that benign lesions Iike warts
are caused by viruses, and a recent electron mucroscopic 7sgud-y' of thase
which occur 1n the larynx showed large numbers of fully developed viral
particles m the cells from papillomas from two pattents (71). These have
some simlarity to the particles seen in the warts studied by Bunting (72).

Evidence for viral etiology of human malignancies will then need con-
tinued careful consideration Present data may be considered under three
headings. Electron microscopy has so far shown no or, 2t best, equivocal
particles (73, 74). This, however, is not completely out of keeping with

animal tumors, for the most malignant viral tumors may show few if any
demonstrable viral particles if relatively little necrosis has occurred. How-
ever, a variety of animal tamor viruses have been seen in electron microscope
sections of spontaneous tumors (75). There are two reports of the isolation
of snfectious virus from human tumors The first, (76), from cases of Hodg-
kin's disease, seems to be a real virus, but aside from the usual possibility
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pulses to the muscle groups was best demonstrated by further experimental
surgical procedures (613, Some 13 cats infected through cranial routes were
made acutely spinal by high cervical transection at the level of the allantoic-
occipital junction, In all but one the character, distribution, and rate of myo-
clonus in limbs and trunk were umaltered. Complex spinal reRexes were
observed and these spinal animals were able, without artificial respiration, to
mamtam adequate pu]monary ventilation for hours solely by myoclonic

Ad acute tr; ons were performed in animals in
which the myoclonus resulted fram wirns inoculation directly into the
spinal cord. In six cats infected n the cervical region, the myoclome move-
ments developed initially in the forehmbs and later involved the hind-
quasters, Midthoracic cord transection then abolished the myoclonus com-
pletely 1 the Jower extremities but had no effect on muscular contrachions
in the forequarters Conversely, in seven cats inoculated into the midthoracic
or Jumbar spinal cord, myoclonus made 1ts first appearance in the hind legs
and subsequemly m the forelimbs. In these animals acute high thoracic

h d the ts in the forequartees, leaving thase in
the hind limbs unchanged.

These observations, combined with a recent study by Feldberg & Luttrell
{62) which showed that intraventrscular smocnlation of the virus often pro-
duce: myoclonus of the tongue and that this may be abolsshed by local

ton of small of Idehyde or chlorp clearly
demanstrate a focal origin frem groups or nucle: of nesve cells.

CHrovic VIRUS INFECTIONS

Continued advances in the study of viruses in cells and animals have
made the clinical virologist aware of the great difficulties of assigming etio-
logical sigmificance to a particutar agent when st is jsofated from the pa-
tent, Thys is particularly true of chronic infections 1in which an antibody
rise no longer occurs and therefore gives no ¢ircumstantial evidence of the
presence of virus. On the one hand, virus may be repeatedly isolated from
apparently healthy orgams, as witness the adenovirus from the adenod
tissues obtamned at aperation, onr the other hand, classieal virus infections
such as chicken pox or herpes zaster, or both, have yselded an agent which
kills cells and spreads from cell to eell m tissue culture, but which has not
been recovered from the tissue eulture fud or from homogenates of the -
fected cells Thus, virus may be recovered sn the absence of disease, or in-
fecttaus virus may be absent 1 the presence of specific viral lesions,

In a series of young children, Rowe ef al. (63) have shown that the virug
of human salivary gland disease may be recovered repeatedly from mouth
swabs over a period of two to five manths and from 8 to 24 months after
the mfection onginally produced anttbody The wirus was also present in
the urine as long as 15 to 24 months after newtrabaing antibody had first
been demonstrated. Furthermore, virus was found only in those children
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shown by any of the three techniques in less than 13 days after the vac-
cination, Significant neutralizing antibody then appeared in one at 13
days and another at 16 days. From then on antibody titers rose quickly in
all and were maintained for indefinite periods thereafter. In determining
antibody titer in jndividuals who were vaccinated in previous years, neutral-
izing antibody was found in many instances 20 years after vaccination,
and in one case 40 yeats afterward without revaccination (82). In most
cases the antit inins were not d ble after eight months and
the complement-fixation antibodies were gone at six months, Revaccination
produced a more rapid rise in antibody titer The antibody studies confirmed
the difficulty of determiming whether a respomse to revaccination is an
allergic or an immune response. Of 15 individuals with an early response
to revaccination, only 8 showed a sub ial merease in body. In
smallpox patients not vaccis d before the ition of the disease,
variola-neutralizing antibody appeared after six days (83). In most cases
the antibody response was good, but of 10 fatal cases the antibody response
was Jow except in two in whom the response was high on the second and
fourth days Antibody studies confirmed the smallpox etiology of several
febrile attacks which occurred in contacts who developed febrile attacks
without rash

Psittacoid viruses—It has long been recogmzed that trachoma is a
virus disease, and because of the morph i pp of the inclusi
it has been believed to be a member of this group of agents A claim by
Chinese workers (Chang et al.) that the virus may be cultivated in the
yolk sac of chick embryos, seems to have been confirmed by Collier & Sowa
(84) who 1solated a second strain and who determimed the pathogemcity
of their cultured virus for man by the inoculation of the conjunctiva of a
human volunteer who then developed typical trachoma Subsequently, Bell
et al. have indicated that there are two antigenically different strains as
tested by toxin neutralization (85).

The well-k group fi of the )! fixing and skin-
testing antigens of this group of viruses was further studied by Hilleman
et al (86) who suggested that species which are less virulent for man,
such as the mouse or feline pneumonits virus, might well be employed mn
the manufacture of the skin antigen used in testing for antibodies to all
members of the group

The discovery (87) that the group-specific antigen is also present in
a common bacterium, Bactllus anitratum, led to the hope that a simple and
safe method of preparing an antigen for complement-fixation was at hand
However, as pointed out by Matthjesen & Volkert (88) not every strain of
the bacillus produces the antigen and the conditions necessary to obtain such
an antigen consistently are not as yet known.

The transfer of these agents to man contmues to be an oceupational
hazard of unknown measure, Two recent studies demonstrate this. When a
case of psittacosis on a chicken p g farm was i

d, 1t was
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of picking it up on blind animal passage, the well-recognized fact that pas-
senger agents (mostly bacteria) have been recovered from this pathological
tissue n the past makes the etiological significance doubtful.

Secondly, de Ruyck et al. (77) have, in a series of papers, claimed the
isolation of an agent from human chorioepitheliomas. The agent has many
similarities to the common ectromelia of mice and a mouse source of this
virus has not been excluded

With increased evidence that leukemia of mice is caused by a virus,
attention has naturally been directed toward human leukemias. Schwartz
& Schoalman (78) suggested that leukemia is a response of the host to an
“offensive agent” and obtained certain unusual reactions between guinea pig
sera and brain tissue from mice which had been injected with leukemia cells.
This led them to attempt to 1solate a substance from the brains of leukemia
patients which would produce leukemia 1n mice. In their published work they
report the successful great acceleration of leukemia by extracts of the brain
of people who have died from leukemia (79). This extract is positive in many
but not all cases, and there seems to be no one type of leukemia which pro-
duces the effect. The extract loses 1ts activity when heated for 45 mus. at
65°C, An 1nquiry into the relation of previous tnfection with mumps in pa-
tients with malignant testicular tumors showed that 5 of 120 cases had
previous orchitis 8 to 26 months before (80).

One must conclude that as yet there 1s no convincing evidence for viral
etiology of human malignancy, and at the same time that much more
work will have to be done before one may venture any conclusions mn the
matter.

Anmmar-HumaN Virus ReLATIONSHIPS

Theobald Snuth in his lectures on “Parasiism and Disease” (81) spoke
of the aberrant parasite as “that adventurous element in the life of the
parasite which led to new disease or death of the parasite” Virology was
Jjust beginning to find a place in medicine at that time and this may be taken
as an impressive prediction of the present recagnition of the relatsonship
of ammal reservoirs of virus infection to disease in man

Many of the ammal reservoir-httman disease relationships depend upon
transfer by vectors However, this section will be hmted to those which
are transferred by direct contact.

Vacema; Varwla —Despite the continued use of the cow pox virus
derivative, vaccinia, for the & of aganst 1L there
has been little adequate direct measurement of the protective antibady
against the smallpox virus (variola) which follows vaccination, Downie

and his colleagues first developed a more and standard measure-
ment of these neutraltzing bodies. They then ed the
m man to vaccination by means of the variola neu!rahzatmn test, and the

of and
In a number of students vaccinated for the ﬁrst time no antlbody was
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Iikely that the next few years will sce increasing complexity in the rela-
tionships and demonstrated transfer of these agents from animals to man
and man to ammals (99).

The role of Newcastle disease virus as a cause of disease in man has
been confusing. It was first demonstrated by Burnet as a cause of acute
comunmvms wm man (100) and this syndrome is now well recognized.

b there was i because of failure to recognize that
human sera have high titers of non-specific neutralizing substances and
must therefore be inactivated before results indicative of infectton with
this virus can be obtained However, with heated sera it has been shown
that people with known nfections develop antibodies to the wirus Further-
more, chicken and laboratory workers exposed to the virus have a high
incidence of antibodies, Yet, there are clearly mdividuals who give no ade-
quate history of exposure who also have antibady to Newcastle. Further-
more, many mumps patients {though none who were vaccmated against
mumps) have antibody to Newcastle disease virus {101). Also mumps
virus may be used to absorb the antibody to Newcastle from human sera
These results indicating a relationship between mumps and Newcastle were
not apparent 1n studies on animals injected with one dose of virus (102)
but did occur when ammals were hyperimmunmized {103).

One may conclude that infection of man with Newcastle disease virus
does give rise to antibodies to the virus, but that perhaps half of the patients
with mumps develop an antibody which crosses with the Newcastle virus.

A smular problem exists concerming the relationship of measles and
distemper virus of dogs This relationship, proposed originally on a basis
of general and cellular pathology, has been recently discussed m reviews
by Rake (104) and by Black et al (105) The latter authors concluded
that “the evidence of a common antigenic component in canmne distemper
and measles has been well established” Most of the data, however, have
rested on the study of antibodies in man, erther as parts of surveys or fol-
lowing attacks of measles However, Carlstrom (106) also studied the
reaction of dogs inoculated repeatedly with dog-kidney-adapted measles
virus and found no chimcal signs following infection although neutralizing
antibodies to both viruses appeared in the sertm Monkeys were then
moculated with egg-adapted dlstemper, and two of the three so moculated
developed antibodies to both viruses. Fma“y, two congemtally defective
children were fated with egg-adapted per and despite the lack
of climeal sllness, one developed a rise 1 antibodies over a previous low
level to both viruses, while the other developed for the first time detectable
antibadies.

A more recent report of Cabasso et al (107) seems, however, to establish
the fact that nesther dogs infected with chick-adapted distemper virus, nor
chickens given maltiple doses of measles develop antibodes to the opposite

virts These negative data, however, do not contradict the premise of a
general relationship




12 ! BANG

found that 9 of 70 chickens on the farm had antibodies, and a serologic
survey of the workers who eviscerated the poultry showed 14 per cent to
be positive (89). In another outbreak, 20 of 41 employees in a poultry
processing plant developed symptoms one week after handhing a shipment
of 2500 turkeys from a supply farm (90) The highest attack rate m the
people was among those unloading. A rise in pl fixing

to lygranum (lymphogranuloma inguinale) was detected in 13. The virus
of “psittacosis” was isolated from frozen “dressed” turkeys and also from
some live turkeys remaimng at the farm,

Myxoviruses—With the continuing 1solation of viruses of the Influenza-
Mumps-Newcastle Disease group, there is an increasimg need for study of
the antigenic relationships of the different members so that serological
data from man may be correctly related to the specific virus causing the
infection Undoubtedly, the classification of the agents themselves will
also influence the classification of the diseases It 1s hoped that 1t will also
mcrease our understanding Currently, three new members have been pro-
posed for this group (91). Two were discovered as a result of the capacity
of infected cells to be adhesive for red cells, and have been called hemad-
sorption viruses (92). The third 15 the croup-associated virus isolated by
Chanock (93). All three are designated as para-influenza viruses because
they seem to cause a disease mn man somewhat similar to influenza, In the
origmal communication (91) 1t was suggested that since one of the hemad-
sorption viruses 1s very closely related by complement-fixation to Sendai or
Japanese hemagglutinatmng virus, the latter should also be included n the
para-influenza group This would be conststent with the increasing evi-
dence that Sendai virus causes widespread infection in man (94) and at
the same time explam 1ts closer relationship (morphology and hemolysis)
to Newcastle and mumps viruses Thus, presumably the disease caused by
it would be called Para-influenza instead of Influenza D

These relationships are discussed 1n detail here because the classification
of this group now includes under the Influenza A title two new viruses
(95, 96) 1solated, respectively, from horses and from ducks, together with
the well-known swine imfluenza and fowl plague viruses. Presumably, each
of these animal viruses is sufficiently different from human influenza (by
neutralizatton as contrasted with complement-fixation tests) that antibodies
to other members of the group, such as the various recent strains of Asian
mfluenza, will not cross by neutralization tests with these agents How-
ever, the exact role of swine influenza in past pandermcs 1s still under
study, and a recent outbreak of influenza in horses was attributed to a
strain of mfluenza A very sumilar to Asian (97)

In addition to this, Abinant: & Huebner (98) indicate that there is a
defimte serological and cultural relationship between the strains of Para-
influenza 3 tsolated from man and several new viruses isolated from
s}nppmg {evcr m catﬂe In this case they could not be differentiated by

or tests, It would then seem
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Further epidemiologic evidence that measles may be a source of anti-
bodies to distemper is presented by Carlstrdm who found that five of six
children with measles in Iceland, where distemper is absent from dogs,
nevertheless developed annbodles to dlstemper (108) Finally, Adams et al.
(109) make the ion that i ion with live avian
distemper virus may have reduced threefold the susceptibility to an out-
break of measles in a state institution for the mentally retarded.

In addition to these animal-human virus relationships, it now appears
that canine hepatitis may be a member of the adenovirus group (110), while
Klein et al. report the isolation of an adenovirus from cattle (111).

SUMMARY

In writing this review we have considered areas of endeavor which
are only partially developed. Common as viral infections of the respiratory
tract may be, too Dittle is known of their pathogenesis This was well brought
out by review of the studies on Asian influenza. The startling symptomatol-
ogy of infection of the central nervous system 1s now begining to be
studied by neurophysiological means. The presence of prompt antibody
response to most virus mfections has blinded us to the fundamental problem
of chronic virus infections. Several of these are now being more thoroughty
studied, and the problems of diagnosis will no doubt be similar to these of
chronic brucellosts Finally, antigenic relationships between animal and
human viruses are bemng found more and more frequently, and will add
o the complexity of definition of human disease,



VIRUS DISEASE 15

LITERATURE CITED

1. Rivers, R. M, and Horsfall, F. L, Jr., Eds, Viral and Ricketisial Diseases
of Men (J. B. Lippincott Co, Philadelphia, Pennz,, and Montreal, Canada,
967 pp, 1959)

2 Burnet, F M, and Stanley, W, M, Eds, The Vinuses: Biochemical, Biologi-
cal, and Biophysical Properties (Academic Press, Inc, New York, N.Y,
and London, 3 vels, 1959)

3 Acta Viologica, (Czechoslovak Academy of Sciences, Bratislava 9, Czecho-
slovakia, 1957)

4 Smith, K. M, and Lauffer, M. A, Eds, Adwances in Virus Research (1959)

5 Berger, E, and Melnick, J. L., Eds, Progress in Medical Virology, 1 (Haf-
ner Publishing Company, New York, N.Y., 304 pp, 1958)

6. Jensen, K. E, Dunn, F. L., and Robinson, R. Q. in Progress in Medical
Virology, 1, 165 (Hafner Publ Co, New York, N'Y,, 304 pp, 1958)

7. Langmur, A. D, Puzzi, F. L, Trotter, W. Y, and Dunn, F. L., Publc
Health Repts (U.S.}, 73, 114 (1959)

8. Huebner, R. ], Rowe, W, P, and Chanock, R. M, dnn, Rev Microbial, 12,
49 (1958)

9 Andrewes, C. H, Bull. Johns Hopkins Hosp, 103, 1-7 (1958)

10. Jackson, G. G, Dowling, H. F, and Mogabgab, W J., J. Clin. Invest, 38,
1014 (1959)

11, Tyrrell, D. A, J, and Bynoe, M, L., Loncet, II, 931 (1958)

12 Price, W H,, Emerson, H., Ibler, I, Lachaine, R, and Terrell, A, Am. J.
Hyg , 69, 224 (1959)

13. Pelon, W., Mogabgab, W. J,, Phillips, I A, and Pierce, W. E, Proc. Soc.
Expil Biol. Med , 94, 262 (1957)

14 Jackson, G. G, and Dowling, H. F, J. Clin. Invest., 38, 162 (1959)

15. Burnstein, T, and Bang, F. B, Bull Jokns Hopkins Hosp., 102, 127 (1958)

16 Negus, Sir V., The Comp Anatomy and Physiology of the Nose and
Poronasal Sinuses (E. & S. Livingstone, Ltd, Edinburgh and London,
402 pp, 1058)

17. Bang, B. G, and Bang, F. B, Bull Johns Hopkins Hosp, 104, 107 (1959)

18 Hers, J. F. Ph, and Mulder, J, J. Pathol. Bacteriol, 63, 329 (1951)

19 Pigarevski, V. E, and Chatkina, O. M, Problems of Virol (US.S.R) (Eng-

lish Translation), 2, 209 (1957)

20 Pigarevski, V E, Acta Virol , 1,30 (1957)

21, Puerce, C. H,, and Hirsch, J. L., Proc. Soc Exptl Biol Med, 98, 489 (1958)
Liv, C. H,, Proc. Soc. Expil Biol Med, 92, 833 (1956)

Bang, F. B, Lab Invest, 8, S57 (1959)

Blumenfeld, H. L, Kilbourne, E. D, Louria, D B, and Rogers, D E, J
Clin Invest, 38, 199, 213, 266 (1959)

Hers, J. F. Ph, Goshngs, W. R. O, Masurel, N, and Mulder, J., Lancet, II,
1164 (1957)

Hers, J. F. Ph, Masurel, N, and Mulder, J., Lancet, IT, 1141 (1958)

05‘(;‘? T. D, Shooter, R. A, and Curwen, M P, Brit Med. J, I1, 1305

958)

Walsh, J, Burch, G, White, A, and Mogabgab, W. J, Ann. Internal Med,

49, 502 (1958)

8 R OREES

8



=

53
54

55
56

57
58
59
60

o
2

BANG
Harford, C. G, Smith, M. R, and Wood, W. B, Jr, 7. Exptl, 3ed, 83, 505
(1946)
Verlinde, ] D, and Makstenicks, O,, Arch ges Virusforsch, 5, 315 (1934)

. Wagner, R R, Virology, 1, 497 (1955)
. Hawre, D, Appel, J., and Loosti, C. L, J. Lab. Clin, Med , 47, 182 (1956)

Kaji, M., Oseasohn, R, Jordan, W. S, and Dingle, J. H, Proc, Soe. Exptl.
Bijol Med, 100,272 (1959)
McGil, R, J., and Goodbody, R. A, Lancet, L, 320 (1938)

. Hook, E. W, Luttrell, C, N, and Wagner, R. R,, Bull Johns Hopkins Hosp,

103, 140 (1958)
Horvath, S, and Balazs, V., Wien, kit Wochschr, 71, 239 (1959}
Flewett, T. H, and Hoult, J. G, Langet, 11, 11 (1958)

. McConkey, B, and Daws, R A, Lancet, IT, 15 (1938)

Bental, E.,, Lanut, II, 18 (1958)
Nickerson, J. N, Lancet, I, 1118 (1959)

. Wells, C E. C, James, W. R L, and Evans, A. D, Arck, Newra! Peyekial,

81,699 (1959)

Meyer, H M, Jr, Johnson, R. T., Crawford, L. P, Dascomb, H. E, and
Rogers, N. G, Am J Med (In press)

Amald, J. H, and Enders, ] F., Proc. Soc. Expil. Biol Med, 101, 513
(1959)

Theiler, M, and Casals, J, Khn Wochschr, 37, 59 (1959)

. Work, T. H, m Progress w Medical Virology, X, 248 (Hafner Publ. Co,

New York, N Y, 304 pp, 1958)

Smorodintsev, A A, in Progress i Medical Virology, T, 210 (Hafner Publ
Co, New York, N.Y, 304 pp , 1958)

Schaeffer, M, Gajdusek, D C, Lema, A B, and Eichenwald, H, dm J.
Trop. Med Hyg , B, 372 (1959)

Schmdt, I R, Gajdusek, D C, Schaeffer, M, and Gorrie, R. H, Am J
Trop Med Hyg,8, 479 (1959)

. Oker-Blum, N, Ann Aed Exptl ef Brol Fennae (Helsmhe), 34, 309 (1956)

Zeipel, G v, Svedmyr, A, Holmgren, B, and Lmdahl, J, Lancet, I, 164
(1958)

. Levhovich, E. N, and Pogodina, V V., Problems of Virol (USSR ) (Eng-

lish Transiation}, 3, 154 (1958)

Thomas, L A, Eklund, C M, and Rush, W. A, Proc Soc, Exptl Brol Med,
99, 698 (1959)

Burgdorfer, W, [ Infectious Discases, 104, 101 (1959)

Dempsher, J, Larrabee, M. G, Bang, F B, and Boduan, D, Am J Physiol,
182, 203 (1955)

Dempsher, J, and Riker, W K, J Physiol (London}, 139, 145 (1957)

Dempsher, J, Takumaru, T, and Zabara, J., / Physiol (Londonj, 146, 428
(1059)

Medvedeff, V M, Zhur Mikrobiol, T, 43 (1954)

Ado, A D, and Alekseyeva, T M, Acta Prrol, 1, 161 (1957)

Bogaest, L. v, J Newropathol and Exptl, Newrol, 18, 204 (1959)

Lutteell, C. N, and Bang, F B, Arch Newrol Psychiat, 79, 647 (1958)

Luttrell, C N, Bang, F B, and Luxenberg, K., Arch Neurol Psychiat, 81,
285 (1959)



VIRUS DISEASE 17

62, Feldberg, W., and Luttrell, C. N, J. Physiol (London), 143, 68 (1958)
63. Rowe, \WV. P, Hartley, J. \V, Cramblett, H. G, and Mastrota, F M, Am. J.
Hyg, 67,57 (1958)
64 Nelson, J S, and Wyatt, J P., Medicine, 38, 223 (1959)
65 Bredsky, J, and Rowe, W. P, Proc. Soc. Exptl Biol Med, 99, 654 (1958)
66 Braunsteiner, H, Fellinger, K., Pakesch, F, Beyreder, J, Grabner, G, and
Neurnayr, A, Kiin Wochschr, 35, 901 (1957)
67. Braunstemer, H, Fellinger, K., Pakesch, F., Beyreder, J., Grabner, G, and
Neumayr, A, Wicn Z, inn. Med . Grenzg, 38, 231 (1957)
68 Havens, W. P., New Engl J. Med, 259, 1202 (1938)
69. Beck, V., Proc, Soc. Exptl. Biol Med, 100, 135 (1959)
70 van Tongern, H A. E, Arch ges Virusforsch, 7, 429 (1957)
71. Meesen, H, and Schulz, H, Kifin ockschr, 35, 771 (1957)
72. Bunting, H, Proc. Soc Exptl. Biol. Med, 84, 327 (1953)
73 Gusek, \V, Beit pathol Anat. u allgem Pathol, 120, 302 (1959)
74 Dmochowski, L., and Grey, C. E, Blood, 13, 1017 (1938)
75 Bang, F B, in The Viruses+ Biochemical, Biological, and Biophysical Prop-
erties, 63 (Academic Press, Inc, New York and London, 3 vols, 1959)
76 Bostick, W. L, and Siegel, B, V., Texas Repts Biol Med, 16, 13 (1958)
77 de Ruyck, R, and Mignet, J, Arch dnat pathol, 17, 4 (1957)
78 Schwartz, S O, Schoolman, H M, and Spurner, W., J. Lab. Clin Med,
53, 233 (1959)
79. Schwartz, S. O, and Schoolman, H M, Blood, 14, 295 (1959)
80 Giertsen, J. C, Acta Patho! Scand, 42,7 (1957)
81, Smuth, T, Parasitism and Disease, 64 (Princeton University Press, Princeton,
N7J,19pp, 1934)
82 McCarthy, K, Downie, A W, and Bradley, W H, J Hyg, 56, 466 (1958)
83 Downte, A. W, and McCarthy, K, J Hyg, 56, 479 (1958)
8¢ Coller, L H, and Sowa, J, Lancet, T, 993 (1958)
85 Bell, S D, Snyder, ] C, and Murray, E S, Science, 130, 626 (1959)
86 Hilleman, M, Greaves, A B, and Wemer, J, J Lab. Clin Med, 52, 53
(1938)
Volkert, M, and Matthiesen, M, Acta Pathol Microbiol Seand, 44, 278
(1958)
Matthiesen, M, and Volkert, M, Acta Pathol Microbiol Scand, 44, 440
(1958)
Rindge, M, Jungherr, E L, and Scruggs, J H, New Engl J. Med, 260,
1217 (1958)
9 Leachman, R D, and Yow, E M, drch Internal Med, 102, 537 (1958)
91 Andrewes, C H, Bang, F B, Chanock, R. M, and Zhdanov, V M., Verology,
8,129 {1959)
Shelokov, H, Vogel, ] E, and Chu, L, Proc Soc Exptl Biol Med, 97, 802
(1958)
93 Chanock, R. M, J Exptl Med , 104, 555 (1956)
94 Francis, T, in Piral and Rickettsial Diseases of Man, 633 (J B Lippincott
Co, Phitadelphia, Penna, and Montreal, Canada, 967 pp, 1959
Heller, L, Ecpmark, A, and Virden, P, Arch ges Virusforsch, 7, 120
(1956-57)

2
-]

3

a
i3

2
K



18 BANG
96. Andrewes, C. H., and Worthington, G, Bull. World Health Organization, 20,

435 (1959)
97. Kaplan, M. M, and Payne, A M. M, Bull. World Health Organization, 20,
465 (1959)

98. Abinanty, F, R, and Huebner, R. J., Virology, 8, 391 (1959}

99. Wallace, G D, and Kissling, R E, Bull. World Health Organization, 20,
455 (1959)

100. Burnet, ¥, M, Med J. Australia, 3, 313 (1953)

101 Bang, F. B, and Foard, M, J. Immunol,, 76, 352 (1956)

102. Bang, F. B., and Foard, M., J. Immunol., 76, 349 (1936)

103. Sincovics, J., Arch ges. Virusforsch, 7, 242 (1956-57)

104 Rake, G, in Viral and Rickettsial Discases of Maon, 741 (J. B Lippincott
Co, Philadelphia, Penna., and Montreal, Canada, 967 pp, 1959)

105 Black, F L, Reissig, M, and Melnick, J. L., in Advances in Virns Researck,
6,205 (1959)

106 Carlstrdm, G, Grande Undersokniy av Valpsjuke- och Missli
(Institutionen for Vm:sforsknmg, Karo]mska Insumkt och Bamkhmkm,
Karolinska Sjukhuset, Stockholm, Sweden, 16 pp, 1958)

107, Cabasso, V., Kiser, K. H, and Stebbins, M R., Proc, Soc. Exptl. Biol Med,
101, 237 (1959)

108. Carlstrém, G, Arch ges. Virusforsch., 8, 539 (1959)

109. Adams, J. M., Imagawa, D. T, Wright, 8. W,, and Tarjan, L, Virology, 7,
351 (1959)

110 Kassenberg, J. G, Proc. Soc. Expl Biol. Med, 101, 611 (1959)

111. Klein, M., Earley, E, and Zellat, I, Proc. Soc Expil Biol. Med, 102, 1 (1959)




INFECTIOUS DISEASE: BACTERIAL!

By Vernox Kwienr, M.D.
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National Inshtutes of Health, Bethesda, Maryland

InTRODUCTION

The field of bacterial infection in the past two years can be characterrzed
more by the problems it has presented than by the progress which has been
made. We seem to be in a lull after the period of turbulence which marked
the first of our lation with b No antib: ial drugs
of exceptional and unique properties were developed and no great advances
in the treatment of infection occurred. Diseases of greatest interest were
those caused by staphyl and G gative baailli, i which,
under normal conditions, are bemgn inhabitants of the skin and mucous mem-
branes of man, but which ecither naturally possess, or soon acquire, anti-
The inf caused by these organisms, their fre-
quency, epidemi dencil h treatment, and explanations for
their current prevalence, are the principal problems which are described in
this review. We have formed the opinion that these problem mnfections are
not going to be effectively controlled by presently available antimicrobial
therapy, and that their alleviation must probably await the discovery of new
approaches to treatment Some for such devel may
be found 1n several new concepts of mnfection and 1ts treatment included in

the following review

Starnyrococeal Diseast

Apprehension about hyl i in h Is has resulted
from the fact that the disease is frequent, often fatal, and usually caused
by strains resistant to antimicrobial drugs. It is certain that the high prev-
alence of resistant staphylococei in hospitals 1s an effect of the use of anti-
mcrobial drugs, and the possibility has been considered that the present
Problems with infection may, n part, reflect a greater than usual capacity
of these staphylococer to cause 1llness.

According to Langmurr (1), hyl 1 infections in hospitals may
be separated ito four general categaries: (a) pyoderma neonatorum and
its comphications; (b) mastitis and breast abscesses 1n postpartum mothers;
(¢) surgical wound infections; and (d) nfections superimposed on other
diseases in debilitated patients. These latter mnfections occur characteristi-
cally on medical wards.

In 1958 the American Hospital Association (2) and the Joint Com-
mission on Accreditation of Hospitals (3) took formal notice of the problem

© The survey of the literature pertaining to this review was concluded in July,
59
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by issuing bulletins to hospitals r d dures for the preven-
tion and control of staphylococeal and other infections The bulletins were
published following di: i of staphylococcal disease at conferences
sponsored by the American Public Health Association (4 to 7) and the
American Medical A ion (1, 8 to 14). Sub ly, the Communi-
cable Disease Center, U S Public Health service, with the National Acad-
emy of Science and the National Research Council, sponsored two meetings
(15, 16) in which representatives of numerous branches of medicine met to
constder the problem,

The results of the various conferences 1n terms of development of ef-
fective control measures were few. A summary prepared after the confer-
ence called to consider environmental aspects of staphylococcal disease (16)
is indicative of present thinking on the problem. It was concluded that
staphylococcal disease is endemic in hospitals, that the epidemiology is in-
complete, but control measures must be started while knowledge 1s accumu-
Iating, and that criteria for housekeeping practices and air conditioning de-
sign as related to control of spread of infection are virtually non-existent.

It could be added that current therapy of sertous infections is relatively
inadequate and an important deficit exists 1 our knowledge of the micro-
biology and immunology of the disease. Recent reports, however, have pro-
vided some additional useful mnformation One of particular interest is a
comprehensive review of literature on Staphylococeus pyogenes by Elek
(17).

Clinical studies—Yow and her associates (18}, in a report on 204 cases
of staphylocoecal infection among children 1n a hospital, stress the fact that
the disease is apt to disseminate 1n nfants, with resulting high mortahty,
especially 1n those born prematurely. They found a mortality rate of 43
per cent among prematures, 1 contrast to a death rate of only 12 per cent
among older children, They felt the rapid dissemnation in infants was indica-
tive of poor host resistance and found evidence of better results in treatment
when bactericidal agents such as bacitracin and kanamycmn were used.
Beaven (19) suggests that staphylococcal infection may be currently on the
increase, based on his observation of five cases of staphylococcal peritonitis
in children in a recent two-year period, in contrast to an absence of such
cases m that mstitution and elsewhere for several years previously The
disease 1s characterized by a tender, distended, “silent,” abdomen. No case
was observed before the fourteenth day of life, which finding presumably 1n.
dicates the presence of protective maternal antibody Several of the cases
were fatal. Another manifestation of staphylococcal infectson 1s staphylococ-
cal spinal meningitis, described by Studdert (20) He considered that some
cases represented local extension from epidural abscesses and stressed the
tocalized spmal mvolvement, Treatment consisted largely of intrathecal and
systemtc pemcillin and only one of seven patients died. Watkins (21),
constdering staphylococeal pneumonia, described frequent pleural complica~
tions of the disease, especially empyema, He reports that closed drainage
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may often obviate rib resection and other general surgical procedures. These
studies stress the seriousness of staphylococcal infection in infants and its
tendency to chronicity and metastasis at all ages.

Jawetz (22) has recently contributed important information concerning
the antimicrobial therapy of staphylococcal infection. As an example of the
benefit of his method of treatment, he described the recovery of 11 patients
seriously 1fl with staphylococcal infection His method is to test the infecting
organism in vitre against most of the available antimicrobial drugs, singly,
and in combinations of as many as six different agents, to determine which
is the most rapidly bacteriocidal. Within limits of tolerance and toxicity,
the best combination 15 used in treatment The course of illness of the pa-
tients was long and relapses were frequent. Drug combinations were changed
at intervals of a week or so; often three to five different drugs were admin-
istered simultaneously. While these were not consecutive cases, the serious-
ness of their illness suggests that these are especially good therapeutic re-
sults. Jawetz’ method is a rational approach to treatment of a disease which
is ane of the greatest present challenges in the field of antimicrobial therapy.

In additional comment, he states that he has observed slight or no im-
pravement in cases of phys cal infi with pensall
strains when high doses of this drug were given alone. This comment was
made in ion with the dation of Fisher (23) and Petersdorff
(24) that penicilin 1n massive doses should be employed m cases of
staphylococeal 1nfection caused by orgamisms partially resistant to peni-
cillin, which was in contrast to the opinion expressed by Finland (25) that

icillin alone, or in was not beneficial against infection which
is moderately or highly resistant to the drug. The reviewet's experience 15
1n agreement with that of Finland

The question of whether or nat 1t 1s advantageous to treat boils with anti-
microbial drugs often arises Scott & Waterworth (26) have provided useful
mformation on this subject by a careful description of a long series of pa-
tients with boils treated with erythromyen or antibiotie £129, and compared
with results obtained on a similar group who were given only time-honored
conservative therapies They found that patients who received antrbiotics
recovered more promptly, had less tissue destruction, and were bacteriologi-
cally negative in a considerably shorter time than were the untreated pa-
tients. Drug treatment did not exceed one week and resistant strams were
not found The decision to use antimicrobial drugs in the treatment of hoils
may depend on many considerations, but this evidence of benefit from treat-
Ment may assist in making the choice

Fatal bacteremia with staphylococei has developed in patients receiving
steroid therapy for a variety of illnesses such as disseminated lupus ery-
thematosus, hemolytic anemia, leukemua, and exfoltative dermatitis. Such
experiences and the knowledge that steroids may cause depressed resistance
to infection and interfere with antibody production (27), have discouraged
their trial in the treatment of staphylococcal imfectian Nevertheless,
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Bertrand-Fontaine & Cheymol (28) have reported their own and others’
experiences 1 which rapid defervescence and impravement followed corti-
costeroid treatment in patients ill with staphylococcal bacteremia A similar
result has recently come to the attention of the reviewer. These few observa-
tions are obviously an unsatisfactory basis for determming a therapentic
program, but the acceptance of corticosteroid therapy in acute tuberculosis
(in fation with antituberculosis drugs), and its apparently favorable
effect on some other infections (29), indicates the possibility that there exists
a property of corticosteroids which might be employed to better advantage
in the treatment of mfechon if it were better defined.

Epidemiology —To dimi to llin in the staphylococeal
Hora of a hospital, Barber ef nl (30) ahandoncd the use of this drug and
subststuted erythromyein, ch 1, and in in various com-

bimations. Combinations were used to retard the development of resistance
known to follow the use of erythromycin and novobjocin alone. From ob-
servations of resistant strains produced during a six-months’ study, it was
determined that there was evidence of cross-resistance between erythromy-
cin and chloramphenicol, so that at times the use of one of the drugs would
result m strains resistant to both drugs. No such effect was disclosed with
novobiocin. In vitro studies later confirmed the existence of cross-resistance
between the two drugs It appears that the use of this combmation should be
avoided if possible.

‘Whate et al. (31) have shown that the admunistration of penicillin and,
on a later occasion, tetracychne, to patients in a mental hospital in whom
resistance of staphylococei to these drugs was very low, was nevertheless
followed by a rapid increase in staphylococct resistant to the respective
agents. They suggested that programs of restriction of use of penscillin and
tetracycline m order to restore their therapeutic effectrveness in staphylo-
coccal infections, were not likely to succeed

While it was admitted eariter that methods for the control of spread of
staphylococeal infecttons were inadequate, some outbreaks appear to have
been terminated by the identification and removal of carriers of the epidemic
strain from the area (5, 6, 32, 33). Such efforts are not invariably successful
and Williams el al (34) have described an outbreak m which vigorous and

d efforts to el carrters and improve environmental sani-
tation were not successful They felt that infection was so widespread in
their hospital that the measures described could not be successful unless pa-
tient loads were reduced to the pownt where more extensive isolation of
cases and carrters could be achieved This, they felt, might prove to be mm-
practical

Tt was imphed in these authors’ reports that when the strain of staphylo-
coccus causing an outbreak 1s widely disseminated among patients and per-
sonnel of 2 hospital, the control of infection may not be possible short of
closing the mstitution or greatly reducing ats services. In certain geographic
areas the need for hospital facilitres 15 so urgent that only under the greatest
pressure can patient-care programs be restricted Outbreaks among adult
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patients are less hikely to become severe enough to require closing the hos-
pitals but in nurseries this expedient is not infrequently necessary. An ex-
ample of such an outbreak was described by Timbury ¢t al. (35), in whicha
severe nursery outbreak was terminated by this procedure,
Laboratory—The di is of staphyls 1 infection by serologic
tests has been attempted many times and, although immune responses to the
infection do oceur, for various reasons, successful tests have not been de-
veloped. A more promising effort n this direction has been described by
‘Towers & Gladstone (36). Their test is based on the demonstration of an
antibody to a non-hemolytic leukocidin produced by coagulase-positive
staphylococer, This leukocidin was first described by Van der Velde in 1894
The leukocidin prod h istic d ive changes in human white
cells in vatro which can be prevented by the presence of the specific antibody
in the patient's serum (37) Although only about one-half of a series of cul-
tures of coagulase-positive staphylococas were found to produce this sub-
stance in 1itro, 82 per cent of 83 cases of staphylococcal infection showed
1ncreased antileukocidin titers, In contrast, titers of antialphahemolysin, an-
other test for staphylococeal mnfection, were elevated in only 33 per cent of
the cases. Among cases of phyl 1 infection, teukocidin was
increased in 17 per cent while none showed increase mn antialphahemolysm.
It was postulated that some patients with non-staphylococcal infection might

also have add 1 small i i caused by hyl i to account
for the cases indicating apparently false positive reactsons. This test may
prove valuable in the d of staphyl i ions, but it is also

of importance in that it is one of the few examples of consistency between
human infection resulting from staphylococcus and an immune response to
1t

A valuable development 11t studies of the immunology of staphylococcus
is a procedure which causes ascites 1 mice rich in staphylococcal antibody.
Lieberman and her colleagues (38) have found that Freund’s adjuvant
(paraffin oil, a solubilizing agent and heat-killed 21 butyricum) lete, or
lacking Af. butyricum, when combmed with preparations of staphylococcal
cells and 1njected intraperitoneally will, within a few days, cause ascites in
mice with a high titer of staphylococeal agglutinating antibody (1-2000 to
14000) Several ml of flurd may be withdrawn at each of several aspira-
tions. This methodology provides a jent means of producing relatively
large volumes of staphylococcal antibody and may also make for rapid com-
parisons of different antigens of the orgamsm

By observing colony growth in soft agar, Finkelstein & Sulkin (39) have
shown that coagulase-positive colonies of staphylococcus grow in a compact
manner in human or rabbit plasma, whereas coagulase-negative strains
grow in loose clumps They refer to this as a “colony compacting” reaction
Based on studies made of rabbits injected with a staphylococeal vaccine, it
appeared that the degree of compacting might be a measure of antistaphylo-
coccal antibody, This reaction 1s apparently similar to the dense clumping of
coagulase-positive colonies which are often seen in diagnostic blood cultures
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of patients with staphylococcal bacteremia. Szeto & Halick (40) have shown
that production of coagulase is supported by a dialysate of heart infusion
broth, a substance they believe to be a polypeptide. In another study of
nutritional requirements for enzyme production, Steinman & Murtaugh (41)
have devised a synthetic medium containing 14 amino acids which supports
moderate growth and considerable penicillinase production of a penscillin-
resistant culture of staphylacoccus. However, if isoleucine, one of the 14
amino acids, is omitted from the medium, growth but no penicillinase for-
mation occurs. Leucine, serine, and valine act in a similar way but to a
lesser extent.

One hoped-for result of the search for methods to control enzyme pro-
duction of staphylococei would be the devel of ways of employ
them to modify virulence or drug resistance in human infections, Sallman
& Streitfeld (42) have approached the problem of penicillinase production
of staphylococer directly by seeking compounds which inactivate penicil-
linase, hoping that their administration might restore the effectiveness of
penicillin in wivo agamnst staphylococci. They found that trypsin, chymo-
trypsin, quinacrine, and chloroquin had the greatest effect of the several
compotnds tested in vitro. No studies are yet available of in vivo tests.

Hanka & Lockhart (43) have found a strain of Staphylococcus aureus
which is inhibited by dicthylstilbestrol, but not by several closely related
compounds Using the organism in a bio-assay, 1t was possible to detect drug
concentrations of only a few micrograms. It 15 not known how widely sus-
ceptibility to diethylstilbestrol is distributed among staphylococei, nor is
it known what relationship exists between the endocrine effects of the com-
pound and its antibactersal action, but 1t would be interesting to consider
the possible application of the substance in staphylococcal infection.

PYELONEPHRITIS

In the two years since pyelonephritis was last considered in these vol-
umes, important new information has appeared concerning several aspects
of the disease The modern criterta for the diagnosis of pyelonephritis were
described by Weiss & Parker in 1939 (44), based upon clinical and autopsy
studies. Recently, Merriam of al (45) have praposed crteria for the micro-
scopic diagnosis of pyelonephritis based on observations of renal biopsies
from hypertensive patients Insofar as they are comparable, there s agree-
ment on the eriteria set forth in the twa studies. In addition to chrome
pyelonephritis, Merriam and his colleagues distinguished acute and healed
lesions of the disease. Their criteria for microscopic diagnosis were: chronic
pyelonephritis—irregular scars, dilated tubules contaimng colloid, protein
casts, and plasma cells mingled with other leucocytes in the stroma. The
presence of plasma cells was considered essent:al to the diagnosis; healed

e B ata
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biopsies from about 1700 patients with hypertension gave evidence of pyelo-
nephritis, predominantly of the chronic variety. Tt was further found that
while nearly all of these patients had arteriolar sclerosis, it was more severe
in the patients with pyelonephritis. In another recent study by Baumanis
¢t ol. (46) of 90D consecutive autopsies in a chronic disease hospital, 20 per
cent of the cases were found to have pyelonephritis but only 10 per cent
of the cases of pyelonephritis had a history of hypertension In a study of
977 autopsies from U. S. Veterans hospitals (47), pyelanephritis was found
to be present in 14 per cent of the cases, although no statement was made
concerning the occurrence of hypertension.

Thus, pyelonephritis and hypertension co-existed in only about 10 per
cent of a series of cases of hypertension and to the same extent in a series
of cases of pyelonephntis This low rate of comcidence of the two diseases

' .
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ever cause-and-effect relationship exists between the two diseases.

In this connection, Riley & Knight (48) have described increased fre-
quency of hypertension m patients with chronic, severe paralytic poliomye-
htis The hypertension often first appeared in the acute phase of the disease
and continued throughout many months of the chronse paralyzed state. In
seeking a cause for the hypertension, they found a negative correlation be-
tween the occurrence of pyelonephritis and hypertension wn these patients.
In 2 more recent report, Shapiro et al. (49) failed to find a development of
significant hypertension 1 rats with severe experimental pyelonephritis
which they observed for pertods as leng as one year.

There is some agreement that the bacteria which cause pyelonephritis
origmate 1n the gut. A number of routes have been desenibed by which
mieroorganisms may be carried from the intestinal tract to the kidney to
¢cause infection In a recent discussion of the question, Gornill (30) suggests
that spread through urine to bladder 2nd up the Iumen of the ureter to the
pelvis of the kidney, or by the hematogenous route, are the most popular
turrent alternatives Gorill believes the hematogenous route to be the most
important, but he recognizes that the mability of intravenous mjections of
Escherichia coly to cause pyelonephritis unless there is concomitant obstrtie-
tion to urinary flow mdicates a morc complex ¢hain of events Talbot (51)
agrees that pyel may sn onign, but when st fol-
lows infection 1n the bladder, he bel;eves it may ascend to the kidney through
the subepithehial areolar tissues common to the bladder, ureter, and kidney
pelvis. Moreover, once the lower ureter has become inflamed obstruction
to the flow of urine may oecur, adding this important contributing factor to
the pathogenesis ‘This thests has much to recommcnd nt

New information the h lonephritis has
emerged from the findings that the renal medulla and cortex react differ-
ently to inoeula of bacteria In 1956, Gornill (52) discovered that following
intravenous injection, the number of bactersa in the medulla of a kidney
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with ureteral obstruction increased logarithmically without delay, while in
the cortex there was a lag period of about 90 min. before logarithmic in-
crease began. These changes continued to occur in the medulla for several
days after the release of the ureteral obstruction, whereas the renal cortex
promptly returned to its normal high resistance to infection. Thus, the
ureteral obstruction necessary to produce most kinds of experimental pyelo-
nephritis only briefly increased the susceptibility of the cortex to infection
in contrast to 2 prolonged state of increased vulnerability of the medulla.

Further evidence of the greater susceptibility of the renal medulla to
infection was reported by Beeson, Rocha & Guze, in 1957 (53) and, in
later reports, by Rocha, ef al. (54) and Guze & Beeson (55). Instead of
itiating ureteral obstruction as a condition necessary to produce experi-
mental infection, they damaged the renal cortex and medulla by electro-
cautery. Following this the animals were inoculated intravenously with a
culture of E. coli. It was found that 85 per cent of those animals with

dullary lesions developed acute pyels hritis at the sites of injury while
none developed in renal cortices similarly damaged. Bacterial counts made
of medullary tissue showed a prompt increase and, in agreement with
Gorrill’s findings (52), a delay of growth in the cortex, Furthermore, bac-
terial counts in the cortex never sreached the high values of those in the
medulla. Guze & Beeson (55) also found that fewer than 10 bacilli inocu-
lated directly into a damaged medulla would inittate infection while 100,000
or more were usually required to accomplish the same result in the cortex.
The medullary lesions were described by these investigators as “intrarenal”
hydronephrosis, and it was their concept that tubular obstruction was in
some way causally related to the mncreased susceptibility of the remal medulla
to infection

No recent significant advances in the treatment of pyelonephritis have
appeared Jackson et al (56) have described recent therapeutic experiences
which provide critersa of the best in the current therapy of this disease.
They found that about 70 per cent of patients with acute manifestations re-
sponded well to antimicrobial therapy but that relapse occurred in more
than one-half of a group of such patients within a few months. Among
chronic pyelonephritis patients only about one-fourth responded to treat-
ment, but 1t was pointed out that prolonged illness was in part caused by
non-infectioys disease. These investigators treated patients with acute
pyelonephritis for ten days to three weeks and chronically ill patients for
as long as six weeks,

Based on more or less an empiric experience, there has been an mcreasing
belief that urinary tract infection should be treated for a long period of
time. While a shift to a microbial species resistant to antibodies may occur,
thus diminishing the benefit of treatment, a number of observers feel that
the prospect of a more durable cure from long treatment justifies its use

57).
¢ I)ivaluation of therapeutic agents 1n urinary tract infection 1s difficult be-
cause of the frequent presence of underlying urologic disease which modifies
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the course, and because T pecur. As a o e,
estimates of the effect of antimicrobial therapy should place strong de-
pendence on studies of the bacterial flora of the urine before and during
treatment, and for a mimimum of several weeks thereafter. In this way
accurate laboratory information can be secured to supplement clinical ob-
servations. A study which reveals the value of this type of surveillance was
reported by Dack et al. (58) wha discovered that although clinical remis-
sion was prompt, 8 of 30 patients with non-obstructive acute pyelonephmtis
had bacterturia for several weeks after leaving the hospital. E coli was
isolated from seven of the patients initially and from six subsequently.
Treatment at first admission was given for 7 to 18 days but most often
for only one week. Retreatment was given for a similar period. It seems
certain that patients in whom persistent infection 1s found, whether sympto-
matic or not, are at great risk of chronic pyelonephritis and special effort
should be made to detect them so that sufficient treatment may be given.
Better than the treatment of pyeloneph would be its pr ion. The
greatest application of preventive measures lies in giving protectron from
renal mfection during urologic procedure or catheterization It 1s almost a
general practice to give “prophylactic” antibiotics before surgrcal procedures
and during periods when catheters are 1n place. There is no uniform agree-
ment as to the benefit or lack of benefit of such measures Recently, how-
ever, Weyrauch ef al. (59) have approached the problem through studies
of acute pyelonephritis 1n ammals They found that the admmstration of
tetracycline to rabbits inoculated with E. cols in the presence of obstructed
ureters pi 4 the devel of pyelonept which occurred in
almost all control animals not given antibioties. The drug was given one
day before inoculation with bacteria and continued for five days. In another
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biotic treatment before certain urologic surgical procedures.

BacterIAL PNEUMONTA COMPLICATING INFLUENZA

‘The pandemic of Astan influenza struck many large cities in the United
States almost simultaneously m the Fall of 1957 and, to a lesser extent,
the following Spring In New York (60, 61), Boston (62), New Haven
(63), Cleveland (64), and New Orleans (65) studies were made of severely
1ll or fatal cases, in many of which bacterial pneumonia was a complication
In addition to bactersal pneumonia, there were cases in which the diagnosis
of pure wiral influenzal pneumonia was made, based on negative cultures
for pathogenic bacteria, evidence of influenza viral infection, and proof
o'f preumonia on chnical or pathological grounds Not infrequently, both
diseases were recognized in the same patient. The ‘Preumococcus was the
most frequent cause of bacterial pneumonia but most of the “fatal” cases
of h§c(exial pneumonia were caused by staphylococer. In addition, many
fatalities occurred among those with pure viral influenza The preumonia
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afflicted all age groups and many fatal cases occurred after only a brief
illness among young, previously well persons, in a manner reminiscent of
the devastating 19171918 pandemic, There was considerable agreement in
the findings that pregnancy, rheumatic or other cardiac disorders, and
chronic putmonary disease increased susceptibility to pneumonia and death
{from snfluenza, Treatment of pure influenzal pneumomnia was fargely sup-
portive with emphasis on oxygen therapy to prevent suffocation. It was not
notably effective Compl, g 1 usually responded
to treatment while those with staphylococcat involvement often ran a fatal
course. Martin et al, (62) felt that cases of all kinds of pnenmonia occurring
in an infl id should be promptly treated as staphyl 1 in ori-
gin, since the disease often progressed too rapidly for definitive pretreatment
diagnostic studies.,

BACTERIAL ENDOCARDITIS

Dormer (66) described data which reveal a decline in martality from
endocarditis 1n England and Wales from about 800 annuaily in 1944 when
penicatin first became available to hittle more than 300 in 1952, with little
further reduction subsequently. In a review of cases at a British hospital in
the period 1945 to 1956, he faund that about two-thirds of the endocardial
infections 1n 82 cases were caused by Sfrepfococcus viridans and only five
were caused by staphylococei, two of which followed the only two mutral
valvulotomies described 1n the series. The immediate mortality of the whole
series was 25 per cent and there was a recurrence rate of 18 per cent. In
the United States, Hofiman ct al. {67) cite reports of an increasing inci-
dence of staphylococeal endocarditis in recent years and, m accord with
this trend, describe 26 of 40 cases of endocarditis arsing after cardiotomy
for acquired heart disease caused by staphylococer These were about equally
divided between lase-positive and \l ive stramns. The
mortality rate of patients with staphylococeal infection was 50 per cent.

Finland (25) has recently reviewed the present treatment of endocarditis
It is tis experience also that about 50 per cent of staphylococcal endo-
carditis cases succumb In addition, he notes that mortality is high n the
cases of endocarditts 1n which blood cultures are repeatedly negative He
expects as lgh as 90 per cent recovery, however, from infection with
penicillin-sensitive organisms, such as most strains of Sireptococcus viri-
dans Staphylococeal endocarditis may be treated by Jawetz’ method
S. wiridans and enterococcal infechions may be treated with streptomycin
and high doses of penicillin for three to several wecks, depending upon the
response Enterococcal ifections usually require longer treatment,

REEUMATIC FEVER AND STREPTGCOCCAL INFECTION
Of particular recent sipnificance 1n problems of streptococeal infection
and rheumatic fever 1s the preliminary report by Mortimer, Vaisman et al.
(68) of a probable reduction sn valvular heart disease among acute theu-
matic fever patients treated with peniaillin Treatment was begun within
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a few days of the onset of 1llness and continued for six weeks. At this time,
these patients and matched contrals previously not treated with peniciliin,
were given reposttory penicillin treatments for one year. Studies at this
time revealed that only 6 of 29 patients receiving pemcillin had persistent
organic murmurs, while 15 of 29 controls had such murmurs. This degree of
difference was demonstrable only by removing from consideration patients
in control and treated groups m whom fixed valvular disease was considered
10 exist before the imitiation of treatment

Numerous comparisons between controls and treated patients gave no
evidence that p Hin in any way alleviated the acute ifo ions of
the disease The authors comment that the apparent described effect of
pemecillin on valvulitis may indicate a different pathogenests for this part
of the disease, possibly a direct effect of the streptococeal infection. Un-
doubtedly, verification of these studies will continue, but until such findings
are available established dicta should be followed to employ chemoprophy-
laxis mn cases where there 1s risk of rheumatic fever, to detect it early when
1t occurs, and to treat 1t vigorously and suffictently when 1t 1s identified

It should be tecalled that only a small percentage of cases of acute
respiratory infection are caused by group A streptococcal infection, and
that few of those of non-streptococeal origin require treatment A Bntish
practitioner (69) withheld antimicrobial treatment in a series of cases
of tonsillitis and other acute respiratory infection until defimte indicattons
for it were established He finally treated 25 per cent of the group. Rheu-
matic fever and other complications were not discovered in either group
and 1t was considered that treatment 1s not needed 1n many of these patients

It has long been appreciated that rheumatic fever is more prevalent
11 low 1ncome groups In New York City (70), studies have now shown that
3 dechne has occurred 1n rheumatic fever recurrences among children of
school age from about one 1 four before 194 to one 1n seven smce then
The improvement was attributed to better living conditions prevailing re-
cently and not to the use of anttmicrobial drugs

Interesting new information on the effect of pemeillin on streptococcal
immumty has been provided by Jannson & Klemola (71} 1 a study of
second attacks of scarlet fever after pemeclin treatment. Earbher data
mdicated that no more than two per cent and usually somewhat less than this
number of untreated patients experienced second, late attacks of scarlet
fever 1 periods of observation of five to nine years They found, however,
m a study of 7837 cases in Helsinki which were treated with pemeillin, that
second attacks at least three months following the first occurred 1n §
per cent of the cases The second attacks were most frequent among pa-
tients whose pemicaflin treatment was begun early in the illness

TREATMENT OF Bacremiat Inrecrions Wit Gamia GropuLiv

A recent development wn studies of bacterial infection has been the ob-
servation that gamma globulin 15 active against infections produced by
certamn bacteria which cause human infection Cameron, tn 1947 (72) and
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1949 (73), demonstrated these effects n experimental veterinary bacterial
infections using gamma globulin from animal sources. Sonea et al. (74) in
1956 and, later, Fisher ¢t al. (75), employ ed gamma globulin of human origin
in treating experimental infections in muce. The beneficial effcet appeared
to result from the content of specific antibacterial antibody since it could
be removed by adsorption (76, 77) and its patency varied widely among
vanious bactenal species (75). Thus, doses of 3 to 12 mg. per kg. of body
weight protected 50 per cent of infected mice agamst staphylococcal infec-
tion and approximately 50 mg per kg. protected them agamnst Psendomonas
infection. More than 100 mg. per kg. were required to protect 50 per cent
of mice against Protens, E. coli, strep 1, p 1, Sal H
and certain other bactenal infections. In an average man, 40 to 50 ml, of
commercially available gamma globulin constitutes a 100 mg per kg. dosage,
while only a few milliliters would be required for the 10 mg./kg. dose.

Investigations (77 to 80) have also shown that gamma globulin en-
hances the activity of chloramphenicol, ristocetm, and tetracycline in ex-
perimental amimal infections. The enhancing effect as most evident agamst
infections with staphylococet, streptococci, and Pscudomonas. Several ab-
servers noted that there was vamation in the effect of different lots of
gamma globulin.

Stimutated by these reports a number of investigations have now been
made of the effect of gamma globulin 1 human bactenal infection (81,
82, 83). In most cases, antibiotics have been used with gamma globulin,
Infections from staphylococc: were most frequently treated, especially
osteomyelitss, but cases of salmonells mfectson, tuberculosis, and pyela-
nephritis were included The umform result was that two-thirds to three-
fourths of patients showed excellent responses to treatment. On a number of
occasions, this followed fajlure of antibiotic therapy alone All of the cases
described had approximately normal values of circulating gamma globulin
before treatment and these were nat appreciably changed by it. Doses
varted from 20 to 60 mt per week Treatment failures were associated with
retamned Sequestra, mixed infections, or microorganisms resistant to the

i used. Sal ! were notable for their lack of 1m-
provement with the treatment.

Most cases of infection so far described which have been treated with
gamma globulin are comphcated ones which have failed to respond to
other theraptes Evaluation of the beneficial effect 1s necessarily hughly
subjective, Nevertheless, the detailed reports pravided lead to the defimte
opinion that gamma globuhn, especially when used with antibiotic treat-
ment, has definite therapentic activity in bacterial mfections, especially in
those caused by staphylococet

PreVENTION OF INFLCTION 1N CitroNIC PULMONARY Disease

A pressing problem in present-day practice 1s that of bronchitis and
which ph hi is, and other chronic




INFECTIOUS DISEASE. BACTERIAL 31

pulmonary diseases. Antibiotics have been used liberally to prevent these
nccurrences but hittle definitive evidence has been obtained as to their bene-
fit Cherniack e al. (84) have recently studied the problem of the effects of
several drug regmens given continuously to a large number of patients
for several months under di which permit h luati
They found that patients treated with tetracycline had significantly fewer
fower pulmonary tract infections than those who received placebos. Penicil-
Iin and oleandomycin together showed some benefit, while penicillin treat-
ment alone was indistinguishable from placebo treatment. The relatively
large doses of drug, 20 gm. daily for tetracycline and correspondingly large
for the others, were not i d by severe intol or toxicity. Pul-
monary function did not change in the patients during treatment, nor was
the volume of sputum production altered, even n patients who showed a
reduced frequency of infection. These studies demonstrate the value of
preventive treatment against supertmposed pulmornary infection, but the
current cost of several dollars dasly for sts use will unfortunately preclude
its wide application.

PsEuDoMONAS SEPTICEMIA

It is difficult to escape the impression that Pseudomonas septicemia is
more frequent now than a few years ago. It is certain that in institutions
which care for large numbers of patients with leukemia and cancer the
disease is refatively common (85) On the leukemra service at the National
Institutes of Health, it occurred in 13 patients in a 20-month period of ob-
servation Twelve of the patients died. During this time, there were 16
cases of staphylococcal bacteremia on the same service, but only four died.
Pseud pti 15 a illness, often associated with
hypotension, jaundice, cardiac arrhythmias, and fever. The median survival
time after the first positive blood culture was only 4.0 days among 23 cases.
Among various possible provocative factors studied, it was found that anti-
microbial therapy with broad spectrum agents and treatment of Jeukemia
with antimetabolites were frequently associated with Pseudomonas septi-
cemra The fact that 22 of a total of 23 cases died, indicates that the cireumn.
stances of its occurrence and the ineffectsveness of present treatment give
the drsease at present a nearly hopeless prognosis

ToxicITY OF ANTIBIOTICS

There has been little reason to suspect that broad spectrum antibiatics
have appreciable renal toxic effects. Farbat et al (86), however, have
measured serum concentration of some of these agents in patrents with
fahing renal functions 2nd have found them to be greatly elevated In
further study of the problem they administered large doses of tetracychne
derivatives and chloramphenicol to rabbits. They found that intraperitoneal
doses of drugs sufficient to produce serum concentrations of 20 pg per ml.
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tetracyclines or 40 pg. per ml of chioramphenicol resulted in uremia

within 7 to 10 days. With increasing nitrogen retention, blaod concentrations

of

the antibiotics increased rapidly, The doses given to the animals wete

greatly i excess of those usually given to man However, the pronounced
increase in antibiotic concentrations with renal msufficiency suggests that
average doses comld accuralate in paticnts with uremia and cause further
renal damage,
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¥ /GASTROINTESTINAL DISEASE:
PORTAL HYPERTENSION*

By Cuarres G. Curp, 3rp, M D2

The Department of Surgery, University of Michgan Medical Center,
Ann Arbor, Michigan

In 1942, Frank Mann (1) characterized the circulation of the liver as
“a subject so old that it 1s almost buried beneath its own Iiterature.” Portal
hypertenston, related so directly to the ! of hepatic circulati
appears well on its way to similar interment. The publications of the last
year or two on this subject have been numerous. In addition to a large num-
ber of conventional screntific articles, texthook chapters have been rewritten
and enlarged, one full size book (2) ts available, two outsized monographs
{3, 4) have appeared, and one excellent symposium (5) has been reported
Much valuable mformation on portal hypertension is also available in a
varety of texts on liver disease (6,7, 8).

DiacNosis

Judged from the number of reports (9 to 13), percutaneous splenopor-
tography has been enthusiastically accepted as an important ad in the diag-
nosis of portal hypertension Figley (14) has reviewed his own experience
with this venographic technique and surveyed that of others He lists

h 1 ity, local hesia (except in children), and small doses
of sodwm acetrizoate (Urokon Sodiim) as the advantages of the pro-
cedure Figley considers the hazard of intraperitoneal hemorrhage minor
(about 2 per cent) and the information obtained relevant to the site of ob-
struction to portal blood flow accurate and sigmficant Panke (15) working
in Rousselot’s department of surgery has recorded hfs group's experience
with 266 1 tograms They lude that these provide
reliable information on the presence and nature of portal obstruction Spleno-
portography is particularly valuable as a diagnostie technique when com-
bined with splenic manometry Inherent dangers were bleeding (2 per cent)
and pyogenic mfection (2 per cent), a failure rate of 5 per cent occurred.
Also emphasized 1s the usefulness of the procedure 1n evaluating postopera-
tive patency of end-to-side and side-to-side portacaval shunts

A variation on splenoportography in portal hypertension is costal inter-
osseus venography (16, 17, 18). Here the marrow cavity of the Jower Jeft
ibs is injected with a radiopaque substance and films of the lower chest

* The survey of the hiterature pertaining to this review was concluded in August,
1959

? Supported in part by a research grant from the National Heart Institute,
US Public Health Service and tn part by Medical Research Contract
#DA~49-007-MD748, Department of the Army, Office of the Surgeon General
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and upper abdomen obtained. The normal costal, azygous, and hemiazygous
venous systems are distorted in portal hypertension. Sufficient expenence
with this method 1s not yet available, however, to rival percutaneous spleno.
portography in the diagnasis of portal hypertension.

Wedged hepatic venous pressures, continue 1o be used widely in the
diagnosis and study of portal hypertension (19, 20, 21). Many have shown
that pressures obtained by this method are high where portal hypertension is
caused by cirrhosis of the liver, and normal or but fittle clevated in portal
thrombosis. When measnrements are made in the hepatic venule simultanes
ously with those in the splenic pulp and splenoportograms are obtained,
valuable information on total hepatie hemodynamics becomes avaitable, In
addstion te tts manometric useinlness, snmples of blood drawn Srom within
the hiver provide important data on hepatse blood flaw and metabolism, For
mstance, Castleman ¢t al. (22) have shown that portal pressure rises sig-
mficantly in some patients with airrhosis after ingesting tmeat but not after
glucose. This ph may find apphication in the medical management
of patients with portal hypertension

Merprcar, TREATMENT

Attention continues to be accorded to medical treatraent of portal hyper-
tension as a method of lowering portal pressure and preventing variceal
hemorrhage. Leevy and us associates (23) have shown that the partal prese
sures {wedged hepatic vein and intrasplenic pulp) of patients with mifd to
intermediate cirrhosis may fall from hypertensive levels of 35 or so centi-
meters of saline to as law as 10 to 12 cm of saline after two to three months
on carefully controlled dietotherapeutic programs Ths decrease in pressure
achieved by medical treatment alone was assotiated with both clinacal and
biochemical improvement and with an increase sn hepatie blood flow; in
threc patsents varices subsided completely Pattents with advanced cirrhaosis,
however, faifed to denive such sigmficant benefit from treatment. Here, falls
1 pressure from 35 to 25 cm. of saline were alf that could be anticipated.

Danowsk: (24), writing on the usefuiness of fow-sodium diets, empha-
sizes that in circhosis with ascites the success of saduum restriction i achiev-
ing clinical improvement is often governed by maneuvers designed to im-
prove renal excretion of sodmm. A variety of measures may induce diuresis
in some patients with cirrhosis but 1n most permarnent remission from ascites
does not appear uness underlying improvement in hepatic function follows
Blakemore & Voorhees (25) have agan emphasized protracted medical
treatment prior to portal decompression for patients manifesting significant
.degrees of hepatic decompensation.

SuRrcICAL TREATMENT

By far the largest number of recent articles on portal fiypertension have
come fram surgical climes These record in detail individual experience and
tribulation n preventing vanceal hemorrhage by portal decompression.
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There is unanimous agreement that shunts of good size which remain patent
fully protect patients with intrahepatic or extrahepatic block from recurrent
hemorrhage. There 1s less agreement, however, concermng the capacity of;
portal decompression to prolong survival of patients with cirrhosis beyond!
that of the natural listory of the disease.

For the most part, these articles all reflect the major handicap of portal
decompresston today, namely, that of varietal prejudice 1n selection of pa-
tients for operation. Each carefully suggests in one way or another that
ultimately random selection for surgical or for medical therapy will have to
be introduced before the true answer to prolonged survival after portal de-
compression 1s achieved As yet, no one has arrived at this dufficult goal with
complete satisfaction.

Pending Utopsa, Ludington (26) thoughtfully reports an experience with
158 patients with esophageal varices He believes that varices account for
one-third of major upper gastrointestinal hemorrhages and three-fourths of
the deaths from this cause. He believes that 1 90 per cent of patients with
portal hypertension this is caused by cirrhosis of the Iiver and 1n 10 per cent
by portal thrombosis. He also believes that the development of varices or
failure thereof concerns the fortwitous presence or absence of congenital
portacaval shunts whereby victims of ctrrhosis decompress their own portal
systems Medical therapy improves hepatic function in those with and with—,/
out varices, but 1s ineffecttve in preventing or controlling hemorrhage He
records a group of nine patients subjected to decompression, seven porta-
caval and two splenorenal There was one operative death Ludington sug-
gests that the side-to-side shunt may ultimately prove safer than the end-to.
side

Linton (27) again reviews his experience with 173 pattents with cirrhosis *
upon whom 122 splenorenal and 51 portacaval shunts were performed, with
an operative smortality of 12 per cent Lanton still prefers the splenorenal v/
shunt because he believes smmediate and late mortahty of this shunt is lower
and postoperative neuronutritional difficulties fewer. He agrees, however,
that splenorenal shunts carry a higher incidence of recurrent hemorrhage
than do portacavals In his own experience with the medical-surgical quan-
dary of survival Linton finds that under medical therapy alone only 50 per
cent of patients were alive at the end of one year and 20 per cent at five
years, 1 his group of patients selected for portal decompression, 80 per
cent were alive at one year and 50 per cent at five years. Linton continues to
recommend emergency ligation of varices for the immedsate treatment of
acute variceal hemorrhage.

Voarhees (28) records his and Blakemore’s extensive experience with vV
portal decompression In addition to the usual observations on mortality and
morbidity, Voorhees states that 90 per cent of their pattents surviving
operation are alive at the end of thesr first postoperative year, 60 per cent at
the end of their second through sixth years, 30 per cent at the seventh year,
and 20 per cent at the eighth. In this series of 318 patients, hemorrhage re-
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curred in 15 per cent after portacaval and in 45 per cent after splenorcna]/
shunts.

Ferguson (29) reports on 40 shunts in 37 patients at the University of
Minnesota. He affirms that results and mortality depend primarily upon the
degree of selectivity excrcised, that a large shunt which remains open af-
fords permanent protection from variceal hemorrhage, that the end-to-side
shunt is preferred, that shunts should not be performed for patients whe
have not bled, and that shunts are usually effective in the control of ascites.
Spl is 'y for hyper attributable to portal hyper-
tension provided a large portacaval shunt can be achieved Ferguson also
records that six out of 10 of his patients bleeding from their varices but not
decompressed, died of hemorrhage relatively promptly while four were alive
one to six years later One out of six of his patients with varices but without
bleeding ultimately died of hemorrhage while five lived four months to eight
years with their varices but without hemorrhage. Ferguson, too, emphasizes
that shunts may contribute to ammonia intoxication but in his experience
this has been easily controlled by miting dietary protein and administering
neomycin orally.

Patton & Johnston’s discussion (30) of the surgical treatment of portaly/
hypertension summarizes the current dilemma about the precise etiology of
portal hypertension and cause of variceal hemorrhage, They also discuss
differential diagnosts, consider the urgent treatment of actively bleeding
varices, and conclude that at present the side-to-side shunt is superior toy/”
the end-to-side In a sub hnical article Large & Johnston (31)
agam emphasize their preference for the side-to-side shunt and plead that
thoughtful surgeons consider wider application of this variety of decom-
pressive technique,

Hsi-Ch'un’s (32) article on portal decompression considers a large num-
ber of patients with schistosomal cirrhosis. Of 124 patients, varices which
bled were present in 78 per cent, and 30 per cent had ascites. Ninety-five
splenorenal shunts, 27 portacaval and twu lesser shunts were performed
with a mortality of 97 percent A ication did nat-follow any of
the splenorenal shunts but appeared in 11 of the 27 patients with portacaval
shunts. Postoperative bleeding recurred 1n 5 per cent; mn the remamder, the
varices completely disappeared and bleeding did not recur Several patients
were followed with regard to actual portal pressure for some days after op-
eration, For instance, 1f preoperative pressure was 50 em of saline, this fell
to about 32 cm after opening the shunt, to 14, and then to 9 on the first and
second postoperative days, respectively Contrary to most reports these in-
vestigators state that “splencrenal shunt lowers portal pressure more than
portacaval does” This unique feature may bear some relationship to the
high incidence (50 per cent plus) of schistosomal disease or to the enormous
spleens carried by the patients in their series

Marion (33), Panke et al. (34), Welch & Ramos (35), Partington (36},
and Sedgwick & Hume (37) have each reviewed their own series of patients
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with portal decompression. These articles generally support the experiences
listed above. Particular points of interest have been made by the following:
Evans & Payne (38) report excellent correlation between roentgenographic
subsidence of vatices and relief from recurrent hemorrhage after adequate V/
decompression by end-to-side portacaval shunts, Mikkelsen & Pattison (39)
and Clauss ef al, (40) write convincingly in support of urgent portal de-v’
compression for acute variceal hemorrhage. The latter accept h; othermia as

a valuable adjunct to operation. "

In most of the foregaing articles the splenorenal and end-to-side porta-
caval shunts have proved to be most popular. Two groups of investigators,
Longmire ef al. (41) and Large & Johnston (31) have each made strong
pleas for the use of the side-to-side shunt. In the final analysis, both of these
authors advocate this variety of shunt because 1t preserves an open pathway
between the liver and the splanchnic bed Large & Johnston (31) believe that

*some portal blood must traverse the liver while Longmire (41) attempts to
prove this by elegant experiments involving isotope tracers. There has yet to
appear unequivocal proof that this hoped for hemodynamic relationship ob-
tans to any appreciable extent in this vartety of shunt—and that if it did it
has yet to be proved that this is the critical factor in preventing post-shunt
ammonia intoxication.

Early in 1958 Nachlas (42) published a polemic on venous shunts in the
treatment of cirrhotic patients with )i 1 varices He ded, as
have others before him, that a series of similar patients alternated between
medical and surgical therapy is needed before final conclusions are war-
ranted on the overall effectiveness of portal decompression. He even be-
lieves that there is abundant evidence to raise doubt about the value of shunts
and hopes that his literary “effort will be considered worthwhile if it pre-
vents patients from bemng subjected to a procedure of great risk and ques-
tionable benefit.”

In May, 1959, two smportant articles (43, 44) appeared on surgical treat-
ment of portal hypertension emphasizing that survival amongst pattents
selected for portal decompression must not be compared to survival of un-
selected patients representing the natural hie history of ctrrhosis. The oft
repeated jingles of “70 per cent dead withm a year” or “half die within two
months” are mvalid when dealing objectively with the long-term achieve-
ments of portal decompression. Taylor (43) writes that “Those who cite
operative-shunt mortality figures must compare them with the flat survival
curve as mndicated after the first two to three months” and concludes once
again that “patients upon whom portacaval shunts have been performed are
a highly selected group, by virtue of having survived the ravages of the first
or second massive hemorrhage,” Hallenbeck (44) searched the records of
the Mayo Clinic hoping to find patients with cirrhosts who had vomited blood
but who had not been subjected to portal decompression, He expected to
compare these with a sinular group operated upon He failed tn this inten-
tion because accurate data on liver function were not available among the
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older patients in his series and because most of the patients he could find had

dergone spl ¥ often jated with 2 . From a shghtly
different point of view, his conclusions differ little from Taylor’s. Hallenbeck
writes “the principal reason for better survival in the surgical groups (por-
tal decompression) is that the method used to select patients for operation
also select thase most likely to survive the longest.”

Porrar I1YPLRTENSION IN CHILDREN

The problems of infants, children, and young adults with hemorrhage
caused by portal hypettension secondary to poartal thrombosis, have been
considered by Leger ef al. (45), King & Shumacker (46), and Clatwonhy &
Boles (47) Fach has emphasized the unpredictability of the extent of throm-”
bosis, the proclivity of splenorenal shunts to close, and the rarity of successy
with caval-supertor mesenteric shunts. Clatworthy (47) has summarized his
experience with 11 miants and children He believes that extrahepatic block
may early mamfest itself by ascites and growth retardation, Later, ascites
disappears, normal growth is resumed but vaniceal hemorrhages and hyper<
splenism may then appear. He concluded from hus experience that the child
under four years should not be aperated upon, other than transesophageal
ligation of varices in extenuating circumstances of uncontrollable bleeding,
At about the age of four or even older a splenorenal shunt or a caval supe-
rior shunt should be tried Gibson & Rodgers (48) have reported portal hy~§/
pertension as a complication of fibrocystic disease of the panereas,

1

Esorracocastric Resecton

When all efforts at portal decompression have failed, Habif (49), sup-
porting Merendino & Dillard’s (50) orginal efforts, supplies evidence that
almast total gastrectomy and gartial esophagectomy with jejunal interposi-
tioft 15 effective in preventing further variceal hemorrhage. Deloyers ef al.
(51} have d partsat hag ectomy with hagogastrostomy.
The ultimate achievements of esophagogastric resection for varices have yet
to be established but this form of treatment must certainly be considered
when bleeding continues and all hope of successful decompression has been

lost.

Ascrres

When gportal decompression was first practiced for esophageal hemor-
rhage, patients with ascites were widely accepted for operation in the hope
that ascites too would be controlied. Mortahty was high and soon surgical
efforts 1n behalf of patients with asaites were abandoned Recently a number
of clinics have returned to the enticing concept that ascites, refractory to

(56, 57) has reported complete relief of ascites following simultaneous hepa-
tic and portal decompression (Fig. 1). Origimally, ascites was believed to
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subside after decompression because the shunt relieved the liver of the burden
of splanchnic blood flow. Recently, however, critical attention has been
given hyperaldosteronism in cirrhosis and astites and its subsidence after
portal decompression.

There 1s little doubt but that urinary output of aldosterone is excessive in
patients with cirrhosis and ascites (58, 59). The relative importance, how-
ever, of apparent hyperaldosteranism, excessive antidiuretic hormone, hy-
poproteinema, and portal hypertension is not yet clear if one judges from
contemporary reports. Why urinary aldosterone should be elevated in pa-

Fic 1 Diagrammat:c Representation of the Operative Procedure Described as
a “Double” Portacaval Shunt, Which Accomplishes Both Portal and Hepatic De-
compression, (From McDermott, W V, Jr, New England Journal of Medicine,
Vol 259, 1958)

tients with cirrhosis and ascites 1s unknown Excess seeretion and failure of
conjugation have toth heen suggested Henley (60) suggests that, since
plasma volume is elevated in currhosis and since the major area of this in-
crease 1s 1 the splanchnic bed and collaterzl channels, there might exist a
deficit 1n systemic blood volume This 1n stself might promote excess secre-
tion of aldosterone Wantz (61) and Luke (62) have each reviewed this
subject; the former with greater emphasis upon the role of aldosterone and
portal decompression; the latter reflecting the older thoughts with regard to
levels of serum albumim, ant:dwuretic hormones, and medical therapy by diets
Tow tn sodium, 10n exchange resins, and diuretics

Recently new steroids i to ald have been developed
(63, 64) Henley and his associates (60) report on the use of synthet:c Spiro-
lactones SC 8109 and SC 9420 in patients with cirrhosis and ascites. Three
of their patients experienced natiuresis and dwresis during the administra-
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tion of these substances together with chlorothiazide, In these patients it was
found necessary to follow serum ium closely for spirol. alone
raised the serum level of this ion while spirelactene together with chloro-
thiazide depressed it. These investigators found themselves unable to explain
fully the apparent hyperaldosteronism in patients with cirrhosis and ascites
Experience with these substances has also been reported by Kerr et al. (65) V'
working in Sherlock’s department. SC 8109 was administered to three pa-
tients with cirrhosis and intractable ascites. Sodium and water diuresis oc-
curred in two The third did not respond

Miscellancous obscrvations—In addition to the observations reparted
above, less well categorized but important publications have appeared during
the past year or so on problems tangential to portal hypertension With the
development of a vatiety of tubes and balloons for exerting esophagogastric
tamponade a number of casual references to the hazards of these devices
have appeared Conn (66) studied critically the use of tamponade and conv
cluded that it was associated with a greater risk than commonly believed.
Of 50 patients subjected to tamponade, nine died as a direct consequence of
its use while nine more had lesser but non-fatal difficulties. Only 20 were
wholly free of complications.

Currently discussed is the possibility of an increased inctdence of peptic
ulceration after portal decompression. There seems little doubt but that
gastroduodenal ulceration 1s more frequent in patients with cirrhosis than
in the general population [Fainer & Halsted (67); Koide ef al. (68)] but
despite evidence of increased acid in dogs [Dubuque ef af, (69)] with Eck
fistulae it is not known how mmportant peptic ulcer is as a complication of
portal decompression ift man, This subject 1s considered extensively by Clarke
et al. (70), Stlen & Eiseman (71), Clarke ef al (72,73), and Rousselot (74).

Moreno (75), working with Rousselot, has successfully shown that the
severer the hepatic disease the higher the portal pressure. Gliedman ef al.
(76) have clearly demonstrated substantial falls in pressure following por-
tal decompresston Calvert e? af (77} established, by two nicely documentedy”
cases, the syndrome of scleroderma and portal hypertension with varices
and hemorrhage, Taylor, Jackson & Jensen (78) have shown that portal hy-
pertension tn Wilson’s disease resembles that of extrahepatic block rathe
than that encountered m cirrhosis. Warren & Muller (79) have convinced
themselves that portal hypertension is attributable to outflow obstruction and
that the side-to-side shunt is superior to the end-to-side. Tisdale ef al. (80)
repoct fve portal hypertension pavients who were without dempnstrable
intrahepatic or extrahepatic obstruction and suggest “increased blood flow
through the portal vein” as the cause of the elevated portal pressure in their
patients.

Animal experiments—Justice, in this review, can hardly be done to all of
the studies in animals relating to the portal circulatit'm. Mcs.t important are
those of Lanfman (81) who has ded in producing varices in
by stmultaneously occluding the inferior thoracic vena cava by 50 per cent
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and dwiding the azygos vein. Sixty to nincty days later the portal vein is
ligated. In this primate, transient portal hypenenslon has been produced and
large varices develop on the abdominal wall and in the esophagus. Portal
hypertension, however, usually disappears within 90 to 180 days of portal
venous occlusion but the varices remain, With such an animal preparation
as this, the cause of variceal bleeding may soon be found. Davis ef al. (82)
have demonstrated in dogs that following thoracic caval constriction and the
production of ascites aldosterone sceretron rises promptly and reaches levels
three to four times that of normal These experiments, together with other
studies (83, 84, 85) of Davis and His associates, establish the important re-
lationship of hyperaldosteronism to this variety of experimentat ascites.

The liver of the dog has again been successfully arterialized by Cobb
(86), employmng first a reverse Eck fistula and later an arteriovenous fistula
between the aorta and the vena cava. Owsley and his associates (87) have
succeeded in demonstrating that portacaval transposition protects dogs from
ammoma intoxication 1n experimental canine carbon tetrachlorde cirrhosis
Child et al (83) have succeeded in completely reversing venous flow through
the hver in dogs Allen ef al. (89) have produced ascites and modest portal
hypertension in dogs by gradual occlusion of the hepatic veins alone, Grind-
lay (90) has confirmed again Pavlov’s original observation that normal dogs
with Eck fistulae die of meat intoxication. When, however, an Eck fistula is
perfarmed in dogs with experimental cirrhosis or with chronic portal ob-
struction, meat intoxication does not appear Thrs, of course, may partially
answer the question why humans with eirrhosis tolerate portal decompres-
ston as well as they do Grindlay admits these experiments throw “some mud
in the water just to make this subject even more confusing.”

Clearly, portal hypertension is a subject of continuing, vital, and even
emotional interest to a wide variety of investigators in the clintc and in the
laboratory. At the moment, each suggested solution to one or another of the
many problems involved seems to raise a whale new set of questions to be
answered. It seems safe to predict at this time that all of the obscurities of
ntrahepatic and extrahepatic circulation, both normal and abnormal, will
not be resolved for some years to come
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/ HEPATIC COMA™*

By Smema Surmock, M D, FRCP,
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University of London, England

The tempo of research into the problem of hepatic coma enjoyed an
acceleration in 1954 with the observation by Davidson and his associates (1)
that nitrogenous substances mn the mntestine might be injurious to patients
with liver disease. The role of ammoma toxicity, described in the last cen-
tury by the Pavloy school (2), was reinvestigated and further work pro-
ceeded on the general changes in nitrogen metabolism in patients with liver
disease. The importance of the portal collateral circulation as a route from
intestines to brain was emphasised particularly by McDermott & Adams (3)
and by Sherlock and her co-workers (4). The last year has seen 2 slowing
in the progress made and, although many are available for dis-
cussion, none provides a decisive breakthrough i eliciting the exact mecha-
nisms of this serious condition. Many investigators still seem to regard
hepatic coma as synonymous with ammonsa toxicity and disregard other
factors; the majority of contributions, therefore, deal with ammonia
metabolism

General reviews of the pathogenesis and management have been pub-
lished by Grossman (5), Sherlock (6) and, with particular reference to
surgical patients, by Najarian and co-workers (7). De Groote (8) has
written a thesis in Flemish on hepatic coma which has been sustained by
the Untversity of Louvain, Belgtum; this includes a very full bibliography.
The problem, with special reference to ammoma toxicity, has been dis-
cussed by McDermott (9).

CLiNICAL FEATURES AND DIAGNOSIS

The disturbance of consciousness, tremor, and hyper-reflexia of impend-
mg hepatic coma are sufficiently well known not to Ticed repetition. The
importance of adopting 2 clear chinical grading must be emphasized as well
as the need for repeating the climical assessment at frequent intervals, This
is stressed by Summerskill (10) in an analysis published 1n French of a
hundred cases of hepatic coma personally studied.

Davidson & Solomons (11) discussed the differentiation of impending
hepatic coma from delirium tremens, a difficult problem 1n the alcoholic
pattent. In contrast to the patient with impending hepatic coma, the sufferer
from delirium tremens 15 more alert, has more psychomotor activity and

*The survey of the hterature pertaining to this review was concluded in
July, 1959

*The following abbreviations will be used: EEG (electroencephalogram) ; CSF
{cerebrospinal flud); S-HT (5-hydroxytryptamme); S-HTP (5-hydroxytrypto-
phan) ; HIAA (5-hydroxymdoleacetic acid).
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48 SHERLOCK

anxiety, a finer tremor, more rapid speech, formed hallucinations, and
autonomic imbalance,

?hc picture of hepatic coma can be difficult to distinguish from that
arising from various electrolyte disturbances, some_ of which may Co-exist
with hepatic cirrhosts and even with true hepatic coma, Martini & Rausch-
Strooman (12) describe a low-salt syndrome with hypochloremia, hyper-§
kalemia, and azotemia in cirrhotic patients given a rigid low-sodium diet®
and diureties with or without abdominal paracentesis Weakness, lethargy,
muscle spasms, and gastroi inal di i were fated with
oliguria, The condition was usually terminal, but temporary relief was some-
times produced by sodium chloride therapy. Hubble & Morris (13) de-
scribe potassiumrdeficiency- attributed to renal loss in two patients with
cirrhosis The picture of muscle_swgakness may simulate hepatic coma
Potassium deficiency can, of course, precipitate hepatic coma and this will be
discussed later. Magnesium deficiency is said to be assoviated with dis-
orientation, twitching, an hwtremor. The picture Lears only a super-
ficial resemblance to that of hepatic coma although, as the serum magncsiu_ry
levels tend to be low in alcoholics with airthasis (14), the distinction may
have to be made,

Electroencephalography —1t is difficult to have an objective yardstick
to match against the clinical grading of hepatic precoma and coma, Although
the EEG slowing is non-specific, serial changes 1n a patient known to have
liver disease can be used for diagnosis and for following the progress. The
late W, B, Hudson (15) proposed a simple classification of the EEG based
on increasing appearance of slow waves and disappearance of normal alpha _/
rhythms. Laidiaw (16) described a more elaborate method in which the
frequency pattern of the EEG 1s constructed by measuring the speed of
rhythmic activity automatieally and the percentage time at each frequencyy
the mean_frequency. is.thus calculated. This proves to be a very sensitive
method of following the changes 1n the individual patient

AMMONIA METABOLISM

Estimation —The new method of Seligson & Hirahara (17), using
potassium carbonate and bicarbonate for alkalimisation, has been accepted
as satisfactory for determining ammoma 1n the blood. The ammonia is
formed at a slower rate than in the older Seligson procedure In an excef-
Jent review of the methods used for ammonia determinations, Jacquez and
s co-workers (18) finally recommend the use of arterial blood taken in a
heparinized synnge and then iced. The estunation shoufd be performed
vithmn 2 hr, on plasma by the Seligson technigue
’ tThe evolutign of an’;moma 15 greater in oxalated than i1 Keparinized
Blood. In the Seligson procedure, ammonia m heparinized blood from <Eir.
hotic subjects seems to be hiberated more rapidly than i t}ormals, suggesting
that prateins are present which Fontain more labife amide gl:oups 19).

Significance of blood i —A fy_high blood
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ammonia level in a cirrhotic patient is a bad prognostic sign, whereas ﬂ‘
normal_value gives no indication of the outlook {20). In a paper from
China (in English) a good correlation was found between blood ammonias,
Tevels and the state of the liver and the portal collateral circulation (21).
The arterial and jugular bulh ammonia content correlated with the clini-
cal state better than did the venous level, according to Webster & Gabuzda
(22). McDermott (23) found that blood ammoma determinations seemed
ito be of some value in the diagnosis of upper gastrointestinal hemorrhage,
'high levels being present in patients with bleeding esaphageal varices. Un-
fortunately, Stahl & Bockel (24) found that cirrhottc patients, whatever the
cause of the bleeding, had high blood ammoma values and the :snmaticml
could not be used to distinguish bleeding varix from bleeding ulcer. The
level remained high while the bleeding continued and rose again if it re-
,curred. Belkin & Conn (25) found similar results and also recommended
"usmg the blood ammoma and bromsulphalein tests together. A blood
ammoma level exceeding 150 pg. per 100 ml with a bromsulphalein retcntiun%“’"
of 15 per cent was diagnostic of carrhosis
The source of the blood emmonia —The blood ammonia level represents
a balance between iont from the i 1 contents, removal
of ammonia by the liver, ammoma uptake and release from peripheral tissues ‘
‘and brain, and ammonia production by the kidney. The part played by these
‘organs varies from time to time, and in particular depends on whether or
not the patient has liver disease or whether he is 1n hepatic coma.
§ The mtestmal ammoma production largely depends on the proteint
{content of the intestines and their bactersal activity. Lawrence and his co-
1 workers (26) have shown m dogs that blood ammonia rises after hepatec-
“tomy but this 1s prevented by evisceration. This again emphasises the im-
portance of intestinal flora 1n ammonta production. It 1s of interest, how-
ever, that infants, during the first few hours of Iife, frequently show raised
{1 pg. per ml) blood ammoma levels (27) This 1s in spite of absent
putrefactive activity in the intestines, which are sterile at birth. The liver
finally converts the ammonia to urea Pearl & McDermott (28) found raised
plasma citrulline levels 1 patients with disorders of the liver and portaly
circulation, and believed that its conversion to argimne (Krebs<Hensclc1iJ
ornithine cycle) had slowed and that this was a rate-miting and vulnerable
step 1n urea synthesis in man
In normal subjects an mcreased peripheral uptake of ammonta follows
‘.mtravenous wnfusion (29). Artz and ts colleagues (30) observed 1n dogs
that ammonium acetate infustons resulted 1n uptake by perspheral tissues
and bram while the infusion was running and a reversal when the infusion
, stopped. Ammonta diffused freely into the cerebrospmal fluid, Webster &
t Gabuzda (31) noted a decreased uptake of ammonia by the peripheral tissues'
; and bramn i hepatic coma In some instances, the bran might even release‘
\ ammoma

I3

Dawson ef al (32) found that the ncreased artersal ammoma concen-



. “CSF from patients with hepatic coma. In liver disease without coma, or,
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tration after acetazolamide (Diamox) could be related to diminished pe-
ripheral uptake, and the fall in blood levels after the amine oxidase inhibitor,
iproniazid, could be related to increased removal at the periphery (33).

\.MecraNisms or Ceresrar Toxicity

* The biochemical aspects of cerebral dysfamction have been weil-reviewed
by Quastel & Scholefield (34). Theoretically, Bessman (35) postulated that
ammonia intoxication could interfere with cerebral metabolism by gluta
mune synthesis and_by reductive amination of a-ketoglutarate. The keto-}
glutarate would be removed from the Krebs cycle and so diminish the
formation of other members of the cycle with reduction of oxidative phos-
phorylation in the brain. Much work has been done to prove and disprove
this theory. Using N-labelled compounds in rats, Duda & Handler (36)
have shown thatvgfutamine synthesis 1s the major fate of ammonia, Gilon
ot al. (37) have observed glutamine levels of 23 to 96 mg. per 1 100 ml_in the

with coma resultmg from other causes, the levels never exceeded 35 m
iper 100 ml. A rise in the glutamine content of the CSF is belxeved_m_hf._
?alhg@omomc of hepatic coma, Clark & Eseman (38) analysed brain
issute from dogs rendered comatose by infusion of ammonium salts mto
the carotid artery and found a fall in the concentration of «- l\ctoglutarate
and a rise in pyruvate and glutamine. Ulshafer (39) found a lower acetyl
choline content of the brain in rats followi ication.
This could be caused by the ammonium ion convertgg_glmamu‘,aed to;
glutagune-and-so-depriving the bran of acetylcholine at the synapses since §
glutamic acid is essential for the formation of acetylcholine. A “biochemical
decerebration” is thus produced. These results support the Bessman hy-
pothesis. In contrast, Handford (40) produced reversible ammonia mtox1-
cation in normal dogs by intravenous ium sulfate or
carbonate. The blood ammonia and urea rose but there was no signsficant
change n the plasma_g: 1c acid or gl levels, It has been
repeatedly shown that the blood a-ketoglutaric acid level rises rather than
falls in hepatic coma a ty (41, 42).
\Afalshe and Ius co-workers (43), using slices of rat brain cortex, found
that ammonia was a normal bramn metabolite and that there was no clear
evidence to mndicate that glutamne Synthesis was a rapid or efficient method
of its removal. In a very stimulating discussion, Walshe suggests that the
raised blood ammonia reported 1n hepatic comta may well be more of a nan«{
specific indicator of djsturbed brain metabolism than the toxic factor it
canses this. There 15, at present, no evidence to show that ammania 15 ¢ toxic”
to the normal_brain at concentrations which have been reported in man.
w6~ factors appear to be mvolv = ° I e |

a deficiency of enzymes or e i
phcsphate_b.lmd_s_"_lM}m an /

normal (or marked excessofar
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Respirato ‘ﬁkalcsi is a-common accompaniment of hepatic coma and
carbon “dioxide inhalations havc»ey_cn been suggested in treatment (44).
Lawrence et al. (45) have shown in dogs that alkah increases fotalemmonia.
production and free ammonia shifts into.the tissues Stauffer & Scribner
(46) observed tremor, apathy, and confusion with EEG changes in a patient
with severe alkalosis but with normal liver function given intravenous
ammonium chloride, and that alk might augment ia .
toxicity.These observations have been hi d by animal
Warren (47) noted that the toxicity of ammonum salts in mice was re-
lated to their effectiveness in rasing the blood pH. The change seemed to
be associated with an effect of pH on the NH-NH,* ratio and the ability
of ammonia gas to cross the blood-brain barrier, or to a direct effect of pH
on the barrier. Further work showed that 1n mice the rate of passage of
ammonium salts across the blood-bram barrier was indeed related to the
different effects on blood pH (48). As the blood pH rose the uniontsed
ammonia increased relative to jomsed, and so crossed the blood-brain
barrier. It was then noted 1n dogs that, in the steady-state, brain, muscle, and
CSF ammonia values correlated with the artersal ammonia level, After the
infusion of acid or alkaly, the diffusion of ammonia inte the CSF was related
to the direction of pH change between blood and CSF. There was a direct
and predictable correlation between alterations of blocd pH and the tissue
ammonia content (49). The hypothesis was finally tested in the human
subject with impending hepatic coma by Warren and his colleagues (50).
Following mfusions of acid or alkal, the arterzal pH changed but the CSF
did not, resulting in an altered pH gradient between arterial blood and
CSF, This change 1n the pH gradient was associated wath a predictable alter-
ation in arter1al-CSF ammonia ratio In a hmited number of observations o
patients with hepatic coma, in spite of an increase in the arterial-CS.

ratio g acid climeal benefit did not ensue.

The deleterious effect of alkalosis 1n patients with liver disease might be
correlated with the observation that certamn diuretics, especially chloro-
thiazide, are hable to he followed by hepaticcome (51 to 54). Sherlack ¢f al
(51) noted that chlorothiazide was often followed by precama in patients
with cirrhosis and, extending that work, Read and others (52) reported that
chlorothiazide, 2 gm daily, induced 1mpending or actual hepatic coma i 7 of
13 airrhotic patients, It was usually associated wath a good diuretic response
to chlorothiazide and a previous history of hepatic precoma. The cqma was
related to a large potassium_dwresis and Read and his associates (55)
further noted that potassium supplements resulted 1n clnical improvement
and return of the EEG toward normal even though chlorothiazide was
continued Slmxlar thanges could be 1induced 1n three patients with cirrhosis
by produced by diet 2nd exch resims, In every
nstance, urinary_potassium rose, serum_potassium levels fell, and serum

alkali reserve and blood pH rase Patients showing neuropsychiatric changes
thad a rise in arterial blood ammonia values, The development of precoma
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was believed to be related to the ium defici and its ing 1%
extracellular alkalosis Mackee and his co-workers (54) could prevent the
* ,development of neurological lications after chlorothiazide by giving

broad-spectrum antibiotics but this was not so in one patient who was
studied by Read ¢f al. (55). Kerr and his associates (56) have noted that
hydrachlorothiazide can also induce hepatic precoma in cirrhotic patients.
=~ Amines absorbed from the intestime might be more tovxc to the brain than

]

ammonsa. Asatoor & Dalgliesh (57° ° ) .

compared with_26 patients with v
;)nl .). In one patient iso-amylamine and B-phenylethylamine were detected m' y .
lood.

Serotonin or 5-hydroxytryptamine (5-HT) may play an important part
in cerebral metabolism and a low normal excretion of 5-hydroxyindoleacetic
acid (5-HIAA), the end product of serotonin metabolism, has been reported
in liver disease (58). Borges et al. (59) have therefore mvestigated the
posstbility that severe liver disease might affect the production of 5-hydroxy-
tryptophan (5-HTP), the apparent precursor of serotomn in brain.
5-Hydroxytryptophan (10 to 40 mg ) was therefore given mntravenously to
nine patients and EEG’s were recorded Five patients with hepatic coma
showed dimnution of slow activity and increase of fast activity although
there was no clinical change. Three with coma not caused by hver disease,
and one normal subject showed no change m the EEG No definite defcct/

was observed mn the ability of patients with liver disease to “metabolise
5-HTP compared with normal. The urmary excretton of 5-HIAA was in the
low normal range Donaldson and his co-workers (60) also found 5-HIAA
,excretion the same in cirrhotic as mm normal subjects whether or not coma
i\vas present. After 5-HTP nfusions the excretion of 5-HIAA was greaterin
tirrhotic subjects, and all six patients with greater than 70 per cent excre-
tion were showing encephalopathy. A failure of conjugation of 5-HT. in¢
cirrhosis was-postulated

PReCIPITATING FACTORS
Blood/m the intestine 15 perhaps the commonest precipitating factor
causing hepatic coma 1n cirrhotics Thls combmes a protemn foad dcpressxon
PRI

pmtem hydralysate so)utum led to :mpending hepatic coma and mcreased
venous ammonta concentration i two pahents descnbcd by Webster &
Dawvidson {62). The scl but degenera-
_ tion of infused amino acids provided a further source of ammonta
Silberman (63) described hepatic coma developmg in a cirrhotic patient
following ureterosigmoidostomy The urea in the intestine was presumably
the source of ammonia. Similarly, Webster & Gabuzda (64) reported comal
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, in four patients with cirrhosis becoming azotemic and they believed that
circulating urea may lead to high blood ammoma levels. It was also noted
that intravenous urea was followed by rises in the ammona level 1n a portal
collateral vein and that this could be prevented by neomycin (65).

Chronic neurological complications can be expected in many patients after

- portacaval anastomosis (3, 4, 66). The immediate rise in arterial ammonia\

concentrauon after operation seems to arise from liver dysfunction (67) but
it are pr bly related to the shunt,
The precipitation of hepatic coma by diureties ] has already been dlscusscd

TREATMENT ‘1".' e

General reviews on the management of hepatic coma have been published
by McDermott (68), Manning & Delp (69), and Najarian & Harper (70).

Dietary protein restriction and autibiotics —It 1s now generally agreed
that patients in hepatic coma should be given ttle if any, protemn by mouth.
Webster & Davidson (65) noted increases in ammoma content 1n abdominal
portal collateral vem after oral protein.

The toxic factors interfering with cerebral metabolism seem to be pro-
duced by bacterial action on protein in the intestine It 1s therefore of value
to diminish bacterial action 1n the gastrowntestinal tract. Chlortetracycline
may be effective for short periods but resistant organisms soon emerge (71)
and staphylococcal enterocolitis 1s a real risk, Faloon & Fisher (72) treated
22 patients with neomycn, 11 survived and 9 others improved prior to death.

*,» A dose 0f 4 gm daily seemed too Iittle and 12 gm daily too much, so that 8
gm. daily may be an appropriate amount. No significant d:fference i the re-
sults was noted between those given more or less than 25 gm. of proten daily.
Stormont and his co-workers (73) noted that some protein could be given
after two days provided the patient received meemycin.or-paromomyctn

(74) found wein of more value than chlortetracycline or
chloramphenicol 1n hepatic coma followsng gastrointestmal hemorrhage, and
it permitted an adequate protein intake. He found that m patients with con-
siderable severe, irreversible, liver disease the maintenance of a clear men-
tality might be undesirable: “  the distressing and unequal struggle seems
to be unduly prolonged ”

Oral neomyen, when continued for long periods, may be absorbed and
Last & Sherlock (75) found detectable blood levels ort 11 occasions in 7

s Patients treated for hepatic coma. One patient suffered permanent deafness.
Renal toxicrty could not be incriminated

other broad-spectrum, poorly absorbed antibiot:cs Faloon &

Fisher (76) found that kanamycm (8 to 12 gm. daily) reduced blood

ammonia levels, but with continued use the values fuctuated so that neo-

myein was probably the superior antibiotic for hepatic coma, Fast et al (77)

" believed that parg iycin was as effective as neomycin used in a dose of

4 gm. daily,
Glutsmc acrd and argmne —These substances are recommended for
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combating ammonia toxicity, Glutamic acid (given_as _monosodium glu-
tamate) might combine with ia to form i i ine, and
r-arginine might increase_the producti f-nrea-from ia by stimu-
Tating tha Keshe nenithinn abeudifon o R - R .

+

An

encephalopathy but even in this gronp Fazekas and his associates (78)
report only temporary depression of blood ammoma levels and no change 1n
clinical state, cercbral oxygen consumption, or EEG Wewalka (79) recom-
mended giving 200 t0.500 ml..10 per-cent sodium glutamate intrapenitoneally,
and 10 of 26 patients with hepatic coma so treated were able to leave hospital,

Najarian and his co-workers (80) treated 90 patients with L-arginme
and noted that a reduction of blood ammonia was usually followed by im-
provement n the clinical status. The overall mortality was 32 per cent. The
chnical state correlated better with the CSF ammonza level than with the
venous value, Fahey found that t-arginine protected against the toxic effects
of amino acid infusions 111 cancer patients (81). Later, he and his co-workers
(82) found that argimine, m dqgsgiven with-glycine caused the liver to

R ;

talen sen amecnnin Davean S i S find sn affant an aesmanie alesady

pathy (83). Neither did it affect blood ia elevation by
admimstration of ammomwum salts These workers conclude (83) that /

Reynolds et al. (84) found that marked climcal improvement followed
arginine administration in 2 of 34 mstances, and followed a placebo m 1 of 26
nstances The mean arterial ammoma level did not change significantly in
the treated group compared with the control. A beneficial effect from
L-arginine could not be demonstrated Wolfe ¢f al (85) have used arginine
and pr-ormthine (a further Krebs urea cycle mtermediate} and conclude
that these and other agents solely d. d to reduce
by intravenous infusion have limited value 1n the treatment of iepatic coma
Hemodialysis~—Kiley and his co-workers (86) have treated patients with
cirrhosts and gastromtestmal hemorrhage by a Kolfftype-artificial kidney. ¢
In one patient, 41 litres of blood was dialysed in 4 hr. and 71 mg NH,N~
was removed, the blood ammonia level fell from 280 to 180 pg per 100 ml
Four patients showed clmical improvement after effective dralysts Hemor-
rhage had always ceased and the necessary heparimzation did not prove to be
a problem. Schechter and lus associates (87) used a specrally.prepared
cation exchange-resin in the sodum_cycle to reduce blood ammonmum levels -:»:--
in dogs. One patient 1 hepatic coma simularly treated showed a fall in
arterial ammonia level and great improvement. Replacement of calcium, »~
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‘potassium, and magnesium may be necessary. Such procedures are clearly in
the experimental stage, and more work is needed before their place in
therapy can be evaluated They will prove to be of particular .value in

~~}patients going into coma after a sudden nitrogen Toad such as gastrointestinal
hemorrhage. Even more interesting, but still, of course, in a preliminary

stage, is the use of a donor liver, This removed ammonia from the blood of
an Eck fistula dog and also produced bile and d Iphalein (88).
Corticosteroids—Webster & Davidson (89) treated seven cirrhotics in
spontancous impending coma or coma with large doses_of cortisone or
hydrocortisone, Four showed temporary improvement but all eventually died
in hepatic coma These compounds did not reduce the mortality in patients
with hepatic coma but might prove of permanent benefit given early toa- .
tients_who have sufficient hepatic reserve to survive after temporary Tm-
provement, Pessar & Hessing (90) treated six patients with hepattc coma
and cirrhosis with Jarge doses of cortisone With the exception of one case
treated inadequately, all the patients came out of coma dramatically and ¢~
quickly, However, all eventually died of vanous complications including

coma,
7
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CARDIOVASCULAR DISEASE:
ARTERIAL HYPERTENSION"*

By Maurice SokoLow, M.D. AND PAUL J. SanAzaro, M.D.2
Department of Medicine and Cardiovascular Research Institute,
Unswersity of CaI«fomw School of Medicine
San Francisco, California

The past five years have seen remarkable climcal advances in the field
of HT: proof of effective drug control of scvere HT and recognition of
two major causes of “curable” HT—renal artery lesions and aldosteronism
While chmeal, epidemiol 1, and exp | observations
have illuminated various facets of the field, they have produced more spec-
ulations than direct answers to questions of etiology and pathogenesis.
Restrictions of space limit this review to a brief survey of significant
trends

Pickering’s (1) book is a masterful presentation of the subject, empha-
suzing particularly the physiological and conceptual aspects, A study of
114 hypertensive patients relating personality to various physiologic
parameters, including details of frequent interviews in 26 cases, is presented
by Wolf and co-authors (2) The symposium of the Wellcome Foundation
on Hypotensive Drugs (3) covers the pharmacologic aspects and clinical
applications of hypotensive drugs and control of vascular tone Smirk’s
excellent book (4) emphasizes the pathogenesis of the disease and the
specific details and effectiveness of therapeutic agents. A sound clinical dis-
cussion of HT disease by Hoobler (5) will be of considerable benefit to the
practitioner Moyer (6) has edited a superb symposium of various aspects
of HT. The sections dealing with the basic concepts of etiology and thc de-
tails of therapy are particularly r ded. Many 11
Ppapers are included 1n the Michigan Sympostum (7) Clark, Gluck and the:r
associates (8) report on a five-year program of planning and research in the
epidemiology of HT An early sympostum on the management of essential
HT (9) offers valuable background information A group of 53 papers
presents some previously unavailable European work (10) Simonson &
Brofek’s (11) campreh:nswe review on Russian research on HT contains
many ref 4 us, ncluding a monograph, Hypertensiwe Dis-
ease, by Lang, published 1n 1950 which is sard to be 2 basic reference book
and guide for most of the work on arterial hypertension in Russia

* The survey of the literature pertamng to this review covers the period Jamsa
1955, to July, 1959 pered Jamar,
*The following abbreviations will be used BP (blood pressure) ; DP (diastolic
pressure) ; HT (hypertension or hypertensive, as 1t applies); MAQ {monoamine
axndase actvity) ; SP (systolic pressure)
*Aided by grants frem the Untted States Public Health Servi H-754-C7
and the Mrs William A Hewatt-Deere Estate, e ( )
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years, approXimately half developed, fixed HT (18). This occurred twice
as often in patients with known family predisposition to HT,

“Txe Par oF PriyARY Hyp v

Age, heredity, and p: factors doubtedly play a role, but
the relative cofitribution of genetic and environmental factors ss unknowr

Age—Perera ‘(19) states that although the average, casually recorded
BP of a population sample tends to rise with age, the resultant curve is
made up of multiple cbmponents: primary HT, secondary HT, atheroscle-
rosts of the aorta, gn’d transtent rises from phystological calises, obesity, or
the emotions. -

Almost all population studies (1, 20, 21, 22) show a rise in BP with
age, but whether aortic atherosclerosis alone 1s responsible is not known.
Clanfication requires Jongitudinal studies 1’ patients who do not develop
atherosclerosis of the aorta Padmavati & Gupta (23) noted that mal-
nourished Indians nesther gain weight nor show a nise 1n BP as they grow
older, whereas Induans with a higher standard of living show increases
in both weight and BP with imcreasing age THe fact that the rise with age
is manly systolic supports the idea that 1t re; filts from changes in the aorta
and great vessels, rather than in arterioles/ Data from Master et ol. (21)
and Anderson & Cowan (25) suggest that DPs greater than 112 mm. Hg are
probably abnormat

Veale ¢f al. (26) found that although the near basal BP (obtaned by
multiple readings on a second occasion) rises shghtly with age, there 1s
roughly 30 to 40 mm difference in pressure between the first casual and the
near basal at all ages. The closer one approached basal readings, the less
was the rise i pressure with age.

Pickering's data (1) reveal that DP rise is greater between the ages of
30 and 50 than 1t 1s between the ages of 50 and 70, although SP was con-
siderably greater n older age groups Furthermore, the varabihity of BP
also increases with age

Inheritance —Pickering (1) concludes that the BP level 1s iherited as
a graded characteristic of the whole range of pressures ordinarily en-
countered Environmental factors may then modify the mherited level and
be of greater moment than the genetic factors Miall & Oldham (20, 27)
m therr defintive population studes found no evidence of bumodahty;
they found similar regressions for arm girth scores and SP scores, and sug-
gested that the inhenitance of arterial pressure may be entirely explicable in
terms of arm girth or wesght The difficulties of popiilation surveys and the
need for samples representattve of the general population are well discussed

Thomas (28) found a threefold greater incidence of HT 1n s:blings of
HT patients than 1n siblings of normotensive mdividuals Precursor traits,
such as overweight and higher and more labile BP and heart rates, were
also more frequent in students with a parental history of HT The indi-
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Conceer oF Pamtany Hyrerrension

Page and his associates (12) discuss the mechanismy of HT, concluding
with their “mosaic” theory which mcorporates the wide variety of normal
and pathalogic mechanssms that snfiuence BP Lang, aceording to Simanson
& Brokek (11), believes that HT results from prolonged psychic, stress
which lessens normal cortical b of the hypothalami
center, fhereby resulting in abnormal BP rises which are initially transient
Renalf endocriné, cardiac, and cerebral mechanisms are thought to be im-
portant m the later phases. Lang’s emphasis on the role of psychic tratma
15 the most forthright of any current group of workers

Pickering (13), 11 presenting his concept of essential HT, points out
that the dufference between normal and abnormal BP is not so wmuch &
natdral division as an arbitrary statistical device. He also distinguishes be-
tween artersal disease and HT and fudes that from a p ic stand-
pomnt vascular ynvolvement is more important than the height of BP, The
concept of “normal” BP 1s also discussed by Hines {14) and by Stewart
{15), Insurance authorities define an elevated pressure as one mdicative
of increased nisk (greater than 140/90 mm Hg) Pickerng, although
emphasizing the fack of a clear dividing fine between normaf and abnormaf,
does not deny the increased risk assomated with pressure 1 the upper range
of the distibution curve

Tur Narurat Hrstory or Primary Hyperrension

Perera (16) reports the naterat history of 500 patients with HT treated
solely with symptomatic measures Of particular anterest 15 the unigue
group of 150 patients whose known average ages at onset and death were
32 and 52 years, respectively Average survival after the development of
cardiac hypertrophy was eight years and after varsous coronary or eere-
bat atherosclerotic acadents, four to five years Patsents who devefoped
artersolar necrosts with papiiledema survsved only ene year; an occasional
patient hved 18 years after atherosclerotic complieations The ducase pro-
gressed at hughly varable rates, and dexth was more closely related to the
effects of cardiae hypertrophy and of artersal and artersolar scleross than
to the casual BP fevel, Evelyn (17) found that m 99 per cent of subjsects
with essential HT, the disease had appeared gradually, then passed through
a transihonal pemod of several years, during which rises in BP, at first
ntermitient, became more freguent and sustasned In a few exceptional
cases, the transition from a normotenswve to an HT state was abrupt, and
the disease progressed rapudly The early phase of HT was asymptomatic,
and the development and refative degree of vascular complicatsons varsed
widely, as m Perera's sertes The discrepancies between height of BP and
rate at which compheations developed, noted by both Evelyn and Perera,
may stem fram the prognostic unrehability of casual peadings. Of 2 group of
345 pattents with transient elevation of BP who were foliowed up to 20
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HT, HT heart disease, and cardiovascular disease are more frequent in
Negraes than in whites. Schroeder (38) finds that primary HT is relatively
common in the Orent, the incidence ranging from 5 to 37 per cent.
Psychological factors—Although stress is a plausible etiologic factor in
essential HT, the evidence is primardy indirect (39, 40, 41); Most investi-
gators agree that emotional stress aggravates existing essential HT and,
in turn, the vascular complications, but how or to what degree it participates
in the pathogenesis of the disease is not elear, v -

Tt g - -1 e-eatroLotatoe (R ' itriction
in the k . potent
drugs, st account

for the observed lability in BP and varrations in the rate and progression
of vaseular complicitions. Psychiatric data on temporal relationships be-
tween significant life experiences and onset and exacerbation of HT suggest
a close association but not necessarily one of cause and effect.

Direct experimental demonstration that recurrent psychological injury
can produce chronic vasoconstriction and a clinical picture simifar to HT
is lacking except for a Russian report (42) that such trauma produced per-
sistent HT in the monkey Since the etiological importance of long-con-
tinued psychological stress cannot be proved experimentally in man, the
evidence must continue to be circumstantial. Shapiro & Horn (41}, using
the Masserman techmque, produced chronic anxiety 1n cats but were unable
to cause persistent HT in the conditioned ammals, Shapiro & Melhado (43)
produced experimental HT in 17 rats by a figure-of-eight tie on one kidrey
and contralateral nephrectomy, then exposed nine of the rats to psychologi-
cal stress with a buzzer and electric shock All 17 developed HT and some
impairment of renal function, but the latter did not correlate with BP
Jevels. In the nine exposed to stress, the manifestations of the HT process
‘were more severe

Aggravation and pathogenesis should be considered as separate, not
tdentical, factors. It 1s well known that emotional stimute induce rises in
BP but, as Grollman (44) comments, the crucial point 1s whether repeated
pressor stimul: induce chronic HT, not whether stresses stimulate the
sympathetic nervous system, thus raising BP. Wakerlin (45) argues that
1f the stress mechanism induces HT by release of renal pressor substances
then this must also occur mn people who do ot develop HT except on a
temporary basis Wakerlin suggests that some basic latent biochemical
lesion in the kidney, or in other organs, may instiate HT, stress bemng merely
a trigger mechanism. Cohen and his associates (46) demonstrated marked
varations in black-out levels in pilots in hugh-speed aircraft and subjects in
a human centrifuge, which cannot be accounted for on a phystological basis
and presumably are related to personality structure Goldberger (47),in a
< T d i Tudes that psy ical factors are involved
in the etiology of HT, and presents a reasoned mechanism of production
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vidual with precursor traits responded to stress and to smoking with an
abnogne\lly high cardiac output as measured by ballistocardiography. Hines
(14), in"a follow-up study of 20 years, found subsequent HT in 44 per cent
of 265 cases with a positwve family history, and in only 7 per cent of 442
with a negative family history. Kohlstaedt ef al (30), in evaluating the
genetic and environmental factors in HT, emphasize the need for longi-
tudinal studies, such as the Fr t survey which d dare-
duced life expectancy even with mild degrees of HT (31). Grollman (32)
reiterates his view that the most plaustble explanation for the genesis of
HT, in the light of current clinical and experimental information, is the
presence of a congenital functional defect of the kidneys.

Obesity—Whyte (33) concludes that increased body weight, but not
obesity, influences the level of the BP. The relationship between weight and
BP was minimized by Bee and his associates (21), wha surveyed the en-
tire population of Bergen, Norway. Bjerkedal (34), in a study of 14,784
adults, also notes that HT was no more frequent in overweight patients than
in those of average weight and underweight.

Racial and population studies —Schrire (29}, 1n South Africa, reports
that the incidence of HT 1s approximately 30 per cent in Bantus, “Cape
colored,” and Caucasians alike Myocardial mfarctions were extremely rare
in the Bantu, intermedsate in the “Cape colored” and common in the Euro-
pean The high incidence of HT mn both the non-whites and whites in
South Africa effectively negates previously published data that HT is rare
in the African Negro.

Fraser (35), 1 a study of 2000 Bantus and “Cape colored,” found HT in
12 per cent. Of these, 26 per cent were primarily renal in origin; of 47
fatal cases, 21 or almost 50 per cent, had underlying renal disease Uys
(36), however, reported a low incidence of nephrosclerosis and a normal
mcidence of glomerulonephritis in the Bantu at autopsy Fraser confirmed
the rarity of coronary disease and lower incidence of heart fadure in the
Bantu than in the white South Africans, despste the comparable incidence
of HT The low 1ncidence of coronary disease in the Bantu, despite the
relatively common HT, may be related to low serum cholesterol and low
fat intake; HT, per se, may not be as important in accelerating coronary
disease in these patients as 1t s tn Europeans who have both high pres-
sures and relatively high cholesterols (compared to the Bantu).

Salem (37), in Egypt, notes that 51 per cent of 1500 out-patients aver
the age of 40 had DPs of 100 mm Hg or more. Renal disease was found
in 16 per cent of the HT patients, and of these, 8.5 per cent had mahgnant
HT, In contrast, the studies of Padmavatt & Gupta (23) on 1000 Indians
indicate an incidence of HT of only 26 per cent in the rural farmer, and

12 per cent in the industrial workers of Delhi Coronary disease was prac-

tically nonexistent. . )
Clark et al. (8) summarized many papers which agree that essential
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longed rise in BP. He also noted that adverse factors in the social sur-
roundings were much more common 1n the HT than 1 the control group.

Shapiro & Melhado (55) exposed rats to various conditioning procedures
designed to provoke chronic anxiety. Chronic organic disease did not de-
velop in the animals after 12 weeks, but there was evidence that pre-
existing HT could be aggravated.

Wakerlin, in a timely and lucid edstorial (56), summarized his views
regarding pathogenesis.

Procrosts oF HYPERTENSIVE VASCULAR DIseAsE

The introduction of potent honic-blocking drugs has i d the
need for a clearer understanding of the natural history of untreated pri-
mary HT if we are to assess accurately the results of such therapy.

Basal vs, casual blood pressure —Which 1s more important from a
prognostic standpoint, the floor (basal) or the casual pressure? Several good
studies indicate that basal BP 1s more mmportant, but casual BP cannot be
1gnored. Perera (57), analyzing 50 pattents with HT vascular disease whose
total disease histories were known, found that the average age at death in
patients with labile HT was 56 years, 23 years after the known onset of
elevated BP, and 1n “non-labile” patients was 44 years, 13 years after known
onset. The age at onset in the two groups was almost the same, but the
total duration of HT differed sigmficantly The average casual maximum
BP was essentially the same in the two groups, but the range was wider
in the labile patients

Smitk (4), long interested in basal pressures, presents data on basal
and casual readings s 1000 patients; usually repeated readings were made
during a special early morming visit. The incidences of cardrac hypertrophy,
cardiac failure, and death rate which differed stnikingly, are shown by
Smurk to correlate with the basal readings, even in patients whose casual

are i He hasizes that the 15 worse when
the basal reading 1s high. Further supporting evidence 1s presented by
Simpson & Gilehrist (38), who reported that the five-year survival pro-
gressively decreased as resting DP exceeded 110 mm Hg and amobarbitol
(Amytal) sleeping pressures exceeded 90 mm Hg; a casual DP greater
than 140 denotes a poor prognosss, although five-year survival rates were
the same between levels of 110 and 140 mm Hg. During a two-year pertod
m Fraser’s sertes (35), mortality was 62 per cent 1n patients with severe
sustained HT but only 11 per cent in patients whose BP dropped to normal
after adnussion to hospital. Mathisen et ol (59) report a 15-year study
of 290 patients whose mean age at registration was 37.5, none of whom
had received specific hypotensive therapy. The death rate was about five

times higher m patients with more stabilized HT than in the group with
Tlabile HT.
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The Russian point of view, noted in Simonson & Bro¥ek’s review (11),
emphasizes the importance of psychogenic disturbances in initiating HT.
Mills (39) summarizes the physiological and bolic r to vari-
ous types of stress and shggests ways in which changes in BP could be
initiated and then maintained after the initiating factor is no longer opera-
tive. Bliss and his i (48) have d ined that the adrenal cortical
response to the stress of life situations and of experimental conditions is
less than the response to intravenous administration of ACTH, pyrogens,
insulin, electric shock tr or med xercise. Connell o! al. (49)
found significant increases in the urinary excretion of adrenal cortical
hormones after an important academic examination, Brod (50) noted that
various unfavorable factors in professional and home life caused adverse
changes in BP regulatory mechanisms He referred to Polish data suggesting
that juvenile HT in most instances is equivalent to early HT disease, and
can be “cured” at this early stage by a radical change in social environment.
e feels this is one of the most important preventive steps to be taken and,
although the paper does not state whether the elevated BP was transfent

or more persistent, this 1s one of the first defimte attempts to treat the
so-called pre-HT phases of the disease by chanpe of social environment.

Moses and his i (51), studying the physiologic responses to
psychod, i i tuded that the HT vascular process wonld
be improbable in the absence of imtiating psychic stresses operating through
the autonomic nervous system They believe the resulting BP elevations may
persist even though the psychic stresses subs:de, and also, on the basis of
six documented remissions, that psychotherapeutic modification of early
HT vascular process is possible. Significant correlation has been reported
between the resting mean BP and the intensity of acute fear and anger re-
sponses in normal and HT subjects (52). Kalis and her associates (53),
using the technique of psychodramas, found that HT women, compared to
normals, had poorer emotional and behavioral control, were less flexible and
adaptive in the stress situation and lacked appropriate assertiveness. HT
subjects, as well as pre-HT women described 1 a previous study, appar-
ently percerved stfess more readily and handled 1t less well; they appeared
to be more vulnerable to repetitive rises in BP which lead ultimately
to essential HT. A four-year follow-up of pre-HT women and matched
controls disclosed no basic change in personality characterstics that differ-
entiated pre-HT women originally and which are found in adolescents
with pressures in the higher range of normal and in HT patients (54).
The consistent findings 1n these several groups indicate that abnormal psy-
chological reactivity to stress antedates HT Although resting I?Ps were
essentially the same m both groups, pre-HT females could be distingusshed
by the fact that breath holding resulted in DPs exceeding 90 mm. Hg. Brod
(50) found that the majority of s HT subjects, in contrast to normal
controls, reacted to the stimulus of mental effort by an exaggerated, pro-
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HYPERTENSION OF PREGNANCY

Finnerty (63) differentiates toxemia of pregnancy from HT vascular
disease by the presence of a generalized retinal sheen in the former. Of
154 toxemia patients, 125 had no symptoms or signs (eg, elevated BP,
edema, albuminuria, or retinal sheen), six weeks postpartum, Definite grade
1 and grade II retinopathies, however, were present in 29 patients whose
BP continued to be normal. The literature with respect to the variability in
diagnosis of toxemia is discussed in detail by Schreier ef al. (64). Biopsy
of renal tisste obtained from 72 pregnant women with toxemia and pre-

1 revealed mod thickening of the b b of the
glomernli and narrowing of the glomerular capillaries (65).

A reduction in the incidence of HT in pregnancy from 87 to 47 per
cent in the decade between 1944 and 1954 1s attributed to limitation of
sodium intake (66). The use of oral and intraveous protoveratrine in over
109 patients with toxemia resulted 1n almost all cases in complete control
of pressures within 24 hr. (67). Finnerty ef al. (68) report on the remarka-
ble effectiveness of chlorothiazide in the treatment of toxemia of pregnancy.

HyPERTENSION IN INFANTS, CHILDREN, AND ADOLESCENTS

The frequency of HT in childhood and adol is unk , and BP
determinations are being urged as a routine measure in examimng chil-
dren and adolescents (69). A useful paper (70) has appeared on the tech-
nique of measurement of BP in infants and children and the importance of
cuff size; normal values are tabulated. The differentia) diagnosis of HT
in childhood and a number of cases of essential HT are reported (71 to
74), An excellent summary of the current status of treatment of HT in
childhood with and without renal disease is presented by Daeschner &
Dodge (75).

Paruorocy

‘The weight of evidence increasingly favors the conclusion that renal vas-
cular changes in essential HT are secondary to HT and do not, as Goldblatt
mamtains (76), precede and cause HT, The most thorough paper on the
assocrated pathological changes in the kidney and the adrenal gland m
HT was recently presented by Sommers ef al. (77) and Shamma ¢f of. (78).
He reviewed, without prior knowledge of the clintcal data, material from
313 nephrectomy, 1973 renal biopsy, and 97 adrenalectomy specimens. He
also compared pathologic changes of the adrenal 1n specimens taken at
autopsy from 220 HT and 220 normotensive individuals. No renal vascular
lesions were found in 16 per cent. A consistent relationship existed be-
tween the grade of arteriolar thickeming and average DP. Pyelonephritis
was present in 15 per cent of cases with sigmificantly higher than average
DPs and less favorable prognoses The adrenal glands were normal in 80
per cent of HT cases, but a true adrenal cortical adenoma was found in 20
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These five papers support the concept that casual readings of arterial
pressure are misleading prognostically, unless DP consistently exceeds 130
mm. Hg. Resting and basal levels correfate more closely with total dura-
tion of life and average age at death A lack of lability pomts toward a less
favorable course, but labile HT is not a guarantee of continued health.
Fulure to consider basal pressures may explain the apparent discrepancies
between observed improvement in vascular complications and lack of satis-
factory BP response to various therapeutic procedures, such as sympa-
th, and ganglionic-blocking drugs.

Vascular complications —Prognosis is adversely affected by the pres-
ence of vascular complications, notably cardiac hypertrophy or failure,
HT neuroreti hy, renal mpai with alb ia, or cerebral vascu-
lar accidents (16, 17). Smirk (4) emphasizes that five-year survivals are
considerably rarer in patients with vascular complications; therefore, treat-
ment should be instituted when such complications appear. Hoobler (5) finds
that only 20 per cent of patients presenting vascular complications, com-
pared to 80 per cent without, survived 10 years. Simpson & Gilchrist (58)
demonstrate close relationships between resting DPs, retinal changes, and
mortality rates. Of 22 patients with benign HT who had catdiac failure
or hypertrophy or enlargement, only six survived five years; the rate of
five-year survival in those without T wave abnormalities was considerably
greater. The five-year survival rates on the basis of refinal grades were
75 per cent for grades O-1, 56 per cent for grade II, and 15 per cent for
grade IIL &\la.patmjy:i;h‘gr_age IV retinal-changes survived more than
two years. Burgess (60) describes 100 patients who had had HT for at least
eight years but were otherwise 1 good health and had no evident vascular
complications; those patients who were age 50 or older when first observed
lived out their life expectancy Ungerleder (61) finds that among subjects
with 1dentical levels of casual BP, mortality rates were doubled in those who
presented electrocardiographic evidence of hypertrophy. Deaths from dis-
eases of the heart were 150 to 200 per cent more frequent than in compara-
ble individuals who had two relatives who died of cardiovascular renal dis-
ease priot to the age of £0.

Pierson & Hoobler (62), in a 10-year follow-up of 71 “non-malignant”
hypertensives under the age of 50 without other major complications of
HT disease, state that 2 single attack of focal, transient encephalopathy
is likely to be followed by fatal recurrence in 30 per cent of the cases within
5 years and 45 per cent in 10 years. Approximately 25 per cent died of other
HT complications in these same time intervals, suggesting that a cerebral
lesion often indicates the coexistence of vaseular lesions in other target
organs. Five-year cerebral vascular mortalities were 55 per cent in 36
cases benefited by sympathectomy, and 22 per cent in 60 cases not lzeneﬁted,
suggesting that those patients whose DP fell 20 mm. after operation were

partially protected against an early death.
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rat experiments as nonspectfic, unrelated to HT, and possibly corresponding
to penarteritis nodosa The clear relationship of the vascular lesions to
the degree of HT indicates that they are not the cquivalent of lesions of
periarteritis nodosa.

Much attention has been given to cerebral vascular disease, particularly
in HT where it is a common cause of death, The importance of focal and
gross cerebral insufficiency 1n predicting a subsequent fatal cerebral accident
has been attested to by a number of authors, but despite intensive studies
there 1s still no way of foreseeing the occurrence of the initial stroke. In
the excellent study of Hudson & Hyland (82) on 100 fatal cases of hyper-
tensive cerebral vascular disease, the actual cause of death was not pre-
dictable from the clirical history, except that most patients who had strokes
as imtial symptoms subsequently died of ccrebral vascular aceidents.

The application of modern knowledge of circulatory physiology of
the brain to the sick patient 1s discussed in an excellent review by Schem-
berg (83). Constderable interest has been shown 1n the problems of inter-
muttent cerebral msufficiency, and n the value of determining retsnal arterial
pressure (84) Of seven patients with differences in retinal artery pressures
of the two eyes greater than 15 per cent, s1x were found to have obstructing
lesions of the mternal carotid artery by artertography (85).

The role of HT 1n accelerating atherosclerosis has continued to receive
attentron and such an effect seems to be an established fact. Viewed thus,
HT is never “benign” Expermmental studies, in animals as well as man,
clearly show that HT, particularly when assocrated with hypercholester-
olemia, results in increased mneidence of atherosclerosts (86, 87). Lober
(86) shows that in the fourth and fifth decades, the ncidence of athero-
sclerosis is considerably greater in HT than in normotensive subjects One
of the best prospective studies 1s that of Dawber and his associates (88) in
the Framingham project who, in a four-year follow-up of a group of men
aged 45 to 62, showed that the risk of new coronary episodes mecreased
progressively with icreasing levels of BP Men with~BPs—greateL$En)
140/90 mm Hg and normal cholesterols had three- to sixfold hugher nci-
dences of new atherosclerotic episodes during the four years. The total
number of patients who have developed coronary occlusion 1s relatively
small If the trend i it will q1 Ity d the mm-
portance of even shght mereases i BP and constitute a strong basis for
lowering BP before the appearance of obvious vascular comphcations
Further follow-up by the Framingham group will be awaited with con-
siderable 1nterest

The relative absence of cardiac disease in the Bantw, Japanese, and
Filipinos, despite the presence of HT, may be explamed by their low serum
cholesterol levels So-called Western levels of “normal” serum cholesterol
may be abnormal in the presence of HT, thus accounting for the high corre-
lation between HT and coronary disease

A study of HT and artersosclerosts i 1000 executive and non-executive
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per cent of the autopsy series and 2I per cent of resected adrenals (5

d with hy Id omism and 16 pheoct ytomas). This inci-
dence of adenoma is tenfold that found in the control series of normotensive
individuals, and should stimulate further research into the role of the
adrenal in HT.

The importance of comparing clinical and autopsy data 1s reflected in the
paper by Uys (36), reporting nephrosclerosis in only 2 per cent of 3000
autapsies in Bantus 1n contrast to the 30 per cent incidence of HT reported
by Schrire (29). The reason for this discrepancy is nat clear; it also con-
flicts with the data of Fraser (35).

Wilson ef al. (79), 1n an cxcellent expenimental study, irradiated one or
both kidneys of rats and noted the onset of HT four to nine months later,
Hypertension was curable 1f the srradiated kidney was removed at that time,
Lesions in the non-irradiated kidney were those of HT and distinctly differ-
ent. In some instances, irradiated kidneys removed at the onset of HT dis-
closed no microscome vascular lestons and no interstitial fibrosis. It appears,
then, that damage to a kidney by radiation may result in HT without micro-
scopic vascular lesions One wonders whether the irradiated kidney would
be negative histologically to electron mucroscopy and whether the inter-
stitial reaction to 1rradiation may lead to vasoconstriction of remal vessels.
More precise renal ! studies seem indicated

HYPERTENSION AND VASCULAR DisEase

The relationship between the elevated BP and the associated vascular
disease has been a controversial subject for many years Some authorities,
such as Goldblatt (76), believe that the primary lesion occurs 1n the kidney
and that vascular lesions precede the elevated BP, although the nature
and mechamsm of such lesions are obscure Others believe that elevated BP
1s primary, possibly induced by a combination of factors including emo-
tional stress, and that the elevated BP then damages the vessels, producing
vascular disease (11,79, 80).

Demung ef al. (81) induced HT by al of deoxycor
acetate and salt or by renal artery constriction in rats on an “atherogenic”
diet containing added cholesterol, cholic acid, and thiouracil The rats
developed accelerated ath ferotic changes which correlated with the con-
centration of cholesterol 1n the serum, a positive correlation was also found
between BP and degree of hypercholesterolerma Masson and his colleagues
{80) showed that when HT was produced 1n rats by partial renal infare-
tion and unimephrectomy, subsequent reduction of BP by admmistration of
hydralazine in drinkmg water resulted m healing of the acute vascular
{esions found 1n the majority of animals with untreated HT of short duration
The lesions were almost completely prevented by maintenance of BP within
2 mormal range by hydralazine, but they reappeared when withdrawal of
hydralazine allowed the pressure to nse again. These exp‘en’mfnts appar~
ently disprove Goldblatt’s interpretation of the vascular lesions in previous
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that renal function may be normal when papilledema is present (97, 93, 99).
Renal exeretory failure follows the appearance of the malignant phase
many cases, but does not necessarily cause it. Further, when the malignant
phase is reversed by lowering the pressure, renal function often improves or
does not deteriorate further (100, 101). Improvement in the histologic
appearance of the renal vascular lesions following treatment has been
demonstrated (102).

Kincaid-Smith ef al. (103), in a study of 197 cases of malignant HT,
doubted that the arteriolar necroses resulted from the mechanical effect of
extreme elevation of arterial pressure. They found considerable overlap of
BP in malignant and non-mahgnant cases, and noted that SPs were under
200 mm. Hyg at the time of diagnosis m 6 of Volhard’s original 32 patients.
They agree that the malignant phase may complicate all varieties of pre-
existing HT, and that it would be unwise to assume that damage to the
artenolar walls 1s the only mechamsm for producing arteriolar necrosis.
They conclude that malignant HT is determmed by new and unknown
factors superimposed upon a high level of BP. Papilledema and retinitis
cleared without treatment in three well-documented cases. Papilledema was
frequently present when the spinal fluid pressure was normal, confirming
the observation of Schottstaedt & Sokolow (97). In one case, papilledema
and retinitis were intensified while the spmal fluid pressure was falling.
Taylor and his associates (104) also confirm the lack of correlation be-
tween DP and cerebral spinal fluid pressure i;n HT patients without

Aed, .

but found a sig; correlation, though not sufficient to
indicate ion, in mali; HT They Tude that 1led and
inereased spinal fluid pressure are specific manifestations of HT disease,
unrelated as to cause and effect. Brust (105) illustrates the retinopathy
of accelerated HT in 108 photographic color plates Occasional discrepan-
cies were noted between the progression of retinopathy in spite of modifi-
cation of the BP and regression of fundal changes without lowering of
BPs. He does not refer to the possibility that the apparent discrepancy
is caused by reliance on casual BP readings. Clarke & Murphy (106), in
analyzing the neurological aspects of the malignant HT described by
Kinkaid-Srmith ef ol. (103), found involvement of the nervous system in
79 of 190 cases, most of these patients had an acute vascular episode—
focal ischema in 40 per cent, intracerebral hemorrhage in 38 per cent,
and subarachnotd hemorrhage in 5 per cent

TREATMENT 0F MALIGNANT HYPERTENSION
The untversally poor prognosis in patients with malignant HT was
confirmed by Schottstaedt & Sokolow (97) and by Kincaid-Smith f af
(103) : intreated, about 80 per cent of patients with HT and papilledema
will die within a year. Data are now available to indicate that in patrents
with satisfactory renal function, adequate control of the BP with ganglionic
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personnel of comparable age and sex showed a higher incidence of HT
in males than in females and in non-executives than executives, as well as a
higher incidence of arteriosclerosis in non-executives than executives (89).
This paper refutes the belief that executives are invariably more prone to
HT and arteriosclerosis.

Evyaluation of aging of arteries in relationship to HT, independent of
vascular complications, has been attempted by utilizing the depressor action
of amyl mtrite and its effect on pulse pressure (90).

ELECTROCARDIOGRAPHY AND LEFT VENTRICULAR HyPERTROPHY

The importance of recognizing the earliest manifestations of left
ventricular hypertrophy in hypertensives has been appreciated by a number
of investigators. Prognostic studies cited previously (16) have shown that
the presence of left ventricular hypertrophy adversely affects prognosis,
and therefore may constitute an indication for potent hypotenstve therapy
As a result, the enteria for left ventricular hypertrophy in the electro-
cardiogram have been restudied with a view to verifying their accuracy and
reliability (91, 92). Of 101 patients in whom high voltage was the only elec-
trocardiographic abnormality, 95 were found to have a condition snereasing
the load of the left ventricle; 72 of these patients had HT (93). The rarity
of high voltage as a sole abnormality in autopsied cases of left ventricular .
hypertrophy noted by Griep (94) 1s not surprising, since high voltage of
the QRS complex 1s an early sign, The mam value of the early pattern of
left ventricular hypertrophy 1s n the assessment of patients with HT who
have nat yet developed severe cardiac enlargement. Individuals with hgh
voltage of the QRS complexes or the earltest sign of left ventricular hyper-
trophy have an adverse prognosis compared to the populatton at large (95).
One should always consider the possibility of error when left ventricular

ertrophy is diagnosed solely on the basis of igh voltage of the QRS
complex, es] in, young, debilitated, or thin indrvrduals The pres-
ence of high voltage 1 the electrocardiogram mn 2 patient with HT, how-
ever, should lead the physician to suspect that early left ventricular hyper-
trophy has developed, and this will be important 1 influencing the decision
regarding treatment with potent therapeutic agents

MavLiGNANT HYPERTENSION

Controversy still rages with respect to the mechanism of the malignant
phase of primary HT Pickerng (1) considers the abrupt onset of high
DP to be an important pathogenetic factor in precipitating the accelerated
phase, Perera (96) documents a vartety of reasons to support his belief
that the malignant phase represents a qualitatively different condition. Gold-
blatt (76) believes impaired renal function ts a prerequsite to the de-
velopment of the malignant phase. He does not refer to studies which show
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through normal kidneys (118, 119); a similar effect is noted in renal HT
dogs, but less regularly (120) Experimental renal HT persists after total
nephrectomy in dogs and rats (121, 122), It has been demonstrated in the
rat and rabbit with chronic renal HT that release of the clamp on the renal
artery is followed by complete reversal of HT, Floyer has reviewed this
work (122) and postulates that the clamped kidney secretes a substance
which is rot itself a pressor substance but which acts on the opposite nor-
mal kidney in some way, interfering with its BP-regulating activity. The
most exciting piece of human evidence m support of the concept that the
normal kidney acts metabolically to maintain normal BP is the successful
homotransplantation of one normal kidney from a twin to his mate with
bilateral kidney disease, uremia, and HT (123) Following transplantation
there is a significant falt in BP which, however, 15 generally not complete
until both diseased kidneys have been removed.

The major fact which emerges more and more clearly is that an essential
non-excretory function of the normal kidney 1s the regulation of BP.
Highly data are i¢ on the presumed secretory func-
tion of the juxtaglomerular cells and its possitle relationship to pathogenesis
of experimental HT (124, 125) v

Neural factors sn hypertension —The superficially plausible and attrac-
tive hypothesis that excess sympathetic tone alone is responsible for the
increased peripheral resistance in essentia]l HT remains unsupported by
direct evidence (126) Unnary excretion of norepinephrine 1s normal
human HT (127, 128). In experimental animals peripheral resistance and
cardiac output can be mncreased by stimulation of certarn areas of the hypo-
thalamus, but simular data m man are not avaiable. Crandall ef ol (129)
have induced HT 1n dogs by damping carotid sinus pulsations, but hgation

of the carotid arteries distal to the sinus along with the oceipital arteries

produced the same result McCubbin et ! (130), m seeking neurogemc
mechamsms that might_contribute to_the maintenance of chronic renal

HT, have shown that the baroreceptors are “reset” at the HT level of pres-

sure and act mn completely normal Tashion fo préserve this level. Similarly,

when HT 1s “cutred,” the receptors adjust agamn to normal BP. Both exper:-
ments suggest that the baroreceptors are less powerful“than other vaso-
regulatory mechamisms Heymans (131) has explamed the phenomenon of
resetting by indicating that the direct stimulus to baroreceptor activity is
not intra-arterial pressure but the degree of stretching of the smus wall
stself He postulates that i chronic HT, tension of the arterial wall some-
how decreases, and thus the baroreceptors react normally to changes in BP
at the HT level The neural control of arteries was reviewed by Folkow

(132), and regulation of peripheral resistance has been recently summarized

(3, 133). Evidence 1s presented that anatomcal changes in arterioles are

secondary to the elevated BP and not primary (134).

Water and elecirolyte metabolism in hypertension~The exact role of
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blocking agents results in approximately 40 per cent survival at the end
of three to five years (3, 4, 107, 108, 109). All authors have commented
on the adverse prognosis of patients with renal insufficiency. Perry &
Schroeder (101) shawed that 1f BP is reduced gradually, increased survwal
is possible, even in patients n the malig, phase plicated b;
The mortality n the azotemic group after four years was 69 per cent,
compared with only 36 per cent in those without azotemia. The importance
of patient cooperation is underscored by the fact that the four-year more
tality of 178 patients who followed treatment was 24 per cent, whereas in
27 patients who discontinued treatment it was 78 per cent. The ranty of
deaths from heart failure was also stressed

In evaluating therapy, one of the earliest signs of improvement is re-
versal of ncuroretinopathy. The ranty of spontaneous reversal is docu.
mented by Keth & Wagener (110) and by Schottstaedt & Sokolow (97).
The former authors noted that unexplamned reversal of retintopathy oc-
curred in only 15 patients during a 20-year period

Surgical treatment of the malignant phase has been reported by a num-
ber of authors, In Hoff’s (111) five patients with malignant HT and good
renal funchion, adrenal effected no fi changes in BPs, but
papilledema improved 1n all cases. Four of the patients died within 20
months of operation. Interestingly, tus Case 3, a 26-year-old man, had 2
small nght kidney and an aortogram showed a decrease in blood supply.
Adrenalectomy, rather than nephrectomy, was performed; today a nephrec-
tomy or renal endarterectomy probably would have been done, Arnott ef al.
(112) descrsbed the effects of total adrenalectomy in six patients with HT,
five of whom had papilledema. Three of the five died within a few months;
the other two were alive 12 and 18 months, respectively, after adrenalectomy
Zintel and his associates (113) reported the results of a three- to seven-
year follow-up of 76 pattents with HT treated with thoracolumbar sympa-
thectomy. One-half of the patients were 1n the mahgnant stage and 49 per
cent of them died.

EXPERTMENTAL HYPERTENSION

Renal ond renoprival hypertension —Hypertensin 11, a recently syn-
thesized octapeptide, has been shown to be the active vasocoustricting sub-
stance m renal HT (114, 115). By mutual agreement it 13 to be called
“angiotensin 7

The fact that passive transfer of hog antiremin to dogs with chrome
renal HT causes a ssgmficant fall 1 BP 15 considered the only vahd evidence
that renin participates i the HT progess (116) Grollman et of. (117) have
postalated that rena) HT 15 not caused by Iﬂ)Ef?tiOl’.\ of a pressor agent,
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arterial walls influence reactivity, but this has not been demonstrated in
human essential HT (154, 155).

Monoamine oridase inhibilors —Both serotonin and norepinephrine
may undergo oxid deamination via ine oxidase (MAO) ac-
tivity. Remarkably, however, isopropyl isonicotinyl hydrazine inhibits this
activity yet induces postural hypotension (156), the degree of which paral-
lels the suppression of serotonin conversion (157). Since effective inhibition
of MAO activity does not cause the further elevation of BP that nught be
expected 1f norepinephrine were bolized pr i ly via MAO,
Mendlowitz et al, (158) have suggested that the other known pathway
of norepinephrine degradation, namely by the enzyme O-methyltransferase,
may be abnormal in human HT.

Hollander & Wilkins (159) reported umimpressive results from the use
of iproniazid on 51 patients with arterial HT, Gillespie (160), utilizing JB
516 (1-phenyl-2-hydrazino-propane) in 21 patients, observed orthostatic
lowering of pressure 1n 18 and sigmificant BP reduction in recumbency in
six. Six patients experienced temporary loss of red-green color discrimina-
tion. Both promote the depressor action of serotonin on BP but do not affect
sensitivity of digital arferies to norepinephrine. Both are potentiated by
chlorothrazide, Their hanism of action is unexplai: and may not
relate directly to inhibition of MAO The most unusual effect on color vision
18 potentially a fertile lead for retinal physiologists.

Serotonin (5-hydroxytryptammne)—The present status of serotonmn,
clinically and experimentally, has been reviewed (161, 162) Its action upon
blood vessels is dependent on many other physiological variables. In man,
depending upon the rate and amount of mjection, serotonin may lower or
raise BP; usually it does both in sequence. In anumals, there are sigmficant
species differences in response, but uniformly there is marked constrictor
effect upon renal vessels, even to the point of tissue necrosis At present, .
serotomin has no known clear-cut role m esther the normal or HT state.

Adrenal factors n hypertension —Despite the usual “cure” of HT when
an adenoma of the adrenal is removed, the role of aldosterone in producing
HT is not clear Hypertension may be absent in some cases of hyperaldo-
steronism despite the usual electrolyte derangements (136); the urinary
excretion of the hormone in HT hyperaldosteronism 1s usually less than n
secondary aldosteromsm or when Nat* 15 markedly restricted 1n a normal
person (163); long-term administration 1s necessary to induce HT in rats
and this is not mfiuenced by Na* (164) Proof 15 lacking that aldosterone
participates in the pathogenesis of human essential HT. The subject has
been thoroughly reviewed (165, 166, 167).

o Seconary HYPERTENSION

Renal artery ocelusion —One of the major developments within the past
five years [as béen the discovery of the importance of atherosclerotic renal
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Na* in the production and maintenance of experimental HT has not been
defined, but a sumntary of the present position has been made by Leding-
ham (135). While the influence of K* depletion on BP cannot be assessed,
evidence indicates that the action of Na* is independent of adrenal cortical
hormones, even though there is no regular pattern of electrolyte disturbance .
in renal, renoprival, or steroid HT. The intake of Na* is not the sole de-
terminant of HT, but in the presence of disturbed homeostatic mecha-
nisms experimental animals become extremely sensitive to changes in
electrolyte intake, just as do patients with HT who have undergone adrenal-
ectomy. Since changes in distribution of body water and cellular electrolyte
content may alter membrane potential and contractility either of the myo-
cardium or of the smooth muscle of arteriolar wall, Ledingham postulates
that this could be the link with HT, but at present it must remain purely
hypothetical.

Conn (136} has stated that the body content and distribution of Nat,
K+, and water are identical in primary aldosteronism associated with HT
and in periodic paralysis without HT. Winer (137) has found normal values
for body electrolytes and water in essential HT, confirming cne report
(138) and contradicting another (139) It has been amply reconfirmed
that HT patients excrete a greater proportion of infused Na* in solution
than do normals, but the significance of this is unknown (140). This phe-
nomenon is partially reversed by antt-HT therapy (141). Tobian & Redleaf
(142} suggest that in HT, edema in the artertolar walls may account for
the increased peripheral reststance; they have shown increased Nat and K+
content in aortas of rats with experimental HT, It is tempting to use these
data in support of the views of Mendlowitz ¢# al. (143) and Conway (144).
The action of chlorothiazide 1n potentiating hypotensive effects of other
drugs could also be explamed on the basis that 1t reduces the arteriolar Na*
content and secondarily reduces wall thickness, thereby increasing lumen
size (145).

Nat+ may also influence BP by its effects on plasma volume, as the work
with chlorothiazide suggests. The p ing action of chlorothiazide is
lost if the plasma volume is replaced by dextran, even 1f Na* loss is not
replaced (146).

Vascular reactvity—Patients with established HT exhibtt abnormal
increases in peripheral resistance or decrease in peripheral flow in response
to epinephrine or norepinephrine (147, 148, 149). Hydrocortisone and
ACTH induce simular responsiveness in non-HT persons (150, 151). This
apparent hyper-responsiveness does not necessarily indicate a greater de-
gree of arterwolar contraction because it may result from the fact that the
caliber of arterioles is already reduced by thickening of the walls caused
by edema, hypertrophy, sclerosis, or all three (152, 153): Thus, a nom}al
amount of arteriolar contraction could cause a disproportionately great in-
crease in resistance. Changes n electrolyte concentrations and in tension of
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Howard test. These authors found focal renal lesions in 256 HT patients
who had aortography during a 3%-year period. Improyement in DP occurred
in about 75 per cent of the operated cases. They recommend renal angiogra-
phy 1n the following instances: (g) disparity m measured length or ex-
cretory function of the kidneys as revealed by intravenous pjelogram;
(b) HT without evident cause in a patient under 35; (¢} mahgnant HT
1n a patient over 53; (d) non-farmlial HT of recent onset tn any patient
with rapid progression into the mahgnant phase; (¢) HT which develops
or becomes worse following an attack of flank pain which may represent
infarction of a part of a kidney, Additional reports confirm the importance
of renal artery occluston (174 to 178). The techniques and complications of
aortography have been described in detail (179, 180).

As a screening techmque for renal artery lesions, Winter (181) has
devised a renogram recorded from scanming the circulation of intravenously
myected 191 through the individual kidneys This correlates well with other
tests of renal function but does not yield direct information about the pres-
ence or absence of a renal artery leston

v

this relationship, noting the irregular association of kidney disease with
vascular disease and HT, the fact that pyelonephritis may terminate in
uremia with normotension, and that HT may precede or follow the onset
of renal insufficiency. He states that we urgently need additional informa-
tion on the relationship of umtateral kidney disease to HT since pyelo-
nephritis with advanced vascular changes may or may not be associated with
HT Part of the difficulty with respect to pyelonephritis concerns the need
for more prectse methods of r chronic and states
during life. Data regarding this and reviews of the modern management
of pyelonephritis are available (183 to 187).

Pathological criteria are not completely established, and the genesis of
the vascular lestons n regions of pyelonephritis 15 not understood Chronic
pyelonephritis was found in 41 of 71 kidneys removed surgically for uni-
lateral renal disease, 35 per cent of those with pyelonephritis and 23 per
cent of those without pyel hritis had been d with HT (187).
Brod (188) found a 60 per cent mcdence of HT in a group of patients
with pyelonephritis, compared to 15 per cent 1n patients with chrome
cholecystitis, When a family lustory of HT was present, the figures rose
to 85 and 30 per cent, respectively.

Woods' (189) data show that rats with hormonal HT are more prone to
experimental pyelonephritis He hypothesizes that various tnjuries to the
kudney, including nephrosclerosis, may predispose one to pyelonephnitis
In this instance, pyelonephritis may be a secondary condition supersm-
pased on HT disease This would explam in part the unexpectedly ugh
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artery lesions in the production of HT, even though Blackman, in 1939, had
shown that 86 per cent of HT patients had arteriosclerotic plagues in a
renal artery at autopsy in contrast to 11 per cent of controls (168). Recog-
nition that this 1s probably the most common cause of severe HT in older
individuals comes approximately 25 years after the pioneer experimental
work of Goldblatt, Connor ef al. (169}, in a study of 70 cases of HT, noted
that those patients whase BP mmproved following nephrectomy nvariably
had a decreased urine volume and Na* concentration on the involved side
compared to that of the opposite Sid€; Patients who did not improve after
nephrectomy did not show these changes, nor did patients who had bilateral
renal disease This paper led to the so-called Howard test for recognizing
obstructive lesions of the renal artery, which revitalized interest in the
possitlity of recognizing renal artery fesions without aortography. Meticu-
lous attention to technical details 15 essentsal.

Impetus for the use of aortography in the recognition of occlusive dis
ease of the renal artery came from Poutasse & Dustan (170}, who des
scribed 104 selected HT patients subjected to acrtography during the previ.
ous two years As clues to the presence of renal artery lesions they stressed
the importance of abdominal or flank pain, followed by the rapid develop-
ment of severe HT 1n a patient with a negative fanuly history of HT. They
found 30 individuals with locahzed lesions, 19 of whom were subjected to
nephrectomy or corrective renal artery surgery Five of seven patients
followed for more than a year had consistently normal BPs and two had
remission of the malignant phase They recommended nephrectomy when
the mvolved kidney shows distinct atrophy and reduced function or, when
possible, segmental endarterectomy or renal artery corrective surgery
Floyer's work (3) emphasizes the importance of restoring normal blood
flow to the kidney. The chance of reversing HT and preserving normal

dney function warrants the extra risk involved in renal endarterectomy.
A\n exact human counterpart of Wilson & Bryom's classic experiments in
rats (171) has been reported sn an eight -old garl with hyper-
tension (172) Left nephrectomy was performed because of reduced dye
excretton on the left, and no nephrosclerotic changes were noted 1n the
kidney. At autopsy followsng her death from uremma nine days later, the
stump of the left renal artery was found nearly occluded near the aorta
and the right kidney showed severe HT vascular changes.

Poutasse & Dustan (173) compared aortography with differential water
and electrolyte cxcretions by the Howard test. Results of the two tests
coneurred when there was obstruction of the main renal artery, With ob-
struction 1n a branch of the main renal artery, or pyelonephritss, however,
the glomerular filtration rate, volume, and osmolarity decreased on the
affected side, but Na* excretion remained equal on the two sides Thxs
explanation of the difference between branch and main renal artery lesions
1s a valuable contribution and explains many apparent discrepancies of the
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urinary catechol amines may be mussed in the paroxysmal form; there-
fore in such instances three to five blood samples should be obtamed at
2-min. intervals following induction of an attack by histamine.

Polycystic kidney —An excellent monograph on bilateral polycystic dis-
ease of the kidneys, a follow-up of 284 patients and their famibes, has been
published by Dalgaard (204).

‘TREATMENT OF EssenTiAL HYPERTENSION

Experience has amply confirmed Smirk’s optimistic view in his 1955 re-
view (205) that potent drugs have at last resulted in effective treatment of
the disease. A number of papers emphasize the difficulties m the clinical
evaluation of anti-HT drugs Corcoran, Dustan & Page (206) discuss the
problem of estimating the severity of HT disease and indicate a need for
alternate courses of drugs interspersed with placebos. Weekly mean pres-
sures, derived from pressures recorded twice daily by the patient or a mem-
ber of his family, were found to be a valid representation of the week’s
readings and were comparable to similar means obtamed by nurses in the
hospital, They prevent error in interpretation based on reliance on uncon-
trolled casual readings They state that only 1 per cent demonstrated psy-
chological stress from home readings Shapiro (207) discusses the problem
of evaluating drugs in the treatment of HT, emphasizing the non-pharma-
cological variables which contribute to HT effects, symptomatic improve-
ment, and side effects He discusses at length experimental design and the
need for control periods during and after therapy, as well as before. Gold-
ring and associates (208) have proved the effectiveness n reducing BP of

d delib dr: of a regimen of reassurance to the
patient They obtamed striking falls in pressure which returned to control
levels in eight weeks or less after cessation of treatment, showing that noth-
ing more than a transient offect on pressure had been achieved Perera (9)
discusses therapeutic principles and objectives of treatment of hypertensive
vascular diseases If the lives of some patients 1n the accelerated phase are
prolonged by therapy, is one justified in assuming that a reversal of the
pathological process has occurred? It 1s established that healing of necrotiz-
g lesions follows anti-HT therapy (80, 102) ; Moyer ef al (100) demon-
strated arrest of progressive renal deterioration when BP was lowered with

ionic blockers. Disappearance of ia ind that
lesions are actually being reversed with treatment Freis (209) discusses the
discrepancy between home and office readings of BP, pointing out 2 need
for utilizing home readmgs in the evaluation of therapy. Thls 15 essential in
order to avaid ds heim (210) also ), this point, and
utilizes short ovcrmght visits to the hospital in lien of home readings.
Stewart (15) formulates a set of principles as a guide to the treatment of
HT with new HT agents, He believes that HT disability and death are
caused by vascular lesions, that arbitrary reduction of BP can delay or arrest
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incidence of pyelonephritis in HT pattents in whom earlier thotough studies
had disclosed no evidence of pyelonephritis. This merits further study.
Merriam ¢f al. (190) found that HT patients with chronic pyelonephritis,
compared with a larger group without pyelonephritis, had shghtly increased
mortality and significantly higher average DP for the same grade of
arteriolar sclerosis Other papers (191, 192) discuss the rale of pyelo-
nephritis in HT.
~ Primary hyperaldosteronism—The clinical syndrome defined by Conn,
earlier described as “potassium-losing” nephritis, 15 now recognized as a
major cause of HT (136, 163, 193, 194). Clinical features mnclude variably
severe muscular weakness, tetany, paresthesias, polyuria, polydipsia, HT
without edema or signs of Cushing’s syndrome, together with hypokalemia,
hypernatremia, alkalosis, alkaline urme of low specific gravity, mild pro-
temnuria, high urmary aldosterone and normal 17-hydroxycorticords and
17-ketosteroids (193). Any or all of these may be absent, edema may occur’
(195), and urinary aldosterone may be mormal if the patient is severcl}
depleted of body K* (163). Bartter & Bigheri (196) have proposed Na*
{ restriction to 250 to 500 mg. per day as a simple yet rehiable means of de-
termining whether a patient with HT and hypokalemic alkalosis has hyper-
_ialdosteronism; serum K* should rise, urinary Na* should fall. Electro-
" leardiographic signs of hypokalemia m a HT patient should alert one to
the possibility of this diagnosis 1f the use of chlorothiazide and laxatives has
been excluded. Methads for determining aldosterone in the urine are being
perfected, but at present are cumbersome and not entirely rehiable, Surgical
removal of an adenoma (rarely hyperplasia or carcinoma) usually results
in remussion of HT unless advanced renal disease has developed; even in its
absence, however, HT has persisted postoperatively after all electrolyte dis-
turbances have been corrected (136).

Cu{llirfg:{ .Q!ldjﬂ_?_n_e —The severity of HT occurring in patients with
Cushing’s syndrome has been emphasized (197) Montgomery & Welbourn
(198) have reported the return of BP to, or near, normal in 12 of 13 pa-
tients following adrenalectomy whether they received substitution therapy
or not; four of these had malignant HT The mechanism whereby excessive
secretion of the so-called glucosterowds by the adrenmal cortex induces HT
remains unknown,

Piieochromocytome—Kvale et al (199) have reviewed 50 cases, and
Roth and his assactates (200) have thoroughly discussed the detasls of
diagnostic tests, with considerations of muslesdmg positive or negative
results. Von Euler and & Strom (201) emphasize the value of determining
urinary catechol ammes but admit the difficulty of knowing the upper
limits of normal. Hoobler ¢f af (202) outline a “routine screening pro-
cedure” and state that only when angina makes pharmacologic tests dan-
gerous should urinary catechol quantitations be done first. Reutter and his
associates (203) make an important pomt: a dragnostic rise 1n blood or
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have_become_narmotensive. With prolonged control of BP be-
came more complete and s\de effects less prominent. T he\r paper furnishes
detailed di: ions of individual patient in dosage,

and helpful measures for the contral of side eﬁects‘ Cottier ¢t al. (225)
found good clinical effects and noted only shght reduction 1n renal plasma
flow, glomerular filtration rate, and Na* clearance tn half his patients.
Freis & Wilson (226) reported that the greater potency and longer duration
of action of 1 were ad but that the addition of
ili or ¢t thiazid lized the clinical value of all currently
uséd ganglion-blacking agents Mecamylamine produces parasympathetic
blockade, but its use has elimtnated sudden unpredictable falls in pressure
and sudden development of ileus \Vhen such occur, they are the result of
increased dosage, not of unexpected increase in intestnal absorption. None-
theless, mecamylamine in high doses has produced gross tremor, choreiform
, depression, 1 or cf lsion in some
patients (227). These effects subside within a few days to two weeks upon
withdrawal of the drug or reduction 1n dose and are attributed to diffusion
of the drg into the brain,
Pcmpxdme, a terttary amine and a derivative of piperidime, is pharma-
similar to (228). Following an oral dose, BP
falls within an hour, occasionally after 3 or 4 hr ; the maximum response
lasts 1 to 3 hr, and total duration of effect 1s usually 6 to 7 hr. In patients on
treatment, four equally spaced daily doses are generally needed. Harington
et al. (229) report an average daily mamtenance dose of 325 mg. of the
bitartrate, with instial doses of 2.5 mg, four times daily, which can be rapidly
increased to higher levels As with mecamylamine, no sigmficant tolerance
has been noted. Whether pempidine and mecamylamine, by virtue of their
umique structure, act differently from the quaternary amines remams un-
certain; the problem 1s reviewed by Paton (230).

Mechanism of action of lion-blocking agents —Depending upon the
technique used, ganglion blockers have been reported to reduce peripheral
arteriolar resistance (231), reduce venomotor tone and, secondarily, cardiac
output by pooling of blood 1n the splanchnic bed (232, 233), reduce both ar-
teriolar and venous tone (234), and reduce cardiac output by direct actron
on the heart (235). In the presence of heart failure, however, these agents
mcrease outpuat, since reduced ventricular filling permits more efficient con-
traction of overstretched ventricular muscle fibers (236).

Chlorothiazide and d hiazide, when admini d to
HT patients without heart fallur:, mduces a negative Na* and Cl* balance,
a reduction of the extracellular flud space by approximately 2000 ml, and
commensurate weight loss (237, 238, 239) The full effects appear within
three days’ therapy with doses of 05 to 1.0 gm and are associated with re-
duction averaging 15 per cent of the mean BP. Much more striking and un-
expected was ats remarkable synergistic effect with other anti-HT agents,
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these lesions and that relatively short falls in pressure may suffice, He
stresses the point that even slight rises in pressure result in mortality rates
from cardsavaseular-renat disease of neasly four times average.

ANTIRYPERTENSIVE Drucs

Smitk (205} and Yonkman {Z11) have reviewed the early literature on
anti-HT agents, The bope that the separation of protoveratrine into sts twa
components would lead to the devel of a pr ion p i
highly desirable therapeutic properties while lacking sts unfortunate side
reactions of weakness, nausca, and vomiting, was short hived (212). There
are no oral “preparations of choce,” and their use remams restricted to the
few who tolerate them well and to those who cannat be managed satisfac-
torily with other therapy Protoveratrine remamns a useful and valuable
agent i the treatment of toxemma of pregnancy (67},

The effectiveness and reliability of reserpine in the treatment of HT
emergencies, weluding HT encephalopathy, by parenteral myection is well

bhished (213} The i dose needed for full effect varies from
23 to 5 mg, acts usually within 3 br. and Jasts an average of 10 br, but
doses may be given every 4 to 12 hr. according to the indsvidual patient's
responise, The fall i mean pressure averages 20 mm. Tt has been effective
in HT secondary to acute and chronte nephritss sn dases of 70 to 150 pg/kg
body weight, alone or combined with hydralazine (214),

Additional ganghon-blocking agents have been introduced and found
comparable to hexamethonium andd pentolunum in chncal pharmacology and
generat usefulness: chionsendamme (215, 216}, pentacynum bis-methylsul-
fate (217}, trumethud tueth (218, 219). Mecamylamine and
pempidine have been shown to have different pharmacologic propertses and
generally more destrable chinscal effects

M. 2 methvl

Y hydrochlorsde), a second:
ary amme, diffuses readily sto cells, 13 almost completely 2bsorbed follow-

ing oral acts for a sgmficantly longer period, and induces
almost neghigible tolerance (220, 221, 222). Reports of ats clinscal ase uni-
formly note greater ease of smooth BP resp because of

sts longer anti-HT action and predictable effects (223 to 226). Smirk &
MeQueen (223) recommend § mg orally s an mital dose or titration of
each patient by intravenous admansstratton of 03 mg of mecamylamine per
minute with continuous BP recording as the best gmde to snitial dosage
They give the drug twice daily, with a smaller supplemental dase at 2 PM.
and & 30 per cent larger night dose About 50 per cent of their pattents had
good resalts; 2 third had dstressing mide effects of parasympathetie block-
ade. The average daily dose was 33 mg. Moyer ¢t al. (224) begin treat-
ment with 25 mg twice daily, gradually increasing to four doses daily,
bat emitting bedtume doses 1 ome-~fourth of these pattents Sixty ta 7D per
cent have responded to average daily doses of 29 mg,, and 30 to 40 per cent
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asymptomatic HT pattents without vascular complications will have in-
creased survivals if their BPs are lowered or whether such treatment will
prevent or delay appearance of vascular complications. Since the duration
of l1fe of the asymptomatic patient averages 20 years, it will be necessary to
do a controlled clinical trial to answer this last question. The problem of
evaluating the influence of BP on atherosclerotic complications 1s difficult
because the clinician can only recognize complications of atherosclerosts,
not atherosclerosis per se. Since life expectancy quite clearly increases fol-
lowing treatment of most of the severe aspects of HT, it appears reason-
able that treatment of established HT at au earlier stage should be con-
sidered desirable.

Evidence for increased survival in patients with the malignant phase has
been documented (3, 4, 107, 108, 109). All investigators agree that, in con-
trast to almost zero survival of untreated patients after two or three years,
40 to 50 per cent of patients with malignant HT and satisfactory renal func-
tion will survive five years if BPs are adequately lowered Reversal of the
malignant stage can occur whether the patient has essenual H'I‘ and is
treated with ganglionic-blocking agents, d
whether he has pheochromocytoma (256), primary aldostcromsm (257) or
Cushing’s disease (198) and 1s treated by rcmoval of the adrenal tumor or
adrenal resection, whether he has or
renal artery occlusion (173, 178, 211) and 1s trcztcd by either nephrectomy
or surgscal repair of the renal artery. The imporiance of satisfactonly con-
trolling pressure was demonstrated by Perry & Schroeder (107) who noted
in 82 patients with mahgnant HT that mortality in four years was 100 per
cent when DP was uncontrofled by therapy, was 60 per cent when DP was
partially controlled, and 31 per cent when DP was adequately controlled.
Regardless of the cause of HT, Jowering of the BP results in reversal of the
malignant phase. Similar benefits accrue in cardiac failure. Shitley Smith
& Fowler (258) noted that during the period of therapy no patient devel-
oped heart farlure and no deaths occurred due to heart failure Goldring &
Chasis (259) found life expectancies of 18 years following the first evi-
dence of heart failure tn a survey of 138 cases of fatal HT In contrast, in
310 HT pattents treated from two to seven years by Stmirk ef al. (260), 78
per cent with left ventricular failure and 64 per cent with combined failure
were alive three years after the onset of hypotensive therapy. These results
are even more impressive because sigmficant dyspnea on exertion was pres-
ent in 127 and cardiac failure oceurred 1n 85 prior to therapy Heart failure
was the sole cause of death in only 19 patients (about six per cent) of the
total senes Smxrk described prompt and often dramanc relief of HT cardiac
asthma ance of pulsus al-
ternans and gallop rhythm, and decrease in size of the heart and 1mprove-
ment in the clectrocardiogram following lowering of BP, Freis & Wilson

(261) demonstrated the same benefit with respect to cardiac failure: de-
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especially the ganglion-blocking drugs, dosage of which often must be re-
duced 50 per cent when chlorothiazide is added to the regimen (240, 241).
The mechanism of this appears to be a reduction in plasma volume rather
than Na* depletion since replacement of the plasma deficit with Na*free
dextran promptly abolishes the effect on BP (146). Dustan e¢ al. (242) pos-
tulate that oligemia induced by chlorothiazide sti greater
tone which, in turn, is more readily responsive to the li
agents than are the usual mechanisms which maintain HT. The details of
chlorothiazide therapy, including toxic effects, have been thoroughly de-
scribed in recent hiterature (243 to 247).

Hydrochlorothiazide is a more potent form of chlorothiazide in a range
of 10 to 20 to 1 on a weight-for-weight basis (248, 249). The effects on renal
excretion of water and electrolytes, including K*, are comparable Spittel
et al. {250) report that one-third of patients swith mild to moderate HT be-
came normotensive on hydrochlorothiazide alone in doses of 50,to0.200.mg.
daily. Significant falls in serum K* occurred in 7 of 18 patients.

A more recent d: ion of chlorothiazide is the repl of the
chloride by a trfluoromethyl group. The resulting agent, Humethiaztde,
appears in every way to be comparable to chlorothiazide in 1ts pharmacologi-
cal actions (251). Data are scanty to date,

Surgical treatment —A number of papers have appeared summarizing
results of sympathectomy and adrenalectomy, alone and 1n combination, in
the management of artersal HT (111, 112, 113, 252).

Superior results were noted with adrenalectomy, compared to sympathec-
tomy, particularly with respect to improvement in congestive failure (253).
Decrease in the number of sympathectomies performed in recent years is
clearly indicated from Smithwick’s report of an average of 25/year in 1957~
1958, compared to 350/year in 1947 (254). A double-blind study, with
matched controls, concluded that only patients with accelerated or malig-
nant HT had an improved 10-year survival following sympathectomy (255).

It seems clear that survival is increased with surgical procedures when
papilledema or cardiac failure or both are present Surgscal procedures are
more radical and have produced no better results than medical treatment in
the two-thirds of the patients in the total series in whom the above compli-
cations were not present.

blocki;

EvipEnce THAT INCREASED SURVIVAL AND THERAPEUTIC BENEFITS
Accrue From HypoTENSIVE AGENTS
Hypotensive therapy has been 1n fairly extenstve use since 1951, There
are now substantial data ndicating that lowering BP in HT patients un-
equivocally increases survival m the most severe forms of HT, notably,
malignant HT and 1n patients who have cardiac fatlure There are insuffi-
cient, but suggestive, data which show that atherosclerotic complications
may be decreased There 15 as yet inadequate evidence to indicate whether



ARTERIAL HYPERTENSION 85

Perry & Schroeder (263) believe that the basic mechanism leading to
HT may be reversed if BP is lowered continuously for a sufficient length of
time. Of 79 patients who had maintamed DPs consistently below 100 mm.
Hg, the final doses were only 73 per cent of the initial dosages of the block-
ing agents, whereas 35 patients whose HIT had not been so reduced were still
taking 97 per cent of their imtial dose. It was possible to discontinue hexa-
methonium completely in 19 pattents, and in 10 patients to discontinue both
hexamethonium and hydralazine without a recrudescence of HT. It 15 pos-
sible that with persistent lowering of the BP the baroreceptor “thermostat”
may agan be lowered to the point where it effectively prevents a rise in
pressure above normal with stress or pressor agents, this, 1f true, would be
a most important reason for continumng effective therapy over a period of
years

ConcLusion

It is now apparent that every patient with HT must be scrutimzed for
the presence of detectable and treatable causes of elevated BP, Vigorous
anti-HT therapy should be instituted 1n all patients with HT in the malig-
nant phase, 1n those with cardiac failure, and in those with left ventricular
hypertrophy and dyspnea on exertion even 1f objective signs of cardiac
failure are absent The decreased life expectancy in younger individuals,
especially mates with left ventricular hypertrophy and high basal pressures,
cogently suggests that antt-HT therapy should be begun in these patients
even though defimtive evidence for its value has not yet been obtained. The
clear association of HT and atherosclerosis suggests that attempts at lower-
ing the serum cholesterol, as well as the BP, are wise, although the thera-
peutic value 1s unproved.
1f our understanding of the HT process in man 1s to advance beyond the

1 state, frwtful of basic mechanisms is 1 order,
notahly the mechanism whereby the normal kidney, or normal kidney tissue,
acts to mamtam normal BP 1n man and 1n the experimental ammal; the

ph )l ], and response of human arterioles to
controlled expenmental conditions, and the role of varying types of emo-
tional stress in imihiating or aggravating HT
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crease 1n heart size and impsovement in the electrocardiogram in 96 patients
with severe HT treated with pentolinium. Corcoran, Page and their asso-
ciates (262) noted that there were no deaths from cardiac failure in 106
patients treated with various drugs; all deaths were due to cerebral or coro-
nary atherosclerosis. Perry & Schroeder (263), in a study of 114 cases
treated with hexamethonium and hydralazine, noted that heart failure had
almost disappeared, and that only a handful continued to take digitahs.

Improvement in the clectrocardiogram following therapy is well docu-
mented by Hay (264). The study of Helmcke and his associates (265) indi-
cates that improvement was most common i those who had a satisfactory
response to treatment, but this was not consistent Improvement in the
electrocardiographic pattern of Ieft ventricular hypertrophy in HT subjects
following hypotensive therapy strongly suggests that cardiac hypertrophy
in HT is reversible. Decrease in the work load of the left ventricle may
logically be considered to delay or to prevent the onset of cardiac failure.
Since, as has been documented, cardrac failure can be reversed and pre-
vented with hypotensive therapy, 1t seems reasonable to begin therapy when
left ventricular hypertrophy has appeared, before the development of car-
diac symptoms,

The cffect of treatment on vascular detersoration n the kidney is de-
scribed by Moyer et al. (100), who performed serial renal clearance studies
on 64 patients being treated with potent drugs Comparison of treated and
untreated cases showed that effective reduction of the BP arrested renal
vascular deterioration 1 patients with severe and moderately severe HT.
No further progression of renal disease occurred over a period of years
Abrahams & Wilson (266) noted that in 27 patients with primary renal
disease and impaired renal function, no further detertaration occurred when
BP was lowered gradually if the creatinine clearance was more than 50
ml fmun. and BUN was less than 60 mg. per 100 ml Perry & Schroeder
(101) showed that patients with papillederna and impaired renal function
could have greatly increased life expectancy 1f therr BP’s were lowered
gradually, even though they had azotemia

Evidence for reduction in the incid of att lerotic 1
is scanty. It is reported that the incidence of arteriosclerotic complications
which developed during the course of drug therapy over a five-year period
was 16 per cent of 49 patients with good responses, compared to 40 per cent
of 57 patients with fair to poor responses (267). The authors concluded
that this was partial emidence that arteniosclerotic complications were less
if DPs were lowered to less than 110. Climcal, pathological, and expen-
mental data indicate that the accelerated arteriosclerotic changes may be
reversible (80, 100, 102). It seems clear that there 1s msufficient evidence on
which to Tude that ath: i c are reversed or cur-
tailed by hypotensive therapy, but the evidence is suggestive and cons:der-
ably more study is warranted.
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N /CARDIOVASCULAR DISEASE:
PULMONARY HYPERTENSION'*

By AverniL A, Liezow, M.D,

Department of Pathology, Yale Unwersty School of Medicine,
. New Haven, Connecttesd
* Refined physiological measurements correlated with quantitative ana-
tomical observations have, in recent years, clarified some important prob-
Tems of the lesser circulation Only a glimpse can be provided in this chapter
of the more current of these achievements Mencely (89) has provided an
interesting brief historical survey. Several international symposia (2, 112)
have brought together much information, and the Nobel prize lectures of
Cournand (31) and Richards (95) have been published. “Cor pulmonale,”
“cardiopulmonary disease,” and “pulmonary hypertension” have received
more or less extensive treatment (23, 33, 74, 79, 86, 103, 123). Brill {23),
in deri luded that “cor pul 1e” should be defined
as right ventricular hypertrophy, strain, or failure caused by disordered pul-
monary cireulation; this would include a lesser airculation affected by fail-
ure of the left heart. This conclusion seems justified, especially since pul-
monary vasospasi can apparently accompany the latter, as in mitral steno-
sis (MS) (120).

Edwards (39), in a Conner Memorial lecture, provided 2 synthesis of his
views based on his extensive observations of the pulmonary circulation in
hypertension, Particularly productive has been Heath in collaboration with
Edwards and others (57 to 66) In the effort to determine the prognostic
sigmficance of pulmonary vascular lesions, papers of the Evans, Short &
Bedford group (40 to 42) have also dealt extensively with pulmonary hy-
pertenston of various types. Extensive case studies have also come from
German chnics [Kohn & Richter (72, 73) ; Loogen (85)]. Wood's Croonian
Lectures (121, 122) have stated his concept of the “Eisenmenger sydrome”
as pulmonary hypertension caused by a high pulmonary vascular resistance
with reversed or bidirectional shunt, no matter whether the latter is atrial,
ventricular, or at the aorta-pul y level Although the propriety of using
the eponym can be questioned, 1t 1s important to understand the concept.
Wood’s (123) classification of mechanisms of hypertension into hyper-
kmetrc (from a high pulmonary blood flow), passive (from a high pul-

*The survey of the hterature pertamning to this review was concluded in July,
1959

?The following abbrevuations are used in the text: 5-HT [S-hydroxytryptamine
(Serotomn}]; IASD (interatrial septal defect); IVSD (interventricular septal
defect); LA (left atmal pressure); MI (mutral insufficiency); MS (mitral
stenosis) 3 PAP (pulmonasy artersal pressure) ; PDA (patent ductus arteriosus) ,
PPH (primary pulmonary arterial hypertension).
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brought about by reducing the O, content of air ventilating, or blood per-] I
fusing, a lobe.

Duke (38) has made another significant contribution in attempting to
lucidate the h previously d by her whereby alveolar
hypoxia results in an elevation of pulmonary vascular resistance. In isolated
cats’ lungs ventlated with nitrogen and under constant volume inflow of
blood, there was a pressor response even when the lungs had been chroni-
cally denervated and this response was not intubited by lysergic acid diethyl-
amide, 2 substance competent to abolish the pressor response to 5-HT in
control experiments. No evidence of a circulating vasoconstrictive substance
was found by perfusing a denervated hind Limb with blood which had been
partially deoxygenated in the lungs,

In 11 of 13 patients with MS subjected to acute hypoxia, Yu and co-
wotkers (126) found an increase in pulmonary vascular resistance. The
pulmonary arterial pressure and heart rate rose in two-thirds of the subjects
and the cardiac index was also increased in approximately 50 per cent.

Since hypoxia and hypercapma often occur together, Braun ef al. (20)
considered 1t of interest to investigate the effect on the pulmonary arterial
pressure in dogs of resprring 10 per cent O, and 10 per cent CO, 11 N,
Agaimn the response was pressor, but these experiments are weakened by
failure to measure the cardiac output,

Liljestrand (80}, in continuation of his early studies of the subject, con-
cluded that changes 1 puls 'y vascular resi: upon ing iso-
lated cats’ Tungs with various gas mixtures could be mediated by changes
mn pH A decrease in pH of 001 umt corresponded to a rise in perfusion
pressure of about 1 per cent, This could well account for the variable results
of ventilating the lungs with gases under various conditions

Barnard (11) found that m mice subjected to O, tensions of 100 mm or
less for 35 days there was hypertrophy of the night ventricle, and of both
ventricles in ammals kept at 95 or 80 mm. tensions for the same length of
time

The effects of increasing the oxygen tensions of alveolar air have been
studied Besides providing hemodynamic data on 26 healthy ambulatory
subjects, Barratt-Boyes & Wood (12) demonstrated that when 95 per cent
oxygen 1s inspired there is a fall in pressure 1 the pulmonary arterses and
night ventricle without a constant change m cardiac output, while the sys-
temic arterial blood pressure rises There is a fall i heart rate, while the
stroke volume increases. Swan ef ol. (115) found that in 30 patients with
TASD whose systolic PAP exceeded 60 mm Hg, oxygen also lowered the
vascular resistance in the lung and this was followed by an merease m blood
flow In three patients with PPH, however, Heath ef al (60) observed no
significant effect. Oxyg:n also did not alter the response of the pulmonary

vessels to serotorn in the experiments conducted by Rudolph & Paul (101)
with dogs
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monary venous pressure), or_vaso:occlusive (attributed to high pulmonary
vasenfar resi d with | lestons or functional vaso-
constriction), has contributed to clarity of thought regarding this subject
aIthough combinations of several of these factors are mvolved m the gene-
sis of most cases of pulmonary hyper!enslon.

Support has increased for two important tenets: M{:l'hat there is vaso-
motor activity in the lung; indeed, it appears that artencsgasm is often
\superimposed upon other mechamsms of hypertension in the puimonary cir-

ulation. (4)/Hypertension in the lesser circulation can, in itself, lead to a
whole sequence of vascular changes; this inevitably evolves in a vicious
cycle

EvIDENCE OF VASOMOTOR ACTIVITY IN THE LunG

De Burgh Daly (32), long a student of vasomotor activity in the lung,
has written an excellent summary of much pertinent data Shepherd (105)
has considered the subject with special reference to chnical observations in
hypertension,

Effects of alveolar gas tensions —Borst and his co-workers (18), on the
basis of a shift in the distribution of blood from a lung made to respire 10
per cent_CO,, established in the dog that there was a uniform and rapid
vasoconstriction that reached its maximum at 2 tg.3 min. When the O, ten-
sion in a lung was reduced, there was evid of 1 pul
vasoconstriction at some time i the course of 10 of 18 experxments, but
often not until after a series of meffectual exposures to hypoxia. This time
factor has not previously been appreciated The evidence of vasomotion in
response to hypoxia seemed unaffected by the systemic arterial O, satura-
tion by tetraethylammonium or hexamethonum given 1n doses sufficient to
reduce systemic blood pressure, by bilateral vagotomy, or by admnistering
enormous doses of pentobarbital sodium. Rodbard & Harasawa (96) found
the pulmonary vasculature to be entirely passive to hypoxia. Like Borst ef
al (18), they measured pulmonary blood flow differentially by means of
rotameters, but the cardiac output 1n thetr animals was low, and the possi-
bility of damage to pulmonary nerve fibers was greater in their technique.
Further study with direct measurement of pulmonary blood flow 1s ndi-
cated Aviado, Ling & Schnudt (6) concluded that thetr previous mability
to confirm pulmonary vasoconstrictor effects of anoxia m dogs might have
been the result of damage to nerve fibers durmng cannulation of lobar pul-
monary vessels They repeated their experiments with avoidance of this dif-
ficulty and found that mhalatxon of 5 to 10 per cent O, could result in ﬂthei
a decreased or y vascular r since at least fou
opposing factors were operatwc' Reflex pulmonary vasoconstriction coul
be demonstrated only 1f the pertvascular sympathetic fibers were intact, an
was considered to result from anoxic stimulation of chemoreceptors n the ©
carotid and aortic bodies Local pulmonary vasodiatation was, however,
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vasoconstrictor action on the pulmonary vessels than any other known drug
or neural reflex. In dogs under a constant pulmonary infusion of this drug,
there was an increase 1n pulmonary vascular resistance and also a 60 per
cent merease occurred 1n cardiac output, and this could not be reversed by
high alveolar oxygen tensions, although it was counteracted by certain
drugs It is noteworthy that systemic artersal pressure fell while 5-HT was
being infused There was no effect when the 5-HT was injected into the
atrium, Borst ¢f al. (17) also found 5-HT to be markedly vasoconstrictor
for the vessels of the lung.

On the basis of anatomical evidence mvolving the “gnarling” of casts of
the vessels, Patel & Burton (92) ded that both inephrine and
naphazoline hydrochloride (Privine) produce venous as well as arterial
constriction. Functional evidence for the pulmonary vasoconstrictor action of
the former and of epinephrine was obtained by Borst and co-workers (17).

Reflex actunty involving the pul "y Is—Tt was by
Downing (36) that pr iately stimulated in_the pulmo-
nary vessels of the dog can initiate components of the Jarisch-Bezold reflex.
The pressure was ratsed throtighout the vasculature of the left lung by ap-
propriate ion of the left 'y artery, and temporary occlu-
ston of the draiming veins Reflex pathways were shown to involve the homo-
lateral vagus, but the anatomical location of the sensitive tissue could not be
established. The pressure in the general pulmonary circulation remamed un-
altered in these experments. Sanger and co-workers (102), however,
showed that upon raising the venous pressure withmn one lung to between
35 and 45 mm. Hg by cannulation and infusion of saline into the veins, the
general PAP and vascular resistance rose considerably, This did not occur
when the lung had been previously denervated. The location of the presso-
receptors again was not established 1n this study. The experiments of both
Downing and Sanger were done 1 antmals with closed chest.

In patients with MS several observations suggest the existence of vascu-
lar tone which Wood (120) has called “reactive hypertension.” According
to Semler e al. (105), after valvulotomy the mezn PAP fell propnrtiorh
ately more than the mean wedge pressure; on the contrary, upon exercise,
;he mean pulmonary arterial pressure msc proportionately more than the

atter.

The radnogmphnc observations made by Simon (110) suggest that a
critical rise 1 pulmonary venouts pressure can imtiate a Jocalized vasocon-
strictor reflex. This conclusion is based on the smaller size of the lower lobe
pulmonary vemns in patients with MS where the pressure was highest, while
the upper lobe veins appeared to be engorged. This engorgement was great-
est when the pressure approached 27 to 28 mm Hg, but it was less with
pressures higher than this. Further confirmation of such evidence of regional
vasomotor activity would be of great interest

Ferguson & Berkas (46) found that when the left upper lobe artery was
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Effects of drugs—Reports on the vasodilator action of acetylcholine
have been further investigated. Fritts ¢f al. (50) found a fall in PAP with-
out change 1n “wedge pressure,” was much more evident after the mnduction
of hypoxia and concomitant pulmonary hypertension. Wood ef al. (124) ob-
served a transient decrease in pulmonary vascular resistance in patients
with MS treated with this drug, and there was a maximal decrease 1n PPH,
but patients with the “Eisenmenger syndrome” proved refractory (120).
All of the patients in the group of 13 under study with this condition were
over five years of age, and the failure of response.may have been asso-
ciated with the presence of obliterative disease in the_vessels, or with a spe-]
cal property of vessels of “fetal type.” In the-experiments of Rudolph ef al.

0), acet; as well as hi; ine and adenosi iphosphate mark-
edly reduced pulmonary vascular resistance which had been elevated by con-
tinous infusion of 5-HT, although in normal dogs these drugs were found to
produce a slight increase in PAP and cardiac output. Borst and co-workers
(17), in view of the fact that the use of the Fick principle requirés a con-
stant state not easily attainable in the animals under the mfluence of rapudly

-acting drugs, substituted a pump for the right ventricle and estimated the
effécts of various substances njected mto one lung by changes relative to
the other Jung in blood flow measured directly by means of rotameters. They
found that Iek increased tr 4 'y pressure as a result of an
augmented bronchomotor tone, but that when this effect was prevented by
permitting the lungs to collapse, the vasomotor effects in these organs were
i and small, A hylline produced y vasodilatation but
only 1n some animals The conclusion reached by Quimby, Aviado & Schmidt
(93) regarding this substance was the same, but they also stated that it in-
creased the force of myocardsal contraction. They tested numerpus other
xanthines, some of which affected the pulmonary vessels 1n a manner silar
to amunaphylhne, whereas others were vasoconstrittor, but in every instance
the vessels of the extremties reacted like those in the lung.

Talazoline hydrochloride (Priscoline) m a patient with PPH was found
to reduce PAP and pulmonary arterral resistance, with some increase in
cardiac index Hexamethonium, however, 1n two patients with the same dis-
ease did not induce a fall of the pulmonary vascular resistance, but the
PAP and blood flow both declined (30) In MS Balchum, Gensini & Blount
(8) observed that, at rest, honium produced 2 fall in 'y arte-
riolar resistance, but that the latter rose sharply with exercise, although not
to the same extent as when the drug was not given, In the experience of Yu
and co-workers (127), however, this drug, sunilarly introduced via cardiac
catheter in patients with the same disease, only occasionally dimmished the
pulmonary vascular reststance While the mean PAP dechned sigmficantly
in over half of the subjects there was usually no change mn the gradient to

the LAP. .
Rudolph & Paul (101) concluded that serotonin has a more powerful {
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Heath ¢f al. (60, 66) have made the observation that in IASD the grade of
the vascular lesion ts not particularly related to age, but 1s closely related to
the level of the mean PAP. With large PDA or IVSD where, in contrast,
— e T .
hypertension i the lesser eirculation exists from birth, the higher grades of
lesions were usually found in the older patients Again, the PAP and pul-
monary vascular resistance were closely correlated with the anatomical
grade. In 32 patients chiefly with IVSD, it was found that if the lesions
were of “grade 4” or higher, hypertension 1n the lesser circulation could
not be reduced by repairing the defect In their opinion, lesser grades coutd
be considered as implyng “high resistance, high reserve.”” This is further
evidence for the view that a hugh blood flow does not in itself result in
lestons in the pulmonary vessels (63, 64).

Short (109) has emphasized that a small artery with a thick muscular
wall may represent the appearance, when n spasm, of a larger vessel with
a normally thinner wall Anyone who has observed the intestine in various
states can appreciate the sigmficance of this point. It is clear that some in-

dent level of ref such as a to some order of branch-
ng of the bronchi, is needed before measurements of vessels and their com-
ponent coats can be evaluated in terms of hypertrophy and hyperplasia
rather than “contracture.”

Atheromaious changes —Heath and his co-workers (66) have estab-
lished that the major pulmonary arteries showed no atheromatous changes
in conditions i which the pulmonary artenal pressure and blood flow are

dimmnished, but that when pulmom ertensmn bmh

H R -
monary anenosclerosxs produced by embohzanon in rabbnts, Heptmstall
(67) found that an induced hypercholesteremia resulted i an increased
amount of cholestero! within the arterial lesions. Thomas et al, (118) ob-
served that corn o1l, an unsaturated fat, had no such effect, in contrast to
their previous experience with the saturated fats of butter and oteo-
margarnne,

The elastic coat—It is noteworthy that in the giraffe, an animal in
which the mean pulmonary arterial pressure 15 normally 1n the range of 80
mm of Hg, there 1s more elastica and less of the phylogenetically older
muscle. The pulmonary artery in this species can be as much as 1 em thick
[Goetz & Meyer (53)] Heath & Best (57) have wnifen that when
venous hypertension 1s present from burth, the pulmonary artery has “fetal”
characteristres-wth-more-elastictissueand relatively hittle muscle_ like.the
aorta

An increase with age has been found by Meyer & Richter (90) in the
total mass of the trunk of the pu]monary artery and its two major branches
(the 1) & \ y hy jon there is a striking nise

—_—
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connected to a systemc artery, pulmonary edema developed after denervation
at the same or at a lower arterial pressure than that tolerated before de-
nervation.

VasCULAR CHANGES IN PuLMonarYy HYPERTENSION

General considerations—Barnard (10) has stressed the necessity of dis-
tending the vessels for histological studies to avoid artifacts that he as-
cribed to post-mortem collapse or contraction,

Heath & Best (57) have pointed out that the lingula normally contains
arterioles of less than 100 . diameter that have a distinct muscular media)
and that 1t 15 therefore an undesirable source of biopsy tissue in attempting
to determine the presence of lesions, despite 1ts surgical convenience. Landt-
man & Hjelt (77) and also Bor & Valach (16) used the Imgula for biopsy
in patients with PDA and this may account for the high proportion that
were considered to have vascular changes. It 13 also necessary to realize, as
has been stressed by at least two groups of observers (15, 107), that.vascu-
lar lesions in pulmonary hypertension may be focal.

Staemmler's 1dea that hypertension in 1tself can damage y ves-
sels has been abundantly confifmed. The correlated anatomical and func-
tional data obtained by Heath and his associates (59 to 61) represent an im-
portant contribution Heath & Edwards (59) divided the changes in the small
pulmonary vessels observed in patients with pulmonary hypertension asso-
ciated chiefly with congenstal septal defects of the heart into six grades:
Grade 1—Retention-of pulmonary vessels with fetal structure (1t 1s neces-
sar fo note that n acquired hypertension arterioles much less than 100 g
m diameter may also have a distinet muscular goat). Grade 2—Medial hy=
pertrophy with ceflular prohiferation in the mtma Grade 3—Progressive
fibrous vascular occlusion by ntimal fibrosis 1n artertes of approximately
300 p, diameter In addition; some vessels may show the charactenstics of
grade 4. Grade 4—Abundant “dilatation lestons” These changes involve
dil, of vessels p: 1 to acel or beyond occlustve lestons Dila-
tation also 1nvolves small muscular pulmonary arterioles that become filled
with proliferated tissue of plexiform structure often associated with throm-
bosis Additional thin-walled vessels may be associated with these plexiform
Jesions, or seem to accompany or to branch off beyond vessels occluded by
plexiform masses The nature of these “angiomatord lestons” 15 still under
study. Grade 5—Numerous dilatation lesions, some 1 a state of organiza-
tion; medial as well as intymal fibrosis Pulmonary hemosiderosis, possibly
assoctated with bleeding from thin-walled veinhke branches of muscular
artertes Grade 6=Neerotizing arteritss, which 1s said to be rare but which
has been reported 1n various types of pulmonary hypestension of both “pri-
mary” and secondary types These criterra wml?unher-
more, the pathogenesis of the various changes that are, perhaps unjustifi-

ably, grouped together as “dilatation lesions” may be variable Nevertheless,
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the latter condition studied angiographically by Evans, Short & Bedford (42),
prolific anastomoses between the two circulations were demonstrated, al-
though the extrapulmonary bronchial arteries were not thought to be en-
larged. In another patient with PPH who died at the age of five weeks and
in whom pulmonary arterial changes consisted simply of a striking hyper-
trophy of muscle without id lesions, the ‘hial artcncs were
not enlarged, but 1 others with 'y hyp i lasge
septal defects, both the intra- and extrapulmonary bronchial arteries were
enlarged and the former communicated freely with the pulmonary arteries
(79). Thus, there is no evidence that enlargement of the bronchial arteries
precedes the development of primary hypertension, but rather that their ex-
pansion is associated with the appearance of obstructive lesions, Again, it is
not surprising that newly formed granulation tissue in the lung should be
supplied from the systemic circulation. This would account for the pene-
tration of the walls of vessels the lumina of which are filled with plexiform
masses. The remarkably thin walls of vessels composing_the angiomatoid
lesions do not deny their source in the systemic arterial cirentation, since
simifar vessels have been observed 1 an Ily induced
collateral circulation Further observations are necessary in order to clanfy
the :nm'e sub)ect of the angmmatmd lesion and of its vascular connections.
7 z iagraphuc studies in autopsy matersal (40 to
42) have demonstrated evidence of loss of vessels associated with various
obstructive lesions which gives a “pruned” appearance. Less attention has
been paid to the tortuosity evident in the published angiograms (109) which
15 demonstrable also in plastic casts (79). It is possible that some of the
tortuous vessels may hbelong to the collateral circulation. Similar angio-
graphic investigation in MS made by Doyle et al (37) revealed enlargement
of the mam arteries and narrowing of the smaller branches confined to the
lower and mid-zones of the lung, while in congenital heart disease with bi-
directional shunts the peripheral vessels often were small in all lung fields,
In other lungs from congenital heart disease, the enlargement often extended
into the small branches, Heath & Best (57) found that i MS the thickness of
the medial coat was greatest in vessels mn the lower lobe, while this change
tended to be more uniformly distributed in both upper and lower lobes in
congenital heart disease with pulmanary hypertension.

ATTEMPTS TO PrODUCE EXPERIMENTAL VASCULAR LESIONS 1N THE LuNe

The of events followi is of the distal left pul-
monary artery to the subclavian artery in dogs has been traced by Dammann
et al. (33). If the mean PAP exceeds 35 mm. Hg at once the animal is
Likely to die of pulmonary edema, but 1f the pressure is Iess than 30 mm, Hg
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that correlates with the aveight-of-the right cardiac chamber. The increase ‘
at first is predominantly muscular, then elastic, with ultimate loss of muscle,

Other medial changes.—Extensive discussions regarding the degree and
distribution of muscular thickening in various types of pulmonary hyperten-
sion bave been published by Heath and his co-workers (57, 63, 64). The idea
persists that defects.in the medi; arteries represent con-
genital focal hypoplasia or aplasia of the media, whereupon they serve as
the basis for_fibrosis and other changes in the pulmonary vessels (41, 42),
but this concept 1s held in question by many who point to the frequency of
the lesion in acquired pulmonary hypertension (117). Others have explamed
it on the basis of “arteritis” in the broad sense that would mnclude the possi-
bility of mechanical factors in the pathog (34).

Three of the ten pattents with PPH in the series presented by Wade &
Ball (119) had “pulmonary arterstss,” and similar lestons were described by
Heath, Whitaker & Brown (65) in this disease An anatomically similar
lesion was descriped by Johnstone & Smith (70) in another instance of
chrontc severe MS without acute carditis or arthritis, and another by Rose &
Spencer (97) who alSo observed a rare example in association with severe
pulmonary emphysema. Rose & Spencer (97) commented that one distinc-
tion from periarteritts nodosa as it involves the pulmonary vessels is that
the latter tends to be more often granulomatous.

Forbes (49) has described fatal hemoptysis in a patient with severe
fibrinoid necrosis and “arter:is” of the pulmonary arteries. Cystic medio~
necrosis with mcomplete rupture of the main pulmonary artery has been
found in PPH (94), as well as in hypertension associated with the common
ventricle (79).

Pleziform apd_gngiomntoid lesions—The ang: d Iesions have been
described particularly in patients with major intracardiac or aortopulmonasy
shunts (22, 41, 54, 63, 98), m PPH (34, 42, 68, 76, 83, 119), and m a def-
imtely d conditi y.sch iasis (52, 79). The idea that
these lesions represent nothing more than an orgamzing blood clot has been
generally rejected (98), but the occurrence of thrombosis in the smalter
channels cannot be denied. “Sequestration” of platelets beyond the occlusion
has been described in several mstances as 2 process that can contribute
further both to obstruction and to the accummulation of grapulation tissue
in the plexiform lesions (79) Arteriovenous commumcations have been
sought in serial section (22, 98), and tt has been established that a few of
the lesions drain into the pulmonary veins. The angromatoid lcsfons do nat,
however, regularly represent arteriovenous communications nor is there any
good evidence that they are congemtal malformations On the contrary, it

. B s |
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(15, 25, 27, 28, 68, 79). Carpenter & Prichard (25) had favored the idea of
the_persistence of. the feta) state of arterioles less than 100 y. in diameter.
Necrotizing, periarteritis nodosa-like, i id, thrombotic, and other
lesions in their acute or healing stages are quite similar to those encountered
1n hypertension secondary to large cardiac septal defects and the like, and
can be mterpreted as being primarily the result of the hypertension (65, 79).
Once they are in progress, however, they contribute to a vicious cycle
(Fig. 1).

Of interest, but of unknown sigmificance are features of the natural his-
tory of the disease, as the predominance in females (30, 34, 42, 76, 125) and

VASCULAR CHANGES
MUSCULAR THICKENING
INCREASE OF ELASTICA
INTIMAL PROLIFERATION
ATHEROMATQUS CHANGES
FIBRINOID CHANGE

NECRGSIS OF MUSCLE \
“ARTERITIS"
THROMBOSIS
PULMONARY DISTALEMBOLI
ORGANIZATION

HYPERTENSION ANGIOMATOID
L LHANSES

REDUCTION
N

VASCULAR
CROSS SECTION

Fic 1 Vicious cycles existing mn the pulmonary circulation under hypertension
of sufficient degree and duration (79)

the fact that most patients are between 20 and 40 years of age. In some, 2
relationship to pregnancy has been questioned with particular reference to
the possibility of ammotic flmd or other embolism 1 that state, but no actual
evidence has been provided. The oceurrence of the disease in three siblings
has been reported by Coleman ef al. (29); the significance of the fact that
all had had diphtheria as young adults 15 unknown.

Climcal features—Heath, Whitaker & Brown (65) have noted that
chest pain similar to +hos ~F amwmm e ot Lot o s
nitroglycerme. Hemog
with PPH [4 per ¢&f .

Tt was found in 33 per cent of Wood's (121) patients with the “Eisen-
menger’s syndrome” and was the important mechanism of death in 29 per
cent of 42 fatalities, Desaturation of the systemic arterial blood has been
noted in 50 per cent or more of patients with this disease in the termmnal
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pulmonary arteriosclerosis does not develop. With a shunt involving only
the left upper lobe artery, survival with the development of changes in the
vessels 1s more Iikely After initial hemorrhage, medial hypertrophy may be
evident as early as three weeks, with centrifugal spread to mvolve most of
the vessels by eight weeks, There is also intimal fibrosis and cellular pro-
hferation in the smaller vessels.

To test the hypothesis that acute pulmonary hypertension can damage
pulmonary vessels, Brenneman & Liebow (21) njected sufficient salme solu-
tion or blood into the mam artery of a left lung whose veins were tempo-
ranly occluded to raise the pressure in an oscillating fashion to levels as
kigh as 150 mm. of Hg over short mtervals of tume. Except for thrombosis
of occasional vessels, no vascular lesions were observed. Several days
later, the lungs recovered remarkably well The observed absence of vascu-
lar lestons was thought to be because the hypertension was of msufficient
duration, or because spasm of arterioles did not occur as a result of inter-
ference with nervous pathways, or because 2 prelimimary phase of muscular#
hypertrophy 1n the pulmonary arterioles might be necessary.

After long-continued injection of rabbits with serptonin, Rossi & Zam-
bom (99) found adherent orgamzing thromb: in the large pulmonary
artertes, and varying degrees of intimal fibrosis and elastic and endothelial
hyperplasia in the smaller artertes and arterioles The pulmonary veins were
not affected.

Remarkable muscular hyperplasta with stenosis of pulmonary arteries
was produced by Kell ef a! (71) in cats by means of repeated injections of
pentylenetetrazol (Metrazol) or by electrical cerebral stimulation. ‘/

Falkenbach ef al (44) have reported that surgical constriction of one;
major pulmonary artery in puppies results in a great rise in the general,
PAP, Thesr suggestion that this 1s analogous to the Goldblatt phenomenon is
starthng and requires unequivocal experimental confirmation.

x PrIMARY PULMONARY HYPERTENSION

Pathology and natural history—What 1s now generally called primary
'y hypertension to be ling, although a considerable
number of patients have been diligently investigated Earlier 1deas that this
condition was the result of arteriolar scleros:s or the consequence of more
or less mapparent embolism which must indeed always be considered, are
yielding to the concept that 1t may be imtiated by a spastic state of the pul-
monary vessels In part, this 1s based on the reduction 1 pulmonary vascu-
lar r hieved by the use of phar ! 1 agents, by the demon-
stration of an element of “reactive hypertension” i MS and other condi-
tions, and by the observation that severe PPH can exist with little or no
anatomical change in the pulmonary vessels (42). The earliest_arterial _
lestons, 2s judged by the study of lungs of young children with primary pul-

monary hypertension, is thickening of the muscular coat of small arteries
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the level of pulmonary arterial hypertension at rest or under mild exercise
seemms to be directly related to the “functional incapacity” of patients who had
\undergone resection of pulmonary tissue.

Griffin ¢t al. (55) commented on the rarity of cor pulmonale in children
with asthma, but that it is to be considered as a complication when response
to treatment is poar.

Littlefield ef al. (84) have demonstrated that in the presence of an ex-
panded bronchial collateral circulation, extreme overdistention of the pul-
monary vessels and hemorrhage can occur during cardiopulmonary bypass
under elective cardiac arrest with simul aortic and pul 'y artery

lusion, Thus, n 1} clinical eirc decompression of the
left atrium is imperative.

In a patrent with aldosteronism Ferri et al. (47) obtamed essentially
normally hemodynamic data,

Newer METRODS 1N DIAGNOSIS AND TREATMENT

In the assessment of anticipated effects of surgery m PDA, Actis-Dato
! & Tarquini (1) reported a method for measuring pulmonary artery pressure
o/ Yvhile the ductus was occluded by means of a balloon on another catheter
!jntroduced from the aortic side. A rise of PAP occurring at once or ont
1islight effort was thought to indicate an ominous prognosts.

Swan et al. (115) observed that those patients with IASD in whom
there was a decline 1n reststance when oxygen rather than,atr_was, respired,
had a relatively high operative survival rate This may prove to be a useful
test under similar cire of disturbed hemo [see also Shep-
herd (106)]

To provide a simple indication of the direction of shunts, Kudasz (75)
provided the cardiac catheter with a freely moveable pliable radio-opaque
flap.

pIn the treatment of patients with IVSD, Therkelsen ¢t al (116) found
useful the method devised by Dammann & Muller 1n which a stenosing band
1s placed about a major pulmonary artery. Dyspnea was observed to de-
crease in survivors of this operation which, in thetr hands, carsied a mortal-
ity in excess of 50 per cent,
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CARDIOVASCULAR DISEASE:
PERINATAL CIRCULATION'

By Lro Stern, M.D.2 axp Jorw Linp, M.D.
The Department of Pediatrics, Karolinska Hospital, and Wenner-Gren
Research Laboratory, Norrfulls Hospital, Stockholm, Sweden

With the process of birth, the human infant is transformed from a para-
sitic foetus to an organism which must be capable of independent biologic
function, Along with this transformation changes occur in the newborn’s
cardiovascular system to adapt him to his new role. The infant’s survival
is dependent to a large extent upon the smooth and successful accomplish-
ment of these changes.

TrE FoETUS

Since Harvey’s description in 1628 (1), the foetal circulation has been
the subject of much discussion and speculation Largely on the basis of
anatomical examination, the concept had evolved that venous blood from
the foetal head, returning via the superior vena cava to the right atrium, en-
tered the right ventricle and proceeded mainly via the ductus arteriosus to
the descendmg aorta to reach the placenta. On the other hand, the compara-
tively well-oxygenated blood in the infertor vena cava, coming from the pla-
centa through the umtilical veins, bypassed the liver via the ductus veno-
sus, was shunted through the foramen ovale nto the left atrium, and went,
for the most part, by means of the left ventricle and ascending aorta to the
head of the foetus. This proposition had the attractive advantage of directing
the most highly oxygenated blood to the bram and coronary arteries, and
the less oxygenated blood to the placenta, there to be oxygenated; a most
efficient arrangement, mndeed

The difficulty lay mamly 1n the fact that such an arrangement appeared
to suppose a crossing of two independent streams in the night atrium  Almost
two hundred years ago, in 1774, Sabatier (2) proposed that the two
caval streams did not mrx He reasoned that the foramen ovale was placed
Tot between the two atria but between the umon of the two venae cavae
and the left atrium Two years later, in a paper read in St Petersburg, Wolff
(3) amplified this further. He reasoned that the foetal atria were not in
communication with one another but that the inferior vena cava was mnter-
posed between them and had independent openings nto each of them In
1826, Kilan (4) proposed the diviston of the stream of the wmferior vena
cava mto two parts He supposed that the leit portion passes unmixed via
the foramen ovale to the left atrium, the right portion mixing 1n the right
atrium with superior vena caval blood.

*The survey of the Lterature pertaming to this review was concluded in
September, 1959

* Medical Research Fellow, National Research Counail of Canada
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Tying the cord in the lamb causes an immediate small rise in blood
pressure [Dawes (21)]. The explanation offered is that tying the cord
stops the large flow of blood through the umbilical arteries and thus in-
creases the systemic arterial resistance. This finding has, however, not been
verified in man (22, 23), and recent work by Lind ef al (24) suggests that
nesther tying the umbilical cord, nor the imtiation of respiration results in
any immediate increase in pressure in the cord. It should be pointed out that
the difference 1 results in Jamb and human can be accounted for not only in
terms of species difference, but also by the fact that the ratio of the um-
bilical artery pressure to the venous pressure, ss much higher in the lamb
than in the human subject (6), conceivably resulting in a different set of
haemodynamtc responses. Ashworth & Nell:gan (25) have recently reported
changes in human neonatal blood pressure occurring within the first few
hours of life, manifested as a fall to a level often as low as one-half the
birth value.

The question of early versus delayed clamping of the umbiltical cord has
been the subject of much controversy. As 10 to 15 per cent of the circulating
blood volume is trapped in the placenta, holding the baby at a level below
the mother, stripping the cord and waiting till all pulsations cease will re-
sult in an increase 1n the amount of blood transferred to the mfant (26, 27).
DeMarsh et al. (28), by means of dye studtes, demonstrated an increase in
blood volume 1n infants where clamping was delayed. They also observed
mcreased reticulocyte counts 1n the first few days of life in those with cords
clamped early (29), and d this ta be “a y result of the
deprivation of their full complement of blood ” It has also been suggested
that early clamping will reduce the iron stores transferred to the infant,
thereby tending to promote an iron deficiency anaemia (30). On the other
hand, it is ble whether these ad ges outweigh the potentral
effects of overloading the ci ially in an infant with cardio-
respiratory distress Particularly would this be so in the case of the pre-
mature, for the younger an infant the greater 1s the proportion of blood
in the placenta As Dawes has put 1t. “there 15 no reason at all why plethora
should be not just as dangerous for the newborn infant as for the adult”

(21).

Tre Ducrus VENosus anp THE Hepatic Broop Frow

The precise function of the ductus venosus 1s not certain Not all spectes
of mammals possess one at maturity Thus, 1t disappears at an early stage of
gestation in the harse (31) and pig (32) Expermnents have shown that
occlusion of the ductus venosus 1 mature foetal lambs causes no significant
change 1n blood pressure, heart rate, or carotid arterial O, saturation
{Amoroso ef al. (33)]. The authors conclude that the ductus venosus is not
essential to the foetal lamb In the human foetus, the umbilical vemn sends
branches to the left lobe of the liver, whereas the right side of the liver
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In 1927, Huggett demonstrated that it was possible to deliver a foetus
still attached to the mother with the umbilical cord intact and in reasonably
good physiological condition, thus initating a new era of experimental
foetal physiology. He found the oxygen saturation of carotid arteral blood
in the goat to be higher than that in the umbilical artery (76). In recent
years, Barclay, Frankhin & Pritchard (6), following the pioneering work of
Sir Joseph Barcroft (5) showed, in a series of cineroentgen experiments in
lambs, the separation of the blood in the inferior vema cava into two
streams, and the superior vena caval stream flowing into the right ventricle,
the ductus, and the aorta. Windle (7) confirmed these findings in the cat
and guinea pig by injecting India ink and observing the heart and great
vessels directly through a thoracic incision. The possibility of studying
human foetal circulation by means of angiocardiography was first demen-
strated by Lind & Wegelius (8), who then went on to show visually the
details of the foetal and neonatal circulatton, confirming the functional
relationship between the inferior vena cava and the left atrium, and demon-
strating the changes occurring in the transition of the one to the other
(9, 10).

With the aforementioned background it is now proposed to analyze in
some detail the changes in the component parts of the circulatory system
occurring as a result of the change from foetal to neonatal life, and some
clinical implications of their normal and abnormal patterns.

Tre UmsiLicar Corp

At birth, the umbilrcal cord contains 3 vessels® the right and Jeft umbili-
cal arteries and a smgle vein (the left one). The postnatal changes in the
vein have recently been described by Butler (11). Functionally, it would
appear that tying the vein in the lamb results m a diminution of venous
return and thereby a lowered pressure in the right atrium, which may assist
1 the closure of the foramen ovale [Dawes e al (12, 13)]. The umbilical
arteries close by virtue of contractile muscle in their walls It would appear
that the stumulus for closure is the oxygen tension of the blood in the
arteries. Thus, high Qs will constrict the vessels and low O and high CO:
contents will ditate them (14). Perfuston experiments have amply supported
this view (15, 16, 17), suggesting that the postnatal rise m blood oxygen
with the onset of respiration 18 the prime cause of arterial ¢closure. Pulsation
in the cord normally dies down not long after birth, the average time for
the process being about 10 min (18) The observation that in cases where
resprration 1s delayed the cord contraues to pulsate is not a new one, having
been made by Bonds in 1905 (19). Recently, Desmond and his co-workers
(20) have shawn that d and prolonged pul of the cox:d appears
to be associated with “difficulties in the transition from intrauterine to ex-
trauterine hife.” They suggest that ths 1s caused by the decreased contractil-
ity of the musculature brought about by anoxia or asphyxia, or both,
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changes to cffect functional closure, Lind & Wegelius (9) were able to
inject the umbilical vein of a newborn infant with contrast medium before
and immeduately after the first breath. By means of serial films they demon-
strated the functional closure of the foramen ovale with the onset of res-
piration. A possible application of this exists m the giving of gastric oxygen
or d blood v1a the umb 1 vein in cases of asphyxia neonatorum
As the foramen ovale is open prior to respiration, the oxygen or oxygenated
blood administered will go via the foramen ovale directly to the bram and
medulla, the organs most likely to be damaged permanently by prolonged
oxygen lack.

It 1s important to point out that while functional closure ensues almost
i dately after birth, 1 closure 15 not effected for some weeks
after (39, 40) Thus, the potential exists for a reopeming of the foramen
ovale in response to changes in pressure on either side 1f 1t, capable of re-
versing the normal left to right pressure gradient. That this 1s so is suggested
by the work of Prec & Cassels () who, using an ear oxmeter 1 infants
fess than 4 days of age, found that in response to crying (increased pressure
in the right atrium) the O, saturation of the blood fell even on breathing
artificially high O, mixtures They concluded this to be attributable to a
night-to-left shunt at the atrial level Lind & Wegelius (9) examined 30
mfants angiocardiographically for persistent or recurrent cyanosis in the
first week of life All showed a right-to-left interatrial shunt decreasing in
magmtude with time The significance of this latter finding will be discussed
n a later section,

Txre DucTuS ARTERIOSUS

In foetal life the ductus arteriosus acts as a bypass for blood around
the non-functiomng lungs Since the pressure i the pulmonary artery 1s
tigher than that 1n the arota, the flow 1s from right to left, 1e, pulmonary
artery to aorta If this channel fails to close after birth, when the pressure
relationships 1n the aorta and the pulmonary artery are reversed, the flow
will be from left to right (aorta to pulmonary artery) The question of
the stimulus to normal ductus closure 1s a vexing one and by no means
certamn The mechamsm and timing of the closure has occastoned far more
controversy than has the closure of any other foetal channel The widely
held view at present 1s that closure of the ductus takes place after birth, the
first stage consisting of functional closure followed by anatomical oblitera-
tion This view has been recently challenged by Sciacca & Condorelh (68),
who propase that closure 15 actually begun during foetal life Their work,
based on morphologic and experimental investigations 1n guinea pigs, has
led them to conclude that “involution of the ductus 1s, 1n itself, an mtrinsic
phenomenon, which 1s entirely independent of any functional changes affect-
1ng it at birth”

In recent years attention has been focused upon the role played by oxy-
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is supplied by the portal system, which has 2 lower O: saturation in the
foctus Recent reports have appeared of a number of newborn and stiltborn
wfants with degenerative chamges in the hver more severe on the right
sile than on the Ieft (34, 35). In addition, Emery (36) has found the dss-
trsbutsons of hematopoietic fock in the infantide liver to be greater in the
right labe thant sn the left. These differences may be caused by a varance
in Oy supply to the two lobes With the interruption of the umbilical cord,
the major portion of the hepatic blood flow changes from the highly oxy-
genated umbiheal vern blood ta portal venous blood with sts relatwvely low
O content. The possibility exists that this might m some measure account
fa; the development of functionaf liver dssturbances in the newborn period
(10).

The ductus venosus in man has an mpersation from the vagus and
possesses a sphincter at 3ts distal end It has been postulated that this closes
when the venous return s high in the umbilhical vein (¢, during a uterine
contraction) to divert the liver blood 1n high volume, n order to prevent
sudden overloading of the foetal heart [Reynolds (2731 Lind and Wegelius,
using rapid Rlm angiography, have shown the course of the flow through the
ductus i the foetus {8) and sts functional closure wamediately after birth
(9) To quote Sir Joseph Barcroft (5). “It 1s perhaps less important that
the ductus venosus should be patent during foetaf life rather than 1t shoutd
be closed during adult ufe The precise nature of the stimulus to closure 18
uncertain Both nenrogenic stimul via the vagus and the sudden lowering of
pressure in the umbtlical vern have been suggested 1t is possible that in
situations of neonatal distress as patency would provide a ratsonale for
the adnumstration of gastric exygen or blood via the frcat
vein, as otherwise most of the extra oxygen would go to the hver On the
ather hand, the continued patency of the ductus venosus, m @ situation
where the heart 1s alrcady under stress, would, by causing 2 rapid shunting
of blood almost directly into the night atroum, throw a further strain en the
infant’s strugghag cardiovascular system

Tue Forasten Qvate

Functional closure of the foramen ovale occurs almost mmediately after

bieth Barcroit (5), by means of a photoslectric cell tied around the caronid

artery of a lamb foctus, showed the blocd to be 100 per cent oxygenated

by 4 mm after hgation of the umbilical cord (possible only if there 1s 1o

right-to-deft Bow through the foramen ovale) Dawes and s cu-wc.vkcrs

{37) studsed the pressure changes i the great vewns and feft atrrum in the

famb They showed that with the onset of resprration the pressure m the

left atrwum rises because of the tr Jous increase m P y flow

Thus, coupled with the fall i pressure m the isferior vena cava {and hence

~. 1 the right atrman) caused by the dumnished venous return resulting from

\interruption of the placental circalation, provides the nccessary pressure
N
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The evidence for postnatal patency of the ductus in the human infant is
more varied Eldridge ef al. (51) found a difference in O, saturation of as
much as 10 per cent between the arms and legs of infants up to 3 days of
age. This would indicate a right-to-left shunt. But the taking of blood could
well result in erying sufficient to raise right sided heart pressure and re-
verse the direction of a left-to-right shunt, Prec & Cassels (52) found dye
dilution curves suggestive of bidirectional shunts at the ductus level in
nfants Jess than 15 hr. old. Rowe & James (53), using mongols, and Adams
& Lind (49), using normal newborn mfants, were able to find on the basis
of O: saturation studies at catheterization the presence of left-to-right
shunts at the ductus level up to two wecks of age Burnard (54, 55) has
recently reported the existence of 2 murmur presumed to anse from the
ductus arterrosus in a large proportion of newborns He noted 1t to be
commoner in prematures, m asphyxial states, and 1n cases where the normal
neonatal temperature drop had been prevented (56). In our laboratory it
has been posstble to demonstrate angiocardiographically the presence of
ductal patency in the neonatal period, a finding also reported recently by
James (58).

The possible advantage of such a patent ductus in the newborn baby is
questionable, Unlike the lamb whose lungs are normally not fully expanded
for about one hour after birth, the human infant has been shown radio-
graphically to expand Ins lungs almost completely with the first good cry.
The entire event occurs within a period of a few seconds or less (57). Thus,
the advantage proposed for the lamb seems not to apply in the normal new-
born nfant but might be of importance 1 a distressed infant. A shunt of
large magnitude could precipitate heart failure It 1s, however, also possible
that a small left-to-right shunt will benefit the infant to the extent that the
increased flow to the left atrium will rarse the pressure in that chamber and
contribute to the functional closure of the foramen ovale

CrANGES IN THE LUNGS AND PULMONARY ARTERY

In the foetus the lungs are not aerated, the pulmonary resistance is high,
and the pulmonary blood flow reduced; oxygenation and CO, exchange
are carried out by the placenta Dawes ef al. have determined the pulmonary
flow in the foetal lamb to be about 12 per cent of the total cardiac output,
calculating the values from the measurement of oxygen content (21, 59)
Studies of the human foetal cireulation up to mudterm (Lind & Wegehus)
suggest a similar proportion on the basis of the relative distribution of con-
trast media during angiocardiographie study (9). With the onset of extra-
uterine life the Jungs are aerated and expand, This event acts as a focal
pont around which many of the changes in the perinatal circulation occur

The mechanics of lung expansion have been the subject of consider-
able discussion. Jaykkd (60, 61) has proposed this to be a result of capillary
erection arising from the increase in flow in the pulmonary artery He was
able to bring about expansion of foetal alveoli by injecting tiqmd (Macro-
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genation of the blood in closure of the ductus arteriosus. Int a retrospective
study, Record & McKeown (42) obtained evidence of an incidence of foetal
distress at birth which was substantially higher in cases of patent ductus
arteriosus than would be expected among normal births, Using guinea pigs,
they found 2 wider patent diameter of the ductus in those ammals subjected
to a reduced O content in the imspired air for 24 hr. after birth than in
controls (43). This latter work complements that of Kennedy & Clark (44),
who showed that closure of the ductus in the guinea pig could be effected by
inspired oxygen mdependent of any nerve supply to the ductus. Born et al.
(45), using newborn lambs, noted ductus constriction in response to in-
flation of the lungs with oxygen. Not only did the ductus tend to close with
O: administration, but it assumed the anatomical position it takes in 1 to 2-
day-old lambs (angle between the ductus and the aorta becormes more acute).
There was no constriction in response to inflation of the lungs with nitrogen.
The effect was seen even after sympathectomy and destruction of the brain
and spinal cord, implying a direct effect of Os on the ductus. They also
noted that in addition to O, as a stimulus to constriction, extreme asphyxia,
somewhat paradoxrcally, causes the ductus to constrict, presumably via the
release of sympathetic amines, This effect was reproducible by the ad-
ministration of epinephrine and norepinephrine Reynolds (46) has postu-
lated that ductus closure occurs in response to pressure changes at either
end of it However, Dawes and his co-workers point out that the constric-
tion oceurs first before the pressure changes, and against sufficient intra-
vascular flow to produce a murmur (47).

Until recently, it had been supposed that functional closure of the ductus
occurred shortly after birth. Anatomical studies indicate that at the end of
the first week of life calibre patency of the ductus averages 2 mm. (48).
Dawes et al. (47), however, have shown that 11 the newborn lamb the flow
m a ductus openng that will admit only a pinhead, amounts to 40 m! /min
It 15 thus apparent that a shunt even through a mimnute opening could be of
clintcal 1mportance. Recent studies i both lambs and man suggest that the
ductus does, 1n fact, remam at least partally open for some time after
birth. Dawes and his co-workers (50) were able to demonstrate by cine-
angiography, patency of the ductus for a period of some hours after birth.
In addition, they were able to record 2 murmur and thrill characteristic of a
patent ductus artertosus from the ductus directly (47) They calculated
that the volume of blood flow through the ductus is at first very large,
amounting to as much as half the total pulmonary flow one-half hour after
birth.fhey reasoned that during the first hour of Iife when the lungs are
not fully expanded, patency of the ductus may serve a useful purpose as it
enables partly oxygenated blood to recirculate throngh the lungs and thereby
pick up more oxygen from those portions of the lung which are adequately
ventilated, Their ation that y occlusion of the ductus
caused 2 fall m carotid arterial Os saturation, reversible on removing the
occluding tapes, would appear to support this view.
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that although the calculated pul y vascular resi within one hour
after delivery is relatively }ngh compared to that of the older infant or
adult, 1t is still considerably less than the systemic vascular resistance and
represents a drop to almost one-twentieth of the calculated foetal value.
Histological studies have shown that the foetal structure of the small pul-
monary arterioles, having a high ratio of muscular wall thickness to lumen
size, persssts for the first few months of life (66, 67), The further decline
1n pulmonary vascular resistance correlates well with the decrease in media
thickness and subsequent increase in the width of the lumen of these vessels
In addition, it is possible that the continued patency of the ductus arteriosus,
by increasing the flow, tends to keep the pressure in the pulmonary artery
at higher levels In this connection 1t is interesting to note n the catheter
studies of both Rowe & James (53) and Adams & Lind (49), that the
approach to “normal” levels of the pulmonary arterial pressures coincided ap-

i ly with the d of the previously demonstrated left-to-
nght shunts at the ductus level.

Crances 1v Heart Size

Roentgen studies [Lind & Wegelins (10)] showed that 1f the.cord-is
clamped before the first breath, a striking immediate diminution of the heart
size occurs 1n the first 3 to 4 systoles, followed by a corresponding cychc
nerease 1n size. This transient decrease 1n heart size can be explamed by
the opening of the pulmonary vascular bed at the same time that the venous
return through the umbilical vein 1s cut off. When the flood of blood has
passed the lung vessels, which takes 3 to 6 heart cycles, the heart fills agan
with new bleod and a haemodynamic equilibrium of inflow and outflow is
established

“Studies of the heart volume m normal newborn snfants [Kjellberg ¢f al.,
(69)] show that there 1s a significant reduction, averaging 25 per cent of
the initial value, 1n heart volume on the second day of hife. The change is
not related to any change in muscle mass and appears to be taused by
the decrease 1n bloud volume as a result of the cessation of the placental
circulation Another factor contrsbuting to this dimimished volume is the
haemoconcentration which occurs in the first days of life (69) In addition, )
1t has been suggested that the decreasing magmitude of the shunt in the
ductus arteriosus may also play a role 1n reduction of the heart volume (49) *

Studies in anoxic newborns (9, 70) and 1n infants with pulmonary
atelectasis (71), suggest that under these conditions the heart either remains
abnormally large or increases in size, presumably as a tesult of the high
vascular m the atel or fi ly aerated lung

ELECTROCARDIOGRAPHIC CHANGES

Technical problems have thus far limited the climcal application of
foetal el d hy (78, 79). R dings obtained at abortron with
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dex and India ink) under a pressure of 80 mm, Hg into the capillaries
through the pulmonary artery Against this view, 1t may be questioned
whether the use of such a high pressure would make this mechanism appli-
cable under normal conditions, It is possible that such a mechanism may
assist in the expansion of the ungs at birth under normal conditions or
in cases of asphyxia where the onset of air intake is delayed J'he elastic re-
coil of the chest wall resulting from its compression in the birth canal
generates a negative pressure which may contribute to the mitial aeration of
the lungs (62). As a conscquence of the compression of the chest wall
during birth, flud is forced out of the lungs to be replaced by air. Serial
film studies 1n our laboratory have shown that this is sufficient to Il the
upper respiratory passages prior to the first breath of the infant. In addi-
tion, it has recently been possible to show, using rapid expasure x-rays, that
in the newborn infant the 1nitial inflation of the lungs is associated with a
sequential distension and compression of the pharynx cavity similar to that
which is seen 1 the glossopharyngeal breathing of respiratory-deficient
poliomyehitis patients [Bosma ¢f al. (63)] It 1s suggested that these move-
ments may prevent egress of air from the lung and, thus, with an increase
in intrathoracic pressure prior to the impending expiration, facilitate fur-
ther distribution of air within the lungs,

For the present, we must accept as the major factor in lung expansion
the active inflation under negative pressure of the lungs with air. As a
result of this and its attendant opening of the pulmonary vascular bed, re-
sistance in the pulmonary circuit drops, the pulmonary flow increases, and
the pressure n the pulmonary artery falls. Ardran and Ius co-workers (77)
were able to d ate an i diate drop in pul 'y arterial pressure
on ventilating the Tungs of the foetal lamb, Dawes et af, afso working with
lambs, have shown that with the mitial ventilation of the Iungs the pul
monary flow immediately increases to four tumes the contral value and the
pulmonary resistance decreases to one-tenth ats previous level, This 1s ac~
companied by a drop 1n the pulmonary arterial pressure (21, 64). They fur-
ther showed that this fall in y resi and pu -y arterial
pressure was caused by expansion of the lungs with a gas (air, oxygen, or
nitrogen), the changes being the same regardless of which gas was em-
ployed. However, distension of the lungs with a hqwd (saline) had the
opposite effect of increasing the pulmonary vascular resistance and de-
creasing the flow They suggest that the differences anise from a direct me-
chanical effect on the lung vessels

The results of catheter studies of newborn infants show that the pressure
in the pulmonary artery is higher than the “normal” value i older children
and adults, and that 1t declines toward these “normal” levels by about 14
days of age (49, 53) Since we know that the fungs of the normal new-
born tnfant expand almost completely within the first few minutes after
birth (57), it is evident that there must be other factors contributing to the
maintenance of the pulmonary artenial pressure Rowe (65) has pomted out
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SoME PROBLEMS OF ADAPTATION To EXTRAUTERINE LIFE

In any consideration of the neonatal adaptation to extrauterine life, it
is not posslblc to separate respiratory from cireulatory function, as the two
are d and mutually interd, d

Anoxia lS known to cause an increase in the pressure in the pulmonary
artery in adults [Motely ef al. (75)] Adams et al. (87) found no consistent
changes in pressure in the pulmonary artery 1n response to the admimstra-
tion of a mixture of 10 per cent Os and 90 per cent mitrogen in normal
mfants less than 36 hr of age. The response was variable both in magni-
tude and direction. Stmilar findings resulted from the administration of 100
per cent oxygen.

James & Rowe (74) investigated this in older infants ranging from two
days to several months of age. They found that i infants older than one
month of age, nduced hypoxia resulted 1n an increase in pressure in the
pulmonary artery. The pressure changes in the aorta at this time did not
appear to be significant. However, in infants less than one month of age,
the rise in pulmonary arterial pressure was accompanied by a fall in aortic
pressure, in sorde instances below the level of the pulmonary artery, and
sufficient to produce a reversal of flow through a stili patent ductus. In addi- -
tion to the finding that less desaturation of the inspired air was needed to
produce the change 1n the younger group, 1t was also noted that a similarly
reduced O: mixture caused a much more precipitous drop in peripheral O
saturation in the younger group. The explanation for this difference lies
1 the fact that in the younger group with a still patent ductus arteriosus
the reversal of flow 1n 1t, caused by the anoxic pressure changes, will allow
venous blood to enter the aorta, magmfying the resultant peripheral de-
saturation

Finally, 1t is perhaps interesting to reconsider previous concepts of the
etiology and path of the cyanosis ying respiratory distress
n the newborn Conditions interfering with lung expansion and aeration
(atelectasis, infiltrations, alveolar capillary block, etc) will increase the
resistance 1 the pulmonary circuit. As a result, there may occur a reversal
of flow in the ductus arteriosus (1e, from right to left) When this happens,
the venous return to the left atrium dimimshes and the left atrial pressure
may fall below that in the right atrsum (already elevated as a result of the
tnerease 1n pulmonary resistance) Under these crreumstances, the foramen
ovale may reopen and venous blood will enter the systemic arterial crrcula-
tion (9). To a degree, this shunt is 2 compensatory haemodynamic adjust-
ment on the part of the mfant for it attempts to correct for the nnequal
volume of return to the two atria, even though this 1s accomplished at the
expense of placing unsaturated blood nto the peripheral circulation
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the umbilical cord still attached to the placenta in wfero suggest that the
human foetus has a fully differentiated ECG at a relatively early age (80).
Zitka & Papez (81), and Stern & Lind (82) obtained ECG’s from infants
before and after the first cry. No changes was noted in the format of the
ECG with the first cry, although it was suggested by the latter group that
asphyxiated children showed evidence of a greater strain on the nght side
of the heart (82).

The electrocardiogram of the newborn infant normally shows evidence
of nght ventricular preponderance (83, 90) which disappears gradually
over the first year of Itfe Because of this, the assessment of pathological
degrees of ventricular hypertrophy during this period is difficult, especially
in cases where the degree of change is not marked. The assumption that
the I g of the clectrocardiographic right-sided preponderance is the
result of the postnatal development of the left ventricle (38), has recently
been challenged by evidence that there occurs as well an actual involution of
the wall of the right ventricle amounting to as much as 20 per cent of its
mass (72, 73).

Much attention has been paid to the cusious behaviour of the T waves
n the ECG of the newborn infant Thus, Ziegler (83) and Sodi-Pallares
ct al. (84) have described the changes i the right precordial lead Vi, where
the T wave changes from a posittve to a negative deflection withun the first
24 to 48 hr. of life, to remain as such throughout infancy and childhood
Recent studies of our own confirm thus finding but would indicate that the
above changes may occur as early as one-half hour after birth (85). Dupuis
et al. (86) have been able to reverse these changes partually or completely
by injecting epinephrine in newborn infants betwen 5 and 10 days of age
As these changes normally occur at a time when the pulmonary arterial
pressure 1s said to be declining, and as epinephrine 1s known to cause an
elevation of the pulmonary artertal pressure 1 the newborn (87), it would
seem possible that these T wave changes are mn some way related to the
normally falling pressure in the pulmonary artery.

It has hutherto been ponted out that the standard imb lead ECG of the
neonate was characterized by fow amplitude T waves (88, 89). Tracings
taken m our laboratory mmmediately after birth (20 sec of life) indicate
that the newborn standard ECG shows good amplitude T waves in the limb
leads which tend to flatten within 30 mun. after birth. Preltminary obser-
vations suggest that these changes, too, are reversible by the administration
of epinephrine (85).

Asymptomatic rate, rhythm, and cond disturbances evidt d on the
ECG have been reported 1n a2 sigmficant proportion of apparently normal
newborn mfants [Michaelsson (89)] These disturbances are confirmed by
our own findings, and would appear to catse no clinical embarrassment to
the tnfant and to disappear spontaneously without any treatment over a
period of a few days
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KIDNEY DISEASE: ACUTE RENAL FAILURE'

By Jomn P, MerriLr, M D2
Harvard Medical School, Peter Bent Brigham Hospital, Boston, Massachuseils,
and Howard Hughes Medical Institute, Miami Beach, Florida

(The subject of acute renal failure is an important one. It is important
because this condition may be one of the most critical with which the physi-
cian must deal and yet it is also compat:ble with complete and lasting recov-
ery) It 1s unfortunate, therefore, that the term “acute renal failure” has led
to so much semantic confusion Acute renal failure, in the functional sense,
has been confused with acute urinary suppression and acute renal insuffi-
ciency. From an anatomical standpoint it has been variously classified as
shock kidney, crush syndrome, acute tubular necrosis and first, but least ac-
curately, as “lower nephron nephrosis” (1). The word “failure” is defined by
Webster's Collegiate Dictionary, fourth edition, as “omission to perform,”
and “insufficiency” as “wanting in strength, power, capacity; incompetent ”‘
‘These definitions certainly imply The ional as-
pect seems important. For instance, one recent excellent review (2) states
that acute glomerular nephritis cannot be included in the category of “acute
renal insufficsency.” However, in functional terms which is the ultimate
concern of the patient, if not the semanticist, acute glomerular nephritis
may certainly produce any and all degrees of “incompetence™ of the kidney.
Acute urinary suppression, on the other hand, would seem to imply the sup-
pression of urinary function by influences from without the kidney. Whether
or not ths is ically justified, it is from a ic stand-
point to divide the general subject of acute renal failure mto () prercnai
{b) renal, and (c¢) postrenal. This division, in turn, implies that only in cate
gory (b) is there renal parenchymal damage and, by the same token, prerenal
or postrenal defects may mask a kidney whose functiomng parenchyma is
mtact This has important ions for i diate di: and treat-
ment A further division that has seemed useful in the past (3) has been a
division of acute renal insufficiency and acute renal failure.{Acute renal m«]i
sufficiency 1s defined as mability to perform standard tests of function
whereas acute renal failure implies mnability to excrete at normal plasma‘i‘
levels the Joad of metabolite presented) As will be pointed out, acute in-
sufficiency may appear to be falure when the metabohc load becomes so
great that even the normal functioning hidney cannot eliminate it at normal
plasma levels. This fact was pointed out by Addis (4) 1n citing the fact that
the blood urea nitrogen may rise dramatically in normal young men whose

“The survey of the hterature pertaming to this review was concluded in
December, 1959.

. *The author acknowledges with gratitude the assistance of Dr, Stanley Franklin
in the preparation of the manuscript.
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tlaod or extracellular flind 1s sequestered in the body, changes occur in the

mild sttmult of the sort mentioned, the urine may decrease mn volume and be-. -
come more concentrated, possibly as a result of liberation of antidwretic
hormone. Sodium excretion tends to drop, probably as a result of ill- defited
mfluences upon pressor receptors elsewhere 1n the body which operate to
cause differential shunting of blood through the kidneys without marked
change in overall renal blood flow. With mare potent stimuls, such as further
decrease in “effective” ntravascular volume or extracellular fluid, remal
blood floy and filtration rate may drop In a teleologic sense, blood is now
shunted from the kidney to the more wital organs such as the brain, and in
this fashion arterial pressure and, more important, central nervous system
blood flow may be maintained at the expense of renal blood flow (12). This
may be accompanied by a marked decrease in urine volume and sodium ex-
cretion, Experimentally, this was first described in the experiments of
Mueller ¢f al. (13) who pointed out that decreased urme volume 2nd sodium
excretion might occur with constriction of the renal artery which was mild
enough to produce little or no demonstrable drop in filtration rate This
particular phenomenon is the basis for the so-called Howard test (14).
When the filtration rate was reduced experimentally by renal arterial con- -
striction of 30 per cent or less, Levinsky (15) showed that a marked de-
erease 1n urne volume occurred with increase in urine concentration and
a decrease in sodium excretion, even in the absence of antidiuretic hormone
action, Further decrease in filtration rate (15) then resulted in decreasing
urine concentration even in the presence of maximal antidiurehc hormone.
All of these events may be explained.in termys of the “caunter_cugrent,
multiphies” theory of urine concentration (16). In this view the substantial
reduction in glomerular filtration results in almost complete sodium resorp-
tion 1 the proximal tubules. Therefore, dilute urine is obtained because in-
adequate amounts of sodmm reached the concentrating site for the martn-
tenance of an opttmal counter current osmotic gradient. Decrease n the
volume of tubular fluid results also in mcreased back diffusion of urea and
a rise in BUN. All of these events may occur without sschemia, 0
cause parenchymal damage since the urinary findings are completely re-
versible when constriction of the renal artery 1s released. Indeed, the data
given by Phillips (17) suggest that renal plasma flow must drop ta less than
5 per cent hefore renal pazenchymal damage oceurs (as evidenced by de-
creased extraction of PAH). Thus, many stimuli resulting from.decreased
“effective” blood volume mpy lead to a sequence of events characterized by
oliguria, decreased sodium excretion, and urea retention without renal
parenchymal damage. These manifold events characterize the “prerenal”
phase of renal farlure, In the pertod before renal ischemia has Jed to tubule
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protein intake is doubled or trebled, A further division of renal failure into
prerenal, renal and postrenal failure has the advantage for the clinician of
implymg that for prerenal and postrenal failure an etiologic factor exists
which may be specifically treated Renal fajlure per se, as distinct from the
others, implies that damage to the kidney parenchyma has occurred, damage
which might heal by itself. In this situation, injudicious atternpts to “force”
the kidney to perform its urinary function may result in overhydration,
pulmonary edema, and death, It was the recognition of this latter fact that,
more than any single factor, has lead fo the striking decrease in mortality in
this syndrome. The general principle was first heralded by the publication of
Strauss (5) in 1948,

It is the experience of those who have dealt most with acute renal failure
that 30 per cent or more of the cases cannot be attributed to any single etio-
olgic agent (3, 6). This is because any single agent or insult of the same
potency will not consistently produce the same renal damage. The state of
the organism at the time the insult occurs conditions the amount of damage.
This situation may be likened to the physiologic effect of a given dose of
adrenal steroid. In an untreated Addisonian patient it may cause primarily
sodium retention, and 1n a normal individual, potassium excretion Thus, one
individaal may endure an hour and a half of hypotension with no renal
functional impairment, In another, a transient episode of syncope associated
with hemetemesis may yreld marked renal fatlure. In all probability, the
difference here is the difference in renal blood flow resulting from the drop
in blood pressure. Unfortunately, the blood pressure cuff gives us only poor
inferentral evidence about the state of the blood supply to the kidney.

The causes of acute renal failure are multiple, These have been ade-
quately covered by many previous reviewers {2, 3, 7 to 10) and will not be
discussed in detail here. Rather, this review will it itself to a Conden'sed
list of causes of acute renal parenchymal faifure and to some discussion
of the general principles involved in 1ts production, recognition, and therapy.
Because of the diagnostic and therapeutic importance of prerenal and post-
renal factors which may be immediately remediable, these should perhaps
be dyscnssed first and 1n more specafic detail.

PRERENAL FAILURE

An understanding of the sequence of events which follows upon rA.nal
circulatory insufficiency is mmportant, because recognitiont of this situation
(herem described as prerenal failure for want of a better term} may lead to
its correction before renal parenchymal damage has occurred. Renal circu-
latory insufficiency per se may be correctable but we can do nothing to
reverse the process once tubnlar mecrosss has @me on
extrarenal influences which modify renal function 15 massive. It has been
secently reviewed by Homer Smuth (11). Ordinanly, the kidney ceceives
25 to 30 per cent of the cardiac output. When the output falls or when
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has been reported also in renal failure secondary to diabetic coma and trans-
fusion reactions (24, 25).

v PoSTRENAL FAILURE

Postrenal factors operating to cause acute urinary suppression_consti-
tute a small but impartant percentage of the causes of acute renal failure.
In acute renal failure caused by parenchymal damage or to pre-renal causes,

. B e o v e

absolutely characteristic, story of obstructive uropathy in rcnal failure is
totalanuria followed by 24 hr. or more of large urine volume, 3
return to anuria. Ift tenal failure from parenchymal causes, urine volumes
do not behave in this fashion. Obstruction of one ureter with a nen-function-
ing contralateral kidney may result in total anuria Renal calcult and, less
commonly, carcinoma of prostate or cervix may present with such a his-
tory. One type of so-called “reflex” anuria has been ascribed by Sirota &
Narins (26) to edema and obstruction of the uretero-vesical orifice. This
kind of obstructive uropathy may occur after catheterization of the ureters.
We have seen it also ansing from edema higher in the ureters. Chronic
pyelonephritis 15 frequently attended by changes in the ureter, and acute
exacerbations may be accompanied by an ureteritts in an edematous, patu-
lous ureter which may cause obstruction either uni- or bilaterally. This, in
turn, may be aggravated by catheterization. Obstruction of the ureters
attnibutable to the deposition of sulfonamide crystals 1s now rarely seen
It should, however, be kept in mind. Obstruction of the ureters ascribed to
the deposition of urie acid crystals either in the treatment of gout (27) or
the use of or the alkylating agents in the treatment of
teukemia or Hodgkin's disease, may also resu!t in obstruction of the ureters
with uric acid erystals when alkalimzation of the urine and adequate urine
volume have not been maintained (28, 29, 30). Ligation of the ureters in
the course of pelvic surgery o retroperitoneal hematomas obstructing the
ureter have also caused obstructive uropathy (3). Patients with chromc
prostatism may develop acute urinary retention following the use of gang-
Lionie blocking agents or even antthistamines.

Obstructive uropathy, though rare, should always be considered since it
is one of the immedrately reversible causes of urimary suppression. The
history should suggest a possibshity of one of the causes mentioned above.
Injudicious 1nvestigations of the upper urinary tract by bilateral catheteri-
zation 1s to be condemned. When, however, a reasonable possibility of ob-
structive uropathy exists it must be employed to rule this out, A good
general rule seems to be the following: A plain film of the abdomen shoyld
be obtained If two normal nal sized or enlarged kidneys are visualized and
historical evidence for obstructive uropathy is obtained, the ureter (on one
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necrosis this sequence may be reversible by correction of the underlying
dynamic defect.

The diagnosis of prerenal failure, therefore, may be suggested bythe
appearance of oliguria, a marked .decrease sa-urinary sodium concentration J/
and an increase in tota] urine congentration as measured by its osmalality.
C?n'mmltantly some degree _of nitrogen retention may occur. From the
'cllmca{ standpomnt a history.af antecedent events leading to decreased
“effective” intravascular volume supports the presumptive diagnosis

Unfortunately, there are_pitfalls in applying. these_phenomena to the
clinical diagnosis of acute renal failure. Diminished urine volume alone is
not an adequate criterion, Oliguria can occur with perfectly normal renal
function, Urine volumes of 400 ml. per day with a urine specific gravity of
1.030 and osmolality of 1200 milliosmols per liter may occur in normal in-
dividuals with normal renal dynamics, purely as a result of water restriction.
Drastic restriction of dietary protein and salt may reduce the amount of
solute (urea and sodium) “claiming excretion” (18) so that even further
diminution of urine volume may occur, If the urine volume cantinues at
400 to 500 ml. per day with minimal solute output, urine specific gravity may
decrease to 1.014 or 1.016. Thus, oligurta may occur as a result of prerenal
infl with either d or dilute urine,

The blood urea.nitrogen level may also be misleading simce increased 4
protein metabolism may result in increased urea loads which require excre-
tion at higher plasma levels even with normal renal function, Increased
protein metabolism 1s 2 common concomitant of burns, surgery, and infec-
tion, all of which are common precursors of renal or prerenal failure.
Since, however, the level of renal function is reflected not by the plasma
level alone but also by the clearance of urea, the simultaneous measurement
of plasma level and the rate of excretion [urine concentration X cc. of urine
per mumte (UV)] may give a more precise estimate Perlmutter (19) has
suggested that perhaps the ratio of urinary urea to plasma concentratton
may be of help in “differentiating the azotemra or oliguria of renal disease
(<10) from that of dehydration or inadequate blood flow [(19, p. 714)1”

Several reports have appeared suggesting that the ability to_produce
urine with low sodium concentrations is inconsistent with the presence of
continmng renal parenchymal damage and, conversely, that in urines of low
volume, high sodium concentrations presuppose renal damage (20, 21, 22).
These clinical observations are consistent with the data from the experi~
mental work mentioned above This appears, then, to be a good general rule,
and certamly a better index than urine volume or blood urea nitrogen con-
centrations The daily patte,\;&o_fmlgc_rr_,_,(m!mmssi‘"ﬂﬂio may)
be even more. accurate, The Na/K ratig 1s highest during the first few]|«
days o oliguria and falls steadily thereafter until the onset of diuresis (22).
Exceptions, however, have been noted (19). One series of burn patients
with senal failure persistently showed low concentrations (20, 23). This

I
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cumstances whole groups of nephrons_are_totally destroyed or infarcted
and the result is “cortical necrosis.” Contrary to the older Iiterature, kidney
function may be resumed n cortical necrosis and the very patchy nature of
the lesion accounts for the fact that it is compatible with survival (32).”
‘When the vascular lesion is sufficiently severe that all the glomeruh are in-
volved, the renal cortices are mvolved in a diffuse or symmetrical type o:
Jesion in which the entire cortex 1s infarcted. This is “symmetrical cortical
necrosis” and, of course, ts_not compatible swith suryseal, The ultimate step 1 p
in renal 1schema is, of course, obstruction of the renal artery, n which case
the entire kidney is mfarcted

The sequence of events by which ischemia leads to acute renal failure
15 complex and poorly understood The fundamental importance of 1schemia
in the productior of acute renal failure seems mnescapable from a considera-
tion of the kidney’s role in diverting blood to other organs under various
conditions of stress Unfortunately, in the human being at least, decreased
renal blood flow is difficult to document by the conventional clearance meth-
ads since little or no urine may be obtained. Even when small amounts of
urine are elaborated, measurements may be invalid becausc the extraction
of the test sub [iod: d or (PAH)]
by the damaged kidney mzy be Subnorm:\l Some 1nvestigators have cor-
rected for this abnormality by catheterizing the renal vein n cases of human
anuria and directly measuring the extraction of PAH by the Fick principle
{21, 33). In the cases 1n which 1t was measured by this technique, the renal
blood flow was umiformly found ta be decreased In recent years more ele-
gant techmiques have been utiized employmng radioactive krypton (34).
These studies have d the of d d renal blood flow
1n one human case of acute renal failure. Conn (35), measuring the renal
extraction of mtrous oxide in dogs made experimentally oliguric, also found
decreased renal plasma flow. The older work of Trueta et al (36) suggested
that ohiguria occurred by reason of a diversion of blood flow from the renal
cortex to the medulla through the juxtamedullary glomerult This work was
largely done in rabbits and has been vigarausly disputed; particularly an this
country, as a causative factor in acute renal failure in man. Clark and his
colleagues (37) found normal arteriovenous oxygen differences across
the kidney 1n a case of human anuria and felt that the Trueta mechamsm

could not be operative under these & It is entigely
however, that the imtial acute wnsult-mught swell be accompanied by drver.

swon of cortical blood through the juxtamedullary glomerulr just as de-
scribed by Trueta, Comcalmm then result
and redistribution of blood to the unaffected cortical tissue might account
for the results reparted by Clark The data submutted by Powers (38) show-
wng fall 1n urigary oxygen tension in experimental postranmatic renal fail-
ure, rest, His observations are consistent with erther the opening,
of shunts bypassing parts of the nephron, or with the redsstribution of red
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side only) should be carefully catheterized to the renat pelvis. No reteagrade
prefogram need be made, If, from the normal sized kidriey catheterized, no
brine is obtained, obstruetive uropathy can be presamed not to be the basis
of acute renal failure. It should be remembered that when the ureter is
edematous the catheter may act as a splint and while in place may atlow
adequate urine flow from the renal pelvis. When removed, obstravtion may
reoccur. The ureteral catheter must then be left in place wntif inflarama~
tion and edema have subsided,

Renar Fanvee

The term “renal faiture” is used in this review to desiote fufure of the
kidney to excrete at normal plasma levels the metabolic load presented }
When used without the prefix “pre” or “post” it will henceforward connote
damage ta the renal parenchyma, The pathogenesss of renal parenchymat
fnlure can be divided nta two major groups: {a) sschemia, and (&) nephro-
toxins. The anatomical lesion resulting from these two causes has been
described in the classic studies of Ohver (31). He studred these lesions in
preparations m which the enttre nephron was separated by microdissection
Has studies suggest that the lesion produced by a nephrotaxn 1§ that of uar-
form necrosis of the tubular epithelium doswn to, but not sneluding, the base-
rent membrane. When wchemsa alone is the cause of the renal fxilure there
may be complete disruption of the renal tubular structure with fragmentation
af the basement membrane and leakage of the tubular contents into the
mterstitnm, This latter Jesion has been talled by Ohver tubulorcheds.
Oliver's studtes showed that the designation “lower nephron nephross”
apphed in the earlier descetption by Lucké (1) was not approprate since the
1scherse lesion could occur in any part of the entire nephron. The descnp-
tions by Oliver and other pathologists stress the fact that many nephrons
in imjured kidneys are left unimolved. Healing of the Jesion, acrording to
Ohver, involves the resorphion of edema and reparr of tubular epthehimn
\When the basement membrane 15 intact the epithelial cells regrow along this
structure, bat where it has perforated complete disruption of the tubular
continusty might occur with secondary mgrowth of connective tissue ele-
ments The pephrotoxic lesion and the wschemuc lesion were not com-
pletely separable smce, in many of the kidneys damaged by nephrotoxins,
the lestons tymeal of sschema mught also occur.

The glomeruls were charactersstically umavolved Swce the blood supply
to the renal tubules comes by way of the glomerulus it seems reasonable that
decrease sn renal blood flow should first involve the postglomerular tissue,
(1., the tubufcs) and that, to some extent, the degree of tubular damage
reflects the degree of ischemia Charactenistivally, however, thes damage 1s
scattered with areas of tubular damage interspersed with arcas of appar-
ently uninvolved tissue, The damage may stil be patchy cven when the
tschemia 15 S0 severe that the glomerulas tself is involved, Under these cir-
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sure 1n a case of human acute renal failure. However, these techmques are
open to question and there is a wide vanation in the results of other investi-
gators citing normal renal interstitial pressure. It is unlikely_that the renal
interstitial edema _would eﬁcct all nephrons equally_since the neghron
population is behevcd tobeak rather thana b ne
(49). A given increase in interstitial pressure would then occlude some
nephrons before others and might well result in the “patchy” nature of the

lesion. Qcclusion of tubules by edema with or without plugging by casts
would result mn d back_pressure and decrease in overall filtration

rate, Similar] essure occlusion of the peritubular capillaries would result
al blood flow. Further support is derived from the data
nshaw which suggest that the effectsve driving force for
s the difference between renal artery and tissue pressure. There-
fore, an increase in tissue pressure such as might occur with edema would
cause a decreased blood flow, other things bemng equal (50) One might
expect that, if renal edema were causative, removal of the restricting cap-
sule might result in improvement This has not been the case (3, 51). Pre-
vious reports of f: ble results of this procedure have probably not been
cause and effect because “in a condition Iike acute anuria which is so dra-
matic for both patient and doctor human pattence with regard to desisting
from intervention seems to last about as long as the ohguric state of the
disease” (10) There is, however, other inferential evidence from clinical

observations The increasing volume of urme and, occasionally, the sudden

onset of dresis with urine volumes increasing by 2 liters from negligible:
output is much too rapid to be explained by the healing of 1schemic tubular

necrosis. It 1s not, however, too rapid to be explamed by increase in the

ratio of intratubular to interstitral pressure allowing normal tubules pre-

viously occluded by increased interstitial pressure to become patent and

allow urine flow The prevention of experimental acute renal failure by
the use of osmotic diuresis which again increases the gradient, further

favors this wdea. Fnally, a fortuitous observation of the author seems per-

tinent, In the transplantation of a normal kidney from a healthy identical

twin to his sick sibling, the renal artery and vetn are clamped simultaneously

and the vessels severed A pertod of 45 min. to 1.5 hr may ensue before

blood flow 1s resumed These kidneys begin to elaborate urine almost im-

mediately when the renal arterial clamp 1s released in the recipient. If

sschemia per se were the sole cause of acute renal failure this should not be

so. In one instance of transplantation, however, the renal artery was

clamped, released for a moment and then reclamped. This kidney when

transplanted was swollen, tense, and showed patchy cortieal ischemia. Urine

flow under these eircumstances did not begin for 36 hr. These observations

in the human suggest that possibly the segence of clamping, release, and

clamprmg allowed differential renal tction which, with r

of blood supply before severence of the renal artery, allowed edema for-
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cell rich bioad-as-postulated by the “plasma skimming" theory advasiced by
Pappenhermer (39). It is difficult to refute this possibility when one sees at
the fmtol"sy of a patient dying from acute renal failure hidneys with patchy
cortical 1sche§mc Iestons and a congested medulla, This sequence of events
would be entirely conststent with the observations of many observers that
glomerular filtration continues (33, 40), As early as 1929, Richards reported
by direct observation of the frog kidney poisoned with mercury that active
filtration occurred in spite of virtual absence of urine formation (41).
Stms (42), using a fluorescent dye o stain glomeruli in rats whose kidneys
had been damaged by mercuric chloride, showed presumed continued filtra-
tion by staining of the glomeruli under conditions of severe suppression of
urine volume.

If, thy erular filtration inutes, what becomes of ¢ if
no urine is formed? One schoo! of thought holds that the explanation for
this strange phenomenon 1s non-selective back diffusion through damaged
tubules whose structural integrity may be_represented only by basement
membrane, If this were true it would be important to have data showng

lecules of different molecular size and ion diffusing at different
rates Some data exist suggesting that the ratio of creatimine to urea
clearance may by altered in the vatious stages of acute renal fatlure {43}
and sumilar data have been published for PAH and ferrocyanide (44).
Others, however, disagree (21, 40) A gross leak through a rip mn the base-
ment membrane would cause back diffusion without any differential and
this 1s suggested by the work of Oliver quoted above. This might, perhaps,
be abetted by plugging of the tubule distal to the “leak” by casts which,
though not in themselves the cause of the renal faslure, might favor furthet
leaking mto the mterstittum, One mught well ask, “If filtrato—isformed
and diffuses back nto theanterstitium, where does-it go?” No firm answes
to this question is forthcoming, but the possibility that st mught be trans-
ported back into th 5 en
raised _(45). This 15 suggested_as “one more out” hy no less a scholar of
things renal than Homer Smuth (46). The matter 13 far from settled, but
i the opinion of the present reviewer, the role of edema in the causatton
of acute_renal fadure isa major orte. Edema 15 a secondary, not a prymary,
factor and results zs 1t does elsewhere 1n the body from ischemia and ne-
crosts. The early biopsy material of Iversen & Brun (47) showed gdema of
the mterstitial tissue However, much of the other biopsy material n cases
of acute renal failure, including those of the author, have shawn remarkably
Iittle pathologic change early 1 acute renal fmlure This, however, 15 not
unexpected in view of the patchy nature of the leston Direct measurements
of renal interststial pressure i dogs with experimental acute renal faslure
have shown no striking wcrease (48). One of the techmigues of cardic cathe-
terization applied to the measurement of “wedge renal venous pressure”
produced data interpreted as showing no increase renal interstitial pres-
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of normal nephrons may be allowed to resume function. Occasionally one sees a
rapid increase in the volume of urmne which after 4-5 days of marked oliguria
may suddenly reach 2,000 to 2,500 m! per 24 hours In the absence of obstructive
uropathy this is better explained by resorption of interstitial edema and resaltant
decompression of tndamaged nephrons than 1t is by the process of epithelial repar
in damaged tubules (3)

It was suggested that a large volume of dilute urine under these circum-
stances might represent a profuse osmotic diuresis resulting from the rela-
tively marked increase in filtered solute presented to the few normally
functiomng tubules Recently this idea has received further support from
the observations™of Meroney & Rubim (22) who have shown that m the
diuretic phasg of acute renal failure the renal tubules may selectively regu-
late the conc ions of sodwm, and mtrogen in such way that
although the urine remains ssotonic to plasma the concentrations of these
varjous constituents change in a reciprocal fashion

The foregoing, to be of value, should have more than theoretical interest.
It should, and does, give clues to the prophylaxis and treatment of acute

or s .

¢

Ganglmmc blockade, wh:ch should, at least in part, prevent renal vaso-
constriction, has been shown to prevent the development of renal damage
in mallet trauma (38), experimental placental abruption (61), and aortic
occlusion (62), This has been demonstrated to prevent renal damage and
decrease n renal blood flow in humans subjected to procedures lowering the
the systolic blood pressure (63). Perhaps more striking are the better con-
trolled expermments in dogs in which hdocaine hydrochloride (Xylocaine)
injected mnto the renal artery befare clamping of the aorta minimized the
damage on the side mjected and not to the uninjected kidney (64). Evidence
published by Powers and his collaborators (62) suggested that the intra-
venous nfusion of trimethaphan camphorsulfonate (Arfonad Camphorsul-
fonate, a gangliomic blocker) might he useful in the prevention of renal
failure following aortic surgery, a situation in which acute renal failure is

a and un If the flow of tubular urine 15 main-
tamed the gradient of i bular, extratubular pressure should %o be
General h and pr narcotics may result n

antidwresis and decreased urine flow This, m turn, possibly accounts for
the frequency of acute renal faiure following surgical procedures or burns
(117) m which adequate hydration 1s not maintained. Furthermore, the use
of manmitol, dextran, or hypertonic urea solutions (118) during or immedn-
ately following the surgical procedure or burn, appear:

meidence of acute renal failure, and this may well be accomplished by

the diwretic effect of both of these agents It should be stressed at this point
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mation \v}lich did not oceur when the renal artery was clamped and severed
before this could occur,

The role of the nephrotoxins deserves little further mention. Poisons
filtered or secreted into the tubular urine and reabsorbed may damage renal
tubu.lar epithelial cells in their passage. The necrosis of tubular epithelium_
Pamcu}arly in the proximal tubule j i otaxins but the
ischemic_damage that follows_is ingly_simifar_to the renal fesion of
shock. The role of blood and-muscle as neph fper. se is now
generally-diseredited, The elegant microdissections performed by Ofiver
have shown no relation between the locahzation of pigmes sts and tubu-
lar lesions (31). The infusion of pure hemoglobin pigm: rmal ani-
mals or humans does not produce acute renal failure even 1 amounts
(52, 53). Whle the intravenous infusion in man of large amol of dis-
tilled water or hemolyzed autogenaus blood (54) may produce renal ische-
mija and oliguria, this is probably a result of an increase in peripheral yaso-
constriction and a fall in cardiac output rather than a toxic action of the
pigment 1tself (53). In the case of distilled water infusion the olguria 1s ac~
companied by decrease in renal blood flow and filtration rate which ean
be reversed by the it effect of parath Vasodilator agents
employed at the time of the infusion of red blood cells may also prevent
such renal 1schemia 1n dogs (55) One of the common causes of acute renal
failure in man is the administration of incompatible blood, This is associ-
ated with } Lot ia and h lobinuna, and at one time it was
thought this pigment was responsible for the renal lesion However, Castfe
{56) has demonstrated the obvious fact that 1 vivo as it vifro incompatible
bloods first agglutmate when mixed, It 1s probable that this agglutination
causes capillary stasis, ischem, anoxia and that the red cells are hemo-
lyzed in this environment after first causing the vascular damage.

Tt has generally been impossible to produce cousistently m the experi-
mental dog a renal lesion by the infusion of hemoglobin or methemoglobin
alone. One must use 1 addition severe dehydration (57) or clamping of
the renal artery (58) and pitressin {59). The one exception to this appears
to be the recent observations of Teschan (60) who has produced renal
failure 1 rats without prior 1scherma by the admunistration of methemo-
globin and sadm ferrocyamde. It seems probable that the role of heme
prgments 10 the production of acute renal failure 1s a minor one and sec-
ondary to the 1schemia produced Whether or not the heme pigment casts
make some contribution to the oliguria by occlusive plugging of remal
tubules 15 2 matter of conjecture.

These 1deas were summarized several years ago as follows:

Tie lesion in acute renal failure 1s scattered among groups of nephrons as
ywell as 1 varying sections of the mdividual nephron Afany segments of the kedney
may be spared The resorption of interstitial edema may comaide with the onset of
the diuretic phase after anura and under these circumstances the scattered groups
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CLiNICAL COURSE AND TREATMENT

The description of the chnical course of acute renal failure and the prin-
ciples involved in the therapeutic approach have been discussed m some
detail by previous reviewers (2, 3, 7, 8, 10, 69, 70). The present writer will
outline only briefly the factors discussed by these authors but will dwell
more particularly upon recent additions or corrections.

e P e

counts {or the morc :amLLnsun_LhLmn_pmmn_nmgen conc:ntration

been confirmed by more recent work (73, 75). The expansion of extracellu-
Iar space found by recent workers (73) may result from this as well as
from injudicious fluid therapy. Hyponatremia has been a frequent concorm-
tant of acute renal failure but as Swan & Mernil ponted out (7) this is
frequently the result not of sodium loss but of dilution caused by excess
water admnistration. This observation, too, has been borne out (73). For
some years it has been the fashion to speak of “shifts” of sodtum and po-
tassium between extracellular and intracellular compartments. Acidosis and
the overall metabolic defects of uremia [probably by impairing the genera-
tion of high-energy phosphate bonds for the metabolic pump (74)] con-
tribute to this, and measurements of total body potassium by the isotape
1 have d that ion with high
levels may exist in the face of total body deficit. In the experimental dog
made anuric by ureteral ligation, muscle sodium and chloride concentrations
have been found to be elevated (75) On the other hand, 1t seems probable
that hyponatremia in acute renal | failure 35 usually,in large part attributable
to excess water administration. Although the specific instance of acute
renal failure was ot studied by Edelman and his co-workers (76), in many
other abnormal clinical situations serum sodmm concentrations were found
not to be a function of mtercompartmemal shift but of the relation of
total exct ble sodium, and total body water.
The significance of these findings for the clinician appears to be that water
restriction should be greater than that originally proposed by Strauss (5)
For the average 70-kg. adult, 300 to 400 mls. of water per day is the baseline
requirement, To this, of course, should be added tncrements for gastro-
intestinal losses, increased respuratory rate, ugh fever, and profuse sweat-
ing Daily measurements of the body welght continue to be the best gauge
of adequate replacement herapy Idzally, in the face of our inability to
supply adequate calorses, a weight loss of 02 to 03 kg. per day should be

effected, In some instances Wi Hay be Slightly more than necessary Bat
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that these b loyed_prophylactically since, once-tubular
necrosis has occurred, no amount of osmotically active substance or vaso-
dilating agents will increase urine flow.

It seems logical that anything incregsing vascular reactivity or pre-
disposing to renal yasogonstriction would facilitate acute renal failure for
reasons mentioned above. Acute renal faiture 1s 2 common compheation of
abnormal pregnancies (65). While it constitutes only a small percentage
of the problems seen 1n general obstetrical practice (66), it nevertheless
canstitutes more than 20 per cent of patients referred to centers for the
treatment of acute renal failure (6). Uterine distention which may oceur
during prolonged or difficult labor has been shown to exert vasaconstrictor
influence on the kidneys of animals (67), and placental abnormalities with
Ppremature separation are thought frequently to give rise to 2 Shwartzman
phenomenon involving the small vessels (68). All of these factors would
favor renal vasoconstriction and ischemia, particularly in a setting of blood
loss in which diversion of hlood from the kidney and decreased renal blood
flow may have already occurred. The pathophysiology of acute renal failure
and the physiologic basis for jts prophylaxis have been discussed in some
detail, since it is in this parameter that thinking has changed most radically
1n recent years The clinical course, complications and therapeutic principles
have been considered at length in a number of previous reviews, and for
this reason only supplementary information will be stressed in what follows

The difficulttes in making a definitive etiologic diagnosis of acute renal
failure have already been stressed. A few hints from a large clinical experi-
ence, however, may be worthwhile. Olguria following the inhalation or in-
gestion of carbon tetrachloride may not occur suddenly but may develop
over a period of days. Because it goes unnoticed by the patient 1t may fre-
quently be confused with acute glomerulonephritis, Frequently such pattents
may have abdominal pain, pulmonary edema and hematuria with nausea
and vomiting as imtial symptoms In the author’s experience this is the only
nephrotoxin which may give rise to red cell casts Acute renal faiure
following the use of distilled water tn the irrigating fluid of transurethral
resections of the prostate, formerly a frequent source of patients, has be-
come almost tent since the i ion of the use of osmotically
active nonelectrolytes in the irrigating fluid. Bichloride of mercury poison-
ing is frequently accompamied by severe bloody diarrhea and produces 2
renal lesion which, unhike other forms of acute renal failure, may rcsn}lf fn
permanent fenal insufficiency. Bacteremsa with Closiridinm welchii n
septic abortions may characteristically produce cyanesis and ‘hemoglobin-
emia with severe myalgia, high fever, and methemoglobinemia as most
typical concomitants accompanying acute renal failure. Even more charac-
teristic is the denial by the patient of any attempts at imstrumentation of the

uterus.
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hemodialysis_with _the artificial hidney,(89). The various cation exchange
réSins have been efective 1n removing potassium from the intestinal con-
tents. Difficulty in getting these ta the intestinal tract when given by mouth
or in effecting their return when given by enema have until recently limited
their uses Recently, a smaller_mesh sadwm cycle. resin.sath.less tendency
to the production of 1mpaction has been made avatlable (Kayexalate: Win-
lhmp Laburatoncs, Inc.). leen by mouth to nephreclomxzedmgmﬁ-
ca .
ﬂ?'
fa
1 tract will be 1 9n.

THE Provision of CALORIES

The “forced feeding” of fat and sugar mixtures to suppress protein
metabolism (92) has now been largely abandoned 1n the treatment of acute
failure because of the difficulty of infheting such a regimen on acutely il
usually nauseated, patients The use of intravenous fat emulsions to provide
calories has, 1n the past, been fraught with the hazard of pyrogen reaction.
But recent preparations may obviate this Since, however, renal failure is
a self-inuted disease and since body fat stores are usually adegquate for the
period of anuria, 1t does not_seem necessary to emphasize the admmastration
of fat m spite of 1ts high caloric value Where possible, calories should be
given by mouth_in arder to minimize the-amount-of fld necessary and to
provide for the mouth, salivary glands and oropharynx, the necessary stimu-
lation of drinking and swallowing. This appears to be important n mmimiz-
ing the oral lesions which so frequently accompany acute renal failure
Small amounts of Karo syrup and ginger ale mixed tn equal proportions and
well 1ced are of benefit when tolerated Frequently, however, it 1s impossible
for the pahent to take anythmg by mouth either because of surgical com-
g the tract or because uf severe nausea,

Under
or mye

volume

of a plastic catheter in vems of large enough caliber to prevent thrombosis
or phlebitis Catheters placed through the femoral or saphenous ven into
the inferior cava are £ ly d with tk and mfection,
and this 1n a most hazardous area (93, 94) When threaded through an
antecubital vemn into the cephalic or brachial vein and changed every
five to six days embolic complications are rare The importance of providing
a constant source of calorigs over a 24-hr pertod 1n this fashion seems to
more than offset the potential risk. The provision ofmtampp]ements
ts probably of benefit and certamly of no harm. Attempts to minimize > pro-
ten_metabolism by the use e of anabolic agents. 1 ieed"(3)
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it 1s a sound principle of therapy that it is easier to administer fluid to the
dehydrated anuric patient that it is to remove it from the overhydrated in-
dividual with actual or incipient pulmonary edema.

With increased awareness of the principles of therapy the hazard of
acute potassim_intoxication is less frequently seen in the anuric patient
than ‘previously Potassium liherated in the process_of increased tissue ca-

bol as well as potassivm_derived from devitahized tissues and_extra-
vasated blaod, contributes to the_increased.incidence of_potassium intoxi-
cation in military trauma (77). The increased incidence of infection in
traumatized patients further contributes to this hazard (78). The necessity
for draitage_of accumulations of blood.and_pus, and the debridement of
devitalized tissue is an important therapeutic point, not only from the purely
surgical standpont, but from that of the therapy of the “uremic syndrome”
(79). 1t has been suggested that relatively more rapid rises in serum
phosphate (80) and serum creatinine (81) than m blood urea nitrogen con-
centrations may suggest the necessity for the removal of devitalized muscle
tissue This observation, however, has not been generally recognized as
vahd (6).

Since the cause of death 1n potassium mtoxication is cardiac arrhythmia
(82) the_electrocardiogram is imperative in following patients with acute
renal failure. The charactenistic changes n the electrocardiographic pat-
terns and their sequence have been described elsewhere (82, 83, 84). There
is no direct correlation between the changes in electrocardiogram and the
level of the serum potassium The complex which results in the disturbance
of cardiac conduction appears to depend upon the ratio of intracellular to
extracellular potassium which, 1n turn, may be affected by the pH of body
fld and the intracellular/extracellular sodmum ratio. The treatment of
advanced potassium intoxication 1s the infuston of hypertonig_sodium bicar;,
bonate. The antagonsm of the potassium ion by the sodmm ion and the
beneficial effect of increasing pH exerts its action withm a matter of

mnutes but 1s of relatively short duration and should be reserved for pa-
g S8 e Wlacida g

glucose with_insulin 1n_a_ratio_of-1-umt-of-msuhn-pes-3-gms. ot glucose
1s morg slowly effective but Jasts somewhat longer The removal of potasstum
by short-term ent perstoneal yrrigatron was described by Legramn &
Merrill as an effective form of therapy for this complication 1n 1953 (85)
This technique has been employed with success in a slightly modified fotm
by subsequent workers (81, 87) The removal of potasstum from the gas-
tric contents by the simple_inlying tube or by the more complicated process
of - ctive, The most effective treatment,
however, for potassium intoxication, because 1t not only removes potassiur.n
but corrects the acidosis and metabolic defect which predisposes to it, is
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modified by therapy. Hyper-reflexia, twitching and convulsions were for-
merly attnibuted to “hypocalcemia”™ which frequently occurs. In actuality,
however, hypocalcemia per se is rarely the cause of these neurologic mani-
festations. Tetany may occur if alkaline solutions are administered rapidly
by vein, but the central nervous manifestations in general are those of
diffuse intoxication similar to that seen in hepatic coma. Indeed, the “liver
flap” of the extended hands is not uncommon in uremic coma. Electroen-
cephalographic studies show diffuse and gross abnormalities and correlate
poorly with the presence or absence of a positive Chvostek’s sign. Focal
transient neurologic lesions may he present which can not be correlated
with vascular or brain damage. Rarely do these abnormalties respond to
the infusion of calcium salts They appcar to be correlated generally thh

A e e 1+,

Isrecrion
Improvement in the management of the chemical manifestations of the
uremic syndrome in acute uremic failure has exposed another and more
ominous i that of infection The f with which acute
renal farlure now follows trauma of surgical procedures obviously predis-
poses such patients to infection. The prevalence of coma and vomiting
makes them susceptible to aspiration of stomach contents and results in

aspiration pneumonia (3, 6, 8). The with which hylactic
antibiotics have been used in such instances have resulted in a disheartening
inod of “super-infi " with biotic-resistant hyl i (97,

98). Infection, when present, should-be treated promptly with appropriate
antibiotics for which the sensitivity of the-organism has been proved by
in vitro studies. Care must be utiltzed in gauging the doses of antibiotics in
the anuric or severely ohguric patient, paxticularly@f_strepto-
mycin and K: in, for which a th blood level may be obtained
for a period of two weeks with a single intramuscular dose of 1.5 gm
(99, 100). The indiscriminate use of the inlying bladder catheter predisposes
such individuals to pyelonephritis (101). Until the 24-hr. urine volume in
the dwretic stage is greater than 1500.mls,, it 1s rarely of clinical benefit
Careful percussion of the bladder should reveal retention of this amount
long before 1500 mls, has accumulated and, thus, for diagnostic purposes
alone, the inlying catheter 15 unnecessary. The use of careful asepsts includ-
ing mask and gown precautions may decrease the pathogenic flora ¥ which
the patient is exposed. Even though such precautions may not eliminate
bacteria from the air or floor, they serve the useful purpose of making
attending personnel aware of the constant problem of sepsis and contamina-
tion.
The admini: jon of large_amounts of § h
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Testosterane propionate in doses-of-50-mg=—per day for a week to ten days
or the use of the more slowly absorbed depat testosterone (100 mg. once a
yveek) are of unquestroned benefit in promoting positive nitrogen balance
in healthy individuals. It 1s difficult to document the therapeutic value in
acutely ill patients in whom no urine can be obtained to check nitrogen
balance but it is the general impression that these agents may be of value
In recent publications, English workers have stressed their belief in the
cfficacy of norethamdiolone (Nilevar)-in patients whose anuria follows
accidents of pregnancy (95, 96).

GASTROINTESTINAL COMPLICATIONS

Nausea and vomiting are almost constant concomitants. Marked diarrhea
may be present, More frequently, marked tleus may be seen which, in com-
bination with the nausea and vomting and the leukocytosis, may closely
simulate an acute surgical abdomen. The etiology of these disturbances in
gastrointestinal function s not apparent. In all hkelihood, it is related to the
chemical abnormalities of “uremia.”

Carnzac COMPLICATIONS

A frequent and disturbing complication of acute renal failure is cardiac
arrhzthmxa. Such arrhythmias may result from sudden changes in serum
efectrolytes as a result-of-therapy. Therapeutic procedures which raise the
serum sodium concentration and decrease the serum potassium_are_the
commonest offenders. The various supraventricular tachycardias, particu-
larly paroxysmal auricular tachycardia and auricular fibrillation are most
commonly seen. Ventricular premature contractions occur even in undigi-
talized patients, and the ventricular arrhythmas may account for sudden
unexplained death in patients with acute renal farlure, A striking and un<
explamed phenomenon is the occurrence of a syndrome mimicking 1n every
respect pulmonary embolus and _acute cor.pulmonale, Marked cyanosis,
elevated venous pressure, dyspnea, and expiratory wheezes may be present.
An electrocardiogram may show all the critenia for acute right heart stram,
and yet, at autopsy, no pulmonary emboh are found Agam, this bizarre
symptom complex remains unexpfained but appears to be related to the
chemical abnormalities of “uremta,” surce dialysis with the artificial kidney
or the onset of the diuretic phase may cause marked improvement.

CeNTRAL NERVOUS SYSTEM MANIFESTATIONS
The central nervous system mamfestations of acute renal failure are
many and varted. Drowsiness and decreased responsiveness may progress ta
frank coma. On the other hand, the patient may be wildly agitated and dis-
oriented The reflexes may be hyperactive or entirely flaccid depending
upon the chemical abnormahties and the way in which they have been
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phase. Convulsions and central nervous system disturbances are not infre-
quently associated with this stage but do not necessarily have a bad prog-
nostic significance. With the central nervous system disturbances, hyperna-
tremia may occur. This has been ascribed to 2 specific central nervous sys-
tem lesion and its effect on the renal tubule, but in the author’s experience
it is more frequently a result of injudicious admimistration of hypertonic
sodium solutions,

EXTRARENAL REMOVAL OF METABOLITES

Since the fundamental problem in acute renal failure 1s the retention of
noemally excreted metabolites and electrolytes, the removal of these sub-
stances by extrarenal routes is a Jogical therapeutic approach. This has been
accomplished by a number of methods,

Exsanguino fransfusion~~THhis has been extensively studied by French
workers (108). The removal of whole blood by phlebotomy from the uremc,
patzent and its replacement by freshly drawn blood from normal compatible
donors is the method employed. This procedure has a particular advantage
m infants and small children where the volumes to be utilized are small. In
the adult it1s 2 hat more difficult techni It has been 2d -
mediately after the oceurrence of incompatible transfusion reaction since
the products of hemolysis will be removed by that technique and not by
dialysis across the b

or artificral b It has been
d that toxic molecules of Jarge weight which do not pass
these b i 2 special ad ge of this tech (109).

Such molecules, however, have yet to be accurately identified Exsanguino
transfusion 1s rarely used in the treatment of acute renal failure in adults
today.

Cross fronsfusion —The exchange of blood between an anuric patient and
a normal donor by a direct connection between the two partners has re-
cerved some attention (110) The problem of carefully adjusting the vol-
umes exchanged and the possible hazards to the normal donor has eliminated
this method as a practical therapeutic technique.

Intestinal perfusion—Lavage of the mtestine by means of a tube placed
in the small mtestine by the nasopharynx has, i the past, been extensively
utilized particularly by French authors (111). This is less effective and more
laborious than other techniques tu be described and 1s httle used today

Beritoneal.srngation —The is a semip of
large area across which crystalloids and larger molecules will diffuse from
the extracellular flid mto a solution placed 1 the peritoneal cavity, The
removal of electrolytes and metabolites by this route has received consider-
able attention and constitutes an effective and relatively simple form of
treatment when no surgical contramndications to irrigation of the peri-
toneal cavity exist. Continuous long-term peritoneal irrigation with the use
of wlying sump drans (112) has now been abandoned beeause of the con-
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globu}in. (5 to 10 cc. daily) may e an extremely effective adjunct in the
antibiotic therapy of the infected aremic patient.

ANEMIA

‘B.onc marrow biopsies from patients with acute renal failure show a
striking diminution of erythroblasts but hypertrophy of myeloid elements
consistent with the anemia and leucocytosis found in the peripheral blood
(120). Survival of red cells infused into patients with chronic renal failure
is decreased (121), although red cells from uremic donars survive nor-
mally in normal recipients. The anemiz is a normochromic, pormocytic
one and may persist for weeks after the return of BUN to normal values.
Reticulocytosts, often reaching 20 to 30 per cent, precedes the return of
hemoglobin values to normal.

Each patient appears to stabilize at a hemoglobin value which represents
2 balance between hemolysis and red cell production. Transfusion of fresh
packed i y—of chaice. Since the hemoglobin levels
attamed by transfusion may return rapidly to base line levels, for practical
purposes 1t is usually necessary to maintain the hematocrit between 25 to 30,

BLEEDING DEFECTS
In spite of careful and exhaustive studies, a single cause for the bleeding
defect 1n uremia, both acute and chronic, has not been found, Multiple and
different defects in hemostasis have been described and to no single one can
the frequent bleeding into skin and mucus membranes be ascribed (102 to

Tae Divreric PrasE

The urine volume 1 recovery from acute renal failure usually increases
in a stepwise fashion Rarely, it may increase suddenly from a volume of
less than 300 ml a day to greater than 1500 ml Marked wasting of sodmum
has been described 1n this period (107) and may occur for one to two days.
However, as renal function smproves, sodium concentration may increase
1 proportion to the status of body sodium stores Frequently, marked
sodium losses in the diuretic period reflect the loss of previously acquired
edema fluid, and to replace these losses sumply on the basis of urmary deter-
minations 15 to perpetuate the edema A rare patient who enters the duretic
phase semicomatose and unable to respond to the stimuli of thirst and de-
hydration, may require ntravenous therapy to prevent severe sodwum and
water losses Large losses of potasstum may occur i the duretic phase and
the correction of acidosss at this stage may unmask a total body defiest
which was hidden by elevated levels of serum potassium occasioned by the
systemic acidosis The urine is hypotonic or 1sotonic to the plasma in the
early part of diuresis. Since water is lost im excess.of solute and since urea
clearance is not adequate to keep up with protein catabolism, the BUN char-
acteristically rises for the first few days and even weeks of the diuretic
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from failure of elimination of metabolites the “artificial kidney” is a logical
therapeutic method. Under circumstances in which it can be wisely and effi-
ciently used, it may be employed to prevent the uremic syndrome in acute
renal failure rather than to treat it once 1t has oceurred. The use of “pro-
phylactic” daily dialyses under these circumstances has recently been re-
ported by Teschan (119). Although its use was viewed with some misgiv-
ings until recently, it is the opinion of those with most experience in the
treatment of renal failure that the artificial kidney 15 of estabhished value in
the treatment of this syndrome, and that in proper hands it should be used
more frequently in the future (6).,
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stant occurrence of infection. Several techni ploying the int
instillation of the appropriate solution into the peritoneal cavity by means
o.f ordinary paracentesis set and plastic catheters has been found to be rela-
tlvel¥ free of the hazard of infection Short-term intermittent pertoneal ir-
ngafmn was described by Grollman (9) and by Legrain & Merrill (85), and
modifications of this technique have been more recently reported by other
authors (81, 87). Although less effective than the various forms of artificial
kidney, similar results may be obtained by prolonging the period of irriga-
1ion..The technique is relatively simple and safe, and the equipment inex-
pensive,

The_artificial kdney-~The most cffective technique which presently
exists for the removal of electrolyte and retained metabalites from the cir-
culating blood is the so called “artificial kidney.” The basic principle of this
apparatus is the use of a cellophane membrane across which diffusible
crystalloids pass from blood circulated through the membrane mto a rinsing
fluid on the opposite side of the cellophane. The principles of operation and
design for apparatuses then extant have been reviewed in 1953 (89). Since
that time an effective has been 10 duced in large
volume and is in widespread use throughout the country (113, 114). Most of
the artificial kidneys 1n general use today are effective tn removing diffusi-
ble substances from the circulating blood Their efficacy depends upon the
surface area of the dialyzing membrane, the rate of blood flow which may
be achieved, and the skill and experience of their operators This last pa-
rameter is a far more important factor in the use of the artificial kidney
than its variation in design. Where adequate facilitres exist and the appara-
tus is operated by a trained team, the artificial kidney is an extremely im-
portant adjunct to the conservative therapy of acute renal failure Its use
should not be postponed until the patient 1s cratically ill since 1t may, by 1m-
proving the general well-being of the patient, enable him to better tolerate
conservative management Several artifical kidneys are so designed that
they may be used as ultra filters (113, 115, 116) and, in such instances, the
ability to remove retained edema fluid as well as metabolites constitutes 2
real advantage n the treatment of the overhydrated anuric patient. It should
be remembered that the arttficial kidney which treats acute renal failure
only by correcting chemical abnormalities is effective only insofar as the
morbid state is caused by this chemical abnormality and such a technique
cannot be expected to be of anythmg but ancillary value in the treatment of
surgical complications The ready commercial availability of artificial krd-
neys has, unfortunately, led to therr use m hospitals where experience with
the treatment of the whole problem of renal farlure is frequently less ade-
quate than the mechanism of the dialyzer. When correctly used, however,
the efficient operation of such an apparatus adds greatly to the management
of acute renal failure particularly m those instances in which augmented
catabolism is a complication. Since the clinical syndrome of “uremia” results
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KIDNEY DISEASE: SURGICAL!
By W. L. VaLx, M D. ano W. S. Wrrus, M.D.

Section of Urology, Depariment of Surgery, University of
Kansas Medical Center, Kansas City, Kansas

1t is the purpose of this review to discuss some of the recent important
advances in the diagnosis and surgical treatment of certain renal diseases.
In particular, we have tried to emphasize the close relationship between
the medical and surgical aspects of the various topics discussed. It is hoped
that increased cooperation between the internist and the urologist will result
in carlier diagnosis and treatment in many instances,

Diacnostic TECENIQUES

Evaluation of indwidual renal function 1 hypertension —Simultaneous
collection of urine specimens from each kidney via ureteral catheters is a
well-recognized diagnostic tool in the attempt to smplicate unilateral renal
disease as a cause of hypertension. This procedure has been described by
Howard and his assoczates (11). The basis for the test is the observed fact
that there 1s a decrease in urine volume and sodium concentration from
ischemic kidneys in dogs The test can be performed with local or general
anesthesia The patient is encouraged to drink liberal quantities of fluid in
the morning before being taken to the cystoscopy room. An intravenous in-
fusion of 5 per cent glucose m distilled water ss usually given to promote
diuresis, A 6 ureteral catheter is then passed to each renal pelvis and
affixed to a #16 Foley catheter, which is placed n the bladder. The initial
ﬂow from each catheter should be discarded, particularly if there is hydro-

is Urine coll should be d until one kidney has ex-
creted 50 cc of urine. If there 15 excessive hematuria incident to the cathe-}
terization, or if the flow from one or both kidneys is particularly scanty, the
test should be repeated at a later date Sometimes there may be leakage of
urine around the ureteral catheters If this occurs, volume measurements
from each kidney will be unrehable, and !hc test should be repeated at an-
other time A 15-min ph in excretion deter may
be made for each kidney at the end of the imbal collection pertod Sphit
creatinme clearance values may also be obtained. The volume of urine from
each kidney is accurately measured and the sodium concentration in each
specimen determmned. Howard found significantly decreased sodium con-
centration and total volume from kidneys whose subsequent removal re-
sulted in improvement or cure of hypertension. To be considered significant,
1t 15 felt that the reduction in urine volume should be at least 40 per cent,
and the reduction 1 sodmum concentration at least 20 per cent

Recently, Schiegel ef al. (47) have performed more elaborate spht func-

. * The survey of the literature pertaining to this review was concluded in August,
1959,
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clination. In patients with a non-functioning kidney, only a short OA seg-
ment is observed, with no graphic evidence of accumulation in the kidney
or subsequent excretion.

Renal grteriography—Kincaid & Davis (29, 30) have recently
thoroughly reviewed the subject of abdominal aortography, mncluding renal
arteriography. The details of the technique of translumbar aortography have
been well described by Kincaid (31) in another paper. Even though there
is a definite calculated risk in association with this procedure (34), it is
still felt to be an integral part of the examination in certain patients with
hypertension in whom all other medical diagnostic studies have failed to

B

RADIOACTIVITY S
(COUNTS/SEC)

0

TIME  {MINUTES)
F1c 1, Diagram of a normal radicactive diodrast renogram

suggest an etiologic factor. Much of the initial work in hypertension second-
ary to renal artery disease has been done by Poutasse and Engel. Engel (16)
has recently enumerated the indications for aortography in hypertensive pa-
tients. These melude* (a) 1n young patients (under 40) with onset of recent
hypertension with no obvious cause; (b) in older patients with acute onset
of rapudly progressive or malignant hypertension; (c) i patients with
known essential hypertension whose hypertension suddenly becomes more
severe or malignant, particularly if there is assoctated pain ofyrenal origin;
and (d) patients 1n whom there 1s a significant decrease 11 renal size and
in whom the excretory pyelogram fails to reveal the cause.

There has been some tecent interest in percutaneous retrograde femoral
artery catheterization for visualization of the renal arteries. Some warkers
feel that this procedure 1s safer than translumbar aortography. An opaque
catheter is inserted into the femoral artery and guided up the aorta to the
level of the renal arteries under fluoroscopic control, At this point, approxi-
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tion studies in hypertensive patients, determining urinaty sodium, potassium,
ammonia, and pH from each kidney, together with inuli, para-aminohip-
purate, osmolar and urea clearances, and osmolality. In those patients
whom a definite relationship between unilateral renal disease and hyper-
tension was proved, decreased volume, higher ammonia and potassium con-
centrations, higher urine osmolality, and lowered pH were found m the
urine obtained from the offending kidneys.

Ruadoisotopes in the study of wdwidual yenal function~The radioactive
iodopyracet d (Diodrast pound) renog: first described by
Winter (60) in 1956, is now being used as a screening test in the evalua-
tion of individual renal function, Its particular merit is that it eliminates
those patients in whom renal arteriography would probably not be of value.
The test possesses several advantages (4, 60). The dose of radioiodine-
tagged iodopyracet 15 so small (0.4 mg.), as compared to the 15 gm dose
ordinanly admimstered for excretory pyelography, that very hitle attention
need be paid to possible sensitization or untoward side reactions. The amount
of radiation recerved by the patient is neghigible, being approximately 1/1000
of the radiation recewved during an ordinary film of the urinary teact. Fur-
thermore, the test can be performed rapidly and the results are immediately
available. For these reasons, the procedure can be repeated at frequent in-
tervals. Other advantages of the test are that no anesthesta 1s necessary, it
can be used m place of excretory pyelography in azotemic patients in whom
adequate visuahization of the kidneys is unlikely, and it can replace aortog-
raphy in many cases.

The test involves the intravenous mjection of radwoiodine-tagged iodo-
pyracet in a dose of 1 pc per 3 kg of body weight. Two scintillation detec-
tors, one placed aver each kidney, are connected to rate meters, which 1n
turn are connected to a graphic recording device. A graph 1s thus obtained
which shows the rate of accumulation and excretion of the compound in each
kidney The patternt of a normal radiorenogram shows three distinct stages
(Fig. 1).

The three stages n a normal curve are designated OA, AB, and BC
The immediate sharp spike, segment OA, represents the imtial rapid rise of
radroactsve 1odopyracet 1n the renal vascular pattern, The second segment
of the curve, AB, represents the accumulation of the test substance in the
collecting system of the kidney The downward curve, BC, reflects the ex-
cretion of the material from the upper urinary tract Because of the simul-
taneous uptake by the liver, the segment BC is higher in the tracing of the
right kidney as compared to the left More recently, radiotodine-tagged dra-
trizoate sodim (Hypaque Sodium) is bemng used in an effort to ehiminate
the liver uptake factor

Typical curves have been obtained 1n various urologie conditions In‘a
. € cmtcenl shiis b ae et hydeanenhrosts, the segment BC will

s of complete ureteral ob-
will show an upward -

oty
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technique have been outlined by Leadbetter, Rudy & Clarke (9) and by Chute
and his associates (8). (a) Many tumors deemed inoperable by other ap-
proaches have been successfully removed via the thoracoabdominal route.
(b) The approach allows early ligation of the vascular pedicle 1n contrast
to other incistons in which extensive preliminary dissection is required be-
fore the renal vessels can be adequately exposed. (¢} The thoracoabdominal
route allows for en bloc removal of the tumor and contiguous structures.
(d) The incis:on is adaptable in those patients with deformities of the chest
wall in whom the classical approaches would be difficult. (¢) There 1s a low
incidence of operative mortality and morbsdity.

Although many surgeons prefer to reserve the thoracoabdominal ap-
proach for large tumors of the upper pole of the kidney, Chute feels that
the incision should be used mn all cases of renal tumors, regardless of size
or location, since local extension has been found in relatively small tumors.
The operative technique, as described by Chute ef al (8), is briefly as fol-
lows. The incision is begun postertorly over the spmous process of the tenth
or eleventh b and 1s carrred forward over the entire course of the rib and
then extended through the abdominal wall to the lateral border of the rectus
muscle The b is then excised extraperiosteally and the plenral cavity en-
tered Ty over the draph to prevent accidental injury to the lung.
The diaphragm is then incised and the incision carried medially into the
peritoneal cavity. The latter cavity is opened widely by incising the oblique
abdominal muscles and the transversus abdominus to the lateral border of
the rectus. A nib retractor 1s then inserted and the liver or spleen protected
by means of gauze packs. The duodenum or colon is then freed from the
medial margin of the tumor mass. The vascular pedicle is then readily ex-
posed and indwvidual kigation lished Following this, the kidney and
tumor mass, along with adjacent fascia, fat, and lymph glands are dissected
free and en bloc removal accomplished after the ureter has been transected
and bgated. Thoracotomy dramnage should be utilized for at least 24 hr.
postoperatively.

ReNAL Carcurous DIsEasE

Metabolic studies in patients with renal coleuli—In approximately 95
per cent of patients with urinary calculi, the cause is unknown. One should,
however, be constantly aware of possible metabohc conditrons as etiologic
factors in stone formation. Many patients with hyperparathyroidism have
been found to have normal values for serum caleium and phosphorus or only
nunimal hypercalcemia and hypophosphaterma. In these cases, the urinary
excretion levels of ealcium and phosphorus have been found to be equivocal.
The normal range for serum calcium is 9.2 to 10.4 mg./100 cc. and for serum
phosphorus it 1s 25 to 43 mg /100 cc. Urinary caleium and phosphorus
levels are determined only after the patient has been on a restricted calcium
diet for at least three days. The 2000 calorie, 135 to 150 mg. calcium diet
devised by Bauer and Aub is the diet used by most investrgators. A normal
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mately 10 cc. of contrast medium is injected and flms rapidly exposed.
Another technique involves the direct catheterization of each renal artery,
The reader interested in the details of these techniques should refer to
articles by Gregg and his co-workers (20) and by Aguzzi and his asso-
ciates (1).
Rexar NeopLAsMS

Polycythemia associated with renal tumors —Several recent reports have
appeared concerning the occurrence of a secondary polycythemia in asso-
ciation with renal carcinoma The incidence is small, Damno ef ol (13)
observing it in 2.6 per cent of patients in a series of 350 cases of renal car-
cinoma. The polycythemia 1s usually a simple increase in total red cells with-
out iated thrombocytosis, leukocytosis, or ly. H logi
remission occurred 1n eight patients who had subsequent nephrectomy. In
two cases described by Conley et al. (10) in which the polycythemia disap-
peared after nephrectomy, recurrence of the tumor was accompanied by
2 simultaneous reappearence of the polycythemia. The mechanism of the
secondary polycythemia is unknown It has been postulated that an erythro-
poletic substance is produced ejther by the tumor itself or by surrounding
normal renal tissue in response to the tumor, Another theory attributes it to
a rapid shunt of arterial blood to the dilated veins of the tumor, thus stim-
ulating increased erythropotesis

Prognosis in renal carcinoma.~~The average survival figures after ne-
phrectomy for carcinoma of the kidney, as esttmated by Riches (45) are
as follows: 50 per cent of the patients will survive three years, 40 per cent
will be alive after five years, and 20 per cent will live for 10 years after
nephrectomy. Riches has also outlined the various factors concerned with
prognosis after nephrectomy. As with the majority of other malignant neo-
plasms, the higher the histological grade of a renal carcinoma, the lower
will be the survival rate. Involvement of the renal vein has a very adverse
effect on prognosis. In a study by Thackray (56), 75 per cent of patients
with grade I tumors and no involvement of the renal vern were alive five
years after nephrectomy Invaston of local lymph nodes and other evidences
of local extension, as well as renal vein mvasion, are considered to be in-
dications for postoperative irradiation Flocks & Kadesky (17) studied 353
cases of renal neoplasms and concluded that the results of nephrectomy
combmed with postoperative rradiation were better than those from ne-
phrectomy alone Hanley (21) found that postoperative irradiation resulted
im definitely better survival rates and felt that it partially counteracted the
serious effect of renal vein mvasion. In view of these stud:es, irradiation
after nephrectomy should be seriously considered 1n the majority of patients
with renal carcinoma.

The thoracoabdominal approach m surgery of kidney tumors —An im-
portant modification 1n the surgical approach to renal and adrenal tumors
has been the use of the thoracoabdominal approach. The advantages of this
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(19) found significant decreases in TRP in 21 of 22 patients with proven
hyperparathyroidism. The TRP is of questionable value 1 the presence of
azotemia because of its dependence on essentially normal creatinine clear-
ance,

Kyle and his co-workers (33) performed a phosphate clearance test in
several pattents and found that it remains accurate until there 15 a marked
fall 1n the glomerular filtration rate This test has also been found to be more
accurate than the TRP i 1 g parathyroid defici states The
determination 1s more quickly performed than the TRP and does not depend
on creatinine measurements. Urine is collected over a 4-hr period and

for horus Serum p horus 1s determined midway in the

period Phosph: 1 1n cc. per minute 1s calculated by
dividing the minute excretion of phosphorus expressed in mg. by the serum
phosphorus in mg./cc. The mean value m 25 normal persons was found to
be 108 plus or minus 27 ec./min The value 1s significantly elevated in
hyperparathyroidism and decreased in parathyroid deficiency.

Tt must be emphasized that in the majority of patients with hyperpara-
thyroidism, the ordinary diagnostic procedures will usually suffice to make
the diagnosts. Where these values are equivocal and chinical suspicion of
parathyrord hyperfunction remamns high, a combination of the above tests
should be performed.

Keating (28) has recently emphasized the fact that the majorty of
patients with renal stones exhibit no well-defined abnormalittes m calcium
metabolism He then described the various metabolic disease states in which
caleult are formed These include, 1n additson to primary hyperparathyroid-
1sm, hypervitaminosis D, multiple myeloma, sarcoidosis, milk-atkali syn-
drome, osteoporosis of disuse, Paget's Disease, and metastatic carcinoma
mvolving bony structures Hypercalcemia is present m all of these condi-
tions, and the chnucal symptoms of all may be strikingly simlar,

A recent report by Henneman and lus associates (24) s of nterest. They
describe a syndrome consisting of hypercaleiuria, hypophosphatem:a, and
normal levels of serum calcium in association with renal caleulous disease.
Exhaustive study 1n a group of 24 patients failed to reveal a definite metabohic
defect This condition has been referred to as idiopathic hypercalciuna, In
several of these patients, exhaustive surgical search for a parathyroid
adenoma was carried out with negatwve results. The authors propose a
possible chain of events to account for the syndrome Initial pyelonephritis
leads to tubular damage with resultant decreased reabsorption of calcium
from the glomerular filtrate This, 1n turn, leads to increased amounts of
calewum 1n the urine and a decrease in the serum calcium level Parathyroid
hyperplasia ensues as a compensatory mechanmsm leading to an increase in
urinary phosphorus and consequent decrease in serum phosphorus levels
Certain patients with similar laboratory findings may have a congenital
tubular defect in which base conservation 1s impared Calcium is wasted,
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person on this diet for three days will excrete 100 mg. or less of calcium in
the urine per day. Values above 150 to 200 mg. per day are considered ab-
normal.

Because of equivocal results obtained from the usual laboratory pto-
cedures in several patients who subsequently proved to have hyperparathy-
roidism, several new diagnostic tests have been devised. (a) In the phos-
phate deprivation test the patient 15 placed on high-calcium, low-phosphotus
diet for 2 short period of time, usually one to two weeks, Repeat laboratory
data after that period will either show more defimte evidence of hyper-
parathyrodism, or else previous equivocal data will have returned to normal
values (b) The calcium loading test (6) measures changes in serum and
urinary phosphorus after the infusion of Jarge amounts of calcium, Fifteen
to 25 mg. of calcium/kg., as caleium gluconate, is given as an intravenous
infusion over an 8-hr. period. Blood phosphorus levels are determined prior
to stacting the test, at the midpoint, and at the end of the infusion period.
Twenty-four-hour urine specimens are collected on the day before the test
is performed and on the day of the infusion and then are measured for total
phosphorus content. A normal mdividual will exhibit a 30 to 50 per cent de-
crease in urtnary phosphorus and a signifi levation of serum phos-
phorus over levels determined prior to the mnfusion. A patient with hyper-
parathyroidism will not exhibit these changes. (¢) Perhaps the most popu-
lar of this group of tests is the phosphate reabsorption test or tubular reab-
sorption of phosphate (TRP) (19). In the normal person, the renal glomer-
uli filter appr 1y 5000 mg. of phosphorus per day. Of the filtered phos-
phorus, 80 to 90 per cent is normally reabsorbed, resulting in a urinary
phosphorus excretion of about 750 mg per day In hyperparathyroidism, the
excessive harmone produces an increase 1 urinary phorphorus excretion
because of increased wnhibition of phosphorus reabsorption. Thus, the per-
centage of reabsorbed phosphorus 15 conswderably reduced in these patients

The clinical determination of TRP volves the simultancous determina-
tion of serum and urmary creatinine and phosphorus levels during a fixed
period of time, End creatinine cl 1s calculated from the
formula UV /P where U eguals the uninary concentration of creatinine in
mg./100 cc., V equals the urine volume in cc./min., and P equals the plasma
concentration in mg./100 cc. The resultant creatinine clearance, 1 c¢ fotin,,
multsplied by the serum phosphorus concentration, will give the amount of
phosphorus filtered per minute, The amount of phosphorus reabsorbed by the
renal tubules is calenlated by substracting the amount of phosphorus excreted
in the urine per minute from the amount filtered per munute. The amount
reabsorbed divided by the amount filtered, multiplied by 100, results in the
tubular reabsorption of phosphorus expressed as a percentage. The normal
range of TRP 1n 50 normal persons was found by Mclntosh et a? (36) to
be 84 to 97 per cent TRP values ranging from 71 to 80 per cent were found
in five patients with hyperparathyroidismt by the same worker. Goldman et al.
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identical twins, since a transplant from an unrelated donor will ultimately
fail because of anttbody formation in the recipient. Work is presently being
done in an attempt to negate the antthody response, permitting successful
transplantation of a donor kidney to an unrelated recipient, Transplantation
was carried out in seven monozygotic twins, four of whom had chronic
glomerulonephritis, two had chronic pyelonephritis, and one patient had
subacute glomerulonephritis. Successful results up to the time of publica-
tion of the article were obtained in six of these patients, with the return of
renal function to normal.

The authors emphasize that the most important factor in transplantation
is the health of the donor. He or she must have completely normal renal
function and a normal lower urinary tract without evidence of urinary tract
infection. The lower urinary tract in the reciptent must also be normal before
transplantation is considered. The uremia must be rreversible, and the
causattve renal disease must be in an inactive state. Cross skin grafts are
performed tnitially and observed for three weeks to prove that the twins are
monozygotic. The technique presently utitized involves placing the kidney
in the tliac fossa on the opposite side from which it was removed End-to-end
anastomoses between the renal and internal iliac arteries and the renal and
external tliac veins are d, followed by a ur 1 anasto-
mosis In successful transplantations, urine flow n large volumes begins
almost immedtately As soon as possible after successful transplantation has
been accomplished, the diseased kidneys are removed to prevent remfection
or hypertension

Ureteroileostomy ~Perhaps one of the most important recent advances
in urologic surgery has been in the field of urinary diversion. The various
dications for diversion of the urine have been outhned by Creevy (12).
They include (@) after cystectomy for carcinoma of the bladder or in
pelvic exenteration performed for other neoplasms; (b) malfunction of the
bladder secondary to meurogemic disease, irreparable vesical fistulae, or
exstrophy of the bladder; (¢) to arrest or mmprove renal damage secondary
to previous ureterosigmoidostomy; (d) in severe vesical comracture as

i oceurs in tub and i cystitis The multitude of
diversionary procedures 15 evidence of the fact that no perfect operation has
been devised to date. Some of the presently used methods are nephrostomy,
ur , “wet” col and ureterosig-

Py
moidostomy.
In 1954, Bricker (5) described a method of urmary diversion utthzing
an 1solated segment of ileum which has been variously referred to as
ureterol, , ileal conduit, or the Bricker

operation. This procedure is being utilized \vxth increasing frequency by
many surgeons and promuses to eliminate many of the shortcomings inherent
in other diversionary operations. Perhaps the most important factor in
urinary diversion is the preservation of renal function, and ureteroileostomy
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leading to hypercalciuria and subsequent stone formation, These patients
may also exhibit a hyperchloremic acidosis.

Renal ions in the treal of leukemia~The urologist is
occasionally called upon to aid in the treatment of a patient with leukemia
who rapidly develops azotemia or anuria after the institution of x-ray or
drug therapy. In these cases, the marked mcrease in uric acid excretion has
obstructed the renal tubules, pelvis, or ureter with soft urate crystals. Me-
Crea (35) has pomted out that the incidence of uric acid renal calcult in
patients with leukemia is approximately 5 per cent, as contrasted to the
calculated incidence of 007 per cent in the general hospital population This
difference is attributable to the known increased levels of serum and urine
uric acid in leukemic patients, which are often markedly accentuated shortly
after the institution of treatment, This 1s seen particularly m acute lym-
phocytic and acute and chronic myelogenous feukemia. Increased purtue
catabolism, of which uric acid is a major product, results from the de-
struction of nucleoproteins as a result of therapy. Kritzler (32) reported
three cases of anurta caused by uric acid obstruction of the urmary passages
complicating leukemia. He also reviewed seven cases previously reported
in the hterature, Obstruction of the renal pelvis or ureter was demonstrated
in eight of these patrents In the other two patients, it was assumed that
anurta was caused by uric acid obstruction of the collecting tubules

Certain precautionary measures should be carried out in all leukemic
patients about to undergo therapy A pretreatment excretory urogram is
useful to rule out the possibility of silent urmary tract obstruction secondary
to previously formed uric acid caleuli The concentration of wrea or ufic
acid m the serum should be determined prior to treatment and these tests
should be repeated at frequent mtervals A high fld intake of at least
3000 ¢c per day, should be maintamed in an effort to reduce the urmaty
urate concentration. Alkalinizatton of the urme by the administration of
sodium bicarbonate or sodium citrate is also advisable since the solubtlity of
uric acid is mcreased in an alkaline urine All of these measures should be
utilized 1n patients with gout who are recetving long-term therapy with
uricosurtc agents, such as probenecid

A nising concentration of serum uric acid or urea should suggest possible
cessation of therapy and, if oliguria or anuria occurs, bilateral ureteral
catheterization should be carried out and the catheters left indwelling for
several days The catheters should be irrigated at frequent mtervals with
saturated alkaline solutions. Occasionally, nephrostomy ss required to achieve
adeguate urmnary dramage.

ADVANCES IN SURGICAL TECRANIQUE
Renal transplantation—Murray and his associates (39) have recently
summarized thetr further experiences with kidney transplantatton, At tl}e
present tume, permanent function from a transplanted kidney oceurs only in
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pressure and constant admixture of urne and feces 1s avouded in the
Bricker operation. It should be mentioned that the reference to the 1solated
segment as an “Ileal bladder” is a misnomer. When properly performed, there
15 no stasis of urine in the segment and perstalsis of the ileum continuously
propels urine into the collection device. Thus, the isolated ileal segment
serves as a conduit rather than a reservoir, Whereas ureterosigmoidostomy
is generally contramdicated in the presence of sigmificant ureteral dilatation,
ureteroileostomy can be performed safely when this condition exists Further
long-term follow-up studies are required before complete evaluation of
ureteroileostomy can be made, but 1t 1s the opinion of many urologists that
the procedure is as close to the ideal method of urinary diversion as has yet
been devised.

Splenorenal arterial Seidenberg and lus (26,
49) removed the rght kidney and spleen from dogs and then anastomosed
the splenic artery to the left renal artery (27, 50). They found that the
splenic artery furnished enough blood to the kidney to preserve renal func-
tion. The authors enumerate several instances wherem this procedure may
be utilized Splenorenal arterial anastomosis may be performed in cases of
unilateral renal arterial disease in place of nephrectomy, thromboendarter-
ectomy, or homograft replacement of the diseased segment of the renal
artery A case is reported in which the operation was successfully performed
in the presence of bilateral renal artery obstruction secondary to aortic
thrombosis Its use has also been suggested in the surgical treatment of
abdominal aortic aneurysm to avoid the dangers of bilateral renal artery
obstruction The authors have also utihzed the inferior mesenteric artery as
a substitute renal artery In a case of bilateral renal artery stenosts, as
reported by Poutasse (43), in which stenotic segments of each renal artery
were replaced by homografts, the author suggests that the splenic artery
could have been used on the left side and the mferior mesenteric artery
utilized on the right side to by-pass the obstruction

Renal hypothermia —Some interesting work has been done in the study
of the effects of regonal renal hypothermia on kidney function Van Slyke
ei al {58) occluded the renal artery for variable periods of time in uni-
nephrectomized dogs If the artery was occluded for a pertod of 3 hr. or less,
eventual return of normal renal function resulted. Fifty per cent of the dogs
died 1f the artery was occluded for over 3 hr, and all dogs died 1f the artery
was clamped for 6 hr Hardin & Valk (23) performed similar experiments
tn a group of dogs m which one kidney had previously been removed They
found that the critical period after cross-clamping of the remaining renal
artery was 2 hir, and that variable degrees of impaired function resulted
when renal 1schemia of longer duration was produced Both of the above
studies were carried out under normothermic conditions. Moyer et al 37)
studied the effects of total body hypothermia on renal function in dogs after
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appears to have accomplished this in the majority of cases followed to date.
Progressive renal deterioration often securs after nephrastomy, cutancoss
ureterostomy, and ureterosigmordostomy,

A brief description of the technique is worthwhile at this point A
vertical midline incision is used, extendung from above the umbificus to the
symphysis, The ureters are then isolated low in the polvis and transected.
The ureters are then dissected upward, eare being taken to preserve the
vascular supply The left ureter is disseeted up much higher than the right
since it must be tunncled through the sigmowd mesentery, This is accomp-
lished by bringing 1t through an avascular area of the mesentery so that
it ties within the peritoneal cavity. The incisions made in the posterior
periteneum are then closed. An appendectomy 1s cartied aut, and a segment
of deum close to the ieovesical jumction 15 fsofated. This segment should
preferably be supplied by two vaseufar arcades. The length of the iles!
segment should be no longer than 10 to 12 cm since an excessively long loop
may cause urinary stasis and subsequent excessive electrolyte absorption. The
1leat segment 15 then ssolated and the continuity of the sfeum re-estabhshed
by end-to-cnd anastamosis The segment :s brought in front of the sleo-
sleostomy and the mesentery of the segment is closed. The proximal end of
the segment 15 closed in an inverted fashion and the open distal end brought
through the abdominal wall at a point midway between the umbilicus and
the antersor superior thac spme on the nght side A circular portion of the
entire sbdommnal wall 15 excised at this posnt to prevent subsequent contrac-
tion of the ileal stoma by scar tissue The end of the sleum s sutured to the
abdonrinal wall, producing 2 protruding bud of ileurn Each ureter is then
anastomosed to the antimesenterie border of the feal segment, using a single
layer of interrupted fine chromic sutures through alf Jayers of the ureter and
steumn At the completion of the operation the ileal stoma should admst one’s
finger with ease A temparary plastic bag or permanent Rutzen-type of collec
tion device 1s placed over the ileal stoma for collection of urine, We have
found that after patients have learned to care for and apply these bags, they
may be kept on for as long as five to seven days without changng.

This procedure 15 pot withant its disadvantages, First and foremost 13
that the patrent sacrifices ursnary continence and 1s foreed to wear a collee-
tion devite The operation takes much longer to perform than most other
methods of diversion and there 15 a greater meadence of postoperative com-
pheations, the most freguent being sleus The procedure, however, has many
advantages Studies to date have indicated that electrolyte resorphion has not
been a problem m ureteroleostomy This 18 in contradistinction to ureter-
asigmasdastomay 1 which mare than SD per cent of patients develop hyper-
chloramic acidosts In additzon, patients with ureterosigmoidostomy have 2
high incadence of ascending unmary tract wfection and pyeloneghnits with
restlting progressive detersoratian of renal function The hugh satracolasic
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method with regard to healing and preservation of function in the remaintng
renal tissue (39). They performed a partial nephrectomy in three groups of
dogs, utilizing a different technique m each group. In one group a wedge
type of resection was done with closure of the remaining parenchyma by
means of mattress sutures. A transverse resection was carried out m the
second group and the raw surface of the kidncy was covered by a free
peritoneal graft In the third group, a transverse resection was performed
but, instead of a peritoneal graft, the renal capsule was loosely approxi-
mated over the raw surface. Rates of healing and the amount of damage to
remaining parenchyma were then compared. Optimum healing with minimal
renal destruction occurred with the method used in the third group of dogs.
The authors successfully applied this procedure in five patients with excel-
lent results The observations made by Murphy and Best will undoubtedly
encourage more urologists to perform partial nephrectomy in conditions
where nephrectomy has been commaonly utilized

UroroGIc ASPECTS OF HYPERTENSION

Approximately five per cent of hypertensive patients exhit unilateral
or bilateral renal disease which could possibly be responsible for the ele-
vated blood pressure (40). In only a small percentage of these patients is
the disease truly unil 1 e to date ndi that
will produce a “cure” of hypertension in approximately 20 to 25 per cent
of patients 1n whom unilateral renal disease is thought to be the etrologtc
factor.

‘Engle (16) has outlined the various pathologic conditions of the kidney
wl'nch may be assoctated with hypextensmn These include infections, hydra-

lcul disease, \ tumors, and renal artery
disease producing 1schemia, Pyelonephritss, tuberculosis, perinephritis, and
pyonephrosts are some of the types of renal infection which can cause an
elevation m blood pressure Polycystic disease is an example of a congenital
renal condition which may be assocrated with hypertension. Many of these
conditions are often bilateral and thus nephrectomy cannot be considered.
According to Thompson (57), much better results are obtained from
nephrectomy 1n patients with umilateral atrophic pyelonephritis than with
other lestons (S9). Fiafty per cent of patients with umlateral atrophic
pyelonephritis are benefited by nephrectomy, in contrast to the estimated 25
per cent who gain relief when their hypertension 1s associated with other
types of renal lesions A

The various types of renal artery abnormalities which may produce
hypertension have been described by Poutasse (43) and by Glazier &
Lombardo (18). Degenerative changes in the renal artery may produce
renat 1schemsa and thus initrate the humoral mechanism thought to be re-
sponsible for the elevation in blood pressure. Arteriosclerotic changes in the
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occlusi({n of the renal vascular pedicle for 1 to 3 hr. They found that
generalized hypothermia served partially to protect the kidney from the
effects of sschemia, Since the production of generalized body hypotherma
poses some dangers, Stucber and his associates (53, 54) have recently
reporf.ed on their experiments utilizing regional renal hypothermia (55, 56).
The right kidney was removed in three groups of dogs, ten m each group
Two weeks later, the vascular pedicle of the left kidney was clamped for
a 6-hr. period The procedure was carried out under normothermic con-
ditions mn a control series of ten dogs, and all ten died within a period of
five days. Widespread coagulation necrosis was observed in the proxmal
convoluted tubules in the kidneys of these dogs. In the sccond group, the
kidneys were cooled by means of a plastic jacket to temperatures of 20 to
25°C. during the pertod of ischemia. Three of the ten dogs survived under
these conditions. In the third group, cooling was accomplished to tempera-
tures of 10 to 15°C. and in this group seven dogs survived. Increased con-
centration of urea ift the blood was significantly less in the group in whick
the temperature had been lowered to 10 to 15°C. The possible clinical apph-
cations of regional renal cooling are numerous. In surgical replacement of
an abdominal aortic aneurysm with renal artery mvolvement, regional cool-
ing of the kidney m2y serve to prevent renal damage during the temporary
period of 1schemia. In partial nephrectomy, nephrolithotomy, and certain
other surgical procedures on the kidney, temporary occlusion of the renal
artery is often produced either by finger compression or a bulldog clamp.
In this manner, bleeding during the procedure is minimized. It is possible that
renal function may be protected from the effects of the temporary 1schemia
by a preliminary pertod of caoling of the kidney.

Surgery in renal tuberculosis~—Prior to the advent of specific chemo-
therapeutic agents, nephrectomy was commonly performed for tuberculous
renal Jesions. Modern drug therapy has elminated the need for nephrectomy
in the overwhelming majority of patients with renal tuberculosis Hanley
(22) has recently summarized the present-day indication for surgical treat-
mient m renal tuberculosis The mayor indication now 1s corrective surgery
for the obstruction produced in the urinary tract by the healing fibrosis.
Progressive fibrosts at the ureteropelvic junction may lead to pyohydro-
nephrosis and, m Hanley’s experience, has been the chief indication for
nephrectomy. Healing in the infundibular area of the collectimg system mazy
lead to obstruction of a calyx, producing 2 pyocalyx. The treatment of such
2 complication 1s often partial nephrectomy. Stricture formation mcxden? to
healing of tub lous ureteritis occurs at the ureterovesical
junction, g ureter or nephroureterectomy, de-
pending on the functional status of the kidney.

Partial nephrectomy—Murphy & Best (38) have recently reviewed the
methods of partial resectron of the kidney in an effort ta determine the best
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Typical evidence of pyelonephritis may be seen. In most cases of renal
artery disease, however, the affected kidney appears perfectly normal on
excretory pyelography. Retrograde pyelography should be performed when
indicated.

Scott (48) has d the followi g program after the
above studies have been completed. The radloachve mdopyracet renogram
should be performed initially. If the renogram shows a decreased blood flow
to one kidney, split renal function studies as outlned by Howard and
Schlegel should be carried out If the latter tests are equivoeal, renal arteri-
ography should be dane. In cases where the excretory urogram demonstrates
a defimte umlateral abnormality such as atrophic pyelonephntis, the patient
need not be subjected to aortography. In such cases the Howard test should
be performed, followed by nephrectomy if indicated.

Until the last three or four years, the only surgical treatment in cases
of hypertension associated with umlateral renal disease has been nephrec-
tomy. With improvement in techniques of vascular surgery, several m-
gentous operations have been performed with excellent results 1n patients
whose hypertension was secondary to disease of the renal artery. Humphries
& Poutasse (25) have utilized a segment of donor aorta, including the renal
arteries, to replace a diseased renal artery. Others have used segments of
the femoral or ihiac artery for this purpose. In cases where the abnormality
is close to the origin of the renal artery from the aorta, the artery may be
transected and the distal normal segment re-implanted into the aorta
DeCamp and his assoctates (15) reported a case of a 10-year-old girl with
marked hypertension secondary to a poststenotic aneurysm of the left renal
artery. The right kidney was congemmlly absent. Surgical treatment con-
sisted of spl and of the splemic artery to
the dilated portion of the renal artery. Postoperatively, the blood pressure
fell to normotensive levels and continued to be normal approximately a year
later. A similar procedure was carried out by Parton & Nabseth (41) in a
61-year-old man 1 whom an arteriosclerotic plaque was found to partially
occlude the opening of the left renal artery. We have mentioned earher in
this review that the splenic artery, as well as the inferior mesenteric artery,
has been successfully substituted for the right renal artery 1n dogs. To date,
replacement of the right renal artery by the splenic or infertor mesenteric
has not been reported m human beings. Other operative procedures which
have been performed m renal arterial disease include endarterectomy and
excision of the diseased segment with re-anastomosis If only one segment
of the renal arterial tree is diseased, producing an infaretion of one pole of
the kidney, heminephrectomy instead of total removal, has been successfully
performed In all of the above procedures, regional renal hypothermia may
be found to be of value to prevent any deleterious effects which may result
from prolonged snterruption of blood flow to the kidney.
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renal artery may be li by thrombosis with lete interruption
of renal blood flow resulting in renal infarction and acute hypertension
Bryant and his associates (7) have described a case in which a 68-year-old
man experienced a sudden attack of abdominal and right costovertebral angle
pain Excretory pyelography revealed nonvismalization of the right adney
and a normal left kidney. Retrograde pyelography demonstrated normal ar-
chitecture of the right kidney. No urine was seen to be coming from the right
Lidney. The blood pressure was markedly clevated Subsequent exploration
of the right kidney revealed infarction secondary to renal artery thrombosis
The blood pressure fell to normat levels after nephrectamy and remained at
normotenstve levels after one year.

Renal ischemia may also result from renal artery embolism or by ex-
trinsic occlusion of the artery produced by a retroperitoneal tumor, The
various congenital anomalies of the renal artery which have been reported
to produce hypertension are coarctation, unilateral atresia, cirsoid angiora,
and aneurysm.

Tn general, authonties agree on the type of patient who should undergo
tntensive study tn an effort to rule out a umilateral renal lesion as a basis
for hypertension, Young patients (under 35 or 40) with elevated blood
pressure of two years or less duration will probably be the most benefited by
surgical correction of unilateral renal disease DeCamp & Birchall (14)
point qut the fact that it 1s the opposite kidney which 1s exposed to the
hypertension and which may suffer from irreversible vascular changes if the
causative lesion temains undiscovered for a long period of time. Patients in
any age group with benign essenttal hypertension who suddenly develop
malignant hypertension should be thoroughly studied Any patient, regard-
less of age, previously known to be normotensive, who suddenly develops
severe or malignant hypertension, should be suspected of having unitateral
renal pathology. This 1s particularly true 1f the hypertension has been
ushered in by an attack of flank pain.

Instial study should consist of a laboratory evaluation of total remal
function including blood urea, creatinine, phenofsulfonphthalein excretion,
and urea or creatimne clearance. Further studies may not be indicated if
these studies indicate a significant decrease in total renal function, since
bilateral renal disease then is present Even if the original cause of the
hypertension were unilateral renal disease, the opposite kidney has suffered
damage from vascular changes and removal of the mtially mvelved kidney
might actudlly shorten the patient’s hife span 1n addition to having no effect
on the hypertension. Excretory pyelography should then be performed and
any difference in the size of the renal shadows on the film should be care-
fully noted. The intravenous pyelogram may show delayed function, poor
concentration of contrast medium, ot total non-visualization of one k!'d_ne)ﬂ
Kidney architecture may be altered by hological
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tis and tabulated the significant clinical findings (53). Sixty-two per cent of
the patients had albuminuria, and pyuria was demonstrated in 58 per cent.
Thus, in a sigmficant number of patients, the classical laboratory findings
were absent. Because of this fact, Kass has emphasized that the demon-
stration of significant numbers of bactersa in the urine should be the primary
focus in the diagnosis of pyelonephritis Present studies indicate that active
pyelonephritis is present when the count reveals 100,000 or more bacteria
per cc. of urine.

Rattaer et al. (44) have attempted to shaw the method by which bacteria
reach the blood streams from renal infections (46). A polyethylene tube
was inserted through the thoracic duct into the cisterna chyli and one ureter
clamped. A ureteral catheter was then mserted to the kidney pelvis on the
opposite side. Control samples of lymph were obtained. A bacterial suspen-
sion was then injected through the ureteral catheter into the renal pelvis,
the catheter removed, and the ureter hgated. Serial lymph samples were
obtained together with excision of lymph nodes between the renal pelvis and
the cisterna chylt The nodes and Iymph specimens were found to be positive
for the inoculated The study indicated that path ic organ-
isms from infected kidneys enter the blood stream by way of renal lym-
patics

Much of the recent experi: work tn pyel itis has been done
by Beeson and his co-workers at Yale University (46). In one group of
experiments, renal lesions were induced by means of an elccmc cautery
followed by intravenous of bacterial
studies revealed that the medullary area was much more susceptible to
infection than the cortex. The reason for this difference is thought to be
obstruction 1 the collecting tubules In another group of animals with
similarly induced lesions, bacterial suspensions were introduced into the
bladder, Pyelonephritis was evident in the region of injured medulla in 9 of
20 animals,

Weyrauch et al. (59) have studied the effect of prophylactic antibiotics
in experimentally induced pyelonephritis. Experimental infection was pro-
duced mn rabbits by the ntravenous injection of E. coli organisms 24 hr.
after the partial ligation of one ureter. Tetracyclme admmlstered before
ligation was found to prevent or significantly lessen 1nf m
to those animals which did not receive the antibiotic.

There have been many reports in the hterature incrimunating the
urethral catheter as an amportant factor in the etiology of pyelonephritis.
That bacteriuria accompanies the use of an indwelling catheter in the
majority of cases is an undisputed fact, Kass found significant bacteriuria
n 95 per cent of patients three to four days after the institution of in-
dwellmg catheter drainage. Howcver, many authors have disputed the

L2

i ip of this b . Prather &
Sears (42) bave stated that the most 1mportant factor is whether or not
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PyerLoNEPHRITIS

Many recent asticles have appeared concerning the pathogenesis, diag-
nosis, treatment, and prevention of pyelonephritis, It is the most common of
all renal diseases. According to Kass (27), it is found in 10 to 20 per cent
of kidneys examined at autopsy, and in a significant nurber of these patients
the disease was not diagnosed during life, Many patients who are found to
have chronic pyelonephritis will give no history suggestive of previous acute
urinary tract infections. Kass and others have emphasized the extreme
chinical importance of chronic pyelonephritis (2, 27). It 1s known to be much
more common 1 the dizbetic than the non-diabetic. The factors in diabetes
which contribute to urinary tract infection are vascular disease, a general
increased susceptibility to all types of infection, the effect of glycosuria on
bacterial growth, and an increased number of catheterizattons incident to
treatment of diabetic complications Pyelonephritis has been implicated in
the etiology of both essential and malignant hypertension and it is the most
common kidney lesion found in uremia.

Beeson (2) has summarized the various factors in the pathogenests of
pyel hritts in an 11 article. He d at length the three
possible routes by which bacteria may reach the kidney. Ore theory is that
bacteria aseend to the kidney from the lower urmary tract via the lymphatics.
However, as Beeson points out, there 1s no conclusive evidence that the
upper and lower urinary tracts have lymphatic connections Hematogenous
spread is the accepted pathway by which coccal infections reach the kidney.
Furthermore, bacteremia is definitely known to occur in many instances
during and after various endoscopic procedures on the bladder and urethra
There is doubt, however, that this 1s the most common pathway by which
bacteria reach the kidney. Ascending mfection via the ureter is probably the
most common route by which bacteria travel to the upper urinary tract
Tathot (55) feels that the urcter plays a dual role in the pathogenesis of
pyclonephrits (38) First, infection may spread by way of the subepithelial
tissue of the ureter which is in direct continuity with the bladder mucosa
and the renal pelvis Second, anatomic changes in the ureteral wall incident
to subepithelial inflammation may result 1 a functional obstriction to the
column of urine, altering ureteral peristalsis and producing stasis of the
arine, This can cause the same type of obstruction as would be seen in cases
of ureteral calculus, extrinsic compression of the ureter, or vesical outlet
compromise. Furthermore, the high incidence of vesicoureteral regurgita-
tion n patients with chronic lower urmary tract obstruction and infection is
attributed to the fact that inflammatory changes 1 he ureteral wall, particu-
larly sn the intravesical portion of the ureter, wnterferes with the normal
valve-like action at the ureterovesical junction. It is this latter mechanism
which 1s thought to prevent the reflux of urine from the bladder in the

normal person. . X
Smith & Lenyo (51) studied 100 patients with proven active pyelonephri-
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the urinary infedtion remains after the catheter fs removed. In defense of the
use of the urethral catheter, Prather states,

We find 10 evidence to implicate the catheter as a significant factor in the cause of
chronic pyelonephntis No doubt the majority of patients who develop acute pyelone-
phritis have never been catheterized prior to the onset of the acute infection. It is
ot logical to blame the catheter as a mjor contributor to sericus urinary tract i~
Fections {untess it has been used improperly) simply because the instrument has been
used as a diagnostic or therapeutie agent in patients with urinary fract disease, The
catheter, properly used, is one of man's best friends (45).

Thete can be no doubt that wiien serious urinary tract infection has sccurred
following catheterization, untecognized urinaty tract pathology kas often
been present or poor catheter technigue has been used.



ENDOCRINOLOGY: THE THYROID"*

By RussetL Fraser, FR.CP.
Dep of Medicine, P di Medical School
of London, London, England

Of the extensive recent experimental work on the thyroid this review
will only be concerned with Iymphadenoid goitre, the control of thyroid
function, the carriage of the hormone in the blood, and the action of the
hormone on the tissues. Much of the current knowledge on the thyroid hor-
mone has been reviewed in a recent Ciba Symposium {61), and in Pitt-
Rivers’ & Tata’s book, The Thyroid Hormones (111).

Lympmanenoin GoiTre

A major recent development has been the discovery that autoimmunity
is the basis of lymphadenoid gortre or Hasl thyroiditis (80, 102).
Studies moved from two directions: first, for many years thyroglobulin
seemed to be a switable antigen for studyng autoimmunity (160); on the
other hand, the puzzle of abnormal “liver function tests” as found in the
plasma of patients with Hashis ’s disease and d led Roitt ef al.
(124) to find in these sera antibodies to thyroid extracts, prompting their
suggestion that an autoimmune reaction was the basis of the disease.

The earliest produced precipitins to thyroglobultn had been weakly
organ-specific. However, when Freund’s adjuvant was added to the injec-
tions, an animal could be made to develop precipitins to ats own thyro-
globulin which were largely species-specific (158, 159); and its remaming
thyroid lobe was found to show E i like lesions. In ot the
patients with Hashimoto's discase appear to be hyperimmunised; as much
as 5 mg per ml. of antibody may be found in their serum, an excess of what
can be produced by injecting an antigen (125). Within two or three years
after thyroidectomy, the titre of these antibodes falls off

The antibody has also been demonstrated in thyroid shces by fluores-
cent technigues: 1n the follieular colloid and cells, and also interstitially in
the regions of collections of plasma and lymphocyte collections (156)

The precipitin test on serum may reveal only the higher titres of the
thyroglobulin 2ntibody, but lesser amounts can be revealed by the sensitive
tanned red cell haemagglutination test. This, and the other known anti-
bodtes found in these sera ard’y-globuhns, which fraction is usually found

S‘The survey of the literature pertaining to this review was concluded in May,
1959

’Tl.m following abbreviations are used BMR (basal metabolism rate) ; PBI
(Pmtzl'n or peptide-bound iodine}; TBP (thyroxine-binding protein); TRC
thymxfne—bmdmg capacity) ; T/S ratio (thyrod to serum 1odide gradient) ; TSH
(thyroid-stimulating hormone).

1”71
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jodine to thyroxine (32). Thyroid therapy is usually sufficient to suppress
the process; indeed, McConahey et al. (86) suggested that most non-toxic
goitres respanding to such therapy are really lymphadenoid goitres. It re-
mains to be seen whether this therapy is enough, for 1t may be important to
remove the source of autoimmunisation

TIHYROTROPIN SECRETION

Hypothalomic control —This control is probably mediated by the
hypophyseal portal system whose blood flows from the median emunence
to the anterior pituitary (72). Greer (61) has reviewed much of his own
and other work relating to the contral of thyrotropn secretion The pitui-
tary transplanted to the eye of an hypoph; host maintains a rate
of thyroid secretion between that of the normal and hypophysectomised
animal without, however, increasmg its thyroid weight Furthermore, its
thyrotropin secretion can still be weakly stimulated by propyl thiouracil
or depressed by thyroxine admimstration, te, it s still subject to the
thyroxine “feedback” control. The same alterations in thyrotropin secre-
tion ean also be produced by stalk section or hypothalamic lesions involving
the region of the median eminence Yet, electrical stimulation of this region
does not increase thyrotropin secretion of thyroid activity. These animals,
W|thout pxtmta{y hypothalamus contact show, on propyl thtouracil, little or
no but Iy increased thyroid avidity for rodide (1odide
gradient, or T/S ratio) Greer postulated that there were two thyrotropins,
3 “growth” factor and a “metabolic” factor, the former needing the connec-
tion with the hypothalamus However, on goitrogen-treated rats maintained
at several graded levels of thyroxme dosage, Bogdanove (20) found that
shght thyroxime deficiency rassed the T/S ratio to maximal Jevels before any
goitre developed, while greater thyroxine defictency produced goitres but
1o further nereases in the T/S ratio Clearly, the wodide-trapping efficiency
1s a function of avidity X size. Pretty experiments by Purves (113) have
offered an explanauon for the mechamsm uf thns hypothalamxc comml

fe am mala s st aLoas

creased rate of thyroid secretion which erther low iodine diet, propyl
thiouracil, or thyroxme administration could still modify in the normal
directtons When they were given, i addition to propyl thiouraci, graded
doses of thyroxine, maximal suppression was observed with a third of the
thyroxine dosage needed to achieve this m normals Thus, the thyroxine-
sensittve centre is probably in the anterior prturtary itself; and the Thypo-
thalamus modsfies this control by 1ts own prelminary removal or inactrva-
tion of the thyroid hormone from the blood passing through it to the
anterior pituitary

This theory explains the observed effects of these lesions on thyroid
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raised fo fevels beyond those expected of these known antsbodies The
erythrocyte sedimentation rate also is always raised, These antibody changes
are greatest with Jarge glands and are unrefated to thysoid function; but
they are indications of the disease rather than its cause (vide infra). As
many as three separate thyroglobuli ibodies are d able in these
sera, corresponding probably to the several thyroglabulins found in the
thyraid (125). Another and dfferent antibody has alse been demonstrated
in the serum of these patients, a “thyrotoxic complement-fixing” antibody:
whose antigen is obtasned in highest yields from hyperplastic thyroid tissue
(from thyratoxic or dysgenctic goures). This antigen 1s found nat in the
thyroglobulin but in the microsomal fraction, so that it s probably a cell
protein {8, 126) By using sensitive techniques, both of these antibodies have
been shown in tugh titre in fcarly alt {over 90 per cent) sera from cases
of active Hashimoto's thyroiditss, and i moderate titre almost as frequently
n spontancous myxedema cases Often (50 to 70 per cent}, moderate o
low titres have been found m sera from thyrotoxicosis and subacute thy-
roiditts, and low titres much less frequently m most thyroid diseases (8, 59,
103, 104, 126}, Therc is also 4 small amount to be found in elderly normal
subjects in a frequency rising with age (59), which may correspond to
the similar finding for Askanazy cells in routine postmortem thyroids (82).

Stuart & Allan (144) have demonstrated what may be the essential lesion
for this autoimmune reaction n the thyroid, ie., focal defects in the base-
ment membrane of the thyrasd follicle, whose meidence was found to cosre-
late well with the presence of antibodies in the serum However, injections
of Hashimote’s serum have damaged neither monkeys' thyrod s vive nor
cultures of human thyrod tissue (126) Thus, 1t 1 prabable that the anti-
bodies in the serum are not the cytotoxsc factors; these may be antibodies
acting against some celi-surface antigens, possibly produced locally by the
tymphocytes What snitiates this cytotoxic process remams a problem

Needle biopsy reveals the disease in severa) apparently sumple non-toxic
gottres Histological diagnosss ts based on the finding of jnfiltration with
lymphocytes and plasma celfs, and the Askanazy eosiophilic degeneration
of folhenlar cells; the latter may mply failure of the cells under maximal
stumulus (14, 162) When the process is only seen focally it has a different
sigmficance, as does a Jow titre of antibodies 1n the serum

The diagnosss 15 better confirmed by high tstres of antibodies or y-globulins
m the serum, fhan by 9T tests; the needle hiopsy will settle doubtint cases of
There are several studies of the gaitre's use af ¥1. Thyroud uptake of 1
may be varied but there 1s always a rapid discharge which can be accel erated
by perchlorate at 1 hr, and the glands do not respond to TSH [suggesting
that they ase under maxamal shmulation (32, 92)1. Owen & McConahey
(101) found an unusual sodsnated protemn i the serum of some cases.
These tests mdicate bath defective storage and hy of the
hormone, One hydrolysed gland contamed less than half the usual ratio of
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ments, that ACTH may act synergistically with TSH to produce exophthal-
mos. Further data from patients are, however, needed, and the relation of
TSH to thyrotoxicosis still remains an unsettled problem, as does the cause
of exophthalmos (3), in which the pituitary at least plays some part. Add-
ing to previous reports of benefit to exophthalmos from cauterization or
surgical removal of the pituitary, is another following yttrium implanta-
tion (91).

HorMONAL BroSYNTHESIS AND GOITROGENESIS

The transformation of iodide to secreted hormone by the thyroid has
been reviewed (111, 122), the main steps of which are: (a) the concentra-
tion of iodide into the gland: (b) the orgame binding of this to mono-
and diiodotyrosmnes; (¢} the coupling of these to form the thyronines, of
which the major portion is thyroxine; (d) final hydrolysis of the stored thy-
roglobulin to release the thyronines mto the blood, while simultaneously
(€) a dehalogenase returns most of the tyrosine iodine back for further
synthesis The enzymes for the first four reactions have yet to be defined,
as has also the mmportance of various allied compounds formed in smaller
amounts,

Goitrous cretins—Severe congemtal derangements in this biosynthesis
cause hypothyrordism together with a goitre Many of these cases have
now been studied by *¥1I procedures, designed to reveal which of the above
major steps are defective [reviewed in (137) and (140), with a tabula-
tion 1 (81)]; defects at each of the last four steps have been found. The
defect at step (b) 1s easily recognised by finding an avid thyroid uptake
which 1s discharged by thiocyanate or perchlorate (127, 134) ; that at step
{d) from the refease into the circulation of protemn- or peptide-hinked 2311
(30) simular to that released i some cases of carcinoma (139) or of thy-
rorditis (101); the defect at step () is seen by demonstrating the patient’s
defective ability to metabolise injected labelled diiodotyrosine (138, 139);
and finally, at step (c) the flaw is revealed by finding an excess of protein-
bound 1odine which can be identified as an rodotyrosine (87, 88, 89, 136,
154). In few cases has a corresponding enzyme defect been demonstrated on
a slice of thyroid tissue removed at operation (29, 88, 114, 154). In some
cases thyroid tissue digests have revealed abnormal proportions of hor-
monal precursors (29, 83, 114, 154), and subnormal amounts of thyroxine.
Hypothyroidism occurs only with severer defects. In these cases, the PB1#7]
or ™I may be high, low, or normal (83, 154), since its proportion of
thyroxine is both variable and subnormal; 2nd so ths level may not reflect
thyroxine output or “thyroid function ” On radiolodine testing, these glands
show the features of secondary hyperactivity; ie, thyroid hormone ad-
munistration suppresses the patient’s avidity for 91, albert slowly at times,
and also returns the PB™1 to normal. The hypothyroid cases probably
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function, and it also permits easier integration with the thyroxine “feed-
back” control of the other central nervous system influences known to
affect thyrotropin secretion. For example, cold and emotional effects might
be mediated by a modification in this hypothalamic utilization of thyroid
hormones; as an adrenalectomy mlght change the effects of hypothalamic

imul from an inhibiti ion of thyroid secretion rate
(64) ; it explains the Goldberg cl nl evidence (57) that high temperatures
or dmitrophenol will tnhibit thyreid secretion and prevent pitntary stimu-
lation and gortre devel, when propyl th il is given (includi
histological evidence). This action of dimitrophenol on thyroid control is
evident m man within 4 hr. on the serum PRI (98).

Thyrotropwn (TSH) output and sts assay —A sensitive TSH assay, suta-
ble for application to human brological fluids, is still being sought. Two new
promising assay methods have been published, and possibly a third (22)
Bates & Cornfield (13) have added some refinements to the method of
Gilliland & Strudwick (56) by using day-old, fasting chicks, giving them
propyl thiouracil as well as thyroxine and shortening the wait before
measuring the ] discharge The Adams & Purves (2) method measures
the induced increase in PBI discharge into the blood of thyroxine-
treated guinea pigs McKenzie (89, 90) has adapted this method to mice
and so made 1t the most sensitive one available, an improvement con-
firmed by Adams (5) It is sensitive to 0025 mU, per ammal, which com-
pares with a sensitivity of 0.1 for the method devised by D*Angelo (28),
and of 015 mU. for that of Gilliland & Strudwick (56); which means,
however, that the probable normal level of 016 mU. per ml of serum, is
still barely measurable Other less sensitive methads of e zriro assay, suta-
ble for larger amounts, have also been published; one based on the weight
of thyroid slices (11, 12), and one on the phospholipid turnover response
1n thyroid slices (47) Thyroid-stimulating hormone has also been meas-
ured 1 urine (19, 75). Freinkel (53) has defined some of the details of
action of TSH on phospholipid turnover in thyroid shces Sonenberg
(132, 133) has reviewed the chemical and physical properties of TSH

One most interesting finding has emerged from the application of these
assays Adams & Purves (1, 3, 4) have demonstrated an abnormal type of
TSH found only 1n the serum of some thyratoxic patients, particularly these
with exophthalmos; and McKenzie (90) has confirmed this This TSH is
abnormal n that it produces an exceptionaily prolonged discharge of
PB1] from the mouse or guinea pig thyroids This abnormal response might
be correlated with the finding of an inhibitor to TSH in human urine (142},
with the exophthalmos-producing factor of Dobyns & Walson (31), and
with the failure of the thyrotoxic gland’s avidity for 2T to be suppressed
on admunistration of thyroid hormone It might also be relevant to the
suggestion made by Smelser & Ozanies (130) from guinea pig experi~
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TSH actions were evidently not blocked; restoration to normal followed
withdrawal, The famuliar action of smaller doses of iodide in alleviating
thyrotoxicosis has been shown to depend on its blockage of the action of
TSH in the thyroid gland (58, 60, 131). Todide inhibits the increase of the
thyrotoxic release rate which normally follows the administration of exog-
enous TSH to the patient who is receiving blocking doses of antithyroid
drugs It also has a simlar effect on the hypophysectomised subject who 15
on a constant TSH dosage and similarly blocked (18).

TrE CIrcULATING HORMONES

Thetr form —It 15 now well established (111, 147) that in normal as well
as hyperthyroid subjects, most of the protem-bound iodine or circulating
thyroid hormone (bologically active thyroid secretion) is thyroxine or T4
(149) with which is probably always admixed about 3 per cent of triiodothy-
ronine or T3 (9, 17, 108) Whether the latter 1s also secreted from the
thyroid or released following peripheral delodination is not yet settled. More
studies are needed of the corresponding compounds in urine (45). Most of
the abave conclustons have been based on 131 labelling, which has demon-
strated few other organic :odine compounds in the blood except in patients
with abnormal thyroids. However, Werner & Block (155) have commented
that the iodotyrosine pool in the thyroid is large so that these radiocactive
procedures rught miss a small secretion from 1t, they report finding about
half of the normal PB*#I to be jodotyrosines.

Thyroxime-binding protein and thyroxine-binding capacity —As is now
emerging also for other hormones, 1t 1s known that most of the thyroid
hormone cirenlates as bound to a specific proten (TBP), having a high
affinity for thyroxine but less affinity for its analogues (111, 119) Additions
of thyroxine to scrum will saturate this protemn, after which the excess moves
to a looser binding to the albumin The binding capacity of a serum may be
measured from the effect of added thyroxine on the electrophoretic dstri-
bution of 1%]-thyroxme, from which also can be deduced the level of free
thyroxme (6, 106, 118, 119) The purtfication and the physicochemucal prop-
erties of TBP have been reported (69, 118, 119) The mam TBP 15 an
a-globulin but a second TBP has been found as a preafbumin, whose relation
to the main TBP or to the looser albumin-binding 1s not yet settled (15, 70)
A similar thyroxme-binding protemn has been demonstrated 1n the thyrod,
which may help to control the gradient between the thyroid and the blood
(69), and perhaps 2 similar mechansm controls the entry of the free thyrox-
1me into the tissues It 1s the concentration of free thyroxine which probably
determines the hormonal drive to the tissues For example, birds which are
defective 1n TBP, respond equivalently to either T4 or T3 (99, 128) The
{ree plasma thyroxine has been estimated at 3 to 9 X 10-* A1, and the bind-
ng proteins serve to buffer its supply
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have a maximal output of TSH, 5o do not respond to injected TSH {83,
and their suppression by thyroid hormone is siow. The jmportance of the
@chalogenase deficiency found in some of these cases is difficult to assess;
it could add iodine deficiency to the thyroid's other disabglities, but some of
these cases have been found to have normal amounts of iadide circulating
(55). Furthermore, high levels of jodotyrosines may be found in the blood
without 2 demonstrable deficiency of this enzyme (154).

Thyroid therapy will aften produce remarkable recession in these con-
genital goitres if they are not nodular (163), and may restore some of the
impaired brosynthetie function (94). Zandek (1643, though as yet withaut
confirmation, hag teported an unusually prolonged response in these cases
to infrequent but massive doses of triac (treiodethyroacetic acid). These
congenital goitres probably depend on a recessive gene [(66) gives the
fullest genetic data}, and lesser defects have been shown in their relatives.
An wteresting special grouyp is that whose defimency is incomplete enough to
be manifested only by a gostre with suthyroidism, of which one speeial sub-
group is i} with 1 d (8B, 93). This association ap-
parently depends on some genetic connection rather than on a metabolic
effect of the thyroid hormone Such cases raise the question, where do these
milder cases differ from other non-toxic gostres?

Non-toxic goitre —~The prevalence and geographical distribution of en-
demic goitre has been recently resurveyed extensively {26, 74). While the
incidence 1n some countries has been largely ehiminated by 1odine prophylaxis
over the fast 30 years, 1t still remains ngh tn many parts of the world, Vari-
aus studies of odme metabolism have been made n gortre areas feg. (115,
135)} which confirmed the presence of jodme deficiency; but similar evi-
dence of deficiency has also been found sn the non-goitrous subjects (77,
123). Only rarely have goitrogens been found wn the food to explam the
goitre—aone stesking example mvolving the milk from cows fed on Brassicas
{25). Studies of the gland hydrolysates from non-texic gattres have revealed
a Jow di- to monosodotyrosme ratto, MET/DET (110, 150), but while other
studies have suggested that this ratso reflects the degree of jodine deficiency
(21, 115), even lower ratios have been found sn carcinoma (141). Schu-
macher e al (129) have studied the radiotodine incorporation by shces.uf
gortres excsed frowm patrents with vassous diseases and found this funetion
greatly wncreased i thyrotoxic glands, moderately increased m lymphadenoid
goitres, and normal i adenomas )

The achon of iodide —An mteresting type of drug gostre 15 that whfch
sometimes follows long periods of admumstration of large doses of 1odide
(105, 151, 152) This evidently depends on the local action af wdide m the
gland, but iodide nhibits the synthesis of harmone m the rat only for about
24 hr. (161). Paley ef af (105) showed that winle the orgame binding was
blocked 1n such 2 patient, the gland stsff concentrated 1odide so that aff of the
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mones (TSH, gonadotropin, and growth hormone), and atrophy of all the
pituitary target organs as well as decreased growth,

PERIPHERAL ACTION

The fate of the secreted hormone —The hormones (triiodothyronine, or
T3 and thyroxine, or T4) have been shown by both autoradiographic and
chromatographic evidence to enter rapidly most of the cells of the body (48,
49, 78). The largest proportion goes to the liver where 1t 1s metabolised and
produces much of its metabolic effect, as well as also mactivated and ex-
creted mto the bile, If large doses are injected, the liver clearance of the
hormone rises to 20-fold (96). After bile duct ligation, a greater metabolic
stimulus results from the injected hormone, and more of 1ts metabolites are
found 1n the blood, which then includes those which are normally excreted
with the bile (46). The human liver clears 200 to 600 ml. of plasma of the
hormone. per day (95), and the main biliary metabolites are ghicuronides.
With patients in severe diffuse liver failure, a ratsed PB*7], yncreased TBP,
decreased 1*11 turnover through the thyroid are found, as 1s also a slowed
disposal from the plasma of 15!I-thyroxine (153).

In all tissues, deiodination is probably a part of the hormonal (T3 and
T4) degradation process, although further details of this process are needed.
1t is not certain whether, before exerting 1ts tissue effects T4 must be con-
verted to T3 or modified in other ways, or both. Nor is 1ts mode of action
on the tissues known, although 1t has been shown to mod:fy the activity of a
wide range of enzymes, 1t can interact with metal jons, and 1t may effect
membrane permeability (111)

The action of the thyroid hormones —It is unclear why there is a Jatent
period during which no thyroid hormone produces its act:on either 1 v1vo or
1 vitrg. Triac and T3, probably because of their lesser binding by TBP, are
perhaps as rapid i action as any known analogue; effects being seen in
myxedematous subjects within 4 hr, on the BMR and on the electrocardio-
gram (51, 67) While the maximum effect of a single dose of triac is seen
within 24 hr. and followed by a gradual decline, the daily admimistration of a
maintenance dose causes a steadily rising effect during the first week of its
administration (67) Apparently during the restoration of thyroid deficiency,
the tissue’s responsiveness increases perhaps from induced changes in both
tissue enzymes and other endocrine secretions,

Thyrosd analogues —Asper & Wilson (10) and Pitt-Ravers & Tata (111)
have reviewed the wide range of analogues whose biological activity has
recently been studied; those compounds with biological actvity vary wn
potency, and m speed and duration of action, but none has so far shown a
quahtatively different biological action 33’5’ Triiodothyromine has been
found to inhibit thyroxine action (109) Early suggestions that triac could
lower blood cholestero! without producing equivalent thyroid effects 1 other
directions, have not been borne out. A similar claim has recently been made

for the formic acid derivative (36). Small doses of triac will lower the blood
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The concentratton of circulating TBP changes little in thyroid disease
(6, 119, 148), but it is strikingly raised in pregnancy (33, 34, 121) and low-
ered in nephrosis (120), probably because of 1ts loss 1nto the urine (52, 54).
In pregnancy the TBP is raised from the first or second month and then
remains at a constant level until about six weeks after parturition, so that it
is probably unrelated to the progresstvely rising BMR of the later months of
pregnancy. Indeed, the deduced free thyroxme level of pregnancy 1s slightly
less than normal; which agrees with the finding that 1311 passes more rapidly
thraugh the thyroid 1n pregnancy, but less rapidly thence to the tissues The
newborn child shows TBP levels midway between those of the mother and of
a normal adult. These TBP changes probably arise from the high estrogen
level, since 1ts admunistration also raises these TBP levels in other females
or males (35) ; while methyl testosterone has an opposite effect on the TBP
(43). It may also be noted here that T4 and T3 only cross the placenta mmi-
mally (97), and therr administration to a mother receiving antithyroid drugs
cannot prevent the foetus from developing a goitre (112).

REeraTIoN To OTHIR ENDOCRINE GLANDS

Adrenal.—While most of this inter-relationship still remams obscure
(72), two recent studies have clarified one facet—the accelerating effect of
thyroid hormone on the liver’s metabolism of cortisol with corresponding
ncreases in adrenal secretion rate On infusing cortisol, Peterson (107)
found its metabolism more rapid in hyperthyroidism with corresponding
changes in the cortisol production rate (MC-cortisol); lesser similar
changes were seen in the urinary corticoid output, and the opposite changes
were noted in myxedema. After the 1nfusion of cortisol, Brown (23} found
the rise of the free 17-hydroxycorticoids and the fall of their conjugates was
rapid 1n thyrotoxicosis and slow in myxedema. On infusion of the corres-
ponding tetrahydro compounds, conjugation was normal 1n myxedema but
rapid mn hyperthyroidism. In both conditions, the plasma cortisol is ncrm'zl.
and the 17-ketosteroids low, while the response to ACTH nusleadingly varies
inversely with thyrod function. This suggests an adrenal-liver-pitwitary
homeostasts i response to thyroid changes. A clear picture has not yet
emerged of the effect of cortisol and ACTH on thyroid function (16.).
Synergism has been shown between epinephrine and thyroxine secretion n
the ammal’s response to cold (146). "

Pinntary —Ammal work has clartfied the relatively frequent association
of hypermetabohsm or thyrotoxicosis, or both, with acromegaly (65), and
the lower pitnitary function of myxedema (27, 41, 42) Growth hormone,
TSH via thyro:d hormone, and ACTH via cortisol are all calorigenic and
inter-related 1n this effect Growth harmone stimulates thyroid 511 mf:tabo-
lism and also the BMR 1n hypophy ised animals; e i -
sis is produced in hypophysectomised animals given both growth hormone
and thyroid hormone, which 15 fatal unless cortisol 1s alfo su.ppl'led Con-
versely, thyroid leads to the depletion of the anterior pituitary hor-
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giving some indication of the peripheral utilisation of thyroid hormone, may
be difficult to interpret because of the mfluences of the TBP level, the con-
centration of free thyroxine, liver function, ete. This procedure indicated
that peripheral deiodmation of T4 was not a source of the serum T3 (79).
Thyrotoxic plasma disposed of its labelled hormones more rapidly than did
normal plasma enriched to the same concentration of hormone (62). Sterling
found that hoth the slower turnover of myxedema and the faster tnrnover of
thyrotoxicosis returned to normal on the restoration of thyrofd function
(143) ; while Ingbar found this rate still raised in treated thyfotoxic sub-
jects and also in their euthyroid relatives (68, 71) This hormenal disposal
rate has also been reported high in otherwise euthyroid subjects with
paroxysmal cardiac arrhythmias (76).
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cholesterol of myxedematous subjects without easily discernible other effects,
but so will T3 and T4 if given in equivalent dosage. However, very small
doses of triac have precipitated angina in ible subjects even within 2
hr. of the first dose (67, 85, 100), possibly more readily than T4, These rap-
idly-acting compounds nevertheless have a place in the treatment of myx-
edema coma. This condition has often been fatal, possibly because of the
high dosage of thyroid hormone given (7, 37) ; moderate dosage has been
attended with temporary suecess before a final myocardial infarct (145).

Raproropine TEesTs

Among the main tests of thyroid function, radioiedme now has its estab-
fished place (50) and approprate procedures can measure the various steps
1 the fodine cycle through the body (116) The normal todine uptake has
been shown to vary with age as does the BMR (84), although clinical stand-
ards may not need such a fine correction; an adaptation by the thyroid to
decreased tissue utilization has been shown to be the basts of this change
(157) Details are available of the timing of the different human responses to
injected TSH and of the effect of dose (38).

To distinguish thyrotoxicosis from other goitres which are avid for
iodine, two mterestingly different iodide response tests have been established,
an todide repletion test (24) and an 1odide mhibition test (44). In the
former, 1] retesting at four weeks after two weeks of daily 10 mg doses of
KI, reveals thyrotoxic glands still avid for 191, but the others show a normal

response In the second test, a smaller dose of todide (1 to 2 mg ) is added
DEICRT S EXXE G Ta s et 20 the epbovie

ey .
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hibition.

The thyroid hormone (usually T3) suppression test continues to be a
useful method for making the same distinction as these two 1odide tests
Johnson (73) has shown that the normal response on this test includes sup-
pression of both discharge and uptake; while the thyrotoxte fails even after
very high doses, so 1mplying a quahtatively disordered regulation Other
assaciated changes seen durng the test have also been studied (117).

The measuring in zitro of the entry of T3 mto the patient’s red blood
cells 1s shown on a large sertes to separate without overlap high, normal, and
Jow thyroid function (63) However, abnormal results are also found with
altered TBP (in pregnancy, after estrogen, m nephrosis, and in liver dis-
ease), as well as for unexplamed reasons 1 pul y i iency, and
after anticoagulants; a normal result was found with rodide myxedema
Anatogously, red blood cells labelled with 3P lose this label more rapidly m
thyrotoxicosts, and less rapdly than normal in myxedematous subjects (39,

Measurements of the rate of disposal of mjected 291I-T# or ~T3, while
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HORMONAL CONTROL OF PIGMENTATION"?

By Aarox B, Lexner, MD
Section of Dermatology, Department of Medicine, Yale University
- School of Medicine, New Hoven, Connecticut

At the turn of the century two French investigators, Bertrand & Bour-
quelot (1, 2), showed that a plant enzyme which they named tyrosinase
could cala\yze the oXidation of the amino atid tyrosme {o a dark product.
Sub was found in mel of man and animals. In
the 1920's, (he :xtenslve researches of Bloch in Switzerland and Raper i,
England established the fact that tyrosinase played an important role m
telamn formation in mammals (3) As a result of these studics, physicians,
particularly in Europe, tried to explamm abnormalities in pigmentation
through alterations in tyrosmase function. During this period biologists,
principally in the United States, carried out experiments that were to lay
the foundation for our und ding of ¥ 1 control of
The hiologists showed that in animals such as tadpoles and frogs removal
of the pitwtary gland resulted in marked hghtening of skin color, whereas
injection of piturtary extracts produced darkenng of skin color Also, it
was shown that_pineal-extracts_lightened the_skin_color_of tadpoles and
frogs. Unfortunately, clinicians of that pertod paid little attention to bro-
logical studies; few or no attempts were made to explain pigmentary ab-
normalities on the basis of alterations in function of the prtuitary gland and
the nervous system It was too difficult to conceive of a relationship be-
tween the dramatic changes caused by hormones on the skin of tadpoles
and frogs and the much less dramam: changes that oceur 1n man

o .

FRIN

mh control of melanin

We can explain many normal
and abrormal pigmentary states m man We may have the opportumty to
’change man’s coloring at will.

{  In this report we will discuss the color changes in adrenocottical -
sufficzency and vitiligo as well as some nterestng miscellaneous disorders.
Hypespigmentation resnlting from andrpgenic and estrogentc stimuli will
not be reviewed.

BASIC CONSIDERATIONS
At least two mel are produced by
pituntary glands of animals that have been studied (4). Thus far, !here 15

*The survey of the Lterature pertaining to this review was concluded in Sep-
tember, 1959

*The following abbreviatfon will be used: MSH (Melanocyte Stimulating
Hormone).
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HORMONES AND PIGMENTATION 189
only.one-a-MSH,-but-there.are_three f-MSH’s (Table 1), (4, 5), All thef

MSH’s have been isolated through the use of some type of frog skin assay.
_Boyine and porcine o-MSH. is_the most_potent darkening agent-known. It
is a.linear peptide composed of-13 amino acids..These 13-ammo acids are
the same as the first 13 ammo_acids of. adrenal. corhcotropm hormone
(ACTH)'Bbtamed from human, bovine, poreine, and ovine pitwtary glands;
and they are in the same sequence as those in ACTH (63, b, ¢, d). How-
ever, there are two sub!lc dxﬁ‘erences between the 13 ammo acid chain of

PRSI SN

a molar basis ACTH has only 1/30 the darkening activity of e-MSH. How-
ever, when the N-terminal serine of?\CTH 1s acetylated, 1t has one-fifth the
darkening activity of «-MSH A sixfold increase in darkemng activity results
merely from putting an aceytl group on the N-terminal serine of ACTH.

Recently, Hofmann e al. synthesized a-MSH with the glutamic acid i
the form of glutamine and a formy! group on lysine (7). Synthetic a-MSH
1s the-largest peptide made thus far. It has about the same activity as
the natural hormone Guttmann & Boissonnas have synthesized «-MSH with-
out any blocking groups (8) The biologic activity of this a-MSH has not
been compared directly with the natural hormone.

\ Bela—MS}_I from hogs has about one-third the activity of «-MSH As;
ft‘ human and bavine f-MSH have not been compared accurately with
-MSH or porcine §-MSH. Human §-MSH.is. somewhat larger.than the
other §-MSH’s Another MSH 1s present in human pituitary gland, but;
whether or not 1t is of the a-type remains to be seen.

Injectton of a crude mixture of porcme a- and f-MSH produced Addison-
like hyperpigmentation in man (9) and darkeming of melanomas in hamsters
(10}. Pure a~ and B-MSH have not been given yet to human subjects.

There are darkenng hormones other than «- §-MSH, and in special !
snstances they may be very important. Both androgens and_estrogens.under
the appropriate conditions can darken human skin i ziwo These substances
have no effect on frog skin. However, progesterone-is a weak but-definite
darkening agent of frag skin. Recently a systematic search for darkenng
agents 1n boyme organs was carried out using a frog sk bioassay (11)

.Potent darkenmg factors were present in the thyroid gland, small itestine,
pancreas, and Iungs

While many ivestigators have been interested in darkening agents,
only 2 few have studied hgt factors Mel {N-acetyl-5-methoxy
tryptamine), present in the pincal gland and in peripheral nerves, shows
unusual potency in hghtening frog skin (12 to 14) For some time epi-
nephrine and norepinephrine were considered to be the most active lighten l
ng agents known However, melatonin is about 100,000 t:mes more-active:
Acetylcholing has the same activity as epinephrine and nurepmephrme)|
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A‘t;ess active are serotonin and trijodothyronine It seems significant that the
ost potent lightening agent, melatonin, and the most potent darkening
* dgent, a-MSH, are both N-acetyl compounds Crude but active melatonin
Z preparations hghten the color of hamster melanomas and frog skin (10).
+ They decrease melanin formation m frog melanocytes, As yet, melatonin

-1

b %us not. been given to man. However, this neurohormone may be the factor
in pcn;‘)hc‘ral nerve endings that causes witiigo (15), A decrease m
{ *melatonin in the nerves may be associated with an increase in pigmentation.
8]
7
CH‘(‘QUCHXCH‘NHC_CH‘
N
MeraToNIN

Before describing the clinical aspects of pigmentary disorders two
seemmgly paradoxical situations will be mentioned, and suggeshoﬁs will be
offered to explam them. In some disorders both hyperpigmentation andﬁ
hypopigmentation are present This is particularly true of Addison’s disease
in which both severe hyperpigmentation and extensive vitiigo may oceur
smmultaneously. The other unusual finding is that patients with tof:
alopecia and camplete _vitiligo_excrete excessive amounts of MSH in thel
urine, (16). In spite of an output of large quantitics of MSH, these patients’
have hypop: 10n, not hyper A possible exp of
the first case 1s that in some ndividuals with hypofunction of the adrenal
medulla there may be not only a compensatory mcreased output of norepi-
nephrine by the peripheral nerves, but also of an agent that could cause hypo-
pigmentation. A possible explanation of the second case is that in commplete
vitiligo the excesstve release mto the systemic circulation of a neurogenic

1gment cell hghtening agent could stimulate MSH production by the pi-
fmtary gland. The mereased MSH wauld not be sufficient to counteract the
skin lighténing effect of the agent. This case is not unhke that in which
Inorepmephnne given ntravenously to man results 1 an increased output
of MSH in the urine (17). Yet, norepmecphrine itself 1s a good hightening
agent In wivo systems are more complicated than in witro ones. The net

ffect of i ali ing or dark agent depends on that agent’s
‘ability to alter melanocytes directly versus its ability ta induce changes m
&)thcr organs which, 1n turn, have an opposite action on melanocytes.

CLINICAL CONSIDERATIONS
MELANOCYTE STIMULATING HORMONE DARRENING

Hyperpigmentation resulting from an excess output of MS.H occurs
in three conditions* (a), adrenocortical ssufficiency; (b)&fxshmg:‘s syn-

drome 1n which hyperpigmentation becomes evident only affer bilateral




HORMONES AND PIGMENTATION 191

adrenalectomy and subsequent growth of a pituitary tumor; and (c)
pituitary tumor that releases MSH but not enough ACTH to produce
Cushing’s syndrome.

Adrenacortical insufficiency-—All types of adrenocortical insufficiency

whe\her cansed by is-(Addisor’s_disease), idiopathie atrophy,

y, etc, are d with hyperpi ion as long as
pituitary function is not mpanred and adequate suppomve lhcr:\py mth a
tydrocortisone \| is not ined. This hyperp is

usually characteristic, Darkening occurs in the exposed areas, body.folds,
mucous membranes, and sites of recent trauma {Figl}). Hydrocortisone
and perhaps other steroids from the adrenal cortex infbit the output of
MSH from the intermediate lobe,of the pituitary gland as well as ACTH
from the anterior lobe. Usually 30 to 40 mg. of hydrocortisone orally are
required in ilaterally adrenalectomized patients in order to suppress the

USUAL VARIATIONS IN PICMENTATION
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output of these peptides from the pituitary gland When adrenocortical
function is impaired and formation of hydrocortisone decreases, there is 2
subsequent rise in MSH production which 1s followed by darkening of
the skin (9). As mentioned earlier, patients with adrenocortical msuffi-
ciency and hyperpig tion are predi d to vitiligo (15). Indeed, if a
atient shows both marked hyperpigmentation and vitiligo, he very likely
as adrenocortical insufficiency.

Cushing's syndrome treated by adrenal y.—In most i
Cushing’s syndrome results from hyperplasia of one or both adrenal glands.
Even when only a single adrenal gland seems to be mvolved, bilater:
adrenalectomy 1 one or two stages usually is the treatment of choic
because eventually both glands become hyperplastic or undergo neoplastic
changes. Most patients do well on steroid_therapy following surgery, and
no hyperpigmentation occurs. However, physictans wrote us about four
patients (18), and two cases have been reparted (19, 20}, all of whem had
an initially good response to adrenalectomy but developed extreme hyper:
pigmentation in spite of steroid therapy, Nelson (21) has collected a total
of 13 such patients mncluding the preceding six, Concerning their patients,
the attending physicrans commonly remarked, “This individual is the dark-

_est Addison’s patient-I have.scen.” Subsequently these patients were found
to have piuitary neoplasms. The latter probably were MSH-producing
tumors; however, urme Of only onc patient was assayed T6F MSH. The
latter was markedly elévated as was the ACTH output (19). While some:.
chinictans were of the opinion that the ﬁtuxtary tumor was caused by
bilateral adrenalectomy, it seems more reasonable that a small pituttary; -
tumor caused the adrenal cortical hyperplasia; and with time this tumori
enlarged.

Primary MSH-producing pituitary tumors, We examined one patient
and received secondhand knowledge of another who had pituitary tumors
without laboratory or clinical evidence of Cushing’s syndrome but with
pronounced darkemng of the skin Urine MSH levels were elevated In
onr patient, and perhaps in the second as well, the tumor produced an
excessive amount of MSH but not ACTH Thus, there was hyperpigmenta-
tion without adrenocortical stimulation

Non-MrLaNocYTE STIMULATING HorMONE DARKENING

Hyperpigmentation similar to that produced by increased amounts of
MSH sometimes 1s seen in patients with hyperthyroidism, biliary cxrrﬁ-‘. y
sprue, and other diseases. Does MSH play an important role in producing
hyperpigmentation in these conditions? The answer 1s not known at }he
present tume. Recently, various bovine organs were screened for darkening
agents While pitwtary extracts—primarily because of MSH—were the
most potent, darkening factors also were found mn the thyroid.gland, srr{all
intestine, pancreas, and lung The thyrowd factor which was very active
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was not MSH It is not known yet whether darkening substances in the

other organs ate related to MSH. It is possible that in some patients with

hyperthyroidism an increase in melanin pigmentation results directly from

% a thyroid darkening factor, from MSH or from a decrease in}x;elatonin.
foI6 darkening : Eih ——12

ViTiLico
Vitligo is a common and umportant disorder in which pigmentation 1s
decreased 1n some parts or all of the skin (15) Hypopigmentation occurs
in the exposed areas, body folds, mucous membranes, and sites of recent
trauma (Fig, 1). Thus, in vitiigo the usual areas of depigmentation are
the same as the usual sites of abnormal hyperpigmentation seen in patients
with increased MSH output. At times there 1s complete loss of pigment
from the skin and even from the hair. The eyes retamn their pigment. Most
patients with vitiligo are otherwise in good health. However, patients with
erth anemia, ad tical insufficiency, _sympa-
thetsc, ophthalmia, and_neoplasms are predisposed to vitihgo An interesting
yndrome consists of tatal.alopecia.and.complete -vitiligo. Frequently, in
fhis situation hypopigmentation does not appear in the usual patchy dis-
tribution of ordinary vitifigo but, instead, suddenly involves the entire
body. Patients with this combination excrete elevated quantities of MSH
1n the unne, yet have hy and not hy, i It is
possiblg’ that i these individuals the presence of abnormally large amounts
of asdkin-hghtening substance is more significant than the darkemng effect
of MSH. Viiligo may result from excessive release of such a factor by '
peripheral nerves in the region of the melanocytes Whether or not this long
sought for lightening factor is melatonin is not yet known.
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BIOCHEMICAL CHANGES IN THE
DERMATITIDES!

By Arrevr C. Curtis, M D. axp Warrer D. Brock, Pr.D.
Department of Dermatology, University of Michigan Medical Sthool,
Ann Arbor, Michigan

This review deals with studies of basic biochemical processes in normal
human skin and in various dermatoses. No attempt has been made to include
studies concerned primarily with clinical description or therapeutic treat-
ment of skin diseases. Publications appearing from January, 1957, through
December, 1938, are the main bas:s for this review.

ProtEINS

Within the last few years the fractionation and characterization of the
proteins of human skin have been studied extensively. Matoltsy and his
group (1, 2) 1solated two protems from neutral phosphate buffer extracts of
human plantar skm (callus) Each protein was homogeneous when subjected
to h but 1 when subjected to
‘Whether one of the proteins was a precursor of epidermal keratin or wh:th:r
it represented 2 matural degradation product of decomposing cormfied cells,
was left for further studies. Unlike Rudall (3), who found that 6 Af urea
extracted from bovine epidermis a-specific-fibrous_protein_(“epidermin”),
Matoltsy & Herbst (4) using human epidermis were unable to obtain with
urea extraction a fibrous protein which could not be obtained by the use of
other protein extractants. Roe (5) was able to extract a fibrous protein from
human epldcmns w:th 75 per cent ithiom bmmxde. T}us ﬁbrous matena]

. s .o

.I ' .- . o . .

lhe I\em(m Mycsm,Elastm, Fibrinogen (KMEF) group.
which indi that skin contains proteins
havmg some charactensncs sumlar to the proteins of blood. Zimmer &
Woringer (7) subjected thin slices of whole human skin, imbedded in starch
gel, to electrophoresis and found that they contained an—albumm.a.nd.a_-;_-
globulin whose migration pamrn resembled those present wn serum. Skin
also i an @- amn t from those in serum. Hemo-
globin was detected but was thought to be a contaminant because the in
tensity of the stamed protein band decreased as the layer of skin used was
further removed from the large blood vessels On the other hand, the stained
protem band corresponding to §-globulin varied mnversely in intensity to that
of the hemoglobin. The authors eoncluded from this that 8-globulin was party
of the tissue and not present because of an interchange with serum. The
work of Humphrey, Neuberger & Perkins (8) with rabbit skin, and of
*The survey of literature pertaining to this review was concluded in March, 1959.
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of radicactive phosphorus incorporated from sodium phosphate-**P into
RNA of whole skin of young rats was three times that incorporated into
NA.

Metabolic studies and studies of the blood constituents of patients suffer-
ing from various dermatoses have been done by several laboratories. Block
et ol. (28) reported neither undue retention nor loss of nitrogen by psoriatic
patients given a normal level of protein intake. Sulfur metabolism appeared
to be normal except for the amount of conjugated sulfur excreted Price and
his co-workers (29, 30) found that patients with scleraderma (acrosclerosis)

* abnarmally to test loads (2 gm.) of the amino acid by excreting markedly
large X1 etabolites except Xanthurenic acid which remained
ormal EXéretior e metabolites was returned to nearly normal in the
Patients with sclerod, by the ini ion of a chelating agent
acid) which, the authors postolated,
made, magnesium more available in order to activate the tissue kynureninase,
an enzyme involved in the early steps of tryptophan metabolism. Simultane-
ous administration of gyridoxine,a-cofactor for the enzyme kynureninase,
was also beneficial. Lea, Curtis & Bernstein (31) were unable to find ab-
normal levels of serum uric agid in psoriatic patients Lipoprotein levels in
sera from psoriatic patients were within normal range (32, 33, 34).

Lirms

With the devel of gas-liqud c! hy, investigations of
surface and epidermal lipids 1 human skin have been greatly stimulated.
Using this technique, James & Wheatley (35) reported two series of
branched chain fatty acids 1n surface lipids collected from the human fore-
arm. The first series was thought to be highly branched and to consist o
odd numbers of carbon atoms; the second series possessed only a methyl]
branch and occurred with both odd and even numbers of carbon atoms.
Wheatley and his group (36) later showed that epidermal lipids (“Mal-
pighan layer Lipids” extracted from epidermus which had the stratum cor-
neum removed }, umiltke surface lipids, did not contain sigmficant amounts of]
odd-numbered or branched chain fatty acids, but contained predomimately’
unsaturated Cyq acids,

Herrmann ef al. (37) reaffirraed the direct relationship between the
gxtent of spreading and the content of free fatty acids of surface lipids ob-
tamed from normal human subjects. The same relationship was not observed

with surface lipids obtained from uninvolved shin of psoriatic patients

Bough et al. (38), the work of others, reported wide
variations in the content of squalene in sebum, both from day to day and
between different individuals These workers postulated that this variation
could be due to excretion through the skin of squalene in excess of that
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Cooper & Johnson (9) with bovine hide has indicated interchange between
the proteins of the blood and those of the skin Approximately 60 per cent of
Ithe skin albumin of rabhits was replaced daily by serum albumin (8).

Roe (10} isolated three ¢lasses of proteins (fibroys, glyco- and nucleo-}
from a borate extract of psoriatic scales The fibrous protein was thought

X N ST it S B S I O

PURE N RN

lower than in psoriatic scales. Non-psoratic exfoltative scales contained only
the glycoprotemn. None of the three types of proteins was found in callus
Flesch & Esoda (11) obtained a protein material from water extracts of
psoriatic scales different from that obtained by similar treatment of callus
or scales from exfoliative dermatoses

The amino acid content of whole human skin, dermis, epidermis, callus,
and scales from several dermatoses has been determined by various labora-
tories (12 to 16) Values found for the different layers of skin vary widely
from laboratory to laboratory and thus are difficult o compare. The use of
these data to evaluate any change in amino acid composition because of the
keratinization process is of questionable accuracy. Hahnel (17) reported that
qualitatively there was no difference between the N-terminal amino acids in
the proteins of callus and psoriatic scale.

Pseriatic scales and postultraviolet irradiation scales from a normal
individual had simlar distribution of free amino acids according to Cornish,
Block & Lea (18); sulfur-containing ammno acids were not found, Flesch
& Esoda (19) found no difference between the free amino acid composttion
of extracts of psoriatic scales and callus, but the free amina.nitrogen con-
tgnt of.the-scales was lower (20) Woringer & Zimmer (21) reported that
keloid tissue contaned more free amino acids and less peptides than normal
Yuman skin.

The presence in skin of nitrogenous compounds related to amino acids
and protein is under inying study. The hi ine content of normal
human skin from different areas of the body was found by Johnson (22) to
have a five- and sixfold variation. Acid hydrolysis of }?nan abdominal skin

caused a threefold increase in the histamme content, Wavis ef al. (23) and .
Sjoerdsma et al. (24) reported an elevated amountygf histamine but a nor-
mal amount of 5-hydroxytryptamme (serotonin) in mvolved skin from one
patient with urticaria pigmentosa,

Rodesch & Mandel (25, 26) reported the quantitative distribution of
—~a- PRESTEPIN 4% ed dis o aF snemenl wihita rate, Rats deprived

' es (32P uptake
LU S PO . They degraded
DNA at a reduced rate parallel to its synthesis, with the result that the
DNA content 1n the tissues remamed normal On the other hand, RNA was
degraded faster than it was synthesized and thus the RNA content wat

Jowered by protein deprivatton, Bernstein & Foster (27) found that amounts
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Lever & Klein (47) reported that pancnts thh xd:opathxc hyperlipema
showed delayed elimination of intr ed fat

when compared with primary hypercholesterolemic patients and normal

individuals. Holt (48) found no evidence of delay in fat mctabohsm when

131]-Tabeled olive oil was fed to a y Id boy with 1d; thic hy-
perlipemia

Lever & Waddc\l (49) reported earlier that the intravenous administra-
tion of a ¢ d otl prep led to a 'y drop in serum lipids

in patients with idiopathic hyperhperma, This work was confirmed by
Everett, Block & Curtis (50). Oral adminsstration of Jarge amounts of un-
saturated fatty acids was reported to have the same effect by Everett f ol.
(51). Further work in this area and on the effect of heparin in serum lipd
clearing in normal subjects and in patients with idiopathic hyperlipemia has
contunued (47, 50, 52 to 54) Studies by Lever and his group showed that
inhibitors of Lipemia clearing activity are present in the serum of patients
with hyperlipemia (54) and in extracts of human and rabbit spleen, kidney,
and hver (55) Engelberg (56) reported that lipolytic activity of human

in and plasma was i d dunng the process of

berrTonnaida Canlote D

R

(57) reported that oral admlmslratmn of gastric mucin, “which contains an
aad 1 harid: fally of p-glucuronic actd and
p-glucosammne had a plasma cl:armg action, The mechamsm was not known.

An excellent review concerning heparin and blood lipids has been written
by Levy (58)

CARBORYDRATE METABOLISM

The failure to demonstrate the 1 wilro oxidation of both ctrate and
ketoglutarate, and the inability to show the presence of isocitric dehydro-
genase in skin shices and homogenates by Barron et al. {39) in 1948 have
Ted to some question as to whether the Krebs cycle, as such, operates 1n the
aerobic utifization of carbohydrate by this tissue Recently Cruickshank,
Hershey & Lewis (60), usmg a newly developed micro-methad, reported that
ssocitric dehydrogenase was present m sigmificant amounts 1n epidermus of
human skmn. With the demonstration of the presence of 1socitric dehydro-
genase 1n skin, it is unnecessary to postulate alternate pathways for aitrate
utthzation. This, together with previous reports of fumarase, lactic de-
hydrogenase, malic dehydrogenase (61), succinic dehydrogenase (623, and
coenzyme A (63) occurnng human skin, 1s additional evidence that the
Krebs cycle can operate in this tissue (60).

Elevated succinic dehydrogenase activity has been noted in skin from
patients with Duhring’s disease and psesiasis (62, 64); 1n pemphigus the
actvity tended to be reduced (62). Zina & Bonu (63) reported abnormally
bigh amounts of coenzyme A m the epdermis of hchenified skin (neuro-

ermatitis) ; psoriasis scales and parakeratotic scales contaiped amotnts
Tower than found in normal epidermis,
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needed for cholesterol synthesis. Reports that squalene jnactivated sulfhydryl
)groups, inhibited certain enzymes, and had bactericidal and fungicidal actron
as was postulated by earlier workers, could not be confirmed.

Windhorst & Foster (39) reported low concentrations of freg.ang total
‘$terols in lipids collected from the scalps of balding men In contrast, lpids

rom the scalps of women were high in sterols, and those from non-balding
men were intermediate.

In normal human adult subjects, Reinertson & Wheatley (36) found that
the content of all sterol fractions (free and total cholesterol, 7.dehydro-
cholesterol, and other Liebermann-Burchardt “fast-acting” sterols) was

~~higher in the “Malpighian layer Jipids” than in those from stratum corneum
or total epidermis. Extremely high amounts of total sterols and 7-dehydro-
cholesterol were found in epiderm:s from a two-week-old infant as compared
to that of normal adults’ In uninvolved areas of epidermis taken from
psoriatic patients, the' content of total lipid and total sterol was normal; the
“fast-acting” sterol content was low. The cholesterol ester to total choles-
terol ratio was normal. The unmvolved epidermus also contained an un-
id d, Jipjd-soluble sub which “traveled” together with free sterols
on a chromatographic column, and had an ultraviolet absorption spectrum
between 260 and 290 p. This substance was not found in normal skin. Cor-
nish, Block & Lea (18) reported values for total lipids, cholesterol, and
esterified cholesterol mn psoriatic scales similar to normal callus,

Total phaspholipid content in norwal “Malpighian layer hpids” was nine-
fold that found m the stratum corneum but ofily shightly higher than that of
total epidermis (36) In psoriatic scales, phaspholipid amountsavere greates
than in normal callus (18). Suznki (40} showed in vitro that whole skin
shices from axillae of patients with osmidrosis incorporated labeled phos-
phate into phospholipids. The presence of phosphatides in sebum has been
reported (41).

Investigations of the role of fatty acids in dermatoses have continued.
Hansen and co-workers (42) agatn showed that young infants develop
abnormal skin mamifestations when fed diets Jow in essential fatty acids.
The addition of saturated fatty acids to the diet caused no improvementf\\
On the other hand, the addition of Imoletc acid as trilinolein (2 per cent ofy
daily caloric intake) restored the skin to normal appearance in one to two
weeks Sinclair (43) reported serum hexaene values of zefo and lo.w
amounts of serum diengg and tetragnes in cases of pityriasis.rubra pilan.SA

The study of primary hyperchol, olemia and hic hyperlipemia
continues. Guravich {44) and Hood & Angervall (45) reported clinical and
biochemical findings in a large number of patients with primary hyper-
cholesterolemia. That either oversynthesis or decreased uttlization of choles-
terol may cause hypercholesterolerma, at least in part, was indicated by the
findings of Leonhard: (46). Orally administered *C-acetate labeled in t.h.e
carboxyl group was not only incorporated mto serum cholesterol by a pri-
mary hypercholesterolemic patient at a more rapid rate than normal, but
the radioactivity disappeared from the serum cholesterol at a slower rate
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ENzyMES

The exstence of significant amounts of prot in human epidermis was
first shown by Wells & Babcock in 1953 (81)7 Recently, a number of publica-
tions concerning the tdentificatton of specific proteases m skin have ap-
peared. Paschoud, Schmidli & Keller (82, 83) reported that extracts of
normal human skin and of uninvolved skin from psoriatic patients contained
sunilas amounts of di-—and-trizpeptidases Extracts of involved psosiatic

splubutor. Elevated peptidase activity was also found in extracts of skin of
patients with subacute to chromic mflammations. In addition, extracts of
human skin contamn endopepfidases (84) which show increased activity in
the presence of small amounts of heparin and elheparm (83) according to
Stuttgen, Hofmann & Simmich In a series of publications, Martin, Axelrod
and therr co-workers (86 to 90) described the separation, purification, and
characterization of four endopeptidases from acetone powder of whole skin
of rats Of the four enzymes, the only one which occurred in extracts of
fresh human ahdonunal skin was the enzyme which split acetylated aromatic
amino acid esters (91)

The relationship of proteclys:s to blister formation was studied by

Stoughton & Novak (92) who were able to cause separation of epidermal
cells and blister formation 1n human skin slices by exposing them to 55°C.
for 1 to 2 min followed by incubating at 37°C. Presumably an enzymatic
factor which digested the intercellular bridges was released In support of
s, di- and tri-peptidases have been shown to exist in fluid from blisters
aused by pemphigus, burns, and cantharnidin (93, 94) Further, Dougherty
et al (95) by injection of the endopeptidase, trypsin, produced hemorrhagic
vesicles m skin of normal subjects. Because less trypst was needed to form
vesicles 1 pemphigus patients the authors postulated that more proteases
\than normal must exist mn the skin of these patients

A relationship between the seventy of the dermatitis and the protease
level of the blood has been reported by Dougherty et al (95) who found
that : patients had elevated-pl brinol: Braun-Falco &
Salfeld (96) noted abnormally high values for leucine aming-peptidase
activity in serum from patients with pemphigus, eczema, and neuroderma
titis diffusa, whereas serum of patients with psortasts had normal le:.x.cin;.k
amino-peptidase activity.

The mechanism of the “itch sensation” in man mvolves release of ski
mtracellular proteases which act directly on nerve endings according tg‘
Shelley & Arthur (97) The effects of sexeral endopeptidases on itch re-
sponse 1 normal subjects and in patients with desmatoses have been investi-
gated (97 to 100) Monash & Woessner (101), m contradiction to the
proteolytic enzyme theory, reported that spicules of Mucuna pruriens which
had no proteclytic activity because of heat mactivation caused sensations of
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Glucose utihization by skin continues to be studied. Cruickshank, Trotter
& Cooper (65) reported that total ghucose utdization by whole gunea pig
skin was 444 pg./mg /or. with 233 pg fmg./hr, of lactic acid produeed over
a 5-hr. period These values are considerably fower than reported previousty
by Cruickshank & Trotter (66).

Bernstemn & Sweet (67) confirmed and extended the findings of earfier
workers in reporting the existence of most of the enzymes of the ghcalyhe
system in “crude” extracts of whole skin of young white rats.

The use of glycogen by sweat glands has been investigated by Dobson
ef al. (68}, usng histochemical techmques. They reported diminution of
sweat gland glycogen in human subjects confined in a sweat box for 1 he.;
after 6 hirs. of sweating, the glands were essentiatly glycogen free. Non-
speetfic esterase activity (substrate, Tsveen-60) showed a definite increase as
the glycogesn became exhausted,

Further work {69} has been done showing the o, of human epidermis
to be higher than dersmss ard smooth musele, but lower than tonstd, gastrie
mucosa, and cerebtal cortex In a lumted number of samples, the O, vatues
of skint obtamed from patients with psoriass, pemplugus, apd neuroderma-
titss were within the range o f normal,

AUCOPOLYSACCHARIDES

By use of isotapic labeled compounds, the metabofismt of hyaluronic acid
and the sutfated mucopoly saccharides 1n rat and rabbit skin has been studied
by Dorfman and his group (70) Using *C umformiy labeled glucose or
MC carboxyl-labeled acetate and 8-abeled Na,50,, turnover rates were
determined for hyaluronic acd (24 to 45 days) and chondroitin sulfate
(7.6 40 107 days) (71 to 73). Turnover rates and uptake of the labefed cont-
pounds 11 skin from alloxan diabetic rats were both lower than fourd 1
normat ansmals (74) Insulin treatment restored the values toward normal.
According to Roden & Dorfman (75), who used ¥C-glucose fabeled i the
sixth position, the L-sdurontc acsd of chondrostsn sutfune acid-B of rat shint
was derived from glucose without sphittng of the carbon chasn.

Denko & Stoughtor (76) reported that skin of patients with progressive

feroderma bound it ly ad ed tadwactive sulfur from
Na,#S0, st an abnormal rate, Instead of normal fixatson occursing in 24
to 48 hr, and then a regular decroase, there was a progressive merease
fixation by the skin over a period of about 30 days Skin from a patient wit!
focahized scleroderma showed a such lower rate of 5 fixation than f
normal skin, Beterwaltes & Bollett (77) reposted that the acd mucopely
saccharide content of involved whele slan from patients with “locatized”
pretibtal myxedemna was five to six tumes greater than that of umavolved
skin from the same individuals Morcover, a sigmficantly higher amount of
acrd mucopolysaccharsde was found 1o the uninvalved shin of the patients
as compared to whole skin of normal persons Stemer (78 to 80), using
Fistochemical techmgues, Bas reported a detasded study of the mucopoly-
saccharide content of cutancons connective tissue in various dermatoses,
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Priestley & Foster (114) determined the ascorbic acid content of normal
human epidermis.

Investigations of the content of minerals in human skin continue to be
actwve Stiteh (115) noted that alumwmum and copper aceurred in relatively
high amounts, and mangasiese and rubidium in low amounts in htuman skin
as compared with other soft tissutes of the body. Sowden (116) has published
values for the barium and strontjum content of human skin. Fregert (117).
1m a reim estigation of the silicon content of human skin, found that almost
40 per cent of the epidermat silicon oceurred in the cornified layer. Felsher
(118) showed that skin chlor:de content in dermatitis hespetiformis and in
pemphigus was normal. Reinberg ef al (119) reported that the potassium
content of mvolved skin of psoriatic patients was higher than uninvolved
skin or skin from normal subjects; it scemed to be related to the rate of
cell proliferation,

The permeability of human skin to calcium ions and to sulfur has been
measured by the use of radicactive isotopes of these substances. Stuttgen &
Betzler (120) showed that the permeability of human skin to 4*Ca jons was
greater n the direction of dermis to eptderms than in the opposite direction.
Scott (121) found that 335 elemental sulfur applied topically penetrated nor-
mal sk and the unmvolved skin of patients with varjous dermatoses at 2
sumlar rate, reaching the dermis and showing no focalization in any spécific
layer of the epidermis More rapid penetration was noted in the involved
skin of patients with seborrheic dermatitis, psorrasis, and eczema The radio-
active sulfur tended to become localized m the stratum granulosum and in
the basal layer, respectively, in the first two dermatoses There was no Incal-
1zation 1n eczema
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itching in normal subjects, and that spicules which had protealytic activity
but had been exposed to moisture no longer caused itching,

Protease activity of plasma does not seem to be related to itching accord-
ing to Cormia ¢t al. (102), who found that patients with severe Ppruritis
had shightly elevated plasma protease activity. A comparison between pro~
teolytic activity in blood before and after trypsin injection in patients with
pruritis and in normal subjects showed no significant variation.

An elaborate and comprehensive histological study of alkaline phosphas
tase distrshution in normal human skin and in a large series of dermatoses
has been published by Kepf (103). In general, the enzyme was found i
those areas of tissue undergong rapid proliferation. Kopf & Orentreich
(104) found that alkaline phosphatase activity was below normal in the early
stages of alopecia areata but was increased above normal in the fate stages
of this disease and in alopecia totalis. They believed, however, that loss or
lowering of the enzyme activity was not the cause of the alopecia but wag
only one of the biochemical alterations taking place. -

The enzyme, arginase, occurs in Human skift, mainly 1 the epidermis
(105). Recently, Rothberg and co-workers (106, 107), studying the arginase
activity of normal skin from different areas of the body found that plantar
stratum corneum was five to six times more active than trunk stratum
corneum, Elevated arginase activity was observed in scales from van'ous}
dermatoses (psoriass, exfoliative erythroderma, nummular eczema, ichthy-
ostform erythroderma, and 1chthyosis) possibly because of the ahserce of an
inhibutor such as exists in normal epidermus, °

Reviews discussing enzymes and their clinical implications 1n skin (108)
and their roles 1n allergy (109) have recently been published.

VITAMINS AND MINERALS

The biochemical role of vitamins in human skin has recewved little atten-
tion during the last several years Greenberg, Cornbleet & Demovsky ( Ilq)
found moderate amounts of vitamin A_in sebaceous glands, sebum of hait
folliclgs,_and on the skin surface after wmtradermal injection of a water-

lubihized p of into a human subject Psoriasis patients
showed lower-than normal amounts of carotene and vitamn A within the
sebaceous system after injection with the carotene suspension; patients with
chronic ichthyosis and pityriasis rubra pilaris, diseases wm which the
sebaceous glands are often markedly atrophic or absent, showed no re-
sponse {111) The authors believed that previous attempts to find vitamint
A in skin and it appendages have failed because the vitamin normally exists
withn the sebum 1n reduced concentration or 1 modified form not detectable

chemically.

The presence of 7-dehydrocholesterol (vitamin Dy precursor) in human
skin was demonstrated by Miller & Baumann m 1954 (11Z). This finding
has been confirmed and extended by Wheatley & Retmertson (113), wh'o
found that the amount of the precursor in normal epidermis was approxi-

mately 12 times that in the dermis
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DELAYED SENSITIVITY AND
HOMOGRAFT SENSITIVITY*

By H. Suerwoop Lawsence, M D23
Deportment of Medicine, New York University College of Medicine,
and the Thd (NYU) Medical Division Bellevue Hospital,
New York Cuy, New York

It 1s now generally accepted that the rejection of foreign homalogous
tissues applied as homografts to genetically unrelated individuals of the
same species is accomplished by an ammunologic response undertaken by
the host (20, 48, 63, 66, 80, 83 to 85, 102). However, it remains to be es-
tablished whether the highly specific immune mechanism that results in
tissue destruction 1s mediated by serum antibody of the classical type or by
a factor or factors intimately bound to cells of the leucocyte series. The
experimental resalution of this question has been under concentrated attack
1n recent years and its outcome 1s the focus of much interest. The promi-
nence accorded this issue arises from the reality that the possibility of
ameliorating or abolishing thns acqmred antagonism to another’s tissues,
an immune response d of By is d dent npon
the precise definition of the antigen(s) that mduce it and the antibody(1es)
that medsate it.

Since the more general biological problems encompassed by the study
of homograft rejection phenomena have been considered at length in sev-
eral recent reviews (20, 48, 66, 83 to 85, 102), the present discussion will
be restricted to the evidence for homograft rejection as an actively ac-
quired immumne response and to a consideration of the immunologic mecha-
nism or mechanisms by which this event may be accomplished.

It will be helpful to define here, as Brent, Brown & Medawar (22) re-
cently have done, the exact type of homograft that will be under considera-
tion. As they point out, the evidence recently summarized by Gorer (48)
makes it unwise, 1f not impossible, to expect the same mechanism to be
operative in the destruction of all types of homografts Gorer (48) has
delineated three different varieties of homograft response: (g) that evoked
by leucotre cells; (b) that evoked by ascites tumm’ cells, and (c) that
evoked by ized tissues ch d by the of vascular
\95:)The survey of the literature pertaining to this review was concluded in August,

* The author’s work was conducted under the sponsorship of the Commission on
Streptococeal Diseases, Armed Forces Eprdemiological Board, and was supported in
part by the Office of the Surgeon General, Department of the Army, Washington,
DC, and 1 part by a grant from the National Institute of Allergy and Infectious
Duseases [Public Health Service (E-1254, C-2)]

*1t is a pleasure to acknowledge the stimulus of discussions with Professor P. B
Medawar and Dr. L. Brent during the preparation of this review,
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donor previously experienced by the host will undergo accelerated rejec-
tion and grafts from unrelated donors will enjoy the deceptive initially
longer acceptance accorded to first-set grafts (13, 14, 76 to 79).

It has been established that it is the genetic disparity between donor
and recipient of homografts that calls mnto being this exqusitely sensitive
discriminatory apparatus (19, 72, 102). The tempo and intensity of the
homograft reaction is also conditioned by the degree of genetic difference
of the donor m relation to the recipient. In general, the greater the genetic
difference between two mndtviduals of the same species, the more rapid the
tempo and greater the vigor of the homograft rejection process. At the

one extreme there occurs the let of homografts
between umosular twins by virtue of their genetic wdentity (29). The
absence of homograft rejection 1n uniovular twins has itted the re- °

cent successful transplantation of kidneys between such individuals (54).
The reliability of this finding has also been exploited in recent medico-legal
proceedings undertaken to establish such a relationship (75). At the other
extreme there occurs the violent reaction to heterografts of tissues trans-
planted between individuals of different species (e g, rabbit to guinea pig).
Here the genetic dissimilanty 1s so great and the consequent antagonism
evoked m the host so intense, that the initial period of acceptance afforded
the h is deprived the ft (73).

‘The homograft reaction, once instituted, is in force throughout the in-
dividual wherever tested and is generalized in its distribution (13, 14). It
has also been shown to be conditioned by the dosage of tissue used to pro-
duce it Medawar (76, 77) demonstrated that the length of survival of a
homograft varied mversely as the dose or quantity of tissue applied. He
was able to mcrease the survival time of a skin graft by one-half when he
reduced the quantity of sk appled by one-eighth.

Medawar (79) also demonstrated that the homograft rejection reaction
is individual-specific rather than organ-specific. In the rabbit he showed
that prior inoculation of leucocytes caused the reciprent to react to a sub-
sequent skin homograft from the leucocyte donor as 1f it had met and re-
acted against that donat’s skin before

Thus, the exquisite specificity of the homograit reaction, the latent
period for sensitization, the need for prior sensitization to tnduce accelerated
rejection of subsequent homografts from the same donor, and the dosage

h all bute to the establist of the h ft rejection
reaction as an actively acquired immune response undertaken by the host
against genetically unrelated tissues Medawar (82, 83) has indicated that
the immune response to foreign homologous tissue is actively acquired and
does not pre-exast in the sense that mdividuals of blood group A possess
natural agglutinins agaimnst the erythrocytes of all individuals of blood group
B He cites the requisite latent period between contact with antigen and
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and Jymphatic connections with the host. As they have done {223, we
would efect to restrict comparison between defayed allergy and homograft
sensitivity to the most extensively studied example of the third type of
homograft~the orthatapic skin homograft. The compelfing reason for the
1 of the sk b 2 as an experimental vest model derives from
its function 25 a prototype. It it the type of target against which wltimately
al practical cfforts to aholish homograft sensitsvity must be directed.
Before discussing mechanmisms of homograft rejection it will be helpful
to review very briefly the data upon which is based the conclusion that this
untoward event ts indeed an acquired immune response.

HOMOGRAFT SENSITIVITY.—AN ACTIVELY ACQUIRED
IMMUNE RESPONSE

When skin is excised from one individuaf and transplanted to a similar
defect in the skin of anather individual of the same specses it is known as
an orthotopic hemograft, This having been accomplished under appropriste
surgical ¢ic the h d skin will remain bloodless for two
or three days until it 1s 1nvaded by blood vessels and Jymphatics from the
host to form anastomeses with the vessels and lymphatics of the graft. Soon
thereafter, the host’s blood may be sten to course through the vessels of
the graft, nourishing it and ensuring its viability. This symbiotic relation-
ship between host and new tenant remains placid and uneventful unt the
tenth to twelfth day following transplantation. At this time the blaod flow
through the vessels of the graft becomes stuggish, erythrocytes agglutinate
into rouleaux, intravascular thrombs are formed, and subsequent capiliary
rupture with widespread hemorrhage ixto the graft occurs The gross evi-
dence af this microscopic disaster soon fallows with progression to fecrosis
of the graft, eschar formation and, finally, rejection of the now scabrous
foreignt tissue (13 to 15, 30, 71, 76, 77, 97). In contrast, an autograft of the
host’s own skin, excised and transptanted to another area on hus body, wall

biish stself as the £t had done, with the difference that it is
permanently accepled, and becomes again an mtegral part of the host {76).

The preceding description of the fate of a homograft apphes only 10
the occaston of the ymttal meeting between host and a particolar donot’s
tissues and has been termed a “frst-set” reaction The behavior of the same
host toward a skin homograft transplanted from the same donor on 2
second occasion some weeks fater 1s qute different. In this instance fhe
untoward events described above are now set 1 motion on the fourth to
sixth day and the graft is rejected 0 an accelerated fashion—the “second-
set” reaction. The fact that this event regesters a highly specific remem-
‘brance of prior contact with a particular donor’s tissues, can be demon-
strated by the applicatson of mutttple skin grafts to the same host from &
vanety of donors In mdwidnals so conditioned, only the graft from that
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15 detected when such sera interact with the erythrocytes of the tumor
donor. The other, a neutralizing antibody, may be demonstrated by two
variations of the same biologic test: (a) pre-incubation of tumor cells and
immune serum before injection into the recipient; (b) transfer of immune
serum at the time of or shortly before tumor inoculation, In each instance,
the neutralizing antibody inhibits the growth of tumor cells The appear-
ance of both hemagglutinating anttbody and neutralizing anttbody comnci-
dent with the rejectron of transplanted tumor cells has suggested a causal
relationship between the two events. However, as Gorer has shown (44,
48) the hemagglutinating antibody may be absorbed from sera containmng
both types of antibody by means of mouse erythrocytes, without effect
upon the biological activity of the neutralizing antibody Further dissocia-
tion of the hemagglutinating antibody from the neutralizing antibody may
be produced by pretreatment of the recipient with lyophilized tumor tissue,
as Kaliss {56 to 58) has done This results in an opposite effect, namely
“enhancement” of the growth of tumors subsequently transplanted, rather
than re]ectmn, despite—or perhaps because of [cf (48)]—the rising titer
ing antibody. Mitch (88 to 90) has also shown a tem-
poral in onset of 1 ing antibody and the onset of
‘homograft rejection in mice noculated with sarcoma He found in specifi-
cally sensitized anmmals, that the capacity of cells to transfer accelerated
graft rejectron appeared several days before detectable hemagglutinating
antibody. The latter also remained at peak titer when the capacity for
cellular transfer of accelerated rejection had disappeared.

Medawar (83, 85) has clearly delineated the distinction between the
antigens responstble for the production of hemagglutmatmg antibody (H-
antigens) and those ble for 1 (T-antigens)
mn the mouse. “H-antigens” resist heating and lyophilization, reside on the
surface of erythrocytes and other cells, are restricted to the cytoplasm of
nucleated cells, and appear later in embryological development of the
mouse “T-antigens,” in contrast, are destroyed by heat or freezmg, have
not been detected in erythrocytes, or in the cy fi of nu-
cleated cells.

As indicated above it had been shown for mice by Kahss (56 to 58)
and recently for goldfish by Hildemann (52) that hemagglutinating and
other serum antibodies may be present when homograft sensitivity 1s ab-

sent More recently, Hild, & Med: (53) have confirmed this find-
mg for =inm o By R

the abse (" " i R T " "
tion of *' 1+ P T o

d ion that b itivil

could be produced by cmde
splenic nuclear fractions without the production of hemagglutinins or
hemolysins. It was further shown that such nuclear fractions were in-
capable of absorbing the humoral antibodies from sera

From the evidenee available it appears very unlikely that hemagglutinat-
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acquisition of sensitivity and the reality of the dosage phenomenon to stp-
port this distinction.

THE CHOICE OF IMMUNE MECHANISMS AS INSTRUMENTS
OF HOMOGRAFT REJECTION

There are four p ial logical effector mechanisms any one or
combination of which could be set in motion by the antigenic stimulus of
foreign homologous tissue and result in destruction of the tissue concerned:
(a) Homograit rejection may be mediated by serum antibody of the classi-
cal type with the mechanism of tissue damage analogous to that charac-
teristic of Arthus sensitivity. (5) Homograft rejection may be mediated
by a cell-bound immune factor or factors with the mechanism of tissue

* damage analogous to that characteristic of tuberculin sensitivity. {¢) Homo-
graft rejection may be mediated by a ination of effects instituted b
serum antibody and cell-bound immune factors. (d) Homograft rejection
may be mediated, as Thomas (106) has suggested, by an immune response
peculiar to itself without precedent in conventional immunclogy and cur-
rently in the process of clanification. To the above possibilities we would
add a variation—namely: (b-a) Delayed sensitivity and autoimmune disease
may be expressions of homograft reactions undertaken by the host against
certain of his own tissues,

Since the immunologic details and biological ramifications of delayed
sensitivity and its relation to Arthus sensitivity and conventional humoral
antibody responses have been considered extenstvely in several recent re-
views (27, 28, 37, 62, 93), only those points relevant to the present argu-
ment will be touched upon here.

EvipENCE For HUMORAL ANTIBODY AS EFFECTOR OF
HonoGrAFT SENSITIVITY

Dissociated cell homografts—A substantial catalogue of evidence im-
plicating serum antibody as the instrument of homograft destruction has
been secured n relation to dssociated cell populations rather than sold
orthotopic homografts Most studies have employed dissociated tumor ge.lls
characterized by rapid growth rates and perhaps a umque vulnerability
therefore, to the antagonism afforded by serum antibody (5 to 7, 42 to 50,
56 to 58, 102)
The extensive evidence demonstrating the presence of serum antibodies

ing f of tumor cell populations in the mouse has been col-
lected and analyzed by Gorer and his associates (6, 7, 42 to 50), They have
shown beyond daubt that certain tumor tissues of mice (leukemia, ‘sarcoma)
have the capacity to induce the production of at least two distinct t'ypes
of circulating antibodies Neither antibody 1s demonstrable by convenno'na]
immunochemical techniques such as the precip: or 1 t-fixatian
reacttons One, a2 hemagglutinating antibody, appears mn the sera of tumor-
homografted mice comncident with the rejectron of the graft. Its presence

£011,
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of the host requires rapid multiphcation of the microbe, as with tumor
cells. The type-specific poly haride antigen ible for the disease
resides on the surface of the pneumococcus and 1t is to this locus that the
humoral antibody is directed. The effects of speafic antibody on the
microbe result in capsular swelling as can be shown in the traditional
Quellung reaction, an in vitro counterpart of in vive events, which intubits
reproduction and ensures lysis of phagocytosed organisms.

We would therefore suggest the of an anal rel hi
in tumor cell populations with the specific antigen residing at the surface
of the cell and the intervention of neutralizing antibody at this locus. The
effect of this interaction on the growth of the tumor cell appears to be
qualtatively similar to the result of interaction with its specafic antibody
on the growth of the pneumococcus. The mhbitton of tumor growth by
serum antibody 1 this sense, suggests that the actual homograft rejection
mechanism i this system, if sensiivity were nduced without killing the
mouse, could occur via delayed allergy This has been accomphished by
Mitchison (86 to 90) with the cellular transfer of accelerated rejection of
a solid tumor homograft (Sa 1) mn mice as discussed below. It should be
noted here, however, that he failed to demonstrate any effect of humoral
antthody 1n passively transferred immune sera upon this type of sold
tumor homograft. This finding fosters the conclusion that the umgque vul-
nerability of populations of discrete cells to the adverse effects of humoral
antibody is a function of their dissociated state.

Orthotopic skin homografts —The first attempts to transfer sensitivity
to orthotopie skin homografts employed serum and yielded uniformly nega-
twve results The basic intent of this type of experiment 1s to cause the
recipient to respond in the fashion of the donor who has been sensitized by
a specific individual’s tissues (1€, with a second-set reaction of accelerated
rejection) Billingham, Brent & Medawar (14) prepared immune sera in
nbred strains of mice sensitized with the tissues of the donor of the test
homograft The use of mbred strains precluded any non-spectfic absorption
of antibody from such sera They failed to transfer the capacity for ac-
celerated grait rejection with small or large doses (up to 5 ml per mouse)
of spectfic immune sera The recipients were mnjected with sera over a
period of 3 days before and 6 days after the application of the test homo-

graft. Peripheral blood from sensitized mice was also found to be ineffec-
tive

Billingham & Brent (11) later undertook an extensive restudy of this
problem with sitmslar negative results, despite the use of skin homografts
rather than intact cells to sensitize serum donors, Serum was obtained
from donors sensitized with first-set, second-set, or third-set grafts and
moculated intravenously, intraperitoneally, and subcutaneously nto non-

sensitive individuals without altering the behavior of the reciprent to test
homografts,
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ing antibody is concerned with homograft destruction, even of tumor cells,
but rather represents the expresston of a common antigen shared between
the fixed tissues (tumor, skin) and erythrocytes that are characteristic of
certain strains of mice

However, the biological effects of neutralizing antibody on dissociated
tumor cell populations have all the superficial appearances and behaviour
of an antibody that could indeed function as the instrument of rejection
of the transplanted tumor, Since the agents agarnst which the antibody
exhibits its antagonism are cells, therr failure to grow has been interpreted
as synonymous with rejection. In the animal undergoing primary stimula-
tion with tumor cells, neutralizing antibody may be viewed in the broad
sense as the cause of rejectton of the cells that initiate 1ts production. How-
ever, we would suggest that this potent humoral antibody does not function
to cause the accelerated rejection of tumor in the usual sense of that term
in the recipient of transfer, but rather 1t prevents the tumor from establish-
mg atself imtsally by inhibiting its growth Evidence to support this in-
terpretation is provided by Gorer’s (48) data on the critical role played by
time of admnistration in conditioning the effectiveness of serum transferred,
in inhibiting growth of tumor cells in susceptible animals. He found that
the intraperitoneal injection of serum containing neutralizing anhibody
suppressed the growth of tumor cells sub lated sub 3}
when given as long as 7 days or as short as a few hours before challenge
with tumor, However, when tumor moculation was followed by immune
serum 24 to 48 hr. later, the protective effect was less predictable.

Further evidence 1n support of this view 1s afforded by Gorer’s (4%
48) finding that the neutralizing effects of ymmune sera incubated with
tumor cells before the inoculation of the latter into a susceptible host, oc-
curs very rapidly This finding gains significance when compared to the
prolonged incubation (24 to 30 hr.) with immune serum obligatory for the
demonstration of any effect on dissociated epidermal cells seeded back on
to the donor sites (17, 18).

Gorer (48) and Woodruff (109) have suggested that humoral antibedy
in coattng tumor cells may opsomze the latter and facilitate leucocytic
action 1n synergistic fashion as antisera are known to opsomze bacteria

A clearer visualization of the distinction between mechamsms which
preclude the mitial “acceptance” of a homograft and those which cause
rejection subsequent to 2 pertod of residence, may be gained from a con-
sideration of events that follow pneumococcal mfection (74) If a suscept-
ible mouse 1s mnjected intraperitoneally with a Type I pneumococcus, rapid
reproduction of the microbe ensues and the mouse succumbs to an over-
whelming mfection If, on the other hand, the mouse 1s given type-specific
antiserum before the pneumococcal injection, the growth of the microbe
is intubited and the mfection never gets under way, The pneumococcus has
its own fastsdious growth requirements and to cause infection and death
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negative results. Their main criterion for semsitivity was the histological
evidence of diminished test graft survival, in addition to the degree of
vascularization They also attempted to cause rejection of established homo-
grafts in tolerant ammals by repeated injection of anti-CBA serum into
A stram mice bearing CBA grafts with negative results. Both Stetson and
Brent, in a discussion of these results, call attention to the differing criteria
used to detect successful transfer with serum as a posstble explanation of
the different results achieved [see (22)] Stetson, in this discussion, also
reports on his fatlure to transfer the capacity for rejection of grafts to
tolerant recipients of serum, and points out that he has found it difficult
or i ible to affect blished grafts in tolerant animals with 1m-
mune sera.

The observations of Good and his colleagues (38 to 41), on the pro-
longed retention of skin homografts in two patients (2 years, 14 months)
afflicted with ital ia has strengthened the inter-
pretation that classical humoral antibody is required for homograft rejec-
tion. This interpretation 1s based on the demonstration that such patients,
including the two under consideration, have the capacity to develop de-
layed allergy in the face of an imability to produce circulating antibody
(40, 41, 95).

It is not known whether serum antibody is indeed indispensible for
homograft rejection or whether prolonged retention of the grafts in these
individuals is a parallel reflection of their profound deficiency in immuno-
logical mechamsm. The case for serum antibody 1s weakened, as Medawar
has indicated (81, 83, 85), by the observations of Schinckel & Ferguson
(101) on fetal lambs. This species, despite a persistent natural agamma-
globulnemic state until after birth, possess an unimpatred capacity to re-
ject skin homografts.

The case for a parallel but unrelated deficrency of immunological mecha-
nism, is suggested by recent observations made on patients with Hodghin's
disease and uremia. Kelly, Good & Varco (59} have reported the prolonged
survival of skin homografts transplanted to patients with Hodgkin's dis-
ease The immunological defect m such patients 1s generally expressed by
a loss of the capacity to manifest sensitivities of the delayed type coupled
with an unimpatred capacity to produce eirculating antibodtes, In contrast
to agammaglobulinemic individuals, patients with Hodgkin’s disease usually
exhibit hyperglobulinemia. Dammin ef al (31) found prolonged survival
of skin homografts in patients with chronic uremia who had normal gamma
globulin and antibody levels, and were tuberculin positive as well,

Evience For Cere-Bounp Inumune Factors as Errrcrors
oF HoMOGRAFT SENSITIVITY
Swnce the similarities between tuberculin allergy and homograft sensi-
traty are multiple and course through the various phases of each immune
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The strongest evidence that classical humoral antibody may play a role
in the rejection of orthotopic skin homografts derives from the recent
experiments of Stetson (103, 104). Mice immunized with spleen cells in
Freund's complete adjuvant, were found to respond to a skin homograft
from the spleen donor with a “white graft” reaction of rejection. Serum
transferred from these animals caused recipients to respond to homografts
of the sensitizing individual’s skin with a “white graft” reaction, while
homografts from unrelated indwviduals were accorded a first-set Tesponse.
Similar experiments were performed mn rabbits with comparable results.

Stetson has underlined clearly and precisely the fact that the response
transferred by serum is a passive one and distinguishes it from the transfer
of the hanism of h ft rejection. He has stressed also the gap
between the demonstration of serum to cause a “white graft” reaction,
which he regards as a heightened, but as yet unknown, type of graft re-
sponse, and the conclusion that humoral antibody is indeed the effector of
homograft rejection.

Stetson’s experiments differ from those of Billingham, Brent & Meda-
war (11, 14) referred to above n three sigrificant aspects: (a) spleen cells
in Freund's adjuvant were used to tmmunize serum donors; (b) this pro-
cedure resulted in a “white graft” reaction mstead of accelerated rejection;
{c) the expression of homograft sensitivity transferred was a “white graft”
reaction

The immunological meanmng of the “white graft” reaction is stself
currently undergomng investigation and evaluation, This type of response to
foreign skin is evoked when )f between individuals of dif-
ferent species is undertaken and it is characteristic of the primary response
of non-sensittve ammals to heterografts, In transplantation of skin homo-
grafts between individuals of the same species the “white graft” can‘be
made to replace the usual response of accelerated rejection by shortening
the interval between the ymtial, first-set reaction and the application of
subsequent grafts This has been demonstrated i mice (14), rats (71),
and man (96, 97). As a variation of the d-set resp to skin trans-
planted to a specsfically sensitized mndividual of the same species, 1t differs
from accelerated rejection 1n the failure of initial vascularization of {he
graft before rejection occurs. The “white graft,” in its demonstrable in-
dividual specifieity and 1n 1ts requisite for prior sensitization, represents a

2! but as yet 1 pletely understood manifestation of horrfograft
sensttivity. It may be seen eventually as 2 mamfestation of a more intense
and heightened state of homograft sensitwvity than accelerated rejection
as suggested by Stetson (103, 104) and 1t could be brought about by an
Arthus reaction occurring in the capillary buds of the graft, as suggested
by Gell (104) .

Brent, Brown & Medawar (22) have recently used Stetson’s experimen-
tal design for attempts at serum transfer of homograft sensitivity with
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negative results. Their main criterion for sensitivity was the Iustological
evidence of diminished test graft survival, in addition to the degree of
vascularization. They also 4 to cause rejection of established homo-
grafts in tolerant ammals by repeated mjection of anti-CBA serum into
A strain mice bearing CBA grafts with negative results Both Stetson and
Brent, in a discusston of these results, call attention to the differing criteria
used to detect successful transfer with serum as a possible explanation of
the different results achieved [see (22)]. Stetson, 1 this discussion, also
reports on his failure to transfer the capacity for rejection of grafts to
tolerant recipients of serum, and points out that he has found it difficult
or i ible to affect d grafts in tolerant animals with im-
mune sera.

The observations of Good and his colleagues (38 to 41), on the pro-
longed retention of skin homografts in two patients (2 years, 14 months)
afficted with congenital agammaglobulinemia has strengthened the inter-
pretation that classical humoral antibody 1s required for homograft rejec-
tion This interpretation 1s based on the demonstration that such patients,
including the two under consideration, have the capacity to develop de-
layed allergy mn the face of an mability to produce circulating anttbody
(40, 41, 95).

It is not known whether serum antibody 1s indeed indispensible for
hotngraft rejectan or whether prolonged retention of the grafts in these
individuals 1s a parallel reflection of their profound defictency in immuno-
logical mechamism The case for serum antibody is weakened, as Medawar
has indicated (81, 83, 85), by the observations of Schinckel & Ferguson
(101) on fetal lambs This species, despite a persistent natural agamma-
globulinemic state until after birth, possess an unimpaired capacity to re-
Ject skin homografts

‘The case for a parallel but lated defi of i logical mecha-
nism, is suggested by recent observations made on patients with Hodgkin's
disease and uremia, Kelly, Good & Varco (59) have reported the prolonged
survival of skin homografts transplanted to patients with Hodgkin’s dis-
ease The immunclogical defect 1 such patients is generally expressed by
a loss of the eapacity to mamfest sensitivities of the delayed type coupled
with an unimpaired capacity to produce circulating antibodies In contrast
to agammaglobulinemic individuals, patients with Hodgkin’s disease usually
exhibit hyperglobulinemia  Dammin e af (31) found prolonged survival
of skin homografts in patients with chronic uremia who had normal gamma
globulin and antibody levels, and were tubercuhin positve as well

Evience For Ceri-Bouno Immune FAcTors As Errrcrors
oF HoMOGRAFT SCNSITIVITY
Since the simlarities between tuberculin allergy and homograft sensi-
tivity are multiple and course through the varions phases of each immune
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fespanse, it will be helpful to consider each phase under a separate head-
ing.

5 Induction of senstimty~A simlarity between the living agents that
md}xce tuberculin sensitivaty and these that induce skin homograft sensi-
twvity is suggested from the fact that both are composed of fairly uniform
populations of stowly dividing cells which, usually, do not overwhelm the
host Both celf types share in 2 characteristic complexity of struc-
ture which results in intricately arranged aggregates of antigens, each
capable of provoking an immune response dirceted against a particular
stereo-specific site In tuberculous infections, serum antibody directed agamnst
the polysaccharide antigen can be demonstrated, yet the tissue damage in-
curred has beent shown to occur in the absence of serum antibody arnd to
be the exclusive property of delayed allergy to tuberculin (9, 34, 36, 9).
We have discussed earlier the otcurrence of hemagglutinating antibody
following sensitszation to skin homografts, and the demonstration that
homograft rejectson can ocetr in the absence of this antibody (53).

The parallelism 15 furthered by the finding that extracted products of
the tubercle bacillus are capable of evoking seram antibodies and anaphy-
lactie semsitivity quste undike the state of delayed sensitivity produced by
the mtact bacillus This response 15 distet and separable from the induc-
twon of delayed allergy and is a testinionial to the fact that extracted prod-
uets of the tubercle bacillus are potent antigens (99, 100). A somewhat
analogous situation 1s produced when mtact tissue cells {tumor, skin} are
extracted by lyophifization. Whereas the mtact cells produce homograft
sensttivity, the extracted products produce tts opposite “enhancement,” a
reversal of response also associated with, and Iike, anaphylactic sensitivity,
dependent upon hugh titers of serum antibady (56t 58)

The route of sensitization employed alsa conditions the effects achieved
wrsth bactesial cells or with tissue cells In both snstances the intravenous
adminsstration of either cell type fails to produce sensstivity. It has been
shown for the tubercle bacillus, streptococeus, and pmeumococcus that
wntravenous admimstration does not result 1n delayed allergy to the speafic
microbe but 1n a state of immunity to mfection. To produce defayed allergy,
it was found to be abligatory that intact mucrobial cells be admumstered
subcutaneously, mtradermally, or mtraperitoneally (32, 55, 94, 105).

Medawar {79} was the first to observe that the production of homograft
sensitivity depended upon the route of admumstratian of the tissue cel}s
used as sensitizers He sensitized rabbsts wsth leucocytes and studied their
response to subsequent skin grafts from the leucocyte donor. In this study
it was observed that the intradermal myection of sensitizing leucocytes was
18 times more effectrve than the intravenous route This finding was fater
confirmed and extended by Billmgham & Sparrow {18} who substit'uttﬁ
dissociated eprdermal cells of the prospective skin graft donor rabbit to
sensitize recipents They found that the intravenous route was not only
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incapable of inducing homograft sensitivity (accelerated rejection) but
produced an opposite effect in the prolonged survival of subsequent skin
grafts. This effect was shown to be specific for the epidermal cells related
to the test graft. The efficacy of the intrapenitoneal and subcutaneous
routes in the production of homograft semsitivity by this means was also
confirmed.

This sort of finding both for bacterial and tissue cells suggests that the
access of an mducing agent to a particular population of reticuloendothelial
elements is a requsite for the development of delayed sensitivity. Another
interpretation could view the effects achieved by the intravenous route as
the result of sensitization and desensitization occurring pari passu. Some
support for the latter view 1s afforded by the climcal observation of dis-
appearance of tuberculin sensiivity in patsents with tuberculosis at the
time of blood stream invasion by the tubercle bacillus (99, 100).

MANIFESTATIONS OF SENSITIVITY

The Koch ph and 1 d ion—On a previous oc-
caston (63), we have suggested that homograft sensitivity in 1ts acquisi-
tion and manifestations bears a strong l to the Koch ph

observed 1n animals nfected with the tubercle bacillus.

In the non-sensittve animal, the mitial bland acceptance of the tubercle
baesllus, Jike the of the skm h ft, after a latent period of
10 to 14 days 1s superseded by an inflammatory response resulting in one
instance 1n the rejection of tubercle bacilli and host tissue, and 1n the other
1n the rejection of the graft In each situation, this antagonism to the spe-
uﬁc foreign cells 1s expressed with greater force and rapidity where the

y now d, prod the same result The pri-
mary event was thought to represent the acquisition of sensitivity to skin
homografts (first-set reaction) and the secondary event to represent the
man:festation of actively acquired sensitivity (accelerated rejection) on the
basis of timing, specificity, and the r for prior t

The “recall flare” reaction —Support for the above view may be found
m the “recall flare” reaction observed n humans by Rapaport & Converse
(96, 97) The “recall flare” 15 an erytt 'y Te-
action which occurs in quiescent sites of previously rejected skin homografts
coincident with the accelerated rejection of subsequent skin grafts from the
same, but not from other donors The temporal course of this reaction is de-
layed 1n type, with onset occurring 24 hr after accelerated rejection of the
specific graft 1s begun and subsiding at 48 hr. It has been likened ta 2 saular
flare-up of quiescent depots of streptococct 1n rabbit skin described by An-
drews, Derick, & Swift (8) and considered by them as a “Koch phenomenon”
provoked by the acquisition of delayed sensitivity to the streptococeus,

Med and his coll data) have recently observed
the “recall flare” i healed quiescent sites of rejected skin homografts in
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d

guinea pigs ing intensive hyperi ization with I from
the skin donor. It has similar characteristics as the reaction described in
human subjects.

The “recall flare” reaction may be said to represent a delayed type of
allergie inflammatory response to residual bacterial or tissue antigens it
specifically sensitized individuals in the process of active sensitization. As
such it strengthens the analogy drawn between the Koch phenomenon and
homograft sensitivity described above.

The delayed skin test to tissue antigens and the tubercubn reaction—
One of the imped. to a general of homograft sensitivity
as a manifestation of tuberculin type sensitivity has arisen from technical
differences inherent in the demonstration of the former response, Despite
other data supporting a similarity between the two responses, a degree of
tempered enthusiasm was required to visualize, in the act of accelerated
rejection of a piece of skin, the operation of the same machinery that
results in a delayed cutaneous reaction to tuberculin. This operational
deficiency has been remedied recently by Brent, Brown & Medawar (21,
22) with the perfection of an intradermal test which reveals the presence
of homograft sensitivity and 1s equated with accelerated rejection. In
principle, a recipient guinea pig (R) 1s sensitized to skin homografts from
the donor guinea pig (D). At the height of the graft rejection period (12
days) an intradermal test of (R) is performed with extracts of spleen or
Iymph node cells (antigen) prepared from (D). The sensitized animal (R.)
responds with a delayed tuberculin-like inflammatory reaction to the anti-
genic extract. The positive cutaneous reaction has its onset at 5 hr. and
reaches its maximum intensity at 24 to 48 hr. and on histological examin:f-
tion exhibits the classical charactenstics of the tuberculin reaction. This
response has been termed the “direct reaction” to distingwsh it from the
“transfer reaction” described by the authors and considered below. Living
donor cells are as effective in eliciting the “direct reaction” as extracts of
cells, The “direct reactron” has its specificity directed only against the
antigens prepared from tissue of the particular sensitizing donor (D).anfi
does not cross-react with antigens prepared from tissues of other indi-
viduals

The authors conclude that the “direct reaction” depends on 2 sta}e
of sensitivity specifically directed against the antigens used in the sk.m
test In this sense, the antigenic extract of tissues used as the test material
and the response evoked has a strong resemblance to the reaction ubscrve.d
in tuberculin-sensitive animals tested with an extract of tubercle b?cxllb
Both materials have the capacity to indicate by a positive skin reaction 2
specific state of acquired delayed sensitivity L

Cellular vesponses to homografts in diffusion chambers —The ingenious
and painstaking studies of Algire and his colleagues (1 to 4, 108) have done
much to clarify the role of cell-bound immune factors in the intimate
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aspects of homograft rejection. They devised a technique whereby the
target gta(t, plau:ed within chambers af graded porosny‘ can be observed
after int; to d mice. By
altering the chamber pore slze, the host's cel]ular ¢lements may be per-
mtted or denied access to the interior of the chamber. Under all circum-
stances, materials in solution are freely diffusible, passing in and out of
the chamber without impediment. In the sensitized animal, unprotected
target grafts were rapidly destroyed (3 days) while wdentical grafts pro-
tected by chambers impervious to the host’s cellular elements survived for
prolonged periods (11 to 21 days, 4 to 6 months). In a similar situation,
target grafts were placed in two types of chamber—one permeable and one
impermeable to leucocytes and macrophages. The grafts in cell-permeable
chambers were invaded and destroyed by host leucocytes and macrophages,
while the grafts in cell-impermeable chambers survived and remained
viable, This result occurred despite the demonstration that gamma globulin,
diphtheria antitoxin, eytotoxic antibody, and mouse antihemolysins could
be shown to pass freely into this type of chamber impermeable to host
cells Hustologic studies revealed a large variety of cells invaded m the
cell-permeable chambers, but not all participated in graft destruction The
authors conclude that the cells engaged in graft destruction are lympho-
cytes and the actual process of destruction does not entuil phagocytosts.
These rcsul(s were reinforced when target grafts were placed in cell-
and mice, it any
possibility of the host reac(mg against the graft. To the test chamber was
added spleen cells from mice sensitized to target graft and to the control
chamber was added an equivalent volume of spleen cells from nonsensitive
mice. Only the grafts in the chambers contaimng sensitized spleen cells
were destroyed and rejected, while the grafts in chambers containing non-
sensitive spleen cells survived unscathed. This series of experiments has
secured an array of cogent evidence to dcmans!rale that homograft destruc-
tion, in these cir occurred foll ion with
cells alone in the absence of any possible humoral factor,

TrANsFER 0F HOMOGRAFT SENSITIVITY BY MEANS OF CELLS
Anp CeLL EXTRACTS

The most signi! and d property cl istic of delayed
sensitwity is the uniform susceptibility of this response to transfer by cells
of the leucocyte series. The factual evidence for this statement and the
broader biological implications of the cellular transfer system have been
considered extensively in several recent reviews (26 to 28, 62, 64, 65, 67,
92). For the purpose of the present discussion it is sufficient to indicate
that a wide variety of delayed sensitivities occurring in animals (24 to 28)
and 1n man (60 to 62, 64, 67 to 69), have been transferred by means of
cells of the leucocyte series (eg, delayed semsitivity to bacteria, fungi,
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virus particles, simple chemicals, nervous tissues, and specific precipitates),
This unique property of delayed sensitivity gains force from the failure of
serum to transfer such responses and the failure of cells to transfer Arthus
sensitivity (37, 107), despite the ease with which the capacity for serum
antibody formation may be transferred by cells (25, 26, 51).

Mitchison (86 to 90) was the first to demonstrate that homograft
sensitivity (accelerated homograft rejection) 1s also transferred by means
of cells. His use of inbred strains of mice excluded the possibility of a
homograft reaction to the transferred cells The essential features gleaned
from this series of studses, using solid tumor (lymphosarcoma) to sensitize,
were as follows: the capacity for transfer was restricted to cells obtained
from drainmng lymph nodes (contralateral nodes, whole blood, spleen, and
peritoneal exudates, as well as serum were ineffective) of sensitized ani-
mals; 1t endured for three weeks after primary senstization; and the cells
concerned were inactivated by freezing and thawing When the temporal
relationship between the ap of k it g antibody and
homograft rejection was studied 1n sensitized donors and recipients of
cells, a dissocration of the two events was observed. In the actively senst-
tized animal hemagglutinating titers reached a peak 5 days after a first-set
homagraft had been rejected and 2 days after the second-set rejection.
Simularly, the capacity of cells to transfer each response was dssocrated
m the recipient The capacty to transfer hemagglutinin production occurred
fater after sensitization (14 days) than the capacity to transfer homograft
rejection (6 days). Mitchison (90) concludes from these studies that the
capacity for hemagglutinin production and the capacity for homograft
rejection are separable functions of the antigemc stimulus both in the
actrvely sensitized anmal and the reciptent of cell transfer, He regards the
two functions measured as parallel but unrelated events and favors the
interpretation that homograft rejection occurs via cell-bound antibody
analogous to delayed sensitivity of the bacteral or contact chemscal type.

The cellular transfer techmque was next applied to an analysis of skit
homograft rejection m mice with similar success by Billingham, Brent &
Medawar (14) The authors also used inbred strains (CBA) of mice for
donor and reciprent pairs, the donor differing from the recipient only'b)'
the presence of the immune factor (directed agamnst A strain skin)
carried by the sensitized leucocytes. Cellular transfer caused the recipient
to behave hke the sensitized donor to A strain skin, resulting acc?krattd
rejection The effective cells, as in Mitchison’s findings, were restricted to
the lymph nodes draiming the grafted area, or at furthest pomnt and to &
lesser extent, the spleen. Also, m confirmation of Mitchison’s results, whole
blood, concentrates of blood leucocytes, and serum were ineffective and the
capacity of effective cells was inactivated by grinding m a mortar.

An even more exacting d ation of this 1 property of
cells was subsequently afforded by the transfer of homograft sensitivity to
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tolerant mice by Billingham, Brent & Medawar (15). The CBA strain
reciptents of transfer had tolerated A strain shin grafts as autograits for
prolonged periods before transfer. When lymph node cells obtained from
a CBA animal sensitized to A strain skin were transferred to such tolerant
recsplents, the A stram skin graft in 3 to 4 days began to undergo prompt
rejection of the accelerated type. The identscal experiment when repeated
1n other tolerant mice, but using normal lymph node cells from a nonsensi-
tive CBA donor for transfer, resulted in a long latent period (15 days)
before rejection of the A stram graft.

Ths difference in temporal response confirms the notion that cells from
sensitized donors are primed to react against the target tissue and need
no instruction, whereas cells from non-sensitive donors require sensitization
before a response can be effected. This type of result has led the authors
to designate the homograft response following cell transfer as “adoptively
acquired immunity” They make the distinetion that recipients of cell
transfer differ from passively sensitized ammals (1e, via preformed anti-
body) in their capacity to give a secondary response and from actvely
sensitized anmmals in never having given a primary response.

Qne of the more pravocative findings the authers discuss relates to the
continual shedding of antigens by the tolerated skin homograft, as revealed
by active sensitization of non-sensitive cells upon transfer The likelihood
that normal tissues are constantly so engaged, makes it imperative that the
individual recogmze such antigens as “self” to prevent the rejection of
one’s own tissues 1n ke manner. How delayed sensitivity of the tuberculin
type itself may bring about an aberration in self-recognition will be dis-
cussed below.

The most recent work done by Brent, Brown & Medawar (21, 22) that
resulted 1 the development of a skin test (“direct reaction”) for homo-
graft sensitivity, has also shown that this delayed cutaneous reaction to
transplantation antigens can be transferred by cells obtained from sensitive
donors (“transfer reaction”) The “transfer reaction” 1s produced by drain-
ing lymph node cells obtained from ammals sensitized by skin homografts
upon intradermal mnjection back mto the donor of the skin graft By this
maneuver the donor tissues, comprising a mass of antigens, mteract with
the sensitized leucocytes bearing the immune factor with specificity directed
against that particular donor tissue, to result an a delayed cutaneous nflam-
matory reaction

The “transfer reaction” reaches a peak later (at 48 hr) and endures
longer than the “direct reaction” The concentration of smmune factor m
the presence of a large residue of antigen may account for the greater
mtensity of the “transfer reaction” compared to the “direct reaction”
where the concentration of reactants is reversed

The reaction has been shown to be specific for the tissues of the
individual used to sensitize; heating cells capable of transfer (4859C for
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20 min.) inactivates this property and the reaction cannot be transferred by
serum obtained from sensitive animals, Differing from earlier studies (14,
90, contralateral lymph node cells were observed to produce reactions as
strong as draining lymph node cells, probably an expression of the
heightened level of discrimination of the test system.

The authors conclude both the “direct reaction” and the “transfer reac-
tion” are manifestations of interaction between antigen and sensitized
Iymphoid cells. They point out that the demonstration of delayed cutaneous
sensitivity to homograft antigens and its transfer by specifically sensitized
cells and not serum, strengthens the analogy so frequently drawn between
homograft reactions and delayed sensitivity to bacteria and stmple chemicals.

A telling corollary of this type of experimental result has been achieved
in mice by Berrian & Brent (10). Here, advantage was taken of the fact
that tissue cells (spleen) can be prepared as antigenic extracts with full
capacity to mduce homograft sensitivity actively (16). Intact lymph node
cells, obtained from mice sensitized to X mouse skin, were incubated in the
presence of antigenic extract of X mouse spleen. Following incubation,
the intact cells were centrifuged and the supernatant extract tested for its
capacity to induce actively homograft sensitivity. It was found that antigenc
extracts incubated with the spectfically sensitized cells suffered an appreci-
able loss of capacity to induce homograft sensitivity, whereas treatment of
antigemc extracts with non-sensitive cells did not alter the antigenic activ-
ity. The authors interpret this result to indicate specific and selective ab-
sorption of the antigen(s) responsible for homograft sensitivity by anti-
body-like reactive sites created in or at the surface of sensitive lymphoid
cells It 15 postulated that such reactive sites are formed i the process of
sensitization and play a dominant role in the destruction of the homograft
to which specificaty 1s directed The role of serum antibody 1n this process,
if any, 15 viewed as a subsidiary one

The most recent successful application of the cellular transfer system
to the analysis of mechamsms of homograft senaitivity has been made i
human bemngs (70) It was found that skin homograft sensitweity (acceler-
ated rejection) was transferred to non-sensitive human recipients by means
of DNase-trested leucocyte extracts obtained from the peripheral blood
of adequately sensitized donors The techmque utilized involves repeated
transplantation of skin homografts from subject (A) to subject (B), the
prospective donor of ant1-A leucocytes Extracts of sensitive leucacytes are
mjected into the shoulder of reciplent (C) and cause the latter to respond
with accelerated rejection to a test graft from (A) while a control graft
from (D) is accorded a first-sct response. In these experiments, as had
been known for the transfer of delayed bacterral (35, 61, 64, 68) and {l{ﬂgal
(98) sensitivity with leucocyte extracts in man, the degree of scnsltlv}!}'
of the donor plays a critical role in condittoning the success and intensity
of transfer. For example, one homograft exposure was insufficient to
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sensitize donor leucocytes to transfer systemic sensitivity (ie, extracts
injected into the shoulder, test and control grafts applied to the forearm).
Two successive homograft exposures (a first-set and second-set respm‘xse)
were insufficient to sensitize donor leucocytes to transfer systemic sensitiv-
ity, but were sufficient to transfer local semsitivity (ie, leucocyte extracts
injected into the recipient in concentric, halo-fashion a2djacent to test and
control grafts). When, however, four successive homograft exposures
(first-set, second-set, third-set, and fourth-set) were used to senmsitize
leucocyte donors, the transfer of systemic homograft sensitivity was readily
effected. Neither serum from sensitized donors nor leucocytes from non-
sensitive donors were found to be capable of transferring homograft sensi-
tivity. No attempt was made to measure serum antibody in recipients of
transferred sensitivity in view of the megative attempts at serum transfer
and the d failure of peripheral blood 1 (40, 41) or
lencocyte extracts (68) to transfer the capacity for serum antibody produc-
tion in humans

The results of transfer of homograft sensitivity with leucocyte extracts
generally parallel the results obtained from simular transfer of bacterial
(35, 61, 64, 68) and fungal (98) sensitivity of the delayed type in man
The observations are interpreted to fulfill a judiciously formulated criterion
relating delayed sensitivaty of the tubercuhn type to 1 itivil
In addition, the successful use of leucocyte extracts in the transfer of
homograft sensttivity affords an to attempt identification of
the factor or factors (transfer factor) in sensitive human leucocytes con-
cerned and analysis of the mechanism whereby this is accomplished. A
step in this direction has been taken regarding delayed sensitivity to micro-
bial products (61, 64, 68, 69, 98) and some of the information secured with
the latter test systems has been 2pplied successfully to the analysis of
homograft sensitivity summarized above Although the precise biochemical
or immunological nature of the transfer factor has yet to be defined, cer-
tain properties of the biologically active material have been described
which suggest that this goal, although difficult, is not an impossible one.
Since the brological and immunological properties of transfer factor in
relation to delayed micrabial sensitivity have been reviewed in detatl else-
where (64, 65, 67, 91, 92) this material will not be recaprtulated here.

Of further interest to the problem of homograft sensitivity and its
relation to delayed sensitivity, is the fact that differences m the behaviour
of the ceflular transfer system in each have been recently resolved Medawar
(85), in an earlier review, painted out the restriction of cells capable of
transferring homograft sensitivity to Iymph nodes draining the grafted
area or, at furthest point, the spleen, departed from the expertence with
other delayed sensittvities wherein cells from lymph nodes, spleen, bload, or
peritoneal exudates possessed the capacity to transfer sensitivity. Subse-
quent studies by Brent, Brown & Medawar (21, 22) in the guinea pig indi-
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cated that cells obtained from contralateral Iymph nodes in sensitive ani-
mals were as effective as cells obtained from draimng lymph nodes, More
recently, unpublished work in Medawar’s laboratory has demonstrated that
intact peripheral blood leucocytes are as effective as dramning lymph node
cells in producing the “transfer reaction” in the guinea pig This result, in
an animal with the capacity to develop delayed sensitivity as a species
characteristic and the capacity of extracts of petipheral blood leucocytes
to transfer homograft sensitivity m human subjects described above, has
clarified this problem. It would appear that the differences 1n behaviour of
the cellular transfer system in homograft reactions arise from the degree
of sensitivity possible for vartous species (mouse, guinea pig, man) to
achieve, and the means of tmmunological expression at the disposal of each.

HOMOGRAFT SENSITIVITY AS AN IMMUNE RESPONSE
UNIQUE TO ITSELF

Thomas (106) has suggested that the immune mechanism inadvertently
uncovered by the inefficient attempts of mammals to eradicate bacterial
infectrons, and revealed by the rather unusual circumstance of one indrvidual
transplanting skin to another (a circumstance difficult to attribute to evolu-
tionary antictpation), evolved for a different purpose altogether. He
postulates that the aggregation of cells forming multicellular organisms
resulted in the evolutton of a mechamsm to recognize as foreign and to
destroy mutant cells derived from such populations This mechanism
acknowledges mutant cells as an inevitable accompaniment of organized
cellular populations; cells that, in fact, only infrequently overwhelm the
commuttity of cells i which the mutation occurs Thomas suggests that
the primary purpose of the mechanism which is inefficiently utilized to
eradicate bacteria or foreign tissue, may have evolved to prevent neoplasia
The recent general expertence that cell lines from normal ndividuals maim-
tained 1n culture for any period assume neoplastic characterstics, 1s cited
in support of this notion. Thomas would therefore prefer to view the homo-
graft reaction as a type of smmune response peculiar to tself, but of the
same genre as that utihized by the host to deal with bacteria, which is still
11 the process of definition.

DELAYED SENSITIVITY AS AN EXPRESSION OF
HOMOGRAFT SENSITIVITY
We have postulated recently (66) that the delayed type of allergic
inflammatory response may iself be a Ioca) type of homograft rejection,
madvertently undertaken by the host agamst his own tissues. The
(self + X) hypothesis has been sttmulated by the views expressed by
Thomas (106) and the unique behavior of transfer factor responstble for
delayed sensitivity in human spectes (61, 64, 68, 69, 92), and is based on
the following facts (a) the agents which result 1n intense and durable
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states of delayed itivity are ized by prol d i ul:
residence 1 the host—preferential for the tubercle bacillus, obligatery for
virus particles, and d ated for simple ch Is (33); (b) the reality

of the “self-marker” theorem of Burnet & Fenner (23) as demonstrated by
Billingham, Brent & Medawar (15) in the production of actively acquired
tolerance upon exposure to another’s tissues in embryonic life, The assump-
tion required relates to the formation of intimate complexes between the
intracellular components of the host (self) and the inducing agent (X).
Although not yet shown for bacteria or viruses, the combination with host
tissues has been shown to be obhigatory for the induction of delayed sensitiv-
ity to simple chemicals (33). Mitchison (87) was the first to call attention
to the similarity between a haptene-altered body protein complex and an
1so-antigen and suggest an analogy between homograft sensitivity and
contact sensittvity to chemicals,

The induction of delayed sensitivity is postulated as occurring when
dead and dying macmphages bearmg (self + X} comp!:xes upon phagocy-
tosis by host it 1 elements, are r d as shghtly foreign
and as something other than (self). This event, partially out of the ordinary
for the self-recogmtion system, induces the formation of an mmune factor
with specificaty directed not against (self) alone or (X) alone, but against
the (self + X) complex. It 1s suggested that this effector agent, a highly
speaific reactor site ressiding in or at the surface of sensitive cells of the
leucocyte series, may be the “transfer factor.”

The manifestations of delayed sensitivity are thought to occur wherever
and whenever the inducing agent or its products (X) are in combmation
with host tissues (self) In its simplest form, this may be visualized in the
mtradermal tuberculin test where epidermal cells, ordinarnily recognized as
(self) upon bemg coated \vlth (X), are recogmsed as a local group of
(self + X) dt ytes bearing the transfer
factor seek out and attempt to destroy the local group of cells—an act
viewed as a type of homograft rejection nvolving the host’s own tissues.
The similarity to homograft rejection is unmistakable in the Koch phenom-
enon m ammals and in cavitary tuberculosis m human beings. In these
situations the host, 1n attempting to reject the tubercle bacillus, mnadvertently
rejects his own tissues as well.

In an effort to interpret the behaviour of the transfer factor in human
species, 1t has been suggested that the donor transfer factor 1s taken up by
Teciprent macrophages to give the early expression of transferred sensitivity
As an alternatwve to the proposals of a self-replicating or transducing agent
to account for the prolonged duration of sensitwvity follow:ng transfer in
humans (61, 64}, 1t 15 suggested that the combination (donor kansf:r fac-
tor -+ X) may substitute for the tubercle bacillus tn the formation of a
{self + X} complex 1n the recipient, causing the latter to undertake the
production of his own transfer factor.
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In thi.s interpretation, the (self + X) complex, in causing the induction
and manifestation of a local type of homograft reaction by the host against
his own tissues, is not necessarily regarded as intense a stimulus as foreign
tissues may be Although proposed with delayed sensitivity of the bacterial,
viral, or simple chemical type as models (66), this concept has been ex-
tended to include autoimmune disease (67). Allergic encephalomyelitis
affords an explicit example where the virus infection or virus immuniza-
tion may function as (X) in the production of the 11 i
disease in man. In this example, the individual's nervous tissue supplies the
(self) required and, in reacting against the (self 4+ X) complex, portions
of the individual's own nervous tissue are rejected in the fashion of a
) graft. In the exp 1 disease produced in animals, the tubercle
bacillus in Freund’s adjuvant upon combination with host nervous tissue
may provide a more predictable (X) as substitute for the virus of the
naturally oceurring disease.

‘The (self + X} hypothesis in the context discussed is founded upon

the reality of the 1 onigins and of individuality and
should prove therefore susceptible of experimental attack.
CONCLUSIONS

In attempting to assess the immunological mechamsm of homograft
rejection, an effort has been made to evaluate the data in relation to the
type of homograft studied. Humoral antibody, as an effector of homograft
rejection, is most potent against dissociated tumor cell homografts. I¢ is
suggested that this unique vulnerability is a function of the dissoctated
state and rapid growth rate inherent in that type of homograft. On the
other hand, delayed sensitivity and cell-bound immune factors appear to
play a predominant role in the rejection of solid homografts. There is no
single piece of experimental evidence which makes this conclusion an
established fact, However, considered as an integrated whole, the isolate.d
pieces of information form a continuum preponderantly in favor of this
conclusion,

Nevertheless, a mutualfy exclusive selection of delayed sensitivity over
humoral antibody, or vice versa, 1s not warranted by the facts currently
available, nor would such a selection serve any useful purpose. Humoral
antibody may play a role in the rejection of orthotopic skin grafts, despite the
difficulties encountered to date in 1ts detection. From the evidence reviewed,
howaever, it would appear that the role would be a subsidiary one. .

Tt 1s not without nterest that the problem of identification of the spccllﬁc
antigen(s) and characterization of the specific antibady (jes) responsible
for homograft sensittvity would be greatly faciitated 1f the effective anti-
body were detectable in the serum The situation at present, hawewzr, E
such that the neatest facsumile to an antibody system for the analysis of
homograft sensitivity, as for delayed sensitrvity, is that afforded by cellular
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transfer. This system alone, in addition to bearing the immune factor or
factors which set in motion the events that lead to homograft rejection,
also contains the mechanism which produces that immune response. These
effects are dissociated 1n the temporal difference m homograft rejection in
tolerant animals confronted with nonsensitive cells as compared to sensitive
cells, and in the transfer of homograft sensitivity with leucocyte extracts
in human beings.

How homograft sensitivity has come to be viewed as a variant of
delayed sensmvlty and how delayed sensmvlty may be viewed as a variant
of y has been d d. That such views need not be
mutually exclusive; that they offer interesting ramifications; and that they
may suggest new hes to specific probl has been indicated
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Y. 7HE LE. CELL PHENOMENON"*

By Hatstep R. Houmax, M.D.
The Rockefeller Institute, New York, New York

The LE cell, which appears in the blood of patients with systemic Tupus
erythematosus (SLE), has proved of interest in two major respects. First,
study of the nature of the cell has led to the identification of 2 group of
antibodies to constituents of the cell nucleus, including deoxyribonucleic
acid. This constitutes the first example 1n human disease of an immunologi-
cal reaction involving the nucleus. Secondly, because these antibodies can
react with nut{lcar materials from the patient, they may be considered
autoantsbodies and they add to the growing number of autoimmune reac-
tions 1dentified in SLE. One of these antibodies appears to be responsible
for formation of the LE cell. Thus, the LE cell is the product of an auto-
smmune reaction involving the cell nucleus.

MORPHOLOGICAL AND HISTOCHEMICAL STUDIES

The LE cell was first described by Hargraves et al. (1). It appears in
the drawn blood of patients with SLE after that blood has been allowed to
stand for a matter of minutes. Haserick ef al. demonstrated that the LE
cell results from the action upon leukocytes of a substance in the patient’s
serum which migrates on electrophoresis with the y-globulin (2). Subse-
quent studies have identified the steps involved in the formation of LE
cells (3, 4). Initially, the nuclei of certasn leukocytes swell and become
homogeneous These altered nuclei are then extruded from the cell and
are phagocytized by other viable leukocytes. The latter leukocytes, con-
taimng the altered nuclei in their cytoplasm, are the LE cells Three
ingredients are necessary for this reaction: the serum factor (LE cell
factor), the nuclei to be altered, and leukocytes capable of i

TInitial studies of this ph were ducted b;
methods. Evidence was obtained which was interpreted as demonstrating
that ization of deoxyr ic acid (DNA) is the primary
cvent in the alteration of the nucleus (5). It was inferred that the serum
factor acti an i lular deoxyrib which in turn caused
the depolymerization (6). Recent detailed histochemical investigations by

'y
phagocy
by ‘hemieal

* The survey of the literature pertaining to this review was concluded in June,
1959

*The following abbreviations will be used* DNA (deoxyribonucleic acid) 3
DNase (deoxyribonuclease); LE (or L.E) lupus erythematosus); SLE (sys-
temic lupus erythematosus).
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Godman and his associates do not support these conclusions (7). They
have demonstrated that depolymerization does not oceur. Instead, the
initial swelling of the cell nucleus is accompanied by a striking rise in
ntranuclear protemn. They suggest that the LE cell factor induces its effect
by direct combination with a constituent of the nucleus, probably the DNA.

IMMUNOLOGICAL STUDIES

Auntinuclear antibodies~—Initial impetus to the study of the LE eell by
immunological methods was given by Miescher who observed that the
passage of isolated cell nuclei through serum from patients with SLE
removed or diminshed the ability of this serum to cause formation of LE
cells (8). Subsequent investigations have shown that the LE cell factor
reacts with whole cell nuclei and also with isolated nuclear deoxyribonu-
cleoprotein, which consists primarily of DNA and the basic protein histone in
salt linkage (9 to 12). Nucleoprotem quantitatively absorbs the LE cell
factor and, once coated with it, is phagocytized with formation of cefls
resembling LE cells Removal of either DNA or histone from the nucleo-
protein abolishes the reaction, as does substitution of hyaluronic acid or
polyethylene sulfonic acid for the DNA or substitution of protamine for
the histone, Thus, both DNA and histone are essential for the reaction
Nucleoprotein appears to be the constituent of the nucleus with which the
LE cell factor specifically reacts (13). Interestingly, prior exposure of
nucleoprotein to quinacrine hydrochloride (Atabrine Dihydrochloride},
which has some therapeutic effect in SLE, prevents subsequent reaction of
the nucleoprotein with the LE cell factor,

The LE cell factor s not the only factor present in SLE serum which
reacts with the conststuent of the nucleus, Other factors have been identified
which react with ssolated DNA, purified histone, and another unidentified
substance which can be removed from the nucleus by extraction with 0.1
ionic strength buffers (14, 15) These serum factors have been demon-
strated by the techmiques of complement-fixation (16 to 19), red cell or
latex particle agglutmation (20 to 22), precipitation (23, 24), and passive
cutaneous anaphylaxis (25) The factor which reacts with DNA yrelds
precipitin eurves when mixed with mereasing concentrations of DNA, and
forms precipitin bands with DNA in agar. The nature of the antigen
extracted from nucles with 0 1 tonic strength buffers 1s unknown, but it is
nesther DNA nor hustone. The antinuclear factors do not demonstrate esther
species or organ specificity; nuclear constituents isolated from various tis-
sues of animals and fish and from microorganisms have been reactive,

The different antinuclear factors can be separated one from another by
absorption of serum with nuclear constrtuents and by recovery from the
complexes formed with these constituents All, some, or none of the factors
may be present in any mdividual serum In general, the LE cell factor and
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the factor which reacts with the buffer extract of nuclei occur most fre-
quently. The factor which precipitates with isolated DNA is less common
and the factor which reacts with histene alone 1s rare, at least as 1dentified
by currently utihzed techniques (15).

All of the antinuclear factors migrate with the y-globulin on electro-
phoresis and sediment with the y-globulin on ultracentrifugation Two of
the factors have been isolated: the LE cell factor (13) and the factor which
precipitates with DNA (23, 26). The former may be obtained from its
complex with nucleoprotein by digestion of the complex with deoxyribo-
nuclease (DNase) followed by elution from the residue at 56°C or at
higher salt concentrations. The latter can be obtaned by DNase digestion
of the equivalence point precipitates from mixtures of SLE serum and
DNA. In each mnstance, the only serum protein recovered has been - glob-
ulin. These y-globulins have reacted letely with and been i
by antiserum to normal human vy-globulin The LE cell factor is stable at
pH 2 and pH 11 for 24 hr. and is inactivated at temperatures above 65°C.

our general types of methods may be used to demonstrate antinuclear
factors The first consists of identification of antibody y-globulin adherent.
to isolated nuclear constituents or to cell nucler in tissue slices after they
have been exposed to SLE serum. This can be accomplished by (a) react-
ing the test matertal with a labelled antibody to y-globulin and observing
the localization of the Iabel (12, 27 to 30), or (b) by reacting the test
materzal with an antiglobulin serum of known tater and measuring the drop
1n the titer after the reaction (31) An example of the former is the
fluorescent antibody method The latter is known as the y-globuln or
Coombs consumption method These are probably the most sensitive tech-
mques lable for the of y-globulin on nucles
However, because they identify all antibody y-globulin, they do not dis-
tinguish between the different antmuclear reactions. The second method *
consists of direct sdentification of an antigen-antibody reaction by fixation
of complement, precipitation, or passive cutaneous anaphylaxis All of
the antinuclear reactions in which the reacting nuclear constituegt has been
identified have fixed complement, though this may not hold true in the
future Only the reaction with purified DNA has given rise to precipitation
(the nucleaprotein with which the LE cell factor reacts 1s solid at physio-
logical salt concentrations and therefore can not enter into a precipitin
reaction). Passive cutaneous anaphylactie reactions have occurred only
with the LE cell factor and the factor wluch precipitates with DNA Thus,
pr and passive is are much less useful than
complement-fixation in evaluating the types of antinuclear factors present
1 an individual serum The third method eonsists of coating inert particles,
such as red blood cells or latex, with the antigen 1n question and observing
agglutination when these coated particles are exposed to antibedy These
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methods are useful because they permit easy titering of individual reac-
tivities. However, there are difficulties in attaining a reproducible coating
of particles with specific nuclear constituents. The fourth method consists
of observing the morphologic changes in cells induced by the antmuclear
antibody. This method appears to be applicable only to the LE cell factor.

The available evidence strongly that the antinuclear factors
are antibodies. The reactions into which the factors enter are immunological
reactions. The isolated serum factors possess both the physical and im-
munological characteristics of typical human antibody globulin, The serum
factors d ate ficity for i of the nucleus, which would
be expected of antibodies.

The most serious deficiency in the evidence that these factors are anti-
bodies lies in the difficulty which has been encountered in obtaining an-
alogous factors in experimental anmals. In some experiments (32), im-
munization of rabbits with various nuclear constituents, including their own
leukocyte nuclei, led to the appearance of serum factors which fixed com-
plement only with a protein of the nucleus which is not histone. None of
the experimental sera reacted with nucleic acid components of the mu-
cleus or induced LE cell formation, However, other workers have found

id of antibody fc ion to purified DNA i certain experimental
animals under certain conditions (32a, 32b, 33)., Miescher has published
evidence of very weak ability to form cells with some resemblance to LE
cells in the blaod of guinea pigs and rabbits immumzed with nucleoprotein
{34). More recently, he has subjected rabbits and guinea pigs to intensive
immunization with DNA and has obtaned some sera which react with DNA
by 1 fixation, 1 and passive anaphylaxis
(35). The identity of these serum reactions with those found in SLE serum
remains to be established. Nevertheless, it appears that under circumstances
of intense immunization some antibodies to nuclerc acid consnments.do
arise 1n experimental animals. It is possible that the difficulty in obtaming
experimental analogues of the LE serum factors lies in the fact that fhﬂ
ammals do not have the serious derangement of immune response which
appears to be present in the patients with SLE. .

Formation of LE cells—The existence of a group of antinuc]ea'r anti-
bodies suggests the possibality that more than one of these f.actors is cap-
able of inducing the formation of LE cells. This possibility cannot be
excluded, but the weight of evidence is against it. There is one repart that
the LE cell factor reacts with an intranuclear protein alone, but the
evidence presented in this report does not exclude participation of DN;&1
in the reaction (36). On the other hand, the serum factor which reacts wnt_
the buffer extract of nucler cannot induce LE cell formation, and therc‘ is

extensive histochemical and i 1 evid which s
that DNA is essential for the reaction of the LE cell factor (7, 9, 10, 13
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26). The available data therefore make 1t very unlikely that formation of
LE cells can be attributed to a serum factor which does not react with
DNA.

Seligman has suggested that the LE cell factor requires only DNA for
reaction and that the factor which precipitates with purified DNA is the
LE cell factor (26). The evidence for this suggestion lies in the recovery
of a y-globulin with weak ability to induce LE cell formation from the
equivalence point precipitates obtained by mixing certain SLE sera and
isolated DNA. Considerable evidence also exists against this hypothesis
The majority of sera which cause LE cell formation do not precipitate with
DNA. When the equivalence point precipitate 1s removed from mixtures
of SLE serum and pure DNA, the bulk of LE cell activity remains in the
serum. Gamma globulin d from equival point precipi has
been capable of LE cell formation only in a few instances, and the number
of cells formed 1s small compared to the reactivity of the original serum
Absorption of SLE sera with large amounts of DNA has not led to the
removal of the LE cell factor. Finally, removal of histone from nucleo-
protein, or sub of for histone, abolishes the reactivity of
the nucleoprotein with the LE cell factor.

Thus, the evidence obtamned from study of the reaction of the LE cell
factor and of the reactions of the other antinuclear factors indicates
that the factor which induces formation of LE cells requires both major
components of nucleoprotein, DNA and hustone, for reaction. This double
requirement distingwishes 1t from other antinuclear factors which react
with single nuclear constituents including DNA or histone separately, The
appcarancc of weak ability to induce LE cell formation in the y-globulin

d from equi point p of SLE serum with purified
DNA, cannot be doubted However, this appears to be a minor portion of
the total capacity of any individual serum to induce LE cell formation, An
explanation for this reaction might lie in a weak cross reaction between
the LE cell factor and DNA. An antibody requring two components of
nucleoprotein for complete reaction rmght be expected to react weakly
with one of these components alone It is possible that different LE cell
factors possess different relative affinities for DNA and histone and that
1n certain sera the affinity for DNA is stronger than in others Another
possibility which cannot be excluded is that the factor which reacts with
purified DNA possesses, on certain occasions, a weak ability to mnduce the
morphologic changes of LE cell formation In any event, two separate
serum factors anse in SLE which react with DNA, One reacts with DNA
alone and possesses little if any ability to induce LE cell formation. The
other reacts with the DNA and the histone of nucleoprotern and is respon-
sible for formation of LE cells.

The precise role of histone in the reaction with the LE cell factor is




236 HOLMAN

uncertain. The fact that recovery of the LE cell factor from a complex
with nucleoprotein requires removal of the DNA with DNase and then
elution from the histone-rich residue suggests that the factor actually
binds to histone. However, histone may simply function to hold the DNA
in proper configuration for binding and not participate directly in the
bond. Exact information about the nature of the bond would be of con-
siderable interest. Combination of the LE cell factor with both DNA and
histone might mean that the antibody has at least two combining sites
directed agamnst two different igenic sites. Such bisp ibod
while suspected in antisera to hapten-protein antigens, have not been proved
to exist. It is more likely that the LE cell factor combines with the nucleo-
protein at pomts of juncture between DNA and histone.

In addition to the LE cell factor, Aisenberg (36) has shown that
another serum substance 1s necessary for the phagocytosis step in LE cell
formation. This sub r bl ol in certain ways and is
present in normal serum. One instance has been reported in which the
addition of normal serum to SLE serum was necessary for LE cells to
appear {36a). The precise relation of this “phagocytosis-promoting” fac-
tor to complement is uncertamn. Complement, though fixed during the
reaction between antinuclear factors and nuclear constituents, 1s not neces-
sary for these reactions, Antinuclear factors can be completely absorbed
from serum by nuclet or nucleoprotein m the absence of complement.

The present data therefore suggest that the formation of LE cells 15
the result of an body to deoxyrib ! acting upon the
cell nucleus Antibodies to other nuclear constituents arise but appear
incapable of inttiating LE cell formation; they may contribute to the final
morphological appearance of the altered mucleus. An additional substance
present 1 normal as well as SLE sera is necessary for phagocytosis of the
altered nucleus. .

Anticytoplasmic and other abuormal immune reactions.~—SLE serum 1S
also capable of reacting by fixation of complement with substances m cell
cytoplasm (19, 37, 38). The reactive cytoplasmic materials have not yet
been 1dentsfied, and the task 1s made difficult by the fact that most methods
of separation of nuclei and cytop). will i the cytop!: with
the buffer-extractable nuclear antigen. Nevertheless, evidence has been
obtained that mitochondrsa (19, 38) and also a non-ribonucleic acid con-
stituent of microsomes are reactive (38) In view of the frequently positive
Wassermann reaction in SLE, the possibility has arisen that the Wasser
mann antigen is often the cytoplasmic antigen, However, this has not been
true for many SLE sera (38).

The anticytoplasmic reactions have been shown only by complement-
fixation, Precipiin reactions and passive cutaneous anaphylaxis have not
occurred in the reactions thus far studied. The anticytoplasmic factors mi-
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grate on el horesis and sedi on centrifugation with the y

Most have had a sedimentation rate of 7S while some have had a rate of
19S. However, nione has been isolated. Thus, the proof that the anticyto-
plasmic factors are antibodies 15 less complete than that for the antmuclear
factors

The 1 ibodies and the anti lasmic factors add to the
large numt o i ‘ ‘ < "TE Antibodies to
red blood telet agglutinins
{41), have sent which pro-

longs the clotting time, apparently by interfering with thromboplastin (42).
Another y-globulin often gives rise to false positive Wassermann reaction
(39)\2{: glomerular lestons 1n the kidney (27, 28, 43) and the periarteriolar
fibrosis (28) 1n the spleen are sites of depostion of y-globulin These
Tatter antibodies demonstrate cell or organ specificity and thus differ from
the antinuclear and anticytoplasmic_facfors which do not

AR ruioily mentioncd ceactions have been acteimmine seactions of
an immediate type An unusual skin reaction to autologous tissues also
exists which may be a delayed hy itivity of an type (44).
When patients with SLE are mjected intradermally with homogenates of
their own leukocytes, a lesion of erythema and induration appears at the
injection site, arsing about 15 hr. after injection and lasting up to 48 hr.
This skin reactyvity is i dent of the existence of lating antinuclear
or anticytoplasmic factors and 1s also independent of the state of disease
actwity. The time sequence of the reaction suggests a mixture of Arthus
and delayed reactions Considerable study remains to be done before the
nature of the reaction is known

In addition to the above reactions all of which involve the patient’s own
tissues, there is evidence of an increased responstveness to foretgn antigens
Thus, patients with SLE are known to develop frequent transfusion reac-
tions and are perhaps the most prolific producers of antibodies to rare blood
group substances (45, 46) There 1s also some evidence that they form
anfibodies to antinotics more frequently than do other patients {47). How-
ever, the reactivity with forexgn antigens has yet to be established in con-
trol studies using standard doses of known antigens.

The appearance of the LE cells has been reported 1n diseases other than
SLE With the probable exception of certan unusnal types of cirrhosis,
sometimes called “lupoid” hepatitis (48 to 51), the majority of these dis.
eases have been instances of hypersensitivity or diseases which fall into
the rheumatic drseases category Another probable exception 1s the “hydral-
azine syndrome” which remains 1 4 Antinucl have
been demonstrated by fluorescent antibody and complement-fixation tech-
niques mn scleroderma, dermatomyositis, theumatoid arthritis, and Sjogren’s
syndrome (15, 30, 53). They have also been found in one case of biliary
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cirrhosis, However, the antinuclear antibodies are present in the great
majority of patients with systemic lupus erythematosus but only in a
minority of those studied with the other diseases. Reactions with cytoplasmic
consfituents have been more frequent than the antinuclear reactrons, oc-
curring in cases of SLE, macroglobulinemia, biliary cirrhosis, cirrhosis of
unknown origin, and Sjogren's syndrome (37, 38). The data on incidence
of the reactions must be considered provisional because detailed surveys of
their appearance in many diseases have not been undertaken.

Titers of the antinuclear and anticytoplasmic factors and of most of the
other abnormal antibodies in SLE are highest during disease actiity and
di: or diminish during sp and therapeutic remissions.

Origin of the unusual antibodies.~The mechani ible for the
appearance of the large number of abnormal immunological reactions 1s not
understood. The profusion of unusual reactions makes it probable that the
basic abnormality lies in the immunological system. This system appears
to be hyperactive and to have lost its capacity to “recognize” autologous
tissttes. Thus, bodi hesi.

are sy 1 to many sub including
cell to which bodies do not arse mormally.
The alternative hypothesis, namely, that autologous cell constituents them-
selves are altered and made antigenic, appears less probable but is mot
excluded, The large number of cell constituents against which antibodies
appear would make 1t unlikely that a and nearly simul
change occurs 1n these constituents giving them new antigenic capacities.
However, the possibility 1s not excluded that a foreign agent, such as 2
virus, infects and alters the cell constituents, giving mise to a change in
their antigenicity. No evidence for this exists i human disease, but 5|{Ch
a change m antigenicity does occur m certamn bacteria infected with

bactertophage (54).
Patl ic signi)

of the ab ! reactions~The pathogenic

significance of the abnormal immunologic reactions is not known. It 15
likely that certain of the abnormal antibodies such as those to red blood
cells or platelets can give rise to the hemolytrc anemia or thrombocytopeme
purpura which occasionally occur in SLE However, there is evidence that
many of the other antihodies, m particular the antinuclear antibodies, can-
not enter a viable cell in wivo. Thus, LE cells are found in the circulfl—
tion only under extraordinary conditions of anoxia or circulatory stasis
Though the LE cell factor and pr bly other antinucl bod:

cross the placenta and enter the circulation of the fetus, no 11l effects have
been reported in children whose blood contained such antibodies for wgcks
after parturition (55) Examination by the fluorescent antibody technique
of the tissues of patients dying with SLE has failed to demonstrate local-
jzation of y-globulin on cell nuclei despite the antemortem presence of
ibodies in the circulati (27, 28). Fmally, preliminary

antinus
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evidence suggests that the antinuclear antibodies are incapable of inter-
fering with the growth of normal monkey kidney cells or Hela cells in
tissue culture (56). Thus, there is no direct evidence of a harmful effect of
the circulating antibodtes in vivo.

However, this possibility cannot yet be excluded. The hematoxylin
bodies which characteristically occur in SLE appear to be cell nuclei com-
bined with y-globulin. The origin of these bodies 1s unknows. If they result
from the penetration of normal cells by antinuclear antibodies, then they
will stand as evidence of an in zivo path ic effect of the bodies. On
the other hand, if they result from a combination of circulating antinuclear
antibodies with nuclear materials of cells dying or disintegrating in a nor-
mal way, they may not comprise evidence for such a pathogenic effect.

The weight of current evidence supports the view that the antinuclear
antibodies and anticytoplasmic factors are byproducts of an abnormal
immunological system, rather than decisive pathogenic agents themselves.
However, the abnormal immunological system may 1n some other way play
a role in pathogenesis.

Mackay and his associates have reported that sera from certain patients
with SLE, which were capable of complement-fixation reactions with
heteralogous tissue antigens, could not react with similar antigens prepared
from autologous spleen or muscle (57, 58) They postulate the appearance
of a protective mechanism which guards the patient’s tissues from po-
tentially harmful serum bodies. This intriguing ton, if true, would
have considerable bearing on the path ic actinity of the ab anti-
bodies. However, such a failure to react with autologous tissues clearly
does not apply to LE cell f , which ch i 1y involves the
patient’s cells, and has not been confirmed with other reactions. Sera from
more than thirty patients with SLE have been examined for complement-
fixation reactions against homogenates of their own leukocytes (44). All
which fixed complement against heterologous tissue antigens also did so
against autologous antigens. The antigens n the latter studies contained
both nuclear and cytoplasmic materials, The antigens in Mackay’s studies
appear to have contained at least cytoplasm and the buffer extractable
nuclear antigen The postulated protective mechanism also probably does
not account for the absence of antinuclear or anticytoplasmic achivity in
some SLE sera, for these sera have usually been studied with heterologous
antigens Nevertheless, the suggestion 1s of sufficient theoretical interest
to ment careful evaluation.

Another observation pertinent to the problem of pathogenesis is the
finding of low serum complement levels in SLE (59, 60). The mechanism
of this depression is unknown. It is possible that the depression is a result
of antigen-antibody reactions in viwo which are consuming complement
and therefore constitutes evidence that such reactions oceur. However, it
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may reflect abnormalities in the production of complement or the presence
of inhibitors.

Summary —In larger numbers than in any other disease, abnormal
autoimmune reactions have been demonstrated in SLE, The reactions
involve many different constituents of cell nuclex and cytoplasm an antibody

)

which reacts with nuclear deoxyrib ) is ible for LE
cell formation The mechanism whereby the abnormal antibodies arise 15
k , and present evid is fhi to mneriminate these antibodies

1n the production of the major pathological lesions of SLE.
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NEOPLASTIC DISEASE: HORMONE-PRODUCING
OR HORMONE-DEPENDENT TUMORS!

By O H. Prarson, M.D, A. G. Pazranos, M.D, AN
J. M. DominGuez, M.D.
Memorsal Center for Cancer and Allied Diseases, New York, New York

‘This review is an attempt to describe certain developments in this field
within the past year or so which appear to have particular significance to
the authors, and is not intended to be an encyclopedic coverage of the
Iiterature. Only occasional references will be made to animal studies which
seem to be pertinent to the problem of tumors in man.

HormoNE-DEPENDENT TUMORS

The concept of hormone-dependence of cancer began with the observa-
tions made by Beatson (1) that removal of the ovaries in premenopausal
women with breast cancer could preduce temporary regression of the can-
cer in some instances, and by Huggins & Hodges (2) that orchiectomy
would induce remissions in men with prostatic cancer These observations
led to extended studies of the role of hormones 1n the origin and control
of abnormal and neoplastic growth, both in man and in animals (3, 4).

‘The relationship of endocrine factors to the mmtiation and subsequent
growth of experimental neoplasms in animals has been under extensive
study during the past decade. The evidence for a role of hormones in
tumorigenesis 1n experimental ammals 1s impressive, Neoplasms of the
anterior pituitary, adrenal cortex, ovary, testis, mammary gland, uterus
and vagina, lymphoid organs, liver, prostate gland, and the cutaneous
t1ssues have been induced by al i m the endoeri; it {5).
The exact relationship of these observations, however, to the dcvelopment

of human cancr 15 not clear. There is no clear-cut evidence that hormones
are carcinogenic 1 man Nevertheless, the experimental neoplasms present
convenient models for study, and there may be no fundamental biological
dissimilarity between animal and human neoplasms.

One of the most interesting developments in the study of animal neo-
plasms 1s the concept of “hormone dependency” The same endocrine
alterations which are necessary for the induction of tumors have been
found to be at least contributory and, m some cases, essential for the con-
tinued growth of the neoplasm An example of this type of neoplasm is
the pIc pituitary )! duced by Furth (6) in mice after
thyroidectomy. Pitintary tumors induced by deprivation of thyroid hor-
mone are iitially transplantable only to athyroid recipients. These are

5‘ The survey of the literature pertaining to this review was concluded in July,
1959

243



242 HOLMAN

Deicher, H,, Holman, H, and Kunkel, H, Arthr. and Rheumatism, 3 (Feb
1960)

Harvey, A, M, Shulman, L, Tumulty, P,, Conley, L. C, and Schoenrich, E,
Medicine, 33,291 (1954)

Van Loghem, J., van der Hart, M., and Borstel, H., Vor Sanguinis, 2, 257
(1957)

. Weunreich, J., Vox Sangtinis, 2, 294 (1957)
. Lee, S, and Sanders, M, J, Clin, Invest, 34, 1814 (1955)

Taft, L, Dineen, J,, and Mackay, I, dusiralasian Ann. Med, 7, 5 (1958)

Holman, H, and Deicher, H. (In preparation)

Callender, S, and Race, R, Ann Eugenics, 13, 102 (1946)

Waller, R, and Race, R, Brit Med J., T, 225 (1951)

Muelling, R., Beven, T., Samson, R., Jenevenn, E., and Guillory, J, dm J.
Cln, Pathol., 29, 503 (1958)

Joske, R., and King, W., Lancet, 11, 477 (1953)

. Bearn, A, G, Kunkel, H G, and Slater, R, ], dm J. Med, 21, 3 (1956)

Mackay, I R, Taft, L I, and Cowling, D, C,, Lances, I1, 1323 (1956)

. Batholomew, L, Hagedorn, A, Cain, J, and Baggenstoss, A, New Engl I

Med, 259, 947 (1958)
Perry, H, Jr., and Schroeder, H, J. Am Med Assoc, 154, 670 (195%)
Friou, G, Ann Internal Med, 49, 866 (1958)

. Uetake, H, Wakagawa, T, and Akeba, T, J. Bacteriol, 69, 571 (1955)
. Nathan, D. J., and Snapper, 1, dm J. Med, 25, 647 1958)

Holman, H., and Nemes, M (Unpublished results)
Mackay, I. R, Larkin, L., and Burnet, F M, Lancet, 1L, 122 (1957)
Mackay, I R, and Larkin, L, dustralosan Ann Med, 7, 251 (1958)

, Wedgewood, R., and Janeway, C, Pedutrics, 11, 569 (1953)

Willams, R, and Law, D, J Lab Clin, Med, 52, 273 (1958)



HORMONE-RELATED TUMORS 245

of 70 patients Of this group, 37.4 per cent had objective remissions Jastmg
at least 6 months and averaging 124 months The average survival after
adrenalectomy for the remission group was 21.4 months, as compared to
63 months for the fallures Other investigators (13 to 16) have obtained
similar results. The adrenal cortex is known to be a source of endogenous
estrogen productton (17), and there is presumptive evidence that adrenalec-
tomy induces improvement in patients with metastatic breast cancer by
withdrawal of estrogens. Thus, premenopausal patients with breast cancer
who fail to benefit from cophorectomy, rarely, if ever, obtain benefit from
adrenalectomy; whereas pattents who obtain remission from cophorectomy
may obtain further imp: from adrenal (11)

Luft, et al. (18) have presented i lete end results of hypoph -
tomy in pattents with metastatic breast cancer. Results were evaluated in
47 of a total of 59 women Objective remussions were induced in 57 per
cent of the patients for a mean duration of about 17 months. The mean
survival time 1n the remisston group was 208 plus months, with 8 of 27
patients still Iiving, as compared to 83 plus months in the failure group
with 1 of 20 still alive. Pearson & Ray (12, 19) have presented end results
of hypophysectomy 1n 89 patients with metastatic breast cancer. Forty-two
per cent of their patients had objective remissions lasting at least 6 months
and averaging 165 plus months, with 3 of 37 patients still in remission.
The mean survival time i the remission group was 24.5 plus months, with
8 of 37 patients still hving, as compared to a mean survival time of 56
months m the falare group. Atkins (20) has compared the results of
adr and hypopt in patients with metastatic breast can-
cer and ded that “in hypoph tomy we have a therapeutic measure
which 15 almost certainly as good as, and may be better than, adrenalectomy
with eophorectomy.” Pearson & Ray (19) have made a similar comparison
They found that the incidence of remission was not significantly different
with the two procedures. The average remission was 4 plus months longer
in the hypophysectomy series, but this difference was also not statistically
significant. In one setting, hypophysectomy appeared to be superior to
adrenalectomy, namely, in the response of patients who had previously
obtarned remussions from cophorectomy. In this series, 87 per cent aof such
patrents obtained further benefit from hypophysectomy, whereas only 50
per cent were improved by adrenalectomy. This difference was statistscally
significant at the 5 per cent level. Kennedy, ef al, (21) have also observed
a high incidence of remissions in this type of patient.

Pearson & Ray (12) have administered human growth hormone and
estrogens to patients with breast cancer who appeared to be improving
after hypoph Estrogen ad o five patients after hypo-
physectomy failed to tnduce exacerbation of tumor growth, suggesting that
a factor from, or mediated by, the pitmtary i1s necessary for estrogen
stimulation of tumor growth Human growth hormone admmstered to five
Patients after hypophysectomy appeared to mduce stimulation of tumor
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“conditional” or “dependent” neopl In the thyroid d host, the
growth of the tumor is progressive, but if thyroid hormone 1s supphied, the
tumors regress and disappear. During the course of transplantation throngh
ntew hosts, but not in the original host, the neoplasms acquire the capacity
to grow 1n hosts with functioning thyroid glands and are then “autonomous ”
In the study of models of this type, Furth (7) postulates a sequence of
changes from a normal cell to hyperplasia, to dependent tumar, to autono-
mous tumor still responsive to hormones, and finally to full autonomy. Both

and dependent tumors can tasize, D dent tumors can
be arrested by restoring to normal the specific regulatory mechanism which
was disturbed.

In man, there is a high incdence of cancer involving organs which
are under direct endocrine regulation; namely, breast, uterus, ovarres, and
prostate. Although the relation of hormones to the origm of these cancers
is unknown, the role of hormones in their subsequent growth is of con-
siderable theoretrcal and practical importance.

Breast cancer~—In the past few years considerable attention has been
given to the removal of endocrine glands in patients with metastatic breast
cancer n the attempt to obtain remissions There now seems to be general
agreement that oophorectomy tn the pr g 1 pattent with 1
breast cancer 1s a more effective palhative procedure than the admimstf&
tion of hormones, such as testosterone. Evidence has been presented whlc‘h
suggests that the tumor regression observed following oophorectomy IS
attributable to withdrawal of the major endogenous source of estrogens
(8) Treves & Finkbemner (9) have reported the results of oophorectomy
m a sertes of 143 premenopausal patients with metastatic breast cancer
Forty-four per cent of these patients obtained objective remissions of thert
disease for an average persod of 14 plus months and a median period of 9
months. In the postmenopausal patient, oophorectomy will occasionally pro-
duce a regression of the cancer, but the incidence of improvement is so Tow
that this tmodality of therapy alone is not recommended. Although the
ovaries may continue to produce some estrogens after the menquuse,
their contrsbution to the total estrogen production may not be sufficient to
produce 2 significant alteration in estrogen levels following ablation of
these glands.

It has now been amply d ated that adr
regression of metastatic breast cancer in some patients who have prevxousfy
been castrated. Stmlarly, combined ablation of ovaries and adrenal glands
m postmenopausal patients will mnduce objective improvement comp:{rable
to the results obtained from oophorectomy alone in premenopausal pa!lenlsz
Dao & Huggins (10) have presented the final end results 1n their ‘.érsl 5
patients. Forty per cent of therr patients obtained ubject.lve remisstons
The average survival after adremalectomy for the remission group was
278 months, as compared to an average of 49 months for t'hc failure
orann Lipsett et gl {11, 12) have presented symilar end results in a group

1 y will mduce
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tomy, whereas in others b failed to i the growth
of the cancers. It is hoped that these induced tumors may serve as useful
models for laboratory studies.

Prostatic cancer—Orchiectomy and estrogens produce worthwiile
temporary remissions in a high percentage of pattents with prostatic cancer
(33). Attempts to extend this palliation by adrenalectomy have, for the
most part, been d:ssppumtmg (34 35). Although significant remissions
have been observed adrenal , the inci and duration of
the improvement have not been sufficient to recommend its routine use. Hy-
pophysectomy is also being explored as a possible means of extending
palliation in these patients (36). Prelminary observations indicate that
worthwhile benefit can be obtained in some patsents, but further observa-
tions are needed before its usefulness can be assessed. Brendler & Winkler
(37) have demonstrated symptomatic improvement in cases of disseminated
prostate cancer, but no objective regression of lesions following the ad-

of handrol (19-nor 17g-ethyl). In con-
trast to the usual effect of testosterome, the administration of norethan-
drolone was followed by signifi reductions in urinary 17-

ketosteroids. Their work suggests that androgenic 17-ketosteroid values do
not constitute an index of prostatic cancer activity, as suggested by other
investigators (38, 39).

Endamew cancer—Baker (40) has recemly repurted that he has
obtained temporary objective regression of ial carcinoma
m 5 of 15 pattents with the use of progesterone. Remissions have been
sustained for periods from 3 months to 4 years. Progesterone was adminis-
tered in doses up to 1000 mg. per week. This observation suggests that the
growth of human endometrial cancer may also be at least partially de-
pendent upon the endocrine environment.

Hormone-PropucinG Tumors

Thaca hava haan avieas’os 4230 L5 1 a1 ..

of neoplastic cells. Cancer of endocrine organs may or may not retain the
capacity to produce hormones, and the capacity of neoplasms to produce
hormones Is not necessarily related to their growth rate or invasiveness.
Steroid hormone excretion patterns have been studied in patients with
adrenal cortreal carcinoma (42, 43), Although marked quantstative altera-
tions n the urinary excretion of hormone metabolites have been found,
no qualitative change has been found which is characteristic of malignant
cells Hormone production by adrenal cancer may or may not be influenced
by inistration of corti in. Liddle and (44) have re-
ported results of a suppression test in patients with Cushing’s syndrome
which appears to be useful in distinguishing between tumor and hyper-
plasia of the adrenal cortex. A’9aFluorohydrocortisone in a dose of 8 mg
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growth in two patients. However, the latter two patients failed to obtain

ignifi rernissi from hypaphy , whereas the patients in whom
growth hormone produced no untoward effects did obtain objective remis-
sions. In two patients, combined administration of estrogens and growth
hormone also failed to induce reactivation of tumor growth Thus, the
mechanism by which hypop} 1y induces remissions in patients with
breast cancer remains obscure.

Lemon has reported results of therapy with cortisone {22) and predm-
sone (23) 1n combination with oophorectomy and thyroid in patients with
metastatic breast cancer. He observed objective “palliation” in 62 per cent
of the cortisone-treated patients and in 48 per cent of the prednisone-treated
cases. The average remission time was 7.7 plus months and the average
survival time of the remissions was 9.3 plus months in the cortisone-treated
series. The mean duration of remission was 9.7 months in the prednisone-
treated series. Lemon believes that oophorectomy combined with eortical
steroid therapy rivals the results of adrenalectomy or hypophysectomy.
Cortisone, or its analogues, is often useful in treating critically ill patients
with breast cancer who have hypercalcemia (24) or intracranal metastases
(25), but the remissions are usually of short duration.

The use of androgens and estrogens 1n the palliative treatment of breast
cancer 1s well established, It 1s also apparent that both of these sterod
hormones can produce acceleration of tumor growth in some cases (8, 26).
Preliminary studies of the effects of androgens and estrogens after hypo-
physectomy suggest that these steroids lack both their stimulatory and
whibitory effects on the growth of mammary cancer in this setting (12).
This would suggest that the action of these hormones 1 inhibiting tumor
growth may be idirect, mvolving the endocrine glands. Analogues of the
sex steroids are being studied 1n the hope of finding some that may have
greater antitumor effects or less side effects. 19-Nortestosterone (27) a'“d
9a-bromo-11-ketoprogesterone (28) have been found to be less effective
than testosterone. Kennedy (29) has reparted objective improvement i
37.5 per cent of 48 patients with breast cancer with the use of 17—m§th)fl-
9efluorotestosterone. In doses of 20 to 40 mg. by mouth daily, the yiriliz-
1ing effects seemed to be somewhat less than with testosterone.

Attempts to deterrune the hormone responsiveness of mammary can-
cer in women prior to therapy have yielded mostly negative results HO.I-
lander et ol. (30) have studied an estrogen-sensitive transhydrogenase in
breast cancer tissue and have found this enzyme to be present in 42 per
cent of the cancers studied. Prelimimary studies suggest that the presence
of this enzyme may be indicative of hormone responstveness in vivo. .

Attempts to obtain laboratory animals with mammary cancers which
might serve as models for the human disease have, for the most part, been
unrewarding. Huggms ef al (31, 32) have induced mammary carcinomas
in the rat by the oral admi 1on of 3-methylcholanthrene, Many of the
induced regressed pr dly after ovariectomy or hypophysec-




HORMONE-RELATED TUMORS 249

tumor by x-ray fon prior to Objective evidence
of a pitmtary tumor appeared two to eight years after adrenalectomy for
hyperplasia of the adrenal glands. These patients developed deep pigmenta-
tion of the skin, and had elevated plasma ACTH levels which were more
difficult to suppress with intravenous cortisol than the elevated ACTH
fevels in patients with Addison’s disease, Histology of the pituitary in ene
patient resembled most closely a ct hobe adenoma have
been induced 1n patients with Cushing’s syndrome by partial or total hy-
pophysectomy (58 to 63). This suggests that the primary disturbance is
in the pimtary, at least 1n some patients with Cushing’s syndrome Hamwi
{64) has observed a patient with Cushing’s syndrome caused by adrenal
hyperplasia tn whom total hypophysectomy failed to alleviate the adrenal
hyperfunction. This suggests that in some instances the adrenal cortex
may produce hydrocortisone 1n the apparent absence of ACTH.

Brief mention should be made of the more unusual syndromes associated
with hormone-producing tumors of the endocrine glands. Primary hyper-
parathyroidism is commonly caused by one or more parathyroid adenomas,
but rarely are four adenomas of the parathyroids found, as described by
Moldover ¢t af (65). Fy ing parathyroid are an even
rarer entity. Cook (66) points out that there are only 22 cases m the world
literature to date of hyperparathyroidism secondary to earcinoma of the
parathyroid gland. The effect of parathormone on calcium and phosphorus
metabolism 15 well known In addition, it may have a direct effect on redue-
ing magnesium stores 1 the body, as recently reported by Agna & Gold-
smith (67) In conswdering the diagnosts, the famihal 1ncidence of hyper-
parathyroidism should not be overlooked (68)

Unti} recent years the diagnosis of pheochromocytoma was often diffi-
cult to establish, With the advent of a method for measuring catechol
amines 1n body tissues and fluuds (69), the diagnosis of this tumor of the
adrenal medulla has been greatly simplified Scattered reports i the Litera-
ture of famihal pheochromocytoma (70 ta 74) suggest a possible genetic
mechamsm The frequent association of this tumor with neurofibromatasis
15 further evidence for a genetic implication (73 to 77).

Among the less common tumors of the adrenal cortex are adenomas
which secrete primanily aldosterone. Since the syndrome of primary
aldosteronsm was first described by Conn & Lows (78) and by Conn (79),
a great deal has been written about 1ts chinical mantfestations and its path-
ologic physiology This subyect has been reviewed recently by August (80).
It has been repeatedly stated that edema does not occur 1n this syndrome.
However, a well-documented case in which edema was a primary feature
has been described (81),

More common endocrine tumors are those arising from pancreatic islet
cells and producing the syndrome of hyperinsulinism, The diagnosis may
be overlooked for a long persod of time since these patients are often thought
to be psychotic, as pomnted out by Marshall (82), Doorly & Martin (83), and
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daily is administered for 48 hr. The urinary excretion of 17-hydroxycortico-
steroids is not suppressed in patients with cancer, whereas it is regularly
suppressed in patients with hyperplasia of the adrenal cortex.

Hormone production by malignant neoplasms may be a useful index
in the exploration of chemotherapeutic agents. Chemical agents capable of
blocking hormone production may be active in malignant hormone-producing
tumors without influencing the growth of the tumor. Thus, amphenone
(3,3-bis(P-aminophenyl) butanone-2) has been shown to inbit sterodo-
genesis in patients with adrenal cortical carcinomas without apparent effect
on the growth of the neoplasm (45 to 47), Amphenone mhbits the produc-
tion of both 11-oxyketosteroids as well as the 11-deoxyketosteroids Another
compound, 2-methyl-1,2 bis(3-pyridyl)-1-propanone (SU-4885), has been
found to inhibit 118-hydroxylation of steroids by the normal adrenal cortex
as well as by carcinoma of the adrenal cortex (48, 49). In a patient with
adrenal carcinoma, SU-4885 produced a striking decrease of all the 11-
o: ed steriods ined This was ied by a roughly equiv-
alent increase 1n the bolites of Reschstein’s sub #8. There were
changes in the patient suggestive of adrenal insufficiency but there was no
evidence of inhibition of tumor growth. On the other hand, Bergenstal
etal (50) bave reported both suppression of adrenal function and regresston
of adrenal cancer with the use of ortho, para’dichlorodiphenyl dichlosethane.
Thus, there is emergmg a group of chemical compounds which show promise
for the eventual control of adrenal h duction as well as infubi
of neoplastic growth

Recent reports indicate that the thyroid gland under certain circom-
stances may continue to produce thyroid hormone 1n the absence of the
pituitary thyrotropic hormone Werner & Stewart (51) and Fajans (52)
have reported the occurrence of hyperthyroidism 1n patients with panhypo-
prturtarssm. Gurling ef af. (53) have observed the development of 2 toxic
nodular goiter 1n a patient who had undergone apparent total hypophysec-
tomy Becker (54) has reported the failure of suppresston of thyroid func-
tion after hypophysectomy 1n two patients with Grave’s disease. }’ears‘on et

production of thyroid hormone. One pattent had a previous history oL iy~
rotoxicosts and two appeared to have normal thyro:d glands. ‘The observa-
tions that hyperthyrowdism may develop inn the absence of the pstmtary fiotS
not necessarily mean that hyperthyroidism 1s always unrelated to the pitut-
tary. Bottani (56) has shown that serum TSH levels are sometimes normal
and sometimes markedly elevated 1n patients with hyperthyroidism
Nelson ef al (57, 57a) have reported the development of adre{locoﬁlcu—
trophic harmone secretory tumors of the pituitary gland 1n patients :’\'ho
had previously undergone bilateral adrenal for the treatment of
Cushing’s syndrome In three pattents there was no evidence of pituitary
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In general, masculmizing ovarian tumors are not associated with
markedly elevated 17-ketosteroid excretion. Cohen (111) pointed out that
the cortisone suppression test may be useful in differentiating between
masculinizing ovarian tumors and adrenal hyperplasia. Another useful
differentiating test is the chromatographic separation of urinary 17-keto
steroids Keller ef al (112) observed ive amounts of dehydroepi:
drosterone in a case of vinlizing adrenal tumor, whereas this fraction is
not elevated 10 cases of masculinization associated with gonadal tumors,

inization may, paradoxically, be produced by i ial cell tumors
of the testicle, when these tumors occur in adult life, Approximately twelve
cases of this type have been described (113 to 115). Generally, this syn-
drome is ch: ized by bilateral g i loss of libido,
and sterility, Magendie ef al. (116} described ome case in which only
gynecomastta was present. In the cases i which urinary estrogens have
been studied, the values have usually been above the normal range for
males. This same paradox has been demonstrated in the experimental ammal
by Huseby (117} and by Gardner (118), who showed that interstitial cell
tumors in the mouse were capable of both androgen and estrogen production.
Sertoli cell tumors of the testicle may also produce femmization (119 to
121). Although rare in the human being, this tumor, interestingly enough,
appears with relative frequency in the dog (122). Only one case has
appeared in the world literature of granulosa cell tumor of the testicle with
high estrogen production and feminization (123) Simlarly, feminization
may occur in patients with testicular choriocarcinoma (124, 123).

Approximately 35 cases of femimzation in the adult male have been
deseribed (126) associated with adrenocort:cal carcinoma. Of unusual
nterest 15 Smaith’s recent report (127) of adrenal tumor presenting as
isosexual precoaity in a girl 534 years of age. The level of 17.ketosteroid
excretion suggested the presence of a tumor Of particular importance in
this case was the absence of signs of Cushing’s syndrome or of abnormal
virthsm, and the gross similarity clinically to true precocious puberty.

A bizarre ch istic of is the ional oc-
currence of the production of hormones, or the tripping off of excessive
hormone production, which 1s not usual to the tissue of origin. High titers
of urinary choriome gonadotropsn have been found n patients with adrenal
corticaf carcinoma, breast i and mal ) (128, 129).
An inadvertent finding that amethoptersn suppressed the excretion of
chorionic gonadotropin in a patient with melanoma led Li ef al (130) to
explore the use of this antimetabolite in patients with choriocarcinoma.
Remarkabl ions of a 3 have
been achieved with the use of h n and other anti b in
women with this trophoblastic neoptasm (131, 1312). Li et al. (132) have
also reported successes in the treatment of testicular choriocarcinoma with
the use of chemotherapeutic agents.

Other examples of unusual hormone production associated with neo-
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otflcrs bOn the other hand, the association of funetioning islet cell tumor
with diabetes mellitus is a rare entity. To date, less than ten cases have
b.een reported. Gittler, cf al (81) cite an interesting case in which the
diabetes mellitus was ameliorated by an insulinoma. Functioning islet cell
carcinomas are also uncommon. Landau (85) reported the effect of pro-
Iong.ed glucagon administration in a patient with a functioning islet cell
carcinoma and observed a hyperglycemic response.

A great deal of confusion has existed in the literature because of the
nomenclature of ovarian, testicular, and adrenal tumors producing sex hor-
mones. Teilum (86) has attempted to clarify our understanding of ceftain
ovarian and testicular ncoplasms by classifying them according to histologi-
cal simlarity and embryological dertvation, From an endocrinologic stand-
point, 1t is perhaps simplest to consider these functioning tumors as pro-
ducing feminizing or masculmizing syndromes,

Among the tumors which may produce masculinization are interstittal
cell tumors of the testicle when they occur prior to puberty. Twenty cases
have been described to date (87 to 90). In additton to masculinization, only
two of these cases had gynecomastia (91, 92). With the exception of one
(93), all of these tumors have been described as bemgn, and they are gen-
erally unilateral Staubitz ef al. (94) described one case in which hilateral
interstitial cell tumors were present. However, the eventual course of this
patient and that of the case of Wilkms (95) suggests that this was, in
actuality, a case of adrenogenital syndrome with congenital adrenal hyper-
plasia and adenomatous hyperplasia of the interstitial cells of the testicles
In these cases of functiomng interstittal cell tumors, the 17-ketosteroid
excretion may be increased a few milligrams (96) or as much as 1000 mg.
(97), the latger fractions betng etiocholanolone and androsterone (98 to
100).
Masculinization associated with ovarian tumors is caused most com-
monly by arrhenoblastoma. Wiest ez al. (101) have recently shown the
capacity of tissue from arrhenoblastoma to metabolize progesterone i zitro
to 17-hydroxyprogesterone, androstenedione, and at least two more sub-
stances which are not ident:fied. During the past forty years, approximately
thirty-five cases of masculinization arismg from ovarian tumors bearing
a close histological resemblance to adrenocortical tissue have been described.
These have been referred to as “masculinovoblastoma” and “virilizing lipid
cell tumors” (102 to 104). Abouab et ol (105) have recently described 2
case of this type in which there was hypercalcemia. The serum caleum
reverted to normal followng surgery and the authors postulated the
elaboration of a parathormone-ltke substance by the tumor. More rarely,
masculimzation may occur in association with hilus cell tumors of the ovary
which are similar to the interstitial cell tumor of the testicle (106 to 109)
One case of granulosa cell tumor associated with masculinization was
described by Mackinlay (110). Pathologic cxamination of the tumor re-
vealed Leydig cells in some areas.
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In general, masculinizing ovarian tumors are not associsted with
markedly elevated 17-ketosteroid excretion. Cohen (111) pointed out that
the cortisone suppression test may be useful in differentiating between
mascuhmzmg ovarian tumors and adrenal hypexplasla Another useful

g test 15 the cl -aphic of urinary 17 k:to-
steroids, Keller ef al. {112) observed ive amounts of dehyd
drosterone in a case of virilizing adrenal tumor, whereas this fraction is
not eIevated in cases of masculinization associated w:th gonadal tumors.

ion may, paradoxically, be produced by itial cell tumors
of the testicle, when these tumors occur in adult life. Approximately twelve
cases of this type have been described (113 to 115). Generally, this syn-
drome is ch ized by bilateral g, Toss of libido,
and stersity. Magendie et al. (116) described one case in which only
gynecomastia was present. In the cases in which urinary estrogens have
‘been studied, the values have usually been above the normal range for
males This same paradox has been demonstrated in the experimental animal
by Huseby (117) and by Gardner (118), who showed that interstitial cell
tumors in the mouse were capable of both androgen and estrogen production.
Sertoli cell tumors of the testicle may also produce femimization (119 to
121). Although race in the human being, this tumor, interestingly enough,
appears with relative frequency in the dog (122). Only one case has
appeared 1n the world hiterature of granulosa cell tumor of the testicle with
igh estrogen production and feminszation (123). Similarly, feminization
may occur in patients with testicular choriocarcinoma (124, 125).

Approximately 35 cases of feminization in the adult male have been
d d (126) d with ad ical Of unusual
interest is Smaith’s recent report (127) of adrennl tumor presenting as
1sosexual precocity mn a girl 514 years of age The level of 17-ketosteroid
excretion suggested the presence of a tumor. Of particular importance in
this case was the absence of signs of Cushing’s syx\dmme or of abnormal
virilism, and the gross sxmﬂamy chmcaﬂy to true precocious puberty.

A bizarre ch of 1. is the ional oc-
currence of the production of hormones, or the tripping off of excessive
hormone production, which is not usual to the tissue of origin High titers
of urmary chorionic gonadotropin have been found in patients with adrenal
cortical carcinoma, breast carcinoma, and malignant melanoma (128, 129).
An inadvertent finding that amethopterin suppressed the excretion of
choriome gonadotropin in a patient with melanoma led Li ef al (130) to
explore the use of this antimetabolite 1n patients with choriocarcinoma
Remarkable regressions of wldespread metastauc chonorcarcmoma have
been achieved with the use of in and other m
women with this tropboblastic neoplasm (131, 131a). Li ef al. (132) have
also reported successes m the treatment of testicular choniocarcinoma with
the use of chematherapeutic agents,

Other examples of unusual hormone production associated with neo-
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plasms have been described. August & Hiatt (133) have reported severe
hypoglycemia sccondary to a non-pancreatic fibrosarcoma with msulin
activity, Adrenocortical carcinoma associated with hypoglycemia of unde-
termmned cause was described by Aszkanazy ef al. (134). Sellman (135)
reported a patient with mesothelial cell sarcoma associated with hypogly-
cemia and speculated that excessive glucose consumption by the tumor may
have been responsible for the hypoglycemia in therr patient. Warner &
Southern (136) and Stanford et al. (137) have reported the appearance
of the carcinoid syndrome in patients with metastasizing bronchial adenoma

Other endocrine abnormalities assoctated with neoplasms suggest that
the neoplasm may incite inappropriate hyperfunction of endacrine glands
Cushing’s syndrome arising from adrenal hyperplasta has been found 1
association with a varsety of malignant tumors (138 to 143). Alterations in
caleium and phosphorus metabolism, usually considered characteristic of
hyperparathyrosdism, may be associated with a number of different types of
neoplasms (144, 145). Removal of the primary neoplasm has, in some
instances, resulted in the return of calerum and phosphorus to normal, as
though a parathyroid adenoma had been removed (146). Schwartz ef al
(147) have reported a syndrome of renal sodium loss and hyponatrema
probably resulting from an mappropriate secretion of an antidiuretic hor-
mone in pattents with neoplasms,
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NUTRITION AND NUTRITIONAL DISEASE'

By Normax Jorrierg, M.D anp Ropzrr S Goopiaxr, M D.
Bureaw of Nutrition,
The City of New York Department of Heolth, New York, NY.

e are not here attempting a review of all recent work in nutrition.
Rather, we have been dehiberately selective. For the most part we have
chosen to discuss work and developments not touched upon i this section
during the past four years; here, again, selecting those items which we
considered to have actual or potential climeal sigmficance, A good over-all
picture of recent progress 1n the study of nutrition and nutritional diseases
can be obtaned by reading the contributions on this subject which have
appeared in the Annual Review of Medicine from 1956 to-date.

RoLg 0F FAT QUALITY 1§ PATHOGENESIS OF CoRONARY HEART DiSEASE

Certain provisional schemata for the possible roles of fat in the develop-
ment of coronary heart disease have been postulated Ahrens ef al. (1) have
suggested that the pathway proceeds from “bad” dietary fat to abnormal
serum lipids to atherosclerosis to coronary disease O'Brien (2) indicated
that the schema should be mod:fied to include blood clotting and fibrinolysis,
with less emphasis on the role of atherogenesis Jolliffe (3) devised a
schema which combined the 1deas of the Ahrens’ group (1) and of O"Brien
(2) with the role of other dietary and non-dietary factors.

Jolhiffe’s (3) schema includes three possible mechanisms (Fig, 1) by
which “bad” dietary fats may lead to coronary heart disease. The direct
line through the center 1s essentially the Ahrens’ schema The line between
“bad” dietary fat and abnormal blood lipids 1s sold to indicate 1ts firmness
The accentuating and retarding factors recognize the modifications intro-
duced by gonadotropic and thyroid hormones, conditional factors, and such
disease factors as diabetes, nephrosis, and hic hyperl ias. The
hne between abnormat blood hpds and athcmsderosls is broken since this
15 not yet proved to the complete satisfaction of many people One double-
shafted arrow at “abnormal blood Lpids” and “atherosclerosis” is to
include Ahren’s (1) caution that both hypercholesterolemia and athero-
sclerosis may be genenically determined, and that the two manifestations
need not be causally related The line between atheroscleross and mereased
intravascular clotting is solid, for slowing of the blood stream by severe
narrowing of the artenal lumen 13 known o promote mtravascular clotting.
But, *bad” dietary fats do not necessanily have to produce coronary heart
disease through the atherogenic pathway The increased blood coagulability
and decreased fibrinolytic activity caused by certain dietary fats seems

* The survey of the hterature pertaiming to this review was concluded in August,
1959
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important. These two influences, if effectrve in vivo, could only lead to
increased intravascular clotting, especially when associated with a slowing
of the blood stream by an atherosclerotic plaque The double arrow point-
ing to these two pathways recogmizes factars other than dietary fats. It
may well be that the factors of coagulability and fibrinolysis account for
the presence or absence of clinical coromary heart disease i different
persons with relatively equal amounts of coronary atherosclerosis. The
double arrow pointing to “coronary heart disease” recognizes the other
etiologic factors of coronary heart disease, such as aneurysms, embohza-
tions, etc.

Errccr ov Human Serua Lirios or HicHLY UNSATURATED FATS

Poor 1nv Essentiar Farry Acios
Ahrens ef al (4) prepared an o1l for human consumption from the lJOd.Y
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acids. Ahrens’ group first caused a fall in the serum cholesteral, phospho-
lipid, and triglycersde levels in 2 subjects by substituting a formula diet
contaming 40 per cent of the calories as corn o1l for the ad hbitum diet.
When menhaden ot (1odine number 179) was substituted isocalorically for
corn ol (iodme number 126) serum cholesterol, phospholipid, and trigly-
ceride levels remained depressed, falling even further in one subject. They
concluded that the effects on serum hpid levels in these two patients (one
with hyperlipemia, the other with hypercholesterolemta) were unrelated to
the essential fatty acid and sterol contents of the fats used hut supported
their bypothesis that the falls in serum lipids were mote related to.total
unsaturation than to the essential fatty acids of the dietary fat. A recent
report by Keys, Anderson & Grande (5) describes the response of the
serum cholesterol in 6 subjects to a mixed diet contaming about 35 per
cent of 1ts total calories as fat, of which about 70 gm. were saturated fatty
acids, about 67 gm mono-ene fatty acids and about 6 gm. poly-ene fatty
acids, When 4 to § gm. of arachidonic acid in the form of arachidonic acid
concentrate in capsules was added to the diet, the changes i the serum
chalesterol were unimpressive. This lends no support to the idea that
supplementing an ordmary diet with the most highly unsaturated of the
essential fatty acids (arachidomc) will produce any important depression
of the cholesterol level

Pysric Heatn ArproAcrES TowArp LOwERING SerumM
CrorxsTeroL LEVELS

Previous reviews in this series have amply demonstrated that substitu-
tion of mixed dietary fats with formula feedings containing large amounts
of polyunsaturated fatty acids from vegetable oils or marine oils results
1 a fall of blood cholesterol as well as certam other blood lipid fractions
It is pow well recognized that formula feedings, although experimentally
hughly successful, do not constitute a way of life, a practical eating pattern
for the population at large or even for the hypercholesterolemic subject.
Consequently, the first cautious approaches have been made during the
past year to practical diet patterns, made up of foods available in every
community and suitable for 2 free-living, ambulatory subject

Jolliffe, Rinzler & Archer (6) placed 79 normal weight men, aged 50
to 59, on a diet of 2000 to 2700 calories with fat supplying 30 to 33 per
cent of the calories. Saturated fatty acids supplied 7 to 8 per cent of the
calories, d fatty acids ( ipally oleic acid) supplied 80 9
per cent and polyunsaturated fatty acids supplied 9 to 11 per cent, After
six months on the diet, the group’s cholesterol average had fallen from 251
to 222 mg per cent. By tertiles, the levels fell from mitial averages of
298, 250, and 204 mg per cent to 252, 225, and 189 mg. per cent, respec-

tively, The decreases in each tertile were statistically significant beyond the
1 per cent level,
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Brown & Page (7) found that a vegetable oil diet very low mn sat-
urated fats but contaming about 3 ounces of vegetable oil signtficantly
lowered the blood cholesterol level in 16 subjects, 15 of whom were
hyperlipemic. All of their subjects were trained by eating for a time in an
experimental diet kitchen

Meltzer, Bockman & Berryman (8) studied the effect of a pharmaceutical
emulsion of safflower orl plus sitosterol plus pyridoxine plus vitamin E
on the blood cholesteral level of 28 hypercholesterolemic-myocardial snfare-
tion patients aged 36 to 53. This emulsion was administered for six months
as a dietary supplement, with instructions to the patients to maintan their
previous fat intake. The over-all change after six months was a significant
declime 1n serum cholesterol for all 10 patients consuming less than 50
gm. dietary fat daily; for 7 of 8 patjents consuming 50 to 100 gm. dretary
fat daily; and for 7 of 10 pattents consuming 100 to 150 gm. of dietary fat
daily
Boyer ¢t al (9) found, sn a nine month’s study of 300 in-patients in a
state institution, that a regimen which substituted a margarine contaming
20 per cent hydrogenated coconut oil and 80 per cent unaltered corn oil for
other table and kitchen fats as the principal dietary change was effective
in achieving and maintaming a decrease in blood cholesterol levels.

This study indicates that much could be done m changing the level of
blood chalesterol i the American population 1f mdustry would cooperate int
providing cooking and table fats of a suitable fat qualty.

Vitamin A

In continuation of their studes of the function of vatamm A m metab-
olism, Wolf et al (10) found the depresston of glyconeogenesis observed
in the intact vitamm A-defictent rat to be revessed by cortisone but not by
adrenocorticotropic hormone treatment It was demonstrated histologzcally
that there 1s a disturbance mn those adrenal cortex cells producing gluco-
corticoid hormones before glyconeogenesis depresston occurs Wolf ef al.
concluded that vitamn A defictency leads first to a degeneration of cells
1 the adrenal cortex and anly secondarily to a depression m glyconeogene-
s15 through impaired glucocorticoid hormone production Varandant, Wolf
& Johnson (11) found a marked decrease mn the formation of mucopolyfac-
chartde by excised colons and colon homogenates, from vitamin A-deficient
rats This conld be reversed by the tn 21fro addition of vitamm A and was
found to be specific for vitamin A Rice & Bo (12) have reported that
cortisone has no demonstrable effect on the conversion of beta-carotenc
to vitamun A

Of greatest importance 1n respect to the visual system is the difference
in distribution of vitammn A 1somers in the eye tissues from that in the
rest of the body Krinsky (13) has shown that a large percentage of the
vitamin A present m pigmented layers of cattle eyes and retina is the neo-b
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isomer, the precursor of rhodopsin This ssomer has not been found in
either cattle plasma or liver. This fact, coupled with the retention by the
eye of vitamin A during depl pomnts to a T for isolating
the vitamn A metabolism of the eye from the rest of the body.

According to Dowlmg & Wald (14), vitamn A acid is able to fulfill
all somatic needs for vitamin A in the rat, except that the rat seems unable
to reduce it to the alcohol, or to the aldehyde, retinene. Rats maintamed on
vitamin A acid, though otherwise in good condition, become highly night-
blind Also, ammals fed vitamin A acid do not store detectable amounts of
either the acid or the alcohol For this reason such amimals, on withdrawal
of the vitamin A acid, begin to lose weight within a week.

The teratogenic effects of excessive amounts of vitamin A in the rat
can be largely prevented by the simultaneous administration of a combma-
tion of thramine, niacinamide, riboflavin, and pyridoxime, according to Mil-
fen & Woollam (15). In a group of rats that received 40,000 I'U. of
vitamin A acetate daily by gastric intahatien without additional B vitamins,
74 per cent of the young developed abnormalties of the brain and 314
per cent had cleft palates In rats receiving the same amount of vitamin
A plus the parenteral B vitamins m large amounts, none of the young
showed brain damage and the mcidence of cleft palates was only 1.5 per
cent,

Roels, Trout & Dujacquier (16), working with vitamin A-deficient boys
in the Belgian Congo, found that the daily admimistration of 200 gm of
carrots resulted 1n the absorption of less than 5 per cent of the carotene con-
tained theresn When 18 gm of ohive o1l was fed daily along with the sup-
plement of carrots, 25 per cent of the carotene was absorbed The admims-
tration of carotene in o1l resulted sn the absorption of 45 per cent of the
carotene Roels and his associates suggest that the addition of fats to the
diet may contribute to the relief of vitamin A deficiency m this region

Horvat & Maver (17) report on the study of 80 children m the village
of Krk on the 1sland of Krk in the Northern Adriatic. The children were
divided 1nto two groups of 40 each, and each member of the experimental
group received 2 daily supplement of 3000 I.U of vitamin A for three
months At the beginning of the experiment the mean serum vitamin A
level was 155 =068 pg per cent n the experimental group and 15.0 ==
064 pg per cent m the controls The ineidence of goiter in the experimental
subjects was 66 per cent; while m the controls 1t was 67 per cent None
of the children showed any chnical signs of vitamin A deficiency At the
end of the three-month treatment period the mean serum vitamin A i the
experimental group was 223==099 ug per cent and the incidence of goiter
was 37 per cent The corresponding figures for the control group were

154 2= 081 g, per cent, and 64 per cent

Horvat & Maver conclude that their investigations indicate that the

deficiency of vitamin A on the 1sland of Krk should be regarded as an
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important factor in the occurrence of goiter on that island, “Moreover, this
contributes to the opinion that goiter cannot always and exclusively be
attributed to absolute deficiency of exogenous iodine, but should he regarded
as the consequence of a complex nutritional deficiency, The amount of
vitamin A in food may be an important element in the genesis of goiter and
In many cases it may serve as a therapeutic factor for its decrease” (17).
In the United States, Wolf (18) has reported the case of a three-month-
old allergic infant, born to a mother who was on a low fat diet and itself
fed a soy bean milk without added vitamins, who developed vitamm A
deficiency in which both eyes were affected with loss of vision in one.

Viramn D

Fellers & Schwartz (19) found excessive serum vitamin D activity to
be of primary importance in the severe form of idiopathic hypercalcemia
of infancy. They found further that the exclusion of exogenous vitamin D
had no effect on the climcal and chemical condition, and concluded that
this disease should be included in the rapidly growing list of inborn errors
of boli: or molecular diseases. In d to the findings of
Fellers & Schwartz (19), Thomas ¢t al (20) found the sera of two
infants with idiopathic hypercalcemia to contain normal quantities of anti-
ricketic substance The mean antiricketic activity of sera of 18 normal
subjects was found to be equivalent to two LU. of vitamin D per m!,
and this was not increased in the sera of patients with a variety of non-
vitamin D-induced hypercalcemic states. Failure of vitamin D absorption
alone did not account for the hypocalcemia noted in three patients with
non-tropical sprue.

ViraMin E

The question whether vitamin E has a metabolic function other than
that of an antioxidant has not been resolved. Machlin, Gordon & Meisky
(21) concluded from their studies that in the chicken, as has been reported
for the rat, the requirement for vitamin E is largely represented by a need
for a biologically active antioxidant Similarly, Bier: & Briggs (22) found
that mn the presence of dietary selenil herol has no biochemical
function in the growing chick other than that of a nonspecific antioxidant;
however Gtler, Sunde & Baumann (23) have pomnted out that the several

p of vitammn E defici may develop ndependently of one another,
and that substitutes for vitamm E correct only certan of these symptoms,
while tocopherol itself corrects all of them Ferguson ef al (24) have 1e-
ported that vitamm E increases the hatchability of turkey eggs 12 to 18 per
cent, while selenium has no vitamin E-like activity 1n this respect. The de-
chne in id: 1n the presence of DPN has been observed to ?e
greater m lver mitochondria from rats deficient in_vitamin E than in
mitochondria from vitamin E-supplemented arumals Here, again, Factor
3, in the form of sodium sclenite, 15 without effect (25).
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Gray & Loh (26) admnistered 100 mg. of o- -tocopheryl acetate daily
to healthy human subjects for ten days and obtained significant increases in
total chol 1, free chal 1, and lipids in the plasma, indicat-
ing the imphcation of vitamin E in the metabolism of fats They also found
a significant increase 1n the ¢-2 globuln fraction of the plasma proteins
and a significant decrease in plasma amino acids, suggesting involvement in
the metabolism of protemn.

Horwitt (27) has reported on the preliminary analyses of data obtained
during a five-year controlled study of human tocopherol requirements. In
this study the prolonged feeding of an unsaturated Ipid, which had been
oxtdized to remove vitamin E, was followed by duodenal ulcers in about
one-third of the subjects. It was also observed that (a) the tocopherol levels
of tissues can be related to the amounts of oxidizable lipid consumed; (b)
the recovery of erythrocytes in their response to the peroxide hemolysis
test, when 60 mg. of a-tocopheryl acetate are given daily, lags behind
the more rapid return of plasma tocopherol to predepletion levels; and (¢)
the admmistration of 200 mg. of p-a-tocopheryl acetate produced a small
but significant reticulocytosis in those experimental subjects whose hemo-
globin levels were 13 0 gm. per cent or less.

Horwitt & Bailey (28) have reported observations on the brain of an
mfant who had been hospitalized because of an abdominal tumor and who
had been fed mtravenously a dret high in unsaturated fat and devoid of
vitamin E for a period of 21 days preceding death. This infant’s brain showed
a hemorrhagic endarteritis of the cerebellum histologically similar to the
changes noted in the cerebellum of vitamn E-deficient chicks which had been
fed unsaturated fats

Rose & Gybrgy (29) have presented experimental evidence, with the rat,
supporting the view that vitamin E deficiency is implicated in the adverse
effects of large doses of water-soluble vitammn K analogues in newborn in-
fants.

Factor 3 AND SELENTUM
Factor 3 is a wat luble organic of low molecular weight
containing selemum as an integral constituent. It is unrelated to vitamin E,
but 1s very effective in preventing certain deficiencies most of which pre-
viously had been attributed to lack of vitamun E. These include liver necrosis
in the rat; multiple necrotic degeneranon in the mouse; audauve dlatheSls

R DA X ML A

of L:cystme are explamnable on the basis of contamination of commercial L-
cystine with traces of selenium. This 15 demed by Yang, Dialameh & Olson
(32).

Factor 3-active selenjum compounds do not substitute for vitamin E. The
course of muscular dystrophy in young rabbits maintained on vitamin E-free
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diets is not influenced by added sodium selenite and selenocystine [Hove,
Fry & Schwarz (33)]; nor do Factor 3-active selenium compounds show
any vitamm E activity by bioassay with the standard rat resorption-gestation
technique [Harris, Ludwig & Schwarz (30)1. Conversely, selentum has a
definite protective effect agamst “white muscle disease” (a myopathy in
lambs and calves), a condition in which vitamin E is ineffectrve [Muth
ct al. (31)].

Nesheim & Scott (35) have advanced evidence that selenium is 2 required
nutrient per se, 1 chicks, necessary for growth as well as for prevention of
exudative diathesis They also have shown that selenium is partsally effective
in the prevention of muscular dystrophy 1n chicks, The selenium requirement
for growth 1 the presence of vitami E is approximately two-thirds the re-
quirement for preventing exudative diathesis, when fed alone. Vitamm E
cannot completely replace the need for selenium, according to these workers

Ascoreic Actp

L-Ascorbic acid s synthesized in rats as follows: p-glucose (or p-galac-
tose) => p-glucuronic acid — L-gulome actd — vL-gulonolactone —> L-ascorbic
acid (36 to 39). All ammals studied can metabolize L-gulonic actd via -
xylulose, but only man, the other primates, and the guinea pig appear to fack
the ability to convert r-gulonic acid to L-ascorbic acid It has been postulated
that this 1s the genetically determined missing step which makes necessary
the melusion of ascorbic acd 1n the diet for the prevention of scurvy (36);
however, recently Baker, Plough & Bierman (40) fed glucuronolactone to
fuiman subjects and obtamned an increase 1 the urinary excretion of both
xylulose and ascorbic acid, suggesting that man can synthesize ascorbic acid

h Fadi - T

S R

Ratha (41), 1n studies on samples of maternal and cord blood, tound
that in all cases studred the feta] blood contamed more total ascorbic acid
than the maternal blood Also, when the maternal plasma total ascorbic acd
exceeded the mean normal value of 0.60 mg per cent, an accumulation of
total ascorbic acid was found in the amniotic flnd, whereas when the fetal
plasma showed levels below the mean normal value of 120 mg per cent
the ammiotsc fluid contamned an even lower total ascorbic acid concentration
Studies on the gumea pig showed that infusion of dehydroascorbic acid into
the maternal blood brought about a clear increase of total ascorbic acid
1n the ammotzc furd and a marked increase of total ascorbic acid 1 the fetal
blood, especially mn the erythrocytes This increase was not found when
ascorbic acid was infused In vitro studies with adult and fetal human blood
showed that additions of dehydroascorbic acid resulted m marked ncreases
in total ascorbic acid content of the erythrocytes When ascorbie acid was
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added, nearly ail of the vitamin remained i the plasma, Ritha (41} com-
ments that the transfer of vitamin C across the placenta most probably oc-
curs as dehydroascorbic acid, and that the high content of vitamn C in the
fetal blood is caused mainly by an increase in the concentration of L-ascorbic
acid on the fetal side of the placenta. This mechanism of transfer wounld
make it possible for the fetus to mamtain a high concentration of vitamm C.

Pankamaa & Rétha (42) studied the frequency of stillbirths at different
times of the year, from 1924 to 1953, at the Women’s Chinc of the University
of Helswks, Finland. During this petiod 116,790 infants weighing not less
than 600 gm were born Of this number, 1801 died in utero Excluding 397
cases 1 which the cause of death was unknown, they found that the fre-
quency of stillbirths showed a seasonal change of about 40 per cent, which
change was 1nversely proportional to the seasonal fluctuation 1n vitamin C
content of fetal bramn. No seasonal variation could be demonstrated 1 the
group of excluded cases and 1t was suspected that many of these deaths were
caused by crime

Pye, Taylor & Fontanares (43) placed different groups of guinea pigs on
diets containing 2 mg, 4 mg, 6 mg, and 8 mg of ascorbic actd The average
reproduction recotd of the group receiving 8 mg of ascorbic acid daily “was
superior n every respect to that of all the other groups.” The increase
1n young born alive m the 8 mg group over the 2 mg group was 302 per
cent.

Because of a recent increase in reported cases of infantile scurvy m
Toronto and Winnipeg which he considers to be due to the decline in breast
feeding, the reluctance of some mothers to give orange juce, and general
confusion mn the fay mind about vitamin concentrates, Medovy (44) has
recommended that all evaporated milk be fortified with vitammn C, Cutforth
{43), 1 a report of 11 cases of adult scurvy octurring in England, has em-
phasized that the “clinical picture of scurvy seen in this series of cases differs
n several respects from the descriptions found in current textbooks of
medtcine, In his patients the chief symptoms were pain, lethargy, anarexia,
and mental depression The chief signs were small bruses on the limbs, ex-
travasation of blood into the tissues and anemia Typical scorbutic lesions
of the gums were seen m only one case, but only four patients had any teeth

Von Schuching, Abt & Roe (46) found that although wound healing
(1n gumea pigs) took place at blood levels of ascorbic acid as low as 0.17
to 012 mg per cent, the formation of strong scar tissue was more rapid

o mmte L

pendent ot the vitanmun |Gould (47)]. Crandon ¢f al. (48) found 19 of 47
patients suffering wound dehiscence to have severe ascorbic acid deficrency
(plasma ascorbic acid levels below 02 mg per 100 mt. together with buffy-
coat levels befow 8 mg. per 100 gm.) They observed that surgical patients
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:uﬂ’ering severe inflammatory processes required 300 mg of ascorbic acid
aily,

Investigations continue on possible rel between the fi
and ascorbic aerd metabolism Douglass & Kamp (49) give a fillip to this
with their finding that the addstion of rutmn to the diet of guinea pigs re-
cerving less than optimal amounts of ascorbic acid results in an increased
adrenal ascorbic acid content As expected from the fact that flavonols are
rapidly destroyed in liver tissue but are relatively stable in adrenal homo-
genates, no effect of rutin on liver ascorbic actd levels was observed An-
derson, Coots & Halliday (50) were unable to demonstrate any antiscorbutic
activity of inositol in gumea pigs. In fact, they confirmed the finding of
others that the guinea pig has no dietary requirement for inositol.

Erythorbic ac:d is widely used as an antioxidant n foods and Dodds,
Fisher & Wang (51) pomt out that this can lead to confusion concerning the
state of ascorbic acid nutriture as judged by blood levels While erythorbic
acid 1s relatively inactive as an antiscorbutic substance, it can raise the blood
and urmne level of apparent total blood ascorbic acid

1t 4.

VitaMin By

“Vitamin By in Internal Medicine” was the subject of a 1958 review by
Wayne et al. (52) They pomnt out that this vitamin is a very important
substance in the diet of human beings. Its chemical and biological activities
suggest that it may have an important bearing on the arterosclerosis problem
and on the function of the central and peripheral nervous system, the bone
marrow, the skin, and the mucous membranes. Recent work casts some
doubts on the validity of Vilter’s conclusion (53) that the vitamin By re-
quirement of adults is between 1 to 2 mg daily and that this can be readily
met by the average American diet Hardimg, Plough & Friedemann (54)
found the minimal daily requirements of nine, healthy, young, male adults,
as determined by xanthurenzc acid excretion after a test dose of tryptophan,
to be between 1.93 and 276 mg. They also found that prolonged storage ¢
months) of packaged rations (army C ration) at high temperature (100°F.)
was associated with appreciable losses of vitamin B, Boxer, Pruss &
Goodhart (53) found the pyridoxal phosphate content of the leukocytes
of presumably healthy New York City school children to be significantly
lower than that of the leukocytes of Cuban cluldren of the same age. Adults
had even lower levels of pyridoxal phosphate. Wachstein, Moore & Graffeo
(56) have reported that the pynidoxal phosphate content of leukocytes of
pregnant women is lower than that of non.pregnant women, and shat i
can be rased to “almost normal control levels” by oral admimstration of
pyridoxine to pregnant women, These workers found that the growing fetus
can successfully compete with the mother for vitamin By, From stud.lcs on
rats, Wachstem & Moore (57) concluded that measurement of pyridosal
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P in 15 3 sem: indicator for of
status in regard to vitamin B,.
Gcrsboff Mayer &. Ku!czycki (58) studied the excretion of various
by loid mentally deficient patients re-
ceiving a diet “apparently ad:quatc 1n vitamin Bg (estimated content more
than 1 10 2 mg daily). The administration of pyridoxme brought about a
marked reduction m t.he uﬂnary excrctmn of oxalic acid in both groups
g pyrid loids excreted more pyridoxic
acid and less vitamin By than did non- mcngolmds Oxalunz, as a manifesta-
tion of vitamin Bg , has been d in rats (59, 60) and
in the cat (61). In vitamin B, deficiency there appears to he a marked in-
crease in the endogenous production of oxalic acid probably derived in part
from glycine (60, 61).

Ranke et al. (62) found persons over 60 years of age to have signifi-
cantly lower serum glutamic aci aerd (8GOT)
Jevels than did adults under 40 years old. Pyridoxine administration to the
elderly persons brought about a significant increase in the average SGOT
level. Lerner, DeCarly & Davidson (63) have reponed an association be-
tween vitamin By and it in hol. The findings in
patients with “rum fits” that tryptophan loading resulted in the excretion of
large amounts of xanthuremc acid and that correction of this metabolic de-
fect occurred after the administration of pyridoxine suggest that “rum fits”
are etiologically related to vitammn B, deficiency. Gamma radiation of raw
beef destroys about 25 per cent of its vitamm B, (64), and cooking of meats
brings about an average destruction of about 46 per cent of the vitamin B,
{65).

Yeh & Chow (66) report that vitamin Bg-deficient rats show a failure
to absorb vitamun By, a defect which cannot be corrected by administering
mtrinsic factor, but which can be corrected by mjection of cortisone, They
suggest that vitamin B deficiency causes adrenal cortical dysfunction;
however, Essenstein (67) was unable to demonstrate any adrenal dysfunc-
tion in vitamin Bg-deficient animals, although the adrenals were hypertro-
phied Gantt, Chow & Simonson (63) report marked early smpairment of
conditional reflexes 1 both vitamin Be-deficient rats and dogs.

Coursin & Brown (69) have applied the spectrophotofluorometric tech-
nique of Duggan & Udeniriend to the measurement of vitamin B, in human
whole blood With this method, only one ml of whole blood is required.
Vitamin Bg oceurs in blood as pyridoxal and pyridoxamine,

FoLic Actp
Studies in man of the prevalence and importance of folic acid deﬁclem:y
in various disease states have been hand, d by the lack of satisf:

methods for the determination of the vitamin or its metabolites in body
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fluids. The identification of the glutamuc acid compound exercted in the
urine of folic acid-deficient rats (70) as formiminog! ic acid (FIGLU)
by Broguist (71) and the demonstration of this substance in the urine of
folic acid-deficient human subjects, has fed to the development of a satis-
factory method for confirming the clinical diagnosis of folc acid deficiency
(71 to 75) Luhby, Cooperman & Teller (76) have increased the sensitivity
of the urinary excretion test by administering an oral load of 15 gm of L~
histidine monohydrochloride daily, in three divided doses, for two to three
days before collecting the urine for the determination of FIGLU. Under
these conditions, urine FIGLU levels do not exceed 30 p.g. per mL m non-
folic acid-deficient indrviduals; whereas they are three to 1000-fold greater
m the presence of folic acid deficiency

Microbiological determination of blood folic acid activity using Lacto-
bacillus casei has reported by Toenntes, Frank & Gallant (77) and, with
Bacillus coagulans No 3084, by Baker, Hutner & Sobotka (78). Recently,
Herbert et al. (79). using a modified L. casei tech have d ted
that the “folic acid activity” of sera thus determined serves as a reliable
indicator of folic ac:d nutriture

Will et al. (80) mamtained three of 36 patients with pernicious anemia
for 10 years in a satisfactory ic and logic condition on folic
acid therapy alone; however, the great majority of the 36 patients relapsed
within four years, those who had had no previous fiver extract or vitamift
B, therapy relapsing sooner. These workers were unable to find any evi-
dence that folic acid changes the requirements of human bengs for sma'll
amounts of vitamin By, They did obtain evidence that normal folic acid

bolism is d dent upon an ad supply of vitamin By,.

Giles & Shuttleworth (81) found megaloblastic anemia of pregnancy @
oceur 1n 28 per cent of all hospstal confinements (North Staffordshire, Great
Britain) Anermas with a hemoglobut of less than 45 per cent were mofe
often megaloblastic than normoblastic Their patients responded to folic

acid therapy Rachmilewstz & Izak (82), working m Israel, observed “low
-~ Tt e 4t mf mcammnat ansmin women with 2

who had suffered three episodes of hematologic decompensation Wit Lides
years and who, on each occasion, has had a stiiking hematologic and .clmlcﬂ;
respanse to large doses of folic acid. They suggest that “the possxbllltz’ 3':
correcting ‘relative deficiencies’ of h b such as foli
acid should be considered n patients with hemolytic anemias and superim-
posed bone-marrow fatture”

Viramin By,

the absorption of orally administered

According to Chow et al (84), stered

yitamin By, by healthy human subjects 1s increased by givmg 1t in d
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doses and by giving 1t in solution rather than in a capsule. It is impaired by
vitamin B, deficiency, by hypothyroidism (83, 86), and by the prolonged ad-
ministration of many commercial mtrinsic factor preparations (87) It 1s
increased m pregnancy, in spite of low maternal blood levels which reflect
fetal demand (85, 88, 89), and by the administration 1n combination with
p-sorbital (90, 91). The stte of absorption appears to be the ileum (92).
Booth & Mollin (92) found that in patients whose 1lettm had either been re-
sected or shott-circuited, the absorption of test doses of radioactive vitamin
B,» was invanably subnormal and was unaffected by intrinsic factor or by
previous treatment with chlortetracycline Evidence of By, deficiency was
found in many of these patients. Grasbeck, Kantero & Sturala (93), follow-
1ng through on the finding by Grasbeck & Nyberg (94) that calcium sons
probably are necessary for the mtestinal absorption of vitarmin By, found
that 2 deficiency of free caltwm fons in the intestine is one of the causes of
the poor vitamin B, absorption in steatorrhea.

p-Sorbstol does increase the intestinal absorption of vitamin By, by per-
sons with gastrie achlarhydo but it has bttle or no effect in patients wath
permicious anema (95, 96). Vitamin B-mtrinsic factor preparations -
crease the absorption of orally administered vitamin B, in permcious anemia
patients; however Killander (97, 98), and Schwartz, Lous & Meulengracht
(99) have adequately demonstrated that in many pernicious anemia patients
so treated a blockage to absorption eventually occurs The mechanism of this
is unexplained but 1t may represent an tmmunity phenomenon (99) Tt must
be coneluded that oral therapy of pernicious anemma with vitamin B,p-in-
trinsic factor preparations cannot be relied upon to provide adequate main-
tenance for all patients.

For the intestinal absorption of vitamin By, i doses considerably larger
than physiological amaunts, intrinsic factor 1s not necessary. Brody, Estren
& Wasserman (100) obtained excellent results m 17 patients with oral doses
of vitamin By, of 50 pg. three times daily, however normal serum vitamimn
By, levels were reached 1n only three patients. Stmifar results were obtained
by Chalmers & Shimton (101) who used 100 g of vitarun By, datly, and
by Hemsted & Mills (102) who also gave 100 g of vitamm B,, daily by
mouth, It seems, however, that in the management of permicious anemia
parenteral vitamin B,, remams the most dependable form of therapy
Thompson & Hecht (103} have described a cyanocobalamin zine tannate
complex for parenteral adn , which has rep
properties

It 15 becoming more and more apparent that the bone-marrow and peri-
pheral blood changes of pernicious anemia are not necessarily early or con-
stant components of chmcal vitamin B,, defictency. Jewesbury (104) has
described five cases of subacute combined degeneration of the cord with “m-
significant” changes in the peripheral blood and with normoblastic bone-
marraw., Wiener & Hope (105) point out that the cerebral symptoms of

ttory or long acting
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vitamin B,, deficiency may precede the appearance of anemia by years, and
may occur in the presence of a completely normal blood picture and bone-
marrow. Heaton, McCormick & Freeman (106) found the serum vitamin By,
levels to be abnormally low in 13 patients with tobacco amblyopia. Improve-
ment followed treatment with vitamin B,,. They emphasize that, in heavy
smokers, amblyopia may precede the development of other signs of vitamin
B, defictency by many years. These observations are not in agreement with
the conclusion arrived at by Darby ef al. (107) that macrocytosis 15 the
most sensitive indicator of vitamin B,, deficiency. From the long-term ob-
servation of pernicious anemia patients, Darby et al. (107) have estimated
the minimal daily dietary requirement for vitamin By, to be between 0.6 to
28 yg. Griisbeck (108), however has calculated that the daily loss of vita-
min B,, is approximately 6 pg, and he suggests that “one should administer
so much vitamin By, that 5 to 6 pg. are retained per day.”
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PSYCHIATRY: BEHAVIORAL PROBLEMS
IN THE ADOLESCENT*

By J Roswer Garracaer, M.D. anp Hereerr L Hagris, M.D.
The Adolescent Untt of the Children’s Hospital
Childres’s Medical Center, Boston, Massachusetis

InTRODUCTION

In recent years there has been a sharp increase in physicians’ interest
in adolescents and a wider appreciation of the physiological and psychologi-
cal differences among children, adolescents, and adults, As further evidence
af this we now have this special review of the behavioral problems of this
age group.

‘This greates interest arises partly from the fact that since many iltnesses
which formerly had a high mortalty rate in lttle children and adults are
now under better control, physicians may now give a higher priority to
some of the problems of adolescence. Other factors are the increase in
juvemle delinquency (which has focnsed much attention on adolescents),
physicians’ greater understanding of personality, behavioral, and psycho-
somatic disorders, and the mcrease in psychosomatic disorders which seems
to have resulted from the stresses of present-day eivilization. In any event,
whether or not these are the causes, it 1s a fact that adolescents and their
disorders are now receiving more attention than formerly Furthermore,
there is 2 tendency to consider this age group’s difficulties as distinct from
those of little children or of adults Since their charactenstics (and those
of many of their illnesses) differ from those of little children, adults, and
the elderly, 1t 1s proper to do so but, on the other hand, it 1s important to
remember that this group’s difficulties are often 2 reflection of the influences
in their earlier lives and that their present medical management affects
their future as well The advantages, and they are great, of the “age-group
care” of psychological and medical disorders can be Jamentably diminished
1f ane focnses only upon a single period of life and does not give thought
both to the patient’s past and his future (1).

ReceNT DRVELOPMENTS
Among many new d n the field of adol ? behavioral
problems, five at once suggest themselves The first of these 1s the increase
in teachers’ understanding of the emotional factors in learning and the
consequent greater utilization of guidance and mental hygiene chinics by
educators. An American Public Health Association committee’s report (2)
which outlines suggestions for a secondary school's health program advised

* The survey of the Lterature pertaming to this Teview was concladed 1n June,
1959
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that because of the importance of the emotional health, those directing secondary
school health programs help to initiate and lend their aid to all efforts designed
to promote a wider understanding of the effect of emotional factors upon leatnmng,
physical health and effective lving . . . (and) that efforts which will provide those
tramed persons who are needed within a school, 1f it 15 to have a program which
will promote a healthy development, be supported

Such principles, which suggest that teachers teach people, deviate con-
siderably from the precept which held that a school’s bustness was only
to teach subjects.

Abrahamsen’s investigation (3) of the number and kind of mental
health facilities existing in schools, although indicating that mental health
services and principles are yet far from ideally integrated in them, show
that very considerable progress has been made Admuttedly, it is unfortunate
that in the 187 school systems his group surveyed 17 per cent had no mental
hygiene services available, but only a few years ago it would have been
considered amazing that 83 per cent of them did. The discouraging com-
mentary of this survey is the dearth of professtonal personnel available for
the jobs te be done; the encouraging features are the provisions which are
being made for, and particularly the increased awareness of, the services
which properly tramed physicians and mental hygiene personnel (psychiatric
case workers, psychologists, and psychiatrists) can offer schools.

The second new d P is the establishi of special medcal
chnics for adolescents These are general clinics, caring for all of the dis-
orders which occur in this age period and, although not encompassing
guidance or mental hygiene, yet serve considerably to lighten the load of
those overburdened psychratric clintes These general chmes can ade-
quately care for many of adolescents’ minor behavioral, personality, and psy-
chosomatic disorders as well as their strictly medical ones, and also may
be able, since they are mot psychratric clinics, to help those adolescents
who refuse to attend one Psychotherapeutic techmques in these clinics are
carried out by general practitioners, intermsts, or pediatricians who usually
have the benefit of a psychiatrist’s advice and supervision Such climes have
recently been established in Californa (4), Colorado, the District of
Columbia (5), Mame, Massachusetts (6); Ohwo, Penmsylvania (7); and
m medical facilities of the mulitary services (8); and are already 1n
operation or planned elsewhere. Not only because mental hygiene clinics
are overcrowded and many young people reject their care, but also because
many of their behavioral disorders can be cared for very satisfactortly b.y
others than psychiatrists, it would seem wise, particularly 1f psychiatric
superviston can be furnished, to extend these facilities. The Brtish Medical
Journal (9) has commented “the problems of youth are many sided 'and
compelling To their solution medicine has a contribution to make: this 15
surely above all in the sphere of the famuly doctor "

The next sigmificant development is 1n the college student mental health
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area. Thirty years ago the late Clements C. Fry (10) was pioneering i
this field and now, although only about 25 psychiatrists devote their full
attention to this older adolescent group (11), the amount and quahty of
college student mental health work has vastly increased Farnsworth (12)
has emphasized the importance of this work

.. one of the major problems of our age is that of learning how to deal with the
hostility and aggression n our peoples of all countries .. We see it now in the
recurring crises that occur n international relations . . . Therefore I believe that
we must work through a group of people wha are influential n changing attitudes,
and there 15 1o more influential group that I know than our college students.

Unfortunately, however, only a small portion of these physicians’ efforts
can be directed to this problem Henn (13) believes that the stresses im-
posed upon college students apparently result in a higher swcide rate than
m non-student groups, and though few students have major psychoses,
anxiety states are a relatively common complaint (14) No doubt a sub-
stantial proportion of those who find 1t necessary to drop out of college do
so because of “personal distress, mood and ient instability which
15 so common as almost to be natural m this age group” (15). To combat
this state of affairs and to insure the greater effectiveness of those who are
mtellectually superior, 1t 15 suggested that universities mcreasingly experi-
ment “with modified techmques to give more latitude to those students whose
maturation 1s not proceeding as smoothly as 1s normal,” and give more con-
sideration to individual differences (15)

Anather new dexelapment coucerned with adolescents’ behavioral prob-
lems 1s the training of physicians in und and them, It 1s
not enough to establish only those spectal clinics which have been referred
to; they should be staffed with physicians who have a greater than usual
knowledge of this age group’s emotional disorders. The past few years
have witnessed a greater interest among physicians 1n acquiring a psycho-
therapeutic approach to patients, not with an aim of becoming psychiatrists,
but of enlarging their treatment so that it might more fully encompass a
patient’s emotional needs This approach, which Bibring (16) considers
“a most helpful tool, providing msight mnto the patient and into oneself
and mncreasing the doctor’s skilt within his own specialty by blending his
medical ¥ ge with the und ing of the patient’s personality and
psychological needs,” 15 certainly most destrable 1n the care of adolescents.
Fortunately, a degree of familiarity with this apptoach suffictent to result
m a considerable improvement 1n the physician’s effectiveness with hig pa-
tients 15 not prolubitively difficult or ti g to obtatn Balint (17}
has described in detail his training of general practitioners in the psycho-
therapeutic approach At present at least one formal postgraduate course
(18), which “provides training in the care and understanding of adolescents
and their atlments,” is designed to offer general practitioners, intetnists,
and pedaatricians a greater famiharity with the emotional problems of this
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age group. As a matter of fact, it is felt that this course, which includes
training in adolescents’ physical and emotional disorders,

offers a unique opportunity to acquire skill in combining an understanding of a
patient's characteristics and needs with a knowledge of his disorder when planning
hus management and care. . . . The adolescent, . . . averconcerned with himself, with
this person lie is desperately trying to develop, expects one to be as aware 28 he is
of his need for success, for acceptance and to acquire independence His insistence
that the physician pay attention to hum, and the rewards one reaps when he does,
offer a compelling and exceptional opportunity to supplement any physician’s skdl
in dealng with people and to increase his tendency to treat them, not just the
disease (19).

The final new development to be referred to here is that of special in-

patient facilities for the care of emotionally upset adolescents. Despite the
facts that in-pateent facilities designed for adults or for little children are
not appropriate for adolescents and that large numbers of adolescents have
emotional disorders requirmg hospitalization, for many years few new
institutions were established for thetr care.
Usually such boys and girls have either not been treated, or some agency has
attempted to work out the best possible compromise plan. . . Some have necessarily
been treated as out-patients (as in child guidance clinics for example), even though
it is recognized that a proper type of residential treatment would be preferable ...
Many have been admitted to our psychiatric hospitals, where efforts have been
made to provide maximum posstble help. However, this has been usually in facilives
planned primarily for the treatment of adults (20).

Recently the services previously offered by some state institutions and
by such groups as the Devereux Schools have been supplemented by those
designed 1 y for adol at the Menni: Foundation, the
Kansas State Hospital at Topeka, the Neuropsychiatric Institute of the
University of Michigan (20), and the Manville Residence and School n
Boston, In-patient care facilities and research directed toward adolescents
more severe disorders are still, however, far from sufficient to meet the
needs of this age group

SeECIAL PROBLEMS

Scholastic fariure—Senn (21} has said that the most fre.qucnl reason
for bringing children to guidance clmcs today is not delinquency b“j
learning difficulties and, although this may not be true of all climics, failure
1o deal effectively with school work 15 certainly a major cause of :l}e'be'
havioral, personality, and psyct disord seen n psychia ;1“‘
medical, or student health services which deal with adolescents. In this
connection it has been pomted out by Senn (21) among o'thers that the
somatic response to feelings which was utilized in childhood is likely, when
similar circumstances agamn obtain, to be repeated during adolescence (}ﬂdtf
stress an adolescent acts Iike a child and, 1n particular, like the child he
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was; if he is unable to meet adequately the stresses of school in childhood,
we can, for instance, expect gastric symptoms at examination time in
adolescence.

Much of the increase in those symptoms whose basis is scholastie failure
is no doubt the result of such factors as the greater emphasis placed on
education today by industry as well as by parents, the dechne in both availa-
bility and acceptability of other than “white collar” jobs, and the prevalence
of the concept that not only are zil of our young citizens entitled to an
education but that all are entitled to, and could profit from, the same kind
of education; “too often we in America seem to mean that an equal educa-
tion should be an identical education” (22). The concept of individual
differences (21, 23, 24), which presents both administrative difficulties and
seems to upset those who too literally interpret the idea of equality, could,
1f thoughtfully applied, prevent some of these disorders.

Frank (24), Farnsworth (11}, Liss (25), Pearson (26), and Remmers
(27) are among the many psychologists, physicians, and psychiatrists who,
in addition to ed have applied tt ta the causes and manage-
ment of scholastic failure so that today we can more efectively both treat
and hope to prevent these problems. It is agreed that the first step in the
investigation of these young people is a careful medical examination with
special emphasis on the status of the central nervous system including,
vision and hearing; and next the level of such basic skills as reading, spell-
ing, and arithmetic, and the level of i ought to be 1 at
However, a study of att:tudes and emotions is often the most fruitful area—
particularly when the patient 15 a high school or college student. Early
discouraging, emb i or frigh gt m school, a poor
parent-relationship (and a consequent absence of destre to become like or to
please them), a preoccupation with sex, an inability to behave aggressively
in school, or a fear of failure are among the many sorts of disordered
feelngs which adversely influence school performance in those who are
mtellectually able (28) Blaine (29) has classified the sources of college
students’ failure into six categories. The first 15 a preoccupation with sucl
problems as an upset relationship with a loved one, the death of a friend
or member of the family, or financial difficulties Another is the feeling that
e is working 1n a voud, that no one cates, that to work is to no purpose;
studying to him or to her unappreciated by others or meanngless for its own
sake is regarded as futile, A third source of failure is a need to fail because
of the aftentxon 1t brings; these are the young people whose best efforts
never bring their parents’ prase and only result 1n higher goals being set
f(?r them. ?‘Iever allowed to have plans or goals of their awn, some find that
disappointing rather than pleasing therr parents yields them attention Still
another mechanism 15 that which involves hostility toward a parent; by

fasling 1n school the parent can be punished A fifth is a deep fechng of
nferiority and the conviction that his or her ability is limited and could
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age group. As a matter of fact, it js felt that this course, which includes
training in adolescents’ physical and emotional disorders, )

offers a unique opportunity to acquire skill in combining an understanding of 2
patient’s charactenstits and needs with a knowledge of his disorder when planning
his management and care . . , The adolescent, . . . overconcerned with himself, with
this person he is desperately trying to develop, expects one 1o be as aware 2s he is
of his need for success, for acceptance and fo acquire independence His insistence
that the physician pay attenton to him, and the rewards one reaps when he does,
offer a compelfing and exceptional opportunity to supplement any physician’s skill
in dealng with people and to increase his tendency to treat them, not just the
disease (19).

The final new development to be referred to here is that of special in-
patient facilities for the care of emotionally upset adolescents. Despite the
facts that in-patient facilities designed for adults or for little children are
not appropriate for adolescents and that large numbers of adolescents have
emotional disorders requiring hospitalization, for many years few new
institutions were established for their care.

Usually such boys and girls have either not been treated, or some agency has
attempted to work out the best posstble compromise plan , , Some have necessarily
been treated as out-patients (as i child gmdance chinics for example), even though
it is vecognized that a proper fype of remdential freatment would be preferabl
Many have been admitted to our psychiatric hospitals, where efforts have been
made to provide maximum possible help However, this has been usually in faclites
planned primarily for the treatment of adults (20)

Recently the services previously offered by some state institutions and
by such groups as the Devereux Schools have been supplemented by those
designed excl ly for adol at the M Found the
Kansas State Hospital at Topeka, the Neuropsychiatric Institute of the
University of Michigan (20), and the Manville Residence and School n
Boston In-patient care facilities and research directed toward adolescents’
mote severe disorders are still, however, far from sufficient to meet the

needs of this age group.

SprcraL PrOBIEMS

Scholashic failure —Senn (21) has said that the most frequent reason
for bringing children to guidance chmics today is not delil:lquency. bu;
learning difficulties and, although this may not be true of all clinics, failur
to deal effectively with school work 1s certamnly a major cause of the be-
havioral, personality, and psychosomatic disorders seen in psychxafrlfy
medical, or student health services which deal with adolescents In this
connection it has been pamnted out by Senn (21) among others that the
somatic response to feelings which was utilized in chuldhood is ltkely, when
similar ctreumstances again obtain, to be repeated during adolescence Vndtf
stress an adolescent acts like a child and, mn particular, like the child he
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& Hobbs' (42) study of taxi drivers, which suggested that high accident
rates and poor social and personal adjustment are correlated, has led to
other studics of the personalities of those who are involved in many acci-
dents Accident repeaters among members of the armed forces, many of
whom were 1 or close to adolescence, have been found to have undesirable
attitudes toward authonty (43) and less capacity for controlling hostihty,
to be self-centered, and unable to tolerate tension (44). Though this prob-
lem deserves further investigation it would seem that inexperjence and
emotional factors play the major roles in this excessive motor vehicle acet-
dent rate; in most cases the adolescent has a higher physical and psy-
chomotor efficiency than older age groups whose rates are low (40, 45)
Obesity —Bruch’s (46) studies of obese adolescents have been out-
standing, and have emphasized how important food can become in the
minds of young people and how it can be used by them as a source of satis-
faction and an avenue of escape She has ably pomnted out the relation be-
tween obesity and the emotional disturbances which de\elop out of the

normal processes of adol the P *hol ing effect of
the fatness itself upon an ad 1 the ad-
verse effects which may follow a single-minded therapeunc approach to

the problem, and the low fr i which these
people have (47) Most important to remember are the danger and the
futility of prescribmg a reducing regimen unless previous attention is given
to any underlying emotional difficulty, Further, to deprive these patients
(by withholding food) before attacking the cause which has led them to
seek satisfaction m food may well make matters worse.

However, despite the fact that at times emotional factors seem to be
predominant 1n those who are obese, genetic factors, the role of actrvity
(48), the effect of food’s specific dynamic action or of glucose levels upon
the hypothalarmus and the appetite {49), and individual variations in the
manner of unhzmg and storing food eaten, should be kept in mind (50).
Pt 1 I as well as psychol factors need thorough consideration;
an increase in the quantity and variety of the adolescent’s activity 15 likely
to be more effective than a concentration of attention upon food intake

Rebellion —The process of transition from dependence towards inde-
pendence of family 15 one which often creates friction and misunderstand-
g in the home, anxiety in adolescents, and hostility 1n parents, yet it is
one which must be made 1f a healthy, adult, emotional state 15 to be
achieved (23, 29, 51). During this protess adolescents vacillate between
defiant, headstrong, Tebelhions, and at tmes even mature behavior, and
childish, demanding ways insisting upon adults’ help At times st seems as if
they have a need to depreciate people, sdeas, and things (28), or to upset
a formerly pleasant home (29) in order that st may be easier to leave
Dunbar (52) has stressed the postulate that various rebellious and delin-
quent patterns are used by adolescents m an attempt to restore emotional
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not bring success; these young people do nat try 1 order that this, not lack
of intelligence, may be the obvious reason for failure. Finally, there ate
those whose fear of their ability to control their own aggressive impulses
leads them to behave passively; they cannot express their well of energy and
aggression constructively in their studies. Such devices as ventilation of
concern, emotional support, an understanding of the motives of their own
behavior and emotsons, opportunities to gain confidence, and association with
mature and stable adults whom they may wish to imitate and to please, will
?SZSM many of these young people to utihze their intelligence effectively

9).

- A special reason for failure in school is specific language disability, This
condition, which has been referred to as reading disability, congenital word
blindness, dyslexia, etc, although a handicap in the early years of school,
may not be recogmized until the demands on reading and writing at the
high school level, bring 1t to attention. It should be thought of in any
mstance of scholastic faiture and particularly when the pupil's speling and
reading skill scem to be below the level one would expect of one of his
intelligence and background (23, 28).

There 1s as yet no general agreement as to the cause of this condttion
Hallgren (30) believes that it follows a monohybrid, autosomal, dommnant
mode of heritance, and Hermann & Norrie’s (31) series of 11 pairs of
monozygotic twins (both members of whom had typical signs of word
blindness) and of 30 pairs of dizygotic twins (in whom these signs aPP“}'ed
mn both twins 1n only six instances) lend further support to climeans’ im-
pression that a genetic factor 1s mvolved Drew (32) has suggested that
the disorder 1s a congenital disturbance of Gestalt function; and Hermann
(33) sees a relation between 1t and Gerstmann’s syndrome (which 1s charac-
terized by right-left confuston, finger agnosa, acalculia, and agrapha)
and beheves these patients have an inherited disturbance m functions hav-
g to do with direction 1n space Zazzo et al (34) discuss the poor auditory
and visual perception of sounds and symbols of these young people and thetr
disturbance of spatial orientation,

In addition to the benefictal effects of such remed:al methods as those
outlined by Gillingham (35), thore recently there have been preventrve ef-
forts by Gillingham (36), Spauldng (37), De Harsch (38), Filbin (39), and
others If, at least 1n those whose disability 1s not severe, such methods can
prevent the frustration which intelhgent children almost inevitably ex-
perience when learning to read and spell, much will have been accomplished

Auo-accidents —Although all ivestigators do not agree, it seems Tikely
that young drivers have proportionately more than their share of accldfnfS
(40), and 1t 15 a fact that n the 15- to 19-year age group, motor vehicle
accidents are by far the most common cause of death (the rate was 34
per 100,000 1 1955, m contrast to rates of 79 from neoplasms, 61 from
cardiovascutar disease, 09 from all forms of tuberculosis) (41) Tillmann
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Its statement of the problem is built upon the concept “that behavior and
misbehavior always represent an mteraction between the human organism
and the cultural environment” Its first section examunes many popular

notions and misund c another section re-
views the problem i cultural and psychodynamic terms, and a third con-
stders & as a legal ph methods for the early

sdentification of delinquents and the school's role in educating and re-
habilitating them. This group considers delinquency as representing adap-
tive behavior* “the delinquent act may often represent the only resolution
the youngster can find to his personal soctal problem ”

In addition to those very serious aspects of adolescent behavior, there
are also the relatively mmor but annoying matters associated with conduct
at parties, smtable hours for parties, use of automobiles, ete. The Minne-
sota Teen-Age Code (58) is a valuable outgrowth of efforts to achieve
‘etter cooperation between adolescents and their parents in these matters
The Code’s success, and 1t has been considerable, has no doubt been attribata-
ble to the facts that young people themselves prepared the onginal draft and
actively participated in the final one, and that it was subsequently accepted
by an entire community, not by just a few families,

PsYCHOTHERAPY OF ADOLESCENTS

The mncreasing given to adol 1s resulting in a wider
understanding of the differences between this age group’s problems and
treatment and those of httle children and adults. Ertkson (59), Josselyn
(60), and Frank (24) and the references they cite remam excellent source
matersal It is ymportant to remember that althongh adolescents differ from
other age groups, there are also differences within their age period itself; the
13-year old and the 17-year old have different needs, characteristics, and
problems Geleerd (61) refers to three phases of adolescence: the first
from about 11 to 13, the period of physiological mataration, the second from
14 to 16; and the third from 16 to 20. In early adolescence the hoy or girl
struggles to mantan the defenses of the latency period; in mid-adolescence
there s conflict between the homosexual and heterosexual drives; and in
Tate adol heter 1s well blished Important a5 it 15 to
remember these stages in adolescence and to evaluate and manage ane'’s
patients accordingly, it is equally necessary to keep 1n mind the fact that
chronologreal age 1s of Iittle value i categorizing adolescents (62). There
1s wide variation among those who are at the same chronological age; one
13-year old may think, appear, and behave as many do at 16, and stmidarly
a 17-year old may more closely resemble one’s concept of what 3 13-year
old 15 ike.

Blos (63) has commented on the recapstulation of earlier patterns of
behavior 1n adolescence, on the smportance of the antecedents of adoleseent
behavior 1 determining its quality, and particularly upon the relatonship
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equilibrium, and Kaufman & Makkay (53), among others, have emphasized
that rebellion is a stage 1n the normal growth process. When parents have
not previously been ovetindulgent or rejecting, and when they do not treat
rebellion with excessive intolerance, young people, during this period, are
less likely on the one hand to become delinquent or on the other to become
50 guilty that the natural process of {reeing themselves is curbed
Delinguency —Though it may at times seem that juvenile delinquency
receives a disproportionate amount of attention and overshadows both
good behavior and also the need for attention to other problems of young
people, 1t is obviously true that the high rate of juvenile delinquency here
and abroad deserves even more than the considerable study and efforts
already expended on it. As the Gluecks (54) have pointed out, it 1s not a
problem for the law, medicine, sociology, government, or the church alone;
its causes are multiple, Beck (55} has very succinctly revicwed the problem:

Delinquency is . . . produced out of the variables of community, individual, and
family behavior. It cannot be viewed as a disease entity in ftself with a speafic
method of treatment or a specific means of preyention. . . . The specific preventive
for hopathic d would be d with heni
family life, eliminating unnecessary placement of children away from their homes,
and providing good foster homes for youngsters who must be placed during early
years. . . . On the other hand, tmeasures of community reform aimed to reduce
social delinquency would not have a marked effect on the production of neurotic
delinquents. To prevent this latter type, measures addressed toward increasng par-
ental abilities would be more appropriate . . , Children, however, may nat be able
to establish a satisf: y rel ip between tk Ives and the world m which
they Iive becatse of the social and moral climate of their communities, a cInmgle
not directly affected by the provision of good recreational, school, health, or social
services . . . Thus to be effective, a program to combat delinquency must on the
one hand have an impact on the values by which people live, tending to create 2
social and moral climate conducive to healthy development; on the other hand, it
must promote the development of necessary programs to meet childhood needs

Even though he recognizes the value of psychological concepts in our
attempts to understand and to combat juvenile delinquency, Miller (56)
has urged that these concepts should not divert our attention from the
relationship of the American lower class society to adolescents’ criminal
behavior He regrets our emotional resistance to the idea that there are
classes within our society and the “pervasive” use of psychodynamic theory
as the frame of reference for deriving the causes and cures of juvemle
crime He regards these young people {and their heroes and associates) as
fearless, lity-scorning, i king, combative, rec!dcss,
and as not fitting easily into an education-oriented, cooperative, physically
unaggressive, orderly way of ltving.

‘The report of the National Ed: A iation’s Juvenile Delings
Project (57) has attempted to present an integrated theory of delinquency
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1 take it that it is normal for an adolescent to behave for a considerable length of
time 1n an inconststent and unpredictable manner ; to fight his impulses and to accept
them; to ward them off successfully and to be overrun by them; to love his parents
and to hate them to revolt against them and to be dependent on them; to be deeply
ashamed to acknowledge his mother before others, and, unexpectedly, to desire
heart to heart talks with her; to thrive on imitation of and identification with
others while searching unceasingly for his own identity; to be more idealistic,
amsnc generous and unselfish than he will ever be agamn, but also the opposite.

d, egoistic, Such between extreme opposites
would be deemed highly abnormal at any other time of hfe At this time they may
signify no more than that an adult structure of personality takes a long time to
emerge, that the ego of the individual in question does not cease o expermment and
15 1 no hurry to close down on the possibilities . . I think that he should be given
tune and scope to work out hus own soluhion. Rather, it may be his parents who need
help and guidance so zs to be able to bear with him There are few situations n
life which are more difficult to cope with than an adolescent son or daughter during
the attempt to liberate themselves
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REACTION TO SHORT-TERM RADIATION
IN MAN*

By Hereert B GersTner,?® M D.

Department of Radiobiology, Air Uwersity School of Aviation Medicine,
USAF, Randolph Air Force Base, Tesas

So swift and so vast 15 the accumulation of mformation in the radiation
field that only small segments of 1t can be covered adequately 1n a few pages;
for the present review, the meaning of the title has been restricted as
follows: “reaction”—those physical and mental changes which occur during
the first three days after exposure, and which are detectable by chnical
observation, interrogation, and routine laboratory procedures; “short-term”
—exposure times of less than one hour; “radiation”—penetrating jontzing
radiations in the form of hard conventional or supervoltage x-rays, gamma
photons, and neutrons. After these restrictions, the problem to be discussed
emerges as a well-known clmical entity—“radiation sickness” (1 to 3)
This systemic reaction has lost its significance in radiotherapy since it can
be avoided completely, or dwarfed to the role of an trrelevant side effect,
by mmproved tect 1 both of dose and closer con-
centration of radiant energy n the tissue volume to be treated. The advent
of the atormc age and possibility of large-scale nuclear disasters, however,
demand renewed mterest n early radiation-induced sequelze as potential
cause of disability temporanly paralyzing exposed populations, and as a
medical problem of concern to all physicians who may have to handle radia-
tion casualties at emergency stations, The atomic age also necessitates more
precise termnology based upon the various phases in the clinical response
to penetrating radiation To specify the early burst of signs and symptoms,
the broad term “radiation sickness” should be replaced by the more restricted
and more striking denotations “mitial reaction” or “predromal reaction”
(4) ; subsequently, these two terms will be used interchangeably. The present
review, then, presents the mitial reaction to short-term, penetrating radiation

as 1t emerges from radiotherapy, nuclear accidents, and Japanese homb
casualties.

‘TyricaL PicTure

Although displaying colorful pictures brought forth by wide variability
1n both tume course and severity, the mitial reacton possesses a defimte
basic pattern which can be established with reasonable accuracy.

Clinical observations —Isradiation with several hundred roentgens is not
accompanied by sensations; therefore, mn the absence of hght and noise

* The survey of the literature pertaining to this review was concluded m April,
1959

* The opinions expressed in this article are those of the author and are not to be
construed as representing officzal USAF pollcy.




288 GALLAGHER AND HARRIS

54. Gleuck, S, and Gleuck, E. T, Unraveling Juvenile Delinguency, Harvard Low
School Studies in Criminology (Commonwealth Fund, New York, NY,
504 pp, 1950)

55 Beck, B M, Pediatrics, 12, 930-33 (1956)

56 Miller, W, B, Rept of the Natl. Education Assoc, Inwifational Conf, 7-20
(Nat! Education Assoe,, Washington, D C, 46 pp, 1939)

57, Kvaraceus, W. C, Miller, \V, B, Barron, M L, Daniels, E M, McLendon,
P. A, and Thompson, B. A, “Delinquent Behavior” {Natl, Education
Assoc,, Washington, D C, 147 pp, 1959)

58 Minnesats Governar's Advisory Cournteil ot Children and Youth, The Minnesole
Teen-Age Code (Uviversity of Minnesota Press, St. Paul, Muno, 1t g0,
1956)

59. Ershson, B, H, Childhood and Society (W W Norton & Company, Inc, New
York, N.Y,, 397 pp, 1950)

60 Josselyn, T M, The Adolescent and His 1World (Family Service Assoc Amenica,
New York, N'Y,, 122 pp, 1952)

61, Geleerd, B R, Psychaanalytie Study of the Child, 13, 275-95 (1958)

62, Tanner, ] M, Growth at Adolescence (Charles C Thomas, Publisher, Spring-
field, 1M, 212 pp , 1955)

63 Bios, P,J Am Psychoanalytic Assoc , 4, 47~56 (10::8) .

64 Dalser, B 1, Ed, Psychatherapy of fhe Adol ionad Univ. Press,
New York, N Y, 270 pp, 1957)

65 Masterson, J ¥, J Nervous Aental Discase, 127, S1I-17 (1938}

66. Frend, A., P:}thaunabh: Study of the Cinld, 13, 23578 (1958)




SHORT-TERM RADIATION 291

tion value, 15 largely a result of a rise in hil count; the ly

do not contribute materially to this early reaction It should be emphasized
that 10 a high percentage of cases the hematologic alterations are the first
detectable changes clearly preceding other objective and subjecttve mani-
festations of the prodromal phase [Court Brown (6)1. The iritial leuko-
eytosis—showing wide individual varability, httle relation to dose, and no
“shuft to the left” 1n maturity of cells—generally is a very transient event of
a few hours’ duration; occasionally, however, it may last longer and may
extend even into the third postexposure day. After havsng passed through
the Teul ic phase, the granulocytes become relatively stabilized at their
normal level for about five days; thereafter, they begin to participate
gradually in the typical radiation-induced lenkopenia (6, 7). The lympho-
cytes, without essential bution to the initial leuk is, decrease
number as early as the first 3 days after diation, while the th

remain unchanged (6 to 8).

Physical examination reveals a tendency toward slightly elevated
temper es, mild hy i and an ! d pulse rate, These
changes, when they occur at all, are of moderate degree over a wide dose
range; but they may become sharply accentuated, occastonally in rare cases
of extreme radwsensitivity and, consistently, m persons exposed to very
high doses of several thousand roentgens to the entire body. Under these cir-
cumstances a serious picture of circulatory collapse may ensue.

Grodation of reaction —Despite difficulties restding in the wide variety

of indivtdual pictures, practical iderati require blish: of
O St D, . -

many other kinds of indisposition, particulasly motion sickness with which
they also have another common trait—a strong dependency on psychogenic
factors [Gauss & Lembeke (9); Béclére (10)] Starting at several hours
postexposure and proceeding in waves created by a two-day succession of
exacerbations and semussions, they seldom appreciably impair physical and
mental faculties Thus, these forms probably are irrelevant to both radio-
therapy and cvil defense Quite a different appraisal applies to moderate
forms. Here, between 2 and 4 hr after 1rradiation, the exposed person
enters a phase characterized by the combmation of marked weakness with
severe nausea and vomiting. Durning that phase, generally lasting 5 to 8 hr.,
physical as well as mental capabilires definitely are reduced; thereafter, of
course, nsignificant remnants of the reaction linger for several days. Obvi-
ous}y, the brief phase of disability represents a trifling effect in radiotherapy
patients but will require attention when it afflicts persons whose occupa-
tion demands full possession of physical and mental alertness, e g airerews,
drivers of fes under traffic conditi and i
officers who must render swiftly both sound judgment of a given situation
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phenomena, the event may pass completely unnoticed. Such exposed persons
remain perfectly normal and asymptomatic during 1 or 2 hr, postirradiation
when growing fatigue is experienced Typical radiotherapy patients then
cease their usual activities— walking about the ward, talking with friends,
and. reading. Lying on the bed, they become less and less interested in their
environment as time passes This change is particularly conspicuous 1
extroverts who, normally, are the life of the ward; they become quiet, with-
drawn, and asocial. Often, the condition is described as “washed-out” or
“worn-out.” Occasionally, listlessness and lack of imtiative progress 10
severe apathy, extreme weakness, or even prostration, Not infrequently, this
fatigue complex is accompanied by an emotional disturbance 1 the form of
acute mental depression leading to spells of hopelessness and despair. Simul-

1y, the patient complains of headache of unct istic distribution,

i ia, dullness, d and even of vertigo.
Concommtant with apathy and mental depression, 2 more or less severe
gastroi inal distress develops. Between 1 and 2 hr. postexposure, the

disorder starts with complamts of an “upset stomach” and loss of appetite.
Nausea, retching, and frank vomiting soon supervene and increase in mten-
sity until a climax 1s reached somewhere between 5 and 8 hr. postexposure.
At that time, the combimation of fatigue and gastrointestinal distress may
lead occasionally to a serious shocklike picture. Thereafter, the systemic
reaction recedes almost as fast as 1t developed On the second day, fatigue
and the episodes of nausea, or even of vomiting, may still persist; however,
the general condition is markedly mproved. On the thurd postexposure day,
most of the patients become asymptomatic, and only a few exceptional cases
continue to show fatigue, anorex:a, and mild nausea as remnants of the
vanishing initial reaction. Generally, the sequence of disappearance 1s 35
follows: vomiting first, followed by nausea, then fatigue, and finally
anorexia

Thus, the nitial reaction can be conceived as composed of two complexes
characterized, respectively, by fatigue and vomiting These complexes appear
to be relatively independent of each other. Occasionally, fatigue 1s the only
complamt More frequently, fatigue 1s the predominant basic symptomt upon
which, as fleeting events, nausea and vomiting are superimposed. Generally,
concurrent and full devel of the two 1s observed. Fimally,
as a rarnty, only bouts of nausea and vomiting may occur without any mani-
festation of the fatigue factor. This relative dissoctation between “fatigue
and vomiting 1 ” perhaps wmd that the prod 1 reaction 1§
caused by two separate etrologic processes as suggested by Court Brown
(3, 5). . d

Special observatsons—Among laboratory findings, changes in the bloo
picture are especially d and i Maost con-
i b ing within a few hours of postexposure, The

is a leukocyt
increase m white cells, which frequently leads to a doublng of the preradia-
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nature., Conversely, the presence of prodromal effects points to a dose i.n
excess of 100 r and, thereby, to the likelthood of significant clinical mani-
festattons durmg the later phases of the acute radiation syndrome [Gerstner
1)1,
¢ g]ose-uvenfy pattern —Close to the threshold dose of 100 r the initial
reaction, 1f any, predominantly proceeds in mild forms characterized by
brief spells of fatigue, anorexia, and nausea But when the dose approaches
200 r, approximately the following distribution of severity emerges from the
therapy data reported by Miller et al (7) and by Levin ¢? al. (12). com-
pletely asymptomatic, 20 per cent; mild reactions not exceeding nausea,
20 per cent; moderate reactions with vomiting and marked weakness, 50
per cent; and severe reactions leading to profuse vomiting and prostration,
10 per cent The fact that Brucer ef al. (13) observed a similar distribution
after accidental exposure to distinctly higher doses probably indicates two
mechamsms first, because of a spontaneous tendency toward nausea, ad-
vanced cancer patients react to equal amounts of radiation somewhat more
vehemently than healthy persons; second, the distribution pattern fails to
undergo drastic changes as the dose exceeds the 200 to 300 r range The
second poimnt finds increasing support in evidence derived from leukemra
patients who recerved high total-body doses prior to bone-marrow trans-
plantation [Thomas et ol (15); Andrews (16)] At approximately 300 r,
each mdividual person seems to display fully the severity of the initial
reaction peculiar to his degree of susceptibihity; up to 600 r, perhaps even
800 r, no appreciable further increase in severity ensues This surprsing
dose-effect relationship probably can be explained as follows* not unlike
susceptibility to foreign protein, radiosensitivity—with respect to prodromal
effects—varies widely among a population; hypersensitive individuals are
characterized by Jow threshold dose and violent reaction, tonversely, hypo-
sensitive persons are typified by high threshold and mild response Accord-
ng to this mherent property, the prodromal reaction proceeds with a certain
degree of seventy, irrespective of the amount by which dose exceeds the
fully tnggenng value (300 r). Most likely, the drastic difference 1n ndi-
vidual sensitivity 1s typical for the initial reaction only, but not for the
subsequent damage to the hematopoetic system or gastrointestinal tract;
consequently, prognostic predictions made from the severity of the former
to the degree of the latter are dubious As support for this statement, two
examples may suffice First, after the Y-12 accident, the person exposed to
the second Mghest dose (339 rads) remained completely asymptomatic
during the day of exposure but passed through a severe hone-marrow de-
pression several weeks later [Brucer ef ol (13)]. Second, as tllustrated in
Ta'blc I, the incidence of typical radiation-induced vomiting among the
le.us}uma population decreased with dose since exposure groups were
designated and E‘om.posed according to both distance from hypocenter and
the degree of shielding afforded by interposed structures (the dose received
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and proper deci about co . To what extent, in analogy to
motion sickness, clinical if can be suppressed by strong motiva-
tion and will power remains unsolved. As revealed by numerous case re-
ports, evacuation of the disaster area in Hiroshima was certainly hampered
by moderate forms of the reaction; understandably, no snfatmation is availa-
ble about wnstances, if any, in which disability assumed such a degree asto
prevent cscape from the spreading fires The latter point also applies to the
occasional severe forms which were charactcnzcd by p\'u(use votmtmg and
prostration. Between 2 and 4 hr
commences and persists throughout a penod of 5 to 10 hr. Without as-
sistance, such persons obviously are dgomed i disaster situations, and their
number among Hiroshitma casualtzes will forever remam a matter of wg-
jecture That distinction of three grades m the prodromal reaction s -
portant not only for eivyl defense considerations but for other fields as
well, may be phfied by thesr therap : mild fosms,
psychologic reassurance; moderate forms, psychologic reassuraace tom-
btned with antiemetic medication; and severe forms, parenteral supply of
antiemetics, flnd, and electrolytes {Mitler of al. (7); Gerstner (11); Levin
et al, (12)).

Dose DepENDENCY OF THE INITIAL REACTION

The relationstup between radiation dose and degree of prodromat re-
action is of the utmost practical importance In nuclear disasters, accurate
results of physica) dosimetry may not be avadable early enough to form the
basis for immediate action and, thus, the chimeal picture must serve tempo-
ranly as both indicatar of exposure and guideline for countermeasures
[Brucer et af. (13}] What concfusions about the dose can be drawn fram

seventy, incidence, and fime of onset of the prodromal reaction?
Dose-sncidence patiern —Obviously, knowledge of both physteal radia-
tion factors and clinical reactians s requisite for predicting the dose-inci-
dence pattern mn large populatrons Smce highly accurate informatiar such
as is now available tefers only to whole-bady therapy patients whase
number decreases rapidly as the dose exceeds 200 r, this dose Jevel presently
forms the border lme beyond which reasonably confident statements are
ereasingly superseded by conjectures based on scanty therapy and seacto?
aceident data. Uncertaintres, which mtrease with ristng dose, apply not only
to thns paragraph but to the succeeding two as well Below 100 r, clear-cut
are not d to oceur 1 an exposed popu!almﬂ
[Glasswne ( 14)3. When the dose surpasses that threshold level, the inei-
dence grows quite rap:dly as shown by the following estimate: 350 5, about
50 per cent; 200 1, approximately 80 per cent; and 300 r, atmost 100 per
cent Thus, the absence of prodromal eﬂ'ects among an expased population
15 of eminent prognostu di with high prabability,
an air dose of less than 100 rand a subsequcnt elinical course of trivial
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Fic 1 Estimate of mcidence and duration of severe nausea, with vommting in

most cases, among a large population exposed to various air doses of penetrating
10mzing radition.

20,

INCIDENCE OF INITIAL REACTION {%)

Dose and length of delay period —For two reasons, the greatest practical
importance must be attributed to the characteristic time gap interspersed
between srradiation and abrupt onset of the prodromal reaction, First, this
brief defay peniod during which exposed persons still possess full physical
and mental power, may represent the only chance for active escape from
a nuclear disaster area. Second, 1t has been claimed repeatedly that the
length of the time gap allows for the making of valid conclusions concern-
ing both seriousness of exposure and prognosis of the subsequent acute
radiation syndrome, allegedly, the earlier nausea and vomiting occur, the
more severe is the ensuing disease To allow objective determmnation of this
smportant factor, all available information has been summarized in the
distribution pattern of Figure 2, showmg the onset time of prodromal
reactions 1 97 persons who were irradiated erther therapeutically or acci-
dentally; criterion for the inclusion of data has been reasonably accurate
attestation of the time when either severe nausea or, 1n most cases, frank
emesis commenced Each mark, referning to one patsent, indicates both the
type of exposure and origin of data n the following manner : Members of a
first group who received hmited field x-radiation are represented by circles
contaming black segments wherein segment size reflects Iiterature references
as follows—three-quarters (18), two-quarters (19), and one-quarter (20).
Members of a second group who received whole-body x-radsation are repre-
sented by eircles containing black centers and references are denoted by
the number of circles—one circle (7}, and two eircles (12). Finally, mem-
bers of a third group, who suffered from short-term exposure to penetrating
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TABLE 1

INCIDENCE OF VOMITING DurinG DAY 08 ATTACK AMONG VARIOUS EXFOSURE
Groups 1N Hirosmma {COMPILED FroM OUGHTERSON 32)]

Total Number of Tncidence of Vomiting

Exposure Group

Persons Number of Persons  Per Cent
A 570 183 3.1
B 1119 212 243
c 1817 128 7.0
D 1604 59 3.1
E 7M1 17 2.4
F 575 1 2.4
G 267 1 0.4

by the group {estening as the identifying letter advances 1t the alphabet).
Although data about prodromal effects in Japanese bomb casualties require
careful scrutiny, two points in Table I are obvious beyond doubt: Even in
the highest exposure group (A), the incrdence of vomuting falls far below
100 per cent; yet, most members of this group subsequently suffered from
severe forms of the acute radiation syndrome. In the low exposure groups
(E-G), incidence does not reach zero despite the fact that the succeeding
hematopoietic disturbance, if any, remamed clinically insignificant. Collec-
tively, this evidence strongly corroborates the view that, in the several-
hundred-roentgen range, severity of prodramal reactions largely reﬂ'ects
individual susceptibility and, therefore, allows few prognostic conclusions
about degrees of later clinical sequelae.

Dose-incidence-time pattern —By taking into account even the mildest
forms of reaction, and by adopting the rather dubious assumption that be-
yond 300 r practically everybody experiences some degree of early effsc(f,
an® estimate of the dose-tncidence-tume patlern has been made which is
graphically represented m Figure 1 This drawing, although conjectu(al n
many detaids, depicts the following essent:al and rather well-established
characterstics of the prodromal reaction A delay period ending with the
sudden onset and build-up of the disturbance; a maximum of incidence
among the )f which lies here between 5 and 8 hr. post-
exposure, irrespective of dose, and a swift decline that becomes evident
after the reaction has passed through the climax Because of the gra'dual
ebbing of waves created by the succession of exacerbations and remissions,
the duration of the entire prodromal phase 1s ill-defined; generally, emeses
disappear after the second day. In a sertes of 33 unshielded Hiroshima
survivors who were exposed to doses probably ranging from 400 r to more
than 600 r, vomiting lasted, on the average, 40 hr. while nausea had a mean
duration of 48 hr. [Clark & Lynch (17)].
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as a nonspecific systemic response to suffictent mtensities of any kind of
penetrating radiation passing either through the entire mass of the body
or through a fraction of its volume only; within a wide dose range, the
time of onset and degree of response are predominantly determined by wdi-
vidual susceptibility. If a short-term dose of penetrating radiation is high
enough to evoke prodromal reactions at all, the disturbance will begm be-
tween 1 and 5 hr. postexposure with 2 probability exceeding 90 per cent
TLater onset 1s suspect as reflecting a psychogenic response or some other
)! Earlier indicates erther a pure psychogenic
response or an overwhelmmg dose of several thousand roentgens.

InFLUENCE OF Bopy REecioN, Ack, SEX, AND OTtrHER Brorogic FAcrors

One of the most outstanding features of the nitial reaction to penetrat-
1ng radiation is 1ts starthing d d on dual ility  Obvi-
ously, 1t would be ad to both radiotherapy and nuclear power
utihzation if patients or personnel, before actual or potential exposure,
could be screened according to this eriterson By attempung to unmask the
concrete factors behind the vague term “susceptibility” 2 basis may be found
for answering the questions: which persons are hypersensitive, and which
ones are refractory?

Body region —When applied to various regrons of the body, equal doses
elicit prodromal reactions which are identical in kind but different in degree;
hence, ease with which the distress is evoked depends on the irradiated
topographic area This regional difference 1s mteresting scientifically be-
cause of 1ts bearing on pathogenes:s of the distress and, practically, because
of its relations to the followimng facts: i nuclear accidents, homogeneous
whole-body exposure often will be an exception rather than a rule; whereas,
because of shielding by mnterposed structures, partial exposure, or at least
inhomogeneous dose distribution, will predominate. In regard to sensitivity,
radiotherapy experience with many thousands of patients has established
firmly an order of gross body areas Pomts of general agreement can be
formulated briefly as follows: from a peak 1n the epigastric region, sensi-
tivity falls off toward the head as well as toward the thighs (20, 26 to 30) ;
statistieal comparison of various data discloses the quantstative relationship
to correspond quite well with that expressed by Groedel & Lossen (26),
namely, the same dose that induces prodromal reactions 1 50 per cent of

the patients when applied to the abdomen, causes the following mcidence
elsewherr tharay 3 nar aonts hand ned ooo1 ar P N

0 per ¢

sensity

for the drawing ot definite conclusions; too often differentiation 1s imposst-
ble between findings chiefly reflecting pr 5\ h h h

and those gr:ginanng in facts Therefore, it suffices to quote Jo.;ﬂy one
example which appears relatively well founded From observations made on
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radiation during nuclear accidents, are represented by circles with letters
indicating the corresponding reference—A (21), B (22), C (23), D (13),
E (24}, and F (25), Despite its unbiased selection, the data n Figure 2
form an impressive pattern in which, itrespective of their origwm, 95 of
97 markings are arranged rather cvenly between 1 and 4% hr. postexposure.
Inescapably, this striking feature leads to several important conclusians.
First of all, onset time of the prod, I reaction 1s infl d very httle
by the size of the radiation field—be it as small as the pelvic area (19), or

BUMNBER OF CASES
I

=

o

2 3 4 E]
HOURS POST < IRRADIATION

F16 2 Distsbution pattern of 97 patients which shows the tme e!ap§ing btt):m
end of radiation and onset of severe nausea associated, in most cases, with vomiting
Further mformation is given 1n the text

as large as the entire body (7, 12); thus, dose distrsbution is precluded 2s
an important factor Second, lack of separation between radiotherapy mark-
ings and nuclear accident symbols indicates irrelevance of raduation type
--roentgen, gamma, neutron, or any mixture of these penetrating rays
Third, even though the doses vary widely within the several-hundred-
roentgen range, this variation barely affects the distribution pencm; hence,
dose plays an unexpectedly minor role Although, by statistical n':e:m!. a
slightly falling trend of the delay time has been demonstrated for increas-
ing amounts of radiation by Court Brown & Abbatt (19), this r:ducﬂa}ﬂ
Dbecomes obvious, 1n single persons, onfy after exposures in the s?vef'a-
thousand-roentgen range (symbol F 1n Fig. 2) Evidently, after rejection
of field size, type of radiation, and dose as major influences, it becom;S
necessary to search for another and a much more powerful agent as the
determinant of the distribution pattern in Figure 2. This factor, almost
inly, is individual susceptibiity, .
c"?om{r’zent.——The pfccedufg consyidemuon reveals the prodromal reaction
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the lower part of Table II. When the discussed Limitations are taken into
account, the Hirostuma data agree with radiotherapy experience in estab-
lishing a correlation between mcreasing age and decreasing proneness to
prodromal reactions,

Sex.—Although Miescher (20) concludes from a comparison of 52
male with 69 female radiotherapy patients that the incidence of “radia-
tion sickness” shows no significant sex difference, later investigators re-
port for women a definitely greater proneness to prodromal reactions
[Anzilott (29) ; Pfahler (33)]. The existence of such a difference between

TABLE 11T
INCIDENCE OF VoMItisG DURING THE DAY oF ATTACK Auong 20-DAY Hiro-
SEIMA SURVIVORS SEPARATED ACCORDING 10 SEX {COMPILED FROM
Ovearessov (32)]

Persons Vomiting

Exposure  Number of Persons Number Per Cent of Observed
Group Observed N Group
Male  Female Male  Female Male  Female
A 414 156 109 74 26.3 7.4
B 560 559 119 153 213 27.4
c,D 1701 1717 72 115 12 67
EF,G 738 815 10 2 1.4 27
Total 3316 3247 310 364 91 1.2

sexes is confirmed beyond any doubt by the Hiroshima data comp:led in
Table IIL. Large sample slze and consistency of trend—reflected i in higher

USRI

Sreentn o

to be higher than that 1n men exposed to the s‘zme dose
Constitution —Although the biologic factors discussed above affect
suscephblhty to some extent, their influence is much too weak to explain
the wide i dual vartation displ by the prod reaction. Search
for a more potent principle necessarily leads to an inguiry about the role of
specific constitutional traits. Thus far, attempts to establlsh correlations
between the degree of y and certain anth body types
have been unsuecessful [Anleom (29)] General agrement nonetheless,
exists about the following fact: ions with relatively Jow
d‘oscs and veh occur in persons classified ejther as

(20), or as psych (27), or as nervous and high-
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400 patients, Anzilotti (29) derived the following order of decreasing
radiosensitivity for abdominal regions: epigastric, hypogastric, periumbifical,
splenie, renal-adrenal, and hepatic,

Age~—Radiotherapy experience can be summarized briefly as follows:
comparison between young and old persons subjected to the same dose
suggests for the first group a somewhat greater proneness to prodromal
reactions ; hence, radiosensitivity seems to decline gradually with advancing
years. So slight 1s the effect, however, that this statement can be based
only on clmical impressions, not on definite proof (20, 29, 31). It becomes

TABLE II

EFFECT OF AGE ON THE INCIDENCE oF PRODROMAL REACTIONS AMONG A SAMPLE
OF 6613 HIROSANMA 20-DAY SURvIVORS. TABULATED 1S THE PERCENTAGE
OF INDIVIDUALS OF EACE SUBGROUP WO REPORTED VOMITING ON
THE DAy oF Arrack [CoMpILED FroM QUGHTERSON (32)]

Exposure Age Range in Years Total
Group 04 514 1549 50-100 Al Ages
A 333 0.7 33.1 28.0 32.1
B 160 324 261 114 243
c,D 3.8 91 4.9 5.1 53
EF,G 15 26 1.7 21 2.1

obvious that the suggested trend is actually true when the Hiroshima datz
in Table II is subjected to the following scrutiny: several undersized sub-
groups—as small as 3 members—discredit the figures quoted for the young-
est age range (04 years); conseguently, these dubious values must be
eliminated from further consideration In sharp contrast, the remammng
figures can be accepted with the hgh degree of confidence arising from
the data found 1n sample sizes of 25 to 2300 persops. According to the
reliable part of the data, the incidence of vomuting clearly decreases with
progressing age That this age relationship concerns a true radiation-induced
reaction is affirmed by the fact that the falling trend manifests itself m'ost
conspicuously at high doses. in Table II, the dose lessens as the 1dentifying
letter of each exposure group advances in the alphabet It appears reasona-
ble to assume that persons comprising exposure groups A and B fall into the
several-hundred-roentgen range and, as a consequence, display relatively
pure radiation sequelae Conversely, as the dose declines through groups C:tﬂ
G, radiaton progressively loses its leading ettologic role to competing
mental and physical stresses inherent n such large-scale disasters; at these
low exposure levels, therefore, vomiting cannot be related precisely to 21'75
radiation insit as such This fact cbviously explains the irregularities in
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the lower part of Table II. When the discussed Yimitations are ta_ken into
account, the Hiroshima data agree with radiotherapy experzence in estab-
lishing a correlation between increasing age and decreasing proneness to
prodromal reactions. .
Sex—Although Miescher {20) roncludes from a comparison of 52
male with 60 female radiotherapy patients that the incidence of “radia-
tion sickness” shows no sigmficant sex difference, later mnvest:gators re-
port for women a definmtely greater promeness to prodromal reactions
[Anzlotti (29) ; Pfahler (33)]. ‘The existence of such a difference between

TABLE 111
INCIDENGE OF VOMITING DURING THE DAy oF ATTACK AMONG 20-Day Hiro-
SBIMA SURVIVORS SEPARATED ACCORDING 10 SEX {COMPILED FROM
OvGHTERSON (32)]

Persons Vomiting

Exposure  Number of Persons Per Cent of Observed
Group Observed Number Group
Male  Female Male Femate Male  Female
A 114 156 109 74 263 47.4
B 560 550 119 153 213 27.4
c,D 1704 71 7 115 a2 61
EF,G 738 815 10 22 14 27
Total 346 37 310 364 91 12

sexes is confirmed beyond any doubt by the Hiroshima data compiled in
Table III Large sample size and consistency of trend—reflected in higher
femate values throughout all exposure groups—bestow upon the findings 2
degree of confidence that renders further discussion redundant, In summary,
this brief survey reveals the incidence of prodromal reactions in women
to be higher than that in men exposed to the same dose,

Conshitution ~—Although the biologic factors discussed above affect
susceptibility to some extent, their influence is much too weak to explain
the wide individual vanation displayed by the prodromal reaction Search
for 2 mare potent prinuiple necessanly leads to an nguiry about the role of
specific constitutional traits, Thus far, attempts to establish correlations
between the degree of bility and certamn antt 2! body types
have been unsuccessful [Anzilotti (29)] General agreement, nonetheless,
exists about the following fact: prodromal reactions with relatively low
threshold doses and vehement character occur in persons classified either as

h (20), or as psych (27), or as nervous and high-
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strung (10, 34, 35}, or as emotionally unstable (29, 36); in short, m per-
sons characterized by labdity of the nervous system, especially of jts auto-
nomic part. As yet, this “nervous imbalance” has been desersbed too vaguely
to allow further analysis, and objective measurements of the pecubiarity
have not been attempted. Frequently, “ner " may represent only the
reflection of another ic disturb ible to accurate appraisal.
It appears certain that, eventually, such specific characteristics in a per-
son's biochemical and physical makenp wilt make objective and replace his
“traits” and, by domg se, will furnish alse a solid foundation for the

ef ding of s ibilisy to radiati

Meal schedule~Occasionally, exp of the fasted patient—'‘on an
empty stomach™—has been recommended for alteviation of “radiation sk
ness.” Incrimination of food uptake as a precipitating factor probably re-
sults from the following fact: through its wavelike course, the prodromal
reaction 15 capriciows and unpredictable—presenting brief periods of refs-
tive well-being alternating with spells of severe distress Sometime,
exacerbations can be traced apparently to meals or disagreeable semsory
impressions; often, their cause remains completely enigmatic, Presumably,
by elmmnating some of the upsettsng influences, an empty stomach mfgﬁ‘
be of benefit; however, such a beneficial effect Jacks sufficient ehmieal evi-
dence. On the contrary, overwhelming experience favors mamtenancerf
normal meal schedules and ads of the radi; treatment during
ofie of the intervals—usually at 1 to 2 hr. following breakfast or Funch
(12, 20, 37, 38) Under such a regimen the systemic reactions definitely
are mulder

Contment wwAlthough several discrete factors have been isolated and
assessed as contributors to the complex (radiosensitivity), they throw only
partial light upon the wide vartation found among persons, and, to 2 lg'ge
extent, the problem stsji remains unsolved. Known facts can be stmmatized
briefly as follows with a mnimum of integral dose, the person most hi.cdy
to develop a prodromal reacton is a fasted young woman, nerveus and high-
strung, receiving penetsating radiation to the epigastric region




SHORT-TERM RADIATION 301

LITERATURE CITED

1. Ellinger, F, The Biologic Fundamentals of Radwation Therapy, 291-92 (Elsevier
Publ Company, Inc., New York, N'Y, 1360 pp, 1341)

2 Ellmger, F, Medical Radwtion Biology, 38490 (Chatles C Thomas, Publ.
Springfield, I1, M5 pp, 1957}

3 Court Brown, W. M, and Mabler, R. F., Proc Roy Soc 3Med, 46, 2453-50
(1953)

4 Gerstner, H B, J Am Med. Assoc, 168, 381-88 (1958)

5 Court Brown, W AL, Brit. Med. 7, Pt. 1, 802-5 (1953)

6 Court Rrown, W A, and Abbatt, ] D, Brit. J. Hematol, 1, 73-83 (1933)

7. Miller, L S, Fletcher, G. ., and Gerstner, ¥ B, Radahon Rescorch, 8,
150-65 (1938)

8. Cronkite, E. P, m Behrens, C. F, Atomic Bedicine, 103-22 (Willams &
Wilkins 6, Baltimore, Md, 632 pp, 1933)

9 Gauss, C J, and Lembcke, H, Special Volume I, Straklentherapic (1912)

10 Béclre, A, Am J Roentgenol , 5, 493-506 (1918)

11 Gerstner, H B, U.S Armed Forces Med 1,9, 313-51 (1938)

12 Levin, W C,, Schneider, M, and Gerstaer, H B, School of dwation Medicine,
USAF, Rept No 60-1 (1939)

13 Brucer, M, U S. Atomc Energy Comm Rept. ORINS-25 (1939)

14 Glasstone, S, I7 S. Atomic Energy Comm Document, AFP 136-1-3 (published
1 cooperation with the U. 5 Department of Defense, 1957,

15 Thomas, E. D, Lochte, H L, Jr., and Ferrebee, J W, Blood, 14, 1-23 (1959)

16 Andrews, G. {Personal communication)

17 Ml €T ana T -

1 . .
1 ' 955)

z

21 Hempelmann, L H, Lisco, H, and Hoffman, J. G, dnn Intern Med , 36, 279-
510 (1952)

22 Hasterlk, R J, and Marinells, L. D, Proc Intern. Conf Peaceful Uses of
Atomic Energy, 25-34 (Unted Nations, New York, N Y, 1956)

23. Guskova, A. K., and Baisogolov, G D, Pror Intern Conf Peaceful Uses of
Atomic Energy, 3541 (Umted Nations; New York, N'Y , 1056)

24, Andrews, G {Personal communscation sbout Yugostavien reactor acadent)

75 Stipman, T L, U S Atomic Energy Comm Document, LANL Rept No.

2293 (1959)

2 Grosdel, F nnd Tovcew T €hctt wry o es oo oen -

27 Simons, A. -

28 Doub, H - w
1303 (1920) !

29 Analotti, A, La Radsol Med , 25, 63165 (1938)

30. Seott, L. D, aud Tarleton, G. J, Radiology, 47, 336-91 (1946)

31 Ellnger, F, Roswit, B, and Sorrentino, J, Am J. Roentgenol and Raditm
Therapy, Nuclear Med , 68, 275-80 (1952)

32 Oughtersom, A W, U. S. diomiz Energy Comm , Tech I i
s (ochs ech Inform Service Rept,



302 GERSTNER

33 Pfahler, G. &, Am, J. Roentgenol, 5, 5-9 (1918)

34, Smithers, D. W,, Brit J. Radiol, 15, 233-36 (1942)

35 Schreiner, B F., and Stenstrom, K. W., Am. J. Roentgenol, 11, 451-54 (1924)
36. Jenkinson, E. L, and Brown, W, H, Am J. Roentgenol, 51, 496-503 (1944)
37. Adler, K, Strahlentherapie, 45, 563-70 (1932)

38, Kullander, S, Acta radiol , 28, 221-24 (1947)



HIGH VOLTAGE RADIATION THERAPY!

By Morrox M. Kricezmaw, M.D.
Department of Radiwlogy, Yale University School of Medicine
New Haven, Connecticut

INTRODUCTION

In the past two decades, the practice of radiotherapy has seen strong
development along three major lines. These include the widespread use
of radwactive isotopes m invesngational and clinical work; the rapdly
increasing interest 1n the biologic effects of radiation; and the develop-
ment of external radiation therapy equipment whick produces gamma
rays, X-Tays, and electron beams n the supervoltage range. Although the
number of supervoltage umts was limited to a relatively few institutions
before the end of World War II (10, 15, 16, 37, 50) this aspect of radio-
therapy drew a great deal of attention in this early persod. Followang that
war, numerous instruments were designed. Widespread clinical use soon
became a reality, ly with the develops of ly h
cobalts® sources. This discussion will center mainly on the clinica] aspects
of the use of supervoltage radiotherapy, although a brief description of
available apparatus will be included.

It is not too early to point out that the advantages of supervoltage
therapy depend entirely on the physical charactersstics of the beam. Chni-
cal biological considerations have not been altered by the introduction of
this The 1nd for rad py, past and present, are
determined by: a knowledge of the relative radiosensittvity of particular
tumors and the normal structures in which they are located; knowledge of
the direction, time, and extent of the spread of a particular tumor; and,
the complications most apt to arise as a result of treatment. These con-
siderations can best be expressed by saymng that, in importance to the pa-
tient, knowledge of the natural history of the particular cancer and sts
sensitivity or responsi to 1rrad far hs the Tabil.
of a supervoltage generator. Neglecting an adjustment m optimum tumor
dosage between routine deep therapy equpment (200 to 250 kv.) and the
supervoltage units, no appreciable change in the hwlogic response of
tumor and normal tissues has been observed, Nevertheless, certain ad-
vantages of supervoltage radiation widen the horizon for the application
of fomzing radiation 1n the treatment of the cancer patient.

ADVANTAGES OF SUPERVOLTAGE RADIATION
X-rays and gamma rays generated with an energy above one million
efectron volts (1 Mev) are considered to be i the supervoltage range.
Equipment now available and m use includes imstruments which develop

195‘9Th= survey of the literature pertaining to this review was concluded in June,
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energies up to 70 Mev. The eharactetsstic of the supervoltage beam as op-
posed to orthovoltagre (200 to 250 kv.) 15 attributable to the forward scatter
of the secondary cletizons produced as the resull of the interaction of the
high-energy x- or gamma rays with the tissues. Like the prumary X-ray
beam, these electrons cause jonizations within the tissues. I routine deep
therapy apparatus, however, the electrons so emitted scatter widely. As 3
result, the maxsmum dose mn orthovoltage treatment is on the surface of the
skin while with the forward scatter 1 supervoltage equipment, the highest
dosage is found at some distance below the skin surface. This distance is-
ereases with voltage. Furthermore, side scatter 1s nat apprectable and thete-
fore little cnergy 1s dsssipated heyond the cone of treadiation subtended by the
primary beam, Because of the skin-sparing effect of supervoltage radiation,
the tumor dose can be increased and wndeed 13 essentially independent of the
lsmitations which were formerly ymposed by the shin. The lack of fatessl
scatter and lugh-depth dose decrease the total amount of irradiation ab-
sorbed by the patient and greatly reduce the intdence of radmtion sickness

The mmproved physical charactenstics of these higher energy beams
permt utihzation of rotation therapy with considerable advantage [Trump
ef ol, {60); and others {5, § 72, 43)] This seduces the amount of radia-
tion debivered to the ssormal tissues surrounding the tumar-bearmg volume
to a mmmmum (6, 18, 19, 36, 40, 47, 59, 63).

APPARATUS AVAILABLE

Gamma rays and x-rays are clectromagnetic radiations of extremely
short wavelength capable of passing through gaseous, qud, and sold ma-
terial, and eapable of joning these substances. By convention, gamma
rays refer to those electromagnetic radiations which are produced by the
disitegration of the nucleus of radwachve matersals, either ocewrreg
naturally or produced artificially. X-ray, on the other hand, 15 the term
applied o electromagnetic radsation produced by electrscal generators
Gamma rays and x-rays of similar energy ar voltage have exactly the same
characteristics as far as thewr interaction with matter is concerned.

The dssintegration of a partscular radwactive material causes the emss-
sion of radiatior of 4 lrmited number of wavelengths. For example, radio-
active cobalts? produces one photon of 17 Mev and one photon of 13 Mev
The beam 15 relatively tre  Electrical produce
photons threugh a whole spectrum of energy values with the highest
encrgy betng equal to the rated capscity of the machme For example, 3
4-Mev lnear accelerator produces photons of many wavelengths of whith
the shortest and most penctrating corresponds to an energy of 4 Mev. In
general, the average energy of the beam of an electnc generator 15 equal
to one-half the maximum voltage A 3-Mev electric generator, iherefore,
would have an average energy of 15 Mev whrich corresponds to the energy
of the cobalt®® beam (13 and 17 Mev) Al X-rays are produced by the
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bombardment of a target metal of high atomic number (tungsten, gold)
by electrons which are accelerated to great speed, thereby increasing therr
mass. The 1. and 2-Mev resonant transformer generators have proved to
be extremely reliable mstruments (12). Also in this range is the popular
2-Mey Van de Graaff generator which produces sts high voltage electro-
statically (58). By removing the target of this instrument and adding a
suitable auxibary apparatus, the electrons themselves have a chmcally
effective penetration in tissue of approximately 06 cm

Linear accelerators are available that develop voltage from 4 to
70 Mev (23, 24). These instruments are very readily converted from x-ray
beams to electron beams and have a high output of energy in erther form
The betatron (35, 41, 42), using a different system of accelerating electrons,
can be utilized as either an x-ray or electron beam source and is available
1m energtes from 225 to 35 Mev. For energies above 50 Mev, a modification
of the betatron known as the synchrotron 1s more efficient (46, 52)

Perhaps the most popular supervoltage mnstrument is the radicactive
cobalts® teletherapy umt (4, 26, 39). Watson (63) Iists the advantages of
the cobalt unit over a 2-Mev electric generatar as. (@) lower imtal cost,
() lower upkeep; (c) compactness and maneuverability; and (d) a mono-
chromatic beam The disadvantage 1s the penumbra, or zone of reduced
irradiation around the primary beam which increases the total amount of
irradiation which the patient receives A second disadvantage 1s that these
cobalt sources must be replaced every three years in order to keep a reason-
able number of patients under treatment It should be poimnted out that the
popular cobalt unsts are relatively small and are used in rotation therapy
with relatively short target-skin distances Although the skin-sparing effect
15 mamtamed, the depth dose 1s considerably reduced by this altered geometry
as compared to the large cobalt umts and electric generators, With the
short focal distance the penumbra is large and, as a result, a high dose
15 delivered to the tissues surrounding the tumor This is often as great as
the patient would recerve during rotation therapy with a 250-kv. ma-
chine (43).

Treatment with heavy particles by means of the cyclotron (56) as well
as the use of neutrons from the atomic pile 1s undergoing investigation (25).

It 15 smportant to appreciate that the differences between the several
supervoltage machines, other than the last two mentioned, are small when

compared to the differences between supervoltage units as a group and
deep therapy units

GENERAL CLINICAL CONSIDERATIONS
Supervoltage radiation with its ability to spare the skin and deliver a
high tumor df)se has permutted two mportant advances First, it has in-
creased the diameter of a tumor of any particular type which can be ac-
cepted for definitive treatment with hope of long-term survival. This means



306 KLIGERMAN

that a greater number of patients can be subjected to cancerocidal doses
than previously. With the orthovoltage instruments, only patients with
tumors less than 8 to 10 em. in diameter are given definitive ireatment
This does not mean, however, that the same proportion of pattents who
were salvageable from the 8- to 10-cm. group with 250 kv. are also salvaged
by supervoltage used on larger tumors. If this were true we would have
a very appreciable mncrease n the over-all cure rate. Biologically, as the
tumor gets older and larger the chances of metastasis increase, Therefore,
although the multi-million voltage units can deliver cancerocidal doses to
considerably larger tumor volumes, possible long-term survival is limited
to the number which are truly localized to the volume of tissue under treat-
ment. Nevertheless, although the percentage increase in “cures” is small,
supervoltage results in infinitely better pallration since this is directly pro-
portional to the dose absorbed In addition, this palliation is obtained with
minimal side effects of radiation A case m pomt is the report made by
Fletcher (20) who compared the treatment of supervoltage with 250-kv
X-r2ys on carcinoma of the base of the tongue. At one year the survival
with supervoltage was 80 per cent while that with 250 kv. was only 20 per
cent; however, at two years the survival for both groups was the same,
namely 10 per cent. In this instance, the total patient-months of survival
are greatly increased by supervoltage therapy.

The second mmportant accomplishment is that large tumor volumes, ac-
cepted for palliation only, are better managed because higher, although
less than canceracidal, doses can be comfortably delivered. Very large
volumes, previously rejected even for palliative therapy, can now be in-
cluded for treatment with supervoltage therapy. High-energy radiations
can be used n the re-treatment of tumors through areas previously treated
to skin tolerance by orthovoltage beams (49) Hence, although the Ior‘lg-
term survival of all patients with cancer has not been dramatically in-
creased, the total number of patient-months has been greatly aungmented.

The posstbility of bone necrosis 1s reduced with supervoltage therapy
because the energy absorbed in bone, fat, and muscle is approximately l.he
same for a given exposure However, since considerably greater guantities
of radiation are delivered to the tamor, the absolate absorption in bone
can still rise to excesstve levels.

Personal observation of the betatron leads me to the conclusion that
a greater number of pattents may tolerate a relatively larger amom}t of
irrad , but 1t 15 still ble to determne at the outset which patients
can be so treated A greater number of delayed reactions has also been
observed 1n patients who have mummal reactions n the deep structures
during the course of treatment. These two observations compel one to Pl:o'
ceed with great caution in pushing the dose of supervoltage radiatron sig-
nificantly higher than that known to be tolerated in routine deep therapy

(13).
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Special mention shoutd be made of the use of the electron beam (2, 32,
45, 61, 62). The depth of the effective penetration of electrons is dependent
on voltage, A rule of thumb is that the therapeutic range in centimeters
‘below the skin surface is equal Yo one-third of the Mev. Hence, one can
treat lesions to a depth of 0.6 cm. with Z-Mev electrons and to a depth of
8 ¢m with 2+-Mev electrons. Beyond this depth the energy absorbed drops
off rapidly, In the case of X-ray beams, the dosage falls off beyond the
100 per cent level more or less exponentially as it passes through tissue
Using an electron beam, one ¢an treat the internal mammary chain by a direct
port and not expect to get a significant dose in the lungs, thus eliminating the
problem of radiation fibrosis (27, 33, 45, 61, 62).

Despite numerous clinical reports which are present n the literature
since 1950, only impressions about the clinical indications and expected
benefits can be drawn, The difficulty arises because mo single institution
has sufficient cases from which statistically sigmificant material can be
drawn However, as one collects ndividual reports an unusual unanmity
of feching develops. One gains the mpression that supervoltage therapy
1s particularly useful in treatment of cancers of the brain; head and neck,
especally maxillary antrum, hypopharynx and base of tongue; tumors of
the lung, cancer of the breast; cancer of the urinary bladder; and cancer
of the rectum

SPECIALTY SITES !

InTRACRANIAL TUMORS

Although tolerance of the normal brain to radiation is not high, it is
not uncommon to experience difficulty in treating tumors of this structure
with 250 kv, x-rays since selatively large, eccentric volumes must be ir-
radiated Supervoltage provides a better distribution of energy within the
tumor, mummal irradiation to the surrounding normal brain, and a faster
and better regrowth of hair. Medulloblastoma, characterized by repeated
recurrences and relatively long survivals, can be treated through the same
portal area r dly without skin H i Reports are labl,
Blomfield (3) and Arnold ¢f al. (1), the latter’s account indicating that
11 of 21 patients with malignant tumors survived over 12 months.

The use of this energy level for treating metastatic carcinomas of the
brain 15 encouraging enough to be considered worth-while in a reasonable
percentage of patients

Heap anp Necx
Despite the relatively small diameters and comparatively superficial lo-
catl(?n of tumors in the head and neck, supervoltage radiation therapy 15
particularly vatuable in this region. Although multiple, small port, beam-
directed therapy can delrver desired cancerocidal doses i this area with
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f)rthovoltage, execution of the plan is often impractical. Supervoltage is
infinitely more simple and, in an area where cosmetics are particylarly 1m-
portant, it is appreciated by the patient. Smith (54) reports 11 of 13
laryngeal cancers with primary regressions. Subglottic extension was pres-
ent in six, of which five were controlled The maxillary antrum, one of the
most difficult areas to which jonizing radiation can be applied, is excellently
managed by supervoltage irradiation using two portals a¢ right angles to
each other with compensating wedge filters (7, 57). The latter provides
for homogencity of dosage throughout the tumor-bearing volume. Schulz
(53) 1s not impressed with the mncrease in effectiveness of supervoltage
therapy over orthovoltage but does recogmize its simplicity and decrease
in untoward reactions. He reports 24 cases treated with 5000 r by super-
voltage and 98 cases treated with similar dosage with 250 kv. Over a five-
year period he reports 20 per cent and 18 per cent surviving, respectively,
Grouping all head and neck tumors fogether, Fletcher (17) reports a 90
per cent regresston rate, which 1s much higher than has been experienced
with 250 kv Smith (54) points out excellent initia] responses 1n 24 to 48
months m lesions 1n the floor of the mouth, and notes that five of seven
survivals had 1nvasion of the bone at the t:me of treatment. Two of these,
subsequently requiring resection of the mandible for necrosis, failed to re-
veal tumor growth 1n the resected specimen

In the case of the betatron or in electron beam therapy, a sumple homo-
latera] port can be used for treatment of tonsillar lesions. Tapley et al. (55)
failed to show significant differences in survivals when patients treated
on the betatron were compared with those treated with the 250 kv. unit
In this particular lesion this group found the tumor response to be inde-
pendent of dosage Lesions in the head and neck region are discussed by
numerous authors (3, 7, 11, 17, 21, 33, 38, 50, 62)

It has always secmed a paradox that radiotherapy controls primary
lesions in the head and neck region, yet fails in treatment of metastatic
cervical nodes. Radrcal resection 15 the best choice when operable; how-
ever, where the patients are chnically moperable, supervoltage X-ray beams
do accomplish more than arthovoltage has mn the past. Yet, what st does
accomplish is less than ideal The electron beam is particularly suted for
the management of noperable metastatic cervical lymph nodes A cancero-
cidal dose can be delivered to the area of nterest wathout apprecrable effect
on the deep structures which himits the use of the high-energy x-ray beam

THORAX
The long-term survival of patrents with carcinoma of the esophagus
treated by supervoltage is not significantly different from the long-term
results with orthovoltage As tn other areas, the biology of the tumor
namely, early metastases, destroys the pattent However, 1n a tumor of
hmited ¢ vity, better pall 15 obtained and a higher percentage
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TABLE 1
Carcinoma of TeE Luxe
Collected Series Treated by Supervoltage Radiation

v
w Manths
1 hid puil Number | Survival
Author Number of Cases Dose/Tume Surviviog | (Cases
|columa 1V}
Watson (63) 193 42 supervoltage | 55-7500 r/18-25 days 5 20
151 250 ky. s 12
Haas et ol (3) 150 47 betatron 32-7500 7/26-36 days 10 12
143 250 kv 19-4500 1/26-36 days 10 12
Mornison & Deeley (43) | 199 4500 1/4 weeka 63 12
Smuth (54} 145 (moderately exten- s 2451
s1ve and extensive)
Guttmann (29, 31) 144 56000 /56 weeks 4 12
Kutz (44) 173 5~7000 T 12 2

of disappearance of the primary lesion 15 effected by supervoltage therapy
stmply because higher doses can be consistently delivered. Fletcher (17)
prefers not to accept patients with esophageal or pulmonary cancers be-
cause of their eventual poor prognosis. Smith (54) reports 4 of 15 patients
alive after four years, one of whom had a lesion in the lower third of the

3 which is A to be an unf ble site for radioth

Like the esophagus, the lung (Table I) 1s a particularly discouraging
lesion to treat, again because of the natural history of the disease. How-
ever, Haas et al. (3%) report 10 of 47 cases treated on the betatron sur-
vived an average of 19.6 months as compared with the usual 6-months sur-
wvival of orthovoltage-treated patients He is supported by others, Watson
(64) points to better palliation and a better survival rate for epidermoid
carcinoma as compared with that of adenocarcinoma of the ling He has
the impression that the combination of mitrogen mustard and supervoltage
therapy may well give significantly hetter results than radiation alone

Cexvix

Cervical cancer 1n stages 1, 2, and 3, when managed by fomzing radsa-
tion, 1s primanly treated by the local application of radium In most chinics,
external radiation is applied to supplement the dose to the nodes in the
Tateral pelvic wall However, the amount of external radustion so apphed
15 usually of modest amount (2500 to 4000 r m three to five weeks) and
satisfactory dosage can be obtained by orthovoltage. The use of super-
voltage, however, is infinitely more satisfactory from the pattent's stand-
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point because of the lack of radiation sickness and skin reaction in a senst-
tive area (30). Most patients gar weight during a course of external rado-
therapy to the pelvis when treated by high-energy machines.

In the advanced cases (stage 4), however, 1t is necessary to treat the
entire pelvis by external radiation therapy and almost always without the
use of radium. Here doses of 5000 r over a five-week period are readily
accomplished by supervoltage therapy. This large volume cannot be given
this quantity of radi by orthovoll tr Again, few untoward
effects are experienced. Rotation therapy, although not necessary, is par-
ticularly useful in this situation (60).

BLADDER

This is perhaps the area in which the greatest number of authars are
enthusiastic about the use of supervoltage radiation (Table II). Ina 1938
report, Dresser & Spencer (15) found treatment of the bladder with a
12-Mev Van de Graaff generator to be the most interesting area when
compared with orthovoltage therapy. Smmilar encouraging impressions are
obtained by others (7, 17, 37, 38). Cuccia ef al, (14) report 100 cases treated
on etther betatron or cobalt®® units. Although both instruments are satis-
factory, the dose distributton through the tumor volume is somewhat better
on the betatron. As seen in Table IT, amehoration is possible not only in
those patients with tumors himited to the bladder but also in those patsents
whose disease extends to the pelvic wall They have found that older

TABLE I
CarCiNOMA OF THE URINARY BLADDER
Collected Series Treated by Supervoltage Radiation

v
v Months
1 84 mr Number | Survival
Author Number of Cases Dose/Titne Survivieg (Cases
column EV}
Busby (9) 58 24 radical 5-6000 r/3-6 weeks 13 60
34 palhative 3-3000 r/3-4 weeks 7 o0
_——
Burkell & Watson (1) | 21 55-7200 £/19-38 days 13
Plenk ef o} (51} 23 5-7000 1/6-9 weeks 11 3v
Cucera et al (14) 100 64 radical 55-6000 /S weeks ;2 f;
1 6
31 palhative | 354500 £/3-4 weeks ; ::
12 6
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women da not tolerate the treatments well They also found that low-grade,
low-stage lesions tend to recur despite whale bladder irradiation, and con-
cluded that [esions in this superficial group are best handled by ttansurethral
surgery.

Cantril & Buschke (11) report 9 of 61 patients alive after a five-year
period. Smith (54), in his five-year summary on cobalt®® beam therapy, re-
ports four patients well for three to four years. He recommends super-
voltage treatment for patients with: (@) recursent papilloma; (b) bulky
cancers beyond segmental resection; (c) large proliferating lesions involv-
ing trigone of wreteral onfices; {(d) recurrence after fulgeration otherwise
requiring cystectomy; and (¢} those who refuse cystectomy. He pomts out
that 58 per cent of those cases unswtable for cystectomy because of local
extent recewve sufficient palliation to watrant supervolitage therapy Our
own observations agree with others who find that patients with severe
cystitis presenting for treatment have a decreased tolerance for this type
of treatment. Perhaps as many as 10 per cent of patients treated radically
will develop a contracted bladder. In patients with pain 25 a major symptom
in advanced disease with small capacity and extra-cystic extension, con-
sideration should be given to urinary diversion before the institution of
treatment.

Rzcrum

Notable results can be ohtained by the use of supervoltage therapy in
the treatment of inoperable and recurrent rectal canmcer (Table IIT).
Phullips (50), mn his early excellent monograph on supervoltage x-ray
therapy, drew attention to this site. He reports 17 of 45 cases with dis-

TABLE Il
CareINoMA OF THE RECTUM
Collected Series Treated by Supervoltage Radiation

v
Months
1 1 m W [sorvival
Authar Number of Cases Dose (Tune Nutaber | (Cases
Surviving | columan
™y
Phallips (503 45 4-6000 1746 weeks 11
{complete
{reressions)
Rlomield (33 25 3 2
Williams & Harowitz (65 | 165 primary lesions \ 6000 £/6-8 weeks ! 9 60r
Wilkams ef at (50) 82 recurrent after surgery \ 6000 £/6 weeke \ i £

 See text for faterval survival data,
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point because of the lack of radiation sickness and skin reaction in a sensi-
tive area (30). Most patients gain weight during a course of external radio-
therapy to the pelvis when treated by high-energy machines.

In the advanced cases (stage 4), however, it is necessary to treat the
entire pelvis by external radiation therapy and almost always without the
use of radium. Here doses of 5000 r aver a five-week pertod are readily
accomplished by supervoltage therapy. This large volume cannot be given
this quantity of radiation by orthovoltage treatments. Again, few untoward
effects are experienced. Rotation therapy, although not necessary, 1s par-
ticularly useful in this situation (60).

Braoner

This is perhaps the area in which the greatest number of authors are
enthusiastic about the use of supervoltage radiation (Table IT) In a 1938
report, Dresser & Spencer (15) found treatment of the bladder with a
12-Mev Van de Graaff gencrator to be the most interesting area when
compared with orthovaltage therapy. Smmilar encauraging impressions are
obtained by others (7, 17, 37, 38). Cuccia et al. (14) report 100 cases treated
on esther betatron or cobalt®® units Although both instruments are satis-
factory, the dose distribution through the tumor volume is somewhat better
on the betatron. As seen in Table II, amelioration is puss:b]e not only in
those patients with tumors himited to the bladder but also in those patients
whose disease extends to the pelvic wall They have found that older

TABLE Il
CARCINOMA OF THE URINARY BLADDER
Collected Series Treated by Supervoltage Radiation

v
4 Months
1 1 ur Number | Surnval
Author Number of Cases Dose/Tune Surviving | (Cases
colums IV)
IS
Busby (9) 58 24 radical 5-6000 r/3-6 weeka 13 6
34 pallfative 3-4000 r/3-4 weeks 7 60
e
Burkell & Watson (1) | 21 55-7200 £/19-38 days 13
Plenk ef al (S1) 23 5-7000 /69 weeks nof o®
Cucela ef af (14) 100 64 radical 55-6000 7/5 weeks i f;
1 s
31 palliative | 35~4500 r/3-4 weeks ; f;
12 6
N,
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appearance of the lesion, More recently \Wilkams and co-workers (65,
66) rcported on 165 primary cases treated over a 12-year period, and on
82 patients who suffered recurtrence following surgical removal of the
rectum. Thirty-three per cent survived 2 years; 14 per cont for 3 years;
and 3 per eent for $ ycars in the 165 primary cases, 82 per ceat of whom
were accepted for therapy with tumor beyond the rectum. Patients so treated
have a r ble chance for plete or partial relief of symptoms, the
gassihﬂity of avoiding colostomy and a five per cent chance of 2 five-year
‘cure.”

These results in a tumor of relatively low radiosensitivity can be used
as a model for one’s attitude about resistant lesions elsewhere (28). Al-
though startling results are not available, the use of supervoltage therapy
for the pall of any locahzed gastrof ] i too extensive
for surgery should be considered. A willingness to undertake the treatment
of such cases, which would not be considered for orthavoltage, is possible
Because oae can adutinister the necessary fhigh doses by supervoltage radiz-
tion therapy without significant untoward effects duning treatment.

SUMMARY

Without sufficient follow-up data, ially thase suitable for statistical
comparison with results of 250-kv. radition therapy, one is not in a posi-
tion to predict an increase in Jong-term survivals of patients treated with
supervoltage irradiation, In fact, as posnted out previously, thase few
avaifable papers reporting on five-year survival resuits are unimpressive,
If the eumulative survival 1s considered as well as the well-being of the
patient both during and after treatment, a sigmficant contribution has been
made by the adoption of high-energy generators,
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\‘} EMATOLOGY: CONTROL OF RED
CELL PRODUCTION®

By Autav J. Erstev, MD

The Cardeza Foundation, Jefferson Medical College of Philadelphia,
Phsladelpha, Pennsylvania

In 2 monumental work on the physiologic effect of air pressure pub-
lished 1n 1878 (1), Bert predicted that the low oxygen pressure found ate
high altitudes would result in an adaptwe ncrease mn the oxygen-carrying
capatity of blood. This r Lab was rapidly fi d and
it ted eventually to the now generally accepted hypothests that the rate of
red cell production is zdjusted to the tissue tension of oxygen Recent,
studies have clarified many of the operational features of the mechanism
responsxbl: for this adjustment. However, 1t 1s still not completely under-
stood and 1ts elucidation remamns a fascinating and frustrating challenge.
No attempt wiil be made here to give 2 comprehensive review of the large
and 1 literature d by this challenge, especially
since several excellent and thorough reviews are available (2 to 5). Instead,
this article will deal with experimental observations from the hterature in
2 selective, eritical, and possibly biased manner in order to try to delineate
the physiologic feedback crrcut which controls red cell production

The combined mass of mature and immature red blood cells constitutes
a Jarge organ, the erythron, designed primarily for the purpose of bringing
oxygen from the lungs to the tissues. As is true of other organs, its size
is carefully controlled with senescent and dying cells being replaced con-
tintously and accurately by new cells, This fine adjustment of cellular pro-
liferation to the size of the organ not only maintains the steady-state size,
but operates when a large part of the organ 1s removed as in bleeding
anemlas or when the organ size is artificially increased as in transfusion

. Both cond will lead to compensatory changes in the rate
pf cellular proliferation until normal size of the organ has been restared.
"The preservation of a constant size obviously demands the presence of a
regulating mechanism sensitive to even minor fuctuations in the size and
functional capacity of the red cell mass, and capable of inducing com-
pensatory changes 1n the rate of red cell production.

Since the red c:ll mass 15 des:gned almost exclusively for the purpose

;The survey of the literature pertaining to this review was concluded i August,
1959.

s
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ing between the erythropojetic tissue and the other tissues in the body The
pathway of this feedback mechanism is as follows: The rate of red cell
production determines the size of the red cell mass, the red cell mass -
determines the hemoglobi , the 1
determines the degree of tissue oxygenation, and the degree of tissue
oxygenation determines the rate of red cell production. -

Although there is general acceptance of the importance of this feedback
mechanism, the possbility that other regulatory mecharisms may exist
must be kept in mnd It is not uncommon i hereditary spherocytosis to
find increased erythropoietic actnvity despite a normal hemoglobm concen-
sration (11, 12) This so-called “cs ” has
also been reported in dogs with plastic ball valve prosthesis of the Hufnagel
type (13), and in patients with chromc primaquine-induced destruction of
red cells (14). Such a syndrome cannot readily be explained if the normal
hemoglobin concentration indicates a normal degree of tissue oxygenation.
However, splenectomy and cessation of the hemolytic process in hereditary
spherocytosis 15 always iollowed hy a rise in hemoglobin concentration
even when the p: ion was within normal
Iimuts (11, 12). Tt 1s possible that the spherical shape of the red cells leads,
to a slower oxygen exchange in the capillaries and that the normal
hemoglobin concentration observed m the “compensated hemolytic syn-
drome” represents a level madequate for normal tissue oxygenation Re-
cently, Brecher & Stohlman (5) have suggested that red cell productron is
controlled both by the tissue tension of oxygen and by an mhibitor re!
Jeased from old semle red cells This intubitor of the erythropoietic tissue
15 supposed to be formed i the red cells during the aging process of
the cell An ncrease in red cell production following blood loss or hemolysis
would, according to their theory, be caused partly by the removal of m-
hibitor-containing red cells, and 2 decrease in red cell production would
follow transfusion of inhitor-containing red cells Thrs would provide a
mechamsm by which red cell production is governed by the size of the
red cell mass quite apart from 1ts functional capacity. However, no experi-
mental evidence for the existence of such an infubitor has been provided
and, as mentioned previously, the bone marrow in hypertransfused animals
does not appear to be tnhibited at all (7) Furthermore, an expansion of
the red cell mass without a concomitant increase n the hemoglobin concen-
tration, as observed in patients with large, blood-engorged spleens, 1s not
assoctated with a suppressed rate of red cell production Actually, most, if
not all, clinical and experimental observations on the physiologic control of
red cell are le with the sole exi of one regulatory

t based on the oxyg: Tying capacity of the red cell mass.

Since the pathway of this regulatory mechamsm s tied m with many
other physiologic systems it may be advantageous to consider 1t step by s!ep.\
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oxygen in the capillaries for this diffusion, only a fraction of the total
oxygen carried to the tissues is extracted. If the red cell mass decreases,
the hemoglobin concentration and the oxygen-carrying capacity are dimmn-
ished and a greater fraction of the transported oxygen lias to be extracted
in the tissues in order to meet the celtular demand, The result is that the
arteriovenous oxygen difference mcreases, the mean capillary oxygen ten-
sion falls and cells situated at a distance from the capllaries suffer from
hypoxia. On the other hand, if the red cell mass increases, the hemoglobin
| concentration and the oxygen-carrying capacity rise and the delvery of 2
sufficient amount of oxygen to the tissues can be accomplished with only a
small difference between arterial and venous oxygen content The result
will be a high mean capillary oxygen pressure with tissue cells bemng
exposed to oxygen under abnormally high tension, In other words, changes
Vin the red cell mass will result i tissue hypoxia or hyperoxia. Consequently,
it seems most likely that the mechanism which controls the rate of red celj
praduction and the size of the red cell mass is triggered by the metaboli
effect of these changes in the tissue tension of oxygen This ofd and
venerable hypothesis 1s supported overwhelmingly by observations of the
hematologic effect of tissue hypoxia or hyperoxia mduced by other mech-
anisms than a change in the red cell mass A decreased supply of oxygen
to the tissues, as at high altitudes, or in patients with pulmonary disorders
or right-toleft vascular shunt, will result n a low mean capillary oxygen
tension, cellular hypoxia, and an accelerated rate of red cell production (6).
An increased cellular demand for oxygen as after the admimstration of
drugs like dimtrophenol (7) or triiodothyronine (8) results in functionaly
tisstte hypoxia and an increased erythroposetic activity An mcreased supply
of oxygen to the tissues, as mduced by breathing air with 2 lugh oxygen
tension, will result m a high mean capillary oxygen tension, ceﬂlﬂal]
hyperoxia, and a decreased rate of red cell production (9). Finally, a
decreased cellular demand for oxygen as observed after hypophysectomy
and possibly after starvation (8) will lead to functional tissue hyperoxia
and 15 assomated with a decreased rate of red cell production In short,
climical and experimental observations show that tissue hypoxia shmul?te,
red cell productton and tissue hyperoxia suppresses red cell production
Rather than assuming the separate existence of a stimulator and a sup-
pressor, it has been proposed that normally oxygenated tissue will provide
a certain stimulus to the erythropotetic tissue; hypoxia will increase the’
intensity of this stimulus and hyperoxia will decrease 1t (10). Recent,
studies have supported this 1dea by demonstrating that erythropotetic t15-
sue “suppressed” by hyperoxia s not inhibited at all but 1s actually very
sensitive to the mfluence of an erythropoetic stimulus (7) 5
All these observations and conswderations lead us finally to the hypothesis
that the size of the erythron is controlled by a feedback mechanism operat-
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adequate for normal cellular development, the rate of red cell production is ¢
determined sofely by the rate of stem cell differentiation while the rate[
of and is constant
Under steady-state condmons the rate of red cell production will support
a daily release of red cells from the bone marrow equalling the daily
destruction of red cells Since the normal daily destruction of red cells
amounts to 1/120 of the red cell mass which, in an adult maje weighing
70 kilograms, is approximately 2500 ml, the daily output of red cells must
be around 20 ml. In response to 2ppropriate physiologic sttrmuli the erythro-
potetic tissue has the capacity to decrease this output to altmost zera (25)
or to mcrease it six~ or sevenfold (26) Only a small fraction of this wide
functional range 1s utilized when the bone marrow has to compensate for
tissue hypoxia as long as the red cell Iifespan is normal. At high altitudes
or in cyanotic heart diseases a mere doubling of the rate of red cell pro-
duction will result in pronounced polycythemia with a red cell mass of
twice normal. It is understandable, therefore, that it 1s often quite difficult
to demonstrate increase in red cell production in mild to moderate polycy-
themia On the other hand, when the rate of red cell production 1s increased
n order to compensate for a hemolytic anemsa where the lifespan of the
red cells has been reduced to 2 small fraction of normal, the full com.
pensatory capability of the bone marrow may have to be mobilized with
obvious morphologic and functional changes in the erythropoietic tissue,
A pathologic impasrment m the rate of red cell production, as in
anemias attributed to nutritional deficiencies or to defects in the structure
of the nucleated red cells, will eause a decrease in the red cell mass and a
restriction 1n the capacity of the bone marrow to compensate for this
decrease. Similarly, a pathologic increase in the rate of red cell production
as in polycythemia vera will lead to an increase in the red celf mass without
the bone marrow bemng able to compensate for this increase. Consequently,
when the metabolic environment is adequate for the maturation and multi-
plication of red cells the rate of red cell production can vary over a wide
range, giving the red cell mass both stability and flexibihity. However, when
the erythroposetic tissue is impaired the range of red cell production is
narrowed and the red cell mass can no longer adapt its size to the environ-
ment or compensate for pathologic gaimns or losses.

Frost Rep Crrr. Mass 10 HEMOGLOBIN CONCENTRATION

Since the oxygen supply to a specific tissue depends on the amount of
oxygen-contaming hemoglobin i the blood perfusing the tissue, the
functional importance of the red cell mass is determmcd by the h:moglobm
concentration it £an mamtain i cesnlatos Kaad
and po
rather .
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Froau Rep Cert Propucrion 1o Rep CeLL Mass

The size of the red cell mass is determined by the rate of red cell
production and by the mean lifespan of the circulating red cells, The
lifespan may vary from a few days in severe hemolytic anemias to a
normal of 120 days and has been reported to be even longer in myxedema-
tous patients (15). However, it is not a physiologic variable and the bone
marrow alone 1s responsible for maintaining the red cell mass at a size
optimal for the fulfillment of its functional objectives

The red cells are produced in the erythropoietic tissue by differentiation
of multipotential stem cells into pronormobl capable of multiplicati
and hemoglobin synthesis (16). Following the differentiation of a stem cell
into a pronormoblast, multiplication proceeds through mitotic division until
2 to 3 days later when the nucleus has become pyknotic and incapable of
further deoxyribonucleic acid synthesis, Cytoplasmic hemoglobin synthesis
oceurs simultaneously, associated with a gradual decrease in ribonucleic
acid until only a few brilliant cresyl blue-staining remnants are left. At
this point the pyknmotic nuclens 15 extruded, transformmng the nucleated
normoblast into a reticulocyte, During the next 2 to 4 days, while the final
synthesis of hemoglobin takes place, the reticulocyte loses some of the
stickiness which has helped to keep it stationary in the bone marrow (17)
and it is flushed out into the circulation, After approximately 120 days the
protective enzymes wear out and the cell is destroyed with its component
parts either reutlized or excreted. X

The rate of red cell production could be controlled by the rate at wh\c}l
stem cells are differentiated into pronormoblasts or by the rate of multiplis’
cation of these pronormoblasts, or by both. Hlowever, recent studies have
shown that the rate of mitotic division of individual nucleated red cells
in erythropozetic tissue “suppressed” by hyperoxia is the same as il
erythropoictic tissue stunulated by anemic hypoxta (16). Furthermore,
Steele (18), Huff and co-workers (19}, Schwartz (20}, and Cooperberg &
Snger (21), found the same ratio between pronormoblasts and normoblasts
whether the rate of red cell production was suppressed or accelerated I.n
addition, Alpen & Cranmore (22) have demonstrated that the intermitotic
period of nucleated red cells 1n anemic dogs is the same as in normal dogs,
and Kriss and co-workers (23) have shown that acute transfusion polycy-
themia does not interfere with the metabolism of already formed nucleated
red cells It 1s, of course, well known that the time spent by the maturing
cells in the bone marrow engaged 1n rapid red cell production .is shortened
with early reticulocyte and even nucleated red cells appearing in the blood
stream. However, this premature release may merely be caused by an -
creased mtramedullary growth pressure (24), and there 1s no evidence that
the time required from differentration to final maturation is shortened. Cor'l- J
sequently, it has been concluded that as long as the metabolic environment 15
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where between the arterial and the venous oxygen tension (31). The arterial
oxygen tension 15 the same throughout the body and is determined by the
oxygen tension in the atmosphere and by the functional and anatomic
integnty of the lungs and heart The venous oxygen tension, on the other
hand, varies from tissue to tissue and 1s determined by the amount of
oxygen delivered to the tissue and by the amount consumed by the tissue.
The amount delivered depends on a number of factors, the oxygen tension
in atmospheric air, the pulmonary function, the hemoglobin concentration,
the cardiac output and the vascular distrsbution of circulating blood among
the individual tissues From this amount of oxygen a certain fraction 1s
extracted and consumed 1n the tissue, and the oxygen tension 1n the capillary
blood and in the venous blood leaving the tissue depends on the amount
of oxygen left over and the shape of the oxygen dissociation curve Conse-
quently, many factors in addition to the hemoglobin concentration are
nvolved i the establishment of a pressure gradient along which the oxygen
molecules can flow from the atmospheric air to the cells, A change in any one
of the factors will result 1n a change 1n the slope of the oxygen gradient and
the cellular supply of oxygen will exceed or fall short of the demand The
resulting change in the cellular metabolism will, 1n some way, mohilize com-
pensatory mechanisms until the steady-state has been restored In the individ-
ual tissue there may be an increase or 2 decrease in the vascularity with a
change in the distance between the cells and the nearest capillary and a change
n the amount of blood which perfuses the tissue. Furthermore, the mean
capillary oxygen tension may be altered by appropriate changes in the oxygen
d: curve, in the 'y vital capacity, 1n the cardiac output and
1n the rate of red cell productson Of all these mechamsms a change 1n the
number of active tissue capillaries appears to be the compensatory device
most responsive to minor fluctuation in the degree of tisste oxygenation
However, an ncrease or a decrease 1n the rate of red cell production seems
to be the preferred way i which the tissues attain compensation for major
and for prolonged changes in tissue oxygenation Since a change in the red
cell production only slowly results i an effective change in the oxygen-
carsying capaaity of blood, temporary pulmonary and cardiovascular ad-
justments have to be called mto action to protect the tissues until the steady-
state has been restored

Under normal conditions a steady-state is achieved when the red cell
production proceeds at a rate which will mamtain a circulating red cell
mass of approximately 35 ml per kg of body weight and a hemoglobin
concentration of 145 gm per 100 ml of whole blood Why this specific red
cell mass and hemoglobin concentration are “chosen as normal” 1s not
known. Theoretically, an equilibrium between oxygen supply and oxygen
demand can be reached at any hemoglobin concentration as long as pulmo-
nary and cardiovascular activities are properly adjusted. One reason may
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to maintain a hemoglobin concentration optimal for oxygen transport,
+ the rate of red cell production and the red cell mass have to be adjusted to
the size of the total blood volume If the blood volume changes, as 1n deby-
dration or in congestive failure (27), the hemoglobin concentration 1s
altered temporarily but an immediate compensatory adjustment in the rate
of red cell production will result i a change in the red cell mass and an
eventual return of the hemoglobin concentration to normal. However, the
rate of red cell production must, in addition, be adjusted to the effect that
a change in blood volume has on cardiac output and the perfusion of
tissues with blood. Such an adjustment can be observed in experimental
dilution anemia (28) where, despite the anemia, the red cell production 13
reduced as a compensatory adjustment to the increase in cardiac output
and the better perfusion of the tissues.

In most anemias and polycythemas the blood volume stays constant
because even mmor changes in blood volume may impair its essentsal func-
tion of “keeping the vascular system adequately distended 1 order to insure
the maintenance of the venous return” (29). However, 1n severe anemia
with a profound dimmution n red cell mass the blood volume may contract
in order to prevent the hemoglobin concentration from falling below 2
level compatible with hfe (30). Likewsse, 1n severe polycythemia at high
altitude or 1n patients with congenital cyanotic heart disease, the blood
volume may expand, reducing the hemoglobin concentration and the hema-
tocrit, presumably in order to keep the accelerated red cell production fm.m
clogging up the circulation with viscous blood. The separate, but, at certaif!
points, integrated mechanisms which control red cell production and b}ood
volume will determine the tob jon and both mech
have to be d for in the evaluation of the § 1 significance of
a change in hemoglobin concentration

From HemocrorIN CONCENTRATION T0 TIssup OXYGENATION

The hemoglobin concentratton alane will determine the amount of
oxygen which can be carried per umt of circulating blood but the a.mount
of oxygen which actually is made available to the cells for their oxxdf\!lvc
metabolism depends on the mtegrated action of a number of tissu¢
systems Oxygen molecules are picked up 1n the lungs from the atmo'sph{flc
atr, bound to the hemoglobin molecules and brought to the tissue capillaries
Here they must be present under a pressure high enough to permit them
1o leave the capillary, difiuse through the tissue and reach even the most
distant cell (6). In a lghly vascular tissue with a rich capillary supply 2
fairly low mean capillary oxygen pressure will be sufficient to ensure alf
tissue cells of an adequate supply, while a poorly vascularized tissue h'as to
depend on a high mean caplary oxygen tension, The mean capillary
oxygen tension which determines the tissue perfusion pressure lies some-
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of erythropotetic activity in all the long bones despite 2 much lower oxygen
saturation of the blood perfusing the hind legs than the forelegs.
These studies, while making untenable the hypothes:s that oxygen con-
strols red cell production directly, have given solid experimental backing to'
an equally old, alternative hypothesis of the control of red cell production.
In 1906, Carnot & Deflandre (44) postulated that the rate of red cell produc-
tion is regulated indirectly by a humoral factor, produced somewhere outside
the bone marrow in response to tissue hvpoxia and carried to the bong mar-
row vid the bléod streasa During the next decades a number of mvestigators
attempted to study this factor and deseribe its nature and properties [see
reviews by Hirsjirvi (45) and by Grant & Root (2)] However, Gordon
& Dubin in 1934 (46) and Feenders in 1936 (47) convincingly showed that
serum 1 the small amounts employed by Carnot & Deflandre and by their
many agherents had no measurable erythropoietic activity. A breathing
spell followed, but the attractiveness of the hypothesis that red cell produc-
tion is controlled by a humoral factor, plus the cbservation made by Reiss-
mann, led to a re-examination of the possible erythropoietic activity of plasma
from anemi¢ animals. This time, however, plasma was employed in large
quantities on successive days in order to mmnimize dilution of the factor in
the recipient’s own plasma, Utlizing this technique, Krumdieck (48),
Gunther and coworkers (49), and Erslev {(50) succeeded in demonstrating
that plasma and serum from rahhi's with bleeding anemia will induce 2 retic-
ulocytosis in normal rabbits. N studies have sub y confirmed
these findings, and have shown that serum or Wmﬂth
blood-loss anemia or with } anemia, when infused into pormal ani
mals, willi—n.addition to a induce ananerease in.red cell
count {50 _to 52), h lob ion (51, 52}, h it (50, 51)
number of nucleated red cells in the marrow (48, 50), radioactive iron clear~
ance rate (53), and rate of red cell utilization of radicactive iron (54, 55).
No definite effect has been observed on the rate of white cell and platelet
production (50}, or on the intestmal absorption of iron (56), and so far
serum from anemic animals has not been shown to have any metabolic aetion
on tissues other than the erythropozetic tissue,
The demonstration that ptasma from anemic ammals contams an erythr&

posetic principle, referred to ! i

poietin, was quickly followed by studies showing a sxmnlar erythroporetic
principle in plasma from animals exposed to low atmospheric oxygen tension
(57) Tt was shown, furthermore, that there 1s 2 Tough direct relationship be-
tween the degree of tissue hypoxia and the level of erythropoietic factor in
plasma, The l:vel of erythropmem: factor in the plasma from nonnal ani-

emnfe maa
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be that thF viscosity and the red cell count of blood at this ‘hemoglebin
concentration permut a maximal flow of hemoglobin-containing red eclls
through a narrow tube (32), The many factors which influence the trans-
port of oxygen to the tissues obviously make it difficult quantitatively to
relate a given hemoglobin concentration to the degree of tissue oxygenation
On the other hand, when the oxygenation of the tissue is altered there ap-
pears to be 2 regular and predictable change in the rate of red cell production
and hemoglobin concentration.

Frop T1ssue OXYGENATION T0 Rep Cerr Propucrion

The functional capacity of the erythropoietic tissues, Iike that of other
oxygen-dependent tissues, 15 undoubtedly influenced by its supply of oxygen
Since proliferative activity is stimulated under conditions in which the
body’s overall oxygen supply is msufficient to meet its oxygen demand, and
is suppressed when the supply exceeds the demand, 1t has been assumed that
a decrease i the oxygen supply to the normoblasts would result m metabolic
lprocesscs leading to an accelerated proliferative activity while an excess of
oxygen would suppress the rate of proliferation, Studies designed to test
this hypothess, first proposed by Miescher in 1893 (33}, have not supportcd‘
1t although they have never ruled it out altogether, Thomas (34) found that
the amount of hemin synthesized by a suspenston of bone marrow is not in-
creased by exposure to low oxygen tension, and Erslev & Hughes (35) found
that the mitotsc activity of nucleated red cells 1 witro is suppressed rather
than accelerated by a low oxygen tension. Rosin & Rachmilewitz (36) and
Magnussen (37), working with bone marrow transplants rather than cellular
suspensions, likewsse failed to find a reciprocal relationship between oxygen
tenston and praliferative activity. Pathologic exammation of bone marrow
from extremities amputated because of artersal disease and trssue xschem:'a
did not reveal any erythropoietic activity (38). However, this observation is
hard to evaluate swce the simultancous reduction in temperature of the
affected limbs may have reduced erythropasetic activity (39) and obscured
a2 possible stimulating effect of the 1schemic hypoxra, A major setback for
the hypothesis that the oxygen tension i the bone marrow regulates erythro
potetic activity directly was provided by Reissmann in 1950 (40). He dem-
onstrated an accelerated erythropoietic activity in the bone marrow of thel
normal, well-oxygenated parabiotic partner of a rat exposed to low atx.'nos-
pheric oxygen tension, In 1954 Stohlman et al. (41) and 1n 1955 Schmid &
Guibertsen (42) provided more evidence against this hypothesis. They ob-
served that patients with reverse flow through a patent ductus arteriosus,
caustng cyanosis and hypoxia in the lower half of the body, developed erytl'k'
ropotetsc hyperplasia not only m the bone marrow of the hyposic lower
half of the body but in the upper half as well A similar abservation was made )
by Erdnkd & Karvonen 1n foetal sheep (43). They found the same degree
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tion regarding erythropoietic factor has been abtained by means of this tech-
mque, but 1t 15 obvi crude and lab and the use of large
volumes of plasma. Innumerable variations on this bioassay theme have been
tried out, but so far no completely rehable method has been designed, Differ-
ent erythropoietic parameters have been followed, the recipients have been
rendered more sensitive to the infused plasma, and the plasma has been de-
proteinzed 1n arder to make it possible ta perform bioassay of plasma from
one species in a recipient of another species.

The erythropoietic response is usually evatuated from reticulocyte counts
or from the 20-hr. red cell utilization of radioactive iron, but red cell count,
hemoglobin concentration, bone marrow examination, and serum iron turn-
aver have been utilized as well The reticulocyte response as evaluated
from daily reticulocyte counts over a one-week period has long been
known to give a good mdication of change in erythropoietic activity. How~
ever, 1t is not a quantitative measurement since it depends hoth on rate of red
cell production and rate of release of reticulated cells from the marrow. The
20-hr, utilization of radioactive iron is far easier but it is even less quantita-
tive since st depends on the competstive utihzation of iron between bone mar-
row and other tissues, the reticulocyte level in eirculating blood and the rate
of release of reticulocytes from the marrow. These factors all bear a gualita-
tive but not quantitative relationship to the rate of red cell production (63).
Despite these shortcomings, both tests have been quite useful in estimating
the level of erythropozetic factor in 2n unknown plasma sample (61).

In order to obtan a clear-cut difference between the rates of red celt pro-
duction before and after the infusion of plasma, animals with a Jow basze-
Iine level of erythropoietic factor and a slow rate of red cell production have
been used as recipients Transfusion polycythemia or exposure to high
atmospherit oxygen tension has been utilized to induce such a reduction
in erythropoietic activity, and it has been shown that these hyperoxic re-
cipients are far more “sensitive” than normal animals to the effect of erythro-
poietic factor (65). Hypophysectomized and started animals have similarly
been utilized as recipients on the ion that their low bolic rates
would result in 2 relatwe hyperoxia of the tissues and a low level of erythro-
poietic factor in their airculating Bloods (63). Since whole plasma may pro-
vu‘}e hormonal or nutritional substances needed by these animals, an erythro-
poietic Tesponse to plasma is often hard to evaluate unless matched with
carefully designed control experiments Stohlman & Brecher (66) and
Korst (67) have used recipients in whom the rate of red cell production has
been suppressed by means of sublethal irradiation or nitrogen mustard. At
the present time there is no good theoretical reason why these animals should
be more sensitive to erythroposetic factor than normal ammals. Both radia-
tion (68) and nitrogen mustard (69) suppress erythropoietic activity without
changing the level of cireulating erythroporetic factor, and one would have
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crease 1n the red cell utiizatron of radioactive iron (58). When tissue hy-
poxia is induced, erythropoietic activity can be demonstrated within a few
hours In rabbits this actsvity increases gradually during the next 24 to
48 hr., after which 1t remains stationary as long as the tissue hyposia s i
maintained If the hypoxic state 1s terminated abruptly the level of erythro-
poietic activity falls and becomes immeasurable within 3 to 6 hn (59) A
similar course takes place 1n rats, with the exception that erythropoietic ac-
tivity reaches a peak value 24 hr. after the onset of tissue hypoxia and then
decreases moderately (60). The lighest level of activity is found in plasma
from anmmals with severe phenylhydrazine-induced hemolytic anemia where
the hemoglobin concentration may be as low as 3 gm per cent, and part of
this hemoglobin even transformed into inert methemoglobin (61). A some-
what lower level of activity is found 1n anemra induced by bleedig where
the hemoglobin concentration rarely dips below 5 gm per cent. In tissue
hypoxia nduced by exposure to low atmospheric oxygen, Stohlman &
Brecher (62) have shown directly that the level of erythropaietic activity
in plasma increases progressively as the oxygen tension decreases. The
level of erythropotetic factor in plasma from animals with transfusion poly-
cythemia ar amimals exposed to high atmaspheric oxygen tension 1s low, but
whether or not 1t is Jower than in pormal animals is impossible to assess
directly with our present bioassay technique. However, studies carried out
by Jacobson and co-workers have demonstrated that animals rendered
hyperoxic by means of transfusion polycythemsa will have a relanve?}'
greater response to the administration of a known amount of erythropoietic
factor than will normal animals (7) This would suggest that the level of
endogenously produced erythropotetic factor 15 lower 1 the hyperoxic than
1n the normal rectpients In short, the level of erythropo; ects
the tissue tension of oxygen quite accurately. Since, 1n addstion, its appear-
ence in the blood stream seems to precede mcreased bone marrow activity
1t appears to fulfill the requirements of a medipting » relayimg
information about the degree of tissue oxygenatson to the bone marrow

Tt is still necessary to be cautious in the interpretation of these experi-
mental data since the measurement of the level of erythroporetic factor in the
blood stream is made by crude and semiquantitattve broassay methods
The techniques employed are as numerous as the investigators and, although
the above-mentioned observations have been confirmed repeatedly, other
aspects of the production, metabolism, and character of the erythroporefic
factor are still hotly disputed

The simplest and still most convincing method of demonstrating erythro-
poietic factor m plasma 15 to infuse the plasma into normal recipients of the
same species and observe its erythropoletic effect Normal plasma is used' as
a control to give a semiquantitative evaluation of the amount of erythropoiet
ic factor present in the unhnown plasma sample. Most of the basic mforma-



RED CELL FRODUCTION 327

of boiled, partly-inactivated plasma. Actually, only plasma concentrated
manyfold and obtamed from severcly anemic patients could be anticipated
to yield an extract with erythropoietic activity. It seems indeed very im-
probable that boiled plasma from any polycythemic patient would show much
residual activity, since the degree of erythropozetic activity in polycythemic
patients as mentioned previously 1s probably lower than the degree of activ-
ity m even moderately anemic patients The final elucidation of the im-
portance of the erythropoietic factor in human pathology must await
the development of a better bicassay technique, but it does appear unlikely
that physiologic principles operating in lower mammals should not be
relevant for human beings as well.

In order to complete our feedback errcuit, information 15 needed as to
where 11 the body the erythropoietic factor is produced or released. It s
tempting to assume that the erythropoietic factor behaves like 2 hormone and
15 produced 1 one specialized endocrine organ capable of responding to a
low tissue tension of oxygen with the production of an erythropoietic
factor. Since physiologic suppression of the actwvity of this hypothetical
organ by means of hypertransfusion or exposure to oxygen will lead to the
disappearance of all erythropoietic activity, removal of this organ must result
n a complete cessation of red cell production. Many attempts have been
made to localize the responsible organ in thts manner, but so far no organ has
been found to be absolutely essential for red cell production The removal
of spleen, endocrine organs, thymus, or gastrointestinal tract has not

bolished red celf d and the admini of thorium dioxide
(Thorotrast), mtrogen mustard, or X-radation has not curtailed the pro-
duetion or release of erythropoietic factor. Removal of certain vital organs
like the liver, central nervous system, heart, or lungs has not been possible.
Extracts of these argans have been devoid of erythropoietic activity {77},
but 1t 15 st1ll possible that one of them may hatbor the site of erythropoietic
factor production Most attention has been pad to the kidneys because of the
chmcal observations that renal impairment is associated with a decrease in
erythropoletic activity and renal tumors occasionally are associated with
polycythemra In 1957, Jacobson and co-workers (78) reported that neph-
rectomy in rats is followed by an almost total disappearance of erythro-
potetic factor from the blood stream, and that these azotemic animals are
unable to respond to anemia, hypoxia, or cobalt with the normal production
or release of erythroporetic factor, Furthermore, ureter-higated rats, equally
azotemie, were reported to respond to tissue hyposia n a normal manner.
The obvious conclusion was that the kidney tissue must be responsible for
the production or release-ef-erythropSietic factor This conclusion has been
supported by further experimental work carried out by Jacobson and eo-
workers (79), by Naets (80, 81), and by Osnes (82), but it has heen
challenged by other investigators. Erslev (83) found the same degree of
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anticipated that they would have responded less rather than more to
exogenous erythropojetic factor. However, the restilts obtained by utilizing
such animals as recipients indicate that they are quite sensitive to the action
of erythropoietic factor, a finding which remains unexplained.

One of the first attempts made to mmprove the basic bioassay techmique
was, of course, the utilization of a large donor of one species and a small re-
cxpie'nt of another species. However, the infusion of whole plasma from one
species to another has 1n most hands given unreliable results, either because
of an immediate “toxic” effect or a delayed immunologic effect of the foreign
plasma (61). In 1954, Borsook and co-workers (70) discovered that
plasma from anemic rabbits could be boiled for a short period without losing
its erythropotetic activity. This procedure removed the great majority of the
plasma proteins and made it possible to perform bicassay of plasma from
humans or large animals in small ammals like rats or mice The technique
was successfully tsed in a number of laboratories, but in other laboratories
bailing was found to remove all erythroposetic activity and the techmaque
was considered useless, Recent studies by Gurney (71), Stoklman et al. {72),
and Borsook ef al. (61) have largely solved this controversy by showing
that a considerable amount but not all of the erythropoietic factor is de-
stroyed by boiing. By careful concentration of the heat-stable supernatant,
an active extract with little cross-species toxicity can be obtained

Utilizing these refinements in the biossay techmque, attempt has been
made to isolate and identify the erythropoietic factor and to assess its rofe
in human physiopathology. Biochemical analyses carried out by Rambach
and co-workers (73) and by Lawy and co-workers (74) ndicate that erythro-
potetic factor in plasma is p i ® = in_fraction swhich
electrophoretically 15 located 1 —alpha, globulms “Yet from the
similarity In yield and electrophoretic behavior of the corresponding inactive
fraction from normal plasma it appears likely that the erythropoietic factor
constitutes only a small portion of the present concentrates” (74).

Isolation of the erythropoetic factor 1n quantitres large enough to be use.d
in therapeutic trials has-as yet not beeaeeeomplished. The slow progress 1n
purification may be aggravating but 1t does not appear to be a great dis-
advantage since much more needs to be known of 1ts relation to human
anemias and polycythemuas before it can be employed intelligently as a
therapeutic agent. It has been reported that plasma from the majority of

atients with anemas and from some patients with primary and secondary
Eolycythemia is erythroporetically active [sce review hy Gordon (4)}
The tughest levels observed have been found in patients with aplastic arlnemm
(75) and Cooley’s anemia (76), in whom a substance with erythropozetic at-
tivity has been isolated both from plasma and urine These findimgs, how-
ever, have been capricious and i , as could be expected when' one
considers the crude bioassay technique employed in measuring the activity
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that almost all clinical and experimental observations point towards a feed-
back circutt leading from the erythropoietic tissue through the red cell mass,
the hemoglobin concentration, the tissue tension of oxygen, the erythro-
poietic factor, and back to the erythropoetic tissue agam. The weakness of
this theory lies in the fact that we do not know the organ or cellular system
which releases the erythropoletic factor and feeds information about the
tissue tension of oxygen to the bone marrow. Nevertheless, the proposed
feedback control of red cell production appears to be our most challenging
and maost promising working hypothesis
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erythropoietic suppression in nephrectomized and in ureter-ligated animals,
and he found furthermore that although nephrectomy produces a profound
suppression of the erythropoetic tissue, some degree of erythopoietic
activity remains and can be observed as long as the animals are hept ahve
His lusion was ly that rather than nephrectomy
is respansible for the suppression of red cell production observed in renal
disease or after nephrectomy. Further studies are obviously needed in order
o resolve these expertmental discrepancies, demonstrate-the site or stes
of the production of erythroposetic factor and provide us with the missing
link in the feedback circuit governing red cell production.

The final tie-up with red cell productton takes place in the bone marrow.
As described previously, tissue hypoxia has been shown to control the rate
of red cell production by regulating the rate of stem cell differentiation to
nucleated red cells If the working hypothesis 1s correct that the effect of
tissue_hypoxia is mediated by means.of a circulating erythroposetic factor,
the rate of stem cell differentation must be determined by the level of this
factor’in the blood perfusing the bone marrow. Much indirect evidence has
already been presented to justify such a hypothesis. In addition, Althoff &
Werner (85) have recently shown that the infusion of a plasma extract
with ligh erythropozetic activity into normal reciprents results initrally 1 an
increase in the most ymmature mucleated red cells and later 1 a generalized
erythroid hyperplasia. This would indicate that the action of erythapoietic
factor on the erythroposetic tissue 1s sumilar to if not identical with the
action of tissue hypoxia on the bone marrow So far, direct demonstration
in witro of the action of erythropoietic factor on bone marrow 1s not con~
clusive, It has been claimed that plasma from anemic animals contamning
erythropotetic factor will induce a normoblastic proliferation (86, 87), and
an mereased uptake of radioactive 1ron n bone marrow suspensions {88).
However, most of these suspensions have probably not contained any of the
all 1mportant stem cells 1 a viable state, and Erslev & Hughes (35) farled
completely to find any difference in the uptake of radioactive 1on of bone
marrow suspended m normal serum and m anemc serum Despite all these
obvious expernmental gaps, enough evidence exists to justify the assumption
that erythropotetic activity depends on the level of an erythroporetic factor
in the blood stream and that this level i turn depends on the tissue tens:on

of oxygen.

CoNcLusioNn -

1t 1s generally accepted that the rate of red cell production 1s geared
towards mamtaimung sn the cireulating blood a hemoglobin concentration
optimal for the transfer of oxygen from the lungs to the tissue cells Ilﬂ
order to martatain or approximate such a hemoglobin concentration a sensi-
tive feedback mechanism must exist between the erythropoietic tissue and
one or many oxygen-consuming tissues, Thts review has attempted to show
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THE MEGALOBLASTIC ANEMIAS"?

By D L. MoLuy, M.D.

Department of Hematology,
Postgraduste Medical School of London, London, England

Megaloblastic anemia most frequently occurs in patients who are unable
to absorb mormal amounts of B,, or folic acid but it 1s 2lso found in
varety of other ions m which the path, of the anemia 1s mor:l
obscure. For e(ample, although MA may occur in pauems whose diet is

caused by cxrrhosxs (9, 10), or with kwashiorkor (11). The importance of
these 15 h by the fact that MA may occur
1n some of them even 1n the absence of dietary deficiency or of intestinal
malabsorption Megaloblastic anemia 6f pregnancy in the temperate zone,
for example, frequently occurs in patients who maintamn a good diet and
whose mtestinal function 1s normal (1, 12). A similar state is described
1 patients with MA associated with hemolytic anemia (3, 13 to 15) or
myelofibrosts [(16, 17); and see (18)] In these patnents the anemia prob-
ably develops because the tissue or h ietic factors exceed
the normal dietary_intake In others, howcver, the megaloblastic change
appears to anise from interference with the action of FA as, for mstance, m
patients taking anticanvulsent drugs (19, 20) or excessiye doses of the
malarsal suppressant, pynmethamine (21, 22) A similar mhibitory mecha-
nism may explamn the MA of tropical sprue (23) and may possibly be the
cause of the megaloblastic change which 1s not uncommon in the refractory
or partially refractory “sideroblastic” anemia that occurs in some patients
with and t t i [(24) and see (25, 26)].

In all of these bl as restored if the
patients are treated with By, or FA. Megaloblastic change may, however,
sometimes persist after treatment. Thus, 1t has recently been reported in a
child with a defect in pyrmmdine synthesis assoctated with the excretion
of large amounts of orotic acid (27}, and the megaloblastic change so fre-
quent in D1 Gughelmo's disease is invariably resistant to treatment (28).

The recent literature which is directly or indirectly concerned with all

ws‘g‘l‘he survey of the literature pertaining to this review was concluded in July,

*The following abbreviations will be used ATP (adenosmetriphosphate) ; CF
(citrovorum factor) ; DNA (deoxymibonuclerc acid); EDTA (ethylenedamine-
tetraacetic acsd); IF (ntrinsic factor) ; MA (megaloblastic anemia); PA (Ad-
disonan pernicions anemia); RNA (nbonucleic acad); FA (folic acd); Ba
(vitamin Bys).
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fallg before the patients hecqme anemic, the method has proved particalarly

useful for the d is af B,, defi in (a) ar mildly
anemic patients with PA who present with achlorhydria, macrocytosis,
peripheral neuritis, or combined system disease (32, 44 to 46); (b) non-
anemic subjects taking a strict vegetarian diet (47); (¢) non-anemic pa-
tients with Crohn's disease (42); (d) patients who also suffer from
deficiency of FA (48) or iron (4, 32). The frequency of iron deficiency
1n patients after gastrectomy and of FA deficiency in idiopathic steatorrhoea
(adult coeliac disease) makes the B, assay the only satisfactory diagnastic
method for B, defiency in these conditions

Several test orgamsms may be used for these assays [see (40)]. The
Lactobacsllus leichmannii 313 assay is a relatively simple, but time-consum-
mg procedure which Tegwres an incubation period of 48 to 72 hr. The
Euglens assay 1s simpler and easier to carry out but requires more elaborate
apparatus and needs a five-day incubation period. It is, however, the most
sensitive and accurate assay avaiable, particularly if the z stram of
Euglena gracilis is used (49).

Serum By, levels wm uncomplicated B,y deficiency—Using these assays,
levels m normal subjects range from about 140 pug. per ml to 900 pug.
per ml and in untreated PA from less than 10 to abont 100 ppg. per mi,
usually bemng less than 80 upg. per ml (40, 43). An advantage of the
Euglena assay 1s that very low levels (less than 50 ppg. per ml) are
nvarniably found in patients with combined system disease irrespective of
the degree of the anemia (44). The low By, levels in PA reflect depleted
tissue reserves for there is very little By, m the tissues of untreated pa-
sients (50, 51)

T2 indesterbuti

to_those seen in PA,
are found 1n almost all pattents with MA or other signs of By, deficiency
attributable to (a) dietary deficiency of Bya; () partial or total gastrec-
tomy; (¢) anatomscal lesions of the small intestine; and (d) fish tape
worm anema {40 to 43, 52, 53) With few exceptions, the patients in
these groups respond as completely to treatment with small doses of B,,
as do patients with PA.

Serum B, levels in other blastic fas- serum
By, levels are also found 1o 30 to 50-per-eent—of patients with idiopathic
ste: hoea whether anemic or-net—(42, 43, 54), 1n a large proportion of
patients with tropical megaloblastic anemia and tropical sprue (4 to 6,
40), and m about 10 per cent of patients with megaloblastic anemias assoc1-
ated with pregnancy and the use of anticonvulsant drugs (43, 44) How-
ever, although the concentrations 1 these patients may be subnormal, the
levels are frequently higher than those found in untreated PA, levels of
fess than 50 yug per ml. being rarely seen except in certamn patients with
tropical sprue and tropical MA [(40); and see (4 to 6)1. In most of the
patients in these groups who have subnormal levels the concentrations range

b
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of the problems related to the megaloblastic anemias is too farge to be
rev.iewcd in the space available and I have restricted discussion to publi-
cations dealing with the di is, investigation, and path of
these anemias.

MoreROLOGICAL D1AGNOSIS

Megalodlastic and intermediate megaloblastic change.~Typical megalo-
blastic change is easily r ised and its signifi is ly appreci-
ated. However, there is confusion about the significance of the “pter-
mediate” megabloblasts (29 to 31). Trowell’s observation (29) that the
erythroblasfs n the marrow of patients with MA complicated by severc
tron deficiency are intermediate in appearance between megaloblasts an
normoblasts, has recently been confirmed (31 to 33). Furthermore, 1t has
been stressed that the underlying megaloblastic change may be unrec-

isable when licated by iron d until the patients are treated
with 1ron (33). A sinular alteration 1n the appearance of megaloblasts has
been noted in other conditions, such as Xediterranean anemia, severt
trauma, or sepsis (13, 31).

However, it is incorrect to conclude (31) that intermediate megaloblasts
are confined to conditions m which there is actual or effective tron deficiency
and that they are never Seen in Licated PA. T diate megalo-
blasts are, in fact, the red cell precursors of many of the erythrocytes i
PA when the anemia ts moderate or mild (30), and the presence of inter-
mediate megaloblasts has frequently proved to be an invaluable aid in l{w
diagnosis of early PA (34 to 36). Intermediate megaloblastic change 4
in fact, the characteristic marrow reaction in uncomplcated By, or FA
defictency when the anemia is mild and hemopotetic demands are shght
On the other hand, the presence of intermediate megaloblastic change i
severely anemic patients does, almost certainly, indicate that the Bis ‘?f
FA deficiency 1s complicated by a condition causing defective hemoglobin
synthesis.

Cytological changes wn other tissue —Nuclear abnormalities similar to
those seen in the hemopoietic cells have been described in exfoliated buccal
or gastric cells m pattents with PA and other megaloblastic anemias fsee
(37)1 Small numbers of abnormal cells have also been found inconstantly
1n preparations from the upper respiratory tract, bronchial tree, and genito-
urinary tract (38). The gastric and buccal cell abnormalities are {10{
specific for By, or FA defictency for they occur in other conditions in which
there is gastric or lngual atrophy (37). However, the fact that these cell
changes disappear rapidly m PA after treatment may sometimes be of

dragnostic value (39).

ASSESSMENT OF By, DEFICIENCY .
Serwm B,, assay—The value of the serum By, assay for dlagnosm‘,;
B,, deficiency is well established (40 to 44). Because the seruniB;
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FA and its known derivatives are absent On the other hand, others claim
to have found mater:al active for Streptococess faecals in the blood and
plasma of normal subjects (66, 67). This material is absent from the blood
of patients requirng treatment with FA and also from the blood of many
patients with untreated PA (66).

Recently a modification of the L caser method for measuring serum
“folic acid” activity 1n untreated patients has been described which gives
results parallel to the hematological responses to treatment with FA (68).
The scrum of normal subjects and patients with untreated PA contains
significantly more matenal with “fohic acid” activity than patients suffening
from non-Addisoman PA (69). The nature of the active matersal is
unknown, The authors suggest, without supporting evidence, that growth
may arise from fohc a2cid polyglutamates The material is unlikely to be a
simple derivative of naturally occurring FA, for injected pterylglutamie acid
and CF are very rapidly cleared from the plasma of patients with severe
PA (70,71)

Excretion of formummoglutamic gcd—In the absence of adequate
amounts of tetrahydrafolic acid, formimnoglutamic acid, a normal inter-
mediary 1 the catabolism of histidime (72), is not metabolised to glutamic
acid but accurrulates and 1s excreted m the urine (73, 74). This occurs
when the conversion of FA to tetrahydrafolic acid 1s interfered with by
folic antagomsts (75) or when there 15 a defimency of FA (73). These
observations have been used by Luhby, Cooperman & Teller (76) to
develop a test for studying FA metabolism in patients with MA. A loading
dose af 15 gm of histidine 1s given for 48 to 72 br and the urinary excre-
tion of forrminoglutamic acid 15 measured by a sensitive enzyme method
{77} The unmary excretion of formminoglytamic acid did not exceed 30
pg per ml 1n control subjects, 1n h al conditi
mcluding hemolytic anemsa and leukem:a, nor 1n pregnancy and untreated
PA In contrast, patients with non-Addisonian megaloblastic anemia who
required treatment with FA excreted more than 30 pg per ml of
formimmoglutamic acid 1n their urine (range 90 to 1900 pg. per ml)} The
results of this test therefore parallel the results of the L. cases serum assay
(68} and suggest that folic acid deficiency s almost universal m MA associ-
ated with sprye syndrome, pregnancy, defective mutrition, cirthosis, and
wfancy.

Tests devised for the d of ab 1n other bolic path-
ways with which FA cofactors are concerned have not been widely used,
but Butterworth and his volleagues (23) were unable to detect abnormalities
of serme-glycine metabolism 1 patients with tromcal sprue although all
the patients tested excreted formummnogtutamic acid,

Plasma clearance and wrinary excretion of folic acid —The metabolism
of FA has also been studied by measuring its excretion in the urine after
small parenteral doses (04 to 10 mg) of the vitamin (9, 70, 78) or by
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from 60 to 140 pug. per ml. [(40); and sce {6}]. The precise significance
of such levels i these patients 1s uncertan. Some of these patients show
dramatic responses to treatment with large doses of By, This is most
frequently true of patients with tropical sprue and tropical megaloblastic
anemua but patients with MA of the puerperium and occasional patients
with anticonvulsant MA may also respond completely or almost com-
pletely to treatment with large doses of By, [(20); and see (4)] Most
patients with subnormal fevels in this group, however, either fail to
respond or respond more slowly and less completely to treatment with By,
but subsequently respond rapidly and completely to treatment with FA Nev-
ertheless, the subnormal By, levels in most of these patients probably mdicate
B,, deficiency, for many fail to absorb By, or maintain a dict deficient 1
the vitamin (4 to 6, 48, 55 to 57). Occasionally, however, subnormal serum
B, levels are found in patients who apparently absorb B,, normally and
whose diet 1s good (58). When these patients are treated with FA ther
serum B, concentrations may rapidly increase to within the normal
range [(40, $8), and see (59)1, whereas, in uncomplicated B,, deficiency,
the levels remain unchanged or fall when FA s given (60). It 1s uncertain
whether the low serum By, levels, which mcrease after treatment with FA
result from tissue depletion

The serum By, concentrations are usually within the normal range
m MA associated with hemolytic anerma (13), airrhosis [unless associated
with a diet grossly deficient 1n animal protein (9)], scurvy, reticuloses and
leukemsa (44), and refractory normoblastic (sideroblastic) anemia (24)

AssessMENT OF FoLic Acip DEFICIENCY

Patients with MA who have normal serum B,, levels fail to respond
fully to treatment with small doses of By, Such pattents frequently show
striking hematological tmprovement on daily mjections of 025 to 040 mg
of FA or CF, or on single injections of 10to 15 mg (9, 17, 61 to 63) VOH
the other hand, much larger amounts of FA are required by B,,-deficient
patients (17, 63) It has therefare been suggested that the response to smaller
doses indicates FA deficzency However, patients with MA associated with
hemolytic anemia and myelosclerosss require larger doses of FA (14,17)
The explanatton for the mcreased requirements 1s uncertam but patients with
hemolytic anemia and myelofibrosis without associated MA need more FA
than do normal subjects (13, 17)

“Bolic acid” levels m blood —Unfortunately, the pathogenests o{ the
anemia m patients who require treatment with FA 15 difficult to investigate
because there is no method for detecting FA defictency which 15 analog?“f
to the serum By, assay Various workers have measured the “folic acid
content of blood but the sigmificance of the results is uncerta [see Chanar?n
{64)] Thus, Usdm, Phillips & Toenntes (65) report that although who.e
blood hemolysates contain many active for Lactobacillus caseh,
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normal amounts of B,, (86). Absorption is normal in MA associated with
pregnancy (12}, cirrhosis (9, 10), and hemolytic anemia (13 to 15).

Pernicious anemia —Human gastric juice and hog IF concentrates
potentiate the absorption of By: in patients with PA and gastrectomy
megaloblastic anemia. However, hog IF concentrates may be ineffective in
patients previously treated with this matenal (87). It has been suggested
that this refractoriness 1s caused by the formation of antibodies aganst the
hog IF concentrate, for serum from these patients prevents or reduces the
effect of hog IF in non-refractory patients with PA (87) as may antisera
prepared in rabbits by mjecting hog IF preparations (88). Occasionally,
the absorption of By, in a previously untreated PA is improved by human
gastric juice but not by hog IF, and it has recently been reported that sera
from patrents with PA who have not received hog IF may nevertheless
interfere with the effect of this material in PA (89). The marked hemato-
Tog:cal imp: duced by pr 1n some patients (90 to 92)
hay sometimes arise from improvement in the intestinal absorption of By,
(91, 92). The improvement is niot, however, because of inereased secretion of
intrinste factor (91). It has also been claimed that large amounts of B,»
can be absorbed by patients with PA without IF if the vitamin is given in
the form of fresh, uncooked liver (93).

Malabsorpiion syndrome —The absorption of By, is not increased by
intrinsic factor mn patients with i 1 labsorption ds unless
caused by an associated failure of IF secretion (82, 83). Normal absorption
of B;, may be restored in id i by with a
gluten-free diet [(48); and see (82)]. Treatment with antibiotics will
mmprove the absorption of B;, m certamn patients with chronic tropical
sprue and anatomical lestons of the small mtestine [see (82, 83)]. The
absorption of B;, may sometimes be improved in tropical sprue, and more
rarely 1n 1diopathic steatorrhoea, simply as a result of hospitalisation and
prolonged treatment with By, and folic acid (6, 48)

In patients who improve after antibiotics, malabsorption 1s presumably
caused by microorgamsms in the small wtestine, for absorption returns to
normal within a few days of starting treatment [(52); and see (82))
Indole and mdoleacetic atid mbibit the utilisation of By. in a mutant of
&E cols {94), and sice these substances can be produced by intestinal bac-
iteria they may be contributing factors in the MA of loop syndrome and
‘chrome tropical sprue Antibiotics will improve the absorption of B,, only
1f the aleum 15 present and not short circuited, presumably because under
physiological conditions By, is absorbed 1n this area [(52); and see (82)]
‘When very large doses of By, are given, absorption may occur in the
jeyunum (95, 96).

The cause of B;, malabsorption in 1d; thi hoea 15 uncertain
but 1t is suggested that diversion of calcium by fatty acids may interfere
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measuring the rate at which intravenous doses of CF or FA are removed
from the plasma (70, 71). Patients with moderate or severe MA, with the
exception of those 1n whom the anemia is caused by FA antagonists or by
treatment with primidone (19), remove the injected FA from the plasma
at a rate far exceeding the normal. This increased rate of clearance is not
attributable to increased urinary excretion, for these patients also retam
more of the injected dose than do normal subjects (70). The rate of
removal of CF and FA was as rapid in moderate or severe PA as in non-
Addisonsan MA (70, 71). The conclusion that the tissues of patients with
untreated PA are depleted of FA as well as of B,, is supported by Gird-
wood's observation (41) that the amount of “folic acid substances” n the
hiver of a patient who died with untreated PA was between only one-third
and one-sixth of the amount found in control subjects, and also by the fact
that the FA content of the liver of B;,-deficient sheep is much [ower than is
that of normal sheep (79).

Although the results of the clearance tests, which suggest FA deficiency,
carrefate well with results of S. faccalis assay in the megaloblastic
anemuas [see (66)], they do not parallel the results of either the formim-
inoglutamic acid excretion tests or the modified L casei serum assay. &
possible explanation of the difference is that fi-PA; it contrast to pure FA
deficiency states, deficiency of FA is present only in hemopoietic tissue.
The demands of this tissue may be great enough to increase the rate of
clearance of injected FA and may gradually deplete the liver but because
the liver is 1n the path of absorbed FA the depletion may rarely be severe
enough to interfere with the bolism of histidine and cause an ¥ d
excretion of formiminoglutamic acid.

An ncreased rate of clearance of injected folic acid 1s found not only
in patients with MA but may occur mn normal wotnen in late pregnancy,
particularly if they have twins (80), 1 hemolytic anemias except paroxys-

mal nocturnal hemoglobinuria (13), in Teul myelofibrosis, Hodgkm's
discase, and reticulosarcoma (17) In these conditions MA may develop 1
the absence of dictary defi or 1 malabsorption. It presumably

oceurs because there 1s an increased demand for FA by the active tissues,
a demand which is not completely met by the normal daily mtake of FA The
fact that patients with active proliferating marrows are more susceptible
to the folic acid antagonist, pyrimethamtne, supports this view (81)

ABSORPTION OF RADIOACTIVE Bya
The use of cobalt-labelled B,, for absorption studies has recently been
reviewed (82 to 84). Malabsorption of By, is invarable in PA and 1
megaloblastic anemua associated with gastrectomy, anatomical lesions of
the small mtestine, and fish tape worm (85). Thirty to 50 per cent of
patients with idiopathic steatorrhoea (adult coeliac disease) fail to absorb
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Finch et al. {103)]. The abnormal_erythroeytes_are _destroyed, on the
average, at three tumes the normal rate The total erythrocytic activity of
the marrow is often mcreased but the delivery of viable erythrocytes 1s no
greater than in normal subjects (103). Part of the difference between total
and effective erythropotesis in these patients may be caused by the re-cyching
of siderocytic iron to the bone marrow from the spleen (104) However,
most of the difference 1s probably attributable to destruction of erythroid
cells in_the marrow (105). In spite of_this mtense hyperplasia, the total
erythropotetie actwvity of the marrow is often less than that provoked-ina
normal marrow by a similar anemic stimulus s (103).

Megaloblastic anemic and the synthesis of thymine —The defective
hemopoiesis may result from a falure to synthesise and incorparate normal
amounts _of the pyrimidine, thymine, into DNA{see(106); and Ressner
(107)1. The specific biochemical defect may be failure to add the 5-methyl
group of thymine in a reaction which, in mucroorganisms and chick and
rablit marrow celis, is known to be under the influence of FA denvatives
and perhaps of By, [see (106, 107); Arnstein (108, 109); Dinning &
Young (110)] This hypothesss 15 supported by the fact that thymine can
replace By, and FA 1 the treatment of MA whereas uracil 1s ineffective
in FA deficiency and much less effective in By, deficiency (106), as are
also undyhe acid and orotic acid [see Rundles & Brewer (111)] The
observation that the erythrocytes and leucocytes in untreated PA contain
1ncreased amounts of enzymes involved in pyrnimidine synthesis (112) also
suggests that there 1s 2 block in pyrimidine s is inMA; the
tion of such enzymes perhaps being analogous to that found in bacteria with
genetic blocks 1 pyrimidime synthesis (113).

In some ammal and avian enzyme systems the acceptor substance for
the methyl group of thymine is deoxyuridine [see (107); and Dawidson
(114)] which 1s converted into sodwm thymidine As Reisner (107) points
aut, this constitutes 2 brochemmcal pathway whereby the uracil {as deoxy-
uridine} of cytoplasmic RNA could be converted into the thymine (as
sodium thymidine) of DNA. He suggests that under normal conditions the
extra DNA required for mitosis 1s built up from the constituents of RNA
When thers s STy of By or FA thi fransloraatin of deosyuridine
to thymidine proceeds slowly so that interphase is_prolonged and mutasis
delayed. The primitive cells_therefore_mature slowly and RNA acenm
ulates s their cytoplasm

However, there is still very httle direct evidence that MA in man arises
from a specific defect 1n DNA synthesis Thus, the mean DNA content per
cell in MA marrows is increased and is as great as in conditions with
marked normoblastic hyperplasia (115, 116). Furthermore, in cell suspen-
sion cultures, the interphase time of megaloblasts is not prolonged 7y
and megaloblasts under these conditions synthesise at least as much DNA
and considerably more RNA than normoblasts from hyperplastic marrow
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with absorption. Large doses of caleum lactate improve the absorption of
By2 1 some patients while the administration of sodum EDTA depresses
absarption by removing calcium (973,

AssoreTioN oF Foric Acip

The process of absorption is studied by measuring the urinary excretion
or the alterations in the serum level of FA or both, after oral doses of 2
to 5 mg [see Girdwood (98); Chanarn, Anderson & Mollin (99)7 It is
advisable to saturate patients with prelimmary injections of FA before
carrying out this test (100), for even normal subjects may retain con-
siderably more FA from a single dose of 3 to 5 mg. than from a subsequent
dose given 24 to 48 hr. later.

The results with either the urmary excretion or the serum level methed
are similar in most loblastic anemias Malabsorption of FA is found
1 most patients with idiopathic steatorrhoea and tropical sprue, in a vary-
g proportion of patients with Crohn’s disease, and in some cases of
megaloblastic anemia assoctated with leukemia, reticuloses, and myelopro~
liferative disorders (98 to 102) Pattents with tropical sprue may absorh
normal amounts of FA 4 to 8 weeks after the start of treatment with F.A
or By, (102). Treatment with FA usually does not alter its absorption in
idiopathic steatorrhoea N

Results of the two tests differ in pregnancy, in MA of pregnancy, and in
patients treated with a gluten-free diet. In a proportion of pregnant women,
and 1n an even larger proportion of patients with MA of pregnancy, 2{“
peak serum levels of folic acd after the oral dose are much lower than in
normal subjects even when the size of the dose 15 adpusted to allow for
the presence of the foetus and for the alteration m blood volume (80). In
contrast, the results of the urmary excretion test are reported to be normal
(41) The absorption of FA as judged by the serum level test, 1s normal
in most patients with 1dtopathic steatorrhoea when marked chinical amprove-
ment follows treatment with a gluten-free det (99) In contrast, the resulls
of the urmaty excretion test are said to he abnormal i spite of marked
clinical improvement (101)

PATHOGENESIS OF MEGALOBLASTIC ANEMIA

The nature of the biochemical leston causing megaloblastic hemopoiests

1s uncertam A good deal 1s knawn about the function of FA in a.mlma‘

enzyme systems and m microorgamsms, but it 15 doubtful how d;regtly

these results ¢an be applied to man. Furthermore, the precise mode of action

of By, m the animal orgamsm and the relation of ats functions to those of

FA are mamly a matter of speculation In this next secton I have tried to

summarize recent work n this field ”
Radioactive 1ron studies confirm that the anemta of B;, :fnd/F

deficiency 15 the tesult of inhibited and defects e red.cell pr [see
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(109) and in chick marrow cells (110), and increases the uptake of MC-
formate into DNA in human megaloblasts (120) but not into the liver
cells of intact chicks, rats, and baby pigs (125). It has, in fact, been sug-
gested that B,, deficiency may cause MA by interfering with the function
of FA and its derivatives [Welch (126)] Evidence suggesting that there
may be a conditioned deficiency of FA 1n PA has already been mentioned.
However, the normal excretion of ir if acid in By,

suggests that there 1s no general deficiency of FA Therefore, if By cxerlE

its effect by interfering with FA metabolism it is likely to do this in th

hemoposetic tissue By, appears to be able to act in hemoposetic cell level!

for if it is instilled into the marrow in B, defictency states it alters the
marrow at the site of injection {124, 127). Nevertheless, the remarkable
avidity of the hiver for B,, emphasises the importance of this organ in the
metabolism of the vitamin. Thus, when very small injections of 5CoB,,
(002 — 004 pg ) are given to patients with severe pernicious anemia, the
uptake by the liver is as rapid and complete as in normal subjects (128)

In view of the close relation between B,, and the liver, it is interesting to
learn of a recent suggestion offering the postulate that B,, may exert it

effect through a specific action on the biosynthesis of protemns from amin

acids, and that 1ts gffect on other enzyme systems may be indirect (129).

Active forms of B;—B;, 1n the liver is not i the form of cyanocobal-
amin for the cyamde group is replaced by adenme (130). It 1s not yet
certain whether the function of this material differs from B,, in any way.
B;; in the liver is protein-bound but differs from B,, in serum or mixed
with gastric juice because it is available to Euglena without prelummary
boihng (131). Whether this is 2 function of the adenine-B,, or of the
binding protesn 1s not known.

The form in which B,, 1s absorbed from the smalf intestine is still
uncertain. Intrinsic factor binds B,; {132 to 135) and can remove B,, from
other proteins (135). When B, is bound i this way absorption occurs
from the middle and lower small intestine mn the intact rat (136), from the
ileum in man (52) and m the 1solated perfused small intestine (137, 138),

b being cal d and therefore interfered with by
sodium-EDTA (97, 139) The uptake of B,, by liver slices 1s also enhanced
by the presence of IF and calewm (139, 140), and there 15 some evidence
that the 1 vivo uptake of wjected By, by the hver is greater in subjects
who secrete IF (82). It 1s possible that B,, is absorbed into the body
attached to IF but extracts of intestine contam species-specific material are
able to “free” B,; from its binding with IF (135).

THE MEGALOBLASTIC ANEMIAS

ArpisoN1ax Perwicrous ANEMIA

Equy pernicious anemic —Permcious anemia may be recognised before
anemia or other signs of By, deficiency develop (44, 46, 48). At this early
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(118). In addition, megaloblasts from Byz- or FA-deficient patients incor-
porate both deoxyuridine and thymidine into DNA (119), and although
By, and, to a lesser extent FA, stimulate the uptake of MC-formate by
megaloblasts (120), these vitamins do not increase the 1ncorporation of
deoxyuridine and thymidine into DNA (119). The nterpretation of culture
experiments, however, is difficult and it is possible that the human megalo-
blasts contain enough FA or associated cofactors to supply therr growth
requirements during the short and relatively stress-free conditions of these
cultures. Of perhaps greater importance is the fact that thymidine, m
spite of its close chemical relationship with thymine, fals to “ripen”
megaloblasts in culture and does not produce a hemopoietic response in
megaloblastic anemas (121).

In view of the mmportance of FA in the transfer of one-carbon usmts
(108), it is surpristng that thymine can replace FA so completely in the
treatment of MA It may be that FA deficiency is never very severe 1n man
so that it effects only tissues and enzyme systems that are under great
biochemical stress. This might account for the fact that little or no
formiminoglutame acid is excreted in FA deficiency until a loading d?se
of histidine is given (76), and for the observation that the glycine-serine
interconversions are still possible in tropical sprue (23).

Active forms and site of action of folic acid—In the tissues FA
carries out its function in the transfer of one-carbon units as 10-formyl
tetrahydrafolic acid or 10-hydroxymethy! tetrahydrafolic acid [see (122)]-

_AD-Formy) tetrahydrafolic ac:d is formed from activated folic acid by the
addition of a formyl group from suitable donors in an ATP-dependent
reaction or by interaction with formiminogl ic acid; 10-hyd y.me!h)‘
tetrahydrafolic acid can be formed from 10-formyl tetrahydrafolic acid
(123).

The nature and function of active forms of FA have been stlldl?d .

mainly in mammalian enzyme systems from hver cells It is uncc{tam

whether primitive hemopoietic cells can take up FA and convert this 1o

more acttve forms for, although both FA and CF will “ripen” megaloblasts
in tissue cultures (107, 117), and will also enhance the uptake of HC.formate
by m‘;rmal marrow cells (120}, only CF 1s effective in transforming 'megfﬂ‘)‘
blasts mto normoblasts when these materials are instilled directly into the
marrow cavity of patients with FA defictency (124). .
Vitamin B,, deficiency and megaloblastic hemopoiesis.~Biz 4
nterferes with the synthesis of DNA m the hemoposetic trssues, gastrointes-

\mal tract and other tissues, and the synthesis of protemn in the nerous sys-

tem It is unlikely that By, exercises both these functions through the same 0f

a related biochemical pathway, for severe neurological change can oceur

in the absence of anemia In both instances it is uncertain whether Bi
exerts its effect directly or indirectly Thus, in the case of DNA syﬂfhtstllsr
the results of experimental studies are contradictory. B, influences d\;ec‘"y ’
the reduction of formate to the methyl group of thymine in lactobacilly
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(109) and in ehick marrow cells (110), and increases the uptake of 3C-
formate into DNA in human megaloblasts (120) but not into the liver
cells of intact chicks, rats, and baby pigs (125). It has, in fact, been sug-
gested that B,, deficiency may cause MA by interfering with the function
of FA and its derivatives [Welch (126)]. Evidence suggestng that there
may be a conditioned deficiency of FA in PA has already been mentioned.
However, the normal excretion of for i ic acid i B,, defi

suggests that there 1s no general defictency of FA. Therefore, if Bia exertE

its effect by wterfering with FA metabolism it is likely to do this m thi

hemopoietic tissue B,, appears to be able to act in hemopoietic cell level!

for 1f it is instilled into the marrow in B, deficiency states it alters the
marrow at the site of mnjection (124, 127). Nevertheless, the remarkable
avidity of the liver for By, emphasises the importance of this organ in the
metabolism of the vitamin. Thus, when very small injections of **CoB,,
(002 — 004 pg.) are given to patients with severe pernicious anemia, the
uptake by the liver is as rapid and complete as it normal subjects (128).
In view of the close relahion between By, and the Liver, it is interesting to
learn of a recent suggestion offering the postulate that By, may exert it:

effect through a specific action on the biosynthesis of proteins from amint

acids, and that its gffect on other enzyme systems may be indirect (129).

Aetwve forms of B;y—B, 1n the liver is not in the form of cyanocobal-
amin for the cyanide group is replaced by adenine (130) It 1s not yet
certain whether the function of this matersal differs from B,, n any way.
By, 1 the liver is protein-bound but differs from By, in serum or mixed
with gastric juice because 1t is available to Englena without preliminary
botling (131). Whether this is a function of the adenine-B,,; or of the
binding protein is not known,

The form m which B,, 15 absorbed from the small intestine is still
uncertain Intrinsie factor binds By, (132 to 135) and can remove B, from
other protesns (135) When B,, 1s bound in this way absorption occurs
from the muddle and lower small intesting 1n the mtact rat (136), from the
ileum 1n man (52) and 1n the 1solated perfused small mtestme (137, 138),
absorption bemng calctum-dependent and therefore interfered with by
sodum-EDTA (97, 139). The uptake of By, by liver shices is also enhanced
by the presence of IF and calaium (139, 140), and there 1s some evidence
that the én 710 uptake of injected By, by the hiver 1s greater in subjects
who secrete IF (82). It is possible that By, 1s absorbed into the body
attached to IF but extracts of intestme contamn species-specific material are
able to “free” By, from its binding with IF (135).

THE MEGALOBLASTIC ANEMIAS

ADDISONIAN PERNICIOUS ANEMIA

Early pernicious anemia —Pernicious anema may be recognised before
anemia or other signs of B,, deficiency develop (44, 46, 48). At this early
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tage, the only hematological abnormalities may be some macrocytosis in
he peripheral blood and gccasional intermediate megaloblasts and giant

etamyelocytes in the marrow. Achylia gastrica is present and the absorp-
tion of B, is within or just above the range found in severe PA {see (#);
and (82)]. The serum By, level is subnormal but generally not as low as
in florid PA, the concentration usually being between 70 and 140 ppg. per
ml,

Patients demonstrating these features may be found in the famlies of
patients with PA and among non-anemic patients with achlorhydria,
glossitis, unexplained macrocytosis, long-standing iron deficiency anemia
or non-ulcerative dyspepsia [(32, 44, 46); and see (82)]. Some of these
patients go on to develop clinically obvious PA but many remain unchanged
for years and may never progress beyond this early stage [ (44, 46), and
see (141)]. The factors which ultimately precipitate MA and other signs of
By, deficiency in these patients are uncertamn but the sevenity of the
absorption defect, the quality of the diet, and the presence of conditions
which increase the requirement for the vitamins must all play a part

Fomily studies in pernicious anemio—Callender & Denborough (46)
found no significant tncrease in the incidence of achlorhydria m 307 rela-
tives of PA patients when compared with 259 control subjects of s?rm‘-’ir
ages The absorption of Co-labelled By, was studied in the achlorhydric PA
relatives and was found to be impaired, sometimes seriously, in abou.t SO
per cent One or mote parents of seven patients with PA were examined
and, of these, four either had early PA or were found to have achlorhydna
assoctated with mmpaired B,, absorption and a low normal B,, level. Both
parents of two patients were examined and m one parent of each p.a!lcm
abnormalitres were found; one had early PA and the other achlorhydria and
defective B, absorption Similar changes were found in 12 of the 54
selected refatives on whom B, absorption tests were carried out X

Callender & Denborough (46) confined their radioactive By, absorption
studies to achlorhydric relatives. However, achlorhydria 1s not an essential
feature of PA. Furthermore, impaired absorption of By, may occur 1 P
relatives with “free” acid in their gastric juice (84) For this “.asm;i
McIntyre and her colleagues (141} studied the absorptron o.i By, in 3!
the available relatives of their PA patients They found impaxred. absmpd-
tion 1n 40 per cent of the relatives tested and confirmed that imparre
absorption oceurs 1n relatives with or without free acid The x:sult; S;i
gested that this low By, absorption m the families of patients fVﬂd N
depended on the presence of a heterozygous gene which 15 lflhen" asd
single autosomal dominant The authors suggest that the xmpa—llédfsd " t!g
absorptton predisposes patients to PA _The accessory facw{s ne:;“ '
transform this into the full gastric lesion of PA are uncert2in Al 0‘ gm
the mean of the results of the Schilling tests was lower than nﬂrlr{m a
the relatives at all ages, the praportion of abnormal tests increased Wi
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age 1n the group of relatives but not in the control series {see also (142)]
The cause of this additional age-related depression in absorption is not
clearly understood but the authors point out that it may be related to the
familial factors provoking achlorhydria, which they accept as being more
common in famulies of PA patients than in controls. However, if Callender
& Denborough’s (46) observation is correct and achlorhydria is as common
in controls as in relatves of PA, then an important factor precipitating PA
in predisposed subjects may simply be the gradual development of the
“normal” depression of gastrsc function with age.

Pernicious anemig with “free” acid—Addisonian PA with free acid
and normal gastric mucosa occurs in young infants and children whose
parents are related and m whose famly there is PA [see (143, 144)1. It is
possible that these children represent the homozygous state of the gene

to PA This app d to be the case m the child described by
Mo]lm Baker & Doniach (143), for the child’s father had PA and the
absorption of Co-labelled B,, was impaired in his mother. She absorbed
B,, normally only when an injection of carbamyl choline chloride (Car-
bochol) was given simultaneously with the oral dose It is noteworthy that
B,, absorption in the child with PA was also tmproved by carbamyl choline
chloride as was the absorption in another similar patient (144).

TROPICAL SPRUE AND IDIOPATHIC STEATORRHOEA
The clinical and hematological features of these two conditions may
resemble each other closely and in both the jejunal mucosa shows char-
acteristic histological changes (144 to 147). Nevertheless, they appear to
be distinct conditions (148) for their responses to treatment are different,

and severe By, defici and severe )! anemia are probably
more common m patients with tropical sprue (5, 6, 40). In idiopathic
absorption imp: if gluten 15 removed from the

diet This improvement may occur rapidly or only after many months of
treatment (149) Patients with tropical sprue may be cured by treatment
with FA or By,, or both, if caught m the early stages In the later stages
these substances relieve the clinical symptoms and restore the absorption of
FA to within the normal range, but they may not cure the steatorrhoea
(5, 6, 150) and the impaired absorption of By, may not be improved (6).
Treatment with antibiotics is usually more effective (150) but this, too,
appears to be most useful i the early stages, for only partial improvement
may oceut in mart chronic pat\en{s (48, 151)

The precise histol 1 or cytological lesion fated with malabsorp-
tion of FA 1n these conditions is unknown. Abnormal FA absorption tests are
found in patients with both normal and abnormal jejunal mucosae, while
normal absorption results may be found after treatment in patients whose
Jejunal biopsies are still grossly abnormal (86, 145, 147,

Troprcal nutritional megaloblastic anemia—The relationship between
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tropical sprue and tropical nutritional MA is not clear. Although the diet
of these latter patients 15 deficient in animal protein, intestinal matabsorp-
tion may often be demonstrated (6, 56). Moreover, treatment with anti-
biotics is sometimes effective in restoring intestinal function to normal (6)
and in relieving the anemia (132). The MA in these patients frequently
seems to be precipitated by other conditions, However, patients are some-
times seen with MA who require By, or FA and in whom no other cause
for the deficiency can be found (153, 154).

MEGALORLASTIC ANEMIA OF PREGNANCY

Severe megaloblastic anemia of pregnancy is common in the Tropics
but is much rarer in Britan and rarer still in the United States Howeser,
mild or moderate megaloblastic anemia of pregnancy is probably not ut-
common in temperate countries (1). In the Tropics, this anem may
sometimes respond to treatment with large doses of By, [see (4)] but m
ternperate chimates adequate responses are rare unless such treatment 5
given in the puerperium. The anemia always responds to FA but suboptimal
responses to large doses of By, may occur even in patients whose By, levels
are within the normal range (155, 156). Serum B,, levels may occasionally
be very low in these patients but similar levels are found in non-z2nemic
pregnant women (40, 43, 44). .

The response to FA, 1ts rapid clearance from plasma following mjeclfDn
(80), and the increased excretian of formuminoglutamic acid in the urine
(73), all suggest that the condition arises from FA deficiency The cause
of the deficiency 1s not clearly understood. Conditions such as dietary dfﬁ'
ciency, chromc blood loss, increased hemolysis or intestinal malabsorption
may all play a part particwlarly 1n the Tropics, but in temperate climates
such precipitating factors are usually absent (1, 12).

In some of these patients the deficiency appears to result from the de-
mands for FA duning pregnancy exceeding the amount avaslable in the nor-
mal diet This view 1s supported by the very rap:d rate of clea.rance of
mjected FA m women with twin pregnancy, a group m whom the incidence

IA 15 very high [see (8)].

o I;y! l v"ry" gane[mm o ted with antic Isant therapy—This has
been described most frequently in patients given primidone or phenytoit
sodium (20), but it may also occur 1f very large doses of phcnbbafhltOf‘i
(157) or other barbiturates are given (158, 159). B,, concentrations llve
this group are usually normal or low normal but they may on occasxonB

definitely subnormal {see (20, 44)]. Although patients with subnormal ;]
levels may Ily show good resp to treatment with Bia, ad
Jatients respond excellently to trcatmen.t__w/lLk.EA“When subnormal ant
ow By, levels are encountered, treatment with FA alone producc.s 2 Pmn;l’
n1se of the By, level to well within the normal range in most patients (5! );
TA treatment is therefore the treatment of choice, and 1f the anticonvulsan!
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drug is to be continued, FA should also be given to avoid a further relapse
{see {20)} Although severe megaloblastic anemua 35 rare, minor hemato-
Jogical abnormalities, such as macrocytosis, are frequently seen when these
drugs are given (20). It is therefore probable that some other precipitating
factor 15 necessary to cause the severe anemia In this connection it is inter-
esting to find that severe megaloblastic anemia caused by anticonvulsants
is very rare in the Umited States.

Megaloblastic anemia refractory fo treulmml—l\fega]oblas(ic anemia
refractory to treatment with By, and FA may be seen m
disease (28), as a result of a s ermth_esxs (27),
and 1n refractory (sideroblastic) anemia (24). In many of the last group
of patients ats the megaloblastic change may be altered by the administration
of FA but the patient may not respond-+mty other vitamins are given in
addition (160). The patients described by Maier (26) and Roelsen &
Ohlsen (25) may be examples of such patients. The cause of the MA in
most of the patients mn this group is little understood. In D1 Guglielmo's
disease the megaloblastic change does not appe
FA deficiency_for it 15 not affected by treatment with the latter (28).
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PEDIATRICS: CONGENITAL
. ENZYME DEFECTS™*

By J W. Gerrarp, DM, F.RCP.(C) ANp A M Marxo, MD, PaD?
Departments of Pediatrics and Biochemsiry, University of Soskafchewan,
‘askatoon, Carade

Garrod’s Croomian lectures on mnborn errors of metabolism (1).are 2
tandmark in both medical and biochemrcal history, but for many years the
disorders he described were Igo]@kupon as medical curiostties; it 15 only
recently that 1t has been realized that they form but a small proportion of
the rapidly expanding field of congenital enzyme defects A study of these
defects, using modern metheds of investigation, has shed new light on
normal and abnormal metabolism as well as on the related field of genetics}
1t has also presented the chimeian with therapeutic problems, most of which,
require solution The concepts of biochemical genetics for which Tatum and
Beadle (2, 3) and Lederberg won the Nobel pnze began with Garrod's’
wborn errors and have evolved gradually to the ‘Gne gene-one :nzyme hy{ 3
pothesis “that each gene controls the p fon, function and
a particular enzyme.” It should be noted, however, that m consxdenng
enzyme defects all that 1s known at present 1s that there 1s a deficiency of
enzyme activity; the many theoretical reasons leading to loss of enzyme
activity have been discussed by Kretchmer & Etzwiter (4) and by Snyder
‘S) Enzyme formation belongs to the general field of protewn synthesis and
fAnvolves other macromolecules, deoxyribonueleic actd (the primary genetic
material) and ribonucleic acid (6 to 8). It.1s as yet unknown how drastic
must be the alteration in the structure_of the enzyme melecule to result in
loss of acuvny,lfxtw be only a small change, such as the substitution

Af Ama mema an d Fis o

. S

nuclere acids which are so intimately nvolved 1n protein bosynthesss,
This review will, nevertheless, be confined to the most recent advances

ﬁrclated to known congcnxtaLgnzydee(ects ;. so-called “mol:cular/d_lg
jeases,” for example, the ‘2ad dr ders of renal tubu-

* The survey of the literature pertesming to this review was concluded in AGES
1959 .

*The following abbreviations will be used ATP (adenosime trphosphate) 3
DNA (deoxyrbonucleic zcid); UDP (uﬂdme  dishosphate) ; UTP (uridime

3 G&PD (g 6-p! Y: GSH {reduced

glutathione)

*We are grateful to Dr G Holman, University Hospifal, Saskatoon, Sas-
katchewan, and to D J B. Sidbury, Harrtet Lane Home, Johns Hopkins Hospital,
Baltimore, Maryland, for their help in the preparation of this review.
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lar reabsorption, such as cystinuria, will not be discussed Al these disorder:
are discussed by Hsia (10). .

ENZYME DEFECTS ASSOCIATED WITH
CARBOHYDRATE METABOLISM
Glycogen storage disease or glycogemosis—The structure, formation,
and degradation of glycogen in the glycogen storage diseases has been
investigated by Cori and her co-workers. Her findmgs were summarized in
a Harvey lecture m 1953 (11), and reviewed again mn 1957, (12). She classi-
fies glycogen storage diseases into“fdg’,w_‘yg;s. In type'{_n_e there is a de-
ficiency of glucose-6-phosphatase and storage of normal glycogen in hver
and kidney.’In type two, in which the enzyme defect is not known, excess
£lycogen is found in the heart, lung, liver, muscle, and often also m the
Yongue; death occurs in infancy.YIn type thyee there is an absence of ﬂje
f'dcb_rﬁncher"’ enzyme, amylo-1,6-glucosidase; glycogen which is stored in
‘excess m Jiver, heart, and muscle 1s abnormal mn structure and contains au
fexcess of short outer branchesVin type foyr thete is a déficiency of the
\ 3 brancher” enzyme, amylo-1,4-1,6-glucosidase; glycogen has long inner and
outer branches and is stored 1n excess m liver, spleen, and lymph glands,
that 1s, m the reticuloendothelial system;‘éirrhosis of the liver supervenes,
presumably precipitated by the abnormal glycogen (13). Glycogen in glyco-
genosis has been obtamed for study for the most part from the organs in
which storage occurs; Cornblath ef al. (14), however, have shown that red
cells are 2 more convenient source of glycogen both for the jveshgator
and the patient.

_A_ffth tyne of.glycogen storage disease has recently been described by
Pearson ef al (15) in a 19-year-old male whose strength was normal at the
onset of exercise but who, with exercise, became ncreasingly w'eak and
developed severe cramps; he had no muscle wasting. onchem'xcal and
istochemical analysis of thigh muscle revealed a fourfold inczease in stor® (
glycogen and no detectable phosphorylase. Glycolysts in tissue ho_mogerea!;

d d by lactic acid prodi , was markedly reduced but was rais¢

as il ts < a
to near normal by the addition oi/glucose-l-Phosphate. This ty’pec o'f gl)[t‘f’“
u(r R ._';,‘ e S e }

A

clinically simulates the disorder found in patients with a glucose-G-phDe:
phatase deficiency. Phosphorylase is presumably not necesary for glycog! e
formation, this would be in keeping with the findings of VxII.ar-Palasl )
Larner (17), and of Lelowr & Cardini (18) that UDP (uridine diphosphate

ucose can donate glucose to glycogen primer. .

¢ Wagner ef al. (gl9) have recently studied three patie.nts with txpc,htl"ﬁ
found in the serum an increase in glucose-I-pho!

enosis and have .
glycog 6-pt ylated intermed:ates; these

phate, gl

hate, and other pl
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substances cannot enter the cell or be utihized because of the deficiency of

ST et s emn s e s cacambling tyDe

+ of eleven

y diastase,

was found at necfopsy in the heart and liver. Lraig & Uzman (21) have

also desersbed three patients, two of whom were siblings, who resembled

patients with type one glycogenosss in being short and having marked hepa-
tomegaly; both also had splenomegaly, and one child, who died of pericar- |

ditis, had cardiomegaly, The livers and spleens of these patients contained

an abnormal polysaccharide containing three fractions. Fractions I and 1

iconsisted of a haride glucose, gal and glu-
jcosamine forming a_complex with peptides, while fraction IT was a glyco-
Jipid ining glucose, gal g ine, neuraminic acud, and fatfy
facids.

No specific treatment is as yet available for glycogenosis, but Yim ef al.
(22) state that prolonged treatment with glucagon is beneficial

Pentosuric —Pentosuria has been well reviewed by Knox (23) and by
Touster (24). The key to the eluaidation of the enzyme defect was the
finding by Enklewitz & Lasker in 1933 (25) that amidopyrine given orally
to a pentosuric subject was followed by an increased output of urmary 1- §
xylulose; they suggested at this time that this might be caused by an in-!
ereased production of p-glucuromc acid which was conjugated with amt-
dopyrine They then gave p-glucuronic acid to three patents with pentosuria
and noted that this also increased the l-xylulosuria The conversion of
p-glucuronolactone to xylulose has been studied by Touster ef al. (26);
they gave a pentosuric subject labeled glucuronolactone and were able to
show that its conversion entailed the loss of the carboxyl group, the alde- »
hyde carbon becoming the fifth carbon of xylulose. Flynn (27) also found,
in a patient with pentosursa, that oral glucuronic acid caused a rise above
the fasting level of the plasma xylulose Bozian & Touster, quoted by
Touster (24), have more recently shown that although the administration of
p-glucuronolactone causes a marked mise m the l\ﬂ)‘ma xylulose in the’
pentosuric subject, no such rise occurs in normals”This suggests that in
ithe pentosuric person there 1s a block in its breakdewn, caused probably by f
‘2 Yack of 1-xylulose dehydrogenase (24).

Glucose-6-phosphate dehydrogenase deficiency —Beutler (28) has re-
’cenﬂy reviewed the sequence of events leading to the discovery that a defi-
Jetency 1n the red cells of gl 6-phosphate dehydrog (G6:PD) was
£assoctated with certain drug-induced_hemolytic anemias. Marks et al (29)

have shown that this_enzyme deficiency ts present ¥nly in red cells and
not_in lenkogytes or Jiver; they have therefore suggested that the gene at
fault 1n this disorder controls the turnover or stability of the enzyme in the
red cell, thus ing the i il lysis of the older

e to
red cells (30). The following substances, 1n addition to $rimaquine_phos- |




356 GERRARD AND MARKO

R _’

iurantoin,’naphthalen:, Vica faba, and vitamin X (menadione sodium bi-
sulphite) ;"infection, too, may mduce hemolysis (28, 31 t5°35) Of particular
importance in the Mediterranean littoral is the fact that acute hemolytic

. anemia on exposure to the’{amjgag occurs only in those withlow G-6-PD
; agg[}vreduced glutathione (GSH) stabihity in their red ceils. A patient with
the stigma of favism has recently been given primaquine phosphate and had

a typical hemolytic episode, thus demonstrating susceptibility both to th‘
fava.bean.and to primaquine m the same wndividual (36). Of importance;
to pediatricians 15 the fact that in these patients naphthalene and.yitammn Ki
may imtiate hemolytic episodes mn susceptible persons, Zinkham & Childs
(37) record one instance in which a negress who nibbled moth balls pre-]
cipitated a hemolytic anema in both herself and her newhorn baby; wrap-
ping a baby in clothes tmpregnated with moth balls may also be sufficient to

{ witiate an acute hemolytic anemia (38). The newborn, between the ages
of 4 and seventy-esght hr,, 1s particularly susceptible to these hemolytic fac-
tors because, as Zinkham & Childs (33) have shown, at this trme there isa
temporary fallin GSH stability in the red cells; ths is not associated with

t a G-6-PD deficiency. In most instances, the anemia 1s drug-induced but this
1s not invarrable, for Shahidt & Diamond (39) have reported brothers with

# congenital non-spherocytic hemolytic anemia who had a low red cell G-6-PD

activity. Zmkham & Lenhard (40) Have reported additional cases
The mode of mheritance of this defect has been mnvestigated by Childs
and his co-workers (41) who studied randomly selected negroes and thetr
, pedigrees, using the glutathione stability.test, They found that among ma‘cg
14 per cent were positive and amgrg females 2 per cent were positive an!
5 per cent were partially pcsitwevx{: analysis of their pedigrees indicated the

gene to be a sexclimked domunant with Sariable expressivity, fathers with
‘_lthe defect passing 1t on to half their daughters and to none of theit sons'g
Heteroz: ers, bemg partially positive, pass the defect on to haliz
heir sons and to half their daughters. R
" x{Their findings have been confirmed by Gross & Marks (42) m families
with drug-induced hemolytic anemias, by Szemberg & Sheba (43) and,
Szemberg, Sheba & Adam (44) m non-Ashkenazic Jews in whom there \'faé
a history of favism; and by Sansone & Segm (43) m Italan famulies wit
favism. Lohr & Waller (46) have studied a fanuly with hemolytic anems,
and shight jaundice and concluded the mode of mheritance to be carried, 1
this mstance, by a dominant autosomal gene) < ’
Galactosemia.—This subject has been reviewed by Bain ef al. (47)s H‘; -
zel ¢t al. (48, 49), and more recently by Isselbacher (50). Following t_lc
work of Schwarz and his colleagues (51) who had shown that galactose:

phosphate accumulated 1n thevred cells of galactosemic patients, Kalckar,
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l have venfied this by analysis of cord blood Anderson et al (55) have also
shown the enzyme defect to be present mn cord blood by utilizing the specific
enzymatic assay devised previously (56). These tests make 1t unnecessary
to expose the stisceptible infant to the toxic action of galactose.

i Patients thh ga]actosemla do/not all appear tu be equally intolerant of
' -#t- -, Isselbacher
-_ liyer an en-
, ine Triphos-
! e activity of
this enzyme is only ong'sgventh the acuvnty ‘of galactose I-phosphate uridyl
transferase; 1t is also less active in fetal and newborn than in adult liver,
thus possibly explais the for gal: wh:ch galac-
tosemic patients manifest as they grow older.
& The detection of the carner state has mtrigued workers on both sides of
the Atlantic. The gal test, although impaired 1n
parents of affected cases, 1s not sufficiently defimtive to detect the carrier
(58) Hsia et al (59) have endeavored to detect these by studying the ac-
tivity of gal 1-phosphate -uridyl f using the UDP-glugose
consumptign test +{56) ; their findings indicated that cargiers of the gene
enzyme activity tended to be less than in normals, but the overlap was such
that the test was difficult to interpret m any individual case. Kirkham &
Bynum (60) have developed a more suitable manometric method, also usings
hemolyzates of human red cells and carried out so that zero-order kinetics
obtam, using this method they have been able to segregate carriers from

nnrmals m most i and to d an

in
uridyl fe actwvity mn carriers. The compar-
able vaxue of these tests 1s discussed by Kalckar (61) Bretthader et al. (62)
have further modified the UDP glucose consumption test by increasing the
concentration of UDP glucose and the ratio of galactose-1-phosphate to
UDP glucose, and by reducing the amount of hemolyzate and the incuba-
tion pertod; with these mod:ifi they have d a clear-cut
differentiation between those with galactosemra, carriers of the trait, and
normals.

The toxic factor in this disease 15 probably galactosel,phosphate; pi<
geons or chicks given a diet containing 30 per cent galactose develop a neu-
rological disorder with ataxa (63), rats on a similar diet develop cataracts
(64), and E. col that are deficient 1 galactose-1-phosphate uridyl trans-
ferase fail to grow normally on a galactose-containing medium (63). The
toxic action may be direct or 1t may be indirect and result from the asso-
ciated mnhibition of other egzyme systems (66).
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ENZYME DEFECTS ASSOCIATED WITH AMINO
ACID METABOLISM

PRENYLKETONURIA

Phenylketonuria has been reviewed recently (4, 67 to 72). Interest in '
phenylketonuria has centered around three main problems: ficst, the nature
of the enzyme defect and the details of the deranged metabolism in phenyl-
alanine; scegnd, the early detection and treatment of cases; and thyed, the
etiology and the mental defect, "

Phenylketonuria: the metabolism of phenylalanme in phenylhetonuri
It has been definitely established by Jervis (73) and by Udenfriend & Bess-
man (74) that the livers of those with phenylketonuria lack phenylalanines
hydrosylase in contrast to the Livers of normals (75, 76). Phenylalanine hy-"
droxylase has been fractionated by Mitoma (77) and by Kaufman (78) and
the necessary cofactors studied (78 to 80)a/The enzyme necessary for,the
conversion of phenylalanine to tyrosine may be separated into two fractionse”
fraction I restricted to the Iiver and fraction IT distributed throughont other.
tissues /Thg absence of fraction | wagdenionstrated in phenylketonuric sub-
jects by Wallace ¢f al. (76) and by Mitoma ef al (81); phenylalanine was
 converted to tyrosine only when fraction I"‘p_r: igared from rat liver was added
"to liver biopsy matersal from a patrent with phenylketonuria, The absence of
this enzyme leads to the accumulation of phenylalanine in the blood Although
phenylalanme Blood levels may not be high at birth (82), Horner &
Streamer (83) record one case in which the phenylalanine leve! was already
high at this time and increased greatly in the first few days of life.

‘An inductive increase in trangaminase activity has been suggested by
Meister, Udeniriend & Bessman (68, 84) to explain the increased formaton
of phenylpyruvate from phenylalamne, Phenylpyruvate, however, may not
appear ini the urine unt:l the childis five to seven weeks of age (82 to 8%)
because of the time needed for enzyme mduction (72)¥Phenylpyruvate can
yield either phenylacetate by oxidative decarboxylation or phenyllactate by .
feduction (68) E ding the same argu s concernmng t ton,
decarboxylation, and reduction, o-tyrosine would form o-hydroxyphenylace-
tate; tyrosine would yreld p-hydroxyphenyl-pyruvate, -acetat)C, and -factates
and tryptophan would give ndolylacetate and indolyllactate

Bhonyn is ! reted gyyhm,zm Tg! (68, 84 1o 86), Mol
Jave & Meister (87 to 89) have studted the enzyme activation of phenyl
acetate by ATP and coenzyme A prior to couphng with glutamine An "adap‘
five mcrease in enzyme was attributed to the finding that biopsy specimens
af liver of a patient catalyzed the formation of phenylac:t}iglulammc at
five times the rate of normal ltvers (68) g

The exact mechanism of the fur_tgg_nongf o-tyrosine 15 unknown an
Dalglessh (90) has suggested that 1t 1s formed by non-enzymatic hydroxy-

lation of phenylalanine.

Lonull

~
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Phenylketonuria: the early di ion and of Bickel,
Gerrard & Hickmans (91, 92) were the first to demonstrate that a‘ﬁhg__yl-/
alanine-low diet was feasible, that sts i ion to a ph

culd of two was followed by significant mental 1mprovement, and that d:s-
continuing the diet was followed by mental deterioration Confirmation has 1/
come from many sources {93 to 102), On such a diet biochemical abnormali-
ties associated wath the dlsease are eliminated, the skin and hair darken, and
seizures and el aphic 1 subside. Ap; bl
mental improvement does not occur in the older severely retarded children
(98) ; the real value of duet is in the prophylactic treatment of the biochem-
1cally abnormal but mentally normal infant, Horner & Streamer (95) and

Bnmble:umbe et al. (103) havc summzmzed their expencnc:s treating chil-

age-
: . are
. “yler
(94) The diet 35 not but it is Status_ep i
(98) and hypog! 1y (104) in two § with one death, have been
reported.

Detection of heterozygous carriers may be carried out by detecting ele-
vated phenylalanine blood levels after the phenylalanine tolerance_gest
(105). To obtain better discrimination between carriers and normals st is
preferable to express the results ni blood determinations as _phenylalanm
tyrosine_ratios (106).

Phenylketonuria - the etiology of the mental defeci—The cause of asso-
ciated mental retardation remains obscure. The studies already cited suggest
that early, carefully Sontrolled J; of ph ngestion results
in normal development Mental retardation is not normally present at bxrﬂl
nor was tt present 1t two children bdrn of one phenylketonuric womast (107) *
although 1t was present mn thrce nonphcny]kemnunc chxldren born of a sec-

Y I SO

epinephrine and its products would be mnterfered with; an increased re-
sponse to epinephrine has been reported to occur in phenylketonusic sub-
jects (111), as well as low plasma epinephrine levels (112). The adrenal
glands of patients with phenylketonuria differed from normals m containing
tyrosine and methionine (113). The presence of abnormal protems (114,

115) has not been supported by other workers (116, 117).
Davison & Sandler (118) have shown that phenylpyruvate, phenyllac:

y

tate, phenyl and ph ine intubit both 5 ytryptophan and,
Lihyds h Asa

faes low levels of 5-

v
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hydroxytryptamine (serotormin) have been reported in the serum of those
with phenylketonuria (119) and also low levels of urinary 5-hydroxyindole-
acetic acid (120 to 122).

Alkaptonuria.—~This subject has been comprehensively reviewed by
Knox (123) who was able to mention briefly the studies of La Du and his
colleagues (124, 125} of a patient with alkaptonuria and a hiatus herniz.
When the herma was repaired surgically, a liver biopsy for biochemscal
study was obtained, and La Du jvas able to demonstrate, for the first time
in_this _g:;ga,gedn_ab;nce_af_'fgmagmtisamuxidase_acgim an activity
which was not restored by the addition of 1ron salts. Homogentisate oxidase
is also normally found in.the kidney, but it was not possible to study its
activity m this patient, ‘Hlomogentisic acid in normals is broken down to
maleylacetoacetic acid, and it was not without interest that the liver of L2
Du’s alkaptonuric patient had normal levels of maleylacetoacetate isomerase{
even though its normal substrate was absent,

Thompson (126) has outlined the main radiological features assocrated
with ochronosis, The rel. hip between the radiological changes, the dep-
osition of pigment, and the specific enzyme defect in the older patients is
still not known,

Maple sirup urine disease—Maple sirup urine disease involves the ab-
normal metabolism of valine, leucine, and 1sgleucine The name is unfor-

Jae,. fetcin - :
tunate, first because many are ot famihar with the smell of maple smfP
and, second, because it associates with our national emblem a disease in
which severe mental retardation is invariable (127). Thirteen probable
cases have been reported (128 to 134), and while the majm:}ty have not beert
ixhausuvely snvestigated the connecting thread has been a“familial cerebro-

ative disease, ch 1zed by the excretion of urine with the odour

‘gf maple sirup or burnt sugar. The first four TEpOFted-Cases were siblings
(129) and six came from three unrelated famjlies, suggesting an heredstary
basis for the disease. The disease has its onset soon after birth and 'wheﬂ
the baby 1s one to two days old the usual unnary odour becomes evident
The infants develop myoclogic_seizures and spasticity and progress to. ¥
!slate of decerebrate rigidity. Hypoglycemia has been'Toted (128). The elec-
troencephalogram may be abnormal (133)»@53!1 occurs between the ages
of fifteen days and twenty months X 1
With regard to the brochemical abnormality i this :‘hseaseJ Westa
(131) first showed that plasma and urinary levels of z]le_branchcd,cham\
amuo acids, leucine, 1soleucine, and valing are eleyated; their levels are aIStd)
rassed in the cerebrospinal flnd and saliva (128) Methonine 15 mcrcascd
winle the amounts of cystine, alanine, serine, and threonine are Eiecreases
(131, 132). The urinary levels, in point of fact, are not always l}lgh (128,
134) and in the early stages of the disease the urmary ammno acid pattern
is normal (129, 132). Mackenzie & Woolf (128) and Menkesb(135) 113":
shown, using the dintrophenylhydrazine reaction, that the urine contaid:
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arge amounts of gketo_acidg; Menkes (133) showed by chromatography
that three mamn dmltrophenylhydrazones of the a-keto acids could be de-
tected The of a-ket ic acid was 1solated
and characterized by melting points and elementary analysis. The mixture
of the dimtrophenylhydrazones was reduced to the corresponding ammo
facids: valine, leucine, and 1soleucine. One patient excreted 252 mg. of keto
acids in the urme per day prior to death; he had excreted 49 mg. per day
one year earlier. Normal children excrete only 2 to 4 mg. of keto acids per
day
In the case described by Smith & Strang (130), phenylpyruvic and phe-"
nylacetic acids were present A typical ferrsc chloride test was found and the
daily urinary excretion of phenylpyruvic acid was 1344 mg. Phenylalanine,~
methionine, and tyrosine were also increased in the urine. The presence of
a-hydroxybutyric acid and its dimerized product in the urine are believed to”
be responsible for the characteristic smell (130), however, a-amuobutyric
acid was not detected in the urine Mackenzie & Woolf (128) confirmed the
finding of acids in the urine and they also detected an excess of indolylace-
state and 1ndolyllactate.
Transaminase activity for branched chain amino acids has been demon-
trated in the tissues from a patient obtained at necropsy (131 to 134); the
B .. .. . PR Vel

\ . . -
.

ixid to d acids (128). Attempts to pinpoint the lesion usmg”
leucme-1-14C were not successful since control tissues obtamned from a child
who died from trauma failed to metabolize the amino acids.

Menkes (133) has suggested that of the“four cofagtars, diphosphopyrl- Lv
dine nucleotide, coenzyme A, thiamin pyrophosphate, and lipoic acid ré- Lo
quired for qxidative decarhaxylatian of a-keto acids, a lipoic acid deficrency. *:

ought to be considered. Except for the ivolvement of these cofactors in the
decarboxylation of a-ketoglutarate and pyruvate there is no experimental
evidence m mammals to indicate that they are wnvolved in oxidative decar-
boxylations of a-keto acids generally
There 1s no treatment for this disease, but Mackenzie & Woolf (128)
ave suggested the removal of branched chamn amino acids from the diet.
‘Ienkes (135), assuming a defictency of a cofactor, has suggested the ad-
t‘mmstranon of ipaic acad, ~
Primary hyperoxaluria—This disorder has been well reviewed hy Dunn
(136) and by Burke (137) Additional cases have been reported since (138
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to 141) and the nature of the enzyme defect has been suggested. It is a
rare disease since Archer (142) has been able to find records of only ten
substantiated cases, though with less strict criteria Godwin ef al. (139) were
able to collect 25, :

In normal subjects urinary oxalate {dihydrate) excretion is 10 to 40 mg.
per day (143); in primary hyperoxaluria it rises to 110 to 265 mg. per day,
The blood levels of oxalate are unknown as there is no satisfactory micro
method for its determination (142). High levels of oxalate in the cerebro-
spinal flurd and in pleural effusions have been demonstrated on samples col-
lected after death (140). Necropsy specimens of liver, skeletal muscle,
heart, and kidney have also been analyzed, the kidneys and heart alone con-
taining an excess of calcitum and oxalate.

With regard to the etiology of the disorder, this has been shown by
Archer (138, 142, 143} not to be attributable to increased intake or absatp-
tion of oxalate, nor is it caused by a low renal threshold for oxalate In
locking for a¥source of oxalate, Archer (142) surmised that 1t might be_
derivedi[om‘gimnjnd product of.its.metabolism arising
from oxidation of glyoxylate; glyoxylate may also be derived from sugars
as a two catbon fragment, from oxidation of sarcosine, and from the trans-
amination of glycine with a-keto acids (144). Archer and his colleagues
(142) found that the admumistration of glycine to two patients increased the
oxalursa in one; conversely, the provision of a low protein (glycine) diet
and later the admmistration of sodium b which bines with gly-
cine to form hippurate, reduced the oxaluria in both, Later, using isofoP‘C
tracer glycine-1-13C, Scowen, Crawhall & Watts (145) showed concIuswely‘
vﬁ:at glycine.was the precursor.of-at-least-some-of-the oxalate

“An interesting attempt has been made to correlate glyoxylate metabolism
and deposition of calcum oxalate crystals in different tissues (140) Meta-
bolic activities of glyoxylate are higher n myocardium and smooth rmuscle

enerally, which may explain the presence of crystals 1n the heart and &1

erent arteries of the body.

Paper chromatography of urines from primary hyperoxaluria (13'8)
have a normal ammo acid pattern, although one mught have expected in-
creased amounts of glycine, since glyoxylate 1s a Inghly reactive compoun
and will transaminate with other amino acids non-enzymatically (144). For
this reason it is nnhkely thet primary hyperoxaluria is refated to the case ?f
glycinuria recorded by De Vries (146); the latter was an! hereditary dis-
order associated with nephrolithiasis and the stone consisted manly of cal-
cium oxalate with a small amount of free gl_ycine" Glyetnuria was caused
\by a lowered renal threshold, the urinary oxalate excretion of which ’was
mrif;’;ncwcq ¢ acuduria—In 1958, Allan and his colleagues (147) de-
scribed twa siblings who were severely retarded, meatally, both of whom
excreted large amounts of a then unknown amino acid in the urine, These
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two children had smiled, sat up and walked at normal ages, but bad not
learned_to-talk; the first child to be studied developed eptlepsy when she
was nearly three years old. Both she and her affected brother who had had _
no_s¢izures_had abnormal, electroencephalograms, brown_br brittle hair and
heart murmurs, possnbly caused by ventricular septal defects, The unknow:
amino acid was later identified by Westall (148) and found to be ¥rginino-
1 cid, _an.antermediate metaholitein the urea cycle. The cnzymcf
which splits argininosucéime acid into arginine and fumaric acid is, there-
fore, presumably absent.*
Hartnup dnea.re—Harmup disease, prevxously referred to as “Hart’s
syndrome” and also “H” disease (149), is characterzed by hereditary. ;_pel-
legra-like_skin_ra rash with temporaty cerebellag»ataxla and a characteristic
amino-aciduria Dent first deseribed this disease in 1932 (150) after collab-
oration with Dr. Hart who made the original discovery. A detailed discus-
sion of this illness is presented by Baron ef al. (149) and previous scanty
references are cited therein They described the new dxsease,affecting four
of eight children of a first cousin marriage. The climeal syndrome is com-
lex and inconstant although the fost constant feature is a tendency to de-
relop_a_rash_on_exposure to_sunlight. Reversible_cerchellar “ataxia_may
develop.
“The e gross amino-acidurra 15 of a unique pattern and is evidently of’renal!
ougmn. A]anme, scn e, asparagine, glutammc, valie, lcucme, isoleucine, ‘
SS 1M

the urme, cystine, lysine, and glycine are moderately increased; tautine is
niormal while prolme, hydroxyproline, methionine, and arginine are not de-
tected Fvered (151) has measured the plasma and urine concentrations of
the amino acids and has caleul, plasma cl, of the
amno acids in Hagtnup syndrome as well as 1n other diseases.

An_excess of dolc denygmus is present in the unne. such as mdu'(yl ‘

PNty

B .-
acetylglucosiduron:c acid, but in Hartnup disease only moderate amounts of
this metabolite are found in the urine. It should be pointed out that by am-
monolysis the glucuromde 15 converted to an ndolylacetamide, and such

conditions are present sf paper ch 15 ronducted with
acal solvents.
Milne ef al (154) indicate that d ion of indolyl: and

indolylacetylglutamine is not as constant as was previously thought; appar-

“Dent has reported recently [Dent, C E, Proc Roy Soc Med, 52, 883 (1959)],
that two &ﬁectcd siblings had normal plasma ureas and urine urea outputs and,
therefore¥a metabolic block m the formation of rea is nnikely He hus suggested:
_Ihﬂle.shlmE _concened sith _some hutherta unknown synﬂncﬁuxo&gjnjgm}/
mel lism, -
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to 141) and the nature of the enzyme defect has been suggested. It isa
rare disease since Archer (142) has been able to find records of only ten
substantiated cases, though with less strict criteria Godwin ef ol. (139) were
able to collect 25.

In normal subjects urinary oxalate (dihydrate) excretion is 10 to 40 mg,
per day (143); in primary hyperoxaluria it rises to 110 to 265 mg. per day.
The blood levels of oxalate are unknown as there is no satisfactory micro;
method for its determmation (142), High levels of oxalate in the cerebro-
spinal fluid and in pleural effusions have been demonstrated on samples col-
lected after death (140). Necropsy specimens of liver, skeletal muscle,
heart, and kidney have also been analyzed, the kidneys and heart alone con-
taining an excess of calcium and oxalate.

With regard to the etiology of the disorder, this has been shown by
Archer (138, 142, 143) not to be attributable to increased intake or absorp-
tion of oxalate, fior is 1t caused by a low renal threshold for oxzlate In

looking for a’sWrcher (142) surmised that it might be_
‘- N s -

e arisng
1 sugars
." * trans-

amination of glycme with a-keto acids (144). Archer and his colleagues
(142) found that the admimistration of glycine to two patients increased the
oxaluria in one; conversely, the provision of a low protein (glycine) diet
and later the administration of sodium b which bines with gly-
cme to form hippurate, reduced the oxaluria in both Later, using 1s0topic
g‘accr glycine-1-13C, Scowen, Crawhall & Watts (145) showed conclusivelyy
that glycine-was the precursor.of-atJeast-some of.the.oxalate.

An interesting attempt has been made to correlate glyoxylate metabolisa
and deposition of calcum oxalate crystals in different ttssues (140). Meta-
olic activities of glyoxylate are higher in myocardium and smooth muscle
Eeneﬂ“y, which may explain the presence of erystals in the heart and dif-
erent artertes of the body
Paper chromatography of urmes from primary hyperoxaluria (13'8)
have a normal amino acid pattern, although one might have expected in-
creased amounts of glycine, since glyoxylate 1s a highly reactive compound
and will transaminate with other amino acids nan-enzymatucally (144). For
this reason 1t is unltkely that primary hyperoxaluria 1s related to the case of
glycinuria recorded by De Vries (146); the latter was an hergditary dis-
order 4 with nephrolithi; and the stone isted marnly of cal-
cium oxalate with a small amount of freg glycine’ Glycinuria was caused
by a lowered renal threshold, the urnary oxalate excretion of which was
normal. 4
Arginingguccinic acidurio —In 1958, Allan and s colleagues (147) de-
scribed two siblings who were sevegely retarded smentally, both. of whont
excreted large amounts of a then unknown amino acid in the urine. These
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patrent without hypertension, and Cope (163) has found evidence of 21-
hydroxylation in a normotensive patient. That hydroxylation can oceur in
the C,, posttion in adrenal hyperplasia 15 further suggested by the finding
reported by Luetscher & Axelrad (164) of normal Jevels of sodwm-retain-
g activity in the unmne of patients with the salt-losing syndrome, and of
Prader ef ol. (165) that patients with adrenal hyperplasia excrete aldo-
sterone 1n the urine.

There are, however, different pathways for the bjogenesis of corticoster-
oids 1n the glomerulosa and and reticularis (166), and hyd 1
tion might well occur 1 the Cy, position in the glomerulosa without 1pso
facto occurring in the same position in the fasciculata and reticularis The
nature of the enzyme defect or defects 1s, as Birke ¢# al (167) have indi-
cated, far from settled.. .

Congemtal govtrous cretimism —The formation and nature of the thyroid
hormone or hormones have been reviewed recently (168 to 170) as has the

\Syndrome _of congenital goitrous cretmism {171 to 174)v(Goitrous cretins
ate_believed to fall_into_three mamn groups: (a) i which there is an -,
ability to hind iodine to tyrosine; (b) 1n which there is a lack of the cou-
pling enzyme so that mono- and duodotyrosines are formed but not coupled”
to form thyrosine; and (¢) in which there is an absence of the detodinating ~

/dehal ) with a loss of todide 1n the urine. Most

enzyme,/
cases, according to Carr et gl (175) who analyzed thirty consecutive cretins
of whom five were goitrous, fall into group (a). Gardner et al. (176) have
made a careful study of six cases: two could trap but not organify iodide
and fall mto group (a) ; two superficially seemed to lack a dehalogenase but
it was considered that there was an associated defect 1 the synthests or re-
lease of thyroxine; two could orgamfy some 10dide, and in them the defect
appeared to be partial The latter suggestion is in keeping with the observa-
tions of Clayton ef al (177) of anather family

Not all patients with gottrous cretimsm fall into the above categories.
DiGeorge & Paschkis (178) described one patient 1n whom a biologically
inactive iodinated protein was present in the serum Stanbury & McGirr
(171) have also seen two similar patients DeGroot cf al (179) report a
fourth who could tran 16dide frem mann amt 4 Satos EOR
mne and th
which move
ot move £ . . . .
(180) may fall mto the sime category. DeGroot & Stanbury (181) have

summarszed their experience with this group of patients, they suggest that

the_thyroids of these patients make or sccrete an inactive polypeptide Telated

to thyroglobulin. D
i L

whe .
triic
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ently indolylacetate excretion is influenced by urinary pH., From the pésults

« of feeding tryptophan to patients with Hartnup disease the authors g: est
there is a defective transport of tryptophan i the cells of the proximal
renal tubules, jejunum, #0d posstbly the lfver.mbﬁﬁ—r}lally'éfnall”amnunt
of injected ‘tryptoplian s oxidized to_formylkynurenine by tryptophan per
oxidase in the diseasebut there 15 o proof that there is an actual deficiency
af this enzyme and the defect may arise from reduced contact of enzym|
and substrate Baron and his colleagues (149) suggested that there migh
be a metabolic blorl- ~= ¢t ~niteen Lo o o o
or an abnormality”

Albinism.—One . . PN . .

fects is that associated with albimsm which has recently been reviewed by
Knox}lSS). The Jack of pigmentation m this disorder 15 probably caused
by an"absence_of. tyrosinase in the mclanocytes, but this has not_yet been

proven,

ENZYME DEFECTS IN HORMONAL SYNTHESIS

Congemital adrenal hyperplasia—Bartter ef al, (156) first suggested that
because ACTH stimulation caused an increased output of 17-ketosteroids
only, congenital adrenal hyperplasia resulted primarily from an mability of
the adrenal gland to synthesize “glucocorticoids.” They suggested that there
was a secondary increase m ACTH production, later shown to be true by
Sydnor ef al. (157), and that this was responsible for the high output of
androgens. Jailer (158) then suggested that the disorder was a‘x‘puﬂza;l"l/

. R R N s ate 11 nnd 2

P

' N -

and suggested that the prime defect in the disease was in the conversion of
17-hydroxyprogesterone to hydrocortisone, that is, in the 21-hydroxylase.,
There are, however, three forms of the discase. In tts simplest form there 1S
only virilization, i 33 per cent there 1s also a salt-losing tendency, and m
6 per cent there 15 hypertension (160) , it would not be expected that the
same enzyme defect or defects would occur mn 21l three froms

In 1956, Eberlemn & Bongiovanni (161) studied a patient with an asso-
ciated hypertension Compound S and tetrahydro S, but no 11-oxygenated
C,, or Cyy steroids were found mn the peripheral blood; tetrahydro S was
also found 1n the urine. It was assumed 1 this instance that there was an/
absence of the 11¢-hydroxylase, the 21-hydroxylase being present. The hy-
pertension was thought to result from the presence of deoxycorticosterone
in the blood for its reduced metabolite pregnane-3421-diol-20-one was pres:
ent 1 the urine The elegant suggestion that a defictency of 21-hydroxylasd
Jeads to the common form of adrenal hyperplasia, and a dg@cl%ﬂ
11p-hydroxylase to the hypertensive form, lacks confirmation ior'Gan y )
Keutmann (162) have found evidence of an 11f-hydroxylase deficiency 11t
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Hepatolenticular degeneration (Wilson’s disease)~Wilson's disease has
recently been reviewed by Bearn (197), Bickel (198), and Walshe (199).
Thevhallmark of this disease 15 2 low plasma ceruloplasmin (200). Schein-
berg & Gatln (201 originally suggested that the disease could be compared
to hemophilia in that both are specific protein deficiencies, in which case it‘
should be considered a “molecular disease.” Holmberg & Laurell (202) had
earlier shown that in vitro cerulop in can act ly as a copper
oxidase, and Schemberg & Morell (203) have suggested that it acts enzyj

matically i% vivo by releasing copper in the villous capillaries of the intes:
tine, thus inhibiting copper absorption. If this is one of its main function
Wilson’s disease should be considered to be attributable to a genetically de-
termined enzyme defect. The admimstration of ceruloplastaimn has not, how-
ever, according to Bickel ef al. (204), led to any amelioration of the disease
but only severely affected cases were treated Curzon (205) has disclissed
1n detail the structure and function of ceruloplasmin.

The most important recent advance in the treatment of this disease has
been the mtroduction of penicilfamine by Walshe (206, 207) Treatment 1s
simplified for the drug 1s given orally; it causes a marked cuprutia. Its use
has been commented on favourably by Fister ef of. (208) and by Seven ef ol
(209}, but there 1s a danger of a granulocytopenia developing, probably on

laccount of its antagomsm ta_pyrjdoxine which should therefore be given in
addition (199). As treatment may halt the progress of the disease it is im-

portant to detect asymptomatic siblings of known cases as Lygren et al.
{0 and © aleal £I0QY hmeen dael A . o o1 Y .. e PR

¥
Ag5ases, conversely Vella (213) has reported two subjects who were clinically
'“znrmal but who had low cernloplasmin plasma levels Individuals hetero-
zygous for the trait are reported to have normal ceruloplasmin levels by
Bearn (211) and Schemnberg ef al (214), but Grouchy (215) states that it
is possible to tdentify carriers by ther intermediate ceruloplasmin levels.
erum copper levels are also normal in carriers of the gene (216),
,/W:Isn‘n’s disease, particularly 1n the young, may present with evidence of
higihc cirrhosis only (217), there may be an associated portal hyperten-
sion caused probably, according to Taylor ef al (218), by obstruction to
blood-flow-at-the_pry idal level. The d is in these cases may be
difientt {219) for cuprura may be assocrated with ‘hepatic cirrhosis only
(220). Pn.stmortem analysis of the copper content of livers from children
‘igrmg of juvenile cirrhosis may show 1t to be as great as in cases of Wil-
son’s disease; the silver content 1 both mstances 1s also high but the copper
content of the brain in"these cases has been shown by Butt et al (221) to
be normal. The deposition of copper in the bran in Wilson’s disease has
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(182, 183). It is not surprising, therefore, that the location of the enzyme
defect has ﬁ:nbeen identiﬁed.in‘al’lzases__of,goitrpus cretinism. A report by
Zondek ef al. (184) that administration of 90 mg. of triiodothyroacetic actd
over a nine-day period not only brought the protein-bound iodide to niormal
in one gotrous cretin, but made her euthyroid for six months, should be
treated wivh eacans R
In t!

binding . i -
ally and the case reported by Hutchinson, Arneil & McGirr (185) whick
did not respond to thyroid but which improved dramatically when given
100 mg. of tri-todothyromne may be an example of such a case.

OTHER ENZYME DEFECTS
Hvyomosm.«ns'}A

The syndrome associated with a low alkahne phosphatase was first re-
ported by Rathbun (186). Currarino ef al. (187), Fraser (188), Swobods
(189), and Dickson & Horrocks (190) have recently ‘t}eviewed the pub-
lished cases adding others of their own, Cases fall into¥fhree main groups®
(a) those who already have severe manifestations of the disease at buth,
death usually occurring in infancy; (b) children in whom the. Iestons
gradually appear after the age of six months, many of whom susvive; and
(c) adults in whom the disorder is detected incidentally as when a survey
1s made of relatives of a known case. The enzyme defect is widcspr'ead.and
phosphatase activity has been shown at necropsy to be diminished in Tiver,
kidney, small intestine, clavicle, femur, and skull (191). Kretchmer ef al
(192) have more recently demonstrated an abgence-of-alkaline-phosphatase
in_ the leukocytes of a patient with this disease The urme of affected cases
“Contams phiosphoethanolammne (193, 194) as does that of some relatives,
but the significance of this finding is not certain for phosphoethanolamine
\‘has also been found m the urne of children with cehac disease (195),
scurVy, and hypothyrotdism (188). It 1s po_ssxblithit_p}lgsphojlhlmlﬂmme
is a_substrate for alkaline. phosphatasé*t193, 194) The only‘6ther abnor-
mal substance to be reported i the urine 1s adenosine monophosphate (191)
Hypophosphatasia- treatment —Vitanun D in Jarge doses has been m;d
(196) but 1ts use is probably contratndicated because many patients alreas 3’
have hypercalcemia and this may be aggravated. Cortisone has. been foun:
to be beneficial in one case (188). The adminstration af cortisone i IO\Z
dosage to this patient was followed by radiological evidence of healing 3“5
a rise in the serum alkaline phosphatase; the withdrawal of cortxsonc{ wah
followed by a fall 1n the alkaline phosph and the lopment Of‘ “SR
fiological lesions in the epiphyseal plates where growth was Dccv.u’nu&b
would seem that atrial of cortisone therapy is indicated for it n?ed mJta C.
continued if it does not prove beneficial. Swoboda (189) has given mag:
nesium gluconate, 1 to 2 gm. daily, without benefit.

’

v’
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Iglucrenydation of bilirubin though Schmid & Hammaker (236) have con-

tuded that glucuromdation 1s not impaired, for conjugation of N-acetyl-p-
Emmophenol 1s carried out normally; they s suggest that 1n this disease there
e (nfntiye trnncnnrt af Tl ki, _from “the lasma_to lhe Tiver cell In the
i —— -

and 1t 1s fur thls reason that hyperblhmhmcmna 15 SO irequem in the ncw<
born (238). Studies by Brown & Zuelzer (239) in the fetal, newborn, and
adult gmnea pig, have demonstrated not only markedly reduced glucuronyl
transferase activity in the newborn, but also defecttve formation of glu-
curonic acid from glucose.

Another defect of great interest, but of great ranty, is acatalasemia de
scribed by Takahara (240). One of the most recently described disorders 1s
f“cystathrommuria.” This has been discussed briefly by Harns (241). It is
probable that many diseases and disorders will eventually be classified as
enzyme defects. The future of hiochemical genetics as applied to medncal
problems has been indicated | by Hsna (10).
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been studied by Porter & Folch (222) who found that the copper is bound
“{to protein in 2 form not present 1n normal brain, and reacts directly with
diethylthiocarbamate (223),
Bearn and tus colleagues (224) have studied renal function in cases of
jWi]son’s disease and concluded that disturbances of function were probably
seqandary_ta the accumulation of copper 1n this organ. Finby & Bearn (225)
consider that the roentgenologic changes sometiines found in these patients,

namely lacia, bone fra ion, fractures, and arthritis, though
similar to those found m the Fanconi syndrome, are not related to the se-
v'verity of the renal disease bu.t are probably linked with the deranged copper
metabohism, Bearn & McKusick (226) have reported the presence of apure
lanulie n two patients with Wilson’s disease. Ezzo ef al. (227) have re-
ported another asymptomatic case with acanthosis nigricans
Pseudocholimesterase_deficsency—This enzyme deficiency was brought
to' light by the use of succinylcholine as a muscle relaxant in anesthesiz
Kalow & Staron (228) have studied, using dibucaine, 2 local anesthetic in-
hibitor of docholi: ase, the ncids of dochol defi-
ciency n a population of 1556. They found two with very little pseudocho-
hnesterase, 59 with intermediate, and 1495 with normatl activity. Five hun-
dred and forty of their subjects were healthy, an amalysis of these sug-
gested the frequency of the gene to be 00140-0.0036, and the mcidence of
1 es to be appr 1y 1 1 S100. They studied in detail two fam-
;xhes carrying the defective gene and concluded it to be recessive ami:_ufm
 somal.

“Glucuronyt transferase deficiency —Cnigler & Najjar (220) in 1952 de-
scribed an inbred group of families in which there were seven children with
a¥congenital non-hemolytic jadiidice In 1956, Childs & Najjar (230) gave
further def3ifs 5F two survavors and in the same year Rosenthal et al. 4231)
described an additional unrelated case¥Glucuronyl transferase activity m
this disease has been studied by Schrud ef ol. (232) in three panents.whﬂ
were virtually unable to conjugate hilirubia with glucuronic acid! ;‘conjf!é'a'

“ion of salicylates, Rydrocortisone, and menthol was also markedly m}Pa""‘.i
Childs et al (233) have also studied glucuronyl transferase activity in theit
two patients as well as i several near relatives, and have hkewise con

luded that they were unable to conjugate bilirubin with glucuromde be-
ause of a defect of glucuronyl transferase activity; they found that one
subject studied had a partial deficiency 1n the conjugation of reduced hydro-
cortisone with glucurome acid, while another showed a lke defect 1n the
conjugation of trichlorethanol More extenstve studies with sodmm saliey-
late showed a marked defect 1n conjugating this substance; several near
relatives were unable to conjugate it as efficiently as normals. Thesg find-
ings suggest that the enzyme glucuronyl transferase lacks specificity in the
human, in Guns rats, according to Artas & JohnSm} (234), 1t does not .
In Gilbert's_disease, Anas & London (235) hive also found defectiv
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SPECIAL THERAPEUTICS: PHYSIOLOGY
OF DIURETICS!

By Kare H. Bever, Jr, M.D, Pr.D.
Merck Institute for Therapeutic Research, West Point, Pa.

The of fluid i fated with cardi lar-renal
diseases of primary or secondary origin probably has advanced more
enthusiastically in the past 40 months than it has in the 40 years since the
elinical of ation of the diuretic action of the organomercurials made by
Saxl &(Heilig) (1) A number of excellent review-type articles pertaining
to the basis “for the renal regulation of electrolyte balance by diuretics or
saluretic agents have appeared in the past few months. Although the list
is by no means complete, one may profitably refer to the recent articles by
Mudge (2) on patterns of tubular dysfunction, Berlmer et al. (3) on the
action of antrdiuretic hormone, and Pitts (4) on the action of diuretics in
the May 1958 issue of the American Journal of Medicine. The December
1958 issue of Archives of Internal Medicine carries a symposium on recent
advances 1n the knowledge of the causes of edema and in dwretic therapy,
meluding articles on the regulation of water balance by Berhner (5), on
aldosterane by Lieberman (6) and aldosterone antagonists by Liddle (7);
on non-mercurial druretics by Beyer (8) and mercurial dwreties by Ray,
(9). The February 1959 issue of the American Journal of Cardiology is
devoted, for the most part, to studies on diuretic therapy and antthyperten-
sive therapy, and among the several excellent articles is included the treat-
ment of hypertension of ambulatory patients by Moyer & Beem (10).
Whereas the February 3, 1958 number of Annals of the New York Academy
of Sciences is devoted to a number of papers dealing with basic principles
and the clinical application of diuretic agents, as edited by Taggart (11),
the August 1959 issue of International Record of Medicine contains the most
recent sympostum on chlorothiazide and its derivatives, as edited by Moyer
(12). Since a systematic discussion of mercurial diuretic agents is not in-
cluded herein, for lack of space, the reader is referred to the current
reviews of this subject by Ray (9) and by Mudge & Weiner (13).

The common denominator for the aberrant interaction of the multiple
extrarenal and renal factors that may contribute to the retention of
electrolytes and water is the imbalance of glomerulotubular function (Fig.
1). The path of chrome congestive heart failure can be envisaged
to result from such an of fluid as a glomer b imbal-
ance could engender. Thus, if glomerular filtration is reduced to a greater
degree by disease than is the tubular capacity to reabsorb salt and water,
the percentage reabsorbed increases and the amount excreted diminishes.

*The survey of the literature pertaining to this review was condluded in
Auvgust, 1959
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SPECIAL THERAPEUTICS: PHYSIOLOGY
OF DIURETICS'

By Kars H. Bever, Jr, M.D, Pr.D.
Merck Institute for Therapeutic Research, West Point, Pa

The management of fluid retention associated with cardiovascular-renal
diseases of primary or secondary origin probably has advanced more
enthusastically in the past 40 months than it has in the 40 years since the
clinical ghservation of the diuretic action of the organomercurials made by
Sax! &' 1g)(1). A number of excellent review-type articles pertamning
to the basis Tor the renal regulation of electrolyte balance by diuretics or
saluretic agents have appeared in the past few months. Although the Iist
is by no means complete, one may profitably refer to the recent artrcles by
Mudge (2) on patterns of tubular dysfunction, Berlmer et al. (3) on the
action of antidiuretic hormone, and Pitts (4) on the action of dwretics in
the May 1958 issue of the American Journal of Medicine. The December
1958 issue of Archives of Internal Medicine carries a symposium on recent
advances 1n the knowledge of the causes of edema and in dwretic therapy,
ncluding articles on the regulation of water balance by Berhner (5), on
aldosterone by Lieberman (6) and aldostercne antagonists by Liddle (7);
on non-mercurial diuretics by Beyer (8) and.mercurial diuretics by Ray
(9). The February 1959 issue of the American Journal of Cardiology is
devoted, for the most part, to studies on diuretic therapy and antihyperten-
sive therapy, and among the several excellent articles is included the treat-
ment of hypertension of ambulatory patients by Moyer & Beem (10).
‘Whereas the February 3, 1958 number of Annals of the New York Academy
of Sciences is devoted to a number of papers dealing with basic principles
and the clinical application of diuretic agents, as edited by Taggart (11),
the August 1959 1ssue of International Record of Medicine contains the most
recent symposium on chlorothiazide and its derivatives, as edited by Moyer
(12). Since a systematic discussion of mercurial diuretic agents is not in-
cluded herein, for lack of space, the reader 1s referred to the current
reviews of this subject by Ray (9) and by Mudge & Weiner (13).

The common denominator for the aberrant interaction of the multiple
extrarenal and rtenal factors that may contribute to the retention of
electrolytes and water is the imbalance of glomerulotubular function (Fig.
1). The pathogenesis of chronic congestive heart failure can be envisaged
1o result from such an ion of fluid as a glomer b imbal-
ance could engender, Thus, if glomerular filtration is reduced to a greater
degree by disease than is the tubular capacity to reabsorb salt and water,
the percentage reabsorbed increases and the amount excreted diminishes.

IThe survey of the literature pertaining to this review was concluded in
August, 1959
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This contrihutes to the expansion of blood volume, the accumulation of
fluid 1 the extracellular space, and to ascites (14, 15).

The critical element 1n this imbalance, as 1t pertains to the pathogenesis
of edema of chronic heart failure, 15 the retention of sodium. The reason
for this is that the fon exchange of sodum in the glomerular filtrate for
cellular hydrogen (and potassium) ions across the lummal cell membrane
of the tubule is an active process, at least insofar as hydrogen ions are made
available for exchange; as by the action of carbonic anhydrase (16, 17).
Since chloride is the predominant anton in the filtrate, it 1s (passtely)
reabsorbed or diffuses to the greatest extent with sodium. The increased
salt reabsorbed retains with it an osmotic equivalent of water, Thus, the
retention of water is of a secondary nature, being determuned by the -
creased reabsorption of salt. As sodium accumulates in the body it tends to

EFFECT OF RENOTROPIC AGENTS ON THE EXCRETION (UV)
OF ELECTROLYTES AND WATER THAT HAS BEEN DIMINISHED
8Y GLOMERULO (GF)- TUBULAR (T) IMBALANCE

PREPONDERANT REDUCTION IN PREPONDERANT INCREASE IN
GLOMERULAR FILTRATION TUBULAR REABSORPTIOR
GF FILTRATION GF FILTRATION
REABSORPTION,
T ‘ﬁEABSORPYIGN T == -
~———
b EXGRETION Uy EXCRETION
S —
NORMAL. DISEASE HORMAL DISEASE
-3 EFFECT OF DISEASE w3 THERAPEUTIC EFFECY

Fie. 1 Effect of renotropic agents on the excretion (UV) of electrolytes and
water that has been dimtmished by glomerulo (GF)-tubutar(T) mbalance

exchange with potassum 1n the cells (18) Thus, under these circum
stances the retention of sodum (1€, the expanded sodmm volume) "‘a)l'
exceed that of water, even though the plasma sodium level may be norma!
(19 to 22).

The glomer 5 bal may be
reabsorption of salt without a notable change m glomerular filtration rate
This may be induced by the elaboration of abnormal amour'lts of adre;‘;ﬂ
corticoids (23, 24), particularly aldosterone (23 to 27), or :atrogemcad)’,

pecially by the of the earhier antiinflammatory steros ss
More subtly, neurogemc or adrenergic stimulation or mereased vf;out
pressure may cause an mcreased reabsorption of salt and water withou
necessarily affecting glomerular filtration rate (28 to 30). ous

The therapeutic role of a diuretic agent is to mduce a more harmon«

d by an jnereased
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relationship between glomerular filtration and tubular reabsorption of
electrolytes and water (see Figure 1), This 1t does by dimunishing the
tubular reabsorption of water in one manner or_another, for neither a
single principle nor mode of action applies to the several categories of com-
pounds that are generally classified as diwretic agents Thus, the term
“duretic agent” applies to all compounds that cause a net.increase in the
volume of_urine_elaborated per umit nme,'_'ggardless of_composition. The
term “saluretic agent” connotes onie which primarily mcreased the excre-
tion of soduam chlorrde Under conditions of fimd retention the saluretie
agent may mnduce diuress.

Several classes of diuretic agents that are available or are hkely to be
wade available to the physician are included in the following sections. Since
each category will be considered from a basic point of view, the attributes
of all the compounds will not be recited in detail.

OSMOTIC DIURETIC AGENTS

Osmotic diuretic agents are compounds that are filtered by the glomeruli,
are poorly reabsorbed by the renal tubules and, consequently, inhibit the
reabsorption of an osmolar equivalent of water. The hexahydric alcohol,
manmtol, 15 a classical example of such a compound (31) (Fig. 2) This
agent 1s ultrafiltered completely at the glomeruli and is not reabsorbed. These
attributes have made 1t a nseful agent for the measurement of glomerulat
filtration rate {32).

Actually, all dwretic agents except water (33) and perhaps ethyl
alcohol (34), act basically Iike manmtol Whereas mannitol provides its
own filtered solute 1 sufficient amount to withhold water osmotically from
reabsorption by the tubules as it passes down their Jumima, most other
agents act in whole or in part by mhibiting electrolyte reabsorption in

CH3OH
H-C-OH
H=C-oH

HO-C—H

HO-C—H

éHZOH

MANNITOL

F16 2 Structural formulz of mannitol
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order to acomplish an impedance of the back diffusion of water, The
characteristics of mannitot diuresis and that induced by the other classes
of compounds to be mentioned become divergent beyond that point Manni-
tol causes an increased water output without a substantial reduction m the
reabsorption of sodium, potassium or chloride ions. Likewise, 1t has no
effect on glomerular filtration or urinary pH. (35, 36). Thus, it_has.no.
important action in reducing the excessive accumulation of sodium which__
usually is responsible for the retentian of fluid. This fact, associated with
the inconvenience of intravenous administration of large amounts of mate-
rial having necessarily a short duration of action, has minimized its im-
portance or general usefulness.

Many other compounds have been employed as osmotic diuretic agents
Among these,ya. and ammontum chloride come to mind.(Whereas urea

HyC-N—C=0
[ NH,
0=C C—RNH H;C—~CH 2 Hy0
i ScH \H
Hs C-N—C—N7 2

2
AMINOPHYLLINE

( THEOPHYLLINE ETHYLENEDIAMINE )

Fic 3. Structural formula of theophylline ethylenediamine

can be admimstered orally to some patrents, it 1s reabsorbed partsally by
the renal tubules and is not generally useful when employed 1n dosages that
can be tolerated

Ammontum chloride functions at least partially as an osmotic dit
agent in that st supplies excess chloride son to the glomerular ﬁltfa!e thlle
a portion of the ammonium 10on 1s excreted, ammonium chloride .usualy
increases the acidity of the urine. It 15 more frequently employed as intertm
therapy in the intermuttent admemistration of organomercurials, since they
are more effective under di of . ( ium chloride-
induced) acidosts,

retic

XANTHINE DIURETICS

Until the past few years, the Xanthine diuretics were among the most
generally used and least understood drugs of ths broad category. ';'h;";
phylline ethylenediamne (Frg. 3) has been most frequently employed, bul
none of these compounds is of a sufficient order of potency to be very
useful where a diuretic agent is indicated

4 ; ; 1 ds can
When ed, especially intra these p
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cause an iécreas:d glomerular filtration rate (37, 38), presumably because
of_their cardiotropic effect on renal hemodynamics. In the early literature
on diyresis this was held to be their mode of action, until Cushny & Lambie
(39) and later Walker ef ol (40) showed that the diuretic effect of these
compounds obtained even though glomerular filtration rate was not ele-
vated Thus, their effect on glomerular filtration no longer is held to be an
important component of their diuretic action (41 to 43).

Actually, the primary diuretic action of the xanthines is to inhibit the
renal tubular .reabsorption of sodum and chloride (33, 43 to 45). This
effect is similar g ly to that of chlorothiazide and its and
to_that of the,mercurials, in that substantially effective dosages may also
cause some increase in potassium excretion. However, these compounds
have a relatively very low order of potency.

The mode of diuretic action of the xanthines is not at all understood.
The basic effect is probably quite different from that of any of the several
classes of compounds to be discussed, except possibly the aminouracils
‘These two classes of compounds share the pyrimidine mozety in their chemi-
eal structures (compare Figures 3 and 4).

PYRIMIDINEDIONES OR AMINOURACIL DERIVATIVES

A of the ined or ami s logically follaws
that of the xanthines, to which they are comparable in action and potency
These compounds resulted from a structure-diuretic activity study which
was first reported for the isocytosines by Van Arman (46) and which
evolved to a greater emphasts on the aminouracils which had been deseribed
by Papesch & Schroeder (47). Two P of clinical importance
evolved from this program* ami radine® and ami: dine ?

Kattus ef al (48) were first to publish their preliminary studies on
aminometradine, In clearance experments on dogs, they found that the
compound diminished the tubular reabsorption of sodium and chloride ions
without necessarily influencing renal hemodynamics, There was induced
a lesser mncrease in potassium excretton From their experiments, they
concluded that the increased urine flow was secondary to the inhibition of
sodium {chloride) reabsorption They extended their studies to d t
the same qualitative findings in normal man and in edematous patients.
Their findings were corroborated by Caccamo et al. (49), Clark & Hagans
(50), Platts & Hanley (51), and others The order of activity for amino-
metradine was sufficient to be useful, but the incidence of nausea and
gastrointestinal distress was substantial in some series and as reported by
Nissen & Zachau-Christiansen (52).

?The trade name of G D Searle & Co. for aminometradine, 1-allyl-3-ethyl-6-
aminotetrahydropyrimidinedione, is Mictine,

*The trade name of G D, Searle & Co for amisometradine, T-methallyl-3-
methyl-6-aminotetrahydropyrimidinedione, is Rolicton,
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order to acomplish an impedance of the back diffuston of water, The
characteristics of mannitol diuresis and that induced by the other classes
of compounds to be mentioned become divergent beyond that point, Manni-
tol causes an increased water output without a substantial reduction in the .
reabsorption of sodium, potassium or chloride jons. Likewsse, it has no
effect on glomerular filtration or wrinary pH._(35, 36). Thus, it_has zo.
important action in reducing the excessive accumulation of sodium which |
usually is responsible for the retention of flud. This fact, associated with
the inconvenience of intravenous administration of large amounts of mate-
rial having necessarily a short duration of action, has minimized its im-
portance or general usefulness,

Many other compounds have been employed as osmotic druretic agents,
Among these,'ur/ea. and ammonium chloride come to mind.(Whereas urea

HyC-N—Cz0
TV

AN
0=C C—NH HyC-CH «2 Hy,0
[0 ScH \wH
Hy C-N—C—N?Z 2
2
AMINOPHYLLINE

( THEOPHYLLINE ETHYLENEDIAMINE }

FI6. 3. Structural formula of theophylline ethylenediamine.

can be administered orally to some patients, it 15 reabsorbed partially by
the renal tubules and 1s not generally useful when employed n dosages that
can be tolerated .

Ammonium chloride functions at least partially as an osmotic diuretic
agent 1n that 1t supplies excess chloride 1on to the glomerular filtrate thxlc
a portion of the ammonium jon is excreted, ammonium chlor:de fxsua}y
increases the acidity of the urine It is more frequently employed as interim
therapy 1 the intermittent administration of organomercurials, since !.he)’
are more effective under conditions of moderate (ammontum chlorider
nduced) acidosis.

XANTHINE DIURETICS

Until the past few years, the xanthine dwretics were among the most
generally used and least understood drugs of this broad category ghg";
phylline ethylenediammne (Fig 3) has been most frequently employed, bu
none of these compounds is of a sufficient order of potency to be very

useful where a diuretic agent is indicated.
When administered, especially intravenously, these compounds can
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(chlorazimlé_and amanozine) that currently have received careful labora-
tory and clintcal apprassal. Their structures and that of formoguanamine
are presented for comparison in Figure 5.

Certam of the triazines are among the more potent of duretic agents
in the rat, as judged by the mmmal effective dose. However, Kagawa &
Van Arman (69) have pomnted out that they are apt to be gﬁectxve over a
relatively narrow dose range, at least in laboratory animals Various
examples of the trrazines differ in their comparative effects on salt and
water excretion, but 1t would appear that they generally_cause.a relative
increase 1 water excretion over that of salt.

N N
qu—vl:l/ \\?N Hzn-tlzl/ \\i:u
LN LN
! 1
Ny Nt
FORMOGUANAMINE CHLORAZINIL,
(2,4 ~DIAMINO-S = { N-p=CHLOROPHENYL.~
TRIAZINE ) 2,4~ DIAMINO-S - TRIAZINE )

N
HN-¢7 JcH

1T b eHCE
N\c//N

1
-
AMANOZINE
{2- AMINO -4~ ANILINO-1,3,5~
TRIAZINE HYDROCHLORIDE }

Fio 5 Stractural formulac of representative triazines

Chlorazmil, onginally described by Clauder & Bulesu (70), has been
subjected to considerable study because of its potency and utiity As a
representative triazine, 1t illustrates the positive and negatwve attributes of
this class of compounds Wilhamson et al. (71) and LeSher & Shideman
(72) have described the varied effects of the compound m rats. As the
dosage of the compound administered to rats that had been given an oral
load of 1sotonic saline 1s increased, there is a progressive mncrease in salt
and water excretion. Excretion of potassium, which 15 depressed at low
dosage, returns to control values as dosage 1s ncreased, However, if
hydration 1s accomplished with water instead of saline an increased excre-
tion of salt can be induced, but they report an accompanying antiduretic
response with no change 1n potassium excretion

*The trade name of Riker Lab for chlorazini, N-p-chlorophenyl-24-
damino-s-triazine, 1s Daquin,
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A closely related compound, amisometradine (Fig 4), has been shown
to be essentially as effectve and less offensive to the gastromtestinal tract
A substantial hiterature attests to the utility of both aminometradine and

H radine n the g of the edema of congestive heart fail-
ure (53 to 58), of cirthosis (36), and of toxemia of pregnancy (57)

Ford et al (58) have compared both these compounds and theophyllme
cthylenedtamime, adminstered orally, with inframuscularly mjected meral-
luride. They found amisometradine and theophylline ethylenediammne to be
05 times and aminometradme to be 07 times as active as the organomer-
curial Most investigators have considered the order of potency to be suffi-
cient to maimntain an edema-free state i perhaps half of the ambulatory
cardiac patients without serious disturbances of electrolyte balance In

cH,-»ll—c|=o CH;CHZ—r;l--(I:=O

CH, 0=C CH 0=C CH

12 (]
CHp=C-Chy=N-—C=NH,  CHy= CH~CH,-N— C-Nit,

AMISOMETRADINE AMINOMETRADINE
{1-METHALLYL-3~ {1-ALLYL-3-ETHYL-6~
METHYL-6-AMINOTETRA-  AMINO-TETRAHYDROPYRI-
HYDROPYRIMIDINEDIONE] ~ MIDINEDIONE )

Fic 4 Structural formulae of representative pyrimidinediones

other patients tts effect was supplemented with mercurrals (59 to 61). The
gastrointestinal complamts and nausea remain the most frequent side effects
Karrel (62) attributed a case of thrombocytopema purpura to amno-
metradine. On the whole, these compounds represent an advance 1t oral
diaretic therapy over the xanthmnes

TRIAZINES

In 1944, Lipschitz & Hadidian (63) reported that ameng a serses of
some 70 amides and amines, melamine, adenine, and formoguanamine were
the more potent diuretic agents for the rat Lipschitz & Stokey (64) con-
firmed the increasing order of activity of these three compounds m the
dog when admumtstered orally. They noted an increased excretion of both
salt and water, but presumably the osmolarity of the urine was reduced The
diuretic action of formoguanamine has been confirmed in the dog (65)
and n man (66, 67) The first of these reports by Ludwig (68) md"':ate.d
that formog) was a r bly safe and effective oral diuretic
for man when administered 1n a dose of one gram.

Out of a considerable amount of chemcal and brological eﬂ‘o.rt
r of laboratories have come at least two compounds of this class

ina

numbe:
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Luetscher et al, served to identify this as the most potent of adrenal cortt-
cal hormones with respect to the¥enal regul. of sodum and i

excretion. The demonstration of its utilty for the maintenance of the
Addisonian patient by Mach ef ol. (83) and the description of the clinical
syndrome_of_hyperaldosteronism by Conn (84), further emphasized the
fundamental_smportance of aldosterone.{Whereas aldosterome causes 2
decreased excretion of sodium (chloride) and an mncreased elimination of

9 CHz0H
HC C=0 }
CHy O
Ho 1ot
AVARE Yat)
o 4 CH3
¢ ALDOSTERONE AMPHENONE.B

€118, 21 -DIHYDROXY -3,
20-DIXETO- 4~ PREG-
NENE -18-AL)

[12-s15-p-arna-
FHENYL-2- METHYL-(-

prROPANONE |
20 20 =0
0 ] Q
s
(2 0% 0¥ “~S§~C-CHy
$C-5233 SC-8109 5¢-9420
[3-13-0x0-178-nr- [1-t3-ox0-17a-nv- [2-t2-ox0-7a-scer-
DROXY=~4~-ANDROSTEN- DROYY -19-NOR-
17« - YL)~PROPIONIC ANDROSTEN- 17,

PROPIQNIC ACH ¥L1-PROPIONIC
acToNe | y-tacTone ]

ACID 7 ~LACTONE ]|

FiG. 6 formulae of ald and 1ts

potassium by the kidney, its excretron is, in turn, increased by salt depriva-
t(ig;x) (85), excess potassium intake (86), or reduction in extracellular ﬂullﬂ

‘The physiological tmportance of aldosterone has made it attractive to
search for aldosterone antagomsts as potential duretic agents, The two
approaches to this problem have been (a) to inhibit the elaboration or
secreticr.l og al(}f)stcrone by the adrenal cortex and (b) to inhibit or
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If a salt of potassium or if acetazolamide is given to induce kalmresss,
the triazine depresses potassium excretion. Chlorazinil antagonizes the ac-
tions of salt-retaining adrenal steroids on electrolyte .excretion,and the
glycogenic response to erther 9a-fluorohydrocortisone or hydrocortisone
(73). Szabo et al. (65) found the compound to increase the excretion of
salt and water, but in a manner that suggested the two attributes to be
independent of each other. There was no effect an glomerular filtration
rate or on renal plasma flow 1n his experments.

The diuretic action in man of both chlorazinil (74, 75) and amanozine
(76), a closely related compound, has been studied by Ford and his asso-
ciates, recently. They have indicated that the order of activity of chlorazinil
at an effective dose of 600 mg. orally per day to man was essentially the
same as for amisometradine (see previous section on aminouracils) and
about half as active as meralluride, an organomercurial diuretic agent
Whereas the mmimal effective oral dose (150 mg,, orally) of amanczine
was half that for chlorazinil, the dosage response curve for the former
agent was sufficiently flat that 300 mg. represented the maximally effective
dose and 600 mg. caused severe gastrointestinal disturbances in nearly every
case, He indicated that the saluretic action of amanozine was about cne-
third that of meralluride, but that 300 mg produced a greater water diuresis
than esther 600 mg. of chlorazinil, orally, or 2 ml. of merallurrde given
intravenously Hirshleifer (77) reported that in a series of edematous
patients amanozine was an effective replacement for meraliuride in abqu!
316 per cent of cases and that 1t permutted a partial reduction in mercurial
requirements 1n another 368 per cent of his group. In the aforementsoned
reports (74 to 76), Ford ef al. pomted out that while neither of these two
triazines influenced the serum electrolyte pattern deleteriously, both com-
pounds caused an elevation of blood urea nitrogen without an merease 11
hematocrit, indicating nitrogen retention secondary to renal toxicity. This
effect was reversible by withdrawing either compound. Both Miller & Ft?fd
(78) and Hirshleifer (77) have reported that a combinatton of amanozine
and a carbonic anbydrase inhibitor, sulocarbilate (p-sulfamyl-2-hydroxy-
ethylcarbanilate), was a more effecttve diuretic product 1n man than when
esther was administered alone 5

Thus, to date the triazines best studied in man influence water cxc'rehoﬂ
more than salt, their order of actvity 1s moderate, they tend to, mduf:c
gastrointestinal complaints when the dosage is exaggerated, and the inducéd
mitrogen retention partends a more generalized renotropic effect

ALDOSTERONE ANTAGONISTS

The demonstration of a salt-retaining factor in the urine of edematou;
patients by Deming & Luetscher ( 79), the 1solation anq charactenization g
, aldosterone (Fig. 6) from adrenal venous blood by Simpson & Tait (8' )
in collaboration with Wettstemn ef al. (81), and 1ts isolation from mezun:e
of patients with nephrosis (25) or congestive heart failure (82) by
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& Bethune (95) demonstrated in man the ability of the spirolactones {SC-
8109) to antagonize the effect of a venoclysis of aldosterone on sodium
excretion, and Chobaman ef al. (96) reported that the same compound
induced a marked sodium diuresis in a patient with Conn’s syndrome (pri-
mary hyperaldosteromsm). There has been a rapid chnical confirmation of
the {variable) )ncrease in_sodium excretion,.potassium retention or no
effect, and a ¥nodest dwresis when these compounds or the more potent
SC9420 were adsumstered especially to patients with cirrhosis, accom-
panied by ascites (97 to 100).

Both Conn et ol (101) and Bolte and his associates (102) have reported
that SC-8109 causes a decreased excretion of 17-hydroxycorticosterones in
the urme, but Gantt & Dymewscz (103) reported SC-9420 to have no effect
on the excretion of these steroids Wiggins ¢f al (104) noted no effect of
SC-8109 on aldosterone excretion, but Bolte of al. (102) reported it to in-
duce a significant increase mn urinary aldosterone in two of three patients,
with a marked rebound 1n one pattent when the experiment was terminated.
SC-8109 was reported by Wiggins et al. (105) to cause no_change in
glomerular filtration _rate or renal plasma flow. Side effects noted have
mcluded lethargy, ataxia, and some gastrointesttnal disturbances, although
these have appeared mfrequently.

As indicated by Liddle (7}, these compounds have been effective only
in those chmical edematous states where an increased excretion of aldo-
sterone has been documented. Even so, this need not mmply a specific
aldosterone antagomistic action at the renal Icvel,(l'hese compounds block
the effects of mineralocorticoids on the tubular transport of electrolytes)
more generally. Kagawa ef al (106) showed that SC-5233 was capable
of blocking the renal effects of deoxycorticosterone, aldosterone, hydro-
cortisone, 21-deoxy-9a-fluorocortisone and 19-nor-deoxycortisone in rats.

“The response to spirolactone therapy has been modest usually, and he
maximal response may be delayed for hours or several days This relatively
low order of activity is unfortunate, for the compounds to date represent a
very dufficult type of steroid chemistry However, their use in combmed

therapy with chlorothiazide may be practical. It has been well documented
that the (8 act with chlorothi

')to give a
greater saluresis and water output with a lesser effect on potassium output
than can be obtained with a given submaximal dose of the latter agent

(7,97, 102,103).
CONVENTIONAL CARBONIC ANHYDRASE INHIBITORS
s
The renal tubules, Iike the erythrocytes, gastric mucosa, bram, and the

erythrocytes and 1its rapud exchange in the parenchyma of the lung.‘
The importance of this enzyme to renal physiology was not appreciated
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interferes with 11-, 17-, and 21-hydroxylations. Thorn ef al. (89), Hertz
et ol (90), and Gallagher and Ius associates (91) have demonstrated the
inhibition of aldosterone excretion 1 man by amphenone. This suppression
of aldosterone excretion is usually attended by an increase in the uninary
elimination of sodium, but ths is not invariably the case Thorn et ol (92)
cite three cases of “secondary” hyperald , as evidenced by
anasafca and increased excretion of aldosterone, in which amphenone
depressed aldosterone excretion to normal but with an attendant significant
natriurests in only one instance. Lieberman (6) illustrated this same point
{depressed excretion of aldosterone without a real increase in sodium
excreton by amphenone) with a case presentation in his review on
aldosterone. Actually, bmphenone also suppresses the excretton of 17-by-
droxycorticosterone and produces such generalized mamfestations of_
toxicaty (90) as to preclude its use except for experimental purposes)

In 1957, Kagawa, Cella & Van Arman (93) reported thatftwo _steroid
spiralactones, SC-5233 and 1ts 19-nor analogue (SC-8109) (see Fig 6}
antagomzed the effect of aldosterone or deoxycorticosterone acetate

(DOCA) on the excretion of sodium and p 1n the adrenalect 3]
rat. This between the spirol and the salt-retamning hor-
mones, wherem the inhibtor caused an increase in sodium (chloride)
excretion and a decrease m potassium elimmnation, could be demonstrated
to obtain at a relatively constant dosage ratio when the amount of DOCA
adnunistered to the rats was varied. The blocking action of the spirolactone
could be overcome by the admmistration of excessive dosages of DOCA
These data, and the supportive evidence that neither spirolactone influenced
sodium or potassium excretion by the normal rat, led them to the proposal
that the steroids acted as antagomsts or blocking agents for aldosterone
at the renal tubule 1n accordance with the principle of mass action Liddle
(94) extended the observations of Kagawa ef al (93) to the adrenalecto-
mized dog, wherein either spirolactone caused an increase in sodium excre-
tion and a retentton of potasstum when the amumals were mamtained o
DOCA. When esther compound was admynistered to patrents in whom the
excretion of aldosterone (or DOCA) mught be thought to be elevated (as1n
congestive heart failure or nephros:s, i Addison’s disease maint?med ona
‘mgh sodim diet plus DOCA, or m normal volunteers who received & Tow
salt dret), they induced an increased excretion of sodium and a retention or
no effect on potassium el When ad; ed to the Add,
patient maintamed only on a high salt mtake, or when given to normal
patients on a hugh salt diet, the compounds produced no effect on ﬂl?
excretion of sodium, presumably because of the absence or depressiosl U:
aldosterone elaboration These experiments also served to mdicate thafl
(the compounds mhibited the salt-rebtax'nmg potassium-excreting action ©
or DOCA on the renal tubules
ald:;;ft:;:ea few months, the basic obsereations of Kagawa et of. (93) and
of Liddle (94) were amply substantiated. Taken out of sequence, Ross
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Although acetazolamde 15 well absorbed when administered orally and
is safe and, although it has been employed 1 a vanety of conditions of
fluid retention from that assocsated with pregnancy (121, 122) to congestive
heart fasture (123 to 125), its utility has been limited. The linutations are

ble to the phar I 1 b previously ioned. Thus,
Coumhan et al. (126) and Leaf et al (127) have pomted out that the
moderate diretic action of the compound in edematous patients may be
attributed to the sharp [ ion of reduction in lar fluid that can
be induced by an increased excretion of bicarbonate without chloruresis A

§——C-SO0,NH N
oy 2 il
CHOOHN-Cyy N C2Hs0 C-50,NH,

ACETAZOLAMIDE ETHOXZOL AMIDE
{ 2- ACETYLAMING =5 = { 6 - ETHOXYBENZOTHIAZOLE - 2-
SULFAMYL-1,3,4 - THIADIA- SULFONAMIDE )
ZOLE )
c
c S0,NH,
50,NHp

DICHLORPHENAMIDE
{1,3-DISULFAMYL-4, 5=
DICHLOROBENZENE )

Fig 7 Structural formulae of carbonic anhydrase ihibiting diuretic agents

shight reduction in plasma CO, secondary to the action of acetazolamide
renders the renal mechamsm reversibly refractory to its mfluence and
either an i dosage schedule or the employment of
submaximal dosage in order to obtam a sustained effect Fmally{the gen-
eral dustribution of the compound and ats effect on carbonic anhydrase
other than 1n the kidney probably accounts for the paresthesias and drowsi-
ness that st can induce, but which are reversible upon withdrawal of the
drug The occurrence of renal caleut: (128 to 130) and Bone marrow depres-
sion (131 to 133) has been reported, but they are infrequent complications)
At least two other compounds that are available in this category should

be mentioned. Ethoxzolamides (Fig. 7) appears to be about{twice as potent
as acekazolamldﬂand to have both the same attributes and limtations of

*The trade name of the Upjohn Company for ethoxzolamide, 6-ethoxybenzo-
thiazole-2-sulfonanude, is Cardrase,
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until after the advent of sulfonamide chemotherapy. Early in the days of
ulf: ' ide adminsstration, Southworth (108) and Strauss (109) moted
that it'induced acidosts secondary to an increased excretion of bicarbonate
Several years later Mann & Keilin (110) pointed out that sulforiamides
that ined an bstituted sulfamyl group in their molecule were ca-
pable of inhibiting carbonic anhydrase, but that if there was one or more
substitutions on the sulfamyl-N group such a compound was mnactive In
turn, Hober (111) noted that some sulfonamides were capable of inhsbiting
the acidification of urine by the frog kidney. Pitts & Alexander (16)
employed these basic abservations to document thetr important concept
regarding the 1on exchange theory of urine acidification. Tt was their
thesis that theﬁlydration of carbon dioxide in the presence of carbome
anhydrase in the renal tubule contributed somehow to the availability of
hydrogen 1ons, as by the dissociation of carbomic acid, for exchange with
sodwm contained n the glomerular witrafittrate This exchange of hydroges
for, primarily, sodium across the lummnal border of the tubular epithelium
was the erstical factor in the ion exchange theory of urine acidification]
They d ated that sulfanilamide decreased the acidity of urine and
increased the excretion of sodium and bicarbonate 10ns, which they attrib-
uted to the inhibition of the carbonic anhydrase-dependent hydrogen ion
exchange mechanism, There remained then the chnical demonstration by
Schwartz (112) of the natrirenic-duretic effect of sulfanilamide m pa-
tients having congestive heart farlure, but the compound was too toxic to
be employed generally for this purpose Recently, Berliner & Orloff (113.)
have reviewed comprehensively the basic aspects of the actions of carbonit
anhydrase inhbitors. .
The search for a potent, relatively safe carbonic anhydrase-inhibiting

diuretic agent reached its injtial objective with the availability of agetazol-
amide® (Fig 7) The pharmacology of this compound remans today as

rst represented by Maren and Ius associates (114, 115). They showed
that thrs agent was a potent carbomic anhydrase inhibttor, in witro. When
administered to dogs ith_:mséd an mcrease 1n the excretion of sodim .and
bicarbonate 1ons primarily, there being a lesser effect on potassium ehmm'a-
tion, although this too was notable. It caused essentially no chjoruresis.
The natriuretic and the urmary alkalzing effects were more promment
under conditions of alkalosis and were negated by acidosis. The compound
induced a metabohic acidosis, secondary to the loss of sodium bicarbona?
Under such conditions of acidosis the compound became ineffective, the
reasons for which Gilman (116) has discyssed 1n his review of the mech-
anism of action of carbonic anhydrase inhibitors,

Acetazolamide 1s widely distributed in the body in sufficient concentr

to inhibit carbonic anhydrase m several tissues. Thus, it is emgfoyed i
management of glaucoma (117, 118) and, to a lesser extent, in the treat-
ment of certain types of epilepsy {119, 120).

& The trade name of Lederle Labarataries Diviston, A;
o L P I R .+ 1 3 4-thi1ad Je-5-sul

tration
n the

merican Cyanamid Co for
de. 13 Diamox.
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cology will serve as the protatype for discussion of these several com-
pounds. The following characteristies of the compound were summarized
by Beyer (154). .

The preponderant renotropic

characteristic of chlorothiazide is the pro-
LR R R oo [PER

- - e
oy, v, Gy e 1
' . o e PR .,

the_urine becomes fkatine Thus, the compound behaves in the manner of
the organomercurial diretic agents with respect to saluresis at low dos-
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N
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2 2
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{ 6= CHLORO~7~SULFAMYL-I, (6~ CHLORO - 7-SULFAMYL~-3,
2,4-BENZOTHIADIAZINE - 1,1+ 4-DIHYDRO-1,2,4-BENZO-~
DIOXIDE } TRIADIAZINE -1,1- DIOXIDE )
N n
N
CFy e CF3 SCHy
HoNO, S oo HyNO, S S
0z 02
— v
FLUMETHIAZIDE HYDROFLUMETHIAZIDE
(6= TRIFLUOROMETHYL -7~ (6~ TRIFLUOROMETHYL -7~
SULFAMYL-1, 2,4 - BENZO- SULFAMYL- 3,4 - DIHYDRO-1,
THIADIAZINE - 1,1~ DIOXIDE } 2, 4+BENZO THIADIAZINE -I,1-
DIOXIDE }
Fic 8 formulae of it and related ¢ d

ages, the more characteristic actton of carbonic anhydrase inhibitors be-
coming evident as the dosage s increased. This important distinction of
Pr chloridg et for chlorothi versus the pr i
bicarbonate excretion for acetazolamude and simslar agents undoubtedly
accounts for its greater utility, the relative lack of refractoriness and a
seeming uncertamnty with regard to its mode of action

Another characteristic of chlorotliazide which serves to distinguish
1t from lamide and the urial agents is the{persi of
1ts action under conditions of ammonium chloride acidosis or sodwm bi._
carbonate alkalosiym the dog It will be recalled that acetazolamide is
essentially mnactive under conditions of acidosis (153), being most_active
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acetazolamide with respect to_its diuretic_action (134 to 138) and in the

I

t{rdeeribactivity as a carbonic anhydrase inhibitor in vitro and the distribu-
tion characteristics of acetazolamide in the body.{Thus, its ntility 1n glau-
coma (140 to 143), as a diuretic agent (144), and m the management of
respiratory aci}:losts (145) is stmular to that for acetazolamide, except that

dichloroh . .
dichlor is d y-more potent on a dosage basis)
hlornt A
Dichlor de rep atr agent between the renal char-
acteristics of lamide and of chlorothazide, It causes the excretion of

both bicarbonate and, to a lesser extent, chloride to attend the natriuretic
effect. Thus, in the dog it 15 difficult to induce refractoriness to the agent,
under condttions that render acetazolamude essentially inactive (146).”

CHLOROTHIAZIDE AND ITS CONGENERS

A study of the chemical structure of the compounds represented int
Figure 8 reveals that chlorothiazide® and its several congeners that are
available currently share a sulfamyl group in common with those agents,
such as acetazolamide, illustrated i Figure 7 as conventional carbonic
anhydrase inhibitors Toward the end of the section on Carbonic Anhydrase
Inhibitors, 1t was mentioned that dichlorphenamide possessed the same order
of carbonic anhydrase inhibitory action as did acetazolamide and yet was
capable of producing an increase in chloride excretion along with a pre-
ponderant elimination of bicarbonate as the anion that attended the excre-
tion of sodium and potasstum. Still earlier, Beyer (147) pointed out that 2
very simple analogue of sulfanilamide, p-carboxybenzene sulfonamude
(CBS), was capable of caustng a chloruresis to accompany its natriuretic
effect. This action of the compound was substantiated chinscally by Merrill
(148) and by Lindsay & Brown (149). However, this compound was poorly
absorbed when admimstered orally to man and had an mtrinsic low order
of actvity, as compared with the more recent salurehic agents of the
chlorothiazide type. }

A conttmztion of the research stemming from the structure-achv'lly
relationships noted for CBS led Novello & Sprague (150) to synthesize
a series of ‘benzothtadsazines, from which chlorothiazide was selected by
Beyer, Baer, and their assoctates (151 to 153) for clnical trsal. Since the
more recent analogues presently avaifable fo the physician difer essentially
only quantitatively with respect to the action of chlorothiazide, its pharma-

*The trade name of Merck Sharp & Dohme, Division of Merck & Co, Inc for
disutfamyl4,5-dichlocob ts Daranide

+The trade name of Merck Sharp & Dohme, Division of Merck & Co, Int

hazide, 6-chloro-7-sulfamyl-12,4-benzothiadiazine-1,1-diovide, is Duril
da, Saluric in the Untted Kingdom, Chlotride 10
Clotnide 1 Latin America and

)
dichlorp

for
n
Europe,

Portugal

r chl
the United States and Cana
the Near East, and the Far East, and
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the presently available agents and those known to be on clinical trial with
respect to their kaliuretic effect. Except for the weakness that may attend
1 of i the of this effect have not been

s, Ve ST S N RN
- .

especually enthusiastic overdosage, these compounds can induce a hypo-
chloremic alkalosis and, more rarely, a hyponatremia (168). These results
are, 1n effect, testimony to the potency of these agents. The hypokalemia
can be negated by the employment of low dosages of the compounds
wheren such 1s sufficient, by the recommendation of {ruit juice, or by the
administration of potassium chloride. Nesther of these latter two measures
may be suffictent to maintain a normal potassium blood level during the
aggressive therapy of cirrhosis or nephrosis. Occasionally, in the treatment
of cirrhosis, the hypokalemna may be attended by an inerease in ammonium
blood level (169)vXhe cause for this is not well understood, although
characteristically an increase m the excretion of sodium and potassium
1s attended by a reciprocal decrease in the amount of ammonim jon
excreted by the kidney. Hypersensitivity to chlorothiazide has been rare, but
has been reported. With 1 of the results in a satisfactory
abatement of signs and symptoms (170 to 173).

‘The mode of action of chlorothiazide and its congeners is not thoroughly

d d. All of these ds are active carbonic anhydrase inhibitors.
Chlorothiazide 1s about one-tenth as potent a carbonic anhydrase inhibitor
in witro as tamsde and, m turn, hydroch hrazide is app 1
one-tenth as potent as chlorothiazide. The trifluoromethyl agents, m gen-
eral, are weaker inhibitors of carbonie anhydrase than are their chloro
analogues (174). The fact that hydrochlorothazide is 2 more potent saluret-
1c agent i1 vivo, and a less active carbonic anhydrase inhibitor in zitro, than
chlorothazide has lent support to the supposition that the saluretic action
of these agents may be flissociated from their ability to inhihit that enzyme
On the other hand, all active saluretic agents of the benzothiadiazine type
cither have the free (unsubstituted) sulfamyl group (175) or carry sub-
stitutions that can be hydrolyzed in the body to yield the free or carbomc
anhydrase intubttory sulfamyl group (176).

It seems certain, as represented by Beyer (154), by Putts et al. (177),
and by Ford & Rachelle (178), that the mode of action of chlorothiazide
differs from that of the organomercunial agents, although both apparently
mhibit mechanisms that contribute to the energy. requirements or avail-
ability of hydrogen ion for exchange with sodmm in the nephron It is
generally believed that chlorothi; shares with ide the ability.
to inhibst the carbonic anhy of the ion exch mechanism
of hydrogen for sodmum across the tubule. Because of the fact that the
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under conditions of bicarbonate alkalosis. Conversely, the mercursal duretic
agents are potentiated by ammonium chlaride and_are_rendered, for the
most part, inactive under conditions of alkalosis (156) Vihe fact that
chlorothiazide increases the excretion of both sodium and, to 2 Jesser

‘/} extent, potassium distinguishes jt from the aldosterone antagonists which
mnduce a natriurests without evoking a kaliuresis (93, 94) Indeed, the
aldosterone antagonists characteristscally may induce a retention of potasj
sium. On the other hand, both types of agents cause an increase in chlorid
elimination.

Chlorothiazide and its congeners are well absorbed when administered
orally. Indeed, they are essentially as active when admimstered orally as
when mjected intravenously. In general, the distribution of these compounds
is limited mherently to extracellular fluid (157), there being some differences
1 their absorption on plasma protein, The mmportance of this extracellular
distribution is reflected in the relative lack of side effects such as obtain
for those carbonic anhydrase inhibitors that are distri

ibuted Into_the brain,
ferythrocytes, and GTher Higsues. This Tactor of Lmited distribution 15 _re-
sponsible for the fact that these compounds have little or no pharmacody-
namic effects other than as represented by electrolyte transport,
Although the metabolism of the triflioromethyl analogues of chloro-
thrazsde and hydrochlorothiazide® is not well understood, the chloro pro-
genitors are rapidly excreted as such when administered intravenously
according to Baer et al. (157, 158). In bilaterally nephrectomized dogs, both
agents are excreted to some extent at least by way of the hepatic syske'm,

but the predominant elimination of these ds is _by 8
filtration and renal tubular secretion. The renal tubular elimination appears
inohi; ate with which they

to be by the same hanism as for p
compete for secretion (159), The tubular secretion of these compounds can
be inhibited by probenecid.1®

The acute toxicity of all of these compounds is so Iow as t.o be umm-
portant except as a safeguard to the consequence of their inadvertent
or deliberate overdosage (160). Thus, 1t has been possible to admunister as
much as 1000 mg /kg. of chlorothiazide or hydrochlarothiazide to dogs for
a period of months. Dogs tolerate as much as 500 mg /kg /day of chloro-
thiazide mtravenously over a period of weeks (161). The jmportant \.m-
toward effects of these several compounds is inherent in an exaggeration
of thetr effect on electrolyte balance. The more notable of these effects is
the hypokalemia which any of these agents can induce secondary to @
kalwrests (162 to 167). There seems to be no important difference between

ivisi . & Co, Inc.
* The trads e of Merck Sharp & Dohme, Division of Merck & Co,
SRR s “Aitmwn el farmyl-3,4-dihydro-1,2,4-benzothiadiazine- 1,1
Ciba Pharmaceutrcal Products Inc. for

#The trade name of Merck Sharp & Dohme, Division of Merck & Co, Inc
for probenecid, p-(di-n-propyl-sulfamyl)-benzoic acid, is Benemid.
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to include almost all types of flmd retention. of systemic_or local nature
that could be construed to be secondaryvto decreased excretion of salt
These conditions have included the edema accompanying cardiac decom-
pensation (192 to 195), nephrosis (192, 196), and airrhosis (192, 197, 198).
Fluid retention accompanymg premenstrual_tension or pregnancy has re-
sponded well to therapy with these agents (199 to 203), as have certain
types_of local _edema (204) and .Angina._ pectons (205) More recently,
ch]orothlazlde has been reported to infl ially certain cases of
Vacne.(206, 207).

Hydrochlorothiazide (see Fig. 8) has been introduced recently as
having at least a tenfold greater_order_of activity, as represented by dos-
age, when compared with ch i de, There is r bly good agree-
ment between Baer ef al. (158), De Stevens and his associates (208), and
Barrett ef al (190) that 1n dogs hydrochlorothiazide 1s between 6 and 10
times as active as chlorothiazide. In rats, Renzi et al. (209) and Goldberg &
Hwang (210) have shown a greater variance 1n the order of potency (up
to tweatyfald) of as d to chlorathiazide. There
seems to be a somewhat greater chloruretic-to-natriuretic effect for_hydro-
chlorothiazide, as noted by Baer ef al (158) and Barrett et al. (190) in
dogs, and by Ford (211) m man. Interestmgly, as the dose response for
hydrochlor: or de™ 15 followed to excessive dosage,
there 15 a secondary reduction in the reabsorption of sodium and chlonide
that 1s not reflected 1n the glomerular filtration rate. This was noted by
Beyer & Baer (174) to obtam 1n dogs and by Moyer et al. (212) in man

The climcal utility of hydrochlorothiazide appears first to have been
reported by Fuchs et al (213) and by Herrmann and s associates (214).
In general, 1ts use 1n congestive heart failure, 1 cirrhosts, and in the man-
agement of hypertension seems to be essentially the same as for chloro-
thiazide at approximately one-tenth the dosage of that compound (215,
216) The hypokalema and the occurrence of hypochloremc alkalosts also
have been noted for this agent, as indicated in the above references.

Flumethiazide®? and hydroflumetiiazide have been reported by Beyer
& Baer (173), by Ford (217), and by Tisch ef al (218) to be,shightly less
active than their corr chloro analogues Fl hiazide 1s shightly
less active than chlorothiazide, and hydroflumethiazide 1s less actrve than
hydrochlorathiazide, although Kobinger & Lund (219) have shown hydro-
flumethiazide to be more active than chlorothiazide 1n rats.

Although the chinical utility of the triflucromethyl congeners of chloro-
thiazide remamns to be reported 1n any detail, such pharmacology of the

“The trade name of Leo Pharmacentical Products for hydroflumethiazide,
o Ifamyl-34-dihydro-124-b ne-11-dioxde, s Ron-

*The trade name of ER Sqmbb & Sons, Dmsxm oi Olm Mathieson Chen-
cal Corp, for 124 ine-1,1-

doxde, 15 Adm-n!
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tubular secretion of chlorothiazide appeared to be the same as that for
p-aminohippurate, Beyer (154) proposed that the site of action of chloro-
thiazide was, for the most part, 1n the proximal convoluted tubulé, and this
has been substantiated by the stop-flow technique employed by Vander and
his associates (179) and by Kessler et al. (220).

Laragh (180) and Blackmore (181) have distinguished between the
strictly saluretic action of chlorothiazide and the fact that the organc-
mercurial agents produce an increase in free water clearance attending
therr saluretic action In other words, the diuress induced by chlorotmaznde
and 1ts analogues seems to be on an osmotic basis cquivalent to their
saluretic effect, whereas the mercurtals are capable of mecréasing water
output over and above the elimination of salt, If one considers, as repre-
sented in the introductory remarks, that under conditions of fluid retention
there may be a still greater retention of salt than water, and that the
accumulation of fluid 1s more frequently secondary to the decrease 1
excretion of the electrolytes, the benzothiadi mght be hypoth d
to be the more physiologic diuretic agents

The antihypertensive action of these compounds (182 to 185) appears
to be secondary to their effect on electrolyte balance This action has been
interpreted variously by several investigators Beavers & Blackmore (186)
and Prezios: et al (187) reported that large doses of chlorothiazide ad-
mimstered intravenously to dogs caused a decrease in response to }he
intravenous admimstration of epmephrine and norepmephrine. Likewise,
Merrill et al. (188) reported that both chlorothiazide and a low salt duet
decreased the responsiveness of patients to both the norepinephrine pressor
response 1n the presence of ganglionic blocking agents and to tilting Inter-
estingly, Beavers (189) observed that i the nephrectomized dog gh]oro—
thiazide was capable of decreasing the pressor response of epinephrine of
norepinephrine Barrett ef al (190) have extended this general type of
observation to show that when hydrochlorothiazide was admmistered intra-
venously 1n substantial amounts 1t mcreased slightly the depressor response
to hydralazine and to lustamine Although there 1s some evidence to mdicate
that chlorothiazide influences the distribution of sodim and potassium on
the two sides of the cell membrane of, particularly, the arterial muscula-
ture, Dustan et al (191) are of the opinion that the antihypertensive effect
of chlorothiazide is the result of the reduction 1 circulating blood volume
that attends its diuretic effect They consider that under the crcumstances
of the saluret: duced ol there 15 an son of t
tone and that the response of antihypertensive agents that influence adren-
ergic motivation of vasomotion 1s faciitated Regardless of mterpretatxon{,
st seems well established that salt restriction or salurests 15 capable 0
lowering blood pressure and of exaggerating the hypote.nsnve response :"
most types of antihypertensive therapy, mcluding gangllo'mc blocking agents,
reserpine, hydralazine, and the monoamine oxidase inhibitors ed

The climcal utslity of chlorothiazide and its congeners has been extende:
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agents as is known indicates that they should have much the same type of
utility. and effect of salt and_potassium excretion as obtain_for chloro-
thrazide and hydrochlorothiazide. Thus, one might expect the incidence of
hypokalemia and of other electrolyte disturbances to be essentially the same
for these agents as for chlorothtazide and hydrochlorothiazid

In summary, chlorotazide has been by far the most intensely employed

of the benzothiadiazines, and 1ts utility and safety are well documented
Hydrochlorothiazide, from a dosage standpoint, is some 10 times as potent
as chlorothiazide. However, the two compounds are equally effective when
employed in equivalent dosages. Both of these compounds cause a pro-
found saluresis of much the same duration when administered orally Both
agents cause a hypokalemia secondary to an increase in excretion of
potasstum in some patients, especially when employed at high dosages The
trifluoromethyl analogues of these two agents are slightly less active by
cntical assay than are their chloro analogues They seem to offer no ad-
vantage over chlorothiazide or Hydrochlordfluazide from the standpoint of.

utthty or safety. "
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