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PREFACE

In each year of its decade of publication, the Annual Review of Medicine
has presented the views of outstanding workers concerning recent important
developments in the various medical areas in which they ate respectively
expert Over two hundred syntheses of current thought in the most active
fields of medicine have thus app 4. While admittedly adding to the huge
bulk of general medical literature, these volumes have also contributed to
that rather smaller and more choice body of writing which concerns itsel{
with the formulation of views through the sifting rather than the gathering
of information. We do not regard these efforts as perfect, but are pleased
with their progress, and try annually to improve their helpfulness. The co-
operation of the authors of this tenth volume of the Review is hereby ac-
knowledged gratefully, as 1s that of Miss Beryl Daniel, Editorial Assistant,

RE.C. G.J.D.
W.C.C. MAH.
W.PC. DAR.

EAS, Jr.
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INFECTIOUS DISEASES
(SOME ASPECTS OF SALMONELLOSIS)

By Ivan L. BENNETT, JR., M.D., Anp Epwarp . Hoex, M.D.
Departments of Pathology and Aedicine, Jokns Hopking Universuty School of
Medicine and the Johns Hopkins Hospual, Baltimore, Maryland

‘The first description of Sal; Ma was published by Salmon & Smith in
1886 (1), and in 1888 Gurtner recognized the role of the members of this
genus in epidemic gastroenteritis (2). During the ensuing 70 years, several
thousand reports h:\\e been pubhshed on the bacteriology, epidemiology,

and p of is, Despite thus litera-
ture, nesther pmphylax:s in nor therapy {or these aflictions can be said to
have attained a satisfactory state, Indeed, with the excepnon of typhoid,
diseases produced by Sal la appear to be i

Tt is the purpose of this article to summarize certain m(ormatmn about
Salmonella infections other than typhaid, emphasizing those aspects which
seem important in the clinical recognition and management of disease pro-
duced by these organisms [t has been necessary to omit several topics such
as the dxscuvery of ncw species of Salmonztln and the complex subject of
dentifi and by ic analysis

The discussion to follow centers around sources of infection and modes
of transmission of these arganisms, factors of importance in man's sugceptic

bility to i ion by and ¢ ion of therapy,
ErmEmioLoGY
Ki dge of the epidemi of sal 1losis 1s, in Jarge measure, con-

fined to intestinal infection caused by these bacilli. Sporadic systemie in-
fections may possibly arise by entry of the organisms 1nto the body through
routes other than the gastrointestinal tract, but definite evidence that this
oceurs with any regularity is almost wholly facking.

The basic importance of the fecal-oral route in sporadic cases and the
role of contaminated food 1n outbreaks of Sajmonells gastroenteritis are
obvious and well known. However, 1o contrast to the typhoid bacllus and
most of the dysentery bacilli whose habitat 1s almost exclusively the human
intestine, there are enormous reservoirs of Salmonells in lower amimals and
a consequently larger potential for human infection Gradual appreciation
of the multiplicity of the sources of Salmonelle in nature has led to recogni-
tion of many previ ik chajns of i and cycles of cross-
infection, and has also pownted up the need for revision and extension of
control measures.

Incidence of human disease —While the number of reported cases of

* In the preparation of this review, emphasis has been placed upon publications
issued between January, 1955 and July, 1958 but, in many instances, references to
eathier reports have beea necessary for amphifying or claniying discnssion.

1



4 BENNETT AND HOOK

satmonellosis undoubtedty represents only a fraction of its true prevalence
(3), examination of available figures shows that Seimonella infections other
than typhoid have increased strikingly. Typical is the expericnce of Mac-
Cready, Reardon & Saphra {4) who found in Massachusetts a sevenfold in-
crease in reported cases of salmonellosis between 1950 and 1956. A summary
of data for the entire United States by Edwards (5) indicated a steady de-
cline in typhoid between 1945 and 1955 and a sevenfold increase in other
Salmonelic infections for the same period, Savage (6) is of the opinion that
the increase in salmonellosis in Great Britain is out of proportion to im-
provements in diagnosis and reporting. However, it cannot be stated un+
equivocally at present that the observed increases signify anything more
than better detection and more efficient recording. It is clear, nonetheless,
that salmonellosis is a health problem o( considerable magmtude

Edwards (§) has recently d upon the app portion
between the number of outbreaks of staphylocaccal food poxsomng in the
United States and that in Great Britain, Whereas the annual totals show
the staphylococcus to be 4.5 times as frequent as Salmonells in the etiology
of food poisoning in the United States, Salmonella is three times as common
as the staphylococcus in the British figures, stcountmg the idea that the
British pay little ion to staphyl al p ing, Edwards points out
that on a per capita basis this type of disease is actually reported twice as
frequently in England as in the United States. Similarly interpreted, the
Hipures show that salmonellosis 1s 28 times more I‘requent in Britam than in
this country! Fdwards’ 1 that 1 15 probably a far greater
problem 1n the United States than reported wncidence would indicate seems
wholly justified, particularly since 1t has been shawn so clearly that a part
of Brtain's Salmonella problem arises from impartation of American egg-
powder (7 to 10)

Resercorrs sn lower animals —Most physicians are famihar with the

fization that Sals i1 isms are found 1n lower animals; several

reviews on this subject are available (5, 11 to 15). The true extent of the
nbiquity of the bactena of this group sn nature 1s almost unbelievable, Not
only are the Ned b dapted strains of Sali lla which ate peculiar
o a given 2ammal species often capable of producing disease in man, but st
is also well established that nonhost-adapted strains from human or ather
sources can be harbored and disseminated by an animal not naturally para-
sitized by them (5, 15).
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That these reservoirs are of major epidemiologic importance has been
shown clearly in studies demonstrating close correlation between the
Salmonella species predominating in animals and those isolated from human
disease in many localities including the United States (42), Africa (43},
Canada (44, 45), and Australia (46, 47).

Probably the greatest single source of human disease is poultry, includ-
ing chickens, ducks, and turkeys, Some idea of the relative frequency of
salmonellosis in domestic animals can be gained from the experience of
Bruner & Moran who collected data on 69 outbreaks in cattle, 1056 in
swine, and 4658 in poultry (49)

Human carriers~The i of ic carriers of Sal o
in the general population js about 0.2 per cent (6, 50). As might be e‘pected
among cultures submitted to typing lat ies and hence a

selected group, the proportion from asymptomatic individuals is hlgh vary-
ing from 15 per cent (50) to more than 20 per cent (4, 11). For reasons to be
discussed shortly, the casrier rate amang food handlers and certain other
occupational groups is higher than that in the general population. The re-
port by Galton & Hardy (51) stating that 63 per cent of the cultures typed
in their laboratary came from well carriers was undoubtedly weighted by
the predominance of food handlers in their subjects (5).

There is no question about the fact that asymptomatic intestinal infec-
tion can follow contact with clinical cases or ingestion of contaminated food
(52 to 57), and that recovery from illness is often followed by the carrier
state in infants and adults (54 to 59). In contrast to the tendency for adults
to cease shedding organisms within a {ew weeks, infants are likely to re-
main carners for many months (54, 55, 56). The mechanisms involved in
the carrier state for Salmonella are not clear. Itis certain that the gallbladder
is not the focus of survival with anything like the frequency that applies in
typhoid (60). Thes isin accord with the observation that permanent carriers
of Salmonella other than S lypkosa are exceedingly uncommon (4). The
longer duration of thecarrier state in infants has beenattributed todifferences
1 intestinal flora, etc., but nothing definite has been established The studies
made by Thomson (61, 164) have shown that the numbers of bactena ex-
creted by carners often exceed those in symptomatic infections and leave
no doubt about the importance of carriers in the spread of disease. Infection
with multiple types of Salmonella is undoubtedly much more common in
man than heretofore realized (88, 152) Jueaker (62) studied 75 patients in
the Michigan State Health Department, using exhaustive bacteriologic tech-
niques, and found that 13 were shedding more than one Salmonella species,
the stool of one individual containing no less than seven different serotypes

Modes of transmission.—The importance of proper sewerage and waste
disposal 1s no less for satmonellosss than for other entenc infections (63, 64)
and requires no elaboration,

Almost any food product of amimal onigin is a potential source of human
infection, and the problem of contamination in food-processing has gained
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prominence as large-scale commercial enterprise in this area has grown
(5,6, 15, 65 to 68, 90). Infection in cattle, for ple, can lead to di i
tion of organisms in mitk (17, 20) or in beef (69). Mare important, the in-
fection can be passed to other animals. The environment of abbatoirs is
inevitably d with {ting i {on of meat from previously
well animals during processing.

Galton ef al. (21) found that the incidence of positive stool cultures for
Saelmonella in swine rose from T per cent on farms to 23 per cent in the
holding pens at slanghter houses. This d ation that t-packif
plants are also stations for the collection and cont ion of Sal
makes it less surprising that the carrier rate for these organiams should be
fhigher among abbatoir workers.

Asalready mentioned, the poultry industry is another saurce of difficulty,
If fowl are not already infected, contamination is almost inevitable in proc-
essing plants (29). Furthermore, the difficulti thng §

a1

of fection in
eggs which arise from pooling for drying or freezing are a classic example of
the epidemiologic problems that have arisen from commercial processing
(6,9, 10, 70, 71) Even chicks sold at Easter may spread salmonettosis (30).

Contamination of fresh fish (J2), smoked fish (73), canned fish (67), yeast
{74), coconuts {75), almost every conceivable type of meat, fresh or proc-
essed {67), and even watermelon (76), either through spread from animals
ot human carriers during some stage of the voyage 1o the market have ail
been noted.

The Salmonelia bacilli are hardy organssms, capable of fong survival
under conditions which are fess than rdeal. Solowey & Calesnick found that
organisms in eggs can survive cooking by bodling in the shell, frying, or
scrambling (79), and Salmonella bacills were cultured periodically for two
years from a sample of dried beef, “tiitong,"” containing 10 to 12 per cent
NaCl (69). Postive cultures were obtained from samples of rat feces held at
room temperature {or 21 weeks (80)

Not the least of the probl in th of the wide
variety of foods that are common sources of Salmonella is the need for new
sampling and testing techmques (77). Screening tests for colform bacteria
such as those that have become standard in mitk and water bacteriology
cannot be applied i ity to other prod and much additional work
3s needed to clarify methodology n this field (77).

A final and extremely important saurce of Selmonella infection encom-
passes the by -prod: of the t-paching industry and includes
bone meal, fertilizers, domestic amimat feeds, fish meal, ete. (81} Walker
{82} cultured 123 samples of organic fertilizers and found Salmonella tn 40
per cent. Of bone meals cultured, 70 per cent were positive and, in all, no
less than 3% different Salmonella serotypes were isolated, While it 19 doubyful
that growing plants would take up pathogenic bacteria (81), the possibi.h(i:s
for mechanical contamination of produce are numerous, and occupational

10 these fals probably mvolves an d carrier rate aj-
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though no studies on this point have been carried out, Fish meal, a com-
ponent of many fertilizers and feeds, is an abundant source of Salmonclla
bacilli (83); Ed ds (5) ions the experi of Rohde who isolated ten
different species of Salmonella from a single sample of this substance! Sur-
veys of commercial feeds {14, 66, 84, 85) confirm the fact that these products
are of major importance in perpetuating and extending the reservoirs of
animal salmonellosis. For example, Hardy & Galton (66) in Florida found
that 27 per cent of 98 samples of dog meal contained Salmonella, with posi-
tive cultures obtained from feeds factured by nine of the eleven firms
whose products were tested.

RESISTANCE AND SUSCEPTIBILITY TO SALMONELLOSIS

In the typical, cir ibed outbreak of sal 1losis, clinical illness
does not occur in every individual known to be at risk. Some become sympto-
matic and may continue to show positive stool cultures after recovery,
others harbor the organism but remain asymptomatic, and still others re-
main clinically and bacteri it gative (52, 88, 89). Attack rates for
clinical illness are higher in infants than 1n adults (33, 54, 55). Some Sal-
manella species are consistently associated with severer illness than are
others (50, 78, 91), but no matter what is the infecting species in a large out-
break, there resultsa spectrum of disease ranging {rom transient discomfort
to rapidly fatalllness (50, 90, 91) Without discounting the importance of
dosage in some instances, it is obvious that the explanation for these vana-
tions in response requires a consideration of the infected host as well as the
infecting organism

It is often stated (50, 90 to 93) that mortahty from salmonellosis is
greater in infants and the aged and that many severe or fatal cases are asso-
ciated with pre-existing debilitating disease. On the basis of 174 fatal cases,
Saphra (91) computed mortality rates of § 8 per cent in infants, 2.0 per cent
between ages one to fifty, and 15 per cent in patients over fifty In the
oldest group, at least one-third had ancther disease such as artertosclerosis,
hypertension, diabetes, or cancer In a series of 95 hospitalized patients with
salmonellosis, Eisenberg, Palazzolo & Flippin (92) reported coexisting dis-
ease n 74 per cent of adults and 27 per cent of children but did not elaborate
further There is nothing surprising 1n these observations on morbidity and
mortality at the extremes of Iife or in the presence of anather disease. These

generalizations apply to many infections and are in no way unique or pecu-
liar to salmonellosis.

inve ions of host to Sal; i
have usually followed the general pattern of such studies with other infect-
ing agents. The bility of ammals 15 mfl d by genetic factors

(94, 95), nutnition (94, 96 to 100), somzng radiation 95, 101), adrenal
steroid hormones (102), various metabolic 1nhibitors (103, 104, 105), al-
titude stress (106, 220), wetting agents (107), and bactenal endotoxins
(108). These findings constitute important additions to the study of re-
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sxstancc, but none can be said 10 be peculiar to salmonellosis and their sig-
by S is unk

in human iy
Clase examination of published reports, howe\er, mwals several mua~
tions in which buman bibty to sal ic fn

fections, is influenced in a fashion that seems almost spemﬁc, ln addmon,
several peculianties of infection in man by Salmonelle have been observed
with enough frequency that it seems worthwhile to draw attention to them.
Gastrointzstinal infection—It is postulated frequently ihat normal in-
testinal bacteria protect against invading path by 1 ti.
tion, elaboration of antibiotic substances, ete, Miller and his assccnatcs
(109 to 112) found that a single dose of streptomycin enhanced the sus-
ceptibility of mice to oral Salmonells infection by neatly one hundred thou-
s:md times Normal resxstance was reszored promptly by feeding fecal sus-

and ishing the b 1 poput of the gut, Meynell
(113) has conﬁrmed these ﬁndmgs comp)ete! ¥. The role of antiblotics in the
of st has seceived 2 great deal of

attennon in recent years {114, 115, 116), the possibility that a similar
mechanism may operate in salmonellosis is strongly suggested by the pa-
tient reported by Finger & Wood (117} in whom oxytetracyline activated
Salmonells enteritss, However, at the presen: time, Selmonella enteritis has

not been d aga b of the admini ion of antis
biotics to man,

The susceptibilsty of patients conval from gastroi inal surgery
to Salmonella enterms was pomted out by Friedemann ia 1933 {118), and
several Hosis were reported by Waddell

& Kunz in 1956 (x 19) The fatter authors suggest that a change in micro-
flora or the occurrence of achlorhydria after gastric surgery may lower re-
sistance The studies of Meynelf (113) supgest that in mice the stomach isa
relatively inefRicient barner to the entry of virslent Selmonells

While it 18 now clear that antibsotics alone can produte staphylocaceat
enterorohitss, the nsk is greater when these drugs are gyven to patients after
gastrointestinal surgery (120} and it 1s prohable, afthough not certain, that
surgery alone can lead to the disease (120, 121, 122). Whatever the respon-
sible mechanisms may prave ta be, it 1s safe to conclude that diarchea foa
post-operative patient who is receiving antibiatics, or with other evidence
of pre-existing bosel dysfunction, should net be labelled “nonspecific until
proper bactertalogical investigations have been carried out. It is conceiv-
able that minor, day-to-day variations sn the ntestinal flora of individuals
might be of grear sigmficance 1 desermmning attack rates in epidemics of
sal losis, but this is 3t at presenct.

A study conducted by Coctzee & Pretonus (123) among African children
with kwashiorker may be selevant. Stool cultures obtained from 106 cases
and 69 controls shawed an equal inmdence of Sulmonells and Shigella in-
fections in the two groups Kwashiorkor is accompanied by severe malou-
teition and diarrhea, neither of which appeared to inftuence resistance to
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enteric pathogens in thisi mstance Similar investigations are greatly needed.

Systemic infectic 2 lla t ia has been described asa com-
plication of parturition (20, 124), streptococcal pharyngitis (125, 126),
measles (127), chickenpox (128), leukemia (129-134), beriberi (135), lupus
erythematosus (136), and many other acute and chronic diseases in which
secondary bacterial infection is not unexpected. Indeed, the only unusual
feature of most of these sporadic cases has been the finding of a Salmonella
2s the causative organtsm rather than some more common bacterium. Be-
cause the combination of salmonellosis with the many diseases in this group
seems better explained by coincidence rather than any specific relationship,
they will not be d:scussed in any further detail,

Malorta.—S ia has been described as a hicati
of malaria by many observers, Not only do epidemics of systemic salmonel-
losis coincide with malarial outbreaks, but the severity of the bacterial in-
fection is notably greater in malanal patients (137). Selmonella sepsis has
been such a frequent of malanal of neurosyphilis
{138) that the routine use of a vaccne against S. enferilsdis was once con-
sidered for patients who were to be given therapeutic malaria (139}, In ad-
dition to the association of these two infections, evidence for the reduction
1n resistance to salmonellosis by malaria comes from the frequemly reported
observation that control of malarial paroxysms with qumme is (ollowed by

lioration and subsid of the (137,
140) The susceptibility of patients with malaria to salmonellosis is ap-
parently not widely appreciated. For example, Baker & Bragdon (141) re-
ported s1% cases of systemrc S enteritidss infection among troops stationed in
New Guinea without referring to the role of malana, although at least five
of their patients had had malania with parasitemia prior to the onset of
Sulmnntlla. infection
ing fever—~The freq with which Sal! fla b ia com-
plicates severe cases of louse-borne relapsing fever is well known (142 to
146, 153) Chung & Chang (142) observed 337 patients with relapsing fever
of whom 15 had positrve blood cultures for Salmonella. Of 11 fatal cases of
relapsing fever autopsled by Anderson & Zimmerman in Korea (144), five
had la b ia. While the ion has been
made that both mfections are transmitted by the louse, and Salmonellc
orgamsms have been cultured from lice (39, 146), Anderson & Zimmerman
found no evidence for this mode of transmission in their patients, The
frequent occurrence of these infections in the same patient could, of course,
inoculation of by the vector, but the oc-
casmnal finding of shigellosis and relapsing fever together (142, 144) lends
support to the idea that relapsing fever 15 accompamed by a lessened re-
sistance to enteric pathogens, especially Salmonella,

Barlonellosis.—Of the several diseases 1n which secondary salmonellosis
is likely to occur, none is more striking than bartonellosis or Carrién’s
disease (147, 148, 149). According to Cuadra (149), Barton isolated a ba-
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smt:mce, but none can be said to be pecuhar to salmonelfosis and their sig-
in human infection by Sal o s unk
Close examination of published reports, howevi ver, rev :a!s several sxtua—
tions in which buman bility to sal 11 ially sy in-
fections, is mﬂuenced in a fashion that seems almost specific, Tn addition,
severa) peculi of infection in man by S Jlo have been observed
with ennugh (requenc) that it seems worthwhile to draw attention to them.
~Tt is lated frequently that normal in-
testinal bacteria protect against invading pathogens by nutritional competi-
tion, elaboration of antibiotic substances, ete, Miller and his associates
(109 to 112) found that a single dose of streptomycin enhanced the sus-
ceptibility of mice to oral Salmonells infection by nearly one hundred thou-
sand times. Normal resistance was restored promptly by feeding fecal sus-
pensions and re-establishing the bacterial population of the gut. Meynell
(113) has confirmed these findings letely. The role of antibiotics in the
pathogenesis of staphylococeal enterocolitis has received a great deal of
attention in recent years (114, 113, 116); the possibility that a similar
mechanism may operate in salmonellosis is strongly suggested by the pa-
tient reported by Finger & Wood (117} in whom oxytetracyline activated
Scimonells entenus Hov\ ever, at the pre=ent time, Safmonella enteritis has

not been ized as a freq of the admi; ion of anti-
biotics to man.

The ibility of patients ) from gastrointestinal surgery
to Salmonella enteritis was pmmed out by Friedemann in 1938 (118), and
several les of p Hosis were reported by Waddell

& Kunz in 1936 (119) The latter authors suggest that a change in micro-
flora or the occurrence of achlorhydria after gastric surgery may lower re-
sistance. The studies of Meynell (113) suggest that in mice the stomachisa
relatively inefficient barrier to the entry of virulent Salmonella.

While it is now clear that antibsotics alone can produce stapbylococral
enterocolitis, the risk is greater when these drugs are given to patients after
gastrointestinal surgery (120) and 1t is probable, although not certain, that
surgery alone can lead to the disease (120, 121, 122). Whatever the respon-
sible mechanisms may prove to be, it is safe to conclude that diarrheain a
post-operative patient who 1s recerving antibiotics, or with other evidence
of pre-existing bowel dysfunction, should not be labelled “nonspecific™ until
proper bacteriofogical invesngations have been carned out. It is concen-
able that minor, day-to-day vari 1n the i Bora of indi
might be of great significance in determining attack rates in epidemics of

Iosis, but this is speculation at present.

A study conducted by Coetzee & Pretorius (123) among African children
with kwashiorkor may be relevant. Stool cultures obtained from 106 cases
and 69 controls showed an equal incidence of Safmonells and Shigella in-
fections in the two groups, Kwashiorkar is accompanied by severe malnu-
trition and diarrhea, neither of which appeared to influence resistance to
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gestive evidence that other hemoglobinopathies share in this (173, 174). In
reviewing a series of 36 consecutive cases ol’ sickle-cell anemm Hook and h:s
associates (172) found four patients with S lla b 1i

by osteomyelitis in three. Several suggestions have been madc o account
for the systemic susceptibility to invaston by Salmonelle. These include
severe anemia, debility, ‘S " capillary thromb in the
intestine, etc., and there is no firm evidence for a dominant role of any one
of them It is altogether probable, however, that sickle-cell disease impairs
resistance to salmonellosts in a highly specific manner. Bacteremic infections
in patients with leukemia, aplastic anemia, or other pancytopenias are ex-
tremely frequent and mvolve the Slaphy!acatw:, coliform bacteria, Pro-
teus, Pseud and, Jla, thus providing evidence
of a “'general” susceptibility to xnlectlon In patients with sickle-cell disease,
however, bacteremia produced by organisms other than Salmonella is un-
usual. A review of bleod dyscrasias complicated by bacteremia at the Johns
Hopkins Hospital in recent years bears out this statement. The majority of
bacteremias in patients with sickle-cell disease were produced by Salmo-
nella organisms, whereas no less than eight different Gram-negative bacilli

were lved in the i i in the patients with leukemia,
aplastic anemia, and other pancytopentas (175).
The frequency of yelits is attributable to the localiza-

tion of organisms in the areas of 1schema and necrosis of bone so common in
sickle-cell anemia, and is but one example of the striking tendency of Sal-
monella bacillh to 1mtiate local 1nfection 1n diseased tissue of any type. This
is discussed in more detail in the following section.

Localtzed infections—Frequent mention has been made of invasion by
Salmonella bacilli of tissues that are the site of pre-evuisting disease (50, 176)
This 1s not y a property of Sal; Ils, of course; other bacteria
such as Pseudomanas, Proteus, and Staphylococcus aureus have a notorious
affinity for inyured tissues. However, a review of reported instances of ab-
scess formation in the course of systemic salmonellosts reveals so many ex-

dinary of I m foci of other disease that a brief
complation of some of them 1s justified

In reviewing the records of 59 patients with Salmonella osteomyelitss,
Saphra (50) stated that trauma occasionally seemed to “trigger” the in-
fection but did not give details. The predilection of Selmonelie bacilli for
bone 1n sickle-cell anemia has been mentioned already A case of osteomye-
litis described by Schemn (177) 1s mteresting A muld diarrheal illness m an
elderly woman was followed by fever and severe pamn in the thigh, and
operation revealed an abscess contaiming S. typhimurium at the site of a
healed fracture of the femur which had been fixed with a metal plate 3%
Years previously. A most curious syndrome produced by the invasion of bone
1s the combination of vertebral osteamyelitis and aortic aneurysm. This was
reported in one of 86 sporadic cases of Salmonella infection reviewed by An-
gnst & Mollov (160), and 1n one of three patients described by Simon &
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cillus from the spleens in five cases of acute bartonellosis in 1898, and for
several years befoce his Fral discovery of the Bartonella thaught that this
bacillus was the causative agent, The organism isolated by Bartar was
probably & Selmonelle, ke called it “bacios semilti " beeause it bled
the typhord bacillus so closely,

The high mortality 1n acute bartonenosxs or Draya fever is almost entirely
accounted for by dary sal , and the “effecti " of chla-
ramphenicol in Oroya fever is attributable to its actior against this secondary
infection rather than the Barlonellz organisms {147, 148, 149}, The iacidence
of salmonellosis in Cuadra’s series of patients with Droya fever was 40 per
cent (149); of 8 patients treated with cthoramphenicol, all recovered, and of
5 untreated, all ded. Cuadra (149) reviews the evidence from sevcra! carefu!
studies, and comes to the 1 that i ity to sal is

“specifically” lost during the hemolytic phase of Oroya fever and that this
is not a reflection of some genera! depression of resistance to all types of
pathogenic bactersa

Liver disense —The close association of epidemics of jaundice and of
salmonellosis has been noted repeatedly through the years since the report
of Barker & Sladen 153 1909 (150), During World War I, Salmonella orga-
nisms were ssolated from stools or biood of scteric patrents so frequently that
it was concluded by many that these bacilli were the etiologic agents of
hepatitls (151, 155}, and zhns idea permsted for many years, Havens & Wm
ner (155) observed S, ¢k m two vol
with infectious hepatitis virus, and their article reviews thoroughly the re-
Iationship between these two diseases, It must be admitted that salmonel-
fosis is hkely ta occur 1 the same conditions of sanitation that favor the
spread of virat hepatitis (63, 155), and that this factor alone would Jead to
frequent double infect:ions The great number of instances in which there 1s
bacteremua, however, lends substantiat suppbrt to the hypothesis that the

{155}

viral infection d to

Patients with hepatic cirthosts are prone to blood stream nvasion by
enterrc Gram-negative bacillt (156, 157), and 1t 1s not surpnising that a num-
her of cases of Safmornella bacteremia complicating chronic fiver disease have
been described in the medical hiterature (158, 159, 160). There 1s pothing to
suggest that these represent anything mare than the general lowering of re«
sistance 1o enteric argamsms in cirrhosts, and the mechanisms tnvolved are
unknown (161}

There ate ] reports of
(162, 163), but mformation 1s toa scant ta allow definite conc)usxons abvut
the frequency of this association

Szckn'c—eél" anemra -~la 1951, Hodges & Holt (165) pointed out that the

of iy osteomyelstis was d in patients with sicke-

rell anemia. Once attentton had heen directed to this association, many ad-
dxtxcn-’ﬂ pubhmtmns appeared (16610 172}, and 1t has becorae apparent thac
isa fy common of sickling, there is sug-
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infants are less to i 1infection than older children
and adults, and that Salmonella meningitis is particularly likely to occur in
the very young age group

Finally, the frequency with which Sal 2 ingitis c ' 1t
syphilitic invol t of the i (192) and i 1
(192, 196 to 200) is worth mentioning. In any pment with meningococeal
infection who appears to “relapse,”’ dary by Sal: fla should

be considered and ruled out.

Summary remarks.—In the vast majority of the disorders mentioned in
the above di: ion, increased ibility to Ilosts is probably
nothing more than a reflection of a general depression of resistance to infec-
tion. However, in a few diseases, there is strong evidence to indicate a spe-
cific predi: ition to infection by Sals Hla which far exceeds any general
susceptibility to other bacterial species. These include malaria, relapsing
fever, barlanellp:x:, viral hepatstis, and sickle-cell anemia. It 1s probable that
other h hies will y be included i this group. A great
deal more information is needed before any conclusion can be drawn about
hepatic cirrhosis and leptospirosis

Icterus is {requent in all of these disorders Severe impairment of liver

(unctmx\ ocours in b is and ing {ever, and ysis and anemia
ize malaria, bartonellosis, and sickle-cell dlsease.
Without fating upon the hanisms of d. i which

may be common to these diseases, it can safely be stated that further clinical
observations are greatly needed and that experimental investigations can
profitably be directed toward the role of hemolysis, liver injury, icterus, etc,
in resistance to salmonellosss,

THERAPY

Because so many definitive studies of the action of antimicrobial drugs
against Salmonella have been conducted using the typhoid bacillus or pa-
tients with typhoid, any di of the of sal I must
draw heavily upon them Despite certain differences in pathogenesis, there 1s
enough similarity in the problems involved in the therapy of typhoid and
other salmonelloses that it is possible to draw certain broad conclusions
from these mvestigations

Sensitivity to antsbiotics—There is a puzzhing disparity between the re-
sults of i1 vatro tests of sensitivity of Salmonella bacilh to antibiotics and the
effectiveness of antimicrobial drugs i vivo. Streptomycin, chlortetracychne,
and chloramphenicol may inhibit growth of these organisms in the test
tube, but chloramphenicol is notably more effective than the others 1a the
treatment of sa]monellosxs (201, 202, 203). Werner et a/ (203) found that

hiortet: and ch pl at the same serum levels exerted com.
parable bacteriostatic effects upon typhord bacilli encased 1 agar discs and
implanted intraperitoneally. However, signtficantly larger dosages of chlor-
tetracycline were required to achieve proper serum levels, and it may well be
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Sitver (178). Single cases have also been reported by Dehlinger (179),
Miller (180), and by Talbot & Hunt (222), There can be little doubt that
erosion of the vertebral bodies by the dilated aorta is the “trauma’ respon-
sible for localizing the infection. It is prabable that this seq of events
is relatively common if one judges by the striking similarity of these cases
from the literature,

Abscess formation jn hematomas (176) occurs occasionally, and an area
of infarction may be the focus of persistent Safmonella infection, This is
sometimes of therapeutic importance as, for instance, in a case reported by
De La Torre (181) concermng an infant with unilateral thrombosis of a renal
vein and ia in whom neph
a complete cure.

Some idea of the frequency with which localization of the bacilli at a
site of trauma oceurs can be gained from the experience of Giglioli (137} in
British Guiana. This author treated a number of patients for malaria and
Salmonella bacteremia with guinine, resulting in ameloration of both dis-
eases as has been mentioned 1n a previous section. He observed especially
dramatic improvement in one patient given quinine dihydrochloride intra-
muscularly by mistake, This patient’s improvement scemed to coincide with
the development of a Salmonello abscess at the site of the injection, This
observation [ed Giglioli to test intramuscular quinine dihydrochioride in the
treatment of 59 cases of salmonellosis without malaria, Of these, 20 de-
veloped abscesses at an injection site!

Not only may patients with various tumors develup a complicating
Sal , but the 3t tissue itself is often the focus of
persistent infection, Reports of this type are numerous; they include locatiza-
tion in retention cysts of the kidney (137), corpus luteum cyst (182), ovarian
cysts (183, 184), uterine myomata (185), carcinoma (176, 186, 187), and
pheochromoceytoma (188) It 12 obvious that the occurrence of Salmonefla
bacteremia in any patient with a should direct to the
tumor as a possible source of infection

Other les of localized is inctude infection of the thyrord
gland 1n exophthalmic goiter (189) development of abscesses in the subcu-
taneous nodules of anch (190), and p of the urinary car-
rier state in patients with coexisting bllhnrz\asls (191)

Meningitis ~—About three-fourths of the reported cases of Sa/monellc
meningitis have occurred among children under two years of age, and the
peak incidence occurs under the age of 3 months (192, 193) Menumgitisis a
common cause of fatalities in nursery outbreaks of salmonellosis and, in a
number of epidemics in newborns, a large proportion of the infections have
been meningeal (56, 194). Ziai & Haggerty (195) have reviewed the various
mechanisms whn:h may account for the susceptlbxhty of newborns to all
types of i er) lity of the blood-brain
barrier, trauma at birth, and several immunologic factors, It is fair to say
that no single explanation seems to fit alf cases. Tt is clear, however, that
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day & McEacharn (227) uscd randomnzcd controls in a group of infants
treated with ch 1 for I itis, and found no
differences in the clinical and bacteriologic ccllrsc of the disease between 25
treated babies and 26 untreated controls.

Systemic infections.~Chloramphenicol is clearly the drug of choice in
typhoid and paratyphoid (228, 231, 236, 241, 247), bacteremias (149}, and
localized infections of bones or joints (166, 172, 222, 223, 224, 229, 230},
meninges (225), lungs and pleura (93, 229, 253), and other sites (158, 226).
The clinical response is usually not dramatic; improvement ordinarily be-
gins within 48 hr. but often 4 to 6 days are requnred for dcfervcscence under
the best of cr: ces Therapy with chl i ionally pre-
cipitates a Herxhexmerlike reaction in patients with typhoid and para-
typhoid (247).

CH f

is i ic only and persistence of organisms in
tissues and exudates is common. Salmonelle bacilli isolated during relapses
are ordinarily sensitive to chloramphenicol, and chinical responses to second
or third courses of the drug differ in no appreciable way from the first.
Mortality 1s ligh in infants, the aged, and patients with underlying disease
(50, 92, 204), 1n endocarditis (50), and in meningitis (50, 192, 244) despite
antibiotics.

Therapy with chl henicol in b ic sal llosis, includi
typhoid, should probably be d fora i of 14 days, Smadel,
Bailey & Lewthwaite (241) found higher relapse rates 1n typhoid patients
given chloramphenicol for 8 days or less than in those in whom no treatment
was given; they observed no relapses in a group of 31 patients treated for a
minimum of 14 days Intermittent administration of the antibiotic and its
combination with typhoid vaccine have both been said to reduce relapse
rates (231, 248)

When chl henicol elicits no mn ic sal Hlosi:
tetracyclines (202, 251), llin (210, 232), D! in (206), or poly-
myxin (232) can be tried.
Chronic carrsers —It 1s difficult to evaluate many reports of the use of

ib in the of Sal lla carriers because authors have
failed to define the carrier state The pertod of excretion of bacilli after in-
testinal infection 1s ighly varniable (55, 89, 154, 204). Shedding of organ-
isms is likely to cease spontaneously during the first year after infection but
remissions after that time are rare (4, 252). Whle antibrotics are usually
ineffective in chronic carriers (50, 212, 213, 235, 251, 252), occasional suc-
cesses have been reported with tetracyclmes (235), chloramphenicol (208),
chloramphenicol combined with typhoid vaccine (246), pemcillin (252), and

yoim (245). Cholecy 1s indicated in carriers with gallbladder
disease (212, 233, 234) if excretion persists for more than a year.

Other measures -Cortxsone or other adrenal sterowds given along with

P of typhoid and paratyphoid more
rapidly than the antibiotic alone (228, 236), Cortisone (221, 237) or acetyl-

hl
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that the differences in drug fiectiveness in salmonetiosts involve ndrug-

!

Virtually alt strains of Salmomua are inh\bued by conccntraﬁons of
ch\oramphemco\ that are well within the range of serum™ fevels obta'med in
man by Bving convennona\ doses of the drug ¢ 0, 204 to 208, 49, 250},
most xequ'\r'mg ess than 5.0 pgm er mi. 3, 208
strains 27 also sensitive [t tetracyc\'mes, streptomycm, neomycity an
po\ymyxin

A\though Salmanella pacilli are reﬂstant" to pen'\cm'm, this can e over-
come 1 man’ instances by increasing the concentrat'\on of the antiblottC

!
paremera\ adrmmsuat'\on of 150,000 units/KE per day of penic’\\\m. to-
gether with or 1 proben cad There is no relationship petween Sulmomllu

of can be induced

es ou
have bee? occas’lona\ ynstances of the deve\opment o ch\oramphemcol Te-

There is 10 evidence for any increase 17 ch\oramphemco\«es\stant straing
i i u! is o

man 8tV 4 50 to 100 pg™ per mi This ncrease 1 tetracyclme-res'xstam
strams may b related 10 the \v:despread pract1c® of addin® tetracychine® [

eQ08-
Gasnommuu‘fDespue contrary f€P" t 4, 2
eviden th anhm'lcrobm\ drugs evert? penefictal action 4P Salmonells
stis 1 man. There is nO shortening of 1liness and the tength of
i t O nistm! ersist 10 the mtestim\\ yract 18 unafiec 4 (90, 204, 206
a

216, . '
se\(-\immng Jiseast require! the use
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day & McEacharn (227) used randomized controls in a group of infants
treated with ch henicol for Sal: lla gastro is, and found no
differences in the clical and hacteriologic course of the disease between 25
treated babies and 26 untreated controls.

Systemic infections,—Chloramphenicol is clearly the drug of choice in
typhoid and paratyphoid (228, 231, 236, 241, 247), bacteremias (149), and
focalized infections of bones or joints (166, 172, 222, 223, 224, 229, 230},
meninges {225), lungs and pleura (93, 229, 253), and other sites (158, 226}
The clinical response is usually not dramatic; improvement ordinarily be-
gins within 48 hr. but often 4 to 6 days are required for defervescence under
the best of cir Therapy with chl henicol ionally pre-
cipitates a Herxheimerlike reaction in patients with typhoid and para-
typhoid (247).

Chi 1

1is b ic only and persi: of i in
tissues and exudates is common, Salmonelle bacilli isolated during relapses
are ordinarily sensitive to chloramphenicol, and clinical responses to second
or third courses of the drug differ in no appreciable way from the first.
Mortality is hugh in infants, the aged, and patients with underlying disease
(50, 92, 204), in endocarditis (50), and in meningitis (50, 192, 244) despite
antibiotics.
Therapy with chl henicol in b ic sal i

typhoid, should probably be inued for a mini: of 14 days. Smadel,
Bailey & Lewthwaite (241) found higher relapse rates in typhoid patients
given chloramphenicol for 8 days or less than in those in whom no treatment
was given; they observed no relapses in a group of 31 patients treated for a
mimimum of 14 days Intermittent administration of the antibiotic and its
combination with typhoid vaccine have both been said to reduce relapse
rates (231, 248).

When chl henicol elicits no in sy ic sal 1lost
tetracyclines (202, 251), penicilin (210, 232), streptomycin (206), or poly-
myxin (232) can be tried

Chronic carriers—It is difficult to evaluate many reports of the use of
antibrotics tn the treatment of Salmonella carriers because authors have
failed to define the carrier state. The period of excretion of baalli after in-
testinal infection 15 highly vasiable (55, 89, 154, 204) Shedding of organ-
isms is likely to cease spontaneously during the first year after infectton but
{emlssions after that time are rare (4, 252). While antibuotics are usually
ineffective in chronic carriers (50, 212, 213, 235, 251, 252), occasional suc-
cesses have been reported with tetracyclines (235), chloramphenicol (208),
chloramphenicol combined with typhoid vaccine (246), penicillin (252), and

(245). Chol is indicated in carriers with gallbladder
disease (212, 233, 234) 1f excretion persists for more than a year

Other measures~—Cortisone or other adrenal steroids given along with
chlgramphenicol ameliorates symptoms of typhoid and paratyphoid more
rapidly than the antibiotic alone (228, 236). Cortisone (221, 237) or acetyl-




14 BENNETT AND HOOK

salicylic acid (238) can produce transient hypotension and hypothermia and
it is probably advisable to rescrve their use for severely toxemic patients
oaly.

Poaled human gamma globulin is atlleged to exert a synergistic effect with

hl henicol in sal: Hlosis of mice (239). Waisbren (240} used gamma

globulin along with antibiotics in the treatmam of an assortment of patients,
one of whom had Sal i y , but it is ible to draw any
conclusions from his results because there were no wntrcls

‘The importance of surgery in the of i
{242) and in the drainage of abscesses deserves mention, Wound infection is
an occasional fate complication of surgical intervention in systemic salmo-
nellosis (243).
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ESOPHAGUS

Physiology.~Studies of the gastroesophageal junction and the esopha-
geal vestibule of Lerche, by means of cineradiography and pressure measure-
ments on 10 healthy medical students, mdlcate the presence of a physiologic

hi; hanism at the di h 1 junction which opens earlier
on drinking than on swallowing (1, 2). When 20 to 40 ml. of barium were
held in the mouth for one or two minutes and then swallow ed, the substance
was retained in the gastroesophageal junction for approximately 1.4 sec.
before passing into the stomach (1) \When the same amount of barium was
drunk immediately, the material passed without delay through the junc-
tion,

Card: —Cardi may be produced in cats by the injection of
2 § per cent solution of phenic actd between the two layers of smooth muscle
lining the wall of the cardra which destroys the ganglion cells of Auerbach’s
plexus (3). Sxmllarly. 1 Chagas’ disease the intramural nerve plexus of the
esophagus is found to be destroyed by the neurotoxin released from the
dead h {4} In cardiosp: the primary
peristaltic wave o( deglu(mon is replaced by feeble, nonpropulsive contrac-
tions The resting tonus of the gastroesophageal sphincter is normal but this
area fails to relax with deglutition {5}; the action of the sphincter at the
pharyngoesophageal junction is normal Dilatation of the inferior esophageal
sphincter by aerostatic or hydrostatic dilators or by esophagomyotomy does
not restore the normal esophageal motility but, by one or another of these
means, the resting p at the as d by electromag-
netie pressure transducers, are restored towards normal {6). A residual
sphincter, important in preventing reflux, has been demonstrated. While not
relaxing with swallowng, 1t yields more readily to the intraesophageal pres-
sure developing during deglutition Flood ef al found that the propulsive
responsiveness of the esophagus to di; hed 1n achal but
was not lost letely, that i i of the intramural
neurogenic mechanisms 1s partial rather than total (7) Longitudinal muscle
strips taken from the lower end of the esophagus at operation from patients

with or without achalasi behave ) y as smooth muscle,
with a B h H Yol {8) The histotogi
appearance varied, but approximately normal numbers of ganglon cells
were noted 1n two of seven samples taken from patients with achalasia,

195’3“2 survey of the literature pertaining to this review was completed 1a June,

1
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suggesting that the increased tonus of the fower esophageal segment is re-
fated also to abnormal function of the main portion of the esophagus, rather
than exclusively to an alteration at the cardia,

Spasm~In diffuse spasm the esophagus is distorted, a situation often
described as “corling ' Most patients are in the older age groups; there may
be no symptoms, or only mtermittent dysphagia and retrosternal discom-
fort, In 16 patients treated for this condition, normal peristalsis nas present
in the upper portion of the esophagus, but in the lower segment, the peri-
staftic wave of deglutition pressure was replaced by a simultaneous and
protonged nse in pressure (9). The upper and lower esophageal sphincters
relaxed normally aa swallowing and the res ponse of the esophagus to metha-
choline chloride also was normat

Hialus hernia and esophagalss —The etiologic factors in hiatus hernia
include a congenstal “pred;sposnmn or hiata) weakness and degenerative

changes in the ) ur ding the h 1 hiatus (10). In 2
study of fresh cadavers, the significant muscies about the hiatus were | l‘ound
to oniginate from the right crus of the diaphragm; the ph P

membrane or ligament did not appear to be an important anatomic struc
ture in this group {11} In a sccies of 115 infants and children studied st
necropsy, the gast k. ) region was ch. ized by a small, power-
fu} hiatus, with pronounced crusal overlap, a formdable phrenoesophageal
membtrane ard secore fixation of 2 pasrrow terminal esophagus (12), In-
creased intraperitoneal pressure contributes significantly to the muscle-
weakening preceding hiatus hernia and also to the associated gastroesopba-
geal regurgitation 1 H , as reflected by i

pressure measurements with a skram .gauge mangmeter attached to an in-
dwelling polyethylene tube, mcreased with posture, respiration, conghing,

and external produced by corsets, abesity, pregnancy,

air»swallowmg, over-eatir\g, and abdominal tumors {13). Reguiar and cine-

aphy may d notcltes or a static ring at the distat

margin of the esophageal vesttbule when 1t 1s hernsated and dxstended,
sinte these notches denote the between the 3 1

and the stomach, thesr p abowve the diaph 1s indicative of a

hiatus herma (14) In addition to ret ion of the cardiac sphi mecha-

nism in hiatus hernia, neuromuscular imbalance of the entire esophagus
may be present (15) Refux of acrd gasteic contents ss the cause of the esopha-
gitis, but 1t 1s aet an mvanable accucvence (16} The toaus of the physio-
logxc cardmesophagea! sphmc!er is haghly smportant 1 preventing reflux

i pressure and pH at vanons levels
within the b and swmach fasclosed acid regurgitation in 54 of 90
patients, esophagitis was demonstrable in 52 of the 54 individuals (17). The
digestive action of HC) and pepsin is responsible for thc esvphagms de-
veloping under such Deep ulcer d ped when
the esuphagus of dogs was bathed in unaitered gastric 1u|ce {18) Exposure
o gastric Juite mived with duodenal contents or to the letzer alone, resulted
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in a superficial esophagitis. Contact of the esophagus with jejunal or colonic
contents produced minimal or no changes. The anomaly in which the lower
esophagus is lined with ithelium may be li d by reflux
esophagitis, stricture, and chronic peptic ulcer, as well as by carcinoma (19).
The junction between the squamous and the columnar epithelia usually is
20 to 25 cm. from the incisor teeth

Carcinoma, Boyd and his co-watkers have found that supecvoltage icra-
diation may be a usclul adjunct to surgery in the management of carcinoma
of the h providing palliation of symptoms and retarding the prog-
ress of the neoplasm (20). Cobalt 60 irradiation, given in doses of 3000 r in
two and one-half wecks for palliation and 6000 r 1n five weeks for curative
effects, produced partial or yr ion of swallowing in patients
treated for esophageal carcinoma Eight of 41 patients survived for periods
exceeding two years, according to Mustard (21).

STOMACH-DUOGDENUM

Gastric secretson and absorpiton.—Acid secretion and oxygen uptake by
frog gastric mucosa continued, but at reduced rates, when the sodium in the
bathing solution was 0 6 mAf, or less; both reached mawimal levels when the
sodium was increased to 10 mAf. {22). The secretion was 75 per cent of
maximum when lithium replaced sedium, was unaffected when chioride was
replaced by bromide, but diminished when the 1 was jodide,
These and other data indicate that the essential process in gastric acid secre-
tion is the production of HCL

Hogben et al. (23) have reported in recent experiments that the human
stomach is capable of absorbing most acidic and weak bastc drugs at rates
comparable to or more rapid than its absorption of ethyl alcohol Salicyhic
acid, thiopental sodium, secobarbital sodium, and antipyrine, undissociated
in the acid gastric contents, are absorbed readily; whereas completely jonized
drugs, including dithydrochloride, J-ephedrine, and aminopyrmne, are not
absorbed. These results are in accord with the hypothes:s that the human
gastric mucosa functions as 2 hipoid barrier, selectively permitting the pas-
sive diffusion of i d liptde-solubl Simular observations
were made by Schanker ef al. for the small intestine of the rat (24)

Expersmental snhsbition of gastric secreiion —Baugh et al., 1n working
with dogs with vagus-denervated Heidenham pouches, learned that ex-
cision of the antral musculature and replacement with colon musculature
d gastric T of this hybrid antrum (antrum
mucosa and colon musculature) into the colon as a diverticulum, restores
secretton in the Heidenhain pouch toward normal, Isolated pouches con-
structed from the hybnd antrum respond to gastric secretory stimulants.
Their observations mdicate that the musculature of the antrum s not
necessary for the formation and release of gastrin, whereas the mucosa and
submucosa are essential The gastrin cell may be a nerve cell, perhaps
located m Meissner’s plexus (25). Severing the nerve plexus in the submu-
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cosa of the antrum signi {y reduces acid fon from gastric antral
pouches, suggesting that the antrum is an independent neurohormonal
structure {26).

Pancreatic secretion, grven intravenously to dogs with Heidenhain
pouches (27} not only stimufates pancreatic secretion but, according to
observations by Greenlee ef al , aiso reduces the output of acid. Obechelman
¢t al. ceport that secretin does not inhibit the response to vagal stimulation
of to histamine, but preveats the gastric secretory response to gastrin which
suggests a mechanism whereby acd food an the duodenum inhibits gastric
secretion, The increased gastric secretion after excluding the gastric antrum
fram contact with food (28), or after resection of the antrum {Ragins et al.
(29)] suggests the claboration of an mhbitory substance from the anteal
mucosa on contact with HCI (29). Similarly, in dogs with Heidenhain
pouches and separate marsupiahized antral pouches, Jordan (30} has ob-
served reductior in ptf withm one antral pouch usually inhibits production
of HCl by the Herdenhawm pouch when stmuiated by listamune given intra-
venousty or by alcohol perfusion of the second antral pouch. The vagi do
nat appear to be essential for the mhibiting offect Similar studses elsewhere,
on the other hand, are mierpreted to mdicate that acid brought in contact
with the antral mucosa prevents the formation or release of gastrin, rather
than praducing an whibitory hormone (31) Other investigators, supporting
the cancept of an infubitory humoraf factor from the antrum, emphastze this
mechanism as an advantage of segmental gastric resectron in the surgical
treatment of dundenal uicer(32)

Anderson and his co-workers devised methods for the exclusion of the
antrum and dwodenum from the normal gastromtestinal passage and ob-
served increased gastric secreuion in dogs with Pavlov pouches (33). The re-
sponse to b alsois d and 15 unaflected by anteum i
probably hecause of the removal of an (nhibitory mechansm in the duode-
pum The duodenal mechamsm for inhibiting gastrie secreteon m dogs ap-
paxently mchudes two COmponenis one, receptivity to changes m pH nnd

ically, and, sensitvity to changes in lanty,
humorally Receptors for both mechantsms appear to be confined to the
duodenum (34). In contrast to the animal observations, the gastric secretory
tesponses to histamine, insultn, and gruel, measured before and at intervals
up to stx months after resection of the gastric antrum, pylorus, and first part
of the duodenum in patients with duodenal or pyloric ulcer and hypersecre-
tion, did not dummsh during the early postoperanive pesiod (35). The
subsequent decrease i acd secretion, without corresponding reduction i
pepsin, paralicled the development of gastnitis, as demonstrated by gastric
bropsy The data suggest that either no smportant role is played by the
gastrin mechamsm in buman gastric secretion or no gastrin 13 hberated
from the body of the stomach or first portion of the duodenum, The presence
of a potent inhibitor of gastric sccretion i Heidenhain pouch dogs has been
confirmed {36). Normal human gastric content also possesses secretory in-




GASTROENTEROLOGY 25

hibitory properties which are independent of the action of saliva. This
finding is of considerable potential importance since, in other experiments,
repeated injecti of an inhibi extracted from the gastric
content suppressed acid secretion and produced atrophic changes in the
gastric mucosa of dogs (37).

Gastric secretion in man~—Studies made by Schayer & Ivy (38) on rats
utilizing C'%-1.histidine are interpreted as indicating that the secrction of
HCI folloning feeding is mediated by histamine. In patients with active
peptic ulcer, however, the blood histamine is within the normal range and
is not lated with basal ion of HCI (39). A ding to Friedman
et al (40), histamine not only stimulates the parietal cells but also promotes
the actwe secmtmn of pepsm [rum the chief cells. Decreased gastric secre-
tion, includi to k has been observed
previously during states of wnthdr.’mal and during sleep in an infant with
depression and gastric fistula. However, during sleep in healthy subjects the
gastric response to histamine remains high, suggesting a biological difference
between sleep in normal persons and the sleep-withdrawal state in certain
depressive conditions [Cohen ¢ al. (41)). In patients with duodenal ulcer,
the sustained gastric secretory response to insulin-hypoglycemia is con-
sidered to have two components: an early (vagal) phase and a delayed
{pttuitary-adrenal) phase; the vagal component usually is the more pro-
nounced (42). In nonulcer individuals, the response may be of the sustained
duodenal ulcer type, or unsustained, but dominated by the vagal phase,
Complete vagotomy in patients with duodenal ulcer usually abolishes both
responses; the delayed phase persists 1n a small percentage of cases. The
studies are interpreted as indicating synergism between vagal and pituitary-
adrenal functions in the cephalic phase of gastsic secretton.

Pepsinogen —With a polyethylene cannula inserted m a gastrosplenic
vein, blood pepsinogen can be measured in dogs under conditions obviating
the important role of the kidneys. Peptic secretagogues, methacholine bro-
mide, and ACTH 1ncrease pepsinogen in the gastric venous blood but not
in the peripheral circulation according to reports by Earle & Hoar (43).
The blood pepsinogen also is not elevated consistently n dogs subjected to
various ulcer-producing surgical preparations In other studes (44) sham
feedmg, ACTH, and bethanechol chloride increased gastric acidity and pep-
sin, but not the blood pepsinogen, urinary pepsinogen also did not rise, as
might have been anticipated if there were a renal mechanism regulating
blood pepsinogen at a constant level (44). In man, serum and urinary
pepsinogen usually are hxgher in patients with duodenal ulcer than in nor-
mal persons, and are higher in men than women, however, wide individual
variations limit the usefulness of single analysts of urinary pepstnogen (45).
Furthermore, as Segal e ol (46) have found, serum and urinary pepsinogen
may be elevated despite apparently low outputs of HCl and gasmc pepsin,
and urinary may not bed blein acid
ments of proteolytic activity of gastric juice, and of urine at pH l.S and 3 5,
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cosa of the antrum significantly reduces acid secretion from gastric antral
pouches, suggesting that the antrum is an independent neurohormonal
structure (26).

Pancreatic secretion, given intravenously to dogs with Heidenhain
pouches (27) not only stimulates pancreatic secretion but, according to
observations by Greenlee ef al., also reduces the output of acid. Oberheiman
et al, report that secretin does not inhibit the response to vagal stimulation
or to histamine, but prevents the gastric secretory response to gastrin which
suggests a mechanism whereby acid food in the duodenum inhibits gastric
secretion. The increased gastric secretion after excluding the gastric antrum
from contact with food (28), or after resection of the antrum [Ragins ¢f al.
(29)] suggests the elaboration of an inhibitory substance from the antral
mucosa on contact with HCI (29). Similarly, in dogs with Heidenhain
pouches and scparate marsupialized antral pouches, Jordan (30) has ob-
served reduction 1n pH within one antral pouch usually inhibits production
of HC1 by the Heidenhain pouch when stimulated by hi: ine given intra-
venously or by alcohol perfusion of the second antral pouch The vagi do
not appear to be essential for the inhibiting effect Similar studies elsew here,
on the other hand, are interpreted to indicate that acid brought in contact
with the antral mucosa prevents the formation or release of gastrin, rather
than producing an mnhibitory hormone (31) Other investigators, supporting
the concept of an inhibitory humoral factor from the antrum, emphasize this
mechanism as an advantage of segmental gastric resection in the surgical
treatment of duodenal ulcer(32).

Anderson and his co-workers devised methods for the exclusion of the
antrum and duodenum from the normal gastrointestinal passage and ob-
served increased gastric secretion i dogs with Paviov pouches (33) The re-
sponse to histamine also is augmented and is unaflected by antrum rescction,
probably because of the removal of an inhibitory mechanism 1n the duode-
num, The duodenal mechanism for inhibiting gastric secretion in dogs ap-
parently includes two cnmponents one, receptivity to changes in pH and

ically, and, sensitivity to changes in osmolarity, medrated
humorally. Receptors for both mechamsms appear to be confined to the
duodenum (34). In contrast to the animal observations, the gastric secretory
responses to histamine, insultm, and gruel, measured before and at intervals
up to six months after resection of the gastric antrum, pylorus, and first part
of the duodenum 1n patients with duodenal or pyloric ulcer and hypersecre-
tion, did not dimimish during the early postoperative period (35). The
subsequent decrease in acd secretion, without corresponding reduction in
pepsin, paralleled the development of gastritis, as demonstrated by gastric
biopsy. The data suggest that either no important role is played by the
gastrin mechanism 1n human gastric secretion or no gastrin is liberated
from the body of the stomach or first portion of the duodenum The presence
of a potent mhibitor of gastric in Hetdenhain pouch dogs has been
confirmed (36), Normal human gastric content also possesses secretory in-
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hibitory properties which are independent of the action of saliva. This
finding is of considerable potential impcrtance since, in other experiments,
repeated i 1 of an extracted from the gastric
content suppressed acid secretion and produced atrophic changes in the
gastric mucosa of dogs (37).

Gastric secretion in man —Studies made by Schayer & Ivy (38) on rats
utilizing C'*-1-histidine are interpreted as indicating that the secretion of
HCI following feeding is mediated by histamine. In patients with active
peptic ulcer, however, the blood histamine is within the normal range and
is not correlated with basal secretion of HCl (39). According to Friedman
et al. (40), histamine not only stimulates the parietal cells but also promotes
the acnve secretmn of pepsm from the chief cells. Decreased gastric secre-~
tion, includi: ) to hi: ine, has been observed
previously during states of wxlhdmw;\l and during sleep in an infant with
depression and gastric fistula However, during sleep in healthy subjects the
gastric response to histamine remains high, suggesting a biological difference
between sleep 1n normal persons and the sleep-withdrawal state in certain
depressive conditions [Cohen et al (41)] In patlents with duodenal ulcer,
the sustained gastric secretory resp to gly ia is con-
sidered to have two components: an early (vagal) ph:\se and a delayed
(pituitary-adrenal) phase, the vagal component usually is the more pro-
nounced (42). In nonulcer individuals, the response may be of the sustained
duodenal ulcer type, or unsustained, but dominated by the vagal phase.
Complete vagotomy 1n patients with duodenal ulcer usually abolishes both
responses; the delayed phase persists in @ small percentage of cases. The
studies are interpreted as mdicating synergism between vagal and pituitary-
adrenal functions in the cephalic phase of gastric secretion,

Pepsinogen.—With a polyethylene cannula nserted in 2 gastrosplenic
vein, blood pepstnogen can be measured in dogs under conditions obviating
the important role of the kidneys Peptic secretagogues, methacholine bro-
mide, and ACTH increase pepsinogen in the gastric venous blood but not
in the peripheral circulation according to reports by Earle & Hoar (43).
The blood pepsinogen also 1s not elevated consistently in dogs subjected to
various ulcer-producing surgical preparations In other studies (44) sham
feeding, ACTH, and bethanechol chloride mcreased gastric acidity and pep-
sin, but not the blood pepsinogen, urninary pepsinogen also did not rise, as
might have been anticipated if there were a renal mechanism regulating
blood pepsinogen at a constant level (44) In man, serum and urtnary
‘Ppepsmogen usually are higher in patients with duodenat ulcer than in nor-
mal persons, and are higher 1n men than women, however, wide individual
variations limit the usefulness of single analysis of urinary pepsmogen (43)
Furthermore, as Segal et ¢! (46) have found, serum and urinary pepsinogen
may be elevated despnte apparently low outputs of HCl and gastnc pepsin,
and urmary may not be d ble 1n acid
ments of proteolytic activity of gastric juice, and of unine at pH 1‘5 and 35,
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indicate that gastric pepsin and gastric cathepsin are two distinet enzymes,
secreted and excreted at different rates (47).

Adrenal steroids, peptic ulcer, gastric secretion~—Among a group of pa-
tients with rheurnatoid arthritis, Keen and his co-workers have reported
that the incidence of peptic ulcer was higher than usual and progressed
further during treatment with adrenocortical hormones or phenylbutazone
(48). In another series of 117 patients treated with corticosteroids, studied
by Kammerer ef al. (49), ulcers developed in 36 patients (31 per cent); 31
of the 36 uleers were gastric in location. If hypersecretion were involved, 2
much higher proportion of duodenal uicers shotld have occurred. The ab-
sence of a rise in gastric in healthy volunteers given hydi tisone,
prednisone, and predaisclone {or two weeks suggested decreased tissue re-
sistance, rather than hypersecretion, as the decisive factor (49). Lambling
(50) found additional evidence of the development of numerous gastric
Jesions in patients with various diseases given prednisone, and the course of
gastric ulcers produced by thermocantery in rats given cortisone [Skoryna
et al. (51}] also was attributed to the tissue-damaging effects of steroids.
Cartisone and ACTH seemed not to interfere with the replacement of mu-
cous epithelium in gastric pouches following chemical d jon with
eugenol, according to the work of Janowitz and his colleagues (52), whereas
the healing of excisional ulcers in gastne explants was retarded but not
inhibited completely. Since, in previous experiments, cortisone failed to
elicit even minute amounts of HCI in dogs with Heidenhain pouches, the
decistve factor probably was decreased tissue resistance.

The effect of 8-hr. mnfusions of ACTH, hydrocortisone, prednisolone, and
aldosterone upon the volume, acd, pepsin, and wiscosity of gastric juice,
and simultaneous measurements of blood and urinary pepsinogen were com-
pared with the results of mjection of the vehicle alone and with a 4-hr.
infusion of histamine in normal men (531, The hormones did not alter acid
or pepsin outputs sigmficantly encept for a rise during the admnistration of
aldosterone. The viscosity of gastric jmce was reduced significantly by
ACTH and by corticosterone, but not by hydrocortisone. ACTH increased
the output of urinary pepsinogen while the plasma pepsinogen was un.
changed, the increase being attinbuted to enhanced renal clearance of pepain-
ogen (54) These results were reproduced by hydrocortisone and, to a much
smaller extent by corticosterone, whife aldosterone had the opposite effect.
Measurements of adsenocortical function in the basal state and after stimu-
ation with ACTH intravenously, did not disclose sigmficant differences be-

tween patients with duodenal or gastnic ulcer and control subjects (55)
Narmal plasma corticosterone and cortisol fevels and normal responses to a

4 intr ACT imujus also were observed in patients with
duodenal ulcer and with benign gastric ulcers, the results in the two groups
were similar (36). These observations, therefore, do not support the con-
cept of adrenocortical hyperactivity in peptic ulcer,
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Drug-induced pepiic ulcer—In addition to ACTH and adrenal steroids,

Kirsner has found that the ad ration of th ic agents,
especially salicylates and phenylb may be licated by the de-

velopment or reactivation of peptic ulcer, with hemorrhage and perforation
(57). The mechanisms involved are not understuod completely. but they in-
clude sti; tion of gastric fon and di of the gastro-
duodenal mucosa. In addition, Lange reports that salicylates are important
causes of gastric hemorrhage, especially in older persons taking medication
for long periods (58). In six of 10 patients given 0 6 gm. acetylsalicylic
acid, gross blood appeared promptly 1n the gastric content (59). An acute
gastritis with multiple erosions was demonstrable 1n 12 patients treated by
Lamphier & Young, with upper gastroi inal hemorrhage dary to
the ingestion of aspirin (60). The taking of salicylates after meals and in
coated tablets may decrease the di to gastric trritati to
Lange (61). Large doses of reserpine given orally (exceeding 1 mg. daily)
and small amounts injected intravenously are capable of sumulating gastric
secretion (62), West (63) reports five cases of peptic ulcer produced by the
same drug. Stud:es conducted by Rider ef al. (64) using anuicholinergic drugs
suggested a peripheral site of action and possible mediation locally by sero-
tonin, However, the serotonin precursor, 5.1 hydmty(ryptophan (SHTP) in-
hibited, rather than d, the duced and ure-
choline-induced gastric secretton; the response to h:stamme was unin-
Auenced (65) Iproniaztd (Marsihd), which increases the serotonin in the
bram by inhibiting the action of monamne oxidase, and SHTP each signifi-
cantly lowered gastric secretion in the cat (66).

Blood groups —The increased incidence of blood group O in patients with
duodenal ulcer and blood group A in patients with gastric carcinoma has
been reaffirmed by Weiser (67); however, the validity and significance of
this interesting observation are not yet apparent and current observattons
do not resolve the problem It 1s suggested that certain mucopolysaccha-
rides containing the blood group substances may exert a protective influence
upon the gastromtestinal mucosa (68, 69) In another study conducted by
Balme & Jennings, blood group O predomnated 11 patients with carcinoma
of the body of the stomach, whereas group A was more frequent among
individuals with carcinoma of the antrum (70) The distrtbution for gastric
ulcer was similar- group A for ulcers of the antrum and group O for ulcers
above the angulus of the stomach

Duodenal ulcer—Gastric hypersecretion 1s an important predisposing
factor n the pathogenesis of duodenal ulcer but 1t is not the only determr-
nant Three parameters appear to be tnvolved, a physmloglc component
determining the of the duod to
parameter defimng the relatively specific conflict-inducing pSYCth tenston,
and a social factor establishing the environmental event ultimately pre-

i the bined effects of all . The d antidiu-
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retic activity in the blood of patients with duodenal ulcer suggests that
pituitrin stimulates the parasympathetic center in the hypothalamas, with
resultant gastric hypersecretion and hypermotility (71).

Peptic uleers with pancreatic tumors —~Patients with recurrent peptic ul-

jons of the duod: and i to medical and surgical
therapy, o fiy have insulin-produci presumably alpha cell,
tumors of the and tr dous gastric hy ion (72, 73). A
relationship to polyglandul p is indicated in the coexistence of

tumors of the hypophysis or the adrenal cortex. Since glucagon is secreted
by pancreatic islet alpha cells resembling the tumor type, glucagon has been
implicated in the gastric hypersecrction, Hawever, crystalline glucagon, in
single doses of 10 or 20 ug, given 1ty ly or i 1y, inhibited
jnsulin and meal-stimulated gastric secretion in dogs (74, 75) and in man,
indicating that this compound 1s unimportant in the genesis of peptic ulcer
(76}

Surgical treatment-physiologic aspects —The assumption that subtotal
gastric resection produces achlorhydria is not necessarily correct, for the
usual tests may not demonstrate low concentrations of HCl More precise

of pH, the resp to secretory sti and blockade of
intestinal reflux, permitting more accurate collections, indicate the presence
of acid, at least in the early postoperative stage, according to a report by
Van Geertruyden (77). The subsequent achlorhydria 1s attributed to the
prolonged action of alkaline duodenal content upon the gastric mucosa,
causing atrophy of the parietal cells. Gastric juice from most untreated
patients with duodenal ulcer digests the esophagus of the cat during a 2-hr.
perfusion, whereas less than 10 per cent of gastric specimens from nonulcer
patients demonstrate this effect. Studies in patients operated upon for duo-
denal ulcer by various techniques, indicate that the substantial segmental re-
section affords the greatest protection in terms of decreased digestive ca-
pacity of the gastric content (78)

‘The reported ncid of the synd after subtotal gastric
resection varies from 2 to 45 per cent, depending upon the defimtion of
dumping and the accuracy of the history; at least 5 per cent and possibly up
to 15 per cent of the patients may require treatment. The syndrome appar-
ently is caused by rapid filling of the jejunum with hypertonic foods, large
amounts of fiusd are secreted by the jejunum to restore the isotonicity of the
chyme, thereby lowering the plasma volume After gastric resection there
nay be incomplete absorption of ingested protemn (79). In dogs, the increased
excretion of fat in the feces parallels the extent of resection of the aad-
secreting portion of the stomach (80) Deficient digestion of fat, rather than
defective absorption, 1s the cause of postgastrectomy steatorrhea, and may
be lessened by the oral ation of p d raw and bile
salts (81), Prolonged steatorrhea after gastric rcsf.'ctl(m or gastroenteros.
tomy, with malabsorption of vitamm D and calcium, may lead to oste-
malacia (82). Nutritional therapy after gastrectomy requires sustained
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dietary supervision, and protein anabolic agents (83); frequent feedings,
avoxdance of excess cnrbuh)dr:ltes and of fluids with meals, postprandial
anti: it salts and occasionally, psycho-
therapy (84 85), Impaired absorption of vitamin By, after subtotal gas-
trectomy is unusual but can occur. The uptake of Bys was normal in patients
in whom the fundus and mid-portion of the stomach had been removed
{proximal gastrectomy), indicating that intrinsic factor was produced by
the remaining distal portion of the stomach (86), In one patient, described
by MacLean, with defective absorption of Co* Bys, histologic exammation
of the resected stomach demonstrated chronic inflammation and gastnc
atrophy (87). The physiological and mechani bl
gastric resection are much less common after vagotomy and gnstroenter-
ostomy (88). The procedure of vagotomy and antral exclusion lowered the
gastric secretion of 50 patients with duodenal ulcer treated by Waddell &
Bartlett (89). The clinical results were favorable; none of the patients was
ncapacitated although diarrhea, mild dumping, and weight loss occurred
occasionally
Gastric nlcer —The clinical similarities between benign and malignant
small gastric ulcers have encouraged resection of all gastric ulcers, regard-
less of dragnoss, according to Comfort & Priestley (90). However, thorough
and skellful diagnostic study permits accurate differentiation in the vast
majority of cases (91, 92) In a series of 307 patients reported by Dol
et al. (93) with ulcers classified as benign, the diagnosts was established at
operation tn 22 requiring surgery for hemorrhage or perforation, in 266, on
the basis of clinical evidence, and, in 19, the posstbility of malignancy was
not excluded completely Three years later, the diagnosis was changed to
carcinoma m only one of the 226 patients of group II and tn only four of the
suspect group ITI Among 47 patients with bleeding gastric ulcer treated
medically by Arias and his group, hemorrhage recurred in only three during
the subsequent four to eight years (94)
Gastric carcinoma.—Carcinoma of the stomach 1s the most frequent neo-
plasm in Japan The incidence of gastric carcinoma, on the basis of an
approumately 8-yr. survey, thus far has not imncreased among mdividuals
exposed to the atomic bomb at Hiroshima (95) In a large series of patients
with gastric carcimoma observed during the years 1932 to 1954 in the United
States, the surgical mortahty declined from 27 to 5 7 per cent, the 5-yr.
survival rate has risen from 15 to 37 per cent, and the 10-yr rate from 7 to
16 per cent [Marshall (96)]. Screening for achlorhydria and hypochlorhydria
1s an effective means of diagnostng gastric cancer in the asymptomatic
phase The madence of gastric cancer m the achlorhydria-hypachlorhydria
groupis'4 5 times greater and in the pernicious anema group 22 times higher
thanin the same segment of the normal population (97) Studies made durmng
1957 53 mndicate that the development of exfoliative cytology of the stomach
pmwdes another important method for the recognition of gastric malig-
nancy (98, 99, 100)
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SMALL INTESTINE

Carcinoid tumors~—The principal clinical features of functioning car-
cinold tumors include diarrhea, episodes of flushing, a heart murmur,
“asthma,"” and abnormal amounts of 5-hydroxy-indole acetic acid (SHIAA)
in the urine, The cutaneous flush may persist for as long as 30 min, but
usually is transient; cyanosis may persist and telangicctases develop Histo-
logically, the affected skin is characterized by dilation and congestion of
veins and capillaries, oceasional vascular thickening, edema, and chronic
inflammation (101, 102), In one case reported by Bridges ef al., a pronounced
skin lesion, indistinguishable from pellag: dermatitis, responded to nico-
tinic acid (103). There is no direct correlation between the flushing and the
quantity of SHIAA 1n the unine The output of SHIAA is not reduced by
chlorpromazine hydrochlonide, but may be increased by histamine, In-
creased outputs of histamine in the urine, and elevated blood levels of 5-
hydroxytryptamine (SHTP), also are demonstrable in patients with carci-
noids (104). According to investigations made by Sjoerdsma e¢f al., the ab-
normal chemical changes may disappear after complete removal of the
tumor. The tumor mass, rate of serotonin turnover, and the tumor pool of
serotonin can be estimated by measuning the amount and radioactivity of
SHIAA after the admmistration of radicactive 5-hydroxytryptophan (105).
The low fasting plasma tryptophan and low urinary Nl.methylnicotina-
mide levels suggest a disorder of tryptophan metabolism, There also may be
a distinct group of carcinoid tumors producing 5-hydroxytryptophan rather
than S-hydroxytryptamine [Sandler & Snow (106)).

Five-hydroxytryptamine usually increases the tonus of the intact hu-
man small i though ionally the tone is d: d. This con-
trary effect is unexplained, unless SHTP, like nicotine, stimulates both
cholinergic and adrenergic postganglionic nerves The ntestinal response to
SHTP is iated by an hi ic, inhibited by a benzyl analogue
of serotonin and by anticholinergic drugs, and is unaltered by ganglionic
blockage with hexamethomum (107). Anatomcal and physiological studies
indicate that SHTP 13 produced and stored locally in the mucous membrane
of the intestine, released in proportion ta the rise 1 intraluminal pressure,
and that it sensitizes pressure receptors Five-hydroxytryptamine probably
has no primary function 1n the penstaltic reflex; however, 1t lowers the
threshold of mtraluminal pressure required to elicit the reflex and increases
the frequency of contractions [Bulbring & Lin (108)]

Absorption and malabsorption —Studies of the digestive and absorptive
processes in the normal human small intestine after a 500 gm Aud meal,
containing fat 1n the form of corn o1}, carbohydrate as gluc?se plus lactose,
and protein as milk proteins, indicated that the meal 18 delivered from the
stomach to the duodenum in small portions over a d-hr, period (109).
Absorption begins 1 the duodenum and is completed in the proximal 100
em. of the jejuaum, more proximal for (a‘t than for carbohydrate and more
proximal for carbohydrate than for protein.
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The use of tagged neutml fat (1 tnolem) and fatty acid (I™ oleic arid)

is helpful in the di: of p (110). I3 triolein re-
quires pantreatic lipase for its h)dml) sis prior to absorptmn. in the absence
or deficiency of pancreatic lipase, the neutral fat is not absorbed appreci-
ably, and js excreted in the feces. The oleic acid, on the other hand, does
not require further lipolysis prior to absorptian. A radioactive-tagged fat
meal containing 48 per cent peanut oil, 48 per cent water, 4 per cent emulsi-
fier, 20 gm. of barium sulfate, and 25 pc of I™-labeled glycerol trioleate
may be useful in studying digestion and absorption of fat (111). The amount
of radioactivity in the blood reaches a plateau after 3 to 4 hr. and stabilizes
for 6 hr. The fecal radioactivity for 48 br. averages 0.6 per cent of the
amount ingested, with a maximum of 1.4 per cent. Roentgen demonstration
of a normal 1ntestinal tract in patients with positive tests, low blood and
high fecal radioactivity, indicates pancreatic disease. Radioactivity of
whole blood is as efficient or more so than the radioactivity of pfasma or its
hpide fraction 1n the recognition of steatorrhea [Grossman & Jordan (112)]
Measurements of the amount of radioacuve vitamin B, deposited in the
liver 48 hr. after ingestion of Co*Bi; may be another helpful diagnostic
method (113). The absorption of Bis 1s impaired in patients with the pri-
mary malabsorption syndrome, and also in secondary malabsorption ac-
companying mtestinal resectton or blind loops; absorptien is not improved
by the administration of intrinsic factor (114).

Butterworth et al. (115) have studied patients with tropical sprue in
relapse and find that they excrete less folic acid in the urine alter oral than
foll g parenteral ad during i the absorption and
excretion of folic acid are normal. The intestinal absorption of glycine after
oral administration 1s delayed 1n untreated patients with sprue (116). Con-
version of glycine to serine 1s not impaired, indicating that this pathway of
glycine utilization is not impeded by the defiency of folic acid. Patients
with sprue also excrete significantly larger amounts of sucrose in the urmne
after oral ingestron than do normal persons, perhaps because of diminished
hydrolysis of sucrose in the intestinal tract or increased permeability of the
intestinal wall (117).

Butterworth has reported also that jejunal biopsies, obtained at opera-
tion 6 to 10 in. from the 1 of Treitz, disclosed in sprue, a thick
and blunting of the intestinal villi, decreased surface area, increased numbers
of goblet cells, degeneration of columnar cells, and cellular infiltration with
eosinophiles (118). The same type of mucosal atrophy also is observed in
eoeliac disease, suggesnng an identity between the two dssorders (119) This
possibility 1s supported strongly by the study of suction biopsies pesformed
by Rubin ¢ ! (120) in 65 patients, comprising tdiopathic sprue, sustably
aged controls, and active, latent, and adult coeliac disease; a specially de-
signed flexible tube was utilized 1n 1nfants and children, loss of willi, altered
sutface epitheltum, chronic inflammatory infiltration, and crypt abnormali-
ties were poted in both sprue and coeliac disease




32 KIRSNER ET AL.

Other types of steatorrhen ~—Steatorrhea may accompany the syndrome of
diverticulosis of the small intestine and macrocytic anemia. In one patient
the impaired urinary excretion of vitamin B3 was unimproved by intrinsic
factor but restored to normal by the administration of oxytetracycline.
‘This and other observations suggested that vitamin B,, deficiency develops
from b ial § i with j: inal absorption of this vitamin (121).
Neomyein administered orally may produce a fecal excretory pattern re-
sembling that of sprue; the abnormality disappears after withdrawal of the
medication (122}, Anderson & Langeford (123} recorded their findings on
bacterial content of the small intestine in three conditions. In healthy chil
dren and in most patients with celiac or fibrocystic disease of the pancreas,
they found the small intestine to be free of a resident fecal-type of flora, an
observation not in accord with the hypothesis of bacterial competition with
the host for essential nutrients,

Gluten in coeliac disease and sprue—In patients with coeliac disease,
digestion of gluten to the peptide stage appears to take place normally.
Complete digestion of the peptide to the amino acid stage renders it harm-
less, whereas intermediate fractions remain active. After the administration
of gluten, the blood glutamine rises to levels higher than normal, from which
it may be inferred that the toxic effect of gluten is caused by the peptide-
containing glutamine (124), There may be deficiency of a specific intestinal

Hular enzyme to d i the peptid ini; 1 or
failure of the liver to remove glutamine peptides from the blood. Of 22
adult patients with idiopathic steatorrhea who were treated by French et al.
(125) with a diet excluding wheat and rye glutens, 16 recavered completely:
in 10 of these, absorption of fat later was demonstrated to be normal, The
addition of gluten to the diet reprecipitated the symptoms. Thus, wheat
gluten appears to be the basic cause of 1diopathic steatorrhea in most, but
not all, cases A favorable response in adults requires a longer period of time
than n children, and a trial period of at least six months usually 1s desirable.
Once normal health has been regained, the gluten-free diet must be con-
tinued indefinitely to avord relapses.

COLON

Infections—Gamble & Rowsan discuss the incidence of Escherichia coli
in fecal specimens and state that certain types of E. cols may be pathogenic,
producing gastroenteritss, especially among infants and children. Approxi-
mately one or two per cent of the adult population may be excreung patho-
genic E coli, according 1o their conclusions (126) ECHO virus type 18 was
jsolated from the feces of premature and full-term infants in two separate
but closely related outbreaks of emdemic diarrhea by Eichenwald etal (127)
This probably is the first time a virus responsible l’or'such an outbreak has
been isolated by lab ¥ hods. Amebic i of the colon may
cause absence of haustrations and irregularities in the contour of the barium-
filled colon, resembling the changes caused by ulcerative colitis (128),
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Ulcerative colitis~—Kirsner & Elchlepp induced colitis in rabbits experi~
mentally and found that the colon in rabbits responds to various immuno-
logical phenomena, including the Arthus and Shwartzman reactions A
hemorrhagic “colitis” was produced in rabbits sensitized to egg albumin
under ditions facilitating local of antigen {egg albumin) and an
body in the colon, asin the Auer reaction (129). Repeated “‘Auer reactions” in
the colon produced chronic inflammation :\nd atrophy ol’ the bcm el wall The

experimental findings, though not an
component 1n ulcerative (:Dhlls, stimulate interest 1n this possibility.
The daily i jon of methacholine bromide (Mecholyl)

in o1l produces bloody diarrhea in dogs. This response is more severe and
sustained when Mecholyl is administered after erythrocyte and colon chohn-
esterases have been diminished by hyl py rophosphoramide (130).
The mucosal injury seems attributable to vascular damage caused by the
intense muscular contractions of the colon. The poss:bility that ulcerative
colitis may result from multiple etiologic agents is suggested by the clinical

bl Iymphopath litis, scleroderma, and

of ly acute v:
secondary amylmdosls of the colon to ulcerative colitis (131). The occur-
rence of ulcerative colitis and regional enteritis in multiple members of six
famxhes from the Bristol area of England again directs attention to possible

fh mn the h of the two diseases, according to 2
study made by Houghton & Naish (132). The seromucoid levels in the blood
are increased in patients suffering from ulcerative colitis and regional en-
teritis, while more accurate than the erythrocyte sedimentation rate or the
C-reactive protein in assessing activity of intestinal lesions (133), the changes
appear to be nonspeaific.

Previous studies of rectal biopsy matertal had suggested that the initial
lesion of ulcerative colitis is excessive destruction of the undifferentiated
cells at the bases of the crypts of Lieberkuhn Simular findings were obtained
by Lumb (134) in 130 colectomy specimens with only part of the bowel
mvolved; it was assumed that the lesions at the junction of normal and ab-
normal mucosa represented the most recently acquired abnormalities. Car-
cinoma of the large bowel was demonstrated m 14 of 86 patients with ulcera-
trve colitis who died from various causes, a mnefold increase in the frequency
of death from colonic cancer in ulcerative colitis {135} The residual recto-
sigmoid stump after partial colectomy was the site of cancer mn two patients.

The medical management of ulcerative colitis mvolves a comprehensive
and sustamned program of rest, sedation, antispasmodics, diet, restoration of
nutrition, admmxstratmn of electrolyces, blood, plasma, vitamias, iron, and
antib di Cor in and adrenal steroids continue to be
useful therapeutic adjuncts Prolonged steroid medication may be desirable,
though opimnrons differ (136, 137). Experience and increasing skill have re-
duced the hazards of corticoid therapy, permitting use of these drugs 1n more
patients and for longer periods of time. In a comparatwe clinical and
pathological study, ion with fatal peri developed m 10 of 400
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patients treated before 1950, and in two of 250 patients treated with ACTH
and adrenal steroids; there were no discernible significant differences in the
histologic reactions in the two groups (138). The neser compounds, tri-
amcinolone and 1,6.methylbydrocortisone, may be helpful in patients with
diminished responses to earlier steroid preparations; however, their clinical
effects are not spectacular. Rectal instillations of hydrocortisone and other
steroids also may be effective {139). The blood levela of cortisol were un-
changed folfowing the rectal ad of 260 mg. of cortisol in 100 cc.
of normal saline; simifarly negative results were noted with cortisol-4-C
(140}, However, another study indicated that hydrocortisone was physio-
fogically active in the body aflter its administration by rectal enemas and
suppositories {141).

LIVER

Bilirubin~The terms direct and indirect bilirubin have been replaced
by the terms conjugated bilicubin and free bilirubin Direct-reacting bili-
yubin is a conjugation of lipide.soluble (“indwrect'} bilirubin with glucu-
vonic acid. This combnation probably occurs in the liver smce. esperi-
mentally, liver tissue h and siices i hver micros
will conjugate biirubin in the of uridine diph gl
acid, a glucuronyl donor in many glucuronide syntheses (142, 143 144).
Various chemical studies suggest that bilirubin is conyugated via its carboxyl
rather than a-hydroxyl groups (145) and that the bilirubin-glucuronic acid
complex s loasely linked to a mucoprotein (146) Bitirubin glucuromde is 2
mixture of two pigments (I and 11) The more water soluble of these, pig-
ment 11, is predominant 1n human bile, both pigments I and IT are found in
the plasma and urine of patients with obstructive jaundice and with hepa-
titis; pigment I is in greater quantity, except in acute obstruction. Whereas
both forms of conjugated bilirubin appear in the urine under such conditions,
biltrubin does not. The chiel bile pigment in the serum of adult patients with
hemolytic diseases is free biirubin, though small amounts of conjugated
pigments [ and IT are present (142).

The absence of conjugated bihirubin in the plasma of patients with neona-
tal jaundice suggests a metabohie block in the excretory process (147). A
similar situation has been noted in congenital hyperbilirubinemia, possibly
because of a deficiency in the bilirubin glucuronyl transferase system. The
glucurony) transferase activity, as well as the undine diphosphate glucu-
ronic acid dehydrogenase activity are markedly deficient in the fetal and
newborn guinea pig and gradually imcrease during the first few days of life.
Since conjugation of bilirubm appears to be essential to its excretion in the
bile, a defect in the glucu}'onxde-(orming mec.han‘isn:‘wn:xla ‘rcsul.t in im.

has not been confirmed by pther mvestgators L1y, LOlpLILLALY Jauuuicen
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Vistar rats have a defect in the microsomal enzyme system transferring
glucuronic acid from uridine diphosphate glucuronic acid to bilirubin (150)
No bilirubin glucuronide is demonstrable in the serum, bile, or urine; liver
function tests are normal and the histologic appearance of the liver is normal.
Bilirubin glucuronide, when injected intravenously, is excreted rapidly in
the bile. These observations are interpreted to mndicate that, despite a func-
tioning excretory apparatus, excretion of bilirubin is severely impaired if
glucuronide formation is defective. Similar observations have been made in
patients with ital nonhemolytic, b ive j;

A color reaction of bilirubin with the Lieberman-Burchard reagent was
observed first in 1936 but not studied 1n detail then. This reaction, producing
a bilirubin sulfate conjugate, is of interest because it yields an anionic com-
plex of bilirubin with a prompt, direct drazo-reaction, suggesting that com-
plexes of bilirubin with acid radicals other than glucuronic acid mght be
responsible for prompt, direct reactions (151}, Serum bilirubtn from infants
with neonatal jaundice undergoes rap:d photo-oxidation; free bilirubin is
approximately three times as p} ive as bilirubin gl ide (152).
Studies by Crosby (153) of severely injured patients given massive trans-
fusions of whole blood and of healthy subjects given rapid infusions of
distilled water to produce intravascular hemolysis, indicate a limit 1o the
capacity for belirubm production, regardless of the quantity of hemoglobin
presented, the amount converted to bilirubin does not exceed two gm. per
hour or approuumately 50 gm. per day.

Enzymes, tissue r:acmnl.n—Accordmg to Bang e al (154), the serum
levels of various ceflular i transa-
minase (S§G-OT), increase in patients with parenchymal lesions of the liver,
including hepatitis without chinically obvious jaundice. Serum glutamic
Ppyruvic transaminase similarly aids the recagmtmn and subsequent observa-
tion of nonicteric and ictertc h
cleosis (155). SG-OT decreased during cortisone therapy, in four of five
patients with chrontc active hepatitis, but not 1n five patients with chronic
hepatic disease of different etiology (h h; biliary ob })
suggesting that cortisone reduces hepatic cell necrosis (156). The SG-OT
may increase, at least transiently, mn many illnesses including acute myo-
cardial infarction, pencarditrs, trauma of the chest and legs, uremia and
pancreatitss, extremely high SG-OT values characterize multiple infarctions
of the heart, lungs, or kidneys (157). A test based upon the release of 1-
phosphu[ructa]dolase into the serum, as a result of hepatocellular disease,
is positive early in acute hepatitis and parallels the subsequent chmical
course (158). The serum ornithine carbamyl transferase (OCT), one of the
enzymes of the urea cycle, is elevated only in diseases of the hver (159).
Isocitric dehyd (ICD), a triphosphopyridine !
enzyme, 1s increased n actue viral hepatits, averaging 15 times greatet than
nermal. ICD, in contrast to other enzymes, was normal in all cases of extra.
hepatic obstructive jaundice (160). The serum cyanocobalamin (vitamin
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Bis) Jevel apparently is another sensitive index of hepatocellular damage;
the values are increased early in acute viral hepatitis and are within the
normal range in extrahepatic obstructive jaundice (161).

Mineral Bolism and 4 logical respanses éit hepatic disease.~In
hepatolenticular degeneration, copper, in addition to its presence in the
brain, is distributed throughout the hepatic cell cytoplasm; the amount of
copper is not correlated with the presence or absence of symptoms; Kupffer
cells are uniformiy free of copper (162). Copper metabolism in cirrhosis of
the liver was investigated by Gubler e gl. (163) through measurcments of
total serum copper, cesploplasmin, nonceruloplasmin copper, spinal fluid
and urine copper, urine copper in patients given 2,3-dimercaptopropanol
(BAL), and tissue copper in controls, and in patients with cirrhosis, Altera.
tions in copper metabolism probably are not significant in the development
of the psychiatric if i of severe hepatic insufficiency,
Altered zinc metabolism in patients with alcoholie cirthosis is manifested
by lowered concentrations of zine in the serum, significantly depressed con-
centrations of zinc in the fiver, and by increased urinary excretion of zine.
{164). The oral administration of zinc tends to reestablish normal urinary
zine excretion. Since both zine and iron contents of the liver are disturbed,
the metallo-enzymes of these metals presumably are the source of the bio-
chemical defect,

Havens ef al, (165) report that immunological hyper-reactivity may be
demonstrable in patients with chronic hepatic disease with excessive pro-
duction of tetanus antitoxin long after primary immunization was observed
in patients with cirrhosis, Elevated titers of circulating complement.fixing
antibodies to liver, kidney, and other human tissue antigens were noted by
MacKay 1n a female patient with pnmary bihary arrhosis (166),

Nutritronal disorders —Westwater & Fainer, investigating liver damage
in the obese (167), report that obesity may be associated with fatty infiltra-
tion, facal inflammation, and fibrosis of the hver, together with abnormal
hepatic function tests The abnormalities were found to subside with weight
reduction Chrome malnutrition 1n adults produces simifar changes in the
hver, however, this factor alone without alcoholism, rarely suffices to pro-
duce arrhosis {168, 169). E: 1 studies involving various endocri
aberrations suggested that the rapidly developing fatty liver of mal
African infants might be refated to acute endocrine disturbances of the islets
of Langerhans in the pancreas, the adrenal cortex, and the thyroid gland
[Giliman & Gilbert (170)).

Three stages may characterize veno-occlusive disease of the liver, ob-
served in the British West Indies and in India by Stuart & Bras (171} an
acute phase, featured by sudden hepatomegaly and ascites. oceurrng usy-
ally in children one to six years of age; a subacute phase W‘th.pel:slfrent', often
symptomfess hepatomegaly; and a chrone stage, almost fndlstmgl{lsh%ble

clinically from cirrhosis arsing from other causes. ’l'lze primary fesion is a
espread occlusion of the smaller and medium sized branches of the

ted

swid
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hepatic veins, with a varying degree of sinusoidal congestion and necrosis
of hepatic cells surrounding the central veins.

Chronic 1diopathic jaundice.—Jaundice of the chronic idiopathic type 1s
jdentified by the black appearance of fresh hepatic tissue and by the presence
of coarse brown granules in otherwise normal-appearing hepatic cells (172).
Males apparently are more susceptible than females. Jaundice recurs with
fluctuating intensity and the clinical picture may suggest an obstructive
process The pigment in serum bebaves like bilirubinglucuronide; since the
defective Jiver cells cannot excrete the conjugate into bile, as occurs nor-
mally, the pigment accumulates in the blood. The etiology of this inborn
metabolic disorder is not known,

Cirrhosis—~In children under 15 years of age suffering from cirrhosis of
the liver, the gross and histologic features resemble those of postnecrotic
cirrhosis; hepatitis probably is the preceding event in approximately one-
half of the cases (173} The cirrhosis was fatal within eight years after onset
in 23 of 27 patients. In a series of 221 adult patients studied at autopsy by
MacDonald & Mallery (174), who succumbed to postnecrotic cirrhosis, the
age at death was the same as in patients dying of alcoholic cirrhosis. Carci-
noma of the liver had developed in 14 per cent which was a high figure,
esophageal varnices were demonstrated in $2 per cent.

Chlorpromazine joundice —The incidence of jaundice occurring during
the admi ion of chior appr 1.0 per cent sn hospi-
talized mental patients and 0 3 per cent in all other cases. Almost no jaundice
occurs after five weeks’ admumistration of the drug. While the icterus usually
is brief, from two to four weeks, it may continue for months. (175}, In 25
psychotic patients, studied by serial liver biopsies and function tests, the
administration of 200 mg daily for three months produced histologic
changes in five of 16 with normal biopstes prior to treatment and increased
eusting abnormalities in eight of nine patients (176). Studies conducted by
Myers et al. with acetate-1.CM in patients with chlorpromazine jaundice

d greatly d hepatic prod! of chol and phos-
pholipwde (177)

Cirrhosis of lwer—eirculatory changes —The cardiac output may be in-
creased 1n patients with portal cirrhosis of the liver (178, 179). The cause 1s
not known, but may include lowered and arter
fistula effects, with increased venous return Among 300 patients treated for
portal cirrhosis, 131 of the deaths were attributable directly to the crrrhosis,
including 67 with bleeding esophageal varices, 13 with prtmary carcinoma of
the liver, and five with thrombosis of the portal vein and 1ts branches (130).
Whereas the great majority of deaths from bleeding esophageal varices occur
duning the first hemorrhage, 30 per cent of those with relatively little hepatic
impairment may survive five years with medical management alone (181)
The source of bleeding 1n 34 per cent of patients with crrrhosis who died of

hemorrhage was not varices, but hemorrhagic gastritis, peptic ulcer and, to
a lesser degree, lesions of the colon and the small atestine (182).
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Percutancous splenoportography with radio-opaque material Sodium
acetrizoate {Sodium Urokon) isan 1lent method of d ating lesions
of the portal vascular system (183). Coeliac angiography, with a radio-
opaque polyethylene catheter, demonstrates the coeliac artery and ijts
branches and the vessel supplying the spleen, liver, pancreas, and stomach,
without confusing visualization of the fumbar aorta {(dman (184)]. A simple

hni for ing ext ic pulp pressure, presumably reflecting
portal venous pressure and indicating a slight and temporary elevation dur-
ing acute hepatitis, was devised by Reichman & Davis (185).

Experimental hepetic surgery—Liver function may deteriorate in patients
with cirrhosis of the liver treated by portacaval anastomosis, according to
investigations reported on by McCredie et al. (186). In the search for surgical
procedures improving hepatic function after portacaval operation, studies
in dogs without cirrhosis indil d that arteriali: n bined with the
shunt prescrved function and general health better than the anastomosis
alone. However, in dogs with carbon tetrachloride cirrhosis, portacaval
anastamosis alone was tolerated better than portacaval shunt and arterial-
ization, Hepatic artery flow alone is suff to in a rel 1y nor-
mal pH of the liver; portal vein blood flow alone is inadequate (187). End-
to-side portacaval shunts, though reducing hepatic blood flow by approxi-
mately 50 per cent, do not alter significantly the volume of bile, cholic acid,
bilirubjn, or bile cholesterol in dogs (188), These moieties also are un-
changed with artenialization of the portal circulation, increasing hepatic
blood fiow and elevating intrahepatic vascular pressure. Thus, biliary secre-
tion seems independent of vanations in portal blood flow and probably total
hepatic blood flow, except in so far as the latter is necessary to maintamn
hepatocellular ingegrity

Vasculor anastomoses —Injection of the portal vein at necropsy indi-
cated promunent thoracic portacaval anastomoses in 10 patients with ad-
vanced citrhosis of the liver (189). In two cases, injected material was
present in the pulmonary ven and the left atrium. Similar venous pathways
were demonstrated in patients with heart failure and without cirrhosis or
cardiac disease, but they were less pronounced and did not 1nvolve the pul-
monary veins These ivably may act as por Yy

shunts, bypassing the lungs, and reducing the oxygen saturation of arterial
blood.
Shunt operations for esophageal varices.—~—Direct end-to-side portacaval
is is the most eff t for portal hypertension asso-
cated with esaphagogastric varices and bleeding Portal pressure diminishes,
varices may decrease 1n size, and the hazard of further bleedlpg 1s lessened.
However, the long-term value of prophylactic shunts remains uncertain;
and the state of the liver, not smproved by the procedure, remains a critical
factor determining the ultimate prognosis. The mortality of the operation
is high and Ideal criteria for surgery are rarely fﬂCOU“‘f;'e‘L ina 5‘;{‘“ of 47
patients, ponacaval chunts were established in 29 with & martality of 21




GASTROENTEROLOGY 39

per cent; for 18 with splenorenal shunts, the mortality was 6 per cent, a
coflective mortality of 15 per cent (190); the incidence of bleeding decreased
significantly after operation. Mortality during splenorenal anastomosis can
be reduced by transfusions of fresh blood during the procedure and by hypo-
tensive spinal anesthesia to reduce blood loss (191). Among 131 patients,
114 survived the procedure; esophageal bleeding recurred in only 16 of 92
patients observed for a year.

Redeker ef al. have reported ectensively on 10 patients with portacaval
anastomosis Standard Fver function tests and various data obtainable
from catheterization of the hepatic vein were compared pre- and post-
operatively, The estimated hepatic blood flow decreased, hepatic oxygen
consumption did not change, wedged hepatic venous pressure uml‘ormly de-
creased, and the hepatic vascular resi: was fall d. He-
patic function was not reduced significantly despite the substantial decrease
in hepatic blood flow (192). Whereas the ingestion of glucose rarely increased
hepatic vein wedged pressure {a reflection of sinusoidal and portal vein
pressure) in normal subjects or patients with cirrhosis, the ingestion of meat
increased the pressure in 7 of 12 cirrhotic patients; 2 less pronounced rise
was noted 1n one normal person (193). Side-to-side portacaval shunts appar-
ently may be helpful in the management of intractable ascites, based upon
the concept that the primary difficulty is obstruction to the egress of blood
from the liver and that the portal vein can act as a decompressive outflow
route (194)

Portacaval is in dogs 15 ied by great loss of weight,
agarexia, stupor, episodes of coma, and death (195). The coma closely re.
sembles that following complete removal of the liver. In both instances, the
quanmy of free amino acids in the cerebrospinal fluid and the brain, pre-

Ty gl may increase ably While dnetary manipula-
tions and other th were ful in ing this
symptom complex, the prior establish of a portal-sy Jateral

arculation permitted such dogs to survive indefinitely without symptoms

Isolated homologous livers perfused with arterial blood by gravity flow
are capable of producing bile and extracting 2 constant percentage of am-
mona from the crculating blood (196). Normal dogs grven ammonium
chlonde intravenously clear blood of excess ammonia more rapidly than
fistula animals, with or without a donor liver Eck fistula dogs given am-
monwum chloride clear excess ammonia from the blood more quickly with a
donor liver than without rt. The infusion of various ammonium salts into
the caratid ci of dogs fabl d coma, d of the
subsequent change in blood pH (197). Characteristically, there 1s an early
respiratory alkalosis followed by persistent acidosis The coma can be ter-

minated by d the ia infusion, although the acidosis
persista

Ammonia metabolasm end hepotic come.—Numerous conditions may pre-
cipitate hepatic coma 1n patients with liver disease, including excessive
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drinking of aleohol, administration of fum ds or diets high
in protein content, infecti bdominal par: and g i inal
hemarrhage, Amino acid oxidase and urease, protein.splitting enzymes elab-
orated by coliform organi tiberate ia which is sub 1y ab-
sorbed and transported to the liver, Ammonia which is not utilized in the
production of urea escapes to the systemic circulation either through the
damaged Jiver or via collateral channels, The experimental intragastric
administration of whole blood increases the level of ammonia in the blood
in patients with cirrhosis or hepatitis, in contrast to healthy volunteers
{198). The slow infusion of protein hydrolysates was well tolerated, but
rapid ation produced impending coma with pr d i

in venous blood ammonium concentration (199). The presence of glutamine
or aspartic acid or both in the hydrolysate solution could prevent a prompt
increase in the blood ammonia. The practical implication of these observa~
twons is the removal of ammorium fram or the addition of ammonium.
neutralizing or detoxifying substances to protein hydrolysates for use in
patients with severe liver discase. Increases in blood ammonia after the in-
gestion of methionine were not observed when the same cirrhatic patieats
were pretreated with neomycin sulfate orally (200). Previous investigations
have demonstrated in patients with hepatic insufficiency, systems 1n the
extremities and the brain capable of removing ammonium from the circu-
Iating blood. Poor ammonium removal was demonstrated in some patients
with cirrhosis or coma and in cirrhotic patients with blood in the gastro-
intestinal tract {201).

Individual plasma amino acids, d by column ch phy in
patients with liver disease, rose with the increasing severity of the process,
but were not always elevated in hepatic coma {202), Methionine and tyro-
sine, as had been noted previously, were elevated disproportionately. So-
dium gl given intra ly was bolized rapidly and normally
in patients with severe hepatic A di test for di
hepatic coma was based on changes in the electroencephalogram after the
administration of a high protein dret, ammonium salts, urea, or methionine;
the h may be d: i cerebral utdization of oxygen (203).

Treatment of elevated blood emmonia~The treatment of ammonia rtoxi-
cation is designed to reduce the blood ammona and the quantity of am-
monia entering the portal circulation (204, 203, 206). In patients with severe
hepatic disease, the praduction of ammonia within the gastroiatestinal tract
may be limited by decreasing the ratake of protein, control of bleeding,
prompt removal of blood 1n the digestive tract by lavage or catharsis, and
by the oral admunistration of antibiotics to decrease ammonia-producing
bacterial activity Arginine 1s considered the maost effective of the urea eycle
intermedsates because of 1ts free permeability into the hepa}ij: cells and the
high concentration of arginase in the hver, permitting arginine to act as a
thine (204). The v uslro rate of urea formation from am.
s was accelerated by the addition of arginine or ornuthine

precursor to orni
monia by lver celk
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to the reaction. The rise in urea nitrogen in protected rats suggested that
the major effect of arginine was mobslization of the Krebs-Hanseleit urea-
synthesizing cycle (207). Similarly, rising urca nitrogen was noted in gly-
cine-poisoned dogs and in humans with hepatic coma treated with arginine.
The administration of arginine hydrochloride, 500 ml. of a 2 per cent solution
in 10 per cent dextrose, effectively controlled ammonia intovication in 48
of 50 patents; the mechanism of action is the accelerated amidation of
glutamic or aspartic acid and the formation of urea (204), Despite these
favorable theoretical and experimental considerations, L-arginine admin-
istered intravenously did not lower blood ammonia or induce consistent
clinical improvement in patients with advanced liver disease and hepatic
encephalopathy (208). L-arginine, similarly, was ineffective in subjects with
normal hepanc functnon in whom the blood ammonia was elevated by the

ion of salts. On the other hand, r-argi-
aine reduced the rise in blood i tting from the i ine
fusion of glycine or from the admimstration of an arginine-deficient L-amino
acid, to fasted subjects The findings indicate that L-arginine prevents or
reduces elevated blood ammonia levels when 1t acts at the site of ammenia
release; however, 1t appears to be of limited value in reducing elevated bfood
ammonia Jevels when the source of the ammonia is primarily exogenous, as
in most § of hepatic hal hy (209). Neomycin given orally,
in contrast to glutamic, aspartic or lipoic acid, cortisone and hydrocortisone,
was helpful to patients m acute hepatic coma, and to those with chrenic
hepatic halopathy (208). Fetor h wag abolished in six of seven
patients The effect of neomycin on the identifiable fecal flora varied and
was not correlated with the climcal effect or the fall 10 blood ammonia
Despite the problems associated with excessive nitrogenous material in the
digesttve tract of patients with severe hepatic disease, an adequate protein
intake and abundant calories are essential in correcting the protein depletion
in cirrhotic patients The fear of protein toxicity should not discourage a
nutritious diet in the patient who requires and tolerates 1t (210). Other ab-
normalities in patients with hepatic insufficiency include potasstum and
magnesium deficency, lack of essential metabolites such as serotonin pre-
cursor, coproporphyrin retention, and alterations in carbohydrate metabo-
lism (205).

Adrenal sterords and bile metabolism —The jaundice of hepattis often
diminishes rapldly dunng the admxmstranon of ACTH, as though cortico-
trapin p and h properties. Howevef, studies
of the plasma cl of sulfobr hth the p
ance rate of I'".Jabeled rose bengal from the plasma, the volume, concen(ra.
tion, and total output of bilirubm after cortisone and hydrocortrsone taken
orally and hydrocortisone mtravenously, failed to demonstrate a choleretic
fction for these compounds (211). Hydrocortisone and cortisone did not
increase the ion of bile in chol d dogs (212). Negative
results also were observed in ten postcholecystectomy patients, with a T-tube
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in the common bile duct, given 100 mg. of hydrocortisone intravenously
{213). Cortisone and prednisone also reduce the hyperbihrubinemia in com.
plete biliary obstruction, though to a lesszr degree th:m in acum hep:mus
(214); conjugated bifirubin in the urine d
that stermds may act directly on the liver, The therapeutic v:ﬂue of adrenal
steroids in hepatic disease remains uncertain. Very large doses of steroids
aholished the coma fn patients with advanced cirrhosis and severe hepatic
insufficiency, but the coma relapsed and all patients died of complications
of the disease (218 216}, The mechanism of the response is obscure; perhaps
steroids e ily stimulate brain t

Asciles in cirrhosis of liver ~The retention of water and the hyponatee-
mia in partal cirrhosis remaing unexplained but do not appear refated to
persistent or excesstve amounts of antidiuretic hormone; indeed, the cir-
rhotic liver can dispose of the antidwretic hormone and other hormones of
the antertor pituitary tly. Additional studies hasize the ex
reabsorption of sodinm and water from the proximal tubules. Delivery of a
sufficient volume of glomerufar fiftrate from proximal to distal sites with
“osmotic™ diwretics e g, mannitol) produces more free water in cirrhotics
than in normal subjects (217). The administration of chlorothiazide {Diril)
may praduce an effective divresis in patients with cirrhosis of the liver and
ascites (218). The excretion of potassmm in the urine increases, necessitating

3 Y p t i As with lamide (Diamoy),
impending or actual hepatic coma developed in 7 of 13 patients treated with
chlorothiazide, usually accompanied by elevations in the fasting arterial
ammonia level,

The possibility that the excessive salt and water retention in 2 patient
with postnecrotic curchosts and massive refractory ascites might be related
to excessive production of aldasterone led to a bilateral adrenalectomy
(219). Grossly and histologically, there was no adresal hyperplasia. The
urinary sodium increased greatly and aldosterone disappeared from the
unne. The pmgresswe lcss of asutes appeared to be attributable to the

urgically d h B, related strucrurally
to the symhenc estmgens, mh)bnts both thyrmd and adrenocortical activity
in animals and man, d g production of this effect may
or may not be ied by d urinary excretion of sodium or by

clinical improvement (220, 221), In three patients with cirrhosis aad ascites,
amphenone B, in doses up to 6 gm. daily for three to seven days, preceded
and followed by cnurscs of predmsone, pmduced sodmm diuresis with
weight loss, p bly as a result of ion of aldosterone
(226). In another study, amphenone B, in doses totalhing 11 to 18 gm. in
three to four days, induced sndmm‘dmrcsxs in two of four panenw uan;xent
impending hepatic coma developed in both i (221) T

adverse neurological effects and the general toxic effects of amphenone B

limits its clinical application.
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GALLBLADDER

Tolerance for fat.—The ingestion of butter, margarine, and olive oil to
100 gm. is well tolerated by patients with various types of hepatic disease
(222). Absorption of these fats is not decreased in patients with uncomph-
cated cholelithiasis or in those recovering from hepatins Matabsorption of
fat was noted in patients with biliary obstruction, biliary fistula, cirrhosis
vath jaundice, or with active hepatitis in the obstructive phase. Even in
the presence of total obstruction of the biliary tract, approximately 50 per
cent of the fat ingested was absorbed The studies thus indicate that pa-
tients with hepatic disease or with uncomplicated gallbladder disease may
be given considerable quantities of butter, margarine, or olive oil.

Gallstones—The observation of partial obstruction of the biliary tract
at the ampulla, at the time of cholecy for cholelithiasis, led to
studies on the role of narrowing of the ampulla in the production of gall-
stones (223). In dogs, rabbits, and monkeys, experimentally preduced biliary
stenosis resulted in the formation of stones in the gall bladder and the bile
duct, even when the bile remained free of bacteria. Electrophoretic studies
indicate that the gallbladder mucosa secretes a lipoprotein holding pigment
and cholesterol in solution, while bile is being concentrated, disease of the

1bl d the lipoprotein, thereby reducing the stability of bile
and favoring the formation of gallstones, Abnormal protemns resembling
albumin and mucin also appear in the bile and may play a role (224). The
low cholesterol concentration in dog bile is an important factor in the solu-
bility of gallstones; phospholiprdes and bile acids also may increase the
solubility of gallstones (225)

PANCREAS

Experimental pancreatitis—Pancreatitis may be produced experimen-
tally by obstruction of the ducts, impairment of the blood supply of the
hanical or chemical trauma, bolic disturbances, and by
local anaphylaxis. Obstruction of the flow of pancreatic juice, when ac-
companied by mild interference with the arteral supply or venous drainage
of the pancreas produces acute hemorrhagic pancreatrtis. The presence of
thromb: in the arterioles and venules of the pancreas suggests a contributory
role of vascular thrombosis, pancreatitis did not develop under the same
experi 1 conditions when thrombosts was p d b i lati
(226). Propylthiouracil appeared to retard the progress of experimental
pancreatitis, perhaps by decreasing the metabolic activity of the pancreas
(227). Speces duffe in the y of the ic ductal system
and 1ts relationship to the common bile duct and the nnusuat experimental
conditions limit the climcal application of animal studies, mechanscal fac-
tors appear to be especially significant in the human disease, although
vascular and metabolic disturbances may prove to be important (228).
Atheromatous embolization from the aorta to the pancreatic arteries in 12
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autopsy cases, 10 with an fated acute it d to indi-
cate a vascular in acute itis accordmg to findings re-
ported by Probstein ef ol (ZZ’))

ts of ic and biliary i d 1p in dogs
without disturbing the sphi hanism yielded i ing observa-

tions (230). In intact dogs, pancreatic intraducta) pressure invariably ex-
ceeds the pressure at the common bile duct. After cholecystecomy, biliary
pressure occasionally exceeds pancreatic pressure. In obstruction of the

ic duct, the p ic secretory pressure initially exceeds the
secretory pressure of the liver and then decreases, Variations in secretory
pressure of the obstructed pancreas may explain the variahle increases in
pancreatic intraductal pressure after the injection of morphine. After mor-
phine, the pancreatic intraductal pressure and plasma amylase increase,
probably as a result of the sphincteric action of the duodenal mucosz sur-
rounding the intraductal segment of the ducts Pancreatic intraductal pres-
sure rises after the intraduodenal introduction of alcohol, perhaps explaining
the frequency of acute pancreatitis after a large intake of alcohol.

Chinical pancreatitis—The study of 179 fatal cases of acute pancreatitis
made by Bell (231) inds, d gal) as the principal cause 1n about one-
third of the men and one-half of the women after the age of 40 In persons
under 40 years of age, alcoholism was more important than chatelithiasis. |
In four alcoholic patients with clinical diagnoses of acute pancreatms
studxed by Albrink et af (232) attacks of abd pain followi

hes were d by { § of the
serum; there was evxdcnce of hyperhperma, especially of the triglyceride
fatty acids, probably secondary to the pancreatttts, Cope ef al, (233) sug-
gest that pancreatiis may be another complication of hyperparathy-
roidism as a consequence of the formation of pancreatic calcuii and ductal
obstruction; 1n one patient, the pancreatitis was found to subside after re~
moval of the parathyraid adenoma. Chronic relapsing pancreatitis occurring
in families suggested to Gross & Comfort that the hereditary disease may
be ted as an 1 d gene (234). Familtal pancreatitis
resembles the sporadic disease in most respects. However, it begins earlier
in fife, affects (emales prcdommanﬂy and thus far, 15 unassomated with

leoholism or tph gitine ande b hloride is
hydm]yzed rapidly by trypsin to yield brnzoy! [-arginine and ammonia; the
of released is idered proportional to the quantity of

:(ypsm sn setum. In a small series of cases reported by Nardi & Lees (235),

the serum trypsm appeared to be a more sensitive and reliable index of pan-
il ebam tba i tarn e T e

. - * by Elliott,
[ >k and de-
creases the mortality in acute pancreatitis; room.stored plasma may be
ntilized similarly (236) Kaplan reported that cortisone appears to be effec-
tive in the treatment of severe acute pancreatitis although the mechanism



GASTROENTEROLOGY 45

of action is not known (237). Corticotropin (40 mg.), hydrocortisone (100
mg ), or prednisolone (50 mg) given intravenously, significantly lowered
the rate of flow of external pancreatic secretion and the rates of bicarbonate
and amylase production in patients with and without inflammatory disease
of the pancreas. However, d were not s0 pi d as to justify
the use of these compounds in the of pan itis; the diminished
secretion may be related to damage to the pancreatic acinar tissue (238).

An effective method for relieving the pain of chronic pancreatitis ap-
parently is to mterrupt the sensory pathway and reflex arc to and from the
p the ic fibers just before the pancreatic
substance is reached (239). Most of the postganghonic fibers from both
celiac ganglia join, forming a large bundle (the “plexus pancreaticus capi-
talis"), accessible to section, the bundle enters the medial margin of the
uncinate process of the pancreas Carbohydrate metabolism and external
secretion are not disturbed after section of the plexus Pain was relieved
completely i 35 of 36 patients with chronic pancreatitis, with no recurrence
for perieds up to five years postoperatively.

Glucagon.—Glucagon, secreted by the alpha cells of the pancreas, scems
to participate in the regulation of blood sugar It has been demonstrated in
the blood of patients with refractory peptic ulcer assocrated with noninsulin
producing 1slet cell tumors of the pancreas. The effect of glucagon upon
external pancreatic secretron was studied because of the possibility that a
decrease in the alkaline pancreatic secretion might contribute to the de-

1 of the pepuc 1 (240) Mod and large doses of glu-
cagon admi; d intr d pancreatic i tran-
siently, then reduced the seuetmn for periods up to two hours Dreiling
et al. found 1n human studies, that glucagon 2.0 mg given intravenously did
not alter external pancreatic secretion, either in patients with and without
pancreatc disease (241).

Exfoliative cytology.—A rapid, easily performed method of duodenal in-
tubation devised by Raskin e gl (242) facilitates duodenal drainage in pa-

tients d of of the or biliary tract. Exfoliative
cytologic study of this area 1s improved further by the use of secretin mntra-
venously to it secretion Mali cells were

1 28 of 43 cases of carcinoma of the pancreas, bihiary tract, gall bladder, and
duodenum, utihzimg these techmques
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DISEASES OF THE CARDIOVASCULAR SYSTEM!
(EXCLUDING HYPERTENSION AND
ATHEROSCLEROSIS)

By Fraxgrix D. JouxsTow, M. D,
University Hospital, Department of Internal Medicine, Unsversity of
2ichizan, Ann Arbor, Muchigan

ELECTROCARDIOGRAPHY

El di hy has inued to be an active field, with studies
relating to intraventricular conduction and leads or lead systems suitable
for vectorcardiography contributing heawily. The important and contro-
versial problem is still undecided regarding the nature of excitation of the
free wall of the left ventricle, namely, whether the subendocardial muscle is
activated in a rapid and chaotic fashion with only the epicardial layers con-
tributing substantially to the QRS complex as recorded in external (direct
or semidirect) leads, or whether radial spread of excitation occurs through
the entire wall of this chamber. The group of workers (1) whose studies have
favored the latter view have provided no further evidence to support it,
but in investigations using the same techmques, have shown that in the
dog with left branch block the septum 1s excited from right to left, with the
left ventricle activated earliest on the anterior, epicarchal aspect. The latter
causes excitation to pass inward toward the cavity of the left ventricle fora
short time. In expersmental studies and ltmited observations on the human
heart directed toward an analysis of the form of the QRS complex in epicar-
dial leads, Pipberger and his assocrates (2) have confirmed their earlter im-
pression that only the outer layers of the left ventricle contribute sigmfi-
cantly to the R wave seen in epicardial leads. The implications of these
observations, particularly in myocardral infarction, were pointed out and
in this connection, the frequent occurrence of a QRS complex with a small
mitial r wave and large S wave (rS) in the epicardial lead over an infarct
was mentioned,

Sodi-Pallares and his coll (3}, in i i i 1 studies,
attempted to relate pathways of ventricular activation to findings 1n vector-
cardiograms This was done by determintng the locations of maximal posi-
tivity and negativity on the epreardial susface of the ventricles at a number
of 1nstants of time during exci These they desi d as the **
maximal potential gradients” and, when represented by vectors, made it
possible tu construct vectorcardiograms in the three usual planes. These

were d with vector figures recorded by the use
of the cube system of electrode pl and was
close to justify the lusion that v d give “valuable in-

! The survey of the literature pertaining to this review was completed in August,
1958
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formation on the sequence of ventricular activation.” The reviewer wondets
if the use of a better electrode system, rather than the cube arrangement,
might not have made the results even more impressive.

Much work has been done relating to the electrocardiogram in bundle
branch block or other types of abnormal intraveatricutar conduction, and
studies by Chapraan & Pearce (4) are probably of the most clinical impor-
tance, Theseinvestigatorsstudied a targe number of etectrocardiograms show-
ing left bundle branch block taken on patients with myocardial infarction
known to be present either from autopsy findings or from electrocardiograms
taken at suitable periods when mtmvenmcular conduction was normal. On
the basis of this study, it was 4 that the ion that
the electrocardiogram loses much or all of its diagnostic value when left
branch black exists, s not correct, Specifically, @ waves in leads 1, aVi,
and V6, and failure of R waves to increase in size in precordial leads taken
in the usual fashion, were {ound with extensive anteroseptal infarction and,
with less marked invotvement of the same region, rsR’ complexes in these
feads and deep notching of the S (or QS) wave in the precordial tracing taken
just to the night of the transitional zone were present. With posterior in~
(armon, notching of the R (or R') wave m a Vp was seen. Some of these

jons in the QRS i pecially those occurring with posterior
and septal infarcts, are minor in character and shauld be used with caution
until more evidence is avalable which points to their rehability. Neverthe-
less, the work of Chapman and Pearce 15 of great interest and may prove to
be of considerable clinical impartance.

Angle {5) has devised a method {or recognizing myocardial infarction in

the of A-V excitation (Wolfl-Parkinson-White syn-
drome). The method requites both a pre- and postinfarction tracing and in-
volves an i but rather i d vector analysis of the records

Pick & Fish {6) have described the ssmuitaneous occurrence of bundle branch
block and W-P-WV syndrome in three patients and point out that this may
be recognized only when pre-excitation occurs in the ventricle with the
intact bundle Studies on exghty patients with W-P-W syndrome (7) indi-
cated that 60 per cent had no evidence of orgamc heart disease and $6 per
cent had arrhythmas, Two older patients in this group died, presumably
from a serious arrhythmia, but the prognosis 1n those not subject 10 attacks
of rapid heart action was excelfent, Observations of a patient with this pre-
excitation syndrome (8) revealed several different types of arrhythmia and
were believed to support the idea that an accessory pathway between atna
and ventricles is the cause for the anomalous conduction. It has been known
for many years that this type of conducnon may be transient and some-
times may alternate mlh normal m(ravemncular condu:mn (or no ebvmus
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farly, In two patients he studied, normal intraventricular conduction ap-
peared with deep inspiration in one and with expiration in the other.

Patients with intermittent bundle branch block often develop the con-
duction defect with an increase in the heart rate and then have normal intra-
ventricular conduction return when the rate decreases. In such a patient
with left branch block, Gardberg & Rosen (10} discovered that the rate at
which the block would appear during acceleration was higher than that at
which normal conduction would return 1n the perlod of slowing immediately
thereafter. They offer a logical and i i ion for this ph
non.

The term “masquerading”’ bundle branch block has been used to describe
a type of intraventricular block in whtch the limb Jeads suggest left and the
precordial leads right branch block. On the basis of electrocardiographic and
pathologic studies, Unger and his associates (11) suggest that these some-
what unusual tracings may be caused by incomplete bilateral bundle branch
block and advise that the term “masquerading’ be dropped. The reviewer
would give similar advice, since most such tracings are probably examples
of complete right branch block with a vertical or semivertical heart which
causes the imb leads to resemble left branch block.

Vectorcardiographic studies on patients with left branch black, done with
the Frank 7-electrode system, by Frimpter and associates (12) indicate the
usual existence of an imtial QRS vector directed anteriorly and commonly
to the left This vector was also occasionally oriented to the right, causing
Q waves in lead I, aVy, and precordial Jeads from the left side The latter
observations are particularly interesting since the patients with these Q
waves did not have histeries suggesting previous myocardial infarction, and
cast some doubt on the observations of Chapman and Pearce, menttoned
above, It must be remembered, however, that the Frank scheme for orthog-
onal leads, although superior to many in common use, 15 not the best now
available and might be particularly inaccurate in patrents with bundle branch
block.

There appears to be a growing realization on the part of many vector-
cardiographers that the leads generally employed for recording such records
with the cathode ray oscillograph are poor ones, smce they do not provide
transverse, vertical, and sagittal components of cardiac voltages 1n even
approximately pure form. It is further becoming clear that better leads or
lead systems for vectorcardiography which are practical for routine clinical
use are now avajlable and that good orthogonal leads of this kind may be
satisfactory for ordinary scalar electrocardiograms as well as for vector
records Abildskov and his associates (13) have studied scalar records taken
with Frank’s system and believe that the three tracings so obtamed depict
most but not all of the abnormalities observed 1n the conventional 12 lead
electrocardiogram Pipberger (14) has made observations with the 14 elec-
trode orthogonal lead system of Schmitt & Simonson (15) on 100 normal
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subjects, using scalar as well as vector records, He found that although the
range for the direction of the maximal QRS vectors in the frontal plane was
considerably smaller with the lead system mentioned than when conven-
twnal leads were employed, other were not signi 1y different,

and his coll (16) pared a number of orthogonal lead
systems and conventional leads 1n a group of normal subjects, using changes
in the mean QRS and T vectors with respiration as indices of lead behavior.

It was fuded that ef diographic changes occurring with respira-
tion can not be explained by alterations in the position of the heart alone,
and the greatly diff results ol d with diff lead systems point

to the need for general agreement in the arrangement to be used. The first
conclusion mentioned above is supported by studies done by Lamb (17} on
the effects n( rtsp\rahon on the conventional electrocardiogram, This worker

which indi that respi. y changes in such tracings
are related to expected alterations in the stroke volume of the right and left
ventricle In contrast to this point of view, examples of alternation in the
size and form of efectrocardiographic complexes observed in patients with
pericardial effusions are reported by Littmann & Spodick (18), In these
cases, the changes were felt to be due to movements of the heart, especially
about the long axis.

Langner et af. (19) have compared four of the recently developed and
probably best systems for obtaining orthogonal leads by registration of
vectorcardiograms in 60 subjects with both normal and abnormal hearts
and iude that the diff give similar results in most
instances. In five patients evidence was found to show that the leads for
the sagittal (z) component gave significantly dxﬂ'eren! voltages, and in 3
patients the vertical (y) ¢ were

Burch and his associates (20), 1n a study of the spatial vectorcardiogram
using the equifateral tetrahedral reference system, conclude that distortion
of the QRS loops is seen with increasing frequency in aging. Dower & Os-
borne {21) prapose a relatively simple 4-electrode system for vectorcardiog-
raphy which they believe compares favorably with Frank’s 7-electrode ar-
rangement. Burger & Vaane (22}, in a study of the orientation of the
vectorcardiogram in space, use a new quantity, the polar vector, as an index.
The length of this vector 1s proportional to the area of the QRS loop, and its
direction is perpendicular to the pfane in which the loop lies. Using trans-
parenl spheres, the authors show that the orientations of the polar vectors

* with patients having right
block.
. - studies on patients with
coronary artery d:sease and muavenmcu\ar cond'uctl?? de[ects usmg

such poor representations of the transverse, vertical, and sagittal components
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of cardiac voltages that one cannot rely on the accuracy of vectorcardiograms
obtained by means of this technque.

Vectorcardiographic studies, again using the cube system, were done on
patients and dogs with hypothermia (24), and on patients with interatrral
septal defects (25). Many interesting problems are discussed m these papers
but, for reasons mentioned above, the reviewer does not take the vector-
cardiographic data very seriousty. Fischmann (26) has used the leads of the
cube system to record ordinary scalar electrocardiograms and believes that
left ventricular hypertrophy may be recognized from the three tracings so
obtained.

The above discussion emphasizes the need for the standardlzatmn of

i for r ion of vectorcardi ially in
with the leads to be employed. This matter cannot be settled until there is
more understanding of the nature of the problem and more agreement rela-
tive to its best solution than that which exists today. The reviewer may, of
course, be prejudiced but believes that the lead field concept proposed several
years ago by McFee & Johnston (27) points to the best and simplest tech-
niques for obtaining good orthogonal leads which may be used for either
vectorcardiograms or scalar tracings Except for a few workers like Brody
and Helm, there has been httle indication that the lead field idea has been
d or d by cardiols in this country.

Interesting studies of the effects of multiple dipoles immersed in tap
water were reported by Okada (28). In a homogeneous conducting medium
two separated dipoles caused boundary potentials which could not be simu-
lated by a single dipole, but a symmetrical array of four or more could be
closely represented by a single dipole. In further studies, designed to repre-
sent the increased conductivity of blood within the heart, it was found that
boundary potentials were modified so that two separated dipoles behaved
much more like a single equivalent source than was true with a homogeneous
medium The latter studies emphasize the mportance of earlier work of
Brody and his co-wurkers (29) Brody (30) recently developed an immer-

sion techni for ob ity accurate in the
{rog. The method eliminates most of the variables and uncertainties inherent
in other lead It 1s not ind dent of b y in

resistance of the body of the frog, but it is likely that the higher conductivity
of blood within the cavities of the heart 1s the only important disturbing fac-
tor here.

Several investigators have studied the electrocardiographic findings in
Ventl:lcu]ar hypertrophy In relation to nght venmcular hypertrophy with

t if the

+110°

+ee-r.ud the R

or R’ wave is more than 0.5 mv., the tracmg pomnts to right ventricular
hypertrophy Vectorcardi studies, empl a cube system, were

also dome in connection with this work. Wasserburger & Brown (32), in



58 JOHNSTON

extensive studies in both children and adults, emphasize the value of 2
prominent late R wave in aVr as an index of right ventricular hypertrophy
in all age groups. They believe that incomplete right branch block and right
ventricular hypertrophy often coexist, especially in patients with congenital
heart discase, and think that the typical electrocardiographic findings under
these circumstances are a Jate, prominent R wave in aVp, an R waveof 10
mm, (I mv.) or more in V; or Vi with defay of the R’ of varying degree
depending on the age of the patient, and qrS complexes in the left precordial
leads, On the basis of corrclations between data obtained by intracardiac

cath ion and electr i they do not believe that the re-
lationships between systolic and diastolic overioading of the ventricle and
electrocardi hic findings proposed earlier by Cabrera & Mouroy (33)

are entirely valid. Studies by Holiman (34) suggest that in infants and chil-
dren ranging in age from one month to fifteen years an R/S or R/Q ratio
of over 1.0in aVgp and an R/S ratio in V; of from 7.0 to 1.5, depending on
the age group, are the most reliable entena for right ventricular hypertrophy.
In the patients younger than ane month the R/S or R/Q ratio in aVr is
nat a refiable guide, but in thus group an R/S ratio in V of 0.6 or less is
suggestive of right ventnicalar hypertrophy. The criteria for right ventsicu-
tar hypertrophy were evaluated on the basis of pathologic findings.

A study of 101 patients whose electrocardiograms showed no abnor-
mality except large QRS complexes, using critenapreviously established, were
shown by Grubschmidt & Sokolow (35) to have clinical evidence pointing
to cardiovascular disease jn 95 instances. In most of these, left ventricular
hypertrophy was believed to be present, Furthermore, large voltage of the
QRS complexes was felt to be an early sign of such hypertrophy. Sefzer
and his associates {36) studied 108 tracings which fulfilled the commonly
accepted criteria far left ventricular hypertrophy but found clear patho-
logic evidence of such hypertrophy m only 75 of these patients. Of the
several electrocardiographic cntenta for hypertrophy of the left ventricle,
increased voltage of the QRS complexes in the chest leads was the most
sensitive index, but this was also responsible for a false positive diagnosis
most frequently. The authors lude that the elect i hic diag-
nosis of feft ventricular bypertrophy is only moderatety satisfactory and is
particularly disappointing in early hypertrophy af thts chamber

In a study of 85 patients with QRS complexes of the rS type in chest
fead Vy and autopsy evidence avaitable, Goodwn {37} found that aithough
a number of the hearts showed simple right ventricular hypertrophy, myo-
cardial infarction, most frequently anteroseptal in location, or combined
(right and teft) ventritular hypertrophy or bath, were also common findings.
“The close bl between the d seen in right ventric-
ular hypertrophy and anterior infarction was emphasized

Richman and his co-workers (38) made careful pathologic studies, with
the Schiesinger technique, on the hearts of 55 patients who had shown QS
deflections in right precordial leads (Vi-Vior Vin). The electrocardiograms
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were ified in four groups, d ding on the initial deflections in Vg and

V. It was concluded that in the absence of left branch block QS deflections
in the nght p: dial leads were d of anterior infarction, often in
the region overlying the septum, and when QS waves were present in Vg
significant involvement of the septum as well was usually present. In one
of the groups, where left branch block was present, it was found that the
conduction defect interfered with the diagnosts of infarction. Chapman &
Pearce (4), as mentioned earlier, might not agree with the latter conclusion.

Cutts ef al. (39) have studied 69 patients who had chest pain of the
“coronary” type and whose electrocardiograms were normal except for
deeply inverted T waves especially 11 the chest leads. In a follow-up period
of about four years almost half of the group were leading a reasonably ac-
tive life, but 1n 24 who had died, more than half of the deaths were known
to result from heart disease. Seven of these patients dred within the first
year of observation and all of the 11 autopsied patients were found to have
extensive atheromatous changes in and narrowing of the coronary arterjes.
Only a few small healed infarcts were found. The reviewer feels, as do the
authors, that in patients whose histories point to true heart pain, T wave
changes of the kind described are usually caused by myocardial ischemia
related to more or less extensive coronary artery disease, but thinks the 1m-
portance of the history 1n evaluating the significance of such T waves can-
not be overemphasized.

Pappas (40) found 14 patients in a group of 742 with myocardial infarc-
tion in whom QRS changes present mn the early electrocardiograms disap-
peared entirely in subsequent tracings. The cause for this unusual finding
was thought to arise from shrinkage of the infarct, with healmg, so xt w.ls
no longer detectable 1n surface leads D of
which restored normal excitation to muscle where it was mitially absent,
was also suggested as a possible explanation.

August and his colleagues (41) describe marked changes 1n the form of
the ventricular complexes in chest leads, on deep breathing, n three patients
with coronary artery disease, Great variation 1n the size and form of the
QRS complexes was observed, with some showing much more marked
changes potnting to infarction than did others, while less marked alteration
was seen in the T waves. Although the strking changes in the QRS com-
plexes noted here are interesting the reviewer does not agree with the im-
plication that electr di hic changes lating infarction are likely
to occur as the result of respiratory changes or slight shifts in the position
of chest electrodes,

Manning (42) discusses exercise tests for coronary artery disease in a
sane and sensible fashion His suggestions that the amount of exertion
should not be standardized but should depend on the patient under investi-
gation and that no arbitrary critensa for a positive test should be followed,
are in harmony with the opinion of the reviewer The importance of even
slight depression of the RS-T segment in the postexercise tracings may be
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great, if it is of the “Hat™ type rather than having an upward slope. The
writer further believes that an accurate, complate history will decide the
nature of chest pain in most patients and exercise tests are rarely necessary,
except in special groups, such as individ applying for i , where
the histary may be incomplete or even inaccurate. When such tests are done,
they should be carried out by a physician familiar with the patient and not
by a techaician.

Many of the articles referred to above are concerned, in one way or
another, with congenital heart disease but an excellent paper by Sodi-
Pallares et of (43) summarnizes much of the current knowledge about the
electracardiogram in patients with congenital cardiovascular defects, and
outfines an appraach which should increase the diagnostic value of the
tracings considerably. The authars point out that congenital lesions of dif-
ferent kinds (both in the cyanotic and acyanotic groups) are associated with
mean manifest electrical axes of QRS (AQRS) which are oriented in quite
characteristic directions and if, 1n addition to this, other peculianties of the
tracings commonly seen with certain defects are noted, the electrocardio-
gram alone may reveal the basic anomaty which is present.

Wasserburger ef al. (44) suggest that, in patients with pulmonary em-
physema with tall, peaked P waves n lead 1, the atnal recovery wave, T-a,
causes exaggerated depression of the segment between the end of P and the
beginning of QRS and the succeeding R-ST segment as well. The proposal
is an interesting one but the cntical reader might wonder if the depression
mentioned, especially of the R-5T segment, is not caused by digitalis.

Macruz and bis co-workers (45) describe a simple and logical method of
differentiating between right and left atnial enlargement by determining the
ratio between the duration of the P wave and that of the P-R segment. This
ratio m normal subjects (or patients without atrial enlargement) varies be-
tween 1.0 and 1 6, With night atnal enlargement the ratio 1s {ess than 1.0,
and with left atrial enlargement over 1.6, as a rule,

Barbato ef el (46) have made detailed observations with leads taken
directly from the epicardial surface of the heart at the time of surgical pro-
cedures for pulmonary disease, in a number of patients with normal hearts.
Among other things, it was found that QRS complexes of the rS type were
predeminant on the anterior surface of the right ventricle, and () waves
were constantly found in the tracings obtained from the anterolateral sur-
face of the left ventricle, In one patient d small QRS )|
in lead 1 and S waves 1 all standard leads the epscardial leads were quite
different from the others, supparting the 1dea that excitation 1s unusuaf in

PR B . fo

(a) Appearance of S waves m tead 1 and Q waves and inverted { waves in



CARDIOVASCULAR DISEASES 61

111 with inverted T waves in chest leads over the right ventricle. (8) S waves
in lead I and inverted T waves in I1I or appearance of inverted T’s in I1I
with inverted T waves in chest leads over the right ventricle. (¢} Appearance
of Swavesin I and Q waves and inverted T waves in III with right bundle
branch block,

Davies (48) has written an i ing report indicating the
of el dic phic inter i even among experienced observers,
Nine individual iderably i d in the use of electrocardiograms,

were asked to interpret the same group of 100 tracings on two different occa-
sions. Complete agreement was present in only one-third of the reports, and
major agreement in about one-half, Even more disturbing perbaps was the
fact that when the same tracings were read on the second occasion by the
same readers, one record out of the eight, on the average, was reported dif-
ferently. This paper surely indi that electi i hic reports should
not be regarded too seriously, especially when they are 1n conflict with other
clinical findings.

PHYSICAL DIAGNOSIS AND DIAGNOSTIC PROCEDURES

The use of graphic methods for the registration of heart sounds, mur-
murs, and other vibratory phenomena has continued to interest many work-
ers Luisada et al (49) report studies on dogs and man which they interpret
to support their belief that the central, major high-frequency components of
the first heart sound are caused by sequential closing of the mitral and tri-
cuspid valves, followed by opening of the pulmonic and aortic valves.
Leatham (50), on the other hand, has suggested that the major high-fre-
quency components of the first sound, often responsible for splitting, are
caused by closure in sequence of the mitral and tricuspid valves with opening
of the semilunar valves playing little or no role in its genesis. Studies by
Reinhold & Rudhe (51) based, to a considerable extent, on electrokymo-
grams support Leatham’s view.

Leonard and his associztes (52) point out that the presystolic extra sound
may mgrate toward the first sound and disappear when tourniquets are
placed on the four extremities of a patient with an extra sound of this kind,
and some of the factors mvolved 1n the production of atrial gallop sounds
are discussed The same group of workers (53) have also published 2 more
general excellent discussion on gallop rhythm,

Leatham (54) pomts out the differences between systolic murmurs of the
ejection and regurgitant types The latter are pansystolic mn time and are
commonly caused by mitral or tricuspid insuffi and by interv
septal defects The former are separated from the first sound and tend to
bave the diamond shape (in sound tracings) with termunation before the
second sound They are found in typical form in aortic and pulmonic steno-

sis, but 1t is likely that many functional murmurs are of this general char-
acter.

Schilder & Harvey (55) emphasize the importance of the recogmition of
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the murmur of tricuspid insufficiency in patients with severe mitral stenosis,
If this murmur is wrongly it d to mitral insuffici , mitral surgery
may be denied to a patient who would benefit greatly from the procedure
The murmur of tricuspid insufficiency is usually Joudest medial to the apex
and is accentuated by inspiration, whereas the murmur of mitral insufhciency
is ordinarily Joudest at the apex and is less loud with inspiratian.

Barlow & Shillmgford {56) have shown that the inhalation of amyl
nitrite catises a P d in the foud of the murmur of mitral
insufficiency with a famter second sound, whereas the murmur of sortic
stenosis becomes progressively Jouder as the effect of the drug reaches its
peak. This test may be very helpful, especially in patients in whom the na-
ture of an apical systolic murmur is in doubt. Bruns & vander Hauwaert
{57}, in a study of systolic murmurs at the aortic area in patients in older age
groups, tound that many of these individuals had deformities of the aortic
valve caused by sclerotic lesions withont significant obstruction. This study
emphasizes the fact that in old age many toud but functionally innocent
murmurs arise at the aortic valve, whereas in chiidhood and youth physio-
logac (functional) systolic murmurs are produced in the right ventricular
outflow tract Neill & Mounsey (58) point out changes in the murmur arfsing
{rom a patent ductus arteriosus with alterations in the pressure in the pul-
monary artery, When this pressure was not significonily elevated a continu-
ous MUrmur was present, but when the pressure equalied or exceeded that in
the aorta the continyous murmur was replaced by a relatively soft systolic
murmur These authors also describe differences between the continuaus
murmur of an open ductus and thcse attributed to other causes,

of 1 y within the right heart by a
special transducer at the end of a catheter 15 descnibed by Lewis ef of. {59).
The authors believe that the technigue involves no greater risks than are
usual with catheterization of the right heart, that it may increase our knowl-
edge of the origin of cardiac sounds and murmurs and may be helpfui in the
diagnosis of congenital lemions Luisada & Liu (60) describe the use of a col-
umn of saline within an ordinary catheter for intracardiac use as a wire to
permit the registration of intracardiac clectrocardiograms, and also 28
medium for the transmission of sonic vibrations from the inside of the heart
to the outside The authors believe that with a suitable differentiating cirenit
and filters faithful reproduction of the vibrations existing at the end of the
catheter within the heart is possible.

Groom & Sthvonen (61) describe a tech for
of the surface of the body over the precordium or elsewhere whu:h nvolves
the use of the skin as one plate of a condenser Movements of the skin surface
alter the capacitance of the condenser and, with suitable associated appa-
ratus, these changes i capacitance, which are proportional t6 mation of the
skin, are recorded. Since atc conduction of sound waves is not involved hete,
the device is msensmve ta extraneous noise, and it may also be used to record

of the pi dium or, with suitable

gither gross low-freq
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high-pass filters, vibrations in the audible spectrum may be registered. The
authors emphasize the point that with the high sensitivity possible, systolic
murmurs which are inaudible with an ordinary stethoscope may be recorded.
This feature of the instrument is of considerable scientific interest and its
proper use may help in unraveling some problems in the genesis of murmurs
The reviewer, however, shudders to think what might happen if this device
should fall into the hands of charlatans,

Harrison ef al. (62) have continued \vxth sludxes of low~[requency move-
ments over the precordium, oy d hanical and piezo-
electric device described earlier (63) Xn this work movements believed to
be of atrial origin were investigated, and it is believed that the right atrium
causes small outward movements to the right, and the left atrium backward
movement to the left. Such movements were absent in patients with atrial
fibnillation and were accentuated with cor pulmonale and mitral stenosis, re-
spectively. The authors do not state whether any of the movements de-
scribed can also be picked up by careful inspection or palpation. The re-
viewer believes that one of the greatest values of devices, like the one em-
ployed 1n this study, is that they indicate findings which may be appreciated
with careful physical examination.

A correlation of left atrial border movements, recorded by the electro-

h, with volume variations and pressure tracings from this chamber
done by Judge and lns colleagues (64) suggests that the former are usually
altered in a ch ic fashion 1n pred: rtral insuffi . The
rapid inward movement of the atrial wall in the early period of dlastole
(atrial emptymg) was found to be particularly important.

Laconi (65) reports studies of left ventricular border movements done
with a special roentgenkymographic technique which he believes may give
more consistent and reliable results in patients with constrictive pericarditis
than when border movements are recorded with the electrokymograph. The
reviewer 1s not qualified to evaluate the correctness of this opinion but does
know that occasional patients with coronary artery disease and diffuse myo-
cardial degeneration, like that seen with primary amyloidosis, may have

abnormal precordial pulsations identical with those seen 1 constrictive peri-
cardinis,

Several groups have been 1nterested 1n arterial pulse tracings, especially
in relation to aortic stenosis. Hancock & Abelmann (66) have recorded such
tracings with a needle 1n the brachial artery in 250 patients and normal sub-
jects and found that, although expected changes in the form of the records
were found in most patients with aortic stenosis, aortic msufficiency, and
several other condittons, similar changes occurred occasionally 1n their ab-
sence. Further, the degree of aortic stenosis was not always reflected by the
pulse tracing. They felt that further studies of the form of the pressure
changes m the aorta in vartous conditions and the factors which may alter
the pulse wave as it is transmitted peripherally, must be carred out. Fleming
(67) has recorded pulses from the left ventricle and aorta in a number of
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patients undergoing surgery for aortic stenosis and other conditions in which
the stroke volume of the left ventricle was altered. These studies indicate
that the aortic pressure tracing may show an anacrotic notch or a definite
double peak (pulsus bisferiens) clearly related to the period of greatest flow
from the left ventricle and that these phenomena are probably caused by 2
suction (Venturi) effect, as was suggested by Katz et al. (68) many yearsago,
‘The presence of a pulsus bisferiens was felt to contraindicate aortic valve
surgery, and Fleming's findings (67) help greatly to explain the variability in
the form of the brachial pulse reported by Hancock & Abelmann (66).
Doyle & Neilson {69) describe the use of the Valsalva maneuver in studies
of the femoral arterial pulse as a guide in determining the severity of aortic
stenosis.

Ballistocardiography has been the subject of many studiesin recent years
and, due largely to increased X ledge and more regarding
purely technical aspects of the procedure, it seems to the reviewer that some
order is appearing in this previously chaotic field. Thus, the differences be-
tween displacement, velocity and acceleration records, and the variables (and
artefacts) introduced by different types of supporting media are beginning to
be appreciated. Scarbomugh & Baker (70) give an authontatlve and s:me
discussion of the many technical Ived in ball

and express optimism regardmg thc clinical value of the records as further
information and experience is gained. The authors point out the need for
carefuily controlled experimental studies on animals, and Scarborough (71)
describes ballistocardiograms taken on dogs under morphine-barbiturate
anesthesia, An ultra-low frequency suspension for the animals was employed,
and acceleration curves were recorded, Although records similar to those ob-
tained in norma! human subjects were obtained, many of the tracings were
of "“abnormal” form, particularly as experiments progressed. Abdominal
compression of the animals caused the records to become more normal, sug-
gesting that pooling of blood in the splanchnic area, caused by the anesthetic,
was an important factor in the deterioration of the tracings. Using a stmilac
technique, Homg & Tenney (72) compared the bailistic records of 20 normal
adults with 4 individuals with normal hearts but with absence of both lower
extremities In addition, two of these had complete or partial absence of the
arms. The measured reaction force in the limbless subjects was considerably
greater than in the normal individuals studied, and this was believed to re-
flect freedom from impedance of the limbs. This, in turn, suggested that an
instrument capable of recording motion of the thorax alone would be de-
sirable.

Mahl & Lange (73) compared the usual methods for estimation of circula-
tion time, employing Decholin and saccharin, with an objective method in-
volving the intravenous m)ecuon of 3ec of § per c?nt ﬂuoresc'em solunon
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in patients with congestive heart fzilure, and not only suggest that an objec-
tive method is desirable but point to the need for some scepticism when the
circulation time obtained with the use of Decholin or saccharin is not in line
with other clinical impressions.

Much work involving the use of dilution curves, usually employing suit-
able dyes, has been done to aid in the diagnosis of shunts within the heart
and in the investigation of other congenital and acquired defects. Grant et al.
(74) discuss electrocardiographuc findings, blood gas analysis (employing
nitrous ovide), sefective angiocardiography, and dye dilution methods in the
diagnosts of left to right shunts. The authors present data indicating that
small shunts of this kind may be recognized by means of the nitrous oxide
technique when they cannot be detected with certainty from estimation of
oxygen saturations alone, and also point out the vatue of dye dilution curves
in the location of left to right shunts if the dye is introduced through a
catheter into one or more sites. The nitrous oude test and its advantages are
discussed n detail by the same workers in a paper by Morrow and his
associates (75) Falhot & Fabricius (76), however, using a similar technique,
belteve that dye dilution curves only rarely give information not obtained by
simple catheterization or angiocard

Shillingford (77) describes a simple method involving the injection of
Evans blue dye into the right atrium or pulmonary artery and the registra-
tion of a dilution curve with a photoelectric device on the ear, which he be-
lieves gives a fairly accurate estimate of the amount of mitral msufficiency
that is present, The presence of such a lesion causes a delay in the fall of
the curve, and this increased spread (measured arbitranily at one-tenth of
the maximum concentration) divided by the appearance time gives a ratio
which seems to be proportional to the amount of regurgitation that 1s
present Braunwald & Morrow (78) describe an interesting technique for de-
tecting and estimating the degree of aortic insufficiency in man. Indigo
carmine dye was injected slowly into the aorta at various levels through a
catheter passed upward from the femoral atery, and dilution curves were
recorded by a photoelectric sensing device on the right ear In subjects with-
out aortic regurgitation, the dye injected 1mmediately distal to the arch
caused no dye to appear in the ear during its pnumary eirculation, but with
this lesion, dye injected at lower levels duced an i d D
Sekely etal (79, 80) describe an ic electronic for esti i
the concentration of Evans blue dye in arterial blood and describe 1ts applh-
cation mn the measurement of cardiac output by the dilution technique. Al-
though the mstrument is quite complicated, the authors believe it will
greatly simplify the technical procedure and permit rapid and accurate
quantitative estimation of the concentration of the dye in arterial blood.

Goodwin & Sapirstem (31) describe an experimental study m dogs in

which dilutron curves, obtained by an electrical conductivity technique, were
found following a single ntravenous ingectron of autogenous plasma The
advantages of the method compared with previously described conductivity
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techniques were pointed out and estimations of cardiac output were found
to agree closely with those obtained using dyes for the dilution curves,

Comparison of wedge pressures with those recorded directly from the
left atrium by Murphy (82) led to the conclusion that the former may pro-
vide a very poor estimate of the true left atrial pressures, especially when the
latter are elevated. Paul & Rudolph {83) point out that the obstruction of
a stenotic pulmonic valve by the catheter during right heart catherteriza-
tion may produce acute symptoms and that possible serious consequernces
may be prevented by awareness of this possible danger,

ARRHYTHMIAS

Tnterference jon is dered by many dialogists as one of
the rare and complicated arrhythmias; even the term has been poorly under-
stood and has been used to designate different types of disturbances by dif-
ferent authors. Miller & Sharrett (84), in a long review type of article, clarify
many features of the arrhythmia and classify the muitiple disturbances
which logically fah into the category of interlerence dissociation, as they
define it. They believe that it is characterszed by the existence of two dif-
ferent foci in any part of the heart which elaborate impulses causing excita-
tion to spread in opposite directions toward the two foci, which results in
more or less complicated interference phenomena usually of 2 repetitive
nature. They further point out that “heart block predisposes to, and fre-
quently it interference di ion

E al praduction of les in dogs by the application of
veratrine and inhalation of 20 per cent carbon dioxide and 80 per cent
oxygen was carried out by Scherf ef ol. (85). It was then found that warming
the area of the origin of the premature beats shortened, and cooling length-
ened the interval between the previous normal response and the ectopic beat.
These results were believed to mdicate that the extrasystoles were caused by
a ““phenomenon of after-discharge in an altered cell.”

Marriatt & Bradley (86) present electrocardiograms from three patients
which they believe, show premature beats arising 12 the mam stem of the His
bundle, and express the opinion that such beats are not as rare as has been
usualty thought. They point out, quite correctly, that such premature beats
canrot be identified with complete certainty, since an ectopic beat arising
in the A-V node, without retragrade stimufation of the atria, would cause
an identical electrocardiogram.

Pick & Dominguez (87) point ont the existence of a nonparoxysmal A-V
nodal tachycardia in which the rate is refatively slow (70 to 130 per mn )
and which is not associated with abrupt onset os termination of the attacks.
This type of rhythm disturbance accurred usually with dtgimhs mtovication,
acute r¥ ic fever, and yocardial inf: .

Langendorf (88) describes the alternation of A-V conduction time oc-
curring most commonly with first degree AV b!nc!c or with 2:1 or 3:1
plock and believes that this peculiar type of conduction is one of the most

"
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frequent manifestations of the supernormal phase of conduction. Eldridge
(89) describes an example of probable reciprocal beating of the atria in a
patient with partial A-V block and points out that the hypothesis of dual
conduction in the A-V node suggested by Moe and his associates (90) pro-
vides a logical explanation for reciprocal rhythm. Goldman (91) suggests
that treatment with quinidine and procaine amide in combination is more
effective than either drug alone in the restoration of normal rhythm in
patients with atrial fibrillation.

CONGENITAL HEART DISEASE

In the field of congenital heart disease much material relating directly
to techniques of surgical treatment has appeared, and this cannot be covered
here, Two reports (92, 93) of stenosis of the pulmonary arteries distal to the

Imonic valve hasize the relative freq: of the o of periph-
eral pulmonic stenosis. Most of the patients, proved to have such defects
either by right heart catheterization or by angiocardiograms, also had other
congemtal heart lesions. A continuous murmur occasionally occurs as a re-
sult of such stenosis and may be a helpful sign,

Grant (94) discusses a group of patients who must be differentiated from
those with a complete mirror-image dextrocardia and those whose hearts are
displaced to the nght by some extrinsic cause This group is classified as
having dextroversion of the heart and 1s characterized by a rightward rota-
tion of the ventricles, with the atria remaining in their normal positions
‘These patients usually have defects in other thoracic and abdominal organs,
as well as additional cardiac malformations.

Brotmacher & Campbell (95) discuss the natural history of patients
with simple iterventricular septal defects, and also a group in which the

ventricular septal defect is accompanied by pulmonic stenosts In the former,
the authors believe that patients should be classified on the stze of the de-
fect, the direction of the shunt, and the level of the pulmonary arterial re-
sistance and, further, that the terms maladie de Roger and Eisenmenger's
complex should be dropped. In the group having both interventricular septal
delects and pulmonic stenoss, the close relationship to patients with the
tetralogy of Fallot is pointed out, together with the fact that the presence
of the stenosis may decrease the size of the left to right shunt (which would
otherwise exist) and thereby prevent marked pulmonary changes and hyper-
tension from developing. Essentally, the same conclusions were reached by
MeCord and his associates (96) in a study of patients with the tetralogy of
Fallot They point out that the climeal state of such individuals depends
primarily on the size of the septal defect and the degree of pulmonic stenosis,
and feel that the time-honored term, the tetralogy of Fallot, has outhved
its usefulness,

Brotmacher (97) made some interesting studies to determine why chil-
dren with congenital heart disease of the cyanotic type often crouch in a
squatting position. His observations were made with normal subjects and
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with pati suffering from 1 heart disease, both at rest and during
recovery from exertion, In the former cir he found that i
reduces the blood flow to the legs, thus increasing that to the upper part
of the body. In addition, although the oxygen content of arterial blood s
not changed, that of the venous blood (and therefore capillary and tissue
oxygen tensions) is increased, resulting in better oxygenation of vital centers
in the upper part of the body. During recovery from exercise, again squatting
reduced blood flow to the legs, but this was believed to result largely from
obstruction of the venous return from the lower extremities, This obstrue-
tion, in turn, limited the amount of very poorly oxygenated blood return-
ing to the right heart during this critical period,

Kelly & Lyons (98) report a2 study of 19 patients over the age of 47 years
with atrial septal defects The oldest of this group was a male of 76 years,
still in fairly good heaith. This report emphasizes that patients with such
defects may live long and active hives much more often than is true of the
other common congenital lesions. The authors also point out the common
physical, el hic findings in this con-
dition and believe that the diagnosis can usually be made on the basis of the
chnical examination alone. The common complications, namely {requent
respiratory infections which often cause chronic lung disease, and pul-
monary hypertension leading to right heart dilation and failure often with
a right to left shunt, are discussed. An uncommon but serious complication
was thrombosis of the pulmonary artery,

Bruce & John (99), in studies on the effect of change in position and
exercise on pulmonary hemodynamics, found that patients with uncom-
plicated atrial septal defects showed a signifi increase 11 pul y flow
without change in pressure, with exercise in the upright position, and were
less likely to develop desaturation of arterial oxygen than were patients
with interventricular septal defects. These and other observations may be
of diagnostic help.

One of the most tr and related to
congenital heart disease is the problem of the factor or factors which jead
to irreversible structural changes in the pulmonary artertes with increased
resistance in the pulmonary circuit and, often, progressive pulmonary hyper-
tension, Studies in mfants and young children by Ferencz & Dammann (100)
suggest that lesions which obstruct the pulmonary venous return may be
important in this connection

Mayer and his colleagues (101) discuss clinical and laboratory findings in
10 patients with Ebstein’s anomaly and correlate their data with that ob-
tained by other investigators. The importance of the clinical recogmtion of
this condition is stressed, since definite risks, usnally related to serious ar-
rhythmias, attend cardiac cathetenzation and surgical procedures done on

jent:
thes]::::e,, :;_ (102) report the value of angiocardit in the di: i
of endocardial fibroelastosis. Tl:e characteristic finding was the unchanging
size and shape of the left ventricle,

diographic, and r
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RHEUMATIC HEART DISEASE

Many of the studies in the field of rheumatic heart disease are concerned
in one way or another with surgical procedures for the treatment of valve
lesions. Although the reviewer marvels at the great progress in this work and
the unquestioned benefits that many patients with rheumatic valve lesions,
especially mitral stenosis, have obtained from cardiac surgery, he does not
think that 2 surgical approach wifl ever be more than partial and pathative
treatment for this large and important group of patients. The only complete
solution to this problem wilt be found in the prevention of acute rheumatlc
fever and particularly the cardeac i which so often p:
it. In this connection, the work of Rammelkamp and his co-workers, well-
summarized in the Lewis A Conner Memorial Lecture given by Rammel-
kamp (103) in 1957, is of great interest. These workers point out that not
only is Group A streptoccccal infection clearly related to rheumatic fever
but present evid: that such i persists during periods
of rheumatic activity, 2and indeed may be responsible for long continuing
bouts of rheumatic fever during w}uch serious valvular and myocardlal
damage may oceur. If such fe can be eradi: d early
in the course of rheumatic fever by an adequate course of penicillin, the
benefits are pretty obvious.

Harris et al. (104) report studies on 2 small group of children known to
have had rheumatic fever in the past who developed new murmurs during
a period when all lab y studies (sed: ion rate, C-reactive pro-
tein, antistreptolysin titres) were normal. The finding of a new murmur was
considered to be evidence of rheumatic activity in these patients. In view
of the many factors which may lead to the appearance (or disappearance)
of heart murmurs, the reviewer has some doubt about the correctness of the
conclusions of the authors.

Evans & Short {105) point out, on the basis of pathologic studies, that
patients wath mitral stenosis and pulmonary hypertension may have a dif-
fuse process involving the small arteries and arterioles throughout the lungs.
These vesssels are constricted, inelastic, and show intimal proliferative
changes, The authors further discuss the difficulties which often arise in the
certain diagnosis of mitral stenosis in this group of patients and express the
opinion that the vascular changes in the lungs are probably progressive and
irreversible and therefore mitral valvulotomy is unlikely to produce great
or lasting benefit.

Tto and his associates (106) describe the development of a syndrome
1dentical to the “‘postcommissurotomy syndrome’ occurring in 13 of 24 pa-
trents who underwent mtrapencardlal surgery for correction of various con-

PRSP

the result of a traumatic pericarditis and think the similar picture, occur-

ring after mitral surgery, is of the same character and not related to reactiva-
tion of rheumatic fever.
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Souli¢ and associates (107) and Belcher (108) discuss restenosis of the
mitral vaive following commissurotomy. These workers agree that the com.
mon cause for restenosis is inadequacy of the original procedure but that a
““true’ restenosis may occur as the result of recurrent sheumatic and pos-
sibly ific infecti G {ty speaking, the results folflawing re-
operation have been good.

Studres by Wilson & Lim (109) and Magida & Streitfeld (110), on the
natural history of rheumatic heart disease in the age group fram 20 to 53
years, bring out many factors that are important in connection with mor-
tality and morbidity during this period, The pre<ence or absence of marked
cardiac enlargement at the age of 20 years had great bearing on survival
during the subsequent years. Recurrent theumatic carditis, atrial fibrilla-
tion, b ial endocarditis, preg; 3 ia, and embolic phenomena
were impartant factors in both mortality and morbidity,

CORONARY ARTERY DISEASE

‘The most important work in connection with coronary artery disease is,
of course, refated 1o its etiology and, since the big field of atherosclerosis is
not included in this review, only a limited number of articles will be con-
sidered here.

A follow-up study on patients with one or more myocardial infarctions
by White, Bland & Levine (111) ilustrates many matters of importance
in the prognosis and management of these individuals, The completeness
of recovery at the end of one month after an acute infarction was found to
be the best guide in prognosis. This study also emphasizes the importance
of and justification for an optimistic attitude on the part of the physician.

Experimental studies on pigs by Paul and his assocrates (112) indicate
that extensive i 1 circul develop: ing the
figation of coronary arteries, and that this may develop to a sigmficant de-
gree i two days In control animals intercoronary anastomoses were rare.

James & Burch (113, {14), using an injection technique, studied the coro-
nary arterial distribution in the atria and in the ventricular septum in nor-
mal human hearta The Jatter stnicture was found to be nourished primacily
from the anterior descending branch of the left coronary artery, and it was
felt that the septum “is an important site of collateral channels in the human
heart.”

Patients who had the surgical creation of an arteriovenous fistula between
the descending aorta and the coronary sinus (Beck II, revascularization
procedure) were shown by Moir & Pritchard (115) to have an increase in
cardiac output and work, and a d in the effectt ic flow and
peripheral resistance. Heart faslure which could be reversed by obliteration
of the shunt occurred 1n some of the patients. Sumilar dismal results, 1n three
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fants with an anomalous left coronary astery arising from the pulmonary
artery, blood flows through extensive anastomotic channels from the normal
right coronary artery directly into the anomalous vessel and into the pul-
monary artery. This means that the left ventricle receives essentially no
blood, and led the authors to suggest that ligation of the anomalous artery
at its origin should be a Iifesaving procedure, since both ventricles would
be then nourished by the right coronary artery.

Twenty-four patients with coronary artery disease were studied by
Muller & Rgvik (118) by right heart catheterization to study the eflects of
anginal pain, physical activity, and nitroglycerin on the cardiac output, pul-
monary capillary pressure, etc. The results of the study were much as one
might expect, although by using the pulmonary capillary pressure asan index
of left ventricular failure or it was found that signs of left
heart failure developed before anginal pain appeared whether the angina
occurred spontaneously or was induced by exerase. Nitroglycerin improved
the work capacity of the left ventricle, possibly by increasing coronary flow.
The authors make no comments about any danger connected with right
heart catheterization in patients with coronary disease, but 1t is the opmion
of the reviewer that the risks of the procedure are constderable in this group
and that it should not be done unless there are special mdxcations for it.

Riseman et ¢f (119) present a good di ion of the use of nitroglycerin
and other nitrites n the treatment of angima pectoris. Of pamcular mterest
is the report that drugs like erythrol and
were much more effective when used sublingually than by the oral route.
Cossio (120) reports relief of pain 1n patients with angina pectoris and a few
individuals with intermuttent claudication from iproniazid and isoniazid.
He belteves that these drugs, especially the former, are highly effective in
preventing paim caused by ischemia and belteves that the drugs act by de-
pressing oxidative enzymes in the heart and thus either increase the uti-
hization of oxygen or decrease the amount that 1s required for essential
metabolic processes in the myocardium.

MISCELLANEOUS

. Observations by Armen and assocrates (121), on a large group of patients
with chronic pulmonary disease and secondary cardiac involvement, point

out the diffi in the early d of cor pul fe in such individ
and particularly the of elect: di phic changes In only
27 per cent of the patients were electr i hic changes ch

of night ventricular hypertrophy found, and cor pulmonale of advanced de-
gree was present in some of the patients with only mild nonspecific changes
mn the tracings The need for combmed clinical, radiologic, and electro-

ds for the di of pul y heart disease was

emphasized,

Problems in the diagnos:s of primary pulmonary hypertension, and par-
ticularly of other conditions which may simulate this, are well discussed by
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Branchfeld and associates (122). The importance of excluding mitral stenosis
by left heart catheterization is emphasized.

Elcven patients with diffuse myocardial fibrosis arising from coronary
artery disease, old myocarditis, tuberculosis, or unknown causes were dis-
cussed by Robin & Burwell {123). It was emphasized that the hemody-
namic as well as the clinical findings in these patients closely resemble those
seen with constrictive pericarditis, endocardiat fibroelastosis, and other con-
ditions fike primary amyloidosis, which may cause diffuse involvement of
the myocardiam.

Two patients with proved and one with probable myocardial fibrosis
were studied by Nye ef ol (124}, with conclusions much hke those reached
by Robin and Burwell. All three of these patients were erroneously cos-
sidered to have constrictive pericarditis and had thoracotomies swhich re-
vealed a normal pericardium. Some differences 1 the pressure tracings ob-
tained in the right atria and ventricles in these patients compared with
those observed in patients with proven constrictive pericarditis are pointed
out, and it is d that these i diff , if found by fur-
ther studies to be constantly present, may help m the differential diagnosis.

‘Teare (125) reports an unusual type of asymmetricat hypertrophy in the
hearts of erght fairly young adults, with sudden death occurring in seven.
The pathologic finthngs were ‘‘bizarre and disorganized arrangement of
muscle bundles associated with bypertraphy of individual muscle fibers and
their nuclei.”

Three patients with myxomas of the left atrium are reported by Jackson
& Garber {126} and five similar patients by Harvey (127). Both of these
papers emphasize that, smce surgeal treatment for lntracardiac lesions is
now available, the recogmnion of these tumors is importaat. The vara-
bility of symptoms and signs with change i positian, the resemblance to
mitral stenosis in some patients, and the value of angrocardiograms in diag-
nosss are pointed out

A very mteresting and wmportant article by Burton {128) on the im-
portance of the size and shape of the heart itlustrates the applcation of
the law of Laplace 1 explaining why certain areas of the ventricular walls
are thinner than others, why the diared heart 15 at a great mechanical dis-
advantage compared to the heart of normal size, and especually why the
targe fraction of the total work load of the heart involved m mamtawmng
necessary tenston in the ventricular walls {rather than domg any external
work} 1s so fmportant Burch and his colleagues (129} and Burch (130) had
discussed these matters from shightly different pomts of view earhier but, as

Burton peints out, few cardiologrsts have paid any attention to these very
basie considerations,

Bain et of. {131) review the problem of subacute bactenial endacardutis

arising from structures in fhe right heart from both the climical and patho-

dpoints Bany pomnts are d d, but of special

as the fact that anly 35 per tent of the patients

logic
significance 1o diagnosts w:
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had heart murmurs. Usual signs of infection, anemia, positive blood cul-
tures, microscopic hematuna, and evxdences of pulmonary mfarcuon were
most helpful in di 1ly, and evi-
dences of peripheral emboli were less common than with left-sided bacterial
endocarditis.

Zoll et al (132) r d the slow int: inistration of

1in dilute solutions for patients with persistent
ventricular standsnll or frequently recurring episodes of standstill or marked
slowing of the ventricles This type of treatment 1s often useful in connection
with external electrical stimulation.

Fletcher & Brennan (133) discuss the use of digitalis in patients with
intractable heart failure and believe the acetyl strophanthidin test may be
very valuable in regulating the dose of the drug. They also believe that com-
bined therapy with digitalis and potassium may be desirable in selected
patients,

LITERATURE CITED

Becker, R A., Scher, A M, and Erickson, R. V, 4m Heart 7, 55, 547-56
(1958)
Pipberger, H , Schwartz, L , Massumi, R. A., Weiner, S, M., and Prinzmetal, M ,
Am. Heart J., 54, 511-30 (1957)
Sodi-Pallares, D., Brancato, R W, Pileggi, F., Medrano, G. A., Bisteni, A,
and Barbato, E , Am Heart J., 54, 498-510 (1957)
Chapman, M. G, and Pearce, M. L, Cercalation, 16, 55871 (1957)
S. Aagle, W. D, Am, Heart 7, 56, 36-50 (1958)
6. Puck, A, and Fisch, C, Am Heart J , 55, 50312 (1958)
7. Hejtmancik, M. R., and Hesrmann, G R., Am Heart J , 54, 708-21 (1957)
Fisch, C, Pinsky, S T, and Shuelds, ] P, Crreulation, 16, 100+-11 (1957)
Lamb, L E, Am. Heart J., 55, 174-80 (1958)
10. Gardberg, M., and Rosen, 1. L, Am Heart J , 55, 677-80 (1958)
11 Unger, P. N, Lesser, M E, Kugel, V H, and Lev, M , Circulation, 17, 397-
409 (1958)
12 Frmpter, G. W, Scherr, L, and Ogden, D, Am Hearl J., 55, 220-30 (1958)
13 Abildskov, ] A, Street, W W, Solomon, N , and Toomayan, A H , Circalation,
17, 1069-75 (1958)
14 Pipberger, H V, Circulation, 17, 1102-11 (1958)
15 Schautt, O H, and Sumonson, E , Arch Internal Med., 96, 514-90 (1955)
16 Simonson, E, Nakagawa, K, and Schautt, O. H, Am Heart 7, 54, 919-39
(1957)
17 Lamb, L E, Am. Heart J , $4, 342-51 (1957)
18 Littmann, D , and Spodick, D H., Circulafion, 17, 912-17 (1958)
19 Lasgner, P H, Jr, Okada, R H, Moore, S R., and Fies, H L, Cireulation,
17, 46-54 (1958)
20 Burch, G E, Golden, L H, and Cronvich, ] A, Am. Heart J., S5, 582-90
(1958)
21. Dovwer, G. E, and Osborne, J. A, Am Heart J , 55, 523-3% (1938)
22 Burger, H C,and Vaane, ] P, Am Heart J., 56, 29-35 (1958)

S

w

-~

v



4 JOHNSTON

23. Cabrera, E, Garcla-Font, R, Gaxiola, A, and Pileggi, F., Am Heart J,, 55
557-71 (1958)

24. Emslie-Smith, D,, Brit. Heart J., 20, 125-82 (1958)

25, Hamer, N, A. J,, Brit. Heart J., 20, 215-23 (1958)

26 Fischmann, E. J., Brst, Heart J., 20, 167-74 (1958)

27. McFee, R, and johnston, F. D., Circnlation, 9, 868-80 (1954)

28, Okada, R. H, Am. Heart T, 54, S67-T1 (1957)

29, Brody, D A, Erb, B. D, and Romans, W E., Am. Heart J., 51, 211-20 {1956)

30 Brody, D. A, Cuculation Research, 5, 522-26 (1957)

31. Milnar, W. R., Circulation, 16, 318-67 (1957)

o © ' feart J, 55, 33-54 (1958)
oy - . . 43, 661-86 (1952)
3

35, Grubschmidt, H. A., and Sokolow, M , Am, Heart J,, 54, 689-94 (1957)

36. Selzer, A., Ebnother, C L, Packard, T, Stone, A. G, and Quinn, J. E., Girex-
lation, 17, 255-65 (1938)

37. Goodwin, J. F., Brit. Heart J , 20, 191-203 {1958)

38. Richman, J. L., Wolff, L, and Cali, R., Am Heart J, 54, 53747 (1957}

39, Cutts, F. B, Merlino, F, and Easton, F. W, Cireulasson, 16, 599~607 (1957)

40. Pappas, M, P., Brit. Heart J , 20, 123-28 (1958)

41, August, T, Mazzelm, A, and Wolff, L, Am Heart 7, 55, 706-14 (1958)

42, Manning, G W, Am Heart J , 54, 823-36 (1957)

43, Sodi-Pallates, D, Pileggi, F, Cisneros, F., Gnelra, P., Portillo, B , Medrano,

G A, and Bisteni, A, Am Heart J, §5, 681-700 {1958)

44, Wassetburger, R H, Ward, V. G, Cullen, R E,, Rasmussen, H, K., and
Jubl, J. H., Am Heart J, 54, 875-86 (1957)

85, ¥ e R e SN an cane

46 B ' i L “ran-

47, Cutforth, R. H, and Oram, S, Brit Heert J, 20, 4160 {1958)

48, Davies, L. G, Brst Heart J, 20, 153-61 (1958)

49. Luisada, A. A, Liy, C. K, Aravams, C, Testelli, M, and Morris, B. &, Am.
Heart 7, 55, 383-99 (1958

50, Leatham, A, Lancet, I, 607~14 (1954)

Reinhald, §, and Rudhe, U., Brit. Heart J., 19, 473-85 (1957)

52, Leonard, J. J., Weissler, A M, and Watren, ] V, Circulation, 17, 1007-12
{

w
-

53, Warren, J. V, Leonard, ] J, and Wetssler, A M., Ann Internal Med , 48,
580-95 (1958}

54. Leatham, A., Circulation, 17, 601~11 (1958)

55. Schilder, D, P, and Harvey, W. P, Am Heart J , $4, 352-67 (1957)

56 Barlaw, J., and Shilhngford, 1., Brit. Heart T , 20, 162~66 (1958)

57. Brups, D. L., and vander Hauwaert, L G, Brst Heart J , 20, 370-78 (1958)

58 Neill, C., and Mounsey, P, Brst Heort J , 20, 6173 (1958)

$0 Lewis, D. H,, Deitz, G W, Wallace, ] D, and Brown, ] R, Jr, Circulation,
16, 764-15 {1957)

60, Luisada, A A, and L, C K, Am Heart J, 54, 531-36 (957)

61, Groom, D., and Sihvonen, Y. T, Am Heart J., 54, 592-601 (1957)



CARDIOVASCULAR DISEASES 75
Harrison, T. R., Lowder, J. A, Hefner, L. L., and Harrison, D. C., Circulation,
18, 82-91 (1958)

Eddleman, E. E , Jr., Wills, K., Reeves, T. ] , and Harrison, T. R , Cerculation,
8, 269-75 (1953)

Judge, R, D., Figley, M. M , and Sloan, H. E,, Cirenlation, 17, 213-24 {1958)

. Laconi, A, Am Heart J., 56, 73-78 {1958)

Hancock, E. W, and Abelmana, W H., Circulaticn, 16, 572-81 (1957)

. Fleming, P. R., Bru Heart J., 19, 519-31 (1957)

Katz, L. N, Raili, E. P., and Cheer, S N., J. Clin. Invest , 5, 205-27 (1927)

. Doyle, A. E., and Nedlson, G H , Brat. Heart J , 19, 525-31 {1957)

. Scatborough, W. R., and Baker, B. M , Circulation, 16, 971-75 (1957)
. Scarborough, W. R, Am Heart J, 54, 651-17 (1957)

. Honig, C. R., and Tenney, S M, Am Heart J., 54, 618-83 (1957)

. Mahl, M. M, and Lange, K., Circulation, 17, 922-26 (1938)

Grant, R. P., Sanders, R. J, Morrow, A G, and Braunwald, E., Circulation,
16, 791802 (1957)

. Morrow, A G, Sanders, R. J., and Braunwald, E, Circulation, 17, 284-91

(1958)
Fatholt, W., and Fabricius, J, Bril. Heart J., 20, 117-22 (1958)

. Shdlingford, J., Brit. Heart J , 20, 229-32 (1958)

Braunwald, E., and Morrow, A G., Circulation, 17, S05-11 (1958)
Sekely, P, Jegier, W, and Johnson, A L., Am Heart J., 55, 485-503 (1958)

. Sekelj, P., Bates, D V, Johnson, A, L, and Jegier, W, Am Heart J., 55, 810-23

(1958)

. Goodwin, R. S., and Sapirstemn, L A, Cerculation Rescarch, S, 531-38 (1957)
. Murphy, J P, Circulation, 17, 199-203 (1958)
. Paul, M. H , and Rudolph, A. M., Circulation, 18, 53-59 (1958)

Mitler, R., and Sharrett, R H., Cireulation, 16, 803-29 (1957)

. Scherf, D., Blumfeld, §, Chamsas, D G, Reud, E. C, and Gilrbizer, B, Am

Hears J., 58, 561-66 (1957)
Marrott, B. M , and Bradley, S M., Circulatson, 16, 53447 (1957)

. Pick, A,, and Dominguez, P, Csreulation, 16, 1022-32 (1957)

Langendord, R, Am Heart J , 55, 181-91 (1958)
Eldridge, F L., Am Heart J , 55, 469-75 (1958)

Mo, G. K., Preston, . B., and Burhngton, H., Csrculatson Research, 4, 357-15
(1956)

. Goldman, M. J., Am Heart J, 54, 74245 (1957)

Williams, C B, Lange, R L., and Hecht, H. H, Circulatson, 16, 195-99 (1957)

. Vermullion, M. B, Leight, L, and Davis, L. A., Circulattan, 17, 55-59 (1958)

Grant, R P, Circulation, 18, 25-36 (1958}
Brotmacher, L, and Campbell, M , Brst. Heart J, 20, 97-116 (1958)

McCord, M, C, van Elk, J., and Blount, S G, Jr, Circulatson, 16, 73649
1957y

. Brotmacher, L., Bri# Heart J, 19, 550-73 (1957)
. Kelly, J. J., and Lyons, H. A, Ann Internal Med , 48, 267-83 (1958)
. Bruce, R. A., and John, G G, Cirenlation, 16, 776-83 (1957)

Ferencz, C, and Dammann, J. F., Jr, Circulation, 16, 1016-56 (1957)
Mayer, F. E, Nadas, A. S., and Ongley, P. A, Circulation, 16, 105769 (1957)



103,
104,
103,
106,
107,

108,

109.
10
111

1

IS

13
114,
115
26,
117

18
119,

120,
121,
122
123
124,

125.
126
m
128,

129.

130
131

132

<3

133,

JOHNSTON

. Linde, L. M., Adoms, ¥, H., and O'Loughlin, B. J., Circulation, 17, 40-45

(1958)
Rammelhamp, C. H , Jr., Crreulation, 17, 812-51 (1958}
Harris, T. N., Friedman, S, and Tang, J., 4m. J. Aed , 23, 748-60 (1957)
Evans, W,, and Short, D S, Brit. Hear? J., 19, 457~72 (1957)
Ito, T., Engle, M. A., and Goldberg, H. ., Crrenlation, 17, $49-56 (1938)
Soul, P, Joly, F., Carlotti, J., and Servelle, M., Am. Heort J, 54, 695-707
1957)

Belcher, J. R, Brat, Heart T, 20, 76-82 (1958)

Wilson, M G, and Lim, W N., Cireulation, 16, T00-12 (1957)

Magida, M. G., and Streitfeld, F. H., Cireulation, 16, 713-22 (1957)

\Vhite, P. D, Bland, [. P, and Levine, S A., Ann, Internal Med, 48, 3949
(1958)

. Paul, M. H,, Norman, L. R., Zoll, P. M., and Blumgart, H. L., Circulatson, 16,

608-14 (1957)

James, T N., and Burch, G E, Corenlation, 17, 90-98 (1958}

James, T. N., and Burch, G E., Cereulation, 17, 391-96 (1938)

Moir, T. W, and Pritchard, W H , Cirendation, 16, 1070-76 (1957)

Poppes, E G, aad Likoff, W., Am Heart J., 54, 588-91 (195}

Case, R. B., Monow, A. G., Stainsby, W., and Nestor, ], 0., Cereulalion, 17
106268 (1958)

Muller, 0., and Rgevik, K, Brit, Heart 7 , 20, 302-10 (1958)

Riseman, J. E. F,, Altman, G. E, and Koretsky, S, Cireulatton,, 17, 22-3%
{1958)

Cossio, P, Am Heart J, 56, 113~18 (1958}

Armen, R N, Kantor, M, and Wetser, N. J, Circulation, 17, 164-75 (1958

Brachfeld, §, Reale, A, and Goldberg, H., Am Heart J., 55, 905-18 (1958)

Robin, E D, and Burwell, C §, Circulation, 16, 730-35 (1957)

Nye, R E, Ir,, Loveyoy, F W, Ir., and Yu, P N,, Cerculation, 16, 332-38
{1957

Teare, D, Brat. Heart J, 20, 1-8 (1958}

Jackson, A , and Gasber, P E , Am. Heart J., 55, 59198 (1958)

Harvey, | C., Ann Internal Med , 47, 1067-81 (1957)

Burton, A. C, Am Heart J, 54, 801-10 (1957)

Burch, G. E, Ray, C T, and Cronvich, ] A, Cireudation, §, 504-13 (1952)

Burch, G. E,, Am Heort J., 50, 352~55 (1955)

Bain, R C, Edwards, J E, Scheifley, C. H, and Geraci, ] E, Am J. 3ed,
24, 98110 (1958)

Zoll, P M, Linenthal, A. J, Gibson, W, Paul, M H, and Norman, L. R,
Circulation, 17, 325~39 (1958)

Fletcher, E, and Brennan, C. F, Brat Heart J., 20, 204~14 (1958)



CARDIOVASCULAR DISEASES (ATHEROSCLEROSIS)!

. By Wirrtay Dock, M. D.
Depariment of Medwcsne, State Universily of New York Downsiate
Medical Center, Brooklyn, New York

In 1908, ]gnaw\skl of the Impenal I\hhtary Med.cal Academy, St.
Petersburg, d that ath loped swiltly in rabbits fed
egg-yolk and milk. In 1958, thousands of animals, from chicks to baboons,
were used in North America in experiments relating arterial disease, both
atherosclerotic’and thrombotic, to diets rich in saturated fat and choles-
terol Between 1908 and 1913, Stuckey, Chalatov, and Anichkov, all working
in the Imperial Military Medical Academy, proved that the lipide content
of the diet, and notably its cholesterol content, was the determinant of
disease in rabbits The Russian studies were confirmed in San Francisco in
1915, a few months alter Anichkev’s work was known, but in 1957-58 com-
mittees of several fearned societies in the United States declined to accept
the theory that diet played a decisive role in vascular disease in man. Further
study was urged.

The oldest theory. that of Roki ky, *blames all ath lerosis on

h bosis and o ion of thrombi adh to vessel walls. This still
has persuasive pmponents (1, 2, 3), and there are some who see thrombosis
as part of a dual etiology (4). Thereis great regional variation in what pathol-
ogists find in occluded coronary arteries In the United States, hemorrhages
into atheroma are frequent and occlusion often occurs without thrombosis
(5, 6), while in England and Canada thrombosis is usually found (1, 2, 7).
The experimental production of coronary and renal arterial thrombosis, by
diets even richer in saturated fat and cholesterol than those needed to cause
atheroma {8 to 11) brings Rokitansky’s theory into ali; with Ig:
ski's,

Virchow’s theory that atherosclerosis arises from degeneration of the
intima is still upheld by Holman (12, 13), and others (14). It is supported
only by the fact that intima, Iike all other tissues, can form cholesterol from
tagged acetate, and phospholiprde from tagged phosph (15). The pro-
ponents of this theory now concede that diets rich in fat may alter the rates
of intimal formation of cholesterol, or delay its degradation, but they re-
gard the lipide as being locally produced, not as infiltrate from plasma, Thus,
human atherosclerosts is considered a process like that causing cholesterol-
rich granulomas in Hand-Schuller-Christian disease and related disorders of
bone and reticuloendothelial systems Followers of Rokitansky and Virchow
reject any relation between human atherosclerosls and the animal disease
evoked by modi ions of Ig; i

Acenmulation of t‘arotenond pigment has been noted in aging atheromas

195:;Thc survey of the literature pertaining to this review was completed in July,

oy
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(16). S lin is abundant in 8 protein and a major component
in older athcrumas (17) Peterson has reportcd that atheromas, like 8-lipo-
proteins, are relatively poor in lecithin as compared with whole plasma, and
that diabeties, with a high ratio of cephalin to sphingomyelin in plasma,
also have a high ratio in their atheromas (18, 19). The phospholipides could
be synthesized in the atheromas in the same ratios as found in B-lipoprotein,
but the carotenoids must come from plasma and eventually from the diet

Thete have been numerous additions to the reports that patients with
coronary disease have a higher level of blood cholesterol (20, 21) or a higher
level of B-lipoprotein (22), or a much higher level of Dangerfield’s pre-8-
fraction {23, 24, 25) than do controls of the same age and sex. The pre-§-frac-
tion, unlike B-bound cholesterol, is not extracted from the paper strip by
ethanol,

Regional or ethnic variations in severity and site of atherosclerotic lesions
continue to be reposted, many authors relating severity to plasma choles-
terol levels and diet (26 to 31). There are also additional reports that blood
cholesterol levels in man can be raised by increasing the dietary intake of
saturated fatty acid and lowered by substituting starch, fatty acid witha
single double bond (mono-ene acids such as oleic), and especially by sub-
stituting fatty acids with two or more double bonds (poly-ene acids such as
linoleic) in equal caloric quantities (32). This has Jed to further animal ex-
periments, and it has been shown that increasing the dietary ratio of satu-
rated to unsaturated fatty acid will either potentiate the effect of added
cholesterol (33) or, even in rabbits, produce high plasma cholesterol levels
and atherosclerosis on cholesterol-free diets (34). This is strong support for
the theory that diets rich in animal fat raise blood lipide, and that plasma
rich in lipide, and especially in the fraction carned by 8-lipoprotein, permeat-
ing the intima will eventually lead to atherosclerosis (35).

Rutstein and his colleagues have (ound that tissue cultures of human
aorticintimaare itive to the pi 1 land of d fatty
acid added to the medium which supports growth Additions of ethanol, in
concentrations equal to that of the cholesterol solutions which had been used,
had no effect and the cells showed scarcely any Sudanophilic material even
when cholesterol, 1 mg. per cent, or B-lipoprotein with 30 mg. per cent cho-
lesterol, was added. But cholesterol at 3 mg. per cent, or S-lipoprotein pro-
viding 50 mg. per cent cholesterol, caused definite cellular swelling and ap-
pearance of lipide droplets. These became marked with 5 mg. per cent cho-
festerol, or 70 mg per cent cholesterol in B-lipoprotein. The changes were
accentuated by adding 1 mg per cent stearic acid (saturated), and inhibited
by 1 mg. per cent lmo]emc acid (two double l‘wn'ds) ‘(36) Th-s ewtends
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observed in rats fed fully hydrogenated lard, palmitic or stearic acids, or
ethyl stearate (39).

Other deleterious effects on the circulatory system of diets rich in fat
of any degree of unsaturation, are acceleration of the clotting mechanism
(40, 41, 42) and impairment of oxygen diffusion into and out of the red
cells {43). The latter, by increasing gradient of oxygen tension from alveoli
to erythrocyte, causes postprandial fall in arterial saturation, and probably
an even greater degree of tissue anovia, thus causing angina after high fat
meals, (43).

While observers differ as to which tests of coagulability are most altered
by high fat diet, they agree in finding no specific effect of saturated fats.
On the other hand, fibrinolysis is apparently markedly retarded by diets
rich in saturated fats but unaffected by similar levels of unsaturated fats
{11). Hartroft’s group, investigating the basis for the fall m postoperative
throembo-embolism in occupied Norway (45), found that diets rich 1n satu-
rated fat prevented lysls of clot emboli injected into lungs of rodents When
saturated fats were fed in abund to rats 1 and thi-
ouracil to cause hypercholesterolerma, they often showed spontaneous
thromboses of arteries, with renal and myocardial infarction (9, 10). Corn
oil, given in similar amounts, was never effective in causing thrombotic
disease in such expeniments Thus, it is probable that thrombotic arterial
disease, as well as thrombo-embolic disease of the veins, may be conditioned
by diet and occurs when the amount of saturated fat is unusually high or
susceptibility unusually great.

In dissent from the view that there is a conststent relation between the
saturated fat content of the diet and coronary atherosclerosis, reviews of
dietary fat and cardiac death rates in many countries emphasize numerous
exceptions (46, 47). One report states that there was no relation between
blood cholesterol levels before death and severity of coronary lipide infiltra-
tion at necropsy (48) Simular variability was noted 1n both coronary and
aortic disease in rabbits with hypercholesterolemia caused by diet (49).
There also is great variability 1n blood cholesterol levels reported by dif-
ferent laboratories on single blood samples, in one study seven laboratories
gave values of 180 to 312 mg. per cent for one plasma, 312 to 498 for an-
other (50).

Vs

on the many bles which i the effect of diet on
plasma cholesterol, and on deposition of llpxde or thrombi at given sites, was
the theme of many reports. OQutstanding was Myasnikov's (51) summary of
recent Russian work on rabbuts, by the pupils of Anichkov working m his
Moscow laboratory Feeding ascorbic acid or barbiturate decreases the
plasma cholesterol and atheroma formation in rabbits on cholesterol-
enriched dlets vmmm D, cafferne, and amphetamine increase both plasma
lipide and ath (51) Exercise d plasma lipide and athero-
genesis, but vigorous effort to exhaustion leads to myocardial damage in
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rabbits with caronary ath (51). Di 1 i) d ath is but
had no effect on blood cholesterol, while heparin reduced atherogenesis
more than would have been anticipated from its effect in lowering plasma
cholesterol (51).

In comparing patients with recent coronary attacks and control subjects,
Keen in England found the former had diets which pravided not only a
higher per cent of calories from fat, but more calories, proteins, and carho-
hydrate, than the controls (52). Albrink found that coronary patients have
a level of plasma triglycerides which is higher than controls, the percentage
difference exceeding that of the plasma cholesterol differences. The trigly-
ceride level does not fall, and may rise, on diets which reduce plasma cho-
lesterot (53). In comparing coronary patients with controls, the serum iodine
number was found by Leupold to be 50 per cent higher in the patients,
though the cholesterol fevels were onfy 10 per cent higher than the controls.
On diets enriched with hinoleic and linolenic acids, 2 group of the cosonary
cases showed a fall of cholesterol from 261 to 192 mg per ceat, with 2
decrease in jodme number from 1312 to 871, The iodine number of the con-
trols was 705 (54). The fall in plasma jodine number on a diet enriched by
unsaturated fatty acids is even more surprising than finding higher iodine
numbers in the patients This report is in conflict with actual determmations
of fatty acid composition of plasma showing the same proportion of satu-
rated and unsaturated acids in coronary cases and controls (§5).

When given radioactive fat meals, coronary patients showed higher peaks
and longer persistence of the matersal in the plasma (56). The level of the
Sperry enzyme, which catalyzes the esterification of cholesterol, was found
to average 33 units m plasma of coronary patients, 41 in controls, and was
lowest in idiopathic byperliperma, 22 units (57).

Heparm, plasma lipides, speed of coagulation, and speed of clearing
hylomi turbidity of incubated plasma are all mterrelated, although
mast studies take up only one facet of the problem Thus, it was found in one
study that the titer of hpoprotein lipase cofactor declined with age in the
plasma of normal men, but was reduced 32 per cent from control levels i
caronary patients when sesame 01 emulsion served as substrate, 18 per cent
with washed chylomicrons {(58). It was lowest immediately follawing in-
farctson, rising slowly during convalescence. Hepann is a known cofactor for
this system, and a low level of “*heparn,” meaning that material giving some
of the colorimettic reactians of heparin, has been noted i the serum of
coronaty patients, as campared to that of the controls (§9). An inverse re-
fation of “heparm to cholesterol and the lipoproteins rated Sy 0-20
Syedberg ultracentnfagation also has been noted (60).

tability of blood, fallowing int inj of heparin, re-

turns t; noemat much more swiftly in paciem.s with coronary disease than

in controls {61). Titration of sesum for “heparin amz.gomst".shuwed higher

Jevels with advancing age (62, 63, 64), slight increase in arteriosclerotic sub-

ertes {63), none in coronary patients, nor in diabetes or nephro-

jects in one s
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sis, in another (64). In these studies the effect of the plasma on clearing
when mixed with active plasma and substrate was tested; in another, the
antagonism to cleanng, using plasma obtained after heparin injection, was
greater in hyperlipemic subjects than in rormals (65). The injection of hepa-
rin in dogs, during the intravenous infusion of olive oil emulsions, caused
jmmediate lowering of plasma cholesterol, and hastened the fall in plasma
fatty acid (66). Accel d clearmg of ali y hyperli was noted
after high fever induced by pyrogens, but as it was blocked by protamine (as
heparin clearing is blocked), it was assumed that the fever released heparin
in the animals (67). Plasma levels of heparin and of heparin antagonists
may be of great importance in explaining the rise in plasma cholesterol and
in risk of thrombosis which accompanies aging.

Although there have been past reports that a fatty meal causes accele-
rated coagulation (40, 41, 42, 68), and ethenolamine, but not triglyceride,
cholesterol, or lecithin, has been found to accelerate coagulation (69), some
observers fail to find any effect on coagulation, using sensitive techniques
(70, 71). In a group of coronary patients on the fat-free, rice-frmit diet,
there was no change in most indices of coagulation, but platelet stickiness
was reduced (72) Capillary flow was abnormal, with “sludging” of red cells,
6 hr. after a high-fat meal (73)

Keys reported new proof on the efficacy of polyunsaturated fats in lower-
ing, and of saturated fats in raising blood cholesterol, with monounsatu-
rated fats having no effect (74; 75). The value of corn or soy oil in lowering
plasma cholesterol is widely confirmed for adults (76 to 79) and for infants
{80) When the vegetable oils were added to diets contaiming 25 gm. of
butter, the effects were minrmal (78); when 75 ml. of safflower o1l was added
to a diet with 100 gm. of animal fat, no fall 1n plasma cholesterol occurred
(81), but as Kinsell pomts out, no falt should{be lexpectedjwhen caloric
ntake is raised and large amounts of saturated fat are being ingested (82).
While the effect of vegetable oils has been ascribed to their phytosterol
content (83), remaval of 80 per cent of the sterol (84) did not alter the effect,
and adding corn oil sterols to other oils showed that this gave a small effect
only (85). Although a rise 1n plasma cholesterol occurred 1 one study (79)
when subjects switched from corn oil to fatfree diets, Harlick abserved
no fall 1n plasma lipide when patients’ diets were changed from 4 per cent
calories derived from fat to 25 per cent, from corn ol or ethyl lineolate, and
no rise when shifted to ethyl stearate (86) A fall of 15 mg. per cent in plasma
cholesterol within one hour after giving glucose by mouth was reported (87)

A diet with a proten content less than 25 gm /day lowered plasma and
Blipoprotein cholesterol even when there was 50 gm. of butter fat and 30 of
vegetable ol in the daily ration Adding 1 gm of cholme and 1 gm. of

Sa e .

———bt e

that these agents may raise plasma lipide when protein is severely restricted,
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‘The chol t-lowering cflect of si: {s is generally confirmed (89).
Added ro a safflower supplement, the plasma level fell 60 per cent more than
when either the oil or the plant steral alone was given (90). Given intra.
venously, to animals, soybean sterol aceelerated mobitity of lipoprotein (31).
No sitosterol could be found in either liver or the blood vessels after pro-
longed fecding to rats, rabbits, and dogs, using x-ray diffraction for detec-
tion {92). The cholesterol-lowering action of large doses (3 to 6 gms. a day)
of nicotinic acid is confirmed {93, 94, 95). Nicotinamide has no effect (93, 95}
The basal metabelic rate of patients taking 3 gm. of nicotinic acid daily rose
by the end of 2 week, but the fall in cholestero! was great in relation t0 the
rise in metabolism (96). In dogs, the fall 1s accelerated by doses of phenyl-
ethylacctic acid amide which, in themselves, have no effect {97). Alcohol
extracts of brain tissue again were shown to lower plasma cholesterol, with
20 per cent fall if the level in patients was over 300 mg. per cent, 10 per
cent when below 250 mg. (98). Retardation of atherosclerosis by exercise
also has been stressed (99, 100}.

A dietary factor much negletted recently, but carefully studied by Feigh
in 1918, has been re-emphasized by Zieve (101). Acute alcoholism in well-
nourished men produces very marked hyperlipemua and hyperchole-
terolemia, lasting for days Chronic alcoholism, with some impairment of
nutrition and even hypoalbuminemsa, may also cavse hypercholesterolemia,
rather than the fow blood cholesterol of the advanced circhotic (101}

In rabbits, as in men, serum cholesterol fell on feeding safilower oil,
rose on cocenut oil (highly saturated), with changes w §-hipopratein choles-
teral much greater than in the hpoprotein nitrogen (102}, In chicks, ofeic
acid caused higher serum, hiver, and visceral cholesterot levels, but less aortic
atheroscleresis, than did costonsesd oif (unsaturated) when given with 1
per cent cholesterol (103) In other rablst experiments, the same serum
cholestero! and aortic sclerosis resulted from diets with hy drogenated cot-
tonseed ouf, corn off, or naturaf cottanseed otl, alf at 35 per cent levefs (104).
In rats, plasma chol was unch d with hyd: ted and natural
corn oil and saflower oil, with ar without 2 per cent cholesterol, but liver
cholestero} was higher in those given cholesterol pius unsaturated oils (105}
When rats were fed cholic acid, cholesterol and tung, olive, saflower, coco-
nut oils, or triolein, alone and 1n combinations to give a constant dietary fat
fevel, the plasma cholesterol was higbest on tung or alive od or triolein sup-
plement, lowest on half saffiower and half coconut otl mixture. This led to
the conclusion that lowenng js related to the product of essential unsaturated
fatty acd by saturated fatty acid, while nonessential {mono-ene) unsata-
rated fatty acids raise cholesterol levels (106). Whiie there are anomalies,
the rodent results are generslly conaistent with tesults m man, as sum-
marized in Keyes (74, 75), on effects of poly d d

and saturated fats.
Pollak, confirming Altschuf’s observation that cooked cholesterot rajsed

rabhits’ plasma chalesterol more than did unheated material, found that hard
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boiled egg added to rabbit chow raised blood levels tenfold, raw egg only
threefold (107). A vitamin E-deficient diet raised rabbit cholesterol levels
while administration of tocopherol caused a prompt fall (108}. Rabbits fed
cholesterol develop coronary insufficiency, revealed by electrocardiographic
changes after injection of ergonovine. While 64 per cent gave positive tests
on cholesterol alone, only 31 per cent were positive when 6 per cent corn oil
was given with cholesterol. High plasma levels with negatrve tests, and rela-
tively low cholesterol levels with positive tests were noted (109).

In cockerels, a high protein diet d both hyperchol
and ather is caused by chol 1feeding The effect on the coronary
vessels was notable with this diet In the aorta the effect was more striking
if vitamins A and B were added; the vitamins alone had no effect, It was
concluded that low methionine diets increased atherogenesis (110). In this
species others (111) noted that the ratio of calories to protein in diet was
significant, high protein levels reducing carcass and serum cholesterol
whether corn oil or tallow was used as fat, but most strikingly with corn oil.
YWhen sucrose was substituted for protein in a high fat diet for cockerels, a
drop of protein content from 20 to 10, or even to 16 per cent, led to aggra-
vated hy, h ia and atherog is occurred (112). In cockerels
on cholesterol feeding, 20 mg. of heparin mnjected per day had no effect on
plasma lipides or atheromas; 1t actually inhibited the effect of estrogen in
reducing the plasma chol 1 and ath i also had no
effect on plasma lipide or ar aartic sclerosis and aggravated disease in coro-
nary arteries (113).

Hypothyroidism also blocks the influence of estrogen in protecting the

ronary arteries of fed chol 1 (114). Thi il is much used
in cholesterol-high fat diets for production of atherosclerosss m rats. Careful
comparison of effects of this agent in rats before and after ablating thyroid
function with 1™, show that the drug must directly affect cholesterol metabo-
lism, raising blood cholesterol 1n rats without any thyroid function (115).
The lowering of hepatic cholesterol 1n rats treated with thiouracil is greater
with tetraiodothyroformic acid than with thyroxine or tri-iodothyroacetic
acid 1n doses having equal effect on O uptake by the rat (116).

In the chick, estrogen protects only the cerebral and coronary arteries
from atherosclerosts when cholesterol 1s fed; the lestons elsewhere are more
severe on estrogen (117) In capons fed cholesterol, the least aortic sclerosis
was seen in androgen-treated birds which had been exercised (118), Dogs
fed diets with 40 per cent of calories from fat show only shght rise in blood
cholesterol which, in females, is the same on lard or corn oil, in males the
levels are lower on corn oil When given thiouracil, however, there is a
marked rise 1n cholesterolemia when lard is substituted for corn ol (119).
After adrenalectomy dogs show a drop in all plasma lipides and cholesterol
feeding restores these with an average nise of 185 per cent in cholesterol,
330 per cent in lipide phosphorus, and 145 per cent n neutral fat Castration
abolishes this response to cholesterol feeding (120)
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"The mechanisms by which unsaturated fatty acids, nicotinic acid, alco-
holic brain extracts, and thyroid hormone and analogues reduce plasma cho-
lesterol have been brought together and clarified by studies on absotption
and excretion of cholesterol and bile acids which are derived from choles-
terol. Using C-tagged cholesterol, it was shown that fatty acid is not needed
for absorption of cholesterol into the enteric mucosa or into the lymgh
stream. Taurocholate is necessary, but dehydrocholate is ineffective in
facilitating absorption of cholesterol {121). In normal men, thoracic duct
lymph has half its cholesterol esterified (122} during absorption of CY-
fabetled cholesterol, although previous studies showed that in the venous
blood of normats most of the tagged cholesterol is not in the ester focm in
the first hours after absorption. These observations seem to show that esten-
fied cholesterol entering via the lymphatic is rapidly de-esterified, and after
entering the hepatic-plasma pool gradually becomes esterified again. In
hypercholesterolemia, the ratio of ified to free-labeled chol
relatively high s the postabsorptive period {123).

When patients with hypercholesterolemia are put on diets rich in butter,
there is a fall in the fecal excretion of sterols with C! labels, after giving
Tabeled cholesterol or labeled acetate which the body uses for cholesterol
synthesis. On corn o1l diets, the sterol excretion rises; Hellman and his co-
workers found that steral changes in total blood plasma almost exactly
balanced the rise or fall in fecal excretion when the diet was altered (124)
‘The alcoholic bram extracts (125), ascorbic acid (51), and thyroid hormone
(126) also raise fecal sterol (including bile salt) excretion when lowering
plasma cholesterol. In rats, corn oil produced a rate of fecal excretion of
alpha sterols (nonprecipitable with digitonin) three to eight times greater
than lard (127). In three patients with total external diversion of bife through
fistulae, biliary excretion of cholesterol fell shightly and escretion of bile
acid rose nearly threefold when dietary fat was changed from hydrogenated
coconut ol to unsaturated sunflower sced oil Intravenous cottonsced oif
emulsion raised the excretion of cholate fourfold, while lowering plasma cho-
Jesterol from 140 to 100 mg per cent (128).

While these studies leave no doubt as to how these oils, hormones, and
vitamins rid the body of cholesterol, studies of rates of cholesterof synthesis,
from Ch.Jabeled acetate, show that the liver increases its rate of formation
of cholesterol not only with thyroid extract (129), but with corn oil diet
(130), mccmmc acnd (131)' or phenyl- ethyl—pmplonate (132). The rate of

n of ol also 1s accel d and gerum levels reduced by
S se- 4 £e ot emough, cholesterol synthesis is

by total diversion of bile into

ed n pyridoxine.deficient ani-

mals (134).
The genetic factor in hypercholesterclermia was studied i 180 relatives

and n 12 kinships, and it was concluded that the factors xeadmg 0 xantho-
matosts and coronary disease were t d as a simple A fefian domi-
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nant (135). A study by Schaefer, Adlersbergy & Steinberg (136) dealt with a
population of 1236, of which 775 were in 201 famulies. In the males, mean
cholesterol values were constant from age 2 to 19, mean 178 mg. per cent;
upper 5 per cent, 239 mg. per cent. Females were constant to age 32, with a
mean 197 mg. per cent; upper 5 per cent, 256 mg. per cent. The main rise in
males occurred to age 32, when the mean was 251 mg. per ceat; upper §
per cent, 318 mg. per cent. In females, the rise continued from 32 to 58 years,
when the mean was 274 mg. per cent; upper 5 per cent, 350 mg per cent,
The mean level for males of 32 years and older was reached by women only
at age 45. The study of the families led to the conclusion that genetic factors
were important in determining the level of blood cholesterol in a given en-
vironment, and that the transmission was not sex linked (136). A further
study of serum cholesterol of 82 pairs of twins, living together and living
apart, showed that the variance between values for a pair was least in
monozygotic males living together, and was greatest in female dizygotes or
twins of unlike sex living apart. Female monozygotes living apart had rela-
tively large variances (137). While the effect of inheritance in establishing
cholesterol plasma levels is demonstrably large, that of environment is also
very great even when dealing with 2 population hving in the same social
strata of a single metropolis. The studies of Japanese m Japan, Hawaii, and
Los Angeles (31) show how great are the effects of environment on members
of one race in very different cultural surroundings and on different diets

The effects of sex, especially in relation to coronary disease, seemed to be
very clear-cut two years ago. In chicks and in humans, the 2orta showed
similar degrees of atherosclerosis, but the coronary lesions were more severe
n males Estrogens given to cockerels changed the ratios of cholesterol to
phospholipide to that found in pullets, and prevented coronary sclerosis
(138). In humans, estrogens lowered the ratio of 8- to a-hpoprotein (139),
and death rates from coronary disease were said to be low in men with pros-
tatic cancer treated with estrogen (140). In those with healed infarction,
death rates were much lower in one series of estrogen-treated cases as com-
pared with controls (141), but no protective efect was apparent in the care-
ful studies of Boyd & Oliver (142), although the serum cholesterol and the
cholesterol/phospholipide ratio were reduced,

Kerland McVay report that deaths reach a peak earlter in life in negresses
than in negroes and much earlter in negresses than n white women (143).
Studses of the percentage of the aorta occupied by fatty streaks confirm this
reversal of sex predisposition in the negro Holman and his colleagues re-
ported that at eight years of age white boys and girls had 4 per cent of
intimal lipoid streaks, negro children 6 per cent, At 18 years the values were
20 per cent for white males, 8 per cent for white females, 20 per cent for negro
males, 24 per cent for negro females. The sex differences 1 whites gradually
narrowed with aging after twenty, but were maintained 1n negroes up to age
45 (144). This reviewer has noted that studies of coronary intimal infiltra-
ton (145) by Lober showed a great spurt in white males, but none in white
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females, between the ages of 10 and 30, and that dietary studies, in rural
New York, Iowa, and several western states all show a very sharp rise in
intake of animal fats by white boys between the ages of 10 and 16 years, with
no rise and even a dechne in intake by girls. No dietary surveys on negro
adolescents are available, but it is now apparent that diet may play 2 large
part in sex differences in atherosclerosis, and that the findings in the Ameri-
can negro are the reverse of those in whites, or in chickens.

Estrogen analogues are reported which cause changes in cholesterol
levels in men (146) with minimal “feminizing" effects. Eunuchs show, as do
women, low ratios of 8- to a-lipoprotein, but only young castrates show lower
blood cholesterol levels (147). When coronary patients are given estradiol
17 B (300 to 500 pg.), their excretion of estriol in relation to estrone rises
much more than that seen in controls (148).

The eflects of stress in elevating plasma cholesterol (149), together with
accelerationof coagulation (150, 151), have been cbserved in following groups
of subjects exposed to the usual “socio-economuc” stresses, The stress of
acute illness and hospitalization was found to cause Iittle change in plasma
cholesterol, but a marked increase in the fraction easily extracted by solvent,
as well as a rise in unesterified fatty acid (152). A remarkable increase in
atherosclerosis in most species of animals and birds (up to 40 times as severe
as 40 years ago) is reported from the Philadelphia zoo. The diet was enriched
in vitamines and fats over 20 years ago, but the most striking increase i
vascular disease occurred only in the past decade, and is ascribed to crond-
ing, inactivity, “'social pressure and mcreased reproductive drive” (153).

Such effects of stress presumably are medsated through the hypothalamus
and endocrine systems The thyroid hormones are mobilized during stress,
but these hormones, and synthetic analogues with less effect on heat pro-
duction (154, 155), all reduce plasma cholesterol Epinephrine, in long-acting
suspension, cattses 2 tise in triglyceride within one hour, 1n lipide phosphorus
and cholesterol within a day (156). In rats, ACTH causes severe athero-
sclerosis in females, but none in males (157). In normal dogs, or adrenalecto-
mized dogs given cortisone, the heparin antagonist, protamine, causes a rise
in plasma lipides (up to 40 per cent increase), but 1t causes no rise in adre-
nalectomized animals not on cortisone (158). This suggests that stress may
increase or potentiate heparin antagonists and affect both lipides and coagu-
lation in that way.

Coronary attacks and hospitalization for such attacks deserve high place
among stressing situations, and the level of lipoprotein lipase cofactor is
Jowest (or antagonist to heparin highest 7} at that time (58). Also at that
time, corn oil has little or no ef{ect‘in.lnw‘ering pl‘asma 5".°les€er°l’. _a.{xd il’.l
an additional reason for use of hepann 1 therapy during these weeks.

Probably related to the stress or endocrine alterations in plasma lipide
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is the rise in blood cholesterol in rats with hypertension, as compared with
controls on similar diet 2nd medication (160), and the fall in plasma choles-
terol when patients have hypertension lowered by reserpine, reserpine and
hydralazine, or ganglionic blocking agents. The fall parallels the change in
pressure rather than drug or dosage of drugs (161, 162). Thus, the higher
incidence of vascular accidents in hypertension is related not only to me-
chanical stress and to higher filtration pressure forcing lipides into the vessel
wall, but to an elevation of plasma lipides evoked by the same factors which
are acting to cause hypertension, or by hypertension itself.

The role of high pressure in causing rapid infiltration of vessel walls has
been studied by \Waters (163). When artenal pressure, in dogs, is main-
tained above 200 mm Hg for more than 30 min , some swelling and infiltra-
tion of the media is demonstrable in sections of the arteries If alimentary
hyperlipemia is present during the epinephrine infusion, histologically evi-
dent lipide accumulates in less than an hour, and persists for 2 to 3 weeks,
If heparin is given prior to the injection no hpide appears 1n intima or
media, but if given afterward the resolution is not hastened (163). Waters
also observed the effects of allylamine which causes mild vascular damage,
on the deposition of lipide in the coronary arteries {164). If normal dog's
serum is dried, a clear solution is obtained on adding water If the dog has
induced hypercholesterolemia, the solution is turbid, since 10 to 15 per cent
of the cholesterol is bound to protein denatured by drying If the serum
cholesterol 15 over 400 mg per cent, 30 per cent may be msoluble. Injection
of the denatured materal into the cornea causes persisting lipide-containing
lesions while clear serum causes none Intravencus injection of denratured
lipoprotern causes stmilar lesions in caronary arteries injured by allylamine.
Clear serum infusion after allylamine, or denatured serum without allyla-
mine causes no such lesions of the coronary wall (164). Thus, the comple-
mentary roles of vascular injury and of altered serum lipides are clearly
dem d. The rel. between pre-§-1 in, “eastly ble’
cholesterol, and easily deratured lipoprotein need to be clarified, since all
are said to be highly specific fractions related to atherogenesis.
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DISEASES OF THE CARDIOVASCULAR
SYSTEM (SURGICALY

By Dwicat E. HARREN, M.D., and WARREN J. TAYLOR, M.D.
Department of Surgery, Harvard Medical School and the Peter Bent Brigham Hosplal,
oston, Massachusetts

This year completes the first decade of elective cardiac surgery and marks
the quarter century point in Dr. Claude Beck's monumental work with
corenary artery disease. The last anatomical frontrers of surgery have been
pushed back. The 1nfinitely more i 1 chemical and physiol 1
aspects are being challenged. Corrective or, at least, palliative surgery is
now avarlable for virtually every congemtal or acquired defect in the cardio-
vascular system. It is obligatory for the phystcian to think of surgical inter-
vention whenever the treatment of heart disease is involved.

MITRAL VALVE
MiTRAL STENOSIS

Ten years have passed since the initial reports of successful surgical
correction of mitral stenosis by Harken (1) and Bailey {2). During this first
decade of modern elective cardiac surgery, the technique for the surgical
correction of mitral stenosts by the closed method has been standardized
and accepted For pure mitral stenosis, the closed technique is still advo-
cated by Harken (3), Bailey (4), and Lillehe: (5).

Bailey & Hirose (4) recommend the right-stded approach and have coined
a pew phrase “neostrophingic mobilization” for a method which, in their
hands, has produced more acceptable results Two hundred twenty-seven
patients have been operated by this method. Satisfactory mobilization of
the mitral valve has been accomplished tn 70 per cent, acceptable in 10 per
cent, and unsatisfactory results obtained in 20 per cent Their surgical mor-
tality rate seems high, i e., 8.6 per cent in 150 patients operated without
maximal leaflet mobilization and 2 5 to 10 per cent since. Unfortunately,
their results cannot be compared with other series because of lack of classifi-
cation

Our first 1000 valvuloplasties for nutral stenoss {6) shawed gratifying
mortality reduction to less than 1 0 per cent for Group III patients. A mor-
tality of the order of 20 per cent, however, still plagues the terminal or

Group IV patients This agan emphasizes the importance of operating in
the o . .

sis, that 1s, below the leaflet level 1n the fused chordae, 10 years ago when
the term valvuloplasty was introduced In more recent years, it has become

* The survey of literature pertaming to this review was completed m July, 1958,
93
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obvious that more effective leaflet mobilization is obtained if the postero-
medial commissure is opened as well as the fused anterior commissure. We
have found the right-sided approach unsuited to good anterior commissural
opening, difficult for safe clot evacuation and, of course, impossible for
ing the auricul d These important factors can be dealt
with through the left-sided approach, if the surgeon is experienced and if
he appropriately works first from the left then the right side of the table with
the patient in the left lateral position. Under these conditions, closed mitral
valvuloplasty seems preferable to commissurotomy, right-sided neostro-
phringic mobilization or open valvuloplasty. These are not mere words or
hnical id they emb the basic pts and phil hy
which control the quality of results,

Likoff & Urricchio (7) have analyzed 200 individ surviving five to
eight years after mitral surgery. Eighty per cent remain free of dyspnea, 90
per cent {ree of hemoptysis, and 50 per cent free of recurrent edema. This
degree of response has been documented 1n our own series reported by Ellis,
Abelmann & Harken (6), wherein 80 per cent of the Group III patients
have been rehabilitated and 60 per cent of the Group 1V patients have en-
joyed similar improvement. To a remarkable degree, these results have been
sustained through the years

Re-stenosis of the mitral valve 1s being recogmized more frequently. Bel-
cher (8) has reported 12 instances of ‘‘re-stenosis” in a series of 240 original
operations. Exght of these were classified as being false re-stenosts. It is sug-
gested that this1s a function of inadequate original correction, Four patients
are thought to have had true re-stenosis; this emphasizes the importance of
adequacy of the initial operation, This result agrees substantially with our
own experience. So-called re-stenosis has been traced to inadequate com-

Thi

missural opening and subleafl bl at the first i ‘his
disappointment should be less with i True re-stenosis as-
sociated with rheumatic activity, thrombus, etc., can occur, but it is rare.
Tatrogenic or rh i itation too often for jon after

operation. Ths type of mixed lesion 15 difficult to evaluate clinically and
even by left heart catheterization.

D*Angelo, Murdaugh & Sealy (9) have studied the nature of the post-
commissurotomy hyponatremic syndrome. Analysis of five patients re-
vealed a concentrated low-volume urine output, low serum sodium and chlo-
ride with increased serum potassinm and electrolyte dilunion There was also
d d plasma ity. Ti by the admini ion of 20 to 50
ce. of absolute alcohol intravenously resulted in a diurests with return of
plasma osmolarity and electrolytes to normal levels Their studies suggest
that this type of therapy causes a true water druresis with conservation of
sodium and potassium.

Empbolization incident to mitral surgery still constitutes an intraoperative
risk. This is of the order of 3 per cent tn indlviduz}ls in Group T1T who have
previously embolized and as high as 9 per cent in Group IV in the same
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category (3). Crane (10) has repocted 14 patients with saddle embolus to the
bifurcation of the aorta, 12 of whom had known mitral stenosis. There were
4 operanve deaths; 2 survivors required subsequent amputation Of the 10
survnvmg pamnts. 8 have undergone mitral valve surgery, 4 prior to and 4

to y. This type of ication should be
promptly in individuals wxd\ muitral stenosis, and surgical removal is often
the treatment of choice

Kaufman & Ruble (11) have collected a large series of patients who have
undergone cardiac surgery during pregnancy. Included are 93 patients with
mitral valve disease. There have been three maternal deaths which occurred
early in the expenience of the various authors reported. These authors have
noted that the h. dy ic changes in p! usually become signifi-
cant early in the second tri They d, in most i
surgical intervention in preference to abortion although ideally, corrective
cardiac surgery should be lished prior to preg

Our own series of 27 patients has been reported {12). There were three
maternal deaths, and in only one was pregnancy a contributing factor. Cor-
rective surgery should be performed before pregnancy. However, the patient
with mitral stenosts may become pregnant, and the risk of cardiac surgery
may be less than that of interruption of the pregnancy and subsequent
valvuloplasty Previous cardiac surgery is not an indication of Caesarean
section,

Proctor et al. (13) have examined the phonocardiogram in mitral valvular
disease 1 49 patients In individuals with mitral stenosis, the Q-1 time was
prolonged on the average, but there was poor correlation wrth mitral valve
size, left atrial mean pressure, and the end diastolic gradient across the mitral
valve as determined at left heart catheterization The interval from second
sound to opening snap correlated with the mean left atrial pressure, but
this pressure and the gradient across the mitral valve could not be predicted
on the basis of the measurement. They conclude that this is a useful ancillary

tool but is not a substi for h dy i studnes.

Wat & Barrie (14} have d 1 ding thrombosis of the pul-
monary artery as a serious comphcation of rmtral stenosis. Three female
patients subjected to mitral surgery died shortly thereafter and were found
to have occlusion of one or more of the main branches of the pulmonary
artery. Occlusion was more often on the nght slde, The mechanism was
thought to be of t d on pre-existing emboli
They also reported six unopesated patients who died approximately 7 wk,
after pulmonary thrombosis. They believe that angiocardiography is the
best diagnostic method.

MIrRAL INSUFFICIENCY

Mitral insufficiency remains a most challenging problem. One limiting
factor has been the difficulty of preparing a suitable experimental prepara-
tion for eritical evaluation This may be, 1 part, solved by the work of
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Kuykendall, Ellis & Grindlay (15). They have prepared animals with chronic
mitral insufficiency by inserting a nerve hook into the Jeft ventricle and draw-
ing a suture around the chordae of the mural feaflet. Their results were re-
producible with 75 per cent survival, and the animal’s clinical course re-
sembled that of humans with pure mitral regurgitation.

Rumel & Cutler (16) have treated mitral insufficiency with a wedge-
shaped Ivalon prosthesis. Two tails extend from the apex and one from the
base, This prosthesis s placed in a transvalvular position, with the two apical
tails extending through the atrial wall and the basal tail through the ventric-
ular wall. This has been tolerated in animals and patients with correction
of the mitral regurgitation, Among their five patients, there are three sur-
vivors now living, five months later. There have been neither hemolytic not
thromboembolic phenomena, Probably this is a result of vascular fibrous
tissue infiitration and surface endothelization.

Bakst ¢t af, (17) bave described an experimental closed technique for
placing a four-tailed pericardial and muscle graft. Three of the tails are
attached above the posterior margin of the mural leaflet by sutures passing
through the ventricular wall and the tails of the prosthesis. The fourth tail
passes through the orifice at the mitral valve and is anchored in the posterior
papillary muscle and acts as a chorda for the prosthesis This has not been
tried in human beings.,

Davita and his associates (18) have now reported additional experience
with their purse-string suture about the mitral annulus to correct insuffi-
ciency. Of 25 patients 1n mtractable failure, § were found at operation to be
unsuitable for this procedure Three are living of the remaining 20. Twenty-
three patients in chronic but not intractable farlure have been operated upon
with 5 operative deaths and 2 fate deaths, 16 survivors, They suggest that
these operations must be performed earlier 1n the course of the disease and
in the presence of adequate valvular area, mablity, and flexibthty. Myo-
cardial exhaustion and complete valvular damage preclude successful cor-
rection The authors of this review abandaned this operation over two years

ago.
¢ Lillehei et al. (5) describe an open operation for mitral imsufficiency using
extracorporeal circulation. Their reported experience is not large, but their
results have been encouragmng Two techmques have heen used: one is
selective sutuning of the annulus 1n the posterior commissure under direct
vision; the second 1s the use of an Ivalon and silastic prosthesis which sup-
plements the mural leaflet. Their approach 1s through the right chest with
posterior left atriotomy.
Seott, Daniel & Schull (19), utilizing by-pass technique, have approached
the Teft atrium through a left thoracotomy and arrested the heart with
potassium citrate. They have sutured the :mnuh'xs p?steriorly with inter-
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one patient died three months after surgery from 2 large atrial thrombus.
Two had satisfactory results.

Kay & Nagueira (20) have lished open ion of mitral disease
in 11 patients, Three had stenosis; eight, insufficiency. Both left- and right-
sided approaches have been used. They now prefer the right, There was one
death, the first in the series.

Mild to of mitral jnsuffici are well tol d in
those individuals undergoing effective surgery for dominant mitral stenosis
(6). Furthermore, these minor degrees of mitral regurgitation can be ap-
preciably reduced by extrinsic baffles We have used this techrique for more
than two years (3). It consists of the placement of a rolled cylinder of com-
pressed Gelfoam behind the dilated left atrium and above the annulus. Thus
placed, it corrects valvular herniation with its attendant shortening of the
chordae and relative loss of leaflet substance. Unhappy experience with in-
trinsic plastic prosthesis (21, 22) for severe mitral regurgitation makes us
view some of the above suggestions with hope but concern. We are greatly
encouraged by our initial experience with direct open operation for mitral
insufficiency. As suggested by Wilson (23}, we have eaplored the mitral valve
by right atriotomy and incision of the interatnal septum. This affords direct
exposure of the mitral vavle. Direct suture correctton 1s accomplhished while
circulation is sustained with a pump oxygenator.

AORTIC VALVE
AoRrTIC STENOSIS

There 1s on the desp i of aortic stenosis once
the patient has congestive failure, Dyspnea, even mild, or overt failure are
more ominous than angina or syncope. Bergeron ef el (24) have clarified
these prognostic signs and symptoms and accord atral fibrillation serrous-
ness equal to congestive failure,

Attitudes toward surgery vary from therapeutic nihilism, generally based
on limited, unhappy, or insufficient surgical i to excessive ad-
vocacy of early operation by open tech Review of the ble ex-
perience with various techniques, and our own experience with all existing
types of surgical correction of aortic stenosis, may justify optimism and
clarify the time and place for various methods. A rational combination of
the advantages of closed transaortic and open operation with pump-otygen-
ated by-pass seems best, This somewhat complicated picture can best be
understood by reviewing various polictes

Open aortic surgery by cardiopul v by-pass is ad d by Lil-
lehei (5), who bines extracarporeal lation and coronary sinus per-
fusion with a cardioplegic agent (acetylcholine) as needed. Spencer, Neill &
Bahnson (25) also advocate open approach to aortic stenosis. Using cardio-
pulmonary by-pass, they have op d on 12 indwvid with
aortic stenosis All patients survived with a significant reduction in the
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gradient across the aortic valve in those having valvular stenosis. Reduction
of the gradient was noted to a much less degree in four patients who had
subvalvular stenosis. They emphasize again the danger of producing aortic
insufficiency and the necessity for precise incision within the commissures,
leaving thickened fibrous bands supporting each cusp. Swan, Wilkinson &
Blount (26) have operated on aortic stenosis under direct vision using hypo~
thermia, as did Lewis (27). Their report includes 8 with valvular stenosis
and 3 with subvalvular stenosis. Eight of 11 patients survived; 4 had slight
to moderate aortic insufficiency.

Gadboys, Harrison & Litwak (28) have developed an ingenious instru-
ment with 2 fencstrated and nonfenestrated blade which can be introduced
through a pericardial pouch. This instrument permits open exposure of the
noncaronary cusp without inflow occlusion, by-pass, or hypothermia,

The closed approach to aortic stenosis can be subdivided into trans-
ventricular and transaartic. Glover (29) advocates transventricular fracture
difatation of the aortic valve, In a recent experience with 50 patients so
treated, there has been an operative mortality of 6 per cent, Brock (30) also
prefers the transventricular approach. In an earlier communication, he re-
ported 76 patients with pure aortic stenosis operated by this technique
with 12 operative deaths (16 per cent). An additional 34 patients, with com-
bined mitral and sortic disease, had both lesions corrected, with three deaths
occurring (9 per ceat).

Our own attitudes with regard to this problem mvolve both open and
closed technique (31, 32). Noncalcific aortic stenosis, be it congenital or ac~
quired, valvular or subvalvular and in cluldren or adults, is, becanse of its
flexibility, often not antenable to closed aortic fracture dilatation, At the
same time the noncalcific fusion zones adapt well to meticulous incision at
open operation, Conversely in calaific aortic stenosts finger fracture is better
than incision as attested by the overall operative mortality of 12 per cent.
(In the last 60 patients, this was rednced to B per cent ) Our technigue in-
volves digital or instrumental fracture of the aortic commissures, or both,
through an Ivalon operating tunnel sewn to the ascending 20rta just above
the valve. This eliminates extracorporeal circulation and is not fimited by
the time factor of hypothermia. Of 72 survivors, 50 have been followed 6
mo. or more. A substantsal improvement has been noted in 86 per cent of
thesa survivors,

Smith, Bailey & Goldberg (33) have d pre- and p
data on 14 patients with aortic stenosis who have undergone simultaneous
Jeft and right heart catheterization. They demonstrated a failure of restora-
tion of the altered physiology postoperatively. It is postulated that this is

A PR D

Jan e a1 o

Our own pre- and postoperative catheterization resuits have shown sig-
aificant increases in the aottic valve area, reduction in the gradient across
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the aortic valve, and a reduction in the amount of left ventricular work (32,
34). A critical cross-sectional area of the aortic valve exists (0 6 sq. cm. or
less). An operative procedure which corrects this severe stenosis, even though
it fails to restore a normal valve ortifice, can be rewarded by substantial
clinical improvement.

A word of warning has been sounded by Hancock et al, (35) with regard
to aortic stenosis which seems typical by clinical examination but is shown
at left heart catheterization to be of no significance. A careful analysis of
seven patients who presented many of the clinical stigmata of aortic stenosis
showed coronary artery disease in five instances; in two instances, mitral
valve disease was present which had not been clinically suspected.

In summary, one can suspect that eventually aortic stenosis will be cor-
rected by open surgery and valve replacement, but now the judicious use of
the closed transaortic approach in calaific disease and open operation in
noncalcific or subvalular stenosis seem best. When in doubt about the
calcific nature of a valve and 1ts suitability for the closed transaortic tunnel
operation, the pump oxygenator may be held ready for open operation.

AORTIC INSUFFICIERCY

The surgical treatment for aortic insufficiency is not as satisfactory as

that for aortic stenosts Among the limiting factors has been the absence of
a tool to assess the degree of aortic itation present, D:
Morrow (36) have reported retrograde aortic catheterization from the fem-
oral artery, with determination of the Jowest point in the descending aorta
from which injected dye re d back to the ding aorta and per-
fused the carotid vessels. ling was d by an oxi placed on
the right ear, In seven patients withous aortic insufficiency, no dye reached
the right ear until the perfusate was mjected in close proximity to the carotid
vessels. In ten patients with aortic insufficiency, dye was readily detected by
the oximeter. A method of grossly partitioming the aorta has permitted
some qualitative estimate as to the amount of regurgitation

Late complications, such as reported by Kuttle (37), following insertion
of the Hufnagel ball valve in the descending aorta have lessened the en-
thusiasm for this type of prosthesis. A false aneurysm surrounding the
valve sub 1y perf d into the it 22 months after inser-
tion. The author has analyzed an additional 10 cases done with 50 per cent
overall mortality. We abandoned this operation over two years ago We had
no techmcal difficulty in 12 patients, but the diastolic perfusion of coronary
arteries seemed to be reduced The results were poor,

Garamella, Andersen & Oropeza (38), working in the experimental labo-
ratory, have achieved correction of aortic insuffictency by a posterolateral
incision in the aorta exposing and excising the noncoronary cusp. The defect
in the aortic wall is closed, approximating the right and left coronary bearing
cusps posteriorly, thus making a bicuspid valve, This procedure, which is




100 HARKEN AND TAYLOR

done while the animal is supported by extracorporeal circulation, has not yet
had clinical application,

In selected i of aortie insuffici fated with a markedly
difated annulus, there is a place for annufus reduction by a circumcluding
tapered silk suture such as Taylor et ¢l. have reponed {39). This techaique
is not icable in the p of heavy call ion but seems ideaily
suited in instances of syphnhtic and nonealcific aortic insufficiency.

Hufnage!, Villegas & Nahas (40) have recently reported various modifi-
cations of the conventional ball valve, as well as other prosthetic approaches
to aortic valvular disease ‘The original ball valve has been modified. A sitasue
sphere incased in a plexiglass housing replaces the all plastic valve, The 2orta
is wrapped with a semielastic orlon mesh which “snugs’ the host aorta to
the intravascular portion of the prosthesis and eliminates thrombus forma-
tion at this juncture, In instances where aortic cross clamping is contraindi-
cated, two methods have been advorated. First, a by-pass has been created
from the subclavian artery to the distal aorta while the prosthetic valve i
inserted. Secondly, they have ac lished end-to-sid is of the
standard prosthesis armed with a dacron or dacron teflon tubing. The inter-
posed aorta is sub 1y resected. Huf 1 has ¢ ized that place-
ment of the valve in the descending aorta accomphshes only 70 per cent
reduction of reflux and is theref of arti-
ficial valves. One merhod is a conventional ball valve, in a fenestrated hous-
ing, secured below the Jevel of the coronaries with a broad band of cloth and
distally attached to the aorta by muftiple-point fixation A second typeisa
tricuspid feaflet made of spring steel with silicone rubber cusps, which is
also placed n the subcoronary portion This type of prosthesis has been
used in dogs for periods up to six months without embolization or faifure to
function, A third type of valve is a helix spring type of prosthesis made of
spring steel coated with teflon A proximal ring is placed beneath the core-
pary origins and held in this position by a crcumcluding ligature Three
vertical guide posts prevent the aortic wall from collapsing against the
valve, These are held distally to the aortic wall either by sutures or by mui-
tiple-point fixation. A fourth method applicable when there is annulus dida-
tation involves excision of an excluded segment of aorta adjacent to the

y cusps with sub: is of the incised edges.

In summary —The so-calied standard methods of treating aortic regur-
gitation are less than sauisfactory. Current laboratory and clinical efforts are
extremely promising and are directed both at improvement of existing
methods and their modification to include partial or complete prostheses in
the normal valve location

LEFT HEART CATHETERIZATION

Catheterization of the left side of the heart is being used more frequently
gery of aortic and mitral valves is expanded. Pressure gradients per

as sur]
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se are inad in hemodynami isal Techni are also needed
for differentiating aortic and mitral insufficiency, Many groups are con-
cerned with these imitations and are trying to solve the problems

Braunwald, Tanenbaum & Morrow (41) as well as Warner & Toronto
(42) have independently approached the problem of evaluating aortic re-
gurgitation by injecting an indicator (Evans Blue) into the descending aorta
and sampling peripherally, Normally, without regurgitation there is a sharp
upswing with a2 smooth downward slope of the resultant dye curve. In the
presence of regurgitation, there is disruption of the descending limb of the
curve caused by dye which may have regurgitated into the left ventricle,
These men have also used this technique to localize shunts in the atrium or
ventricle, where a recirculation of the shunted dye in the pulmonary circula-
tton appears again on the down swing of the major dye curve.

Fleming et al (43) report 158 direct left heart catheterizations by left
ventricular puncture, utilizing the ongmal technique described by Brock,
Milstein & Ross (44) They use a £16 needle through which a nylon or poly-
ethylene catheter is advanced along the aortic outflow tract across the aortic
valve. This techmque has afforded excellent evaluation. There have been
two deaths from hemopenicardium. This emphasizes the danger of this
diagnostic tool Yu and associates (45) have reported 30 patients subjected
to direct left ventricular puncture (Brock technique) all without complica-
tion and with adequate data obtained. Greene ¢! al. (46) have combined
direct left ventricular puncture with the technique of left atrial puncture

hed through the 1 notch (Radner) This method, com-
bined with perspheral tracings, permits stmultaneous assessment of gra-
dients and flows across mitral and aortic valves. They have used this tech-
nique in 23 patients without fatality,

Tanenbaum, Braunwald & Morrow (47) are now using a technique of

left heart cath at the ing table with simul deter-
minations of pressure g‘radlent across the involved valve and central Evans
Blue ion with peri 1 I ion of the 1 dye

curve immediately affords useful data on flow and insuffictency Subsequent
analyses provide a more precise evaluation.

The authors of this review have used dlrect venmcular puncture, retro-
grade aortic catl 1 b h of the
Bjork methods; the Fisher technique provides safety and dependability
The intraoperative flow studies will be tried with interest

PULMONIC VALVE
Two bastc concepts with regard to obstruction of the pulmonary outflow
tract seem to be undergomg considerable change. The first has to do with
the fact that surgically created pul fency is i
Fowler & Duchesne (48) produced ficiency m 18 dogs.
Exght survived and none had chmical evidence of hmltanon, but catheteriza-
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tion studies one or more years fater showed right ventricular dilatation and
evidence of decreased cardiac output in all. This work would suggest that
pulmonary insufficiency is not innocuous,

The second concept has to do with the adequacy of closed techniques for
the correction of outflow obetruction. McGoon & Kirklin (49) have studied
pulmonic stenosis with an intact ventricular septum. They have observed
that “pulmonic stenosis without an IVSD™ may be valvular, infundibular,
or bath and associated with an unsuspected atrial septal defect or previously
unrecognized small IVSD (interventricular septal defect}. It is their recom-

dation that this dition be approached always with open heart tech-
nique and extracorporeal circulation in order to correct all lesions, Ten pa-
tients have been operated on without mortality. An interatrial septal defect
was encountered in 50 per cent, and in a larger series not individually re-
ported, coexistent infundibular stensosis and valvular stenosis occurred in
approximately 25 per cent.

Ehrenhaft e ol, (50) also recommend open correction of pulmonic sten-
osis. Inreporting 12 cases, they record no deaths. Eleven were corrected under
hypothermia, one with a pumg-oxygenator, Interatrial septal defect was
present in 25 per cent of their cases,

Our own experience suggests that open correction is the most satisfactory
method of approaching this problem. Either hypothermia or extracorporeal
circutation seems saus(actory, although the latter provides a longer pcnod
of time for i ion of the pul ic valve or of
the infundibular stenos:s. Ventricular hypertrophy with exaggeration of
pulmonie outflow tract obstruction has proved to be a very real entity. The
exceflent correction of valvnfar stenosis, possible with open techniques, in-
creases the hazards of major outflow tract hypertrophy. The surgeon must
be mindful of these hemadynamic problems

Lundberg (51), and Engle and his associates (52) have stressed the im-
portance of he h dynamic results following correction of pul-
monic stenosis at a !ate date. Often, right ventricular pressures will remain
elevated immediately after surgical correetion of either vatvular or infundib-
ulat stenosis; however, when assessed one to many months postoperatively
the v icular pt will have d to normal limits, There is often
accompanying EKG evidence to suggest that the right ventricular hyper-
trophy has disappeared The obstruction 1n such instances is thought to be

on the basis of marked muscular hypertrophy of the right ventricular out-
flow tract. Engle has suggested that if there 15 no fixed or fibrotic subvalvular
stenosis found, no attempt should be made to resect muscle

Glenn and his associates (53, 54) have by-passed the right heart experi-

mentally, Varying amounts of venous bloed have been shunted from the
caval system into the right pulmonary artery. The most successful results in
animals were obtained when the superior vena cava was anastomosed end-
to-side with the right pulmonary artery. The pressure gradient between the
vena cava and the pulmonary artery was found to be sufficient to permit
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adequate flow through the right lung. Approximately 30 to 40 per cent of
the cardiac output was therefore by-passed around the right heart, thus re-
ducing right ventricular work. This experimental success led them to the
use of this technique on a seven-year-old child with a single ventricle,
transposition of the great vessels, and pulmonic stenosis. The right pul-
monary artery was divided, and end-to-side anastomosis with the superior
vena cava was accomplished. The cava was ligated between the anastomosis
and the right atrium, There has been marked clinical improvement in a
cyanotic and limited child. Glenn believes that this type of shunt may be
useful in right sided anomalies not suitable for open heart surgical correction.
A similar experience has been reported by Robicsek et al. {55). These authors
have observed no significant increase in superior vena caval pressure. Blood
flow and oxygen uptake in the right Jung are comparable to that observed on
the left side. There has been no alteration in the main pulmonary artery
Pressure,

TRICUSPID VALVE

Mayer, Nadas & Ongley (56) have recorded 10 instances of Ebstein’s
anomaly {3 jon of the tri id valve, of the ventricle,
and associated atnal septal defect). The patients are usually muldly sympto-
matic with cyanosis, dyspnea, fatigability, and bouts of palpttation. Physical
findings include evidence of normal growth, frequent cyanosis, infrequent
clubbing, and a quiet cardiac impulse with a systolic thrill between the xiph-
oid and apex A triple or quadruple rhythm is often noted, and there is a
dimimshed pulmonic second sound. Systolic and diastolic murmurs at the
lower left sternal border and the apex are frequently observed. Ph di
grams show a delayed first sound, a systolic murmur, and a presystolic
murmur, with a less constant mid-diastolic murmur at the apex.

Ch istically, the electrocard shows tall P waves, prolonged
atrioventricular conduction, and right bundle branch block with low po-
tentrals over the right ventricle. X-rays demonstrate cardiomegaly, right-
sided enlargement with a narrow base There is a diminution in the pul-
monary vascular mark and 2 poorly del. d y artery. Angio-
cardiography demonstrates a huge right atrium with delayed emptying and
{requent evidence of a nght-to-left shunt, Catheterization of the right side
of the heart Iikewise documents the large atrium and displacement of the
tricuspid valve to the left. There 1s moderately elevated night atrial pressure,
normal right ventricular systolic pressure, and an absence of a gradient
across the pulmonary valve Perpheral arterial oxygen unsaturation 1s fre-
quently observed,

’lrncuspid valvular insufficiency has been evaluated by Musser efal (57).
Radiopaque matenal 1s injected directly into the right ventricle, and a
positive result is d d by evidence of the dye in the right
atrium. In dogs with normal tricuspid valves, no regurgitation has occurred
mto the atrium; and the same has been observed in three patients with
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aortic stenosis and normal tricuspid valves. Additional experience with 11 hu-
man beings has shown a good correlation with the clinical, surgical, and
autopsy findings.

While these studies are of great value in increasing our knowledge of the
functional and hemodynamic aspects of tricuspid disease, this particular
valve has rarefy presented critieal clinical problems, Tricuspid stenosis is
infrequently found and, when encountered, is associated with mitral steno-
sis. When this candition is suspected, digital exploration of the right atrlum
and correction of existing stenosis are readily accomplished at the time of
mtral valve surgery. More often, relative tricuspid insufficiency exists,
and exploration wilt reveal a patulous opening caused by dilatation of the
annulus. Adequate correction of the underlying mitral disease successfully
corrects the hemodynamic defect (3), and the relative tricuspid insufficiency
or stenosis {S8) ceases to be significant.

EXTRACORPOREAL CIRCULATION

The rapid expansion of work with extracorporeal cicculation brought
about a timely conference among the leading workers throughout the world,
This important meeting was a work conference sponsored by the Surgical
Study Section of the United States Public Health Service. The symposium
was held in Chicago, S ber, 1957 and dings are available in mono-~
graph form (59) The magnitude, diversity, and minute detail of material
renders abstracting here undesirable. Not only was a great deal of informa-
tion exchanged by key groups, but so also was standardization of technique
and terminology which should be of Iasting benefit.

At the present time, bubble, disc, standing screen, and membrane oxy»
genators are bemg used. There has been considerable concern over the in
fusion of mucroscoprc air bubbles or other novious elements from bubble
types. Poor experimental and clinical experience has led many groups to
abandon this oxygenator. The facts remain, however, that those who have
had the greatest expertence with this type of machme have achieved ex-
celtent chnical resuits.

The recent literature has not brought forth fundamental modifications
of the screen, disc, or membrane oxygenatars However, a number of varia-
tions of the standard bubble oxygenator have been described, Gott et al (60)
have described a disposable unitized plastic sheet oxygenator. This is a two-
dimensional modification of the onmnat DeWall apparatus. In thewr ex-
perience it bas functioned as well as 1ts three-dimenstonat prototype. The
same values for oxygenation, acid base shuft, and henolysis have been ob-
served. The apparatusis prestenlized Clinical expersence has tncluded suc-
cess in 11 patients Cooley and his co-workers {61} have developed a stain-

less steel bubble-type oxyg d of a diff plate, oxygen
column with an apen wnchned trough, defoaming chamber and reservoir.
used 1n with a Sigi tor pump, has

This type of equk

had extensive ful clinical application Merendino ef al. (62} are using
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a plastic oxygenator in which a baflled ing chamber is
on a lower bubbling chamber. This apparatus has produced 98 per cent
saturation of artertal blood with flows varying from 200 to 4000 cc. Milnes
et al. (63) have also developed a plastic otygenator which has a central
bubbling tube and an outer concentric collecting chamber. They have
avoided air emboli by the use of a deep blood reservoir. Static foam and
fibrin emboli have been eliminated by placing a plastic mesh over the oxy-
genating column Extensive experimental use of this device has convinced
these authors that perfusion with flow rates of 75 cc. per kg. may be employed
without danger of air emboli.

Panico (64), while working in our lab y, developed a i

y g/ which had e i and clinical Lication. We have now
abandoned this and other bubble type oxygenators in favor of a modifica-
tion of the Gross and Kay-Cross disc oxygenator which is giving complete
satisfaction for operations of 1 to 13 hr.

Tissue, bolic, and k I jons—~Many reports have dealt
with tissue, metabolic and hematologic alterations 1ncident to exteriorizing
a large proportion of an individual's blood volume. Andersen & Seaning
(65) carrted out animal experiments in order to relate flow rate to oxygen
consumption. In dogs perfused at 20 to 30 cc. per kg. per min., 0Xygen con-
sumption was reduced to 50 per cent of the control value, As the flow rate
was mncreased, oxygen consumption rose to the control levels with 100 ec. per
kg. per min. The decline in oxygen consumption at the lower rates appeared
to result primanly from decreased circulation rather than from a fall in
artersal blood pressure Artificial elevation of the blood pressure produced a
slight increase 1n oxygen utilization but not to control levels. The authors
conclude that mamtenance of flow rate is important, even though arterial
saturation may be below optimal levels

Clowes and assoctates (66) studied the relationship of oxy gen consump-
tion, ion rate, and e to the devel of acidosis during
circulatory by-pass. In those animals with a high flow rate, 1.e., 1n excess of
70 cc per kg., there was 85 per cent oxygen consumptton as opposed to 47
per cent in the low-flow group. Acidosis and lactic acid accumulation were
inversely proportional to the perfusion rate despite maintenance of nor-
mal arterial CO; tension. In a group of amimals subjected to hypothermia at
30° C., ovygen consumption was 75 per cent of the comparable normo-
therm 1mals Lactic acid and fall of pH was less pronounced
in this group.

Sturtz et al, (67, 68) have determuned alterations 1n the water metaho-
hsm 1n 21 postoperative patients who had undergone cardiac operations
using a Gibbon type oxygenator Body weight decreased daily on the average
of 200 to 400 gm per sq m. Serum water was low after perfusion but returned
to normal in 7 to 10 hr Insensible water loss averaged approxtmately 400
ml. per day and urinary output which was mostly obligatory was of the

order of 300, 450 and 500 ml. per sq. m. on the first, second, and third post-
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operative days, The authors d that fluid requi for the first
day should be 500 ce. and 750 cc. on the second and third days Their datz
further suggest that the insensible water foss which is strikingly increased
during open cardiac surgery is largely an effect of exposure of pletral and
pericardial surfaces and is not related to the apparatus used.

Andersen, Norberg & Senning (69) have evaluated liver function during
extracorporeal circulation at low flow rates (29 to 63 cc. per kg.), Thereisa
marked transient nise in portai pressure with a less pronounced elevation of
pressure in the inferior vena cava. Hepatic metabolism of lactic acid is es-
sentially normal, and there is no unussal liberation of potassium fram the
liver or elevation in sy ic p ium levels, Sulfot hthalein excre-
tion was depressed during and immediately after by-pass, but shortly re-
turned to normal.

The most extensive study of physiologic response to total body perfusion
has been reported by DeWall and colleagues (70), One hundred twenty pa-
tients undergoing open cardiac surgery were evaluated, There was 1o sig-
nificant alteration in the pH. In 31 cyanotic patients, the control pH was
within acidotic levels but this was not increased duning perfusion. In those
individuals in whom the underlying defect was success{uily repaired, there
was a return to normal levels of pH within 18 hr Depression of the plasma
bicarbonate occurred in all patients, but it was less marked in the cyanotic
group. The depression was roughly the same as seen in other surgical pa-
tients, Serum potassium levels declined during perfusion, and this was more
marked immediately postoperatively, with return to normal limits within
2 hr. The authors postulate that this 1s related to a rise in glucose which is
both endogenous as a result of adrenal response and exogenous as a result of
infusion,

Ferbers & Kirklin (71) carried out studies on hemolysis with a plastic
sheet bubble oxygenator onginally deseribed by the University of Minnesota
group {60). Three thousand cc. of fresh blood were circulated at 550 cc. per
min, with a 2 L. oxygen flow, Three hundred fifty mg per cent hemolysis oc-
curred at the end of 1 hr., and 500 mg. per cent at the end of 2 hr. When
this same oxygenatar was used with an animal in the circuit, the hemolysis
did not rise above 30 mg, per cent at the end of 1 hr, Presumably, the free
hemolyzed material was picked up by the reticuloendothelial system and
eliminated as bile pigments. In commenting upon the danger of hemo-
globinemia, Ferbers and Kirklin note that this condition will produce chifs,
fever, cramps, and vomiting. It will also contribute to peripheral dilatation,
hypotension, bradycardia, and impaired cardiac output It is their thesis
that the marked hemolysis 1s occasioned by turbulence created by oxygen

ets.

Bafle & Hewlett (72) carried out blood studies on 12 patients following
open heart operations with a rotating disc oxygenator. These oxygenators
were of the Bjork, Kay-Cross, and Melrose types. Their observations demon-
strated a mild anemia, minimal hemolysis, leucocytosis up to 23,000 per
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¢. mm., the presence of atypical Iymphocytes, and slight reticulocytosis
‘There was a minimal prolongation of the prothrombin time.

Continnal momtonng of cerebral activity during extracorporeal circula-
tion with an el has been ad d by the groups at the
University of Minnesota and the Mayo Clinic, and by Vandam of the Peter
Bent Brigham Hospital Owens and his associates (73) have made EEG
observations during by-pass in 150 dogs and in 23 panents. Various oxy-
genators were used. The results d bl ions in all
instances when a bubble oxygenator was employed; however, with filming
oxygenators little deviation from the baseline was observed. This is consist-
ent with the experience of the authoraof this review and has contributed to
the changes mentioned previously.

Pulmonary complications of open heart operations are the subject of 2
report by Kolff and his associates (74). These authors conclude that tem-
porary overloading of the pulmonary circuit with blood is the most impor-
tant single factor in mmztmg capillary damage and the early phases of
severe Four h of overloading are sug-
gested: (a) forward overfilling of the pulmonary vascular bed, such as may
occur during partial by-pass with an expanded blood volume prior to the
establishment of the total by-pass; (3) filling of the pulmonary vascular
bed through coll Is, (c) de filling of the pul y vascular bed
from the left side of the heart either as a result of impeded venous outflow
through the pulmonary veins or of backflow from a hypertensive left heart;
(rl) a combination of the above. Avoid of y overloading of the

irculationisad d Thisinvolves reduced right heart burden
and left atna] decompression during surgery.

‘The danger of trapping air within a chamber of the heart following open
cardiotomy is ever present. While this complication is infrequent, it can be
fatal if ized. Various prophylactic methods include fillng the cham-
ber with saline, Ringer's solution, or with blood either antegrade or retso-
grade, Nichols, Morse & Hirose (75) have also noted that air within the
chambers may be displaced by carbon dioxide that will, in turn, be rapidly
dissolved 1n blood.

Open intracardiac surgery has been extended by induced cardiac arrest.
The potassium crtrate technique of Melrose (76) has been used extensively.
However, many have noted a dl:turbmg incidence of refractory ventricular
fibrllation f of coronary ci jon This is typi-
fied by the evzpenence of Kaplan et l, (77) in which survival following total
by-pass and potassium arrest in dogs was 50 per cent as opposed to 90 per
cent in animals where the heart was not arrested Lam (78) has advocated
the use of acetylcholine as a cardxoplegxc agent with consldcrab]e success.
This agent, however, has the disad of not achi clmical
and electrical standstill The quest has persisted for a more acceptable and
effective agent or combination of agents,

Milnes and associates (79) induced asystole with a mixture of potassium
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citrate and magnesium sulphate buffered with sodium bicarbonate. Consist-

ent survival was obtained in lab y animals, provided the period of
asystole was fimited to 35 min. or less. Sealy #f af, (80, 81) have used a com-
bination of p i citrate, i Ipk: and igmine, Work

in normothermic and hypothermic animals has suggested that potassium
and magnesium are synergistic and more eflicient in combination than when
used alone. Cooley {82} has recently abandoned potassium arrest and is

relying on intermittent aortic occlusion to afford visualization within the

cardiac chambers, Anoxic cardiac arrest frequency occurs with this type of

occlusion, This type of arrest is ad ly tol d by the myocardi

Crafoord {83) has also used anoxic arrest with stccess,
HYPOTHERMIA

There has been a dramanic shift away from hypothermia jn cardiac
surgery. The high incid of v lar fibrill during inflow occlu-
sion in an hypothermicindividual haslong been recognized as one of the chiel
imitations of ths techni Current investigation is largely directed toward
methods of aveiding this complication, Caranna, Telmosse & Swan (84) have
noted a marked degree of protection agamst ventricular fbnlilation in dogs
whick have been perfused ntravenously with varsous nutrient solutions.
They postulate that these nutsients provide glycogen, which is stored in the
myocardial tissue and fater used during the anavsc period. Bermaa, Teylor
& Fisk (85) have induced cardiac arrest in hypothermie dogs with 3 mixture
of acetylchohne and quinidine In animals so treated, there has been 3 sig-
nificant decrease in the incidence of ventricular fbrillation, as oppased to
their experience with other agents Ribera & Shumacker (86) have also
tested vanous agents for production of elective cardtac arrest under hypo-
thermia The mast effective agent, sn their experience, has been sodium
lactate to accomplish cimnical and electrical standstill. Restoration is bmuKh't
about by perfusion of the coronary arterses with axygenated blood until
good color has been restored, followed by perfusion with calcium gineonate,
Brockman & Fonkalsrud (87) have used methacholme bromide {Mecholy})
acrest combmed with caroud perfusion by oxygenated blood. In a control
sesies, they found inflow occlusion couid not exceed 20 min. unless accont-
panied by carotid perfusion However, 20 dogs were cocled to between 27.5
and 30° € Circul arrest was lished for 32 to 50 min, with
carotid perfusion at the rate of 1.3 to 36 ce per kg. These dogs survived,
with the exception of one that sub: ty died from an empy One
dog with a very low perfuston rate demonstrated ataxia but, otherwise, there
were no neurologic sequelne. Methods such as these may weli extend the
time for nflow occlusion and, thereby, further enbance the use of hypo-
thermia in open heart surgery. .

Sealy, Brown & Youug (88) have also recognized the time hmstation in
hypothermia for open beart surgery, and, ascordmgly, have combined cool-
jog with extracorporeal circulation, Forty-nine patients have been operated
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on at temperatures ranging between 28.5 and 32° C, while their circulation
was supported with a modified DeWall oxygenator. Perfusion rates have
been low in the range between 20 and 50 cc. per kg. per min. Despite this
low flow rate, there have been consistently high levels of venous oxygen
saturation, and systolic blood pressures have been maintained in the range
of 40 to 90 mm. Hg, averaging about 50. There have been only minor al-
terations in the lactic acid level, In the last nine patients, they have used
the Brown-Emmons heat exchanger which has permitted rapid cooling and
rewarming within 10 to 15 min. of partial by-pass Twenty-four of 25 pa.
tients with interatrial defects and valvular stenosis have survived, and 12
of 21 indivaduals have lived who were subjected to ventriculotomy.

INTRACARDIAC SEPTAL DEFECTS
AtriaL Seprar DEFECTS

Much current hiterature dealing with interatrial septal defects has to do
with experience with and results obtained by using extracorporeal circula-
tton, There are, however, many advocates of vanous closed techniques and
open correction under hypotherma.

Hirose, Morse & Bailey (89) have currently modified their technique of
atrioseptopexy. A finger inserted into the left atrium through the interatnal
groove palpates the defect from the left side. The 1nteratrial finger guides
sutures placed to obliterate the defect by invagination of the right atrial
wall, Cooley, et al. (82) advocate open correction of interatrial septal de-
fects, utilizing therr modification of the bubble oxygenator (61). Their ini-
tial senies of 27 interatrial septal defects using this technique resulted in 25
successful closures and 2 deaths.

Lews (90) has considered the problem of the high interatral septal de-
fects so often associated with aberrant venous drainage Surgical correction
1soften it d by Yy us or superior vena caval thrombosis.
The danger lies in too great constriction of the site of entry of the superior
vena cava or of the pulmonary veins He suggests refraining from transpos-
ing all of the aberrant pulmonary venous drainage, or the use of an Ivalon
prosthests,

‘The authors of this review have abandoned closed techniques and hypo-
thermia for interatrial septal defects 1n favor of open surgery using a disc
oxygenator. The uncertainty of diagnosis makes by pass avaﬂablllty a neces-
sity. The importance of careful, delib and diac work
precludes hypothermia.

INTERVENTRICULAR SEPTAL DEFECTS
Bx:otmacher & Campbell (91) have analyzed 75 proven cases of inter-
ventricular septal defects (IVSD) in patients who have had right heart
catheterization Their analysis has traced the natural history of such defects.
Seventy-five per cent of the individuals were less than 20 years of age.
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Equal sex incidence occurs under 20, but more females survive after age 20
If individuals with ventricular septal defects survive infancy, they appar-
ently have a good prognosis for 15 years with deterioration occurring there-
after. There are few surviving beyond the age of 40. Pulmonary artery re-
sistance increases with age, associated with subsequent rise in the right
ventricular pi and i d right-to-left shunt.

Kirklin & McGoon (92) have described in detail the anatomy of high
ventricular septal defects. The technical considerations involved in closing
such defects, which may be just below the pulmonary and aortic valves,
are outlined, The importance of thorough knowledge of the anatomy is
stressed. Their experience as well as that of others has shown the high inci-
dence of conduction disturbances following repair of ventricular defects.

Reemtsma, Copenhaver & Creech (93) have studied embryonic hearts i
order to determine the site of the conduction system in individuals with
membranous ventricular defects. Their studies demonstrated the bundle

bend dially along the jor and infertor aspect of such defects, and
approaching from the right. The left branch is a less discrete structure than
the right and arborizes Hence, repair of a delect utilizing the left side of the
apex of the septum is less likely to involve the conduction system.

Truex & Bishof (94) have also localized the conduction system in the
presence of interventricular septal defect. Fifteen human hearts with a high
defect were dissected. In a total of 12, the bundle was located in the posterior-
inferior margin of the septal defect, i.e., between 6 and 11 o"clock as viewed
from the right side and between 1 and 6 o'clock as viewed from the left side
‘This work confirms the previous work of Kirklin and Creech,

Atrioventricular block is obviously a sertous plication of intra-
cardiac surgery. This type of derangement 13 often surgically created during
repair of atrioventricular communis defects and high ventricular defects
Direct stimulation by a myocardial electrode connected to a cardiac pace-
maker will maintain individuals with an atrioventricular block until such
time as a normal sinus mechanism 1s restored, usually within 2 to 3 weeks
Such devices have been developed at the University of Minnesota (95) and
the Cleveland Clinic (96).

Lillehei (97), 1n reviewing the ibutions of open cardi y to the
correction of congenital and acquired cardiac disease, has reported 200 cases
of ventricular septal defects repaired under direct vision. The majority of
his experience has been with children under 15 years of age, He stresses that
the operative risk is directly proportional to the degree of pulmonary hyper-
tension. The dividing linc seems to be when the pulmonary hypertension
reaches 70 per cent of the systemic tension His operative risk in those with
pulmonary artery pressures below this figure has been 2 to 3 per cent.
There has been a marked rise in risk when pulmonary artery pressures ex-
ceed 70 per cent of systemic pressure Heart block has been observed in 10
per cent of those having ventricular sePtal d?fects or tetralo.gy of Fallot
corrected, and in 20 per cent of those with ostium primum lesions, A myo-
cardial electrode is routinely used in these individuals.
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Cooley, Latson & Keats (82) have reported 110 patients operated on for
ventricular septal defects. Seventy-seven of these cases were reported in
detail. There were 14 deaths in this initial series, an overall mortality of 18
per cent. These authors stress that operative mortality s significantly higher
in those under two years of age (28 per cent), as opposed to 11 per cent
mortality in those over two years This same higher mortality in the younger
age group has been observed by Lam (78). Overall mortality in 58 patients
operated on for IVSD was 33 per cent, However, in those three years of age or
over (21 cases), the mortality has been § per cent.

TETRALOGY OF FALLOT

Surgery for tetralogy of Fallot is currently undergoing a significant
change. Until the very recent past, shunt operations originally described by
Blalock and Potts have had widespread usage. Increasmg use of extracor-
poreal cireulation and open heart techni lete correc-
tion of the existing anomahes Lillehei (97, 99), Lam (78), Cooley (98), and
Kirklin (100) have all advocated open correction Operative mortality in
these experienced hands now ranges from 10 to 20 per cent,

In an attempt to compare the results of open procedures with shunt
procedures, the section on cardiovascular surgery of the American College
of Chest Physicians (101) compiled figures from various sources. Two thou-
sand shunt operations resulted in 18 per cent early and late deaths Two
hundred thlny-elght patients who had valvotomies sustained a 19 per cent
mortalty. L was lished in 67 patients with a 26 per
cent mortality. As of the time of this report, 122 open procedures had been
accomplished with an overall mortality of 39 per cent. This would tend to
suggest that shunt procedures were still the treatment of choice; however,
there has been a significantly higher improvement in the survivors of open
surgery, approaching 100 per cent, whick has not been observed in those
having a palliative shunt procedure Further, the operative mortality in
open surgery 1s steadily being reduced. It is of importance to note that there
has been a 95 per cent uperatxve mortahty when open correction has been
attempted by i 1 The f; ble figures reported for
shunt procedures i this report are at vanance with the observations of
Lillehei and Brock (102, 103) both of whom report only 40 per cent satisfac-
tory results with these types of operations.

INTRACARDIAC TUMORS

Additional reports are now appeanng of successful removal of intra-
cardiac neoplasms Coates & Drake (104) described a2 myxoma of the right
atrium with an intermittent shunt through a patent foramen ovale Cathe-

ization findings bled Ebstein's synd A definitive diagnosis
was made by angiocardiography, and the tumor was successfully removed,
using open heart techmque. Gerbode and his associates (105) have also
successfully removed a myxoma from the left atrium, using extracorporeal
circulation and cardiac arrest with notassinm citrate Seannel & Cella (106Y
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Equal sex incidence occurs under 20, but more females survive after age 20,
If individuals with ventricular septal defects survive infancy, they appar-
ently have a good prognosis for 15 years with deterioration occurring there-
after. There are few surviving beyond the age of 40. Pulmonary artery re-
sistance increases with age, associated with subsequent rise in the right
ventricular pressure and increased right-to-left shunt.

Kirklin & McGoon (92) have described in detail the anatomy of high
ventricular septal defects. The technical considerations involved in closing
such defects, which may be just below the pulmonary and aortic valves,
are outhned. The importance of thorough knowledge of the anatomy is
stressed. Their experience as well as that of others has shown the high inci-
dence of conduction disturbances following repair of ventricular defects.

Reemtsma, Copenhaver & Creech (93) have studied embryonic hearts in
order to determine the site of the duction system in individuals with
membranous ventricular defects. Their studies demonstrated the bundle
subendocardially along the posterior and inferior aspect of such defects, and
approaching from the right. The left branch is a less discrete structure than
the right and arborizes. Hence, repair of a defect utilizing the left side of the
apex of the septum is less likely to involve the conduction system.

Truex & Bishof (94) have also localized the conduction system in the
presence of interventricular septal defect. Fifteen human hearts with a high
defect were dissected, In a total of 12, the bundle was located in the posteriot-
inferior margin of the septal defect, i.e , between 6 and 11 o'clock as viewed
from the right side and between 1 and 6 o’clock as viewed from the left side
This work confirms the previous work of Kirklin and Creech

Atrnioventricular block is obviously a serious complication of intra-
cardiac surgery. This type of derangement 1s often surgically created during
repair of atrioventricular communis defects and high ventricular defects
Direct stimulation by a myocardial electrode connected to a cardiac pace-
maker will maintain individuals with an atri lar block until such
time as a normal sinus mechanism 1s restored, usually within 2 to 3 weeks.
Such devices have been developed at the University of Minnesota (95} and
the Cleveland Clinic (96).

Lillehei (97}, 1n reviewing the contributions of open cardiotomy to the
correction of congenital and acquired cardiac disease, ias reported 200 cases
of ventricular septal defects repaired under direct vision. The majority of
his experience has been with children under 15 years of age. He stresses that
the operative risk is directly proportional to the degree of pulmonary hyper-
tension. The dividing line seems to be when the pulmonary hypertension
reaches 70 per cent of the systemic tension. His operative risk in those with
pulmonary artery pressures below this figure has been 2 to 3 per cent.
There has been a marked rise in nisk when pulmonary artery pressures ex-
ceed 70 per cent of systemic pressure. Heart block has been observed in 10
per cent of those having ventricular septal defects or tetralogy of Fallot
corrected, and in 20 per cent of tl.mse with osti.um primum lesions. A myo-
cardial electrode is routinely used in these individuals.
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Cooley, Latson & Keats (82) have reported 110 patients operated on for
ventricular septal defects. Seventy-seven of these cases were reported in
detail, There were 14 deatha in this initial series, an overall mortality of 18
per cent. These authors stress that operative mortality is significantly higher
in those under two years of age (28 per cent), as opposed to 11 per cent
mortality in those over two years. This same higher mortality in the younger
age group has been observed by Lam (78). Overall mortality in 58 patients
operated on for IVSD was 33 per cent. However, in those three years of age or
over (21 cases), the mortality has been 5 per cent.

TETRALOGY OF FALLOT

Surgery for tetralogy of Fallot is ly under if
change. Until the very recent past, shunt Operatmns ongmally descnbed by
Blalock and Potts have had widespread usage, Increasing use of extracor-
poreal circulation and open heart technique has permitted complete corree-
tion of the existing anomalies. Lillehei (97, 99), Lam (78}, Cooley (98), and
Kirklin (100) have all advocated open correction Operative mortality in
these experienced hands now ranges from 10 to 20 per cent.

In an attempt to compare the results of open procedures with shunt
procedures, the section on cardiovascular surgery of the American College
of Chest Physicians (101) compiled figures from various sources Two thou-
sand shunt operations resulted in 18 per cent early and late deaths Two
hundred thirty-eight patients who had valvotomies sustained a 19 per cent
smortahty. Infundibul y was ished in 67 patients with a 26 per
cent mortality. As of the time of this report, 122 open procedures had been
accomplished with an overall mortality of 39 per cent. This would tend to
suggest that shunt procedures were still the treatment of choice; however,
there has been a significantly higher improvement in the survivors of open
surgery, approaching 100 per cent, which has not been observed in those
having a palliative shunt procedure Further, the operative mortality in
open surgery 1s steadily being reduced It1sof importance to note that there
has been a 95 per cent operative mortality when open correction has been
attempted by i P 1 The f: ble figures reported for
shunt procedures 1 this report are at variance with the observations of
Liltehei and Brock (102, 103) both of whom report only 40 per cent satisfac-
tory results with these types of operations.

INTRACARDIAC TUMORS

Additional reports are now appeanng of successful removal of intra-
cardiac neoplasms. Coates & Drake (104) described a myxoma of the nght
atnum with an intermittent shunt through a patent foramen ovale. Cathe-

ion findings bled Ebstein's d A
was made by angiocardiography, and the tumor was successfully removed,
ustng open heart technique. Gerbode and his associates (105) have also
successfully removed a myxoma from the left atrium, using extracorporeal
circulation and cardiac arrest with potassium citrate, Scanuel & Grillo (106)
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Equal sex incidence occurs under 20, but more females survive after 2ge 20.
If individuals with ventricular septal defects survive infancy, they appar-
ently have a good prognosis for 15 years with deterioration occurring there-
after. There are few surviving beyond the age of 40. Pulmonary artery re-
sistance increases with age, associated with subsequent rise in the right
ventricular pressure and increased right-to-left shunt.

Kirklin & McGoon (92) have described in detail the anatomy of high
ventricular septal defects. The technical considerations involved in closig
such defects, which may be just below the pulmonary and aortic valves,
are outlined. The importance of thorough knowledge of the apatomy is
stressed, Their expertence as well as that of others has shown the high inci-
dence of conduction disturbances following repair of ventricular defects.

Reemtsma, Copenhaver & Creech (93) have studied embryonic hearts in
order to determine the site of the conduction system in individuals with
membranous ventricular defects Their studies demonstrated the bundle

E dially along the for and inferior aspect of such defects, and
approaching {rom the right. The left branch is a less discrete structure than
the right and arborizes, Hence, repair of a defect utilizing the left side of the
apex of the septum is less likely to involve the conduction system.

Truex & Bishof (94) have also localized the conduction system in the
presence of interventricular septal defect. Fifteen human hearts with 2 high
defect were dissected. In a total of 12, the bundle was located in the posterior-
inferior margin of the septal defect, i.e., between 6 and 11 o’clock as viewed
from the right side and between 1 and 6 o’clock as viewed from the left side.
This work confirms the previous work of Kirklin and Creech,

Atrioventricular block is ebviously a serious complication of intra-
cardiac surgery. This type of derangement is often surgically created during
repair of atrioventricular communis defects and high ventricular defects
Direct stimulation by a myocardial electrode connected to a cardiac pace-
maker will maintar individuals with an atrioventricular block until such
time as a normal sinus mechanism 1s restored, usually within 2 to 3 weeks.
Such devices have been developed at the University of Minnesota (95) and
the Cleveland Chinic (96}

Lillehei (97), 1n reviewing the contributions of open cardiotomy to the
correction of congenital and acquired cardiac disease, has reported 200 cases
of ventricular septal defects repaired under direct vision. The majority of
his experience has been with children under 15 years of age. He stresses that
the operative risk is directly proportional to the degree of pulmonary hYP'e"
tension, The dividing line seems to be when the pulmonary hypertension
reaches 70 per cent of the systemic tension His operative risk in those with
pulmonary artery pressures below this figure has been 2 to 3 per cent.
There has been a marked rise 1n nisk when pulmonary artery pressures ex-
ceed 70 per cent of systemic pressure. Heart block has been observed in 10
per cent of those having ventricular septal d?[ects or tetralogy of Fallot
corrected, and in 20 per cent of those with ostium primum lesions A myo-
cardial electrode is routinely used in these individuals.
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demonstrated similar flow rates 33 days later. A third group, in addition to
having internal mammary artery ligation, had all branches of the subclavian
vessels ligated. Flow determinations 46 days later indicated 10 cc. flow per
min. The mortality in all groups, follow ing ligation of the anterior descending
coronary artery, was 78, 93 and 92 per cent, respectively. This compared
with a control study with 70 per cent mortality. They have concluded that
even though blood flow through the internal mammary vessels was increased
in a chronic preparation with concomitant ligation of the remaining branches
of the subclavian, no additional protection was offered to the animals. It is
believed that little evidence exists for this procedure as mechanism of in-
creasing myocardial blood flow.

Qur experience is comprised of 34 patients, all of whom had bilateral in-
ternal mammary artery ligation performed under local anesthesia. They
have been followed from § to 11 months after operation. Five patients have
noted very slight improvement, 11 claim mild to moderate improvement,
and only 1 patient is free of angina. Seven patients died of their disease 1 to
9 months following ligation. The remaining 10 are unimproved

Vineberg & MacMillan (114) have studied 7 human hearts at autopsy,
60 kr. to 18 months after an internal mammary artery implantation. In
6 of the 7 hearts, the implanted artery was patent. In the specimen obtained
18 months after operation, the implant was patent, contained little intimal
proliferation, and showed evid, of branching Therr overall clinical re-
sultsindicate that 75 per cent of their survivors have been relieved of angina.
Vineberg has again stressed that 1schemia is 3 prerequistte for success of this
type of surgery, both n the chinical and experimental efforts. Duchesne &
Vineberg (115) have developed a cylinder made of an hygroscopic plastic
(Ameroid). When placed about coronary vessels, these cylinders produced
gradual and fon with sub death of all control
animals. This method was d by internal y artery trans-
plantation in 20 dogs Eighty-five per cent “‘take” occurred in this group of
dogs compared with only 50 per cent “take” i a series of animals without
pre-existing ischemia Other authors have reported markedly divergent re-
sults followng implantation of arteries into the ventricular myocardsum.
Fuquay and his associates (116) implanted both internal mammary and
subclavian arteries in dogs Their study suggested that protection was af
forded these antmals following left coronary ligation There was no marked
difference in the protectsve quality of either of the implants. The subclavian
vessels remarned patent 1n a larger percentage of this series as a result of less
mumal proliferation Survival was dependent upon the patency of the im-
plant Patt et al (117) were able to maintain successful implants in 1 of 19
dogs and 1 of 25 prgs Intimal proliferation occurred in all other instances

Nachlas et el (118) evaluated the effect of trauma on the transplanted vessel,
Fourteen dogs had carotid vessels implanted in the myocardium, and 13 of
these had marked decrease in patency at the end of one month, largely as 2
result of intimal proliferatton An addiuional 15 dogs had the same vessel
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present the third recorded instance of a successful removal of a myxoma
{rom the left atrium. They did this under inflow occlusion, using hypo-
thermia. A second case was also reported by Scannel of the removal of 2
fibrosarcoma of the right atrium. Partial atrial excision was necessary to cir-
cumvent this tumor and was accomplished without the benefit of by-pass ot
hypothermia.

CORONARY ARTERY DISEASE

A guarter century devoted to the study of coronary heart disease has
fed Dr. Claude Beck and his associates (167, 108} to certain axioms with re-
gard to the hemodynamic principles of this disease, Some of these foliow:
the fate of the myocardium depends on the amount of blood available to

the ischemic area; pl lusion of one branch of the coronary artery
does not necessarily result in infarction, yet infarction may occur without
) Jusion; my dial i ity may be preserved even when the

lumen has been profoundly reduced, providing there is adequate imter-
coronary collateral; the symptoms of coronary disease are not necessarily
correlated with the total inflow. Generally, it is the uniformity of distribu-
tion rather than the tota) amount of inflow that determines clinical mani-
festations. Hence, there are three dominant causes of death in the presence
of coronary heart disease: first, an ble electri dit iated
with a fack of uniform distribution; second, a matked reduction of tota!
coronary artery inflow; third, muscle destruction. One of the above causes
is usually dominant, the other factors may contribute,

Gorlin (109} is currently perfecting a techni that will
measure the coronary blood flow in the intact patient. This may revolu-
tionize our concepts of coronary artery disease, and remove from the real@
of speculation the varions factors which contribute to symptoms and death
from coronary ischemia.

During the past 18 montbs, there has been considerable interest in the
results of bilateral mnternal mammary artery ligation, Thus procedure was
jptroduced in this country by Glover. He and his assomates {110} have
now operated on 92 patients. Fifty of these patients have been followed
{rom 1 to § months Eighteen patients (36 per cent) are symptom free, and
an additional 17 (32 per cent) have been benefited. Thirty-two per cent of
the patients are unimproved. Improvement, as evidenced by electrocardio-
graphic and batlistocardiographic changes, hias been observed in 22 patieats
(42 per cent) Various groups (131, 112) have made controlled studies 10
see if mammary artery ligation is more effective than “sham” operations
(alt steps without artery ligation). The consensus is that similar improve-

AN

1

seeomtished in the first group, and fow determined immediately. The
fow was of the order of 3 cc. per min. A second group, ¢~ * 7 * .
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GREAT VESSEL ANGMALIES

Cooley & Ochsner (125) have reviewed the various forms of total anom-
alous venous drai; Most ly all four pul y veins collect
in one vessel situated posterior to the atria. This drains into the innominate
vein through what is thought to be a persistent left superior vena cava.
This, in effect, creates a total left-to-right shunt and is incompatible with
life unless there is an accompanying interatrial septal defect. The authors
have successfully treated such an anomaly in a six-month-old infant Cor-
rection was accomplished under hypothermia by anastomosing the common
trunk posteriorly with the posterior aspect of the right and le(t atrium The
common trunk was then divided proximal to the innominate vein, and the
interatrial septum was transposed to the right of the newly created anas-
tomosis, thus diverting the entire pulmonary venous return into the left
side of the heart.

A number of stmilar operations have been performed and will soon find
their way to publication. A recent personal experience at the Peter Bent
Brigham Hospital points up the danger of pulmonary vascular disease in
these patients who have reached adulthood. A perfect technical correction
was incompatiole with survival, as a result of old pulmonary artery throm-
bosis and pulmonary arteriolar sclerosis. When the pulmonary pressure and
flow were restored to normal, the patient could not oxygenate his blood and
succumbed. If correction is to be successful, 1t must antedate these changes

Creech et al. (126) have reported an unsuccessful attempt to correct a
complete transposition of the great vessels i a nine-month infant. A kidney-
shaped Ivalon prosthesis was placed in a surgically created common atrium,
so that caval return was directed through the mutral valve and pulmonary
venous return through the tricuspid value Cardrac by-pass with elective
asystole was used. Pulmonary comphcations compromised a completely
adequate technical procedure

Riberi & Moore (127, 128) have demonstmted that endothehal hned
tubes made from free of p were ble when
employed expenmentally to replace pomons of the superior vena cava in
dogs Subsequent experience with a pedicled graft constructed from the
right atrial wall and appendage has been more successful This method,
which permits reception of larger portions of the superior cava, has been
accaraplished 1 24 dogs without immediate mortality,

AORTIC AND PERIPHERAL VASCULAR SURGERY
SYNTHETIC VASCULAR PROSTHESES
Martinez, Dahl & Grindlay (129) placed Ivalon tubes in the abdominal
aorta of 22 dogs These prostheses were evaluated 6 hr to 6 weeks after
placement, A thrombus lmes the prosthesis within 6 hr and then s thickened
by h There 1s slow invaston by fibro-
blasts from the ends of the graft An endothelial lining covering the thrombus
also proliferates from the host aorta. Dense collagenous connective tissue
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implanted, but the lumen was placed into the tight ventricular chamber.
All of these dogs maintained patent vessels up to 10 months. Nachlas ¢ ol.
conclude that trauma to the vessel as such js not a factor, but rather that
patency ig a function of continuation of flow,

Coronary artery endarterectomy as suggested by Bailey (119) is prob-
ably of very limited value, largely because of the diffuse nature of coronary
atherosclerosis.

Sabiston & Fonkalsrud {120) inserted arterial homografts and nylon
prostheses from the aorta to the left ventricular myocardium in 18 animals.
Graft patency was observed up to 44 days, and, thereafter, thrombosis
resulted. There was no evid. of arterial ication between gralt
and coronary arteries. Moore & Riberi (121) have reported a method of
anastomosing the subclavian artery to the left circumflex coronary artery
over a palyethylene stent. This techni has been Yished in 20 dogs,
with 100 per cent immediate survival,

Lord and his co-workers (122) have suggested that operations for re-
vascularization of the myocardium be studied by measuring the the coro-
nary blood flow, using extracorporeal circulation. The authors establish
extracorporeal circulation, with total venous inflow occlusion, A Foley
catheter inserted through a tight ventriculotomy is advanced into the pul-
monary outflow tract. The Foley catheter js equipped with drainage holes
between the end of the catheter and the bag. When the bag has been in-
flated and the aorta cross clamped, any blood flow collected represents that
coming from the coronary sinus and the Thebesian system.

Belman & Frank (123) have lished direct i hy of the
coronary tree by injecting diatrizoate sodium (Hypaque) into a branch of
the anterior d ding vessel. Ad isualization is tished
Electr i hic changes coincident with the jon are ifested

by T-wave depression, The same alteration is noted following saline injec-
tion and is thought to be caused by blaod displacement rather than by
toxicity of the contrast medium. Prolonged injection or injection into an
hypoxic heart will result in ventricular fibrillation. The suggestion is made
that this is an acceptable procedure when the coronary vessels are directly
exposed.

Case ef al. (124) have presented evidence to show that flow in an anom-
alous left coronary artery arising from the pulmonary artery 13 retrograde
from the coronary vessel into the pulmonary artery. The source of blood is
thought to be from intercoronary anastomoses ansing from the normally
placed right coranary artery. In view of the high mortality associated with
this anomaly, operation is ded in alt patients If temporary occlu-
sion of the left coronary vessel results in improved appearance of the myo-
cardinm and enlargement of the anomalous vessel, permanent ligation
should be done, If these changes are not observed, it is suggested that crea-
tion of pulmonic stenosis may reverse the gradient. Ligation of the left
coronary has been accomplished in three instances by surgeons other than
the authors, with survival in one for four months.
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whereas the Teflon gralts remained intact and the animals succumbed to
peritonitis.

AvTtocexous, Hoyorocous, axp HETEROLOGOUS GRAFTS

Jones & Dale (138) have placed 42 autogenous vein grafts in peripheral
segments of the femoral arteries of dogs. Long-term patency up to two years
has been observed in 60 per cent. Additional technical experience has per-
mitted success in 80 per cent. Minor dilatation has been noted but no
aneurysm formation. The veins have remained endothelralized and viable
without loss of muscle, but with some decrease in elastic tissue. This tech-
nique has been employed successfully in one clinical case. Morton & Ma-
honey (139) were unsuccessful 1n accomplishing venous and arterial hetero-
grafts from pigs into the abdominal acrta of dogs Despite external support
with Ivalon sponge, the venous grafts showed aneurysmal dilatation. A
high failure rate was observed in both types of preparations.

Barnes e? al. (140) have reviewed their expenence with 165 aortic homo-
grafts at the Mayo Clinic. Seventeen deaths occurred, 10 of which were
caused by graft failure. Nine of the graft faslures were autopsied. In three,
the graft had ruptured, and in six the patients had died from hemorrhage
along the suture line. Factors contnbuting to these failures included intninsic
disease of the graft, disproportion between host aorta and graft, and poor
quality of the host aorta, Technical error could not be excluded. Brown,
Huggins & Koth (141) have noted that fresh autogenous grafts and freeze-
dried homografts functioned equally well when used to replace segments of
carotid arteriesin dogs. Fi dried grafts were less satisf: y-

AORTIC SURGERY

McGoon, Edwards & Kirklin (142) report the successful exaision of an
aortic sinus aneurysm with an associated high interventricular septal defect,
occurring in a 26-year-old female patient Direct vision, utilizing extracor-
poreal circulation, was used. The aneurysm was excised, and it, along with
the small ventricular septal defect, was closed with a compressed Ivalon
sponge The underlying pathology is believed to be a failure of the media of
the 2orta to join with the aortic ring A traumatic rupture of the right sinus
of Valsalva into the right ventricle was repaired through a nght ventriculot-
omy, during total di y by-pass with arrest, by King
& Shumacker (143).

Skall-Jensen (144) has reported successful closure of a congenital aortico-
pulmonary fistula during an open procedure in a four-month-old child. A
seven-year-old male with the same defect succumbed 22 hr after operation
as a result of hemorrhage A review of the world literature reveals 62 cases,
only 5 of whom survived beyond the age of 15 and none beyond the age of
30. Ellis, Kirklin & Bruwer (145) have explored 20 aneurysms of the thoracic
aorta Five were found toinvolve the proximal aorta or thearch and were not
resected Of the ining 15, 10 survived
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surrounds the graft; however, except at the suture line, connective tissue did
not invade,

Eiken, Wulff & Hallen (130} placed Ivalon, Grilon, and nylon foil
prostheses in the abdominat aorta of 25 dogs. Both the Ivalon and Grilon
were well tolerated. An intimalike layer developed and infiitrated the mesh
to meet fibrous tissue growing from the outside. The nonpermeable nylon
foil was not incorporated into the host tissues, Ivalon and Grilon were not
acceptable if the segments were long, or if the diameters were less than § to
6 mm, Gwathmey, Pierpont & Biades (131) report satisfactory experimentat
and clinical results with heat sealed grafts of dacron taffeta. Five bifurcation
grafts have been well tolerated in humans, The principal advantage of this
material is that it can be tailored at the operating table to meet individual
needs. Crawlord, DeBakey & Cooley (132) have reviewed their nse of synr
thetic material substitutes m 317 patients The functional results with nylon,
dacron, Edwards-Tapp tube, nylon and dacron knit were comparable ©
those obtained with homografts. Orlon fabric was unacceptable because of
its i , and Ivalon d { a high incid of t] bosfs

Edwards & Lyons (133) have reviewed three years experience with
peripheral arterial grafts of crimped nylon and Teflon (pofytetrafluoro-
ethylene resin). Forty-four nylon and seven Teflon grafts have been placed
during this period, Acute thrombosis has occurred in seven and late occlu-
sion in four. The limitations of nylon tubes include the necessity for heat
sealing and the loss of tensile strength This latter objection can be over-
come if 210 denier nylon is used, which will lose only 20 to 30 per cent of its
otiginal strength, Teflon, however, 13 believed to be superior because of
indestructibility and chemical inertness. In addition, Teflon tubes permit
developuent of an intimal hmng within 1 to 2 months as apposed ta 4 to 6
months {or comparable nylon prostheses. Merendino and Ius associates
(134) have had excellent resuits with scamiess Teflon tubes placed in the ab-
dominal aortas of nine human beings.

Perhaps the mast critical and extensive evaluation of synthetic matersals
is that of Harrison (135, 136) Prostheses of nylon, dacron, orlon, Tvalon
sponge, and Teflon were placed in the peripheral vessels of 133 dogs. Teflon
was noted to be the most satisfactory material The advantages noted were
substantially those noted by other authors, namely, chemucal inertness,
indestructibility, v, and mai of tensife strength, In addi-
Yion, there was an occlusive rate of only 6 3 per cent as opposed to that ab-
served in control homografts of 10 per cent All of these prostheses were
found unsuitable if the diameter of the vessel was § mm or less. A com-
parable series was carried out, replacing segments of the aorta Qcctusion
did not occur with any of the graft material, but again Teflon proved most
Jesirable. Harti has also pated the efficacy of homografts and woven
Teflon tubes in repfacing aortic segiments when placed in infected wounds in
41 dogs (137). The complication rate 1n both series was of the same order
(50 per ceat), However, the homograft animals died of exsanguination,
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the contrast medium, Huger e al. (151) have also evaluated the effect of
70 per cent sodium acetrizoate during aortography. One cc./kg. of the sub-
stance was injected into the aorta between balloons obstructing the aorta
above and below the renal arteries. This dosage regularly caused moderate
to severe nephrosis, and often paralysis. The injection of procaine (25
mg./kg.) 30 to 90 sec before injecting the test dose usually prevented
significant renal injury and did, in each instance, prevent paralysis.

COARCTATION OF THE AORTA
Lemmon & Bailey (152) have suggested a new classification for coarcta-

Type I fon with a i

Type IT coarctation with shunt either proximal or distal (a patent ductus
arteriosus)

Type 1 coarctation with hypoplasia

Type IV coarctation with nterruption (i (isthmus)

Type V site elsewhere (specified) (a) ing (b} arch (¢} de-

scending (&) multiple

They believe this classification is less confusing than others currently em-
ployed.

Brynolf, Crafoord, & Mannheimer (153) describe the first successful
correction of an anomalous coarctation of the aorta wherein there was a
persistent right aortic arch with a leit descending aorta. Both carotids arose
from the aorta proximal to the coarctation, and both subclavian arteries
arose independently distal to the coarctation. The coarctation lay postenior
to the esophagus and trachea Successful resection of the coarctation was

An end-t is was constructed anterior to the

trachea
PATENT DUCTUS ARTERIOSUS

There is agreement that, once the diagnosis of patent ductus artertosus
has been established, consideration must be given to surgical obliteration.
Clatworthy & McDonald (154) have reviewed 66 patients with patent due-
tus proven either by catheterization, operatton, or autopsy. Sixty-three of
these patients have undergone surgical correction without death or post-
operative complications of serious nature. Life threateming complications
include heart failure, pulmonary hypertension, endarteritis, and degenera-
tive vascular changes These changes generally do not occur prior to five
years of age and have a sharp increase thereafter The authors recommend
davision of a ductus prior to the age of five, whether or not the child 1s
symptomatic,

Strauss, Abrams & Robinson (155) have studied the radiologic as-
pects of individuals who have had surgical obllteratlon of a patent ductus.
Seventy-one cases were lyzed both ively and ively
The significant findings were a dimimnution in heart size and in pulmonary
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Gerbode et al. (146) have p d a di jon of ic aneurysms
of the aorta with specific reference to the fixed points in the course of this
vessel. Specifically, fixation occurs at the base of the heart, at the point of
origin of the head vessels, and at the esophageal foramen. A satisfactory
result has been obtained in three of four cases treated by excision and
homografting. Partial cardiac by-pass was utilized, Blood obtained from
a left atrial catheter was passed through a roller pump and reintroduced
into the femoral artery. The one unsuccessful case was caused by hemorrhage.
No renal or neurological deficits were noted. Experimental work in dogs
shows that flow rates of 15 cc. per kg. distal to aortic cross clamping zre
adequate to prevent neurologic deficits.

Expetience with six cases suggests to Eiseman & Rainer (147) that the
clinical management of post-traumatic rupture of the thoracic aorta should
include early thoracotomy if incomplete faceration is suspected, Careful in-
spection and palpation of the aorta are indicated, and exploratory aortotomy
may be necessary. Since an asymptomatic period of two to three weeks may
elapse following injury, close observation is mandatory. There is commonly
a short (1- to 36-hr.) period of lesser leak prior to exsanguinating hemor-
rhage. 1 diate thor is indicated at this time.

Cross clamping of the thoracic aorta in the absence of & well-developed
collateral will frequently cause an intolerable degree of hypertension and
cardiac dilatation proximal to the site of obstruction. Experimental work by
Gobbel and his collcagu:s (148) has shown that this cardiac dilatation and
hypertension can be obviated by si y cross clamping the inferior
vena cava just above the diaphragm. This ccmbmauon has permitted main-
tenance of a ive state in the proximal thoracic aorta.

Ap additional | technical aid has been described by Tibbs & Lestie (149).
ring clamps i the host vessel and
graft over an ice cone. A water-tight seal lS accomphshed and mamti\med
until suture can be i ly. The ice cone is
rapidly dissolved, and the patency of the vessel and graft is promptly re-
stored. The time interval between interruption and reconstitution of flow
may be as short as 1 min This method has been utilized clinically, on one
occasion, with bilateral anastomosis accomplished between the superficial
femoral and mid-popliteal arteries. Considerable dexterity is necessary.
however, a personal demonstration by the author has convinced us of the
feasibifity of this technique.
AORTOGRAPHY
Beall ¢t al. (150) have evaluated the complications of aortography in

studies on dogs and patients The contrast medium used was 70 per cent
sodium acetrlzoatc (Umkon) Up to 30 cc. are well tolerated without evi-
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lowed one to four years without evidence of constrictive pericarditis. \Ve
agree with such initial therapy for direct cardiac trauma and resultant
tamponade (162). Expericnce with well over 2000 heart operations leads us
to conclude that the danger of constrictive pericardrtis after heart surgery
is neglible, 1t is important, however, to drain the pericardium well after any
intrapericardial procedure

Bailey and his it {163) have d a techni; for partial
excision of a ventricular aneurysm. The authors recommend that sympto-
matic ventricular aneurysms be surgically excised.

CARDIAC TRANSPLANTATION

Blanco and his i {164) have ished lete homotrans-
plantation of canine hearts and lungs. Their technique involved cardiac
arrest of the donor heart with potassium citrate, with the recipient animals
maintained on extracorporeal circulation while both cavae, aorta, and tra-
chea were d. Six of esght e i were ful in restoring
cardiac contraction with mai of the sy i ion for a period
of 4 to 4% hr. (average 2% hr). In two dogs, spontaneous respiration ap-
peared Death in each instance followed progressive weakening ol the cardiac
contraction followed by ventncular fibnilation.

Webb & Howard (165) have also successfully transplanted canine heart-
lung homografts 1 six instances Survival was observed for periods of 75
min, to 22 hr. Spontaneous respirations were never restored, suggesting that
transplantation of both lungs 1s not feasible.
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vasculature which was observed in the majority of instances. The earliest
changes occurred in the pulmonary artery and later in the overall diraen-
sions of the heart. In the event that these changes did not occur within 6
months, a complicating fesion should be suspected.

PERIPHERAL ARTERIAL SURGERY

Gurdjian & Webster {156) have reported five patients with neurological
changes proven clinically to be caused by obstruction of the carotid system
at the carotid bifureation, Endar y was fished in al] patients,
with four showing improvement. Deterling (157) has observed a high 0’?“
of success, using permanent by-pass grafts in the treatment of occlusive
arterial disease, Thirty-one of 39 homogralts inserted betneen the femoral
and popliteal arterics remained patent. Six of seven grafts from the iliac
arteries distal functioned adequately, and five of eight bifurcation grafts
were successful, One long aortic coarctation was by-passed successfully,
Hewever, a by-pass from ascending to descending aorta resulted in a fa-
tality. Synthetic woven grafts employed in 10 patients for replacement of
peripheral arterial segments were only S0 per cent successful, largely e
cause of the limitations of the underlying disease, Cannon, Barker & Kawa-
kami {158) have reviewed the results 1n 59 patients who underwent fermoral
and liteal endar y for obl ive ath i isf:
results were achieved in 66 per cent, who demonstrated patency of the
arterial tree distal to the site of endarterectomy. These authors conclude
that direct surgery is contraindicated unless distal patency exists.

Muller and his associates {159) have noted significantly better results
with endarterectamy for obliterative arterial discase than they have with
the use of grafts. Seventy per cent of 32 patients followed six months of
more, who had aortic or shac artery occlusion, and a ble per Ef
of those with femoral itea) artery occ) had flent results. The
figures for the grafted group were 53 and 25 per cent

Jahnke (160) reports a late follow-up of 115 patients who underwent
arterial repair during the Korean conflict. Arteriography demonstrated
thrombosis in 33 limbs. No amputation had been necessary, Thrombosis had
occurred in 18 per cent of direct anastomoses, in 44 per cent of lateral re-
pairs, 47 per cent 1n which an autogenous vemn graft had been inserted, an
§n 71 per cent in which the segment was replaced by an homologous arterial
graft. Factors implicated m the poor results inciuded tension of the suture
line ¢ iction, inf dary hemorrhage, or the use of 2 damaged
vein 2s a graft

CARDIAC TRAUMA

Royster & Basher (161) have reviewed 17 consecutsve cases of cardiac
tamponade. Thirteen patients were treated by asmratfon alone, and four
also undernent thoracotomy. In two nstances, the ?Ieedmg point had sealed
when it was visualized directly Eight of these patients have now been fol-
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NUTRITION AND NUTRITIONAL DISEASES'?

By G. H. BERRYMAN, M.D.
Department of Medsine, University of Tllinos, Chicago, Ilhnois

So wid d in medicine are the impli and of nu-
trition that it is quite impossible for any review to include all the significant
advances made in the past year. Te make arbitrary selection of broad
categories provides one solution to the dilemma facing the reviewer, and
while this choice is calculated to provide a general perspective of recent
events, it is inevitable that certain obvious omissions will occur.

An appropriate note on which to begin is the occasion of the fiftieth
anniversary of the American Institute of Nutrition, an event commemorated
bya se'nes of special articles [Federahm\ Proceedings (1958)}, in which past

are reviewed and di; for future progress appraised.
In accordance with the perspective set forth there, let 1t be agreed that clas-
sical nutnitional syndromes such as beriber, rickets, pellagra, and scurvy
are now only rarely encountered even 10 poverty-stricken areas of the world.
Their absence from the present-day American scene is a testimony to medical
progress and, while they rightly deserve a place in the textbook as historic
landmarks, they have ceased to exist as major problems because of fortunate
crcumstances such as a high national economy, skilled food technology,
ready accessibility to a wide variety of foods, and because of measures such
as the fortification or enrichment of foods (especially grain products) and
the common use of vitamin supplements

‘The rareness with which the classic nutritional deficieney syndromes are
now encountered can lead to 2 false assumption that any danger of nu-
tritional defictency 1s remote. In actuahty, normal nutritional function per-

meates all fields of modern medi and an of its inuing and
pervasive importance 1s fundamental to medical practice A bnei rewew of
the cellular functions of the vit. suffices to establish the

of these nutrients—thiamine 1s essential for the metabolism of pyruvate;
riboflavin and macin are involved in hydrogen transport; pyridoxine plays
an mmportant role in many aspects of amino acid metabolism, including
transamination and decarbovylation, folic acd and cyanocobalamin (Bys)
enter into nucleoprotein metabolism; the integrity of conmective tissue
depends in part upon ascorbic acid, synthesls of prothrombin requires vita-
min K;: caleium and phospharus are \ by vitamin D3
and vitamin A is involved in the regeneration af thadepsin, the wisual

1 * The survey of literature pertaimng to this review was completed m August,
58,

The following abbreviations will be used BAL (2, 3-dimercaptopropazol) ;

EDTA (ethylenediamine tetraacetic acd); Na:EDTA (disodium ethylenediamine
tetraacetic acid).
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achylia, reduction in absorbing surface, biliary discase; (d) impaired meta.
bolic utilization—Tliver disease, hypothyroidism, diabetes mellitus, malig-
nancys; (e) increased ) polyuria, hemorrhage, negative nitrogen balance,
decubitus,

From a report on nutritional status in the Near and Far East [Berry &
Schaefer {17)] it appears that caloric, protein, thiamine, ascorbic acid, and
witamin A deficiency symptoms may still occur in this twenticth century
whenever the food available is limited in quantity, varicty, or biologic value,
and when national customs or habits make change difficult to accomplish,
For such surveys of populations, proven methods for nutritional appratsal
(dietary, biochemical, and clinical) have been developed and are describied
in a recent manual (18). The section on clinical appraisal is quite adaptable
to clinic or private practice, however, and it utilizalle a3 a practica) measure
in the ordinary physical examination [originally adapted from Jotliffe (19)],

The converse—Within the past [ew years it has been realized that nu.
tritional excesses as well as deficiencies call for recognition and prevention,

TABLE 1
OvutLINE OF Major NuTRiTIONAL DEFICIENCY StoNg®

Nutrient Abnormal Clinical Sign

Calories Obesity — Skin Thickness
aptiae: over 30 mm,
Lower axillac* over 25 mm,
Height-Weight Tables over 10 per cent
Leanness—Skin Thickneas
Scapulae. under 8 mm.
Lower axillae: under 8 mr,
Height-Weight Tables: under 10 per cent

Protein Dependent edema

Vitamin A Folficutar keratosis of arms
Thuamine Absent Achulles tendon refleves
Niacin Tangue lesion more advanced than

hypertrophy of papitlac at tip

Reddened tongue
Pellagrous dermatetis

Riboflavin Angular stomatitis
Conjunctival hyperemia
(Circumcorneal injection)

. Magenta tongue

Ascorbic Acid Red hyperemic gums

Perifolliculosis

* Adapted, with permission, from “Manual for Nutrition Surveys,” Interdepart-
mental Committee on Nutrition for National Defense, 1957, Supt of Documents,
Wash . D.C.
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pigment of the rod cells of the retina. Several of the foregoing functions are
examples of the coenzyme roles played by many of the vitamins.
Broap NUTRITIONAL PROBLEMS

The consequences of limiting or interfering with these normal cellulat
processes can still be observed at the clinical level, but in guises quite dif-
ferent from the clnssxc deﬁmency states, While thc basic cause remains the

d pply of ients—the ci; have changed.
For example, a certain ¢ sndc-cﬂ'ect" of a drug may be in reality a nutritional
deficiency symptom arising darily to the it holite or antibac-

terial property of the drug. One example is the peripheral peuropathy or
epileptiform seizures that may be encountered during jsoniazid therapy (1
to 6). These have been shown to reflect a pyridoxine deficiency state caused
by the inactivation of th\s vitamin by the hydraz;de gmup of compounds
(scm‘carbaude, i bazide, and i ¥ de). Another ex-
ample is seen in the mucous membrane lesions encountcred during L
tracted sulfonamide or antibiotic therapy, a consequence of the suppression
of the normal bacterial flora of the mouth and farge intestine, resulting in
complex deﬁc\ency (7, 8, 9). Prolonged high duses of sahcylates can lead to
hy; b by a similar of tion
lherapy (EDTA) has been reported to result in pyndoxms deﬁucncyhke
fesions (10). Other drug-induced deficiency states can be cited However,
there are more common conditions in which the physician encounters mod-
ern probi of The alcoholic and the drug addict by persistent
omission of protective foods from the diet, often exhibit a mixture of nu-
tritional deficiency signs and symptoms The food faddist and the chronic
weight reducer may find himsell in a borderline nutritionat state The pace
and socia) custom of city Iife harbor dietary imbalance. Poverty, apathy, and
adentia contribute to the nutritional pmblems of the aged.

It is apr that the possibility of tinicat nutritional deficiency
still requires i and p: t Ad protein of high biologic
value must be assured for maintenance and repair of tissue. Supplementary
vitamins provide a desirable safeguard {Jolliffe (11}, Goodhart (12)] but
there are certain rational indications for thewr use [Darby (13), AMA Coun-
it on Foods and Nutrition (14)]. Maintenance formulas of vitamins should
appm“mme, but not greatly exceed, the amounts described in the 1958

d Dietary Al for ins [National Research Council

(15)) A smtah!e lhempeum: vitamin formula is provided by three to five-

old the g Such a formulation has been described

in detad [Natmnal Rescarch Couneil (16)} and 1s justified in the following
(o

hed intak . adentia, certain therapeutic
diets, certain gastrotntestinal dxsorders. and pre- and posto;:eranve inter-
diction of facd by mouth; (b} i th,
physical exertion, pregnancy, lactation, {ever, hyperthyrmdlsm. (¢} sm-
pared absorpuonnhypermehhty of gastrointestinal tract, achlorhydria or
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higher in myocardial infarction patients (as a group) than in the correspond-
ing average for similar aged groups in each sex who do not have overt mani-
festations of atherosclerosis; (¢) individual differences are so great that
neither the cholesterol nor lipoprotein level in any individual case can be
viewed with certainty as a premonitory sign of present or future coronary
disease.

Dietary fat has, in turn, been scrutinized in terms of saturated versus un-
saturated fatty acid content. It was demonstrated that the intake of satu-
rated fatty acids can have a definite effect upon blood cholesterol levels (32
to 35). It appears that the unsaturated type of fatty acid (specifically lino-
leic and probably arachidonic) ean produce a fall in blood cholesterol in the
presence of (¢) lowered total fat intake and (b) lowered proportion of satu-
rated fatty acids. Less definite have been the results obtained when unsatu-
rated fats are merely added to the normal diet without concurrent reduction
in both the total fat content and the proportion of saturated fatty acids (36,
37). This is possibly the result of the cholesterol-raising effect of a positive
caloric balance (38) Other have arisen inci Ily, such as that
pertaining to the shght superiority for lowering cholesterol levels exhibited
by corn oil over other vegetable oils which have a higher content of unsatu-
rated fatty acids (39).

Controversy over the ability of unsaturated fatty acids to lower hyper-
cholesteralemic blood levels has been resolved by the appearance of several
papers demonstrating the circumstances where these are effective. These
circumstances are essentially those of careful dietary control and feature: (a)
decrease in the intake of animal (saturated) fat; (b) increase in the intake of
certain vegetable (unsaturated) fats; (¢} avoidance of werght gain, It now
seems well blished that when d and d fats are con-
sumed together in special formula dets, the hypercholesterolemic tendency
of each gram of saturated fat can be offset by approximately 3 gm. of un-
saturated fat [Bronte-Stewart et al (40), Beveridge ¢! ol (41), Ahrens #2 al
{42)). Recent studies show lowered blood cholesterol levels can also be at-
tained on an outpatient basis (i.e , without use of formula diets) by either of
two measures® (a) low-fat diet, (5} vegetable oil, plus low saturated (animal)
fat, The results to be expected from these two approaches have recently been
descibed, as well as the further effect obtamed when a quantity of unsatu-
rated fatty acids 1s added to the low-fat regimen (2000 total calories in the
diet). By such a second step, 2 further lowering of blood cholesterol, beyond

that attained by low-fat diet alone, may be possible [Brown (43)]. Simular
conclusions have been reported 1n a group of patients who continued to show
hypercholesterolemia following myocardial infarction despite dietary meas-
ures alone The conclusions reached m this study were that a fortified un-
saturated fatty acd formula produced approumately 30 per cent lowering
in the persistently elevated blood cholesterol levels, and that the amount
of decrease was influenced by the type of diet (low, moderate or high fat)
and concurrent gain in weight [Meltzer et al, (44)]. Sumilar results have heen
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Vitamins are drugs despite their natural occurrence in foods and despite an
extremely low general toxiaity, When employed in their crystalline or syn-
thetic form as supplements to the diet, they require medical supervision as
with any other prophylactic or therapeutic agent. Recent attention has been
drawn to the dangers of excessive quantities of the fat-soluble vitamins A
and D, Hypervitaminoses A and D can oceur from overenthusiastic adminis-
tration of pediatric vitamin formulas to infants or from routine employment
of therapeutic formulas in older children and adults. Thirty-sit cases of
hypervitaminosis A, mostly in infants and young children (but including six
aduits) have been reported in one series (Gliver (20)]. Symptoms in childrez
include anorexia, dry itchy skin, alopecia and sparse coarse hair, angular fis-
sures or cracking of the lips, and palpable b iy, Later symp
include painful swellings over tibia, fibula, ciavicles, uina, and metacarpals.
In adults the symptoms are a more severe alopecia, skin involvement, and
naif changes; exophthalmos, menstrual disturbances, and skin pigmentation
are rarer symptoms. Both acute (Marie-See syndrome) and chronic symp-
tom-complexes have been described [Jeghers & Marraro (21)].

Hypervitaminosis I can arise from the cumulative direct and indnre.ct
sources of this vitamin, including sunshine, mercury vapor lamps, vitamin
D-fortified milk, and excessive use of vitamin supplements. Idiopathic hyper-
calcemia of infancy is one of the syndromes contributed to, or perhaps caused
by, toxic quantities of vitamin D [Lowe (22)). Other syndromes, including
metastatic caleification, have also been reported [Bauer & Freyberg (23)_1'

Toxwcity due to excesses of another of the fat-soluble vitamins, vitamin
K, has been reported in the form of kernicterus resulting from high doses
administered to premature infants A safe single dose, adequate to prevent
hemorrhagic disease 1 the newborn, 15 approximately 1 mg. of syntheu’c
vitamin K (menadione) (equivalent to a dose of 3 mg. menadiol sodsum di-
phosphate) [AMA Council on Drugs (24)].

SpECIFIC NUTRITIONAL PROBLEMS

Fat and wnsaturated fotty acids~The possibility of an interrelationship
between (a) the quantity and type of dietary fat; (b) blood cholesterol; and
{¢) coronary ath has inued te d jon It will lze
secalled that the onginal impetus of this theory emerged from epidemiologic
surveys on pepulations, civilizations, or social strata where the avnilabl.e
statistics seemed to indicate that a relationsiup did exist between the inci-
dence of coronary disease and the level of dietary fat (25, 26, 27). While this
theory has been questioned by some (28), it has appeared sufficiently
promising to motivate several studses of cholestero} (and lipoprotein) levels
in patients with histories of myocardial infarction or angina pectoris, com-
pared to normal individuals of similar age in each sex .(29, 30, 31). The
general indications which have emerged from such studies are* (g) serum
cholesterol levels provide as dependable an index of dist.m'bed h'}.u'de metabo-
Jism as do lipoproteins; (b) average ct 1 and lip levels are
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ubiquity of a high-fat intake wherever there is a high rate of degenerative or
occlusive vascular disease. This relationship has undergone careful scrutiny
1n a recent review, both in relation to the experimental approach in animals
(57), and from epidemiologic standpoints (58). While it seems true that
several factors may be involved in the long chain of events culminating in
coronary occlusion, there is considerable support for the concept that high-
fat intake (either per se, or by conversion from carbohydrate), 1s the basic
nutritional factor leading to atherosclerosis. Whether or not this factor also
favors increased blood coagulability requires further study.

Calories and obesity. —The problem of obeslty is intrinsically important
because of its app fonship to an d death rate from any of
several causes, prominent among which have been listed diabetes mellitus
and cardiovascular diseases; recently, the thesis that a direct relationship
exists between obesity and the development of cardiovascular disease has
been challenged (59, 60, 61). In turn, a rebuttal to this challenge has been
presented in 2n exhaustive resurvey of insurance company statistics [Gubner
{54)), whence it is again asserted that a threefold increase in cardiovascular
disease mortalhty occurs in those 30 to 39 per cent overweight, compared
to those 10 to 29 per cent underweight Pathologic as well as actuarial data
are cited to show that cardrovascular involvement is frequent (in both sexes)
in the presence of obesity. Further, reference is made to a recent study of the
rate of development of ““new’ coronary disease among males age 45 to 62,
and among civil service employees aged 39 to 55, 1n which a direct relation-
ship appeared to exist with excess werght {62) From such studies as these,
the conclusion has been drawn that the indivadual's chance of developing
coronary heart disease 1s considerably greater if he shows any two of the
following three d obestty, h h hypertension It
is also mterestmg to note that the obese individual may show an augmented
and protracted postprandial rise in blood lipides, simular to that observed
in diabetes (63, 64), and also reported to occur 1n coronary disease (65).

Although the likely relationship between obesity and cardiovascular
disease has far-reaching medical implications, fatness has aroused greatest
concern among the laity for reasons cosmetic rather than those pertaining
to health and longevity. Innumerable “reducing plans™ have been spawned
as opportumstic devices which have appeal to a gullible public This has
resulted in a special report on the subject of fad diets and allied evils (66).
There 15 little to gainsay the well-established principle that the best reducing
regimen 1s one based on long-term revision of food habits by employing a
nutritionally sound diet deficient only in calories—the “Bastc Diet” (67).
The numerous factors involved in middle-aged obeaity have been reviewed,
with emphasis on the dual factors of social custom and “spectatorship’
which are compounded with decreased energy output (basal metabolism
declines with increasing age, as do normal exercise habits) (67). In most
reducing programs, attention 1s usually centered on caloric mput, with the
outgo expenditure of energy relegated to a secondary position, caused mostly
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obtained in other studies, some of which have demonstrated that the drop
in chol 1R¢ plished by the addition of unsaturated fat to a low-fat
diet) was accompanied by a drop also in St 12-400 class of lipoproteins (45),
Provacative articles have appeared demonstrating a temporary drop in blood
cholesterol following infusion of intr fat (cottonseed oil) (46), and
also under other circumstances where it was possible to decrease or increase
the level of cholicacid in the bile following administration of saturated versus
unsaturated fatty acids, respectively {Lewis (47)). The latter finding implies
that one effect of unsaturated fatty acids is to increase the amount of cho-
lesterol or cholesterol derivatives excreted m the bile, thereby effecting a
{ower level in the blood. There is, of course, the matter of reabsorption to
be reckoned with, and this recalls the earlier approach of preventing absorp-
tion of both end and ol { from the i inal tract
by employing plant sterofs (sitosterof) The prevailing opinion on the effec:
trveness of this measure alone appeats to be that it is effective for producing
a modest reduction in serum cholesterol (5 to 25 per cent), provided refa-
tively large amounts of the sitosterol are taken with each meal [Nulrition
Reviews (48)). The bination of ble oils plus si 1 would seem
10 be still more effective than either alone [Farquhar & Sokolow (49)].

Evidence has appeared also to confirm the previously reported effective-
ness of (g) large doses of nicotimic acid for lowering elevated blood cholesterol
{Achor (50)), and (B) hydralazine or ganglionic blocking agents [Deming
et al. (51)1

While there appears to be j for loying any
means of lowering elevated cholesterol levels in those individuals who have
evidence of coronary artery disease, or diabetes, or xanthomatous conditions,
the problem of arteriosclerotic vascufar disease involves so many possible
factors that changes in the national diet are still viewed with crrcumspection
{52). The respective roles played by other factors such as hereduty, hormanes,
stress, exercise, smoking, carbohydrate excess, protein deficiency, disorders

£ (8

of clotting, etc., yet require idation {Goldsmith (53)] Prevailng opinion
appears to favor the view that the actual coronary occlusion may involve
at least two basic processes. (e} ath ferosts, and (3) th b is or

fibrinolysis or both, The former appears to begm in the aorta and other
largre vessels as eatly as adolescence and may reflect the biologic phenomenan
of “aging,” perhaps being unrelated to fatness and coronary artery disease.
The coronary episode, while often i d on the ath leroti
process, may be caused more directly by ad koc condstions such as throm-
hogenesis, fibrinolysis (Gubner (54]], and perhaps “sludging of blood eells™
[Kuoisely and co-workers (55)] Engelberg (56} iders that a defi of
cireulating heparin may exist in coronary-prone mdividuals, and it is inter-
esting to recall that the rate of clearance of fat fram the hlood, slower than
normal in coronary-prone ndividuals, can be influenced by heparin
Despite the uncertainties which exist about these and other factors that
may be involved in coropary artery disease, it is difficult to ignore the
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the tissue gained during the first week of supplementation was 3.4 cal /gm.,
but that of the seventh week was 6.9 cal./gm. Wide differences were noted
among the 12 male college student subjects in their inclination to make
compensatory changes in food habits during their regular meals, sume of
whom demonstrated *obesity-resi: "'—others “obesity-p » Ob-
servations of blood sugar levels and rates of gastric emptymng revealed that
the “decreased intake of food at mealtime was not readily attributable to a
glucostatic mechanism of appetite control or to a mechanism dependent
upon the hanical effects of in the g 1 tract”
[Fryer (76)]. This finding offers addi 1 evid to that p: 1
reported on the lack of relationship between blood glucose levels and control
of appetite [Freyer (77); Bernstein & Grossman (78)].

An interesting question has been raised concerning the mechanism re-
sponsible for the lowering of hypertension commonly obtained following
reduction in weight It is now pointed out that the drop in blood pressure
obtained by weight reduction in eight hypertensive patients was closely
correlated with the “incidental” decrease in salt intake inherent in the
reduction in calories. The suggestion is therefore made that it is the decreased
ntake of sodium ion which is the most important factor in weight reduction
regimens designed to lower blood pressure [Dahl and co-workers (70)]

SoME MepicaL PROBLEMS INVOLVING NUTRITIONAL SUBSTANCES

Intravenous fot —Withmn the past year a sale and clinically useful means

of providing fat int ly has approached real There has been
need for a concentra(ed source of calories to prevent the negative nitrogen
and caloric balance which is incidental to the triad of increased tissue break-
down and repair in the presence of limuted caloric intake. These conditions
are encountered in burns, trauma, decubitus, long convalescence, and wasting
disease with cachexia.

It is unlikely, of course, that any change will be effected in the obligatory
catabolic phase that the i d or post-
traumatic period, for the same reason that intravenous protein hydrolysates
have only limited use during that pertod. However, once the anabolic phase
of the recovery period begins, a means of spanmng nitrogen via increased
caloric ntake should find a measure of clinical usefulness Furthermore, in
cases of emaciation or subnutrition, both pre- and postoperatively, a con-
centrated source of Calones would be useful Also, when mtake of food by
normal routes 1s i or d, int fat p i
would be of value, Previous efforts to fll these needs by intravenous glucose,
fructose, or alcohol have all met with only partial success because of the
volume of ﬁu)d 1nvolved, the phlebitis incidental to the administration of

i i t to the patient, and the demands

the
upon the professional staff (79),
A special symposlum (80) on this subject has appeared in connecuon
with a new fat ing of 15 per cent oil stabilized in




134 BERRYMAN

by the relatively insignificant caloric cost of exercise plus its stimulating
effect upon appetite. Nevertheless, attention is periodically called to the
fact that as small an expenditure as 200 calories daily for exercise would
suffice over the course of a year to prevent the development of obesity in
many, and would result in appreciable weight reduction in others (68). A
recent study again emphasizes that as mild an exercise as walking has
definite eflects upon ealoric balance, promotes the individual's adherence
to the reducing regimen, and aids in developing general health and fitness.
When seven obese adults (238 to 261 pounds) were hospitalized and placed
on a 400-calorie diet, and required to walk out of doors 3 to 4 hours daily
(caloric expenditure 2850 to 3590), the weekly weight loss was from 47 to
6.0 pounds and there were very few complaints of hunger. This last observa-
tion led to the speculation that the sensation of hunger "fades when negative
calorie bafance is high and the subject approaches a fasting condition.”
It was also reported that 90 per cent of the energy expended was derived
from combustion of body fat, judging from respiratory quotients usually
below 0.76. A mild ketosis implied that these patients were able to metabo-
lize body fat move efficiently than normal individuals {Strong and ¢o-
workers (69)]. This observation can perhaps be related to a recent finding
that a fat-mobilizing substance is present in the urine during fasting (vide
infra}.

While caloric input versus output is the approximate physiological equa-
tion determining gain in weight, there are nevertheless certain questions
which can be raised concerning the ibility of a changed boljc state
in the obese state. First, there is an increased appetite {or fat, judging from
a recent survey of food habits. Also, it has been reported that obese children
are less active than their lean or normal counterparts (71), Further, there is
alessened utilization of fat stores as 2 consequence of phystcal inactivity (54).

‘This latter problem, i e., utilization of fat stores—has been the subject
of a series of studies directed at the identification of a mechanism which
controls mobilization of body fat {Kekwick & Pawan (72, 73, 74)]. A recent
study by this same group of investigators has demonstrated that the urine
of the fasting human contains a fat-mobilizing activity (for mice) which is
absent from the same individual's urine when he is not in the fasting state.
This substance, upon injection into mice, resulted in a mobilization of fat
from fat depots, an increase of the total metabalic turnover of {at and the
total amount of fat in the liver, and caused weight losy without depressing
the appetite when given aver a period of time, the [oss being in the form of
body fat and water (75).

The implication of such studies is that there exists an endocrine or other
internal mechanism which governs both deposition and mobilization of fat
stores in the body. The concept that susceptibility or resistance to the
q P of obesity is infl d by factors other than waI‘ power alone

is supported by results of a study on the effects upon body \thg“ll of a late
night 1000-calorie supplement It was computed that the caloric value of
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Other investigators were not impressed by the results from arginine.
Doses of 25 to 37 gm, of arginine were given to 10 patients with hepatic
encephalopathies; only three of the patients showed temporary improvement
during infusion, although five eventually recovered in 5 to 14 days following
discontinuance of therapy [Fazekas e al. (90)].

Fzhey, Nathans & Rairigh (91} studied the effects of arginine on elevated
blood levels of ia. L-Arginine hydrochloride was infused in doses of
30 to 39 gm. This had no consistent effect on the blood ammonia of eight
patients with hepatic encephalopathy, or in six subjects with normal liver
function who received infusions of ammonium chloride, Nevertheless,
arginine markedly decreased the rise in blood ammonia produced by infusing
glycme or an arginine.deficient mixture of amino acids.

Highly fas orable results from the use of argintne were obtained in another
series [Manning & Delp (92)]. Of 24 patients with ammonia intoxication
treated with arginine, 11 survived Equally favorable results have been
reported in a series of 50 patients [Najarian & Harper (93)). General meas-
ures consisted of limitation of protem intake, control of gastrointestinal
bleeding, prompt removal of blood from within the gastrointestinal tract
and oral administration of antibiotics. In addition, arginine chloride was
admunistered intravenously—500 cc. of 2 5 per cent solution being infused
over a period of 2 hr., and repeated at 8 to 12-hr. intervals as required. All
except 2 of the 50 patients showed improvement.

Thus, advances appear to have been made in the pro fem. treatment of
hiver coma and associated encephalopathies While this is gratifying, it will
be recalled that this emergency therapy does not affect the basic liver disease.
However, recovery from the acute ammonia intoxication does permit the
eventual inststution of long-term measures aimed at improvement in hepatic
function, together with avoidance of excessive amounts of ammonia from
dietary protein, hemorrhage, etc A supportive regimen recommended by
Sherlock (94) for treatment of hepatic coma 1s as follows. (a) omission of
all dietary protesn, (b) at least 1600 calories as glucose drinks or as 20 per
cent glucose by the intravenous route, (¢) during recovery, protem is added
2s 20 gm, increments on alternate days, this amount divided into 44 meals,
(d) gradual attaimment of normal protein commensurate with the speed of
recovery; with (¢) reduction of protem m the chronic phase, the actual
amount being determined by the limts of tolerance, usually 40 to 50 gm
daily; (f) supplements of vitamins K and B complex.

Folsc acid—The function of folic acd 15 often separated from that of
cyanocobalamin (By;) by the inahility of the former to prevent the spinal
cord d { 1 perni anemia, makwg B the anly
ficﬁmtne therapy for that disease. Equally puzzling, or perhaps equally
!ndim(ive of the specificity of the vitamuns, 1s the effectiveness of folic acid
in the malabsorption syndrome known as tropical sprue—a disease seldom
encountered in the temperate zone, and characterized by diarrhea and

dar i £ i d by glossitts and macrocytic
anemia Gardner {95) has presented a masterful summary of this unique
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the homogenized form, lecithin (highly purified, derived from soya), and
a nonionic agent acting as emulsifiers. It appears that there is agreemest
among a number of clinies employing this new emulsion that the caloric
availability is similar to that from oral fat. However, a certain incidence of
side effects has been reported from many of the clinicaf studies, Although
chills, drop in blood pressure, back and bone pain, nausea and vomiting
which had been encountered with early supplies did tend to improve with
tater lots, fever has remased a problem, occurning approvimately as fre-
quently as 1t had previously (15 per cent) (81). There is an interesting
possibility that the rate of lipemia clearance is related to these thermogenic
side effects (82). Reference was also made in one of the reports of this series
to changes in liver function observed in burn patients who received the
emulsion over a prolonged period of time. Similarly, patients with portal
cirrhosis also showed increasingly abnormal liver function tests Other
possible side effects apparently inctude widespread systemic effects incidental
to hemolytic anemia and bleeding tendencies (81).

Despite these adverse findings, the general impression is obtained that
this Iatest preparation represents a definite advance towards solving the
problem of adequate intravenous caloric alimentation, and that it is rela-
tively safe for short-term use. Ultimately, it may be possible to supply 2
nuteitionally complete mixture of the three major classes of food, together
with the isite vitamins required for normal bolic function. This
concept is described in one of the articles of this series (82).

Intravenous emino aerds (liver coma).~The relationship between blood

i fation and the hal hy of severe liver disease has
been a contraversial subject. Inconsistent results were encountered with
the use of sodium giutamate alone (83 to 87) More favorable reports have
appeared 1 connection with the employment of intravenous arginine and,
most recently, arginine glutamate, The rationale for the latter combination
Ties in (o) avoidance of the sodium jon which may precipitate alkalosis, and
(») employment of two routes for removal of the ammonia* (i) conversion
to urea via the Krebs-Henseleit cycle, and (n) conversion to glutamine by

bination with the

Clinical studies involving the use of arginine in the treatment of hepatic
encephalopathies were first published in 1956 {Najarian & Harper (88)1
Doses of 25 gm, of argmine hydrochloride, infused over a period of 1 to 2 iz
reduced elevated blood levels of ammonia in 15 cases, and was followed by
striking improvement 1n most mstances.

The effects of arginine hydrochloride and sodium glutamate on toxic

p prod d by int chfonde have been com-
pared [Bessman ef al. (89}]. Four patients (2 cirrhotic) were given infusions
of ammonium chloride; during the last hall of the infusion, the patents with
cirrhosis showed mild toxic symptoms However, a combination of am-
monium chloride with arginine hydrochloride produced milder symptoms in
one crzrhotic patient, and no symptoms in the other. None of the fusions
any toxic symptoms in either of the nonarrhotic patients

caused
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sis, copper in Wilson’s hepato-lenticular disease, and zincin porphyria. While
increased urmary excretion of each of these metals can be accomplished by
employment of an appropriate chelating agent, unfortunately their removal
does not appear to effect a cure of the basic disease, Hemochromatosis is
still treated most effectively by phlebotomy. In WVilson's disease, while
enhanced excretion of copper is obtained ing administration of calcium
Na,EDTA, BAL, or penicillamine, improvement in clinical status is
sometymes encouraging but often it is variable. In porphyria, improvement
in elinical symptoms has recently been reported following enhanced urinary
excretion of 2ine produced by administration of a chelator such as disodium
EDTA or BAL. (99).

The ubiquity of calcium in the body, its key role in normal physiologic
processes, and its predilection to deposit in aging or chronically diseased
tissues, have led to a number of investigations in which EDTA has been
employed for removal of this cation. Followng an initial report of the
successful control of blood calcium levels in animals, (100) subsequent
attempts to employ EDTA in human hypercalcemia {101, 102) were un-
successful, Nevertheless, 1t is quite possible to obtain anticoagulant effects
from EDTA because of its calcium-chelating properties (103, 104), and
when isolation of platelets 1s the objective, this agent appears to be superior
(105). By this same mechanism of calcium chelation, EDTA can be success-
fully employed as an drop p ion ta dissolve corneal calafications
(106), and there are recent reports of correction of digitalis-induced cardiac
arrythmias through the action of EDTA on jomzed serum calcium which, in
turn, affects the permeability of the cell to potassium (107).

Since kidney stones contain calcium, it would seem that they should
be dissolved by chelating agents, Clinically, however, results have not been
completely successful, mamly because of chemical irritation which arises
when sodium EDTA 1s perfused through the ureter (108)

Conditions where specific cotions are suspected —Studies have been carried
out tn other conditions where calcium deposition 1s suspected to play an
ndirect role 1 the development of clinical disease. Successful employment

of EDTA m a variety of conditi iated with t led to the
speculation that removal of calcium from the cardiovascular system might
provide a2 means of treating ath lerosis (109) A sut clnical

report (110) described definite improvement 1n exercise and work perform-
ance it twenty pattents with disabling angina pectorts, This improvement
was accompanied in same cases by a demonstrable improvement in EKG
pattern.® It 1s possible that a drop in blood cholesterol may also have oc-

*EKG changes in normal individuals have been reported during temporary
hypocalcemia induced by Na;EDTA (120) With an average drop in serum calcium
of 10 to 1.7 meq /L (=314 per cent), there was a shorteming of the R-R interval,
and a prolongation of QT However, neither T-wave flattening or inversion, nor
elevation or depression of the RS-T segment was noted in that series.
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condition for which several etiologic causes must be considered: () nutri-
tional deficiency—based on the specific response obtained to folic acid
during stages I and IT; (b) infection—based on the palliative but not curative
effects obtained from sulf therapy (and antibi ); (c) abnormal
metabolism—based upon the observation that vegetable fats are employed
widely in those areas where sprue exists. (It should be noted that sensitivity
to wheat gluten is not a factor in tropical sprue as it is in the nontropical
type. Nor is there impaired calcium absorption, also encountered in the
nontropical variety.) Stages of the disease are well-outlined as early (fatigue,
asthenia, steatorrhea), deficiency (weight loss, mucous membrane lesions
reflecting B complex deficiency) and, lastly, the macrocytic anemia stage.

MiNERALS IN DISEASE

While the functions of the major minerals are apparently well-delineateds
tittle is known about the normal and abnormal functions of those which are
required in trace amounts, It is, of course, true that the functions of I{z
and K in acid-base balance, and 10dine and copper in relation to the thyroid
hormone and hemopoiesis, respectively, have been well characterized.
However, the area of nutrition involving trace metals abounds in unknOW.ﬂ
potentialities, for these substances are involved in numerous metabolic
activities at the level of the cell, either as components of metallo-enzymes, oF

as catalysts for enzymic activity N ples can be cited. Zinc i3
found in carbonic anhydrase, uricase, catalase, peroxidase, carbodypepu'da.se,
lactic dehyd and alcohol dehydrog; (96, 97). In a paper dealing

with the clinical entity of porphynia (98), reference is made to the Posﬁible
effects of an excess of zinc upon certain enzy ic and i
which could be ultimately involved in the basic pathology of that disease.
Copper is found n uricase, tyrosinase, ascorbic acid oxidase, and laccase;
its presence in the cobalamins (vitamin By, series) is very well known.
Molybdenum is found in nitrate reductase, xanthine oxidase, and aldehyde
oxidase. Iron is involved in the structure of cytochrome, peroxidase, catalase,
and hyd Itis that the i ity of all these cellular en-
zymes is important for normal cellular physiology. )
Trace metals act as catalysts to numerous enzymes 1nvolved in the in-
diary bol of foodstuffs. Ex: les include jum in the
process of phosphorylation, p i in ph b lation, manga-
nese, aluminum, cobalt, and zinc 1n various stages of the tricarboxylic cycle
(Krebs), Metals also serve as activators of the arginase, lecithunase, de-
H 1 and (histidi deami systems. The importance of

N

\ditions which are characterized

15) of metals which are derived'

by e .
endogenously. The metals do not as a result of
exposure but rather as a consequence of disease, Examples include the

. . 45 M " A .t
excessive deposits of iron in b and
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disease by empl but also by emulating certain
physiolagical processes which occur as part of the normal function of the
cell (121).
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curred in those treated, judging from a separate report (311) of hypocho-
lesterofemic effects following administration of EDTA. 1t may be pertinent
to observe that prolonged prothrombin time following the administration
of EDTA has been reported by two groups (112, 113},
It is also of interest to comempla!e a report m zhe Polish literature {114)
thing results fotlowing ion of the disodium
calelum salt of versenic acid which “lowers the leve! of cholesterol and fatty
acids, diminishes the number of sclerotic nodules in the arterial vessels, and
decreases the quantity of erystals of cholesterol digitonide and the thickness
of lipid infiltrates in the arteries' of pigeons in which atherosclerosis had
been previously provoked by a diet rich in cholesterol and lipides.

A provocative survey of hypothetical mechanisms which might be in-
volved in atherosclerosis and collagen disease appears in a recent publication
(118) in which an attempt 15 made to integrate both the basic and applied
aspects of treatment wnh chelanng agents. It was found that disodium
EDTA 1 of chol. w the Hver of animals receiving
a high cholesteml dxet, although blood cholesterol was stself elevated. It
was afso reported that under similar circumstances Mg EDTA preventcd
both a rise of blood cholesterol and aortic plaque formation, in contrast t©
the resnits found n cholesterol-fed controls receiving no Mg EDTA. A
hypothesis was developed to explain why bath caleium and magnesinm
might be involved n the deposmun of athcrosclemnc plagues, and how
chelating agents, by eff 1 hypocal could cause a re-
moval of those catrons from the plaques, and consequent dissolution of the
fesions. In such a scheme, the parathyrowd glands would be involved i the
interchanges of calcium, and a ttention was drawn to the influence potentiaily
exerted by parathormone in governing the rate of turnover of calcium and
other metals that are indirectly governed by calcium,

Coincrdentally, it has been suggested that both calensm and magnesinm
may be amplicated as key substances in scleroderma. The first report drawing
attention to benefits from chelation therapy in scleroderma described im-
pmvemem in the skin and joints of one panent suffeymg from scleroderma,

ha, and inosis (116). ly, another report (117}
stated that in two scleroderma cases treated by EDTA, improved phability
of the skin occurred in one patrent {with both scleraderma and derma-
tommyositis), but that in neither case was there discernible change m visible
(x-ray) calanosis, Most recently, & lessening of the inducation and sclerotic
appearance of the skin has been repurtcd in three addrtional cases of noa-
calcific {acosclerosis) (118). I d phability was observed
in the skin of the face, neck, and upper arms, and also an increased mobility
of the larger joints. Benefit was alsa reported in the ulcerations of the hands
and feet charactenstically found i acrosclerosss,

In a recent acticle concerning their effectiveness as antirheumatic com-
pounds, salicylatelike ot salicylate-denived compounds are shown also to
have the capacity to perform as chelators (119).

Thus, the principle of chelation may offer not only 2 means of studying
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CARBORYDRATE AND FAT METABOLISM

Fructose—The revival of interest in fructose metabolism in recent years
stems from the fact that this sugar does not require insulin for entry into
the glycolytic cycle and hence should be more readily metabolized by the
diabetic organism than glucose Muller f al (1), among others, have re-
ported that when given intravenously to diabetic patients fructose produces
greater carbohydrate retention than glucose, and, in conjunction with in-
sulin, is somewhat superior in raising serum CO; and reducing plasma ace-
tone levels in acidosis. Similar but less striking results have been obtained
by Moorhouse & Kark (2) without insulin, using the intragastric route of
administration The latter authors believe, however, that fructose is not very
useful therapeutically owing to its fairly extenstve converston to glucose,
This would seem to be especially true in the case of oral administration,
Respecting therapy of actdosis, the consensus is emerging (3) that fructose
has little if any more to offer than glucose accompanied by somewhat large
doses of nsulin. Further confirmation of the difference in metabolism of
these two sugars 1s provided by Craig ef a! (3a), who find that fasting or
a carboydrate-free diet for two days decreases the rate of removal from the
blood of intravenously adminustered glucose, but not fructose

Liprdes —The tendency toward hyperlipemia 1n patients with uncon-
trolled diabetes has been recognized for years (4) This increase 1n serum
Lipides is attributable chiefly to the triglycenides, the other fractions, includ-
g chol 1, being less i 1y involved (8).

The general parallelism, with some individual exceptions, between levels
of blood lipides and blood sugar in diabetic patrents was noted by Gray (6)
n 1924 and confirmed by Hirsch e al (7), who measured esterified fatty
acds The amounts of these substances in the blood rose significantly higher
after a fat meal when diabetes was poorly controlled than when 1t was well
controfled. A positive correlation between levels of §-hipoprotein and blood
sugar has been described i diabetic children (8), Obviously, these studies
carry possible implications for the preval of ath is in diabet

Dole (9) and Gordon (10) have called attention to a hitherto neglected
component of the blood lipides the behavior of which 1s also closely related
to glucose metabolism—the nonestenified fatty acds (NEFA) While these

* Review of the hiterature was terminated with the June, 1958 1ssue of the journals
to which reference 15 made

*The following abbreviations will be used- A-V (arterso-venous), DPN (diphos-
phopyridine nucleotide), GH (growth hormone), NEFA (nonestenfied fatty acids);
TCA (trichloroacenic acid), TPNH (triphosphopyridine nucleotide, reduced)
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alloxan diabetic rats there was also free equilibration of C¢ glucose between
plasma and liver water, and fructose, \¢ sorbitol, itol,

glycerol, and a-methyl glucopytose, in addition to glucose, entered liver cells.
The free permeability of such cells to glucose and other small carbohydrates
suggests to the authors that the action of insulin in liver is not to increase
the p bility of the cell b as is the case in muscle, but to alter
intracellular enzyme functions.

In alloxan diabetic rat livers, a5 compared with nondiabetic, Mehler
et ol {18, 19) have found greatly increased toncentrations of an enzyme,
picolinic carboxylase, which has no relation to carbohyd me-
tabolism but forms picolinic acid from an oxidation product of 3-hydroxy-
anthranylic acid. Levels of this enzyme revert to normal slowly with insulin
given in vivo,

IxsvLin

Insulin action~Stadie (20), having critically analyzed the literature,
tuding important butions from his own lak y, has p a
“unified”’ concept of insulin action which is summarized as follows:

TABLE 1
A Uniriep Coxncerr oF Insurin Acrion®

Mechanism Site of Chief Metabolic
Ti
fesue of Action Action Effects
Muscle combination of in-  cell surfaces glucose transport
subin with muscle  (:mmediate) and 1ty sequelae
Liver adaption enzyme systems, glucose ox:dation,
contrapituitary fatty acid synthesis,
(needs time) oxidative phos-
phorylation
Adipose adaption enzyme systems glucose oxidation,
fatty acid synthesis
Brain, other no demonstrable msufficient data

action

* After Stadie (20).

Insulin in blood —During the present decade several attempts to measure
the concentration of circulating msulin have been made with results which
range fr_am 001 to 3.0 milliunits/ce. in normal “fasting” plasma (21 to 9,
but which are considerably higher after the administration of glucose (24,
25). Further efforts in 1957-58 are summarized sn Table 1I.
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normally comprise only about 5 per cent of the total plasma fatty acids (11).
they appear to have a rapid turnover rate and to be metabolically very
active. Their levels are increased by fasting and epinephrine and are sharply
decreased by the administration of glucose, certain amino acids, or insulin
Studies of arterio-venous (A-V) differences indicate a net transport of NEFA
from adipose tissue to myocardium, skeletal muscle, and abdominal viscera
[and presumably utilization by these organs (12)]. The A-V differences are
abolished by glucose and insulin. These observations are consistent with
the hypotheses that the NEFA represent an important form of fat transport
and that their concentration in the blood is increased when calories from
nonfat sources, especially glucose, are not available. Also consistent with the
latter hypothesis is the finding (13) that, in diabetic patients, levels of
NEFA average 849+ 287 peq /L and in diabetics with ketosis, 1311466,
compared with 572 4 280 in normal individuals, Administration of glucose or
1 is followed by a diminished and delayed fall of NEFA in diabetics
as contrasted to nondiabetics. In diabetic acidosis insulin causes a declin
of NEFA as dramatic as that of glucose, Experiments with labeted palmitic
acid (14) indicate that insulin acts to inhibit the release of NEFA from the
fat depots, not to increase their removal from the blood. Thus, 1t may be by
the shutting off of the extravagant supply of fatty acids from the depots,
qi upon the r jon of glucose utilization, that insulin miti-
gates acidosis,
The impaired ability of the diabetic organism to synthesize fat was ex-
plored by Siperstein & Fagan (15, 15a) with results of considerable impor-
tance. In liver homogenates from normal rats, 1t was found that stimulation
of glycolysis via the Embden-Meyerhof pathway by the addjtion of diphos-
phopyridine nucleotide (DPN) gave little or no increase 1 fatty acid of
cholesterol synthesis from acetate C1* compared with controls, whereas
stimulation of glycolysis via the h phosphate shunt by the addi-
tion of triphasphopyridine nucleotide (TPN) gave a 30- to 100-fold increase.
In diabetic rat liver homogenates, DPN likewise resulted in little or no in-
crease in fat synthesis, but TPN produced a 100- to 700-fold increase. Thus,
the dependence of fat synthesis on glycolysis seems attributable to that part
of glucose breakdown which pi ds by the h hosphate route.
Since this shunt is activated by TPN (actually TPNH), 1t 1s concluded that
the diabetic defect 1n lipogenesis is probably due to deficiency of this enzyme.

Liver

The fact that at least one functian of insulin is to facilitate the entry of
glucose into the cells of muscle, has been widely accepted since its demon-
stration by Levine and his co-workers (16). Cahill &t al. (17) now report
studies of the penetration of glucose into liver Using intravascular catheters:
they have found that in normal dogs Ci* glucose was freely distributed in
total liver water, and that its concentration there was equal to that found
in plasma water, whether the liver was taking up or releasing glucose, In
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injected hormone in blood and tissues. The radioactivity in the trichloro-
acetsc acid (TCA) precipitate of plasma of subjects or animals so treated
was assumed, on the basis of some evidence, to be a measure of undegraded
insulin as contrasted with degraded insulin whose radioactivity appeared in
the supernate. In healthy human subjects the TCA-precipitable radioac-
tivity (insulin I') disappeared from the plasma quickly, only 7.7 per cent
remaining 60 min, after injection, whereas the majority of diabetic patients
showed a much slower disappearance (37), owing presumably, as further
investigations showed (31, 37), to the formation of insulin-binding anti-
bodies by patients who had been chronically treated with insulin. Fifteen
minutes after injection of insulin I™ only very small amounts of TCA-
precipitable radioactivity had been excreted in urine; the largest amounts
were found in liver and especially in the convoluted tubules of the kidney
(rats) (36, 38) Nephrectomy retarded the rate of wnsulin [ degradation
(39, 40). What relationship these tissue phenomena have to Mirsky's *in-
sulinase” (41) 1s presently unclear,

The assumption made 1n the foregoing studies, that the TCA-precipitable
insulin I'* 1n plasma represents unaltered and fully potent insulin, was later
questioned by its proponents (37) It has been thrown in further doubt by
the work of Berson et al. (31), who have found in electrophoretic analyses
that from 2 to 25 per cent of the total radioactivity of insulin I8t 1n plasma
migrates with the globulin fraction and hence has undergone change of un-
known nature These observations have been confirmed by Scott’s group
(42), who have also shown, in studies employing the glucose uptake of the
rat draphragm, that the labeling of insulin with I8! interferes measurably
with its biologic activity.

Thus, 1t is apparent that the use of insulin I'" for the study of the
metabolism of insulin has certain prtfalls which are now being recognized
Nevertheless, this method has sufficient validity to have produced much
new and valuable information on the localization and fate of the hormone
1n tissues and on ats binding by serum proteins These findings may prove
to have a bearing on problems such as msulin requirement, insulin resistance,
and labile diabetes, among others (31, 37).

Grucacon

The action of glucagon in stimulating glucose release from the liver has
been studied by Shoemaker & Van Itall: (43), using catheters in the splemic
artery and portal and hepatic veins of unanesthetized normal dogs Glucagon
given mtravenously {stte unspecified m the preliminary report) increased
hepatic vein glucose concentration by 58 mg./100 cc., portal-hepatic vein
glucose gradent by 18 mg /100 cc , hepatic blood flow by 710 cc /min , and
hepatic glucose output by 304 mg /mun Epinephrine given under the con-
ditions of the expersments produced little glycolysis, but did yeeld a marked
increase 1n hepatic vemn potassium Makman et al. (44), by a fractionation
procedure which gave 71 to 88 per cent recovery of glucagon added to blood
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TABLE I
MEASUREMENTS OF CIRCULATING INSULINLIRE MATERIAL

Normal human
Author plasma or serum Method and conditions
insulin, mitliunits/cc.

Renold et al. {26) <0.2 glucose uptake of rat diaphragm,
undiluted plasma, fasting subjects?

Baird & Bornstein 1-2 glucose uptake of rat diaphragm;
@n plasma from which insulin “antag-
onists” are chemically separated;

fasting subjects

Beigelman & 0.75-1.4 Blood sugar change in hypophy-
Antoniades (28) sectomized, alloxanized rat after
dextnn feeding: *protein globulin
precipitate fraction” of pooled nor-

mal plasma
Beigelman & 0.25-1 0 glucose uptake of rat epididymal
Antoniades (28) fat pad; pooled normal pfasma di-
luted 1:2 to 1:10
Martin, Renold 0535 oxidation of glucose-1-CH to €401
& Dagenais (29) by rat epididymal fat pad, undiluted

plasma; fasting subjects (increased
after glucose feeding)

Although progress 1s being made, the available methods are still too compli-
cated for general use and their sensitivity and reliability leave something to
be desired.

Part of the difficulty 1n such measurements 1s the presence, even in nor-
mal blood, of factors that inhibit, mask, or antagonize the action of insulin.
The nature of these substances is not known precisely. Thetr eflects can be
minimized by dilution of the plasma or serum (22, 23, 25, 28, 30) or their
removal by fractionation (27, 28) before testing. The binding of insulin by
serum globulins has been shown to occur to a far greater extent in diabetic
ana schizophrenic patients who have had repeated injections of the hormone
than in normal subjects or nomnsubin-treated patients (31, 32, 33) Anantag-
onist to insulin from both animal and human sources has been demon-
strated by Field & co-workers (34, 35) in the sera of some patients in dia-
betic acidosis, and ts p may d di of i insul

therapy
Flgce, Williams & Lee (36) have used insulin ' to study the fate of the

T
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Lundbaek (50) has reviewed the clinical aspects of diabetic vascular die-
ease and added the latest ilation of his own with long-term
diabetes, He ludes, in with many p that d t
of diabetes is the most important single factor in the development of these
complications.

Sigroth (51), measuring the skin temperature of the fingers of normal and
diabetic subjects after the hands had been immersed, first in a cold and then
in a warm bath, found a subnormal rise in 53 of 91 diabetics. This impaired
response, indicating an abnormality of the smaller vessels, was correlated
inversely with the age at onset of diabetes and directly with poor control of
glycosuria and presence of renal and retinal disease, but not with age, sex,
blood pressure, basal bolism, or i of insulin

Ditzel has studied the conjunctival vessels of dsabetic patients during
Iife for several years Heand his colleagues (52) have found a marked lability
in the caliber of the conjunctival venules in 7 of 10 young diabetics, but in
none of 15 normal subjects observed over 2 period of hours. These changes
were most marked in the morning, but were not correlated with blood sugar
levels ar othec factors In another report, 1n which 60 drabetics with and with-
out retinopathy and nephropathy were studied, Ditzel ef al. (53) state that
there was a significant relationship between abnormal conjunctival vascular
patterns and the extent of small blood vessel degeneration, regardless of the
duration of diabetes These interesting results will be difficult for others to
confirm because of the long practice needed to acquire the requisite skill in
observation.

No new light has been shed on the cause of diabetic vascnlar disease.
Earlier work (54, 55) tending to lmphcatc elevated levels of mucopolysac-
charides in hy and nephropathy d only an
not an etiologic hip, with these conditi

The failure to pin responsibility on any of the known brochemtcal ab-
narmalmes of diabetes, except possibly hyperlipemta in some cases with

is, has led to the that tonal factors inheri

along with the diabetic trait may be involved (56) However, individual case
reports continue to appear tn which extirpation or gross disease of the pan-
crease resulting 1n diabetes, 1 the absence of any known familal tendency
toward the disease, is followed by specific vascular lesions (56} The latest
[Burton et al (57)] concerns a patient with a negative family history who
developed typical, although mild, drabetic retmopathy three years after
total ly, then, d with the dia-
betic state itself 1s capah!e of damaging blood vessels Attempts to find sig-
nificant vascular lesions in the experimental diabetes of animals have met
with both success (58 to 61) and failure (62, 63). Species differences are
probably important.

Some of the evidence advanced by Becker e2 al. (64) for hyperactivity of
the adrenal cortex in diabetic retinopathy has been denied by Rifkin and
his co-workers (65), who were unable to find differences in urinary steroid
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or plasma and p y removed and using fiver
homogenates as a test system, found an average of 7 ugm./100 cc. of glu-
cagonlike material in either the peripheral and pancreatic vein blood of dogs,
or both, and in peripheral venous blood of human subjects. It is probable
that the substance found in the general circulation could have been glucagon
which originated in the pancreas; this assumption was suggested by the
recovery in femoaral vein blood of erystalline glucagon injected into the portal
vein of dogs.

1f glucagon does indeed reach the greater circulation, one of its functions
might be to influence the peripheral utilization of glucose, Tomizawa &
H)de (45), afzer pom:mg out that previous work on this problem has led
tod lly opp Tusi descnbc their own experiments, which
showed that following intravenous i of insulin-free, crystalline glu-
cagon in dogs, A<V blood sugar differences after the hyperglycemic peak were
the same as those following glucose injection. This result is interpreted to
indicate that glucagon does not affect the peripheral disposal of glucose,
However, a general metabolic effect s suggested by the work of Davidsor
& Salter (46), who found that the subcutaneous injection of 1 mg of crys-
talline glucagon gave a 35 per cent increase in oxygen consumption 1 noe-
mal, fed rats and a 25 per cent increase in fasted rats, the rise being maximal
at 1 hr, and diminishing over 7 hr. The eflect was not caused by hypergly-
cemia per se, for administration of glucose produced only a 4 per ceat in-
crease. The effect of glucagon was prevented by lhyrondectomy or adrenal~
ectomy and d by insstration of epinephrine and especially by
pretreatment of adrenalectomized rats with cortisone, Clearly, these phe-
nomena need further investigation.

Sirek ef al. (47) have reported that blood from the pancreaticoduodenat
vein of donor dogs treated with purified growth hormone (GH), when in-
jected into depancreatized dogs, increases blood sugar, but jugular vein
blood from donor dogs does not. However, GH also gives rise to 2 hyper-
glycemic substance in the “central” (portal?) vein blood of even a depan-
creatized dog, so that the pancreas cannot be its only source,

Ezrin ef ol. (48) have described the eflects of mtravenous administration
of glucagon for 10 hr. daily, for periods up to four days, to pancnts with
active rheumatmd anhnus The disease was amehorated and, {n addition
to hypergly d azoturia, kedl inuria, and
the appeamnce of ketcsls were observed, This work confirms previous studies
(48a, 48b) D m demnnstratmg increased urinary nitrogen excretion followinrg
the 5} of and sugg! that at feast some of the
hyperglycemic effect is attributable to gluconeogenesis from protein.

CrinicaL DiaseTes

Vascular complications~For the two-year period ending in December,
1957, 77.7 per cent of the deaths among Joslin's (49) patients were caused
by cardmvascu‘ar-renal disorders.,
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f routine management over a period of days or weeks Maintenance doses
f tolbutamide should not exceed 2 gm daily. Sde effects are nerther very
-ommon rnor very severe. While at first there seemed to be no point in using
hoth tolbutamide and insulin, there are now reports which indicate that
combined therapy reduces the blood sugar fluctuations of fabile diabetes
(86, 87, 88), and is helpful in combating insulin resistance (89, 90).

Mechanism of action —The use of a new remedy for a life-long disease
will always be ded by some i until its t of action is
known, Despite three years of intensive investigation, this goal has not been
achieved for the sulfonylureas.

The only point on which there is agreement is that when these drugs
lower the blood sugar there is also a diminished production or release of
hepatic glucose. Conceivably, this could result either from a direct effect on
the liver or from the release from the pancreas of extra insulin which, in
turn, acts to reduce hepatic glucose output. Even if the effect is primarily on
liver, it must take place in cells which are conditioned by a certain mini
amount of insulin, whether extra or residual, for insulin is essential to any
action of the deugs The liver, however, 1s not essential, for a hypoglycemic
response can still be elicited in hepatectomized animals (90a, 90b, 102}, This
15 not to say that the liver does not participate in the reaction when it is
Ppresent

The most popular hypothesis 1s that the sulfonylureas stimulate the re-
lease of pancreatic insulin. Recent, as well as earlier, investigations have
vielded evadence both for (80, 81, 82, 91 to 96a) and agarmst (80, 81, 82,
97 to 111) this idea A few examples will illustrate the present state of con-
l'usmn First, von Holt et ¢l. (91) have demonstrated increased glycogen

ition in the rat diaph: when incubated with plasma taken from

rats given a single dose of carbutamde but not with plasma from rats
treated daily with the drug for three months Renold et ¢l (103), using
the glucose uptake of the rat diaphragm, were unable to demonstrate such
insulinlike activity 1n plasma from normal human subjects after a rapid in-
travenous infusion of tolbutamide (37.5 mg /kg ). Goetz & Egdahl (96a), on
the other hand, employing the hypoglycemic response of fasted muce, found
insulinlibe activity {controls showed none) in the pancreatic vemn blood of
ogs g penpheral i ton of tolb ide (50

mg /kg ). Secondly, the totally depancreatized dog recerving suboptimal
amounts of insulin responds to daily doses of the sulfonylureas with a fall
1 blood and urmary glucose (97, 98, 99, 101, 102), but this is not true of
depancreatized patients (112 to 115a) or juvemle diabetics (116 to 122), the
latter also presumably lacking endogenous msubin Third, if the pancreas 1s
stimulated to release more insulin, many of the known effects of insuhn 1
addttion to hypogly ia should be d ble Among these, the following
have been both claimed and denied (80, 81, 82, 93, 94, 96, 103, 104, 105,
108 to 111, 123 to 127): increased blood lactate and pyruvate, respiratory
quotient, positive arteriovenous blood sugar difference and glucose uptake
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levels and response to ACTH in patients with and without retinopathy.

Another contention of the Hopkins group (64, 66), that vitamin Bia metabo-

lism is abnormal in dsabetic retinopathy, has been refuted by Field ez al, (67).

Reports of adrenalectomy (68 to 71) and hypophysectomy (72, 73) for

T Tt eest Fesnca faca hosn difhcult to evaluate because of

possibility of spontanecus

1t. These factors, plus some

freely admitted equivocal results and frank failures, make it doubt{ul that
such operations will be of practical value.

Kinsell ¢t al, (74) report that the feeding of large amounts of lnoleic
acid, an unsaturated, “essential” fatty acid, leads to regression of symptoms
and signs in patents with partially occlusive peripheral vascular disease,
and to arrested progression of retinal and renal disease in diabetes. The
mechanism by which such improvement occurs is obscure, despite the well-
known effect of dietary polyunsaturated (vegetable) fats in [owerng secum
cholesterol levels, discovered by Kmsell (75).

Acidosis —Aoyama & Kolff (76) describe the successful use of the arti-
ficial kidney in a case of severe and prolonged diabetic acidosis with anuria
and azotemia.

Pregnancy —Hoet (77) beheves, on the basis of evidence, that the ac-
cidents of pregnancy in women with abnormal glucose tolerance but without
frank diabetes can be reduced by treatment with insulin. In a long-term,
comprehensive, and well-controlled study still in progress and designed to
test Hoet's hypothesis, Wilkerson & Remein (78) report that among 192 ive
births, three times as many overweight infants (9 1b. or more) were born
to women with abnormal carbohydrate tolerance from whom treatment was
withheld, as were born to women with abnormal tolerance wha were treated
with insulm, or to a sample of women with normal tolerance A study with
similar implications but 2 somewhat different approach has been reported
by Carrington et al. (79).

Orat. HYrocLYCEMIC AGENTS

The literature dealing with the oral hypoglycemic agents has reached
staggering proportions and cannot be fully covered here For detailed de-
velopments up to the past year, the reader 1s referred to certain symposia
(80, 81, 82) which will be drawn upon 1 the enswing paragraphs, ofter
without specific reference.

Clinical aspects—There 15 general agreement that the sulfonyiurea com-
pounds cannot replace insulin 1n severe or well-established juvemile diabetes
orin diabetic acidosis and other emergencies They do not act in the complete
absence of insulin. Among the milder diabetics who have required small to
moderate doses of insulin and who p bly can still facture some
of their own, mjected insulin can be replaced by oral drugs in 50 to 60 per
cent (83, 84, 85). Some physicians (85, 86) use special tests to determine
responsiveness, but these are not wholly reliable, and many prefer the test
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by the rat diaphragm, and decreased nitrogen excretion, serum lipides,
ketone bodies, and serum phosphorus levels after glucose loading. No doubt
these differences in experimental results are related to differences in species,

dition of animals {; hesia), size and chronicity of dosage, timing and
source of samples, and other variables. It is likely to be some time before
they are reconciled.

The past year has seen the introduction of two new oral hypoglycemic
agents. One, chlorpropamide (328 to 131), is another sullur-containing
agent which is effective in smaller doses than tolbutamide, but more toxic
The other is phenylethyldiguanide (DBI, PEDG), a totally different kind
of compound (132 to 138), whose action seems to depend upon the promotion
of anaerobic glycolysis; its use in man is accompanied by a high incidence
of gastrointestinal disturbances.
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The hmitations imposed by time and space pmhibit writing which even
appruumates a thorough review of recent advances in the vast field of en-

inology. Arbitrary r were necessary. Accordingly, this article
will deal predominantly with the gonads and the actions of their internal
secretions. Even within this narrowed field no all-inclusive systematic survey
of recent advances has been prepared. Instead, nine major subjects were
chosen for review and comment. It was hoped that this concentration on
sex and reproduction would not be distaseful or foreign to the interests of
specialists in internal medicine. By virtue of the same restrictions, recent
authors of endocrine reviews in the Annual Review of Medicine have dealt
lightly with the ovaries and testes

MECHANISM OF ACTION OF ESTROGEN

In two recent ications, Talalay & Will Ash (1, 2) have
reported on studies whlch take an exciting step toward an understanding
of the basic bioch hani: by which diol and perhaps other

steroid hormones exert their influence. Villee & Hagerman (3, 4, 5) had
shown that the reduction of deoxyribonucleic acid in a reaction in which
isocitrate was converted to a-ketoglutarate was catalyzed by an enzyme
present in human placental homogenates, and that this reaction could be
accelerated by estradiol-178 and several other steroid substances with hor-
monal activity. The enzyme was found to be present in the cell-free super-
natant of these placemal extracts Villee mterpreted these results as in-
dicating that estradiol fated isocitric dehy and d
that the hormone converted an inactive to an active form of isocitric dehy-
drogenase, presumably by forming an enzyme-steroid complex
Talalay & Williams-Ashman readily confirmed the initial observations of
Villee’s group, but then showed that the apparent stimulation of a DPN-
hnked 1soc1mc d could be d for by a coupling of the
idine ide-specific isocitric enzyme of the
placenta and a transhydrogenating system as (ollows'

(a) wsoatrate + TPN* == o ketaglu!anl: + CO: + TPNH + H*
() TENH + DPN*=TPN* + DPNH

sum  1socitrate + DPN = a-ketoglutarate + CO; + DPNH + H

Tt is the second step in this system (3), the transhydrogenation, which was
activated by minute amounts of estradiol (10772f) In this reaction which
mvolved stoichi of the leotides and catalytic concen-

ws‘g’me survey of literature pertaining to this review was completed September,
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steroid might be useful in hastening recovery from debilitated states has been
explored more or less continuously by a number of different workers ever
since the initial suggestion by Kenyon in 1942 (15).

‘Testosterone, or one of its related anabolic steroids, has induced nitrogen
retention and has been thought to be useful therapeutically in a variety of
clinical states in which there has been substanual loss of tissue protem (16).
Tt should be iated that although of anabolism in the
presence of severe illness can be achieved, satisfactory evidence of clinical
benefit is much more difficult to develop. More or less empirically, treat-
ment with an anabolic steroid might be used in those debilitated patients
in whom the wasting process was not arrested or reversed because a nu-
tritionalinad isted That may be anabolic under very

f: il itd diti was indi d by Kochakian (17) who
showed that in fasted guinea pigs the growth of some skeletal muscles and
accessory sex glands was enhanced by the androgen. Testosterone was also
anabolic in Cushing’s syndrome (14) and induced hypercorticism so that it
might be a useful adjunct in some patients with collagen diseases, ulcera-
tive colitis, etc., who have been treated with large amounts of corticoids or
corticotropin.

In patients who are recovering from severe illnesses and in many indi-
viduals with induced hypercortictsm, the food intake may be enormous. A
farge surfert of calories with an abundance of good dietary protein will spare
tissue protein most effectively, and also favor the rapid restitution of the
body’s protein stores 1n depleted patients. Whether testosterone could offer
much th 1n these cis 1s highly

SYNTBETIC ANABOLIC AGENTS

In females and prepubertal boys to whom testosterone may be given
for anabolic or growth promotmg purposes the virlizing influence of the

hormone 15 und, iderable effort has been made
to synthesize a steroid which 1s as anabohc as testosterone but is much
less and ic, For b 1| g purposes the growth induced in

the levator ant muscles of castrated rats has been used as an index of myo-
trophic activity which has been equated with general anabolism; and the
growth of accessory sex glands has served as the indicator of androgenicity
(16, 18). A number of steroids have been tested 1n this manner and those

which had a greater bo d ratio than were given
clinical trials. With some compounds there has been a sausfactory correla-
tion with of and anabohc inft in man, but this has

not always been the case. Gordon, who helped develop the procedure, has
pointed to 1ts relative crudity and to defects 1n its execution m some hands
(16). Since the search 1s for steroids with specific activities in man, there
can be no substitute for the time-consuming human studres.

Huggns & Jensen (19) and Sydnor (20) have employed the growth of the
uterus and vaginal h in hypoph: ized female rats 2s an
indicator of the growth promoting pat.enml of steroids With their prepara-
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trations of the steroids, the hormone was alternately oxidized and reduced
in the pracess of transferring hydrogen and has accordingly been regarded
by Talalay & Williams-Ashiman as a co enzyme.

() estradiol-178 4 DPN* =2 estrone 4- DPNH + H*
) estrone - TPNH + H* =2 estradiol-178 + TPN*

sum  TPNH -+ DPN*:2 DPNH 4 TPN*

The placental dehydrogenase activity could not be separated {rom the
transhydrogenating enzyme despite a hundredfold concentration. This fact,

as well as other exp led 10 the Jusion that the same enzyme
catalyzed both types of sons. Thus, with stoichi 3 ities of
the pyridi feotides, minute ities of diol acted as a co-enzyme
in transhyd ion. With stoichi i of diol the enzyme

functioned as an hydroxysteraid dehydrogenase, It was suggested that all
hydroxysteroid dehydrogenases, a nurmber of which have been isolated lrf:m
vatious mammalian tissues, could function similarly as transhydrogenatiog
enzymes. This has already been demonstrated with respect to rat hver
3 a-hydroxy dehydrogenase (6).

In their specufations, Talalay & Williams-Ashman have suggested that
at Jeast some of the biochemieal of diol-178 as weﬁ’as
other steroid hormones may stem from this transhydrogenation of pyridine
nucleotides  Hydroxysteraid dehydrogenases have an unusual ability to
bind estradiol and other steroids (7), a fact which is prabably related to the
catalytic effect of estradiol in transhydrogenation. Dehydrogenases from
various tissues may differ in theit affinity for hormones and of course tissues
undoubtedly differ 1n their hydroxysteroid dehydrogenase content, both
quantitatively and in terms of the specificity of the enzyme. Such differences
were suggested as a possible basis for the specificity of hormone action a3
welt as an explanation for the well-known overlap in the actions of steroid
hormones The probability that prostatic tissue binds testosterone about
2} times as effectively as muscle (8) is consistent with this view. According
to the hypothesis of Talalay & Williams.Ashman, the steroid hormones
could enhance energy capture from the oxidation of the reduced nucfeotides,
and also participate in biosynthetic reactions of responsive tissues by means
of this tysis of the d jon of pyridine nucleotid

METABOLIC INFLUENCE OF ANDROGENS AND ESTROGENS

An appreciation of the general metabolic influence of the ses hormanes
probably dates from the demonstration by Kochakian & Murlin 9) in
dogs and Kenyon and his associates (10) in man that testosterone was @
potent anabolic agent. Shortly after this estradiol was also shown to be
anabolic, although probably somewhat fess so than testosterone (1, 12).
Following this initiat \\'ork.. lfenyof\ (13}, Albright t’l ab. (14) and, subse-
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diol L

pausal osteoporotics, therapy with and other 4
has reversed negative caleium balances and induced positive balances of as
much as about 200 mg. per day for 150 days or longer. Lengthier balance
studies have not been reported, Since about 99 per cent of the 1200 gm. of
calcium in the average human body is in bone (33), Albright's assumption
that calcium was deposited in rarified bones would seem justified on quan-
titative grounds alone.

Henneman & Wallach (34) have recently completed a 9 to 20 year follow-
up study of 200 osteoporotics from Albright's clinic. The postmenopausal
osteoporotics had been treated with and the senile in
men with androgen. They reported that in all of the patients the progress
of the osteoporosis was arrested as indicated by an abrupt cessation in the
shrinkage in height, the lack of unfavorable progression radiologically, and
symptomatic improvement. They were unable to demonstrate recalcifica-
tion of the bones radiologically, but this is admittedly an insensitive tech-
nique, Other members of the Albright school support these findings (35, 36).
Reifenstein (36) and sume others favor the combined estrogen and androgen

of The ad ges of this bination over the
use of one or the other hormone in the appropriate sex appear highly ques-
tionable except perhaps in some unusual situation.

There remain some skeptics, and it is too bad that serial biopsy studies
of bone have never been carried out dunng treatment of postmenopausal
or senile ion of the osteoporosis of
Cushing’s syndrome has been easily visualized roentgenologically (35, 47).
‘The inatulity to secure such proof in these other osteoporotics would ac-
cordingly suggest that, at most, estrogen and androgen were only partially
able to correct the defect. If this is true, postmenopausal osteoporesis and
senile osteoporosis are probably not the result of 2 deficiency of the sex
hormones as has often been implied, but rather some hone tissue defect
which may be accentuated by the lack of gonadal secretions.

METABOLIC EFFECTS OF PROGESTERONE
INFLUENCE ON PROTEIN METABOLISM

P . boli

s infl on protein is quite the opposite of
that of testosterone and estradiol, Despite the fact that it is growth pro-
moting in the end breast parench and seb glands (37),
the net effect of physiologic quantities of the hormone in man is moderately
catabolic. This was initially demonstrated in an isolated experiment by
Abels & Dobriner (38), but now the enl\anced metabolism of protein has
been induced by i d in a variety of
dircumstances in both men and women (39, 40) Its elicitation did not re-
quire the presence of estrogen, adrenocortical hormones, the thyroid gland,
or the hypophysis (41). From the qualitative point of view the catabolic
process ¢an be distinguished from that induced by an excessive secretion of
thyroid hormones or adrenocorticoids, With both the latter secretions, the
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tion they have tested 2 number of campounds and have reached sather
definite conclusions concerning the participation of functional groups of the
steroid nucleus in anabolic processes. It appears that neither the ketose
nor the hydroxyl group at C; was important. Whether or not there was unt-
saturation in ring A also seemed incansequential. The critical function as
shown by their studies was the 178.hydroxyl group (like that in testos-
terone). The 17-ketosteroids were either completely inactive or elicited
only a stight growth response. In general, the essential nature of the 178-
hydroxyl group for grawth promoting activity has been borne out in studies
in maa {see below}, At-Androstenedione-3,27, which was mddly anabolic in
two rormal women (21) as it was ia castrate dogs (22), is 2 notable excep-
tion. Nevertheless, the pramacy of the 178-hydroxyl group as well a3 this
assay method shovld be kepr m mind in the search for new anabolic steroids.

Gordan {16) has referred to severa! compounds which have never passed
the hopeful stage. Until recently, methyl androstenediol had been the only
anabolic steroid wnth somewhat less androgenicity than testosterone which
had achieved any acceptance. Another, the phenyl-propionic acid ester of
19-nortestosterone (23) seemed hopeful from the levator aat test, but has
not recerved clinical trial. Two newer compounds seem at the moment 10
come closer to the ideal, Both are 19-nor derivatives of testosterone, and
baoth are very potent progestins (see synthetic progestational compounds
befow).

Only 17a-ethyl-19.nortestosterone has receved exteasive clinical trizls
In the guinea prg it was only about ane-fourth as androgenic as testosteront
prop h ap, i its anabolic action (24) In prepubertal
boys it was weakly androgenic (25) Balance studies from a number of

Jaboratories have d d £i nitrogen jon under both
favorable and unfavorable conditions (26, 27), its anabolie mfluence ap-
imating that of one prop whether it was given paren-

terally or by mouth (28).

The second compound, 37e-cthinyl-19-nortestosterone has little andro-
geaic activity in the d rat, and d growth p: ing in-
fluence on the levator an1 (29, 30) Early lots of the materiaf contained estro-
genic contamination, but ¢ven the more highty purified batches have had
slight estrogenic activity, suggesting that this mught be a characteristic of
the steroid rtself Estimates of androgemrity m man ave wantmng, but there
is no doubt that it 15 anabolic {28, 31) Since both of these compounds are
powerfal p ing the bility of withd, bleeding in wosmen wit
active ovaries must be kept in mind when they are being used for their
anabalic activity.

OsTEOPOROSIS
Estrogen and androgen have been widely used in the treatment of post-
P { and senile porosis smce Albright's initial suggestion and re-
ports (32). Botk hormones have induced positive calcium balances although
Hy more effective than testosterone. In some postmeno-

estrogen 5 psudl
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subjects as well as the sodium retention which followed discontinuance of
progesterone in these people was the result of an adrenal response to the
circulating progesterone or the loss of body sodium, or both Anexplanation
for premenstrual edema could be in part in a minor disturbance of such an
1 hip of p one and ald. during the lu-
leal phase of the menstrual cycle. The therapeutic value of an aldosterone
inhibitor in patients with salt and water retention remains to be determined.
Two unusual compounds, 3(3-oxo-178-hydroxy-4-androsten-17a-yl)
pronic acd y-lact: and its 19-nor have been tested in rats
by Kagawa and his associates (48) and found to inhbit the sodium retaining
influence of aldosterone much as does progesterone. Liddle (49) elicited a
similar response with these two drugs in man. Quantitative studies in rats
indicated that the drugs were more potent than progesterone in their aldos-
terone-inhibiting capacity All three appeared to follow the law of mass ac-
tion in this reaction in rats, and in man there were indications of a quantita-
tive relationship in the nhibition of ald by p (45).

STRUCTURAL REQUIREMENTS FOR METABOLIC
INFLUENCE OF PROGESTERONE

Asa result of the comparison of the metabolic effects of several progesta-
tional compaunds (see later sections) it has been posslble to reach some ten-
tative conclusion: the key chemical req for aldosterone

hibition and the bolic infl of the h (28) All of the steroids
tested were 3-ketones with a double bond between carbons 4 and 5 of the A
ning. The principal points of variance were the C-17 substrtuents and their
spatial cnnﬁgurauon. The angular methyl group between rings A and B was
missing in some steroids (19-nor compounds), but this variation did not
appear to have a quahtative infl on the boli

An enhancement of the rate of protein catabolism was induced only by
steroids on which the two carbon side-chain attached at C-17 was beta-
oriented hke progesterone and the adrenal hormones Active progestational
agents with the side chain in the alpha position were either anabolic or
questionably so. The 20-ketone was not critical; 20a-hydroxy progesterone
was catabolic, but the 208-hydroxy isomer was metabolically mnert (50)

Much less can be said about the key charactensucs for the eliatation of
the natriuretic response to 1d, and ticos-
terone inhibition). Of all the ‘compounds studxed only progesterone and the
unusual substances described by Kagawa ef al. (48) possessed this property.
The 17a-hydroxy derivatives of the 20-hyd
and the progestins with alpha-oriented side cham bad no such action Pre-
sumably the competstive inhibition must require some close stereochemical

bl to deoxycor and ald

NATURALLY OCCURRING PROGESTATIONAL AGENTS

Recent methodologlcal 1mprovements have made 1t possible to estimate
the of in corpora lutea, fat tissue,
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enhanced catabolism of protein (increased urinary nitrogen output) was ac-
companied by distinct elevations in plasma and vrinary amino acid (42).
However, when progesterone was given, plasma and urinary amino acid
levels were cither slightly suppressed or unaffected.

The meaning and the significance of this rather surprising influence of
physiologic quantities ol progesterone is obscure. The rise in urinary nitro-
gen excretion has been elicited by as little as 12.5 mg. of progesterone per
day, an amount which, judging by pregnanediol excretion studses, approti-
mates the quantity secreted by the normal woman during the luteal phase
of the menstrual cycle. It was usually maximal in intensity at a dosage of
S0 mg. per day which is about the amount secreted daily during eatly
pregnancy (43). The large of p one which are i )
secreted during pregnancy suggest that this influence on protein metabolism
may be of the greatest physiologic importance during gestation, Dewar (44)
hag shown that there is normaily a si gain in the ine weight
of pregnant mice which seems to be related solely to the presence of proges-
terone, In part, this was fluid retention. Neither estrogen nor the adrenal
cortex appeared to be ible for this ph A similar gain in
weight was induced by progesterone in nonpregnant animals, and an m
creased food intake was observed during this progesterone-induced petiod
of weight gain, This observation could well be related in some way to the
enhanced protein catabolism noted above in man.

EFFEcT oX Soprum EXCRETION

In normal women and men, progesterone also exerts a natriuretic and
chloriuretic influence. This effect was also observed over a dosage range ap-
proxi ing the rates of p jon in and nonpregnant
states (12.5 to 300 mg per day). The sodium loss induced by the smallest
dosages was rather slight but with 200 to 330 mg. daily, as much as 396
m.eq. of sodium was dissipated in eight days (43). This natriuretic influence
of progesterone was more intense in fully treated Addisonians thann normal
subjects, but when given to adrenal-deficient patients who were not being
treated with a salt retaining corticoid, sodium excretion was not affected
{39). From this it was deduced that the furetic infl of prog!
was the result of a competitive inhibition of the action of salt retaining corti-
coids in the kidney tubules. The inhibition of both deoxycorticosterone and
aldosterone has been demonstrated in subjects without functioning adrenal
glands (39, 45). Presumably the salt loss induced in persons with intact
adrenals is based upon a similar inhibition of end 1d

This discovery should, like the catabolic potential of progesterone, find
its place in the complex physiology and pathophysiol and
the normal menstrual cycle The i d of ald in the
urine during pregnancy (46) may well reflect 1ts enhanced secretion in re-
sponse to the inhibitory infl of the i q ity of prog
secreted by the corpus luteum and the placenta. In the experiments re-
ported it was suggested that the less intense natriuresis observed in normal
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castrated woman, Replacement dosages would accordingly be substantial
and, for lengthy courses of treatment, would require almost daily injections.
The hormone was relatively inactive when given by mouth (59). The pri-
mary aims from the viewpoint of replacement have been to find steroids
wither greater potency, oral effectiveness, and protracted action when given
parenterally. New compounds which have been developed and tested clini-

cally appear in three (a) derivatives of 17a-hydroxyprog :
() derivatives of {c) hal d derivatives of one.
In the first group the parent compound, 17a-hy ypr pos-

sesses very little progestational activity (60). It was therefore quite surpris-
ing to find that when the 17a-hydroxy group was esterified, compounds with
remarkable progestational activity were developed. Not only were these
esters more actlve y than but the d fon of
therr biol was iderabl hened (61). At least one of
these esters was also shown to be active when given orally (62}, The trans-
formation of biological activity brought about by simply esterifying 17a-
hydroxy has not been explained If the ester were hydrolyzed
to the free 17a-hydroxyprogesterone, one would not anticipate enhanced
activity for, as noud it xsaweak pmgestm If progesterone were the active
material, enh would be expected. Neither preg-
nanediol nor iol, the unnary bolite of 17a-hydroxyprog:
terone, have been found in i ities after the administration of
the esters of 17a-hydroxyprogesterone (63). The caproate has been tested
extensively as a Iong acting progestzuonal compound, Doses of 200 to 500
mg. have prod { and bolic changes which lasted for
at least two weeks (64, 65, 66). The clinical trials with 17a-acetoxyproges-
terone have demonstrated that 75 to 100 mg per day by mouth would pro-
duce a “full” progestational endometrium (62).

DERIVATIVES OF TESTOSTERONE

All of the steroids m the second category have the beta-oriented, 17-
b_ydroxyl group characteristic of testosterone. Instead of the beta-oriented
side chain of progesterone, these compounds have an alpha-oriented, two
carbon chain or a methyl group in the same position. All were active when
given by mouth. Ethi: or 17a-ethmyl is not new at all,
but has been widely used as an oral progestn for many years. Depending on
the end point used (full secretory endometrium, withdrawal bleeding, char-
acteristic changes in vaginal epithelial ceils), and probably also on the dura-
tion of dosage schedules it has been shown to be from about one-tenth to one-
fifth as active orally as {56, 59). Norethi
19-nor-17e- ethmyl testosterone, was : five times as active as ethisterone in
abbits (67), and in man about twice as effective (56 59) The enanthate
ester of given i y d a long-acting, pro-
gestational effect and was about twice as active as the 17a-OH progesterone
Caproate and acetate (56). Other 19-nor derivatives of testosterone, 17a-
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blood, etc., as well as to determine the total progestational activity of the
tissue samples. The biologic assays have consistently pointed to the presence
of a substantially larger amount of hormonal activity than conld be ac
counted for by progesterone (51 to 55). Zander ef of. (55) have been able to
explain this discrepancy, at least partially. They have identified two com-
pounds obtained from the placenta, ovaries, fat tissues, and probably blood,
AL3 20-«-0} and A3-ketopreg! 20-8-0f, which are potent
pmgestms as shown by two bio-assay procedures The 20« hydrovy com-
pound was one-sixth to one-third as active as progesterone jn mice {Hooker-
Forbes assay) and about the same in rabbits (Clauberg assay). The beta
isomer was one-fifth to tenth as active as prog in rabbits but
twice as potent as progesterone when tested in mice. Other investigators
working independently have alse found the 20-hydroxy progesterones in
biological materials (55). Both isomers were isolated from human tissues
after the administration of progesterone so that the authors were convinced
that they were dealing with metabolic derivatives of progesterone rathet
than primary secretory products of the corpus luteum or placema Tt can
be readdy seen that 20a-hyd P one is an i diate in the deg-

d of prog to its well-k urinary bolite, pregnane-
3, 20a-diol. The 208 isomer has not as yet been found in urine extracts.

Weid & Davns {56) have tested the 2\)»cyclnpentylpromonates of these
two in ZEn-p: 1med d women and found them to be
mildly 10 mod 1y i, Esterification could prnfoumil}' in-
fluence the bmlogncal smvﬂy as has been shown in other derivatives of
progesterane (see below), so that modest activity of these esters in man does
not necessarily accurately reflect the relative activities of the free alcohols
Only the metabolic aspects of the free compaunds have been studied in any
detail, As noted in the foregoing section, 4¢-3-} 20a-0l prod
a rise in basal body temperature and was catabolic like progesterone. Th!

208-hydroxy derivative had neither of these activities, and nesther of the
steroids showed any indication of being an aldosterone inhibitor (50).

The fact that these two denvatives of progesterone are biotogically
active and circulate in blood strengthens the view that progesterone is the
principal, if not the only, active pmgesm\ secreted in man. lt is still quite
possible, however, that other ¢l prog! may be i

SYNTBETIC PROGESTATIONAL AGENTS

Asin the case with androgens and organic ch and phar-

macologists have devoted much effort to the dcvelopment of progestationat

T et  the natural harmone.

alated on the basis of

from § to 25 mg, per

day during the luteal phasc of the menstrual cycle and fram 25 to about 300

. daily during pregnancy. Weid & Davis (56) found that 20 mg. ptr day
was required toinduce “full” secretory end Jum tn the
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tional drugs have been tested in clinical si in which the difficul
of evaluation have been immense, and the efficacy of progesterone itself has
not been proven beyond a reasonable doubt,

CLINICAL APPLICATIONS OF PROGESTATIONAL COMPOUNDS

As indicated in the previous section, the use of progesterone and other
progestational compounds therapeutically is in the early stages of evolu-
tion, but has been stimulated by the availability of the many new and in-
teresting compounds If one disregards at this point the potential thera-
peutic value of anabolic 178-hydroxy progestins (see section on metabolic
effects of androgensand estrogens), one is left with four areas in which clinical
i igation has ind d at least a ial usefulness of this group of
progestins: () a test for ovarian function, (b) treatment of menstrual dis-
turbances; (c) suppression of ovulation, (d) the preservation of pregnancies
in habitual aborters

TesT FOR OVARIAN Funcrion
For a number of years the injection of ional ities of pro-
has been employed as a speatfic f ional test for estrogen secre-
tion by the ovartes in patients with amenorrhea (84). It has been assumed
that 1f bleeding followed progesterone withdrawal, it was from a secretory
d i Since the d of secretory changes requsres estrogen
priming, withdrawal bleeding indicates at least a basal level of estrogen secre-
ton Any synthetic progestational agent could properly substitute for pro-
gesterone in this test providing 1t possessed no overlapping estrogenic ac-
tivity, 17a-ethyl-19-nortestosterone and the esters of 17a-OH-progesterone
would probably fulfill this requirement Norethynodrel and 17a-ethinyl-19-
nortestosterone would not since both, as previously noted, are weakly
estrogenic (85).

TREATMENT OF MENSTRUAL DISTURBANCES

Perhaps the gynecologic disorder which has responded most uniformly
to treatment with progestational steroids has been functional uterine bleed-
1ng. In this condition the end is y subjected to
estrogen sttmulation, and normal secretory changes do not evolve spon-
taneously. Treatment with a short course of progesterone or progesterone
plus an estrogen in small quantity mduced secretory changes in the endo-
metrium followed by withdrawal bleeding and then usually a cessation of
bleeding (medical curettage) (99, 100). The long-acting progestins ke 17a-
hydroxy proate have performed as well as
imections in this regard; and both norethynodrel and 19-nor-17a-ethinyl
testosterone show exceptional promise. Bleeding has often stopped after
th.: first few days of 2 short course of just 10 to 20 mg per day. One course
with any of these steroids cannot be expected to prevent recurrences, but
repeated eyclic courses of the progestins or progestin and estrogen have pre-
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ethyl-19-nortestosterone, 17a-methyl-19-testosterone, 17a-ethinyl-5(10) es-
traene-178-0l-3-one (norethynodrel) as well as a number of others with
larger chain substituents in the 17a-position have been tested in rabbits and
found to have progestational activity comparable with that of progesterone
(30, 68 to 71). Q itative 1 with pr in man have
not been completed with any of these, although all of those mentioned by
name have heen shown to be active oral progestins.

HALOGENATED STEROIDS

In the course of studying the various halogenated steroids developed by
Fried (72) several were shown to have unusual progestational activity. The
11-keto and 11-8-hydroxy-9a-fuoro and bromo derivatives were progesta-
tional when given to rabbits parenterally or by mouth (73, 74). \Wied &
Davis (75) very carefully estimated the activity of 9a-bromo-11-keto pro-
gesterone when given to estrogen-primed, castrated women and found it
more active than 17a-ethinyl testosterone and about as active as 19-nof-
17a-ethinyl testosterone when given by mouth. .

In addition to the diffe in the i ity of prog ioual activity,
the duration of action of a single dose 2nd the most favorable mode of ad-
ministration, the numerous progestational steroids differ from one another
and from progesterone in other ways, They were selected primarily as 2
result of their ability to induce a secretory endometrium. This, however, is
but one parameter of the spectrum of hormonal influences of progesterone.
Other important actions are the ability to suppress pituitary gonadatrapint

ion, preserve p: (tested in ovari ized animals), promote
growth of breast parenchyma and lactation, the metabolic influence {en-
haneed catabolism and aldesterone inhibition}, and others. When compared
on the basis of some of these indices the synthetic progestins fall short of
mimicking the action of progesterone here and there, The interested reader
is referred to origial papers for details (30, 76 to 79, 82),

There have also been a number of examples of overlap in hormonal action
Same of these have already been mentioned in previous sections 17a-methyl-
19-nortestosterone was so androgenic as to be useless as a progestin (79}
and 17c-ethyl-19-nortestosterone and 17a-ethinyl-19-nortestosterone were
weak androgens (24, 29, 30). The latter compound as well as norethynodrel
possessed some estrogenic activity (30, 70, 80, 81).

In surveying the reports describing new progestational steroids one s¢o2
becomes awate of the fact that compounds have been proposed, synthesized,
and tested in at least a preliminary manner more rapidly than the new facts
could be assimilated and placed in proper perspective, In part, this has
arisen from the fact that a potential drug has been “pushed,” often quite ap-
propriately, for a specific ciinical use. Thus, one progestational steroid has
been studied pred 1y as an anabolic agent with neglgible andro~
genicity, another as a gonad in inhib athirdasap sup-
porting agent, etc. Investigators who have studied one parameter have not
been able to pay much attention to others Furthermore, the new progesta-
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ceived some trials, 17a-hydroxy progesterone caproate seems to have been
most extensively tested. The results reported from all centers are in agree-
ment that with p ional ds sut ially d d
the frequency of abortion. This has been another difficult study to construct
and execute, Some groups have used the previous experiences of the patient
(in habitual aborters) as the controls. Others have divided the patients into
two groups treating one with the progestin and the other in some acceptable
nonspecific fashion. Either h has its hodological and 1
defects as has been vigorously pointed out (96). Nonetheless, the unanimity
of the results reported to date is impressive.

In view of the reports of dot hroditism in infants fc
treatment of the mother with 17a-ethinyl testosterone, this reviewer would
feel obliged to avoid the use of the more potent anabolic and weakly andro-
genic 19-nor-178-OH progestational compounds for this purpose (see next
section).

GONADAL DYSGENESIS AND HERMAPHRODITISM

Barr's very important discovery of sexual dimorphism in cell nuclei has
made it possible to distinguish the genetic sex of human tissues, leading
toward a greater understanding of several puzzling syndromes Barr and
his colleagues (104, 105) observed that most nuclei of females usually
contain a characteristic heterochromic mass and that this was seldom seen
in the nuclei of male tissues. It has been proposed that the mass of dark
staining chromatin represents either the XX chromosones or, according to
another concept, the site of d male d (106).
Using this technique Polam, Hunter & Lennox (107) followed by other
workers (108) showed that about 80 per cent of women with the syndrome
characterized by sexual infantilism, short stature, amenorrhea, high gonado-
tropin titers in the urine and scattered congenital anomalies (ovarian agene-

sis, gonadal dysgenesis, Turner’s di ) ibited the male-type of
chromatin pattern in their cells. Subsequently, three groups of workers (109,
110, 111) reported that in Klinefelter's synd (men with ini

tubule sclerosis, high urinary d in titers, gy ia, and vari-

able hypoandrogenism), many of the patients had female chromatin pat-
terns, These unexpected discoveries have excited a great deal of interest.

Segal & Nelson (106), Grumbach, Blanc & Engle (112), Plate (116) and
Witschi, Nelson & Segal (113) have each proposed sensible concepts which
brmg.tugether the clinical findings and the results of a number of studies in
experimental embryology to form more or less integrated explanations for
the devel of the above synd: doh hroditism, and true
h:rm?phmdiﬁsm. The interested reader is referred to these articles which do
not differ greatly, hut tend to supplement each other at several points,

TURNER’S SYNDROME

3 In vertebrates, regardless of the genetic sex of the embryo, the early or
primordial gonad has a ot icular and a ial gvarian compo-
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vented anovulatory bl {ten even after di: inuing this
(83, 85, 86, 87).

In combination with estrogens, progesterone or, more easily adminis-
tered, long-acting and oral progestins, have enabled the therapist to simulate
the normal menstrual cycle in amenorrheic women (bleeding, temperature
elevation, breast changes). This has been useful psychologically, at feast, in
some patients, The idea that repeated courses might be followed by the
resumption of normal cycles has, on the whole, been disappointing (85,
86, 87, 137). A few normal spontancous periods have followed such treat-
ment, and on occasions there have been pregnancies. However, the percen-
tage of successes has been small and, in one comparison, not convincingly
greater than in a small series of controls who had received no treatment
(85, 88). The statistical approach to the solution of this difficult problem
could be misleading. Amenorrheics as 2 group, probably include several types
of ovarian or pituitary disturbances or both. When the pathologic ph}'-
siology of each of these types has been elucidated, it may be that certain
cases which could be lost in a statistical shufile, will be peculiarly susceptible
to cyclic treatment with progesterone and estrogen.

GONADOTROPIN INRIBITION

For the future, perhaps the most important application of some of these
new progestational agents will be as gonadatropin inhibitors (101, 103, 337).
Rock, Pincus & Garcia (89, 90) have studied extensively the potent oral
progestins, norethynodrel, 17a-ethinyl-19-nortestosterone, and 17a-eth)'l‘
19-nortestosterone  When these were administered to normal women i
doses of 10 to 20 mg per day from day 5 to day 25 of the cycle ovulation
was completely suppressed. The first two compounds had some inherent
estrogenicity, the latter none As a consequence, the incidence of “break-
through” bleeding was considerably greater when 17ax-ethyl-19-nortestos-
terone was used The addition of a small amount of estrogen dimmished the
frequency of break-through bleeding even with the two more favorable
drugs. There was also a significant incidence of other side effects if the cousses
were repeated, Nausea and other gastrointestinal symptoms and psycho-
Jogic reactions were the more frequent In a series of 1279 cycles in whi‘:h
women received this suppressive treatment no pregnancies occurred despite
the fact that the women were frequently exposed Normal ovulatory cycles
resumed promptly after this treatment was stopped, indicating that the
sensitive gonadal-pituitary system had not been permanently impaired.

The inbibition of ovulation may also be of value in the treatment of
severe cases of dysmenorrhea and perhaps even endometriosis.

PRESERVATION OF PREGNANCIES
A number af investigators have been attempting to imprave the salvage
-5t t- e e-ond e weman with threatened abortions, by the
ogesterone or one of the newer
the newer compounds have re-
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All of the “true” Klinelelter's syndrome cases had female chromatin patterns
in their cells whereas the “false” syndrome was found enly in males. All ob-
servers (116} have not agreed with Nelson in this breakdown of the syn-
drome, but there is no disagreement on the point that a substantial number
of patients with Klinefelter's syndrome do have female chromatin sex pat-
terns.

The development of this syndrome appears to be the result of a damaged
or defective primordial gonad in which the male or medullary portion per-
sists and apparently dominates the cortical or ovarian component. In the
absence of a significant functioning ovarian anlage, the medulla goes on to
develop into at least the elements a testis even if the predetermined genetic
sex of the organism was female. In the genetic females this would appear
to be an example of almost complete sex reversal. There is some suggestion
that the defect in Klinefelter’s syndrome may be genetically determined for,
on oceasion, several eases have been observed in one family (112).

MaLE PSECDOEERWAPHRODITISM

This is a rare condition in which individuals who have the external
physical attributes of women have male gonads which are usually intra-
abdominal and resemble cryptorchid testes. Pobic and axillary hair may be
absent or normally distributed for a woman. As a rule, the Wolffan duct
derivatives are intact with vestigial Millerian derivatives, but there is a
nermal vagina. The disorder has a pronounced familial predilection, careful
studies ing that if individ with this synd are idered as
wales there is 2 normal sex distnbution. All of the patients with this dis-
order whose cells have been examined have been shown by this criterion to
be genetic males.

It has been suggested (111) that at about mid-term after the more proxi-
mal elements of the Wolffian duct system have developed, an antitestis
factor comes into play. Since the caudal elements of the Wolfian system
are usnally not completed at this time the external genitalia, developing in
2 neutral milien, become those of a normal female. These testes at puberty

and thereaft secrete iniz ities of estrogen.

FEMALE PSECDOHERMAPHRODITISM
1"l"h.is condition is usually the result of congenital adrenal hyperplasia.
e N

ic adrenals begin large ities of andro-
gen sometime between the tenth and sixteenth week of gestation. At this
point the Maillerian duct derivatives have almost d their develop-
ment into female accessory sex The and; it

can
affect only the latter phases of secondary sex differentiation, and the de-
Velopfx:ent nf_ the phallus, the labioscrotal folds and the ureogenital sinus
are diverted i 2 mascoline direction. The genetic sex of these individnals
is always female,

The female pseudohermaphroditic condition has also occurred as a result
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nent. The medulla of the gonad can only develop into a testis and in genetic
males the cortical portion ultimately disappears, The cortex of the primordial
gonad in genetic females develops into the elements of the ovary, and the
meduilary components fade away to negligible residuals.

The studies of Jost (114) and others have shown that removal of the
primordial gonads prior to differentiation into testes ar ovaries is foilowed
by the development of the Mullerian duct derivatives into the female sec-
ondary sex structures. The development of the female genital tract does not
seem to require the presence of ovaries or of ovarian secretions and have
accardingly been termed neutral. Male organizing substances (perhaps male
hormones) passing from the embryonic testes cause the Mllerian derivatives
to atrophy and induce the growth and development of the Wolffian ducts
into the male accessory structures as well as the development of the male
external genitafia,

As a rule in Turner’s syndrome, only a small ndge is present at the ex-
pected site of avaries and microscopic examination reveals minimal gonadal
remnants or more often none at all. A very small uterus and fallopian tubes
are present, It has been suggested that this picture results from atrophy or
failure of the embryonic gonad prior to differentiation, Thus, whatever the
genetic sex of the embryo the absence of any gonadal organizing substance
permitted neutra) development of the accessory sex apparatas Witchi (133)
has suggested that the failure of gonadal development may be the resuit of
detayed fertilization or some 1njury in the fertilized ovum prior to implanta-
tion. The associated defects which are so frequently seen, and the lack of a0y

fon of familial e of the disorder are consistent with this

view,

The predomi of whatare app 1y genetic males in this syndrome
has not so far been satisf: ty expiained. It has been d, however,
that the deficiency in females may be made up by individuals with only 2
partial failure of the female elements of the primordial gonad, Such partial
defects might well result in women of short stature with some secondary sex

h istics and oli; hea or perhaps women with primary amenor-
rhea and no other stigmata, etc.

{t is almost unnecessary to state that no one thus far has suggested that
girla with gonadal aplasia and male chromatin patterns should be raised as

boys,

KLINEPELTER'S STNDROME

Nelson (115) has ined the testi bivpsy speci in a series
of 67 patients with Klinefelter's synd All had i tubule
sclerosis, but he was able to divide them into two groups, “‘true” Kline-
felter’s syndrome in which the tubules were small in diameter with all buta
few completely hyalinized, and the “false” syndrome in which much the
same picture was seen except that the tubules were much larger suggesting
that the testes bad been sclerosed postpubertally perhaps by some infection.
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gestions of adrenocortical dysfunction. In a group of eight women with

hea or latory oli thea, hirsutism, and borderline or
slightly elevated urinary 17-ketosteroid excretion, treatment with cortisone
acetate in doses of 25 or 50 mg. per day led to the resumption of apparently
ovulatory menstrual periods and induced a sharp suppression in 17.ketos-
teroid excretion, Several pregnancies followed. In patients with the Stein-
Leventhal syndrome, which may be defined as the association of polycystic
ovaties, amenorrhea or oligomenorrhea, infertility, and often hirsutism and
obesity (124), the results of cortisone therapy were not so uniformly helpful.
In this rather ill-defined group of patients urinary 17-ketosteroid excretion
was usually within the normal range initially.

The improvement in ovarian function induced by cortisone in hirsute
women with menstreal disturbances has now been observed by other groups
{125, 126, 127), and has led to the general assumption that an excessive
secretion of adrenal androgen was responsible for both the hirsutism and
the ovarian dysfunction, Women with hirsutism and normal menstrual
cycles may also exhibit a sharp drop in urinary 17-ketosteroid excretion
when treated with modest doses of cortisone. Kappas et al, (128) reported
one case of such hirsutism with a 17-ketosteroid excretion of 25 mg. per 24 hr.
Of considerable importance was the fact that the excretion of androsterone
and etiocholanolone was three times greater than the normal average for
women of that age The excretion af these two 17-ketosteroids dropped to a
normal level with cortisone treatment and surprisingly remained normal
during repeated assays for 24 months after treatment had been stopped.
The Memorial Hospital group (129) then carried out similar studies on
thirteen successive cases of hirsutism (nine with regular menses and four
with the Stein-Leventhal syndrome), and in all of them the excretson of
androsterone and etiocholanolone was decidely elevated {average 2} times
normal). Excretion of 11-hydroxylated 17-ketosteroids which are derived
from hydrocotisone also tended to be slightly elevated in this group Perloff
and his associates (130) have confirmed these findings Nobody has as yet
reported a conspicuous loss of the excessive hair growth m any of these
patients It was assumed by Gallagher e? al. (129) that androsterone and
etiocholanolone which, m men are the principal urinary 17-ketosteroids de-
rived from testosterone, are derivatives of the adrenal androgen, and that
the exeretion pattern in thesc hirsute women 1s indicative of an enhanced
secretion of this hormone

The easiest conclusion to be reached from this series of studies is that a
Pathologic excess of the secretion of an androgenic hormone by the adrenal
cortex may produce only an excess of body hair in some women In others
ovanan function may also be suppressed, and in still others, polycystic
Ovaries (Stein-Leventhal syndrome) may develop On rare occasions an ex-
cessive output of a noncorticoid adrenal secretion (androgen or perhaps
estrogen or progestin) may apparently suppress ovarian function without
producing any physical stigmata of the endocrine disturbance (125).

The surprising fact that m some of these women with hirsutism and
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of expostre of the embryo to excessive androgen of maternal or placental
origin. Treatment of the motlter with testosterone, methyltestosterone, of
ather androgens at the critical time of embryonic development has resulted
in several pseudohermaphroditic babies (117, 118). Wilkins & Jones (119)
and others (120, 121} have described a number of such cases in which the
crucial factor seems to have been the fact that the mothers had been gives
17c-ethinyl testosterone or,ina very few i p b
abortion was threatened or they were hahitual aborters. In none of these
infants was urinary 17-ketosteroid excretion elevated and there wese no
other tests which suggested adrenal hyperplasia. in such chifdren the only
treatment required wondd be plastic surgery. Norma) spontaneous sexusl

ion would be anticipated without the i t with
cortisone required in adrenal hyperplasia.

In three of the cases reported by Wilkina & Jones (119) the mothers had
received no hormonal therapy but it is important o note that a history sug:
gestive of excessive androgen secretion (seborrhea, acne) during the crit_ial
period of the pregnancy was elicited in each of them suggesting 2 trausient
increase in the level of circulating androgen. Whether this represented
altered steroid metabolism or pathologic secretion remains to be determined.
It is also quite possible that a metabolic derivative rather than 17a-ethinyt

itself was ible for the hmization in the patien‘!s
noted above, In either case this distressing complication must be kept iz
mind when considering the treatment of a woman in the early months of
pregnancy with some of the new 178-OH-19.nor progestins.

TrUE HERMAPHRODITES

The classical true hermaphrodite is an individual with at feast the ele
ments of both testesand ovaries Several types have been described. Insome,
one finds ovotestes, in other ovotestes on one side and either an ovary of
testis in the other and finally an ovary on one side and a testis on the other.
With any of these combinations there has usually been an ambisexu:gl de~
velopment of the accessory sex ducts and external genitalia, The genetic sex
of these mdividuals may be esther male or female but in the relatively fe¥
cases examined, females have predominated. One explanation offered for

the development of these defects is the existence of imbalance between the
- ) . Toiniae Y etennie of e wanad g0 that the COrteX
» dominate in the
“yone ganad per-

sist into adulthood.
OVARIAN DYSFUNCTION AND HIRSUTISM

Following the dramatic demonstration by Wilkins and his associates
(122) that in patients with congenital adrenal hyperplasiz cortisone would
e i d: ion and permit normal pvarian func-
5;:; Seegar-Jones, Howard & Langford (123) r:;zoned success in the gimifar
management of some women with menstrual disturbances and some sug-
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gators feel that at least some of these functional abnormalities are genetically
determined. Despite the fact that none of the endocrine analyses have
pointed to a hormonal etiology in any significant number of these cases, this
possibility cannot be neglected. The integrity of the seminiferous epithelium
1550 dependent upon the mamtenance of a rather delicate hormonal balance

N L S SR

conditions may closely resemble the hypospermatogenesis seen in some in-
fertile men,

From all indications the prognosis in the treatment of hypothetical cases
in which endogenous endocrine products had suppressed spermatogenesis
would be 11 In one instance, hy is induced by an
estrogen-secreting adrenal tumor whnch had been present for 16 years was
dramatically improved after removal of the neoplasm (142). Perloff (143)
recently described a case in which prednisone therapy appeared to improve
the quality of ejaculates in a man with a biopsy evidence of hypospermato-
genesis Urinary 17-% d ion was mod: 1y elevated and was
easily depressed to normal levels by the corticoid. It was presumed that the
adrenals in this case were ing unusual of an and Itis
possible that simifar cases may not be characterized by an excessive excre-
tion of the total urinary 17-ketosterord mixture In the search for such cases,
urinary pregnanetniol, which may be elevated in the adrenogenital syndrome,
was estimated in 20 men with h P and sper ar-
;;it«i)and in none of this small senes was pregnanetnol excretion elevated

The ' enzymatic approach to the study of spermatogenic abnormalities
1s g Weir & Leuchtent (145) noted that the deoxynbose nu-
cleic acid conten: of sperm, as d by a
procedure, was abnormally low in infertile men whether or not the donor was
oligospermic Nelson (146) demonstrated for the first time that adenosine
triphosphatase was localized 1n the nine longitudinal fibers of the outer avial
fiber bundle of the flagellum This has been related to the fact that adenosine
triphosphate 1s vital in supplying energy for fibrillar contraction.

The treatment of pattents with oligosperma remains uncertain. In what
is admuttedly a difficult area of i slopp: 1 design
and poor statistical methods have created confusion (149) The observations
of Heller (147) and Heckel (148) that in oligospermic patients the suppres-
ston of sper; with large of and: may be followed by
arebound to normal levels of spermamgemc activity has only been partially
confirmed, if at all Although there is no rational guide to this form of
treatment, it is certamnly possible that a critically selected type of defect
might be responsive to this sort of treatment If, as it would seem, this is a
relatively rare disorder, an occasional success might be lost in a large series
of patients of various types unsuccess{ully treated 1n the same way. At the
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menstrual disturbances the ketosteraid excretion may remain normal and
the menstrual periods ovulatory for months after a relatively short course of
cortisone contrasts sharply with the rapid reversibifity of the adrenal sup-
pression after treatment has been stopped in congenitaf adrenal hyperplasia
1t suggests that these women may have an acquired abnormality in secretory
function which in some manner can be set aright by treatment with a refa-
tively short course of an adrenal corticoid.

Most of the recent students of these disorders have tended to neglect
the possibility that the ovaries themselves could be the source of the exces-
sive androgen in some of these patients, The peculiar fact thata wedge re-
section of the polycystic ovaries in the Stein-Leventhal syndrome is often
followed by ovulatory periods and pregnancy would seem to point towarda
primary ovarian rather than an adrenal disorder in this syndrome at least.
Functioning ovarian tumors may produce varying degrees of virifization 28
well as ovarian failure, and experimental studies in laboratory animals have
shown that normal ovaries bave the capacity to secrete androgen (131). In
a recent study carried on in a patient with a vinlizing arrhenoblastoma it was
disclosed that although the total 17 id ion was not elevated
the excretion of and and etiocholanolone was several times the
Rrormal level (132). Thus, the ovaries have the capacity to produce vinlizing
quantities of an androgen whose derivatives in the urinary 17.ketosteroid
pool are the same as those from the testis and the adrenal cortex.

MALE INFERTILITY

Our understanding of male gonadal defects leading to infertility is, on
the whole, poot, To be sure there are some syndromes which have been
reasonably well worked out, but they comprise a smalf minority of the total
number of cases. Klinefelter’s synd has been di d. In hypogonad
ism secondary to an hypophyseal defect the gonadotropin deficiency may
be the sole pituitary abnormality, or this may be just one manifestation ofa
broader hypopitui state. On ions in the former types, the gonado-
tropin activity found in pregnant women's urine (gonadotropin which is pre-
domi 1 itial cell-stimulating but has some follicle-stimulating ac
tivity) seems to match the defictency so perfectly that nat only were the Ley-
dig cells sti to secrete ad of and but noemal
spermatogenic activity was induced (133) Pregnancies in partuers of SL{C"
patients have been observed. The oceasional successes warrant trials vq‘x!h
this material in all such patients who are i d When the hoidi
arises primarily from testicular failure, there1s no treatment for the sperma-
togenic failure. 5

The vast majority of men with spermatogenic defects have no endocrine
stigmata. In a substantial number of these the seminiferous epithelium has

been d d by some infl y disease, The remainder have been
grouped into several categories in accordance with the type of disturbancf
isualized in the testicular biopsy i) (134, 135, 136). Some investi-
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moment, however, MacLeod's skepticism as to the value of testosterone
suppressive treatment seems justified.

There has also been a flurry of interest in the use of trifodothyronine in
the treatment of oligospermia (150, 151, 152). Some success has been re-
ported, but this requires a good deal of corroboration. Since desiccated thy-
roid has never been shown to be specifically effective, except in proven
hypothyroidism, it seems proper to doubt the rather frequent effectiventss
of triiodothyronine which has been reported.
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ENDOCRINOLOGY (SURGERY OF
THE ENDOCRINES)

By James D, Haroy, M.D.
Department of Surgery and the Unitersity Hospitad, University of Mississipps
Medscal Center, Jackson, Mississippi

The literature covered herein embraces the period from July 1, 1957,
through June 30, 1958, Some articles were omitted because they did not bear
directly upon the rather sharply cir ibed assi) The endoeri
response to surgery has been included. The review is confined to publications
in English, Rather than merely to acknowledge briefly the contents of a
series of disconnected articles, we have charted a rather deliberate course
through the field of “surgical endocrinology,” taking due note of the publi-
cations encountered along the way. The objective has been to provide both
a balanced discussion and an effective survey of the pertinent recent litera-
ture.

In view of both space and subject limitations, some rather arbitrary re-
strictions have had to be imposed. The ing topics will be idered:
(a) the endocrine response to major surgery; () hypophysectomy for ad-
vanced cancer; (¢} the thyroid; {d) the parathyrouds, (¢) the thymus; (f)
the pancreas (limited to diseases of the islets of Langerhans), (g) the adrenal
cortex; (k) the adrenal medulla; and (3) the ovary and testis.

THE ENDOCRINE RESPONSE TO MAJOR SURGERY

The hormonal alterations and interrelationships which follow major op-
erations continue to interest surgical endocrinologists intensely. Neverthe-
less, there 15 a growing that the endocrine system is ibl
for enly a part of the metabolic ph which ly are ohserved
after trauma—and that this role may be more “permissive” than “stimula-
tory” (Fig. 1). Moore (36, 37) has reviewed the generally accepted mediators
of surgical injury, with specific examination of the endocrine changes after
anesthesia, surgery, and unanesthetized trauma in man. The general pattern
of this response has been established for a number of years, but further
definition and amplification continue, It is noted that the major hormonal
effects are reflected in an increased secretron of adrenal corticostercids, the
adr?nal medullary catechol amines epinephrine and norepinephrine, and the
antidiuretsic hormone of the posterior pituitary.

. The hydrocortisonelike corticosterouds result in, or at least permit, the
diffuse metabolic stress phenomena that are familiar to all. The interplay
between aldosterone and the antidiuretic hormone may be, in considerable
measure, ible for the h (28) 1y observed following
injury, The catechol amines result in a mobilization of glycogen from the
liver and in generalized vasoconstriction.

Among the nonendocrine factors which may, themselves, infuence the
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tive in fish but not in rats, while bovine extracts were effective in both fish
and rats. Thus, the apparent ineffectiveness of bovine or porcine growth
hormone in altering the post-traumatic metabolic response in human beings
may result from the fact that these compounds are relatively ineffective in
man, where a compound more nearly similar to the naturally occurring
human growth hormone may be required.

Feedback hanisms.~—The endocri to surgery is essentially
a normal and sell-limiting response, though the self-limitation may represent
the ¢ flect of physiologic feedback mechanisms. An example of this

p
type of relationship is seen in the diminished pituitary secretion of ACTH
which follows hydrocortisone therapy. The ACTH-induced adrenocortical
hypersecretion following surgery may thus be self-limiting in a similar man-
ner, as may other of the boli to trauma.

THE ADRENOCORTICAL RESPONSE TO SURGERY

Addi N

1 data ve tical function have
further documented existing concepts (9, 21, 34, 42). It is now well ac-
cepted that surgery usually results in a rise in the plasma “hydrocortisone”
levels and in the urinary excretion of corticoids,

Plasma 17-21 hydroxycorticosteroid levels in infonts.—The effect of sur-
gery upon the plasma levels of 17-21 hy droxycorticosteroid levels in infants
(largely hydrocortisone) has been evaluated (53) by means of a micro-
technique, Ina study of 11 patients, 1t was found that adrenocortical activity
did increase following operation. The general pattern of response was similar
to that in adults, but the postoperative rise in plasma corticoid levels was
less marked in infants For example, the level of free 17-21 hydroxycorti-
costeroids in the control specimen averaged 2 73 gamma/100 ml of plasma,
while the conjugated forms averaged 1.27 gamma/100 ml, of plasma; four
hours following surgery these levels had risen to 5 36 and 2 57 gamma/100
ml, respectively, These control values were approsimately 30 to 50 per cent,

and the postoperative rise approximately 25 to 30 per cent, of those usually
found in adults

StupIES OF AnRENAL VEIN BLOOD

A technique has been for timed samples of adrenal
vein blood at laparotomy (17) Essentially, the left central adrenal vein is
exposed and cannulated. Most of the venous outflow from the left adrenal
iR man courses through this vessel and thence into the left renal ven It is
thus possible to determine hormone levels in adrenal blood as compared with
peniphera] blood, and to achieve approximations for the total output of a
particular hormone per 24 hr.

Hydrocortisone —In 10 patients, the average level of free 17-21 hydrovy-
corticosteroid in adrenal vein blood was 224 gamma per 100 ml,, as com-
pared to 24 gamma per 100 ml. in peripheral plasma The values for conju-
€ated steroid were 125 and 16.7 gamma per 100 ml , respectively. It has been
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F16. 1. The wound, the endocrine change, and the metabolic change all influence
each other (37) Eptmepinephri pi inephrine; post-pit=postenor pitit-
tary antidsretic h 12-hydroxys17-hydrocy ids. [From Moore,
F. D. (37), and Moore, F. D., “Metabolism in trauma,” Harvey Lectures, T4-99
(1956~57) 1

perative

endocrine system as well as other important segments of postoper?
1] H fhei ' tissue

metabolism are brain injury, pul y y s
necrosis, shock, infection, starvation, sex, nutritional state of patient priof
to surgery, type of operation performed, and surgical complications other
than those already given (29) ‘‘Hospital starvation,” both during the course
of preoperative diagnostic studies and following surgery, often assumes 3
major role in determining the quality of the convalescence.

Pituitary growth hormone ~Growth hormone has thus far been disap-

pointing when used to diminish post- i bolism and to promote
anabolism. However, it has recently been pointed out that there are im-
portant ! and physiologic diff between growth hormone

preparations derived (rom human or monkey pitwitary glands as compared
with those derived from bovine or porcine sources (24) While the physio-
logical effects of growth harmone of bovine or parcine onigin can readily be
d ed in small lab y amimals, the results in man and in mon-
Xeys have been essentially equivocal Furthermore, there are chemical and
physical differences between growth hormone from ox, sheep, pig, horse, and
fish pituitaries; and growth hormone isolated from fish pituitarics was effec-
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in plasma sodium and extracellular volumes did cause a further increase in
aldosterone secretion.

It was concluded that aldosterone is probably not entirely responsible
for the protracted period of sodium concentrau'on which follows surgery,
and that it may act only asan mmatmg or tngger mechanism. Although
the means by which ald lated by surgery could
not be determined, since neither the extracellular volume nor the plasma
electrolyte level appeared to be the critical factors, it was suggested that
direct stimulation of centers in the central nervous system might constitute
important underlying mechanisms.

TEE ADRENAL CORTEX AND BLOOD COAGULATION
Williams & Warren (51) have studied 7 vitro the effect of 17-hydroxy-

corti ids en proth ion and on the clotting time with
and without heparin It was observed that the addition of “physiologic™
amounts of 17-hydroxycorticosteroid elevated the serum concentration of
this substance to levels corresponding to those observed in the early post-
operative peniod; there was consistently an acceleration of the clotting time
and an increased prothrombin consumption. It was concluded that adreno-
cortical hormones may play an important role in conditioning the clotting
segment of the total biologic response to stress.

THE ApReENAL MEDULLARY HORMONES

Although it was pointed out previously that the adrenal medullary re-
sponse to trauma constitutes one of the major endocrinologic changes com-
monly observed, particular mention should be made of the extensive work
of Hume (23), who has inued his previous technique of ing the
adrenal vein in dogs and studying the effects of various stimuli, including
shock and surgical trauma, upon the rate of secretion of the catechol amines,

and norepinephris The cor was also
measured, in order to correlate the rate of the secretion of these steroids with
that of the catechol ammes There was found to be a marked difference in
the rate of secretjon of epinephrine in the dogs that were anesthetized with
ether as compared with those anesthetized with pentobarbital sodium
(Nembutal), the former being much higher There was relatively little dif-
ference in the rate of secretion of the corticoids, Ether anesthesia alone pro-
duced an increased adrenal secretion of epnephrine, norepmephrine, and
17-hydroxycorticosteroids over that seen in the resting conscious dog. Op-
erative trauma under ether anesthesta produced an additional increase in
epinephrine and norepinephrine secretion, even in the presence of profound
shock. Corticosteroid secretion was increased also, except when the shack
Was 50 severe as to lead to a marked decrease in adrenal blood flow Barbi-
tal hesia, alone, d d the of epinephrine and ineph
rige, Operative trauma under peatobarbital was accompanied by a
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estimated that during stress the rate of hydrocortisone secretion may be on
the order of 111 mg./24 hr., and under normal conditions perhaps 34 mg./24
hr. The calculations were based solely on plasma values; if a 25 per cent
increment be added for red cell content, a value of 47 mg. is obtained for the
“normal” 24-hr. secretion, These values for hydrocortisone secretion agree
remarkably well with those obtained previously by the use of indirect meth-
ods. Inaddition to the correlation of adrenal vein hydrocortisone levels with
those in peripheral plasma, the sites, mechanisms, and significance of hydro-
cortisone conjugation are discussed (17).

Estrogens and 17-k ids—The and 17. id concen-
trations in adrenal vein blood taken during operation were compared with
those in peripheral blood before, during, and following operation (18). a2
few instances, it was possible to obtain ovarian venous plasma estroger
determinations for comparison with levels in adrenal venous blood and i
peripheral blood. The adrenal plasma estrogen and 17-ketosteroid levels
sharply exceeded those of peripheral blood. Both the ovary and the adrenal
gland are capable, as again shown in these studies, of secreting significant
amounts of both “estrogens” and “17-ketosteroids.” The surgical traum2
did not affect the plasma 17-ketosteroid level,

ALDOSTERONE

The pattern and significance of aldosterone secretion by the postopera-
tive surgical patient were examined by Casey & Zimmerman (3). These work-
ers emphasized that the rather consistent group of metabolic reactions which
characterize the response of patients undergoing major surgical procedures
need not all represent entirely parallel or mutually snterdependent processes.
For example, it is pointed out that the extreme degree of renal conservation
of sodium which usually begins immediately after surgery is more prolonge.d
than the protein bolic phase. Furth this c} logi fonsh
suggests that if adrenal participation is responsible for the postoperative
changes in both the organic and inorganic aspects of metabolism, then sep2-
rate hormones or groups of hor must be involved, p bly stimu-
tated by different pathways or mediators. In line with this, it is well recog-
nized that the adrenal regulation of sodium and potassium balance is not,
to any great extent, subject to pituitary adrenocorticotropic activity. That
is, the zona glomerulosa appears to be largely independent of pituitary stimu-
Jation. In their studies of six patients for the purpose of evaluating the role
of aldosterone in the lation of ive electrolyte resp these
workers determined the sodum, i and chloride bal. s, together
with the blood levels of these ions. The data were correlated with the urinary
excretion of aldosterone and 17-hydroxycorticosteroids The maximum aldo-
sterone levels were found early in the postoperative period, and the elevated
excretion of this steroid did not persist throughout the period of positive
sodium balance. There was little correlation between the aldosterone out~
put and the plasma concentration of sodium or other ions. A secondary fall
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later prednisone were administered orally. Diabetes insipidus developed on
the day of operation but was readily controlled. Subsequently, there was a
steady fall in the rate of 17-ketosteroids to 47 mg./24 hr. (preoperative level,
203 mg.). The excretfon of other steroids also declined. There occurred
marked improvement in the patient’s acne, and the rate of growth of facial
hair was definitely reduced. Furthermore, there appeared to be some im-
in the p ry as two small lesions became in-

\s\ble on chest x-ray, only to reappear three weeks later. Unfortunately,
despite the early reduction in the rate of excretion of steroids, the level be-
gan to rise again within one week following hypophysectomy. Furthermore,
it was clear that hypopituitarism had been achieved by hypophy sectomy,
The diabetes insipidus persisted and hypothyroidism developed. Although
the radiojodine uptake was not rehab]e because of a previous intravenous

log with an iodid d, the serum cholesterol
level rose from 169 to 322 mg /100 ml,, two weeks l’ollowmg the operation.
M , there were symp! which d hy i and this
ded rather satisf: ily to the admini: of triiodothyronine.

Despite these evidences of hypopituitarism, however, at antopsy weeks later
there was found to be 4 small remnant of anterior pituitary cells beneath the
dura of the sella turcica.

In concluding this discussion of pituitary pathology, it should be men-
tioned that opimon is again swinging toward the view that the basophil
adenoma may have more sigmficance m the pathogenesis of Cushing’s syn-
drome than has been fully appreciated in recent years, That is, certain
changes which often reflect the presence of a pituitary tumor may not be
abolished by even total ad \{ , though the features of
adrenocortical stimulation can be thus controlled. The patient may return
months later with evidence of continuing prtuitary pathology, such as hyper-
pigmentation, visual field defects, and headaches. Thes is in partial conflict
with the thesis that Cushing's syndrome is due to ACTH-induced adreno-
comcal hyperplasia (where there 1s no tumor), and that the condition is

ly d by ad \{ hyperthyroidism is controlled
by subtotal thyroidectomy even though the thyroid-stimulating hormone
(TSH) sttmulus for the hyperthyrodism may arise in the pituitary,

THE THYROID

The use of radioactive 1odine 1n the therapy of hyperthyroidism, as an
alternative to surgical evcision or as a palliative agent in recurrent hyper-
thyroidism following surgery, 1s now so well accepted that little comment
has appeared in the recent surgical literature, In medical centers where
radiowodine is readily available, an increasing percentage of patients with
both diffuse and nodular toxic gouter are so treated On the other hand, where
radroacttve jodine therapy 1s not 1 subtotal thyroid is still

:Sed following suitable preparation with sodine or one of the antithyroid
rugs.
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marked increase in corticosteroid output, but there was no significant is-
crease in epinephrine and only a slight increase in norepinephrine secretion.
An increase in adrenocortical secretion began within 3 min. after injury and
an increased meduilary secretion, when it occurred, appeared even within
2 min. after injury, Asothers have found in human beings, 2 second operation
during convalescence produced an adrenal response which was equal to or
greater than that seen at the first operation.

HYPOPHYSECTOMY FOR ADVANCED CANCER
In the past few years, much interest has surrounded the use of hypophy-

sectamy as a further jon of the of far
advanced cancer. [t has been appreciated that in the fiving subject the best
available index of the i! of the hypopt , even though &

crude one, is the subsequent activity of endocrine organs dependent upon 2
pituitary tropic hormone The most striking changes observed have beet
reduced ad tical activity and y suggestive of the de-
velopment of a myxedematous state caused by diminished thyroid activity-
Moreover, diabetes insipidus has appeared in the majority of patients. The
resulting polyuria and polydipsia have varied in severity from one individual
to another, but the state has usually been rather easily controlled by the
use of pressin, often admini: d by nasal insuffiation of the powder.
Unfortunately, the pathative effect upon the tumor has usually been ratber
timited,

Hypophysectomy for ic adrenal { 5
Sobel ef al. (46) have studied the effect of hypophysectomy and other meas:
ures in the management of a functioning metastatic adrenal carcinoma. J»
view of the fact that functioning adrenal carcinomas usually present @
formidable problem in management unless complete surgical removal car
be accomplished, it was felt that more heroic measures than the usual re
course to radiation or to usual chemotherapy should be employed. The p2-
tient was a girl who was under metabolic studies from the age 7 years, 7
months until her death at 7 years, 10 months. Surgical excision of an ad-
renal carcinoma, which was followed by radiation of the tumor bed, was
undertaken at the age of 7 years and 3 months, 3 months after the first
manifestation of virilism, The immediate response had been gratfying, but
symptoms recurred, associated with a pafpable mass in the left lower quad-
rant of the abdomen. Lung metastases appeared at the age of 7 years and
5 months, Shortly aiter the age of 7 years and 7 months, the signs of Cush-
ing's syndrome with moderate hypertension became evident and rapidly
sncreased. The virism became marked and the hypertension rose to 200/120
mm. Hg, along with striae, voracious appetite, and glucosuria. Inasmuch
as there was some evidence that the tumor was dependent upon pituitary
stimulus with corticotropin, hypophysectomy was performed using a teans-
frontal approach. The patient received 300 mg. of hydracortisone intra-
venously the day of operation; thereafter decreasing doses of cortisone and

Recently,
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TrYROIDITIS

Chronic thyroiditis continues to present difficult problems in surgical
practice, In general, the problems resolve themselves into the differentia-
tion of thyroiditis from cancer and the management of the pressure effects
of the more serious forms ol the disease Witebsky et al. (52} have sought
an expl: for chronic thyroiditis in man through observations on rab-
bits, dogs, guinea pigs, and human subjects Proceeding upon the hypothesis
that the disease might arise from autoimmunization, they injected rabbits
with saline extracts of rabbit thyroid glands. The tests for circulating auto-
anttbodies utilized the ph of ipi ! fixation,
and tanned-cell hemagglutination. Structural damage was found in the
thyrord gland that was roughly proportional to the autoantibody titer in
the serum. Applying the three tests to the serums from individuals with
chronie thyroiditis, 12 were found whose serums contained circulating anti-
bodies specifically directed against extracts of human thyroid glands How-
ever, six other patients with chronic thyroiditis, proved histologically, were
not found to have autoantibodies in their serum at the time of the study.
It was concluded that some types of chrantc thyroiditis are celated to an
autoimmunization process within the patient aganst his own thyroid tissue,

SurGICAL MANAGEMENT OF THYROID CANCER

The controversy —The extent of surgical resection for the management
of thyroid cancer and, 1n particular, papillary adenocarcinoma of thts gland
constitutes one of the most controversial and heatedly discussed problems
in surgical practice at the present time. At one extreme are those who feel
that this actually represents an almost benign condition, since the patients
usually live for 10 or 15 or more years, even though eventually a sizable
percentage of the patients do die of the cancer. At the other extreme are
those who believe that thyroid cancer should be treated as any other cancer,
with total thyroidectomy and an en bloc radical neck dissection Thus far,
the present writer aligns himself with this second group. Finally, there are
many intermediate shades of opinion To further complicate the picture, it
has been found in recent years that thyroid tumors will regress under certain
forms of hormonal therapy which mll be described below under the “medi-
cal” of these mal

Survey of sycty-four thyroid concers —Srxty-four cases of carcinoma of the
thyroid managed at the Walter Reed Army Hospital have been reported by
Jayetal, (27) It is again brought out that carcinoma of the thyroid is more
common in females and in the young adult. Papillary adenocarcinoma was
the most common malignancy in all three age groups, with follicular carci-
noma second. Older patients tended to have more malignant tumors Of the
64 cases, papillary adenccarcinoma was found m 41, follicular in 18, and
other types in the other 5 Although the follow-up of this group was too short
0 quote mortality rates and longevity, it was noted that three of the patients
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T D1AGNosIs OF HYPERTHYROIDISM

Ersoneous diognoses—Jackson (26) has analyzed a series of 228 cases in
which surgery had been advised elsewhere on the basis of a misdiagnosis of
hyperthyroidism. The corrected diagnosis was nervous tension and evhaus-
tion in 112 case: 30; physical exh jon, 27; normal, 11,
colloid goiter, 11; 1] d ditis, 3; psych is, 8; hy pothyroid
ism, 6; and miscellaneous, 20. It was believed that in the first or largest group
the most important single factor was the excessive use of coflee, tea, and
tobacco, often used in very large amounts that were sufficient to explain the
nervous tension, tremor, i i i disorders, and weight
loss.

CoRRELATION BETWEEN CLINICAL SEVERITY AND FuncrioN TESTS

Schultz & Zieve (44) have examined the relationships between the clini'cal
severity of hyperthyroidism and the results of thyroid function tests. Using
a battery of tests to evaluate the degree of hyperthyroidism in individual
patients, it was found that all the information available was at times 1o-
adequate to reach an accurate conclusion. Nevertheless, if one were to use
two tests, the thyroidal ' clearance and the basal metabolic rate (BM'R)
were the most accurate guides in predicting clinical severity. The correlatiod
between clinical severity and the estimated weight of the thyroid gland was
of the same magnitude as that between clinical severity and the BMR. The
best single correlation was that for the thyroidal clearance of I*¥, The serum
protein-bound iodine level was less precise in indicating the level of hyper
thyroidism than one might wish However, it is to be remembered that b?‘h
the conversion ratio (reflecting the rate of conversion of radicactive im‘h.“c
to organically active iodine in thyroid hormones) and the serum prote.m‘
bound iodine level are affected not only by the rate of hormone formation
but also by the rate of peripheral utilization

It was concluded that the function tests all represent relatively inevact
reference points by which to compare patients as to severity of hYF_"'
thyroidism Chnical appraisal remains the best means of comparing severity
among individuals or groups, but the tests obviously afford important sup-
porting data.

The fairly frequent assocration of hyperthy roidism with osteoporosis, -
creased urinary excretion of calcium, and an accelerated turnover of cal-
cium stores has been again emphasized by Epstein et al (10), They point
out, however, that hyperthyroidism is not usually seriously considered in
the dil ial di is of hyp ia, and that only four cases have
been ded in which hypercal was believed to be a consequence of
the hyperthyrotd state. A patient ts reported in whom hyperthyroidism was
associated with hypercalcemi: h inosis, and renal insufficiency.
With successful of the hypert. , the hypercalcemia dis-
appeared and renal function improved considerably.
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and in suppression of the radioiod;
gression of chest metastases.

THE PARATHYROID GLANDS

uptake. revealed re-

Brisk interest 1) in thed and of hyperpara-
th d It is widely d that many cases of hyperparathyroid-
ism are diagnosed late, 1f ever, and that calcium and phosphorus determina-
tions must be performed in all patients who have signs and symptoms which
might suggest the condition. Health can be completely restored if the diag-
nosts is made early enough and surgical excision of the hyperfunctioning
tissue, the only effective therapy, performed.

CLINICAL SYNDROMES MET IN HYPERPARATHYROIDISM

Incidence of bone and renal lesions —There is increasing realization that
the symptomatology and pathophysiology of hyperp:lrathyrmdxsm are more
hing and lized than had previously been d. In re-
viewing the clinical findings mn 207 cases studned at the Mayo Clinic between
1928 and 1954, Black (2) found that 12 per cent had osseous complications,
82 per cent combtned osseous and urinary or unnary alone, and 6 per cent
demonstrated neither osseous nor urinary complications Among the 6 per
cent were backache, polyendocrine adenomas, adenoma found during thy-
y, tumor of the di found at psy, and aching
of the muscles. [t will be noted, however, that the above series ended in 1954
During the last seven years, certain other rmportant manifestations of hy-
perparathyroxdism have been more clearly perceived and utilized in the
diagnosis and management of these patients
Abdominal symptoms.—Thomas e e} (49) have emphasized that hyper-
calcemc erists results from hyperparathyroidism Acknowledging that the
first detected cases of hyperparathyroidism were those with generalzed
bone disease and next, those with renal calcuh, these workers pomnt out that
more recemly 1t has been recognized that there are patients 1n whom gastro-

ymptoms are d and that these include nausea, vomit-
ing, and abdominal pain The purpose of therr communication is to em-
phasize the hypercalcemic crisis which may occur with the symptom complex
of intractable nausea and vomiting, progressive drowsiness, and coma These
symptoms usually develop in association with a high serum calcrem con-
centration and may be associated with a decreasing urine volume, a rising
serum phosphorus, and progressive azotemia, Of three patients studied with
}hls syndrome, an emergency removal of the parathyroid adenoma resulted
ina successful outcome 1n two In the third patient, the correct diagnosis was
suspected only 2 hr before death In such patients, the physicians may be
led to explore the abdomen 1n the mustaken belief that even pyloric or in-
testinal obstruction may be present.

Hypuparathyyudnm, pan:mztms, and peptic ulcer —Another chmeal
concept or p which in surgical
thought is the association bztween prmary hyperparathyroidism, pan-
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had already died. It was again borne out that there is a contralateral spread
in many patients not only from one thyroid lobe to the other but from the
right lobe, for example, to lymph nodes on the opposite side. Total thyroid-
ectomy was considered indicated in all patients with thyroid cancer—regard-
less of whether or not the individual operator should find sufficient indica-
tions, from his point of view, to perform a radical neck dissection on the
involved side and perhaps Iater on the opposite side. In their series, 50 per
cent of the patients had cervical metastases on admission, 18.7 per cent
having bilateral metastases,

The general management of tumors of the thyroid was also considered
by Ward (50). He advocates most strongly that when proved carcinoma of
the thyroid is present, one should do a total thyroidectorny and, in most in-
stances, perform a radical neck dissection on the primary side. Again, the
present writer agrees that, if there is biopsy evidence of lymph node involve-
ment or extension of the tumor from the thyroud gland, then en bloc radical
rieck dissection should be performed, in the present state of knosledge
While available hormonal therapy can be suppressive, it certainly is going to
cute very few cancers.

MEeprcat, MavaGEMENT oF THYROID CANCER

Moore (38) and Thomas (48) have recently reported upon the further use
of thyroid hormone to suppress the growth of thyrod cancer, presumably
by way of the prtwitary gland with suppression of the secretion of TSH by
that organ The first author calls attention to the reciprocal selationships
which may exist between the pititary and other endocrine glands, called
“biologic feedback” mechanisms. One of the most striking examples of sl.lf.h
relationships exists between the pituitary and the thyrowd, not to mentioz
that which exists between the pitujtary and the adrenal cortex. In ghe
presence of an environmental deficiency of iodine and inadequate thyroxine
formation, the pituitary responds by increasing the release of TSH further
to stimulate the thyroid, resulting not infrequently 1n the development of
adenomas of this target organ Ewidence of pituitary hyperplasia has been
d d in the of thyraid d , and the adminis i
of thyroid substance to patients with adenomatous goiter will often reduce
the size of the goiter, presumably by depressing the secretion of thyrotropin
(TSH). Moreaver, various workers have reported beneficial effects of thy-
roid substance upon the size of thyroid metastases Moore reports a case in
which large doses of thyroid resulted in spectacular regression of many ad-
vanced skeletai and soft tissue metastases.

v alaabceaves
at
ve

measurement of pituitary gland suppression ‘Lhe response o thyrowd cdnter

scemed to be similar to that observed when other means of pituitary in-
hibition are employed. Ten patients were studied, The admunistranion of
1-triiodothyronine resulted in a fall in the serum protein-bound indine fevel
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Pﬁo:phau L!enmnce:—Kyle and fus assoc:ales (31 haw emphasized thay
T et Lo JRFICN

e cncfrad to mmana

subjects, the mean p during the
under fasting mndmons was 10.84 2.7 ml /min. Except in one patient mth

associated severe renal disesse, the phosph was
elevat:d m hyperpamthyrmdlsm In 10 pauents with parathyroid deficiency,
the phosph was, P {, even when the hypo-

Tumors of Parathyroid Glands

) @ Totat number of cases

a0t
l Osteitis fibrosa

Per cent of cases

100 110 120 130 uo 150 160 120 180

109 119 129 1319 149 159 169 129 189

Serum caulcim-mg %

alues for serum calcwum 1 207 consecutive cases. With Kigher eateium fevels, osteltis
Bbrant evasca s usually prescos

Fio 2. Serum calcium levels in hyperparathyroidism Note that the level was
below 12 mg per 100 ml, 1 8% of 207 consecutive cases (2).

calcemia was con-ected by vxtamm Dy therapy. They concluded that the
of

is a valuable test for hyper-
hyroidi; andlsaf‘ ic 2id in parathyroid defi
The changi ic criteria for hy h ismm have also been

reviewed by Goldman et al. (15). Recognizing that the accurate chemical
screening of patients with nephrolithiasis, nephrocaleinosis, acute hyper.
mlczm\a, or skeletal disorders has resulted in the recognition of more
patieats with the disease, they sought an even more precise test for the
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creatitis, and peptic ulcer. The association between pancreatitis and hyper-
parathyroidism was emphasized by Cope e al. (6). They described two cases
and collected five others from the world literature. Subsequently, Hoar &
Gorlin (22) have reported an additional case of kyperparathyroidism and
acute pancreatitis. In their case, admitted with abdominal pain which was
d d as acute p itis and was jated with an elevated serum
amylase level, the suspicion of hyperparathyroidism was raised on the second
hospital day when a serum calcium level was found to be 7.5 m eq./I. {(normal,
5.5 m.eq.). The serum calcium level had been ordered because a lowered
level would have indicated the § ion of large of calcium soaps,
reflecting presumably a more serious degree of pancreatitis. The eleva(e.d
level, quite unexpected, indicated hyperparathyroidism, and a parathysoid
adenoma was successfully removed. .

In speculating upon the possible mechanism by which hypcrparalhyrmi
sm can lead to pancreatitis, these authors mentioned the known fact that
excessive parathyroid hormone can cause focal pancreatic necrosis. As an
alternative explanation, it was also pointed out that calcium can be pre-
cipitated in the ductal system of the alkaline-secreting pancreas, resulting
in obstruction to flow of exocrine secretion. The stones tend to disappear
from the ducts, and pancreatitis does not usually recur after ablation of the
overactive parathyroid tissue. Whether unsuspected pancreatitis accounts
for many of the cases of abdominal pain 1n patients with hyperparathyroid-
ism is not known,

The association of hyperparathyroidism and peptic ulcer (40) is now .Well

ized and is 1l pted as one of the more rare mamifestations

of primary hyperparathyrotdism. In such cases, it is far preferable, of course:
to detect and remove the parathyroid adenoma than to do a gastric res‘:C-
tion for the peptic ulcer, since the latter may be expected to subside following
adequate surgical management of the hyperparathyroidism.

Diacnosts oF HYPERPARATEYROIDISM

Serum calcsum levels.—Although 1t has been emphasized above that the
symptomatology of hyperparathyroidism may range from the pain of bon¢
cyst or renal stones to that of pancreatitis or peptic ulcer or even chinicel
evidence of alimentary obstruction, the diagnosis of a parathyroid adenoma
or of the much more rare hyperparathyroidism caused by hyperplasia of
one or more of the glands finally rests upon chemical determinations of the
serum and phosphorus levels, along with the measurement of the excretion
of these ions in the unne. Moreover, since hypercalcemia has come to be
the finding most often associated in physicrans’ munds as the esseatial criv
terion for the diagnosis or proof for the exi of hy; hyroidism
it is of particular importance to hasize that this hyp Icemia may be
mild indeed, For example, in the previously mentioned series of 207 cases
reviewed by Black (2), 84 cases had sesum ealcium levels which ranged from
only 11.0 to 11.9 mg. per 100 ml. This represented slightly more than 40
per cent of the cases (Fig. 2).
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had been carried out previously elsewhere, Thus, opening the mediastinum
is necessary in not more than 0.5 to 1 per cent of cases.

Postoperatire care~1In the usual case, the values for calcium and phos-
phorus in blood and urine revert to normal nithin a day orso In some cases,
on the other hand, the concentration of phosphorus may remain depressed
for weeks, this being particularly true in cases of osteitis fibrosa cystica. It
is assumed that the phosphorus is here being used for skeletal repair There
may also develop, along with a markedly elevated alkaline phosphatase
level, a type of tetany called “bone-hunger tetany.” In contrast to the mild
transient tetany which may occur in about 50 per cent of cases without
osseous disease, where no treatment is usually required, these patients with
bone-hunger tetany may require intensive treatment which includes intra-
venous mjection of calcium in huge quantities. The tetany persists until re-
calcification of the skeleton is well advanced. It 1s usually possible to control
symptoms fairly well by the intravenous administration of calcium lactate
and by giving calaum and ATy, or vitamin D by mouth,

Prognosis —Hyperparathyrordism resulting from adenoma or hyper-
plasia does not usually recur, certainly not often. On the other hand, malig-
nancies of the parathyroid glands do occur, and the treatment is usually
disappointing. The lesion tends to recur locally and eventually metastatic
lesions may appear elsewhere Death may occur from uncontrollable hyper-
parathyroidism and its complications, rather than from the carcinoma itself.

The skeletal changes manifested in osteitis fibrosa cystica may be ex-
pected to disappear On the other hand, gross deformities may persist, and
true bone cysts will not recalefy The pan and tenderness in the bones
usually disappear very quickly after the operation, long before the skeleton
has had time to recalcify to a degree discernible on x-ray,

Actually, the prognoss of this condition res:des largely in the status of
renal function at the time the hyperfunctioning tissue is diagnosed and suc-
cessfully removed. If renal function rematns at a satisfactory level, the
Pprognosis 1s excellent. On the other hand, if far advanced renal damage has
been allowed to occur because of calcinosts or actual stone formation in the
kidney with surrounding 1nfection, the patient may still succumb later, even
though the parathyroid adenoma has been removed.

THE THYMUS GLAND

Various types of tantalizing evidence suggest that the thymus gland 1s an
endocrine organ. Soutter ef al (47) have reported a series of 13 thymomas
and have described the different listologic pictures encountered. Seven of
the tumors were classified as malignant on the basis of anaplasia or local
invasion. These authors bring out the fact that approximately 30 per cent
of thymomas are associated with myasthema gravis, though the results of
resection of the tumor are variable with respect to the effect on the myas-
thenza grawis itself. Nine cases of thymoma, all malignant, have been found
to be associated with Cushing's syndrome, and hypoplastic anemia has been
found associated with 16 cases. Acquired agammaglobulimemia has been en-
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diagnosis of hyperparathyroidism in patients whose hypercalcemia is mini-
mai, In 1o the previonsly hasized hypophospt ia, the serum
phosphate levels in their patients had been normal in most of the recent
cases of surgically proved hyperparathyroidism. The tubular reabsorption of
phosphate measured by a simplified technigue was uniformly subnormal in
heir patients with hyperparathyroidism. They felt that this test was of
diagnostic value in those patients with the minimal hypercalcemia and nor-
mal phosphate levels

Primary hyperparathyroidism associated with hypomagnesemio—Pointing
out that conclusive evidence of a dlinical syndrome related to a deficiency of
magnesium in man is Jacking, Agna & Goldsmith (1) deseribed three pa-
tients with proved adenomatous hyperparathyroidism who demonstrated
clinical abnormalities believed to be related to magnesium deficiency, The
clinical symptoms and signs in two of the patients, findings which were
ascribed to hypomagnesemia, subsided in association with magnesium sulfate
therapy. The role of magnesium in normal and abnormal human metabolistt
was briefly reviewed.

TREATMENT OF HYPERPARATHYROIDISM

It is again emphasized by Black (2) that the only known treatment of
hyperparathyroidism is the removal of the leston or lesions of the pamthyrm'ﬁ
glands. The technical problems have to do Jargely with the widespread post-
tions in which the parathyroids may be located, and with the minute size
of many of the adenomas. More than one gland may be involved, and thus
it is necessary to identify all four glands routinely. It is also important thata

pathologist be avaable to r ize from frozes section tissue
the normal, atrophic, and hypertrophic parathyroid tissue. Fortunately,
more than 90 per cent of the parathyroid glands are situated in the im-
mediate vicimty of the thyroid or within 3 em below the inferior poles, and
in the majority of cases the location of the glands is remarkably constant.
The superior glands are located so far medsally that they are more properly
described as lying on the hypopharynx than on the thyroid. The inferior
glands are located more laterally and anteriorly. Mediastinal parathyroids
ate usually closely associated with the thymus, and they may be Tocated
within the gland.

Parathyroid adenoma rarely sn mediostinum —Black feels strongly that
the cervical dissection, which is always carried out first, should not be
followed by a mediastinotomy at the same operation t is again emphasized
that normal or atrophic parathyroid glands should not be removed prior 10
the detection of the ad lest hyp: t idism be produced after
removal of the adenoma. (There is a great temptation to remove this one of
that one because it appears to be a little larger than a parathyroid pre-
viously exposed.) Regarding the freq ol the pre of the parathyroid
adenoma in the mediastinum, Black found that in the more than 250 proved
cases at the Mayo Chnic only three mediastinotomies had been necessary
to find and remove the adenoma, and in two of these cervical explorations
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which led to careful study for the ibility of i ial pathology, in
particular, a tumor. The history, which extended over seven years, consisted
of recurrent episodes of disturbed consciousness v-ith amnesia and autom-
atism, remini: of the symp: of ! lobe d fon. The
attacks did not occur in the fasting state, and the fasting blood sugar levels
were never below 60 mg./100 ml. Nevertheless, the attacks were relieved by
partial pancreatectomy. Although the patient had been free of the attacks
for ly one year following surgery, the author wisely was cau-
tious in pronouncing cure. It has beeu repeatedly reaffirmed that when an
islet cell adenoma is not found in the resected specimen following partial

for hyperinsulinism, it may be found in the residual pan-
creas at autopsy. Hyperinsulinism is almost invarably a result of adenoma

and most rarely is it caused by ad is of the islets of L h

In the liver, the action of glucagon is on the enzyme phosphorylase. On
activation of phosphorylase by gly breakd occurs. The
infusion of gl ly can redly reduce the liver glycogen

stores. Glueagon has been found te counter experimental insubm-induced
hypoglycemia,

Ulcerogenic lumon of the islels of Langerhan:.—lolhnger & McPherson
(54) have reviewed the evid for the ip between 2 nonbeta cell
adenoma of the islets and marked hypersecretion of acid with a malignant
type of peptic ulcer diathesis. Approx.\mately 48 cases of this syndmme have
now been recorded, and the triad i ing ulcer diath
marked gastric hypersecretion, and assaua.r.ed nonbeta islet cell tumor of
the pancreas should be Jooked for in ulcer patients with markedly elevated
gastric acid formation. A primary jejunal ulcer is especially suggestive of
the presence of such a tumor.

The exact mechanism by which the tumor may produce the gastric hyper-
secretion and ulceration has not been determined Both the cell type and an
active principle must be identified to confirm or deny the relationship be-
tween these tumors and gastric hypersecretion.

Donaldson ¢f al. (8) report an addi case of the i Ellison
syndrome with a review of the literature, pointing out that multiple en-
docrine tumors are often found in the presence of the gastric hypersecretion
and hyperacidity. In addition to the islet cell adenoma, these include pitui-
tary tumors, h d and ad of the adrenal glands.
The islet celi ad iated with the Zoll Ellison rarely
secretes insulin, Peptic ulceration is not common in association with the usual
islet cell adenoma, composed of beta cells which produce the well-known
hyperinsulinism.

THE ADRENAL GLANDS
THE ADRENAL CORTEX

In current surgical practice, the three major problems involving the
adrenal cortex are () the degree and length of cortical atrophy following pro-
longed corticosteroid therapy for medical diseases; () the proper manage-
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countered in four cases of thymoma. In concluding their report of their own
cases and a review of the literature, these workers point out that the frequent
development of malignancy in thymomas is considered an indication for
their removal, where possible. The sensitivity of some thymic tumors to
radiation and to hormonal therapy is offered as an alternative when ade-
quate surgery is impossible (which it frequently is). Finally, the effect of
thy upon myasthenia gravis is unpredictable, upon Cushing's syn-
drome it is harmful, and in hypoplastic anemia it is often helpful

The surgery of the thymus gland has also been discussed by Child &
Donovan (4). Cognizance is taken of the insecure position of the thym“”,’
a respectable member of the endocrine family, but they feel that there is
sufficient evidence of an hormonal function of this organ, although as yet
unidentified, to justify fully its inclusion among the endocrine organs. 'l:he
enlargement of the thymus in adult life is usually discovered on routite
roentgen examination of the chest because of signs and symptoms of a tumor
in the anterior mediastinum, or because a patient manifests stigmata of
myasthenia gravis. They, too, point out that the relationship between thy-
mic abnormality and myasthenia gravis is far greater than can be accounted
for by chance, This has given rise to the belief that the overactive thymus
releases some as yet uni ified curarelike sub . Among the charac-
teristics of myasthenia gravis when associated with a tumor (instead of with
the hyperplasia which often occurs earlier in life) are its severity, its more
rapid course, and the greater difficulty with which it is controlled.

Thymectomy: pre- and postoperative measures—Any patient witha known
or suspected thymoma should be studied preoperatively with great care to
detect evidence of neuromuscular disease. Morphine, barbiturates, and_cu-

. A SRR mtian

tinued postoperatively until it is assured that an acute myasthenic crisis i_s
not going to develop. The best results of thymectomy for myasthenia gravis
are achieved when thymectomy is performed early in the course of the dis-
ease.

THE PANCREAS

It has been arbitrarily decided to omit discussion of pancreatitis, pan-
creatic carcinoma other than that affecting the islets of Langerhans, pan-
creatic pseudocysts, etc. Thus, the discussion is limited to pathology in-
volving endocrine functions of the islets of Langerhans. The problems which
most interest us here are those having to do with hypoglycemia caused by
Iini: the effect of gl dmini: jon (11) i.n
“ e 3

. L a N

hyperi

in the world. The patient had psychiatric manifestations with each attack,
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stimulation of the adrenal gland, as would be the case where the pituitary
is secreting excessive amounts of this trophic hormone, can result in a trans-
formation of adrenal hyperplasia to adrenal carcinoma The question is not
settled, but cases are cited in which apparently non-neoplastic adrenals had
been visualized at operation many years prior to the development of a
tumor. The authors caution 2gainst the failure to treat vinlism caused by
adrenocortical hyperplasia with suppresstve hydrocortisone therapy, lest
hyperplasia develop into neoplasia.

Diagnosis of Cushing's syndrome—The clinical features of Cushing's
Y are g lly acl ged to be a result of an excessive secre-
tion of the adrenocortical steroids, usually by hyperplastic adrenals There
is still disagreement, however, as to whether the fundamental derangement
resides 1n the hypothalamus, the anterior pituitary, or in the adrenal corti-
ces themselves Most workers feel that the anterior pituitary, stimulated by
way of the hypothalamus, may be the chief offender, in that it elaborates
increased amounts of ACTH. Furthermore, total adrenalectomy can abolish
most of the features of the syndrome, though in recent months there has
been an increasing awareness that tumors in the pituitary itself may be
responsible for certain of the features that have previously been associated
with some cases of Cushing's syndrome, features which may continue as a
result of the pituitary tumor after both adrenals have been removed.

The diagnosis of Cushing’s syndrome 1n borderline cases ts often quite
difficult. Therefore, the recent demonstration that patients with this con-
dition show a ch istic ab lity in the resp: of the plasma 17-
hydroxycorticosteroid level to the admunistration of ACTH has been a useful
finding, (Incidentally, 1t has been pointed out that this hyper-responstve-
ness of the adrenal cortex could be interpreted as evidence suggesting that
an mntninsic adrenocortical disease may be the basic lesion. That 1s, if the
adrenal cortex 15 abnormally sensitive to ACTH, the Cushing’s syndrome
mught be produced in the presence of 2 normal amount of ACTH which had
an unusually great effect upon the secretory cells of the adrenal cortex,
which were unduly sensitive to the trophic hormone } Chrsty et al (5) and
Geller et al. (13) have related their expertences with the adrenal responstve-
ness to corticotropin 1n normal subjects and 1n patients with Cushmg's syn-
drome The effect of pred has also been d and
described In breef, Christy et al found that the exaggerated response to
ACTH of the adrenal cortex 1n Cushing’s syndrome, associated with bi-
Tateral adrenocortical hyperplasta, was confirmed in 14 of 15 patients with
the disease The response d after uml 1 1
Moreover, in contrast to normal subjects, the d; tical re-
sponse in six patients with bilateral adrenal hyperplasia proved relatively
resistant to by the ad ion of a finding which
Was at variance with that in normal subjects. There was suggestive evidence,
on th? basis of limited data, that in patients with adrenal hyperplasia, who

. d clinical remissi llowing pitutary radiation, the adreno-
cortical response to ACTH reverted toward normal In three patients who
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ment of Cushing’s syndrome; and (c) the management of adrenal virifism.
There is also continued interest in the use of bilateral adrenalectomy in the
of pati with i i and certain other condt-

tions However, the results of the use of adrenalectomy for hypertension have
been disappointing, and it has probably now had an adequate trial,

ADRENALECTOMY FOR NONADRENAL CONDITIONS

Giuseffi et al. (14) have investigated the use of bilateral adrenalectomy
in a patient with massive ascites and postnecrotic cirrhosis. Since evidenfe
had indicated the p of an ab 1 sodium and water retention iz
patients with hepatic ascites, they determined to try this procedure in.a
28-year-old man. A striking increase in urinary sodium excretion was evi-
dent postoperatively while the patient was on maintenance cortisone (hfr-
apy. The significant defect in sodum and water excretion, presumably it-
dependent of aldosterone, persisted p atively. A progressive loss of
ascites occurred while the patient was ingesting approximately 100 m.eq of
sodium per day, and appeared to be the result of both the hypoaldasteroa-
ism and the diminished fluid-retaining abnormality. The experience wit
this case was felt sufficiently favorable to warrant further investigation of

d \ for the of ascites.

ADRENALECTOMY FOR METASTATIC CANCER OF THE BREAST!
EvALuATION AND FIVE-YEAR ForLow-up

Results—Dao & Huggins (7) performed adrenalectomy in 52 patients
with metastatic mammary cancer, There were 2 postoperative deaths. Ob-
jective remission of varying duration followed in 12 of 32 patients who had
bilateral adrenalectomy alone, and 1n 8 of 18 patients who also had ocophorec:
tomy. There was little correlation between the extent of the metastatic
lesions and the results of surgery, for two patients with metastases so e
tensive that one appeared monbund, survived for more than five years with
great regression of the neoplastic process, On the basis of experience thus
far, four critena are advanced for selecting the patients most likely to be
helped by adrenalectomy- (6) age between 40 and 65 years; (5) indications
of slowness of neoplastic growth, (¢} a high titer of estrogenic substances 32
the urine; and (d) 2 rather well-difierentiated appearance of the breast tu-
mor as seen under the mictoscope. There was no evidence that simulta-
neous cophorectomy helped n women older than 54 years. The fact that

con e etamn A 4l wor v s domeiea of time occurred 1 20 of the 52

+ these findings, 1t has been the
. . \at it 1s impossible to predict
which patients will be i d by ad y for far ad-
vanced mammary cancer,

CUSHING'S SYNDROME

Does adrenocortical hyperplasia result in adrenocortical carcinomal—The
question is raised by Hamwi et al. (16) as to whether long-continued ACTH
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not be maintained, apparently because of a severe and profonged inkibi-
tion of endogenous ACTH production.

of hyperad icism.~—The surgical therapy of tumors of
the adrenal cortex has been considered by Raker (41) and by Heinbecker
et al. (20). I general, surgical thought at the present time is concerned with
whether or nat a subtotal or a total adrenalectomy should be performed for
Cushing's syndrome caused by hyperplasia. A tumor should, of course, be
removed. As stated previously, however, the vast majority of cases of bath
Cushing’s syud and the ad; ital d result from hyper-
plasia. Tumors causing either syndrome are likely to be malignant. Many
surgeons, the writer included, are unwilling to perform total adrenalectomy
in Cushing's syndrome, where a radical subtotal adrenalectomy will pro-
duce a normal level of adrenal activity in most patients. If the right adrenal
is removed in fofo and but 2 remnant spared on the left side, this remaining
tissue is easily found if a second operation is required, for one can trace the
central adrenal vein as it enters the left renal vein. Recurrence is not very
common. By this more conservative approach to the excision of adrenal
tissue, the patient is not rendered permanently *“Addisonian when medical
measures may become available for the mare effective suppression of adreno-
cortical activity in Cushing’s syndrome. Certainly, the use in recent years of

d d

cortis id therapy to supp the p ion in adrenal
virilism caused by hyperplasia has given rise to genuine hope that similar
therapy may become available for Cushing’s syndrome resulting from
hyperplasia. At the present time, however, surgical excision of the hyper-
functioning tissue js mandatory in Cushing’s syndrome,

In the case of adrenal virilism (; b hroditi:
syndrome) arising from hyperplasta, the condition is usually managed by
the administration of cortisone or hydrocortisonelike compounds. If, with
hydrocortisone therapy, the urinary excretion of 17-ketosteroids fails to
decline to a normal level in the patient with virilism, the condition may be
caused by 2 tumor and the abdomen should be explored. Again, the possibil-
ity that a pituitary tumor s present should not be excluded, even though
most of the signs resulting from the adrenal hyperactivity disappear. The
patient should be followed with frequent visual field examinations.

Sobel ez al. (46) have reported the use of hypophysectomy for the control
of functioning metastases, following initial removal of an adrenal carcinoma.
The excision of the pituitary gland was only temporarily effective, however,
and the urinary excretion of 17-ketosteroids rose again within one week.

d tral

THE ADRENAL MEDULLA: PHEOCHROMOCYTOA

A detailed clinjcal experience with nine cases of pheochromocytoma has
been recorded by Lance ef al. (32). Pheochromocytoma is probably more
0 than is believed; f are 1 in
mature in only slightly more than 50 per cent of patients; an increased use
of urinary catechol amine determinations should render the diagnosis of
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did not improve clinically after pituitary radiation, the adrenocortical re-
sponse remained excessive, Thirteen patients who were severely ill from
nunadrenalldisease and who exhibited no physical evidence of adrenocortical
hy er hibited resp to ACTH which were quantitatively
similar to those occurring in the patients with bilateral adrenal hyperplasia.
In 5 of 6 patients with Cushing’s syndrome caused by adrenocortical ade-
noma or carcinoma (rather than to hyperplasia), the exaggerated plasma
hydroxycorticosteroid response to ACTH did not oceur,

Mechanism of adrenal atrophy in Cushing's syndrome caused by edrenal
fumor—Atrophy of the contralateral adreual gland is a characteristic fes-
ture of Cushing’s syndrome resulting from an adrenal tumor. Furthermore,
this type of adrenal hypofunction is of major importance in that the adrenal
atrophy jated with the administration of adi tical hormone
therapy (Fig. 3) may be caused by similar and perhaps identical mech-

THE ADRENAL GLAND

ZONA GLOMERULOSA
Solt ond woler metobofism
{Primary aldosteronism 7}

ZONA FASCICULATA
Glucogenic steroids
{Cushing’s syndromel

ADRENAL MEDULLA
Epinephrne & Nor-epinephrine
{Pheochromacytomal

Androgens
{Virdism)

Fi1G. 3. The adrenal cortex represents, in effect, three endocrine organs it ane, &
reciprocal or feedback mechanism exists between the hydrocortisonelike steroids and
the pituitary secretion of ACTH, The zona glomerulosa is largely independent of
pituitary control (From Hardy, J D, Pathophysiology vu Surgery, The Willams and
‘Wilkins Co., 1958)
anisms. It has been appreciated for some years that cortical atrophy can be
effectrvely reversed, at least porarily, by the admini ion of ACTH.
However, in a case reported by Kyle of al. (30), hypoadrenalism persisted
following tesection of the tumor until three separate courses of ACTH
stimulation had been given, the fast almost two years following aperation.
In another patient, the features of hypoadrenalism were even more intense,
The atrophic adrenal gland was repeatedly stimulated with ACTH, but on
each occasion hypoadrenalism rapidly recurred after cessation of the ex-
ogenous ACTH stimulation. It was concluded from these studies that al-
though the adrenal atrophy may be reversed by ACTH, this reversal may
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Testicular tumors in children.—Phelan et al. (39) have studied testicular
tumors in children They include a report of nine cases and a review of the
literature (464 cases). Teratomas of the testis in children appear to be refa-
tively benign tumors Embryonal i are highly mali; t, and

i and chori ithel in infants and children are pathologic

rarities.

ThE Ovary
The endocrinologic potentialities of certain tumors of the ovary are well
knawn, and hittle has been published that is new The granulosa cell tumor
produces feminrzation in prepubertal children and postmtenopausal bleeding
in the elderly. The arrhenoblastoma produces virihsm at any age, lsrael
& Mutch (25) have reviewed and classified feminizing tumers and mascu-
linizing tumors, Smith (45) has called attention to the fact that a few un-
pectedly good may be achieved in the treatment of ovarian
cancer.
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the condition more satisfactory than it has been with the use of often hazar-
dous pharmacologic “provocatory” tests, It is exceedingly hazardous to
perform any other aperation upon a patient who has a pheochromocytoma,
for the tumor should always be managed first except in the most unusual
circumstances. The adequate and intelligent use of adrenolytic drugs during
surgery increases the margin of safety significantly. Others (19) have re-
emphasized the relationship between pheoch ytoma and fib
matosis, and 2 pheochromotytoma of the urinary bladder has been reported
(43). Masson ¢! al, (35) have described a diagnostic procedure for pheo-
chromacytoma which utilizes a technique of assay of urine in the rat and the
demonstration of piperovan hydrochloride antidiuresis during the normo-
tensive phase, Plasma catechol amine levels are often helpful.

THE TESTIS AND OVARY
TeE TesTIS

‘Tumors of the testis constitute a small segment of the malignant lesions
met in the male (about 1 per cent) (33). Delay in surgical excision is often
a result both of reluctance on the part of the patient to consult his phy sician,
and of failure of the latter to appreciate the true sigmificance of the testicular
swelling., The pathologic pictures encountered are vaned. Primary tumors of
the testis may be divided nto three groups-: {a) those arising from the germ
cells; (b) those arising from the cells of Leydig (interstitial cell tumors); and
{¢) those arising from connective tissue cells (Sertoli cell tumors, fibromas,
ete ). Tumors arising from the germ cells comprise about 95 per cent of the
total, Seminomas account for from 40 to 50 per cent of all tumors of the
testis, and the average age of patients is about 30 years. Embryonal car-
cinomas comprise about 20 per cent of all testicular tumors, and the average
age of onset 1s somewhat lower than that for seminoma. Teratomas and
teratocarcinomas account for about 30 per cent of testicular tumors All
three tumors metastasize to the retroperitoneal lymph nodes, but may also
exhibit blood-borne metastases.

Diagnosss.~—Testicular tumor is most often diagnosed when a patient
presents with testicular swelhng. Other conditions such as hernia, hydro-
coele, epididymitis, or gumma may be confusing. One should not biopsy the
testis, according to Leadbetter (33}, I a diagnosis cannot be made by ex-
ternal examination, an inguinal incision should be made, the inguinal canal
opened, the spermatic cord {reed, and the cord occluded with a rubber-shod
clamp at the inguinal nng The testis is then gently freed, the tunics incised
and the testicle inspected. If 1t is incised, great care should be taken to avoid
spillage of tumor cells

A 24-hr. urine specsmen should be tested quantitatively for urinary fol-
Licle-stimulating hormones. If elevated, this finding 1s of value in serving as
a baseline in following the patient for recurrences, after treatment with
orchiectomy, retroperitoneal lymph node dissection, and deep roentgen

therapy.
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Testscular fumors in children.—Phelan e al (39) have studied testicular
tumors in children. They include a report of nine cases and a review of the
fiterature (464 cases). Teratomas of the testis in children appear to be rela-
tively benign tumors. Embryonal i are highly mali and

H and i itheli in infants and children are pathologic

rarities,

TaE Ovary

The endocrinologic potentialities of certain tumors of the ovary are well
known, and little has been published that is new The granulosa cell tumor
produces feminization in prepubertal children and postmenopausal bleeding
in the elderly. The arrhenoblastoma produces virstsm at any age. Israel
& Mutch (25) have revi d and classified feminizing tumors and mascu-
hinizing tumors, Smith (45) has called attention to the fact that a few un.
expectedly good may be achieved in the of ovarian
cancer.

LITERATURE CITED

[ P e = e -

2. - R

3 . 957)

4 . 0

S Chnsty, N P, Longson, D, and Jatler, ]. W, Am J Med , 23, 910 (1957)

6 Cope, 0, Culver, P J, Mixter, C G, Jr,and Nardi, G L, Ann. Surg, 145, 857
(1957

7. Dao, T. L, and Huggins, C., J. Am Med Assoc , 165, 1793 (1957)

8 Donaldson, R. M, Jr., Eigen, P R, and Dwight, R W., New Engl. J. Med,
257, 965 (1957

9 Edwards, K. M., Jepson, R P.,and Reece, M W, J Clin Endocrsnol and Metab-
olism, 17, 1460 (1957)

10 Epstewn, F H, Freedman, L R, and Levitn, H , New Engl. 7 Med , 258, 182

1958)

1L Eznn, C, Salter, ] M, Ogryzlo, M A ,and Best, C H, Can Med, Assoc J., 78,
96 {1958)

12, Gatland, H , Brit Med J., I1, 969 (1957)

13. Geller, T, Alvarez, A S, Gutman, A, Frietas, A , Gabrilone, J. L, and Soffer,

_ L J,J Clin Endocrinol and Metabolism, 18, 409 (1958)

14, Giuseff, J , Werk, E. E , Jr, Larson, P. U, Schif, L, and Elliott, D. W, New
Engl. J. Med , 257, 7196 (1957)

15 Goldman, L, Gordon, G. S, and Chambers, E L, Jr, Ann. Surg, 146, 407
(1957)

16 Hamwi, G J, Serbin, R. A, and Kruger, F A, New Engl. J Ard, 257, 1153
(1957)

17 Hardy, ] D,, and Turner, M D, Surgery, 42, 194 (1957)

18 Hardy,] D, Ward, V B, Turner, M D., and Sampson, L P, Surg Forum, 8,
109 (1958)

;9 He?ly, F.H,, Jr, and Mekelatos, C. J., New Engl J Med, 258, $10 (1958}

0 Heu;bezker, P, O'Neal, L. W, and Ackerman, L V, Surg Gynecol Qbstet,, 105,
1 (1957)



206 HARDY

21,
22,
23,
24,

25.
26.
27,
28

29.
30.
31
32.

33.
34,

47.

48.
49.

50,
51,
52,

53,

A

Helmreich, M. L., Jenkins, D., and Swan, H., Surgery, 41, 895 (1957}

Hoar, C. S,, Jr,, and Gorlin, R., New Engl. J, Med., 258, 1052 (1958)

Hume, D, M,, Surg Forum, 8, 111 {1958}

"}ly(pophysia\ Growth Hormone™ (Editorial), J. Am. Med. Assoc., 164, 1926

1957)

Israel, S L., and Mutch, § C., Surg., Gynecol. Obstet., 105, 166 (1957)

Jackson, A. S, J. Am. Med. Assoc., 165, 1533 (1957)

Jay, J. B., Streete, B. G,, and Gants, R. T., Am. J. Surgery, 95, 45 (1958)

Kovaes, G. S, Kovacs, B, M., Kovacs, T., Kovacs, K., and Petri, G, Ann Surg,
146, 854 (1957)

Krieger, H., Abbott, W, E., Levey, S, and Holden, W, D., Surgery, 44, 138
{1958)

Kyle, L. H, Meyer, R. J., and Canary, ] J, New Engl. J. Med , 257, ST (1957)

Kyle, L. H, Schaff, M., and Canary, J. J , Am. J. Med., 24, 240 (1958)

Lance, E. M., Cate, W. R, Jr., Liddle, G, W., and Scott, H. W, Jr., Surz,
Gynecol Obstet , 106, 25 (1958)

Leadbetter, W. F., Am. J. Surgery, 95, 341 (1958)

LeFemine, A. A., Marks, L. J., Teter, J. G., Leftin, J. H , Leonard, M. P., and
Baker, D.V, Ann Surg, 146, 26 (1957)

. Masson, G M. C, Corcoran, A C,and Humphrey, D. C., J. Am. Med. Assoc,

165, 1555 (1957)

. Moore, F. D, Recent Progr 11 Hormone Research, 13, S11 (1957)

. Moore, F. D., Con. Med, 4ssoc. J., 78, 85 (1958)

. Moore, G. E., dnn Surg, 146, 851 (1957)

. Phelan, J. T., Woalner, L. B, and Hayles, A, B, Surg. Gynecol. Obstet , 105, 569

(1957)

. Recant, L., and Hartroft, W. S, Eds,, Am. J. Med , 23, 953 (1958)

. Raker, J. W., dm J. Surgery, 95, 353 (1958)

. Reece, M. W, Edwards, K M, and Jepson, R. P., Surgery, 42, 669 (1957)

. Rosenberg, L. M., New Engl. J. Med., 257, 1212 (1957)

. Schultz, A. L, and Zieve, L., J Qlin Endocrinol and Melabolism, 18, 629 (1958)
. Senith, G V., Am J. Surgery, 95, 336 (1958)

Sobel, E H , Renold, A. E , Bethune, ] E., Holt, J H., Reddy, W. J, and
Thorn, G W, Am J. Med , 24, 482 (1958)

Soutter, L., Sommers, S, Relman, A, S, and Emerson, C. R., Ann. Surg, 146,
424 (1957)

‘Thomas, C. G., Jr, Surg., Gynecol Obstet., 106, 137 (1958)

Thomas, W. C., Jr., Wiswell, J. G, Connor, T. B., and Howard, J. E, dm J.
Med., 24, 229 (1958)

Ward, G.E, 4m J Surgery, 95, 385 (1958)

Williams, J. A, and Warren, R., Surg. Forum, 8, 118 (1958)

Witebsky, E., Rose, N. R., Terplan, K., Paine, ] R.,and Egan, R. W, J. Am.
Aed. Assoc., 164, 1439 (1957)

Woford, J. L, Hardy, ] D, Turner, M. D, and Neely, W A, Surg. Forum, 8,
116 (1958)

. Zollinger, R M, and McPherson, R. C, Am J. Surgery, 95, 359 (1958)



ALLERGY AND IMMUNOLOGY:*

By W. B. SzermaN, M.D,
New York Cuty, New York

The knowledge of allergy and immunology is expanding rapidly in many
different directi varying from fund studies of the formation and
action of antibodies to practical methods of the treatment of allergic dis-
eases. The total number of significant contributions in each calendar year is
too great for adequate review in the space allotted here, Because of the large
amount of material and the uneven progress in different areas of the sub-
ject, most of the reviewers of recent years have felt that the space available
could be more advantageously used by an adequate coverage of a few in-
teresting subjects rather than by attempting to cite briefly each contribu-
tion of the year to the entire field. The establishment of this precedent
makes its continuation almost necessary, since the discussion of subjects not
covered for several years cannot logically be limited to the material appear-
ing in one year. This chapter is therefore confined to a few subjects in which
notable progress has recently been made, chiefly related to clinical and ex-
perimental allergy, rather than to general immunology.

Mechanism of anaphyloxis.—Notable advances have been made in eluci-
dating the mechanisms of anaphylactic shock. In general, these have been
consistent with the view of Dale (1) and others (2), that the physiologic
changes in anaphylaxis are the results of the release by antigen-antibody
reaction of autopharmaeologic agents present but previously bound in an
inactive form in tissues or blood constituents. However, studies of the reac-
tion in various species of animals show great differences in the relative im-
portance of the various ph logi active sub or “tissue hor-
mones” () involved. The more important and best characterized of these
agents are histamine, acetylcholine, in (5-hydroxytry and
heparin; others are bradykinin (3), “substance P” (4), and the slow-reacting
substance SRS-A (5, 6).

Anaphylais in the guinea pig appears to result largely from release of
histamine by the antig ibody reaction This species is highly sensitive
ected or inhaled h; ine and the symp produtced by 1t are essen-
'.ia!ly identical with those of anaphylactic shock If the lungs of sensitized
guinea pigs are perfused with Ringer’s solution, addition of the specific anti-
gen to the perfusion fluid causes the release of measureable amounts of hista-
mine (7). Analysis of the circulating blood of the intact animal during
anaphylaxis shows the presence of ions of hi ine ad to

! The s
1958.

* The following abbreviations will be used, DNA (deoxyribonucleic acid); L.E.
(tupus erythematosus); RNA (nbonuclerc acid),
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produce the symptoms (8}, and the chief effects of anaphylactic shock in the
guinea mig are inhibited by adeq doses of antihi: ine drugs {9).

Mongar & Schild have studied 1n detail the release of histamine from
sensitized guinea pig fung by antigen. Most of the histamine contained in
the cells is bound to the mitochondria. When the antigen is added to a sus-
pension of minced lung (<onsisting largely of intact cells) from a sensttized
guinea pig, histamine is refeased from cells to the supernatant fluid. If the
cellsare then broken down mechanically, the mitochondria and other cefl frag-
ments are found to be depleted of histamine (10). However, if the sensitized
cells are homogenized 1nto particles and antigen is then added, no histamine
is released The antigen releases histamine only from intact, hving cells {11).
The release of histamine by antigen requires energy (12) and is inhibited by
osygen lack, 1odoacetate, phenel, and such metabohic depressants as phenyl-
butazone and amdopyrine {13). On the contrary, release of histamine by
histamine liberators, such as 48/80 and octylamine, does not require energy
or intact cells, and 1s unaffected or even increased by oxygen Jack, fodoace-
tate, and phenol When antigen is added 1n the presence of phenot and the
release af histamine blocked, the cells are desensitized, mdicating that the
antigen-antibody reaction has taken place, but subsequent physiclogic
changes are inhibited If the phenol and antigen are washed out within
3 min,, refease of histamine may subsequently eccur without further addi-
tion of antigen, the mechamsm started by the antigen-antibody reaction

inuing if the inhibitor 15 quickly 4.

The release of histamsrie by antigen ss also shown to depend on the pres-
ence of calcium rons and to be stopped by versene. Potasstum and magnesium
are without cffect (14) The release is optimal at pH 7§ and decreases
rapdly as the hydrogen 1on concentration is changed n either direction. The
effect of temperature 15 also strking (15). Histamine iy released by antigen
only in the range of 20° to 45°C, with a sharp maximum between 35° and
40°C, The inlybitson by low temperatures ss reverssble; heatsng at 45°C
produces an irreversible change in regard to refease of histamine by antigen,
but does not affect release by octylamne This 1s not caused by destruction
of the complement, which 1s relatively stable up to 50°C, Mongar & Schild
also note that sensitized smooth muscle heated a few mmuotes at 45°C loses
its reactton to antigen and its release of histarmine on exposure to antigen,
but when returned to 37°C still reacts to exogenous histamine The curves
relating the release of histamine by antigen to temperature and to pH re-
semble those of enzyme systems,

On the basis of these observations, Mongar & Schitd (13} believe that
the antigen-antibody reaction mitiates i the hving ceff an active physio-
Jogic reaction requinng oxygen and energy, which releases histamine. They
hypothesize that & preformed enzyme percursor s activated iato an enzyme
which refeases bound histamine The active enzyme s believed to be un-
stable and to remain active only a few minutes. Inhibition by heat abave
43°C. is believed to destroy irreversibly the enzyme precursor, phenol in-
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inhibits the active enzyme, with the effect reversible during the brief life
of this enzyme. R dless of these hypothetical details it is app that
a complex active process is involved; histamine does not escape simply as a
result of nonspecific damage to the cell Relcase of histamine by 48/80 and
octylamine, on the other hand, appears to be a chemical reaction in which
the cell is passive. The existence of a complex enzymatic mechanism for the
release of histamine by antigen suggests that it serves some purpose in nor-
mal physiology. The nature of any such {unction is unknown

Mongar & Schild (13) concluded that in the guinea pig lung the mech-
anisms of release of histamine by antigen and by histamine liberators (48/80
and octylamine) were quite different. However, McIntyre (16), in extensive
studies of histamine release from rabbit platelets, found a closer relation-
ship between the specific release by antigen and the nonspeaific release by
histamine berators. He noted that slight changes in the chemical struc-
tures of the simple hi: ine releasers duced ds which inbibited
the release These ds not only inhibited the release of hi: ine by
small molecular releasers, but also the release by specific antigen-antibody
reactions,

Geiger, Hill & Thompson (17) studied the effects of a variety of pharma-
cologically active agents on the Schultz-Dale reaction of the guinea pig
ileum. They found that cyanide, azide, fluoride, fluoroacetate, and dimitro-
Phenol had no effect on the reactions to antigen, histamine, or acetylcholme.
Iodoacetate, which (as noted above) inhibits the release of histamine from
the guinea pig lung by antigen, inhibited the reaction of the ileum to antigen
but not to histamine or acetylcholne Aging the tissue had a similar effect.
G?“Ehmﬁc blocking agents had no effect on the reactions to antigen, hista-
mine, or acetyIcholine Botulinum D toxin, beleved to inhibit postganglionic
nerve fibers (18), blocked the reaction to antigen, but only vanably affected
th?t to histamine and had no blocking effect on that to acetylcholine. The
evu?ence that postganglionic nerve fibers may be involved in the reaction to
antigen is further discussed by Geiger & Alpers (19)

While histamine is ly the principal agent
released i anaphylavis in the guinea pig, it is not the only one. Kellaway &
Trethewie (5) in 1940, reported the presence 1n perfusates of the anaphylac-
tic guinea pig lung of a “slow reacting substance” which produced contrac-
Hons of the guinea pig ileum persisting longer after the bath was washed
than those caused by lustamine. Brocklehurst (20) showed that i prolonged
per'fusion of the anaphylactic guinea pig lung, the smooth muscle-stimulating
activity of the effluent collected during the first 5 min. was caused almost
entirely by histamine, while fracti flected later ined a slow react-
ing substance which caused contraction of the guinea pig tleum despite high
concentrations of atropine and the antil H N
2an) It was also shown to contract human bronchial muscle in the presence
?’ atropine and mepyramine By biologic tests it was found to be distinct

m in, brad

To kinin, and sub: P It was y identical
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with the slow reacting substance of Kellaway and Trethewie, and Brockle-
hurst designated it SRS-A.

The possible role of serotonin in anaphylaxis has attracted considerable
attention, This compound, like histamine, has the effect of stimulating
smooth muscle and increasing capillary permeability. Both effects are most
marked in rats and mice, but they are also apparent in rabbits, guinea pigs,
and other species. Fink (21) found that in stimulating the uterus of the
mouse, serotonin was 1000 times as active as histamine (to which the
mouse is relatively resistant). In the guinea pig, on the other hand, Herx-
heimer (22) {ound that serotcmn admmxstered by aerosol was only half as
effective as h ine in prod: Sparrow & Withelm (23),
observing the effect on permeabxhty of skin capillaries, found serotonin 2§
times as potent as histamine in the rat, but the two compounds were of
essentially equal activity in guinea pigs and rabbits, Parrot & West (24)
also found serotonin far more potent than histamme in producing perme-
ability of the rat skin capillaries,

While serotonin is widely distributed in the body, particular interest in
relation to anaphylaxis is attached to its presence in mast cells, platelets,
and lung. The rat and mouse, which are particularly susceptible to the
smooth muscle and capillary permeability effects of serotonin, also demon-
strate remarkably high concentrations of it bound in their mast cells (25,
26). In this respect they differ from most other species studied, including
man, guinea pig, rabbit, dog, cat, hamster, and cow (27, 28). Humphrey
and his associates (29, 30) showed the presence of serotonin in the platelets
of a variety of animals, in concentrations generally exceeding that of his‘ta-
mine. They showed that dog platelets absorbed free serotonin from solution
and suggest that this may be a normal mechanism of controlling the plasma
level of free serotonin. They also reported that the platelets of man, cat,
and ferret d an unidentified third sub which stxmulates
smaoth muscle m the of the inhibitors of in and
Weissbach, Waalkes & Udenfriend (31) demonstrated that serotonin was
present in the lungs of rats, mice, and rabbits in concentrations of approti-
mately 2 pg./gm while the lung of the guinea pig contained only one-tenth
as much, but relatively more histamine, Hamphrey & Jaques (32) found
that the reaction of antigen and antibody in ifro caused the release of
serotonin from rabbit platelets suspended in plasma. They showed that the
actual quantity of serotonin refeased was about three times as great as that
of histamine, the release of which had been described by previous workers

Since the mouse is strikingly resistant to the effects of injected histamine,
and antihistamine drugs are relatnvely ineffective in protecting them against
anaphylactic shock, it appears doubtful that histamine plays a si
role in the reaction in this species.

Mayer (33) has questioned whether the
tissues of the mouse contain enough preformed histamine to produce anaphy-
Jactic shock On the other hand, the mouse is highly susceptible to the effects
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of serotonin; its tissues contain adequate amounts to produce the reaction,
and the effects of anaphylactic shock are inhibited by the known antagonists
of in, reserpine and chlor ine (34). When antigen is injected
into the sensitized mouse, the tissue mast cells immediately lose their charac-
teristic granules which are believed to be associated with the bound sero-
tonin (35). Fink (36, 37) has also shown that in stimulation of the isolated
mouse uterus, serotonin is 1000 times as active as histamine, and that the
Dale reaction in the uterus of the d mouse was ifically inhibited
by the known antagonists of serotonin, lysergic acid diethylamide (LSD)
and reserpine, but not by diphenyl hydramine hydrochloride (Benadryl
hydrochloride), Furthermore, Hemophilus pertussis vaccine, which is known
to make mice more susceptible to anaphylaxis, also renders them more sus-
ceptible to serotonin. In certain strains of mice, Munoz & Greenwald (38)
found that pertussis vaccine increased susceptsbility to both serotonin and
anaphylaxis, but did not affect the reaction to histamine. While the mech-
nism of anaphylaxis in the mouse is not entirely proved, it appears probable
that in plays a i role and is of little importance.

The mechanism of anaphylactic shock in the rabbit has long presented
problems, Compared to the guinea pig, the rabhit is quite resistant to ana-
phylactic shock and relatively large amounts of antigen must be injected
mntravenously to produce the reaction. The occurrence of shock is mani-
fested by a drop in peripheral blood pressure, secondary to obstruction of
the pulmonary circulation, which has been generally attributed to spasm of
the pulmonary vessels, Katz (39) demonstrated the release of histamine
from the blood of sensitized rabbits when antigen was added in wiro. How-
ever, actual measurements by Rose & Weil (40) of the blood histamine of
rabbits during anaphylactic shock showed a decrease, in contrast to the in-
creases noted in the guinea pig and dog by Code (8).
) Waalkes ef of, (41) found that the levels of both histamine and serotonin
in the plasma of rabbits rose sharply but briefly during anaphylactic shock,
The level of serotonin reached a peak 1n 1 min. and that of histamine in 2
min,, both falling abruptly within 3 min, On the other hand, the whole bloed
content of both serotonin and histamine fell sharply during the first 2 min.
because of a rapid decrease in the platelet content. Whether these transitory
changes in the plasma content of the pharmacologicaly active agents ac-
tually play a significant role 1n the course of anaphylaxis is not clear.

Coca (42) noted in 1909 that when sensitized rabbits were shocked with
nucleated blood eelfs, the pulmonary vessels were so blocked with masses of
Bucleated corpuscles that death might be attributed to embolism. However,
he was inclined to consider that the more important change was spasm of
the walls of the blood vessels of the pulmonary circulation (43).

The occurrence of amorphous materral beleved to be thrombi in the
pulmonary capillaries of rabbits dying in anaphylactic shock has been noted
by Vaubel (44) and others (45, 46). Dixon (47), using antigens labelled with
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1-131, noted that these "thrombi™ ined iderabl fons of
radioactive antigen, suggesting that they were antigen-antibody precipitates
occurcing within the vaseular system,

Germuth and his associates (48) studied this problem by the use of
fluorescent antigens. By the injection of specific and unrelated Buorescein-
labelled proteins, they showed clearly that the masses of amorphous ma-
terial in the pulmonary capillaries of shocked rabbits were specific antigen-
antibody precipitates. Injection into the veins of normal rabbits of antigen-
antibody precipitates formed i1 rifro, was shown to produce syrptoms iden-
tical with thase of anaphylactic shock. Qn the other hand, injection into
rabbits of soluble antigen-antibody compfexes {capable of causing anaphylac-
tic shock tn guinea pigs), caused no significant reaction. These anthors sug-
gest that the embolization of pulmonary vessels by specific antigen-antibody
precipitates is 2 major cause of the circulatory failure which is the principal
leature of anaphylactic shock in the rabbit, but do not exclude the possi-
bility of other mechanisms

This ion of the path of anaphylactic shock in the rabbit
has appeal because of the lack of direct evid of an adeq s
cologic mechanism, the relatively large amounts of antigen requn‘ed 16 pro-
duce shack in this species, the large amounts of antibody required to produce
passive sensitization, and the necessity for intravenous injection of antigen
to praduce shack. [t shoutd be noted that simifar emboli are not present in
man or guinea pig succumbing to anaphylactic shock.

Passive cutaneous anaph}lan&—\\'hde the immediate reversible wheal
and erythema type of skin reaction is a familiar manifestation of human
allergy, the best known skin reaction of experimentally sensitized animals
is the hemorrhagxc Arthus phenomenon However, stser (49) described,
in 1921, transitory eds reacttons {oll ion of antigen into
the skin of sensitized guinea pigs. The pmducuon of stmilar lesions 1n pas~
sively sensitized guinea pigs was reported by Dsenes (50) and by Ramsdett
(51, 52). These ceactions, whle analogous to the urticarial response of hu~
man skin, lack the sharply defined wheal and surrounding erythema. They
are therefore less conspicuous than the reactions of human skin and require
close observation, but Chase (53) utilized them in the study of sensitization
to simple chemical compounds. Ramsdell {51) ponted out that the rather
intonspicuous and transitory lesions could be made obvmus nnd perslstcﬂt
by injecting a dye such as trypan blue
with the antigen [t s this procedure which has been reviewed by Ovary
(54) under the name of passive cutaneous anaphylaxis

Following the usual technique, the antibody is injected mtracutaneousty,
the antigen and dye together mjected mtravenously 3 to 6 hr later. Ovary
(54) states that as hirtle as 00003 pg of rabbit antiovalbumin antibady
nitrogen produces a positive reaction in guinea pig skin when a large excess
of antigen is used The reaction can also be chmed by intravenous injection
of antibody and jon of antigen, but the
amount of antibody reqv.ured for this method is much larger (30 pg.) and
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essentially the same as needed for induction of passive general anaphylaxis
m the guinea pig.

The former procedure is one of the most sensitive methods available for
detection of antibody. Fischel and his associates (55) injected cells removed
from actively sensitized guinea pigs into the skin of normal guinea pigs and
reported that they were able to detect the antibody produced by one to five
miltion spleen cells. When the cells were removed from the donor guinea pigs
within the first week after the sensitizing injections, the time required for
passive sensitization of the skin varied from 12 hr. to 3 days, being longer
in cases where the cells were removed early. Hydrocortisone had no meas-
ureable effect on the reaction.

This type of passive sensitization 1s readily produced in guinea prgs with
rabbit and guinea pig antisera, but not with horse or goat antisera, The re-
sults obtained with various types of human antisera are of special interest.
Ovary & Biozzi (56) obtained positive reactions with human sera containing
antibodies for Eberthella typhi and Bacilius meltensis, and also with both
precipitating and nonprecipitating human tetanus antitoun. Fisher, Mid-
dieton & Menzel (57) reported positive reactions with sera of human pa-
tients convalescent from serum sickness induced by equine tetanus anti-
toxin, but negative with the sera of persons “spontaneously” allergic to
horse serum who had never received injections of this antigen \With the sera
of hay fever patients, Ovary (54) found some posttive reactions, others nega-
tive, despite the fact that the latter sera gave strongly positive Prausnitz-
Kustner reactions in human skin Fisher and lus associates (57, 58) found
uniformly negative results with sera of hay fever patients, as well as with
those of patients “spontaneously” allergic to other antigens Negative re-
sults were obtained also with the sera of nonsensitive volunteers given in-
jections of ragweed pollen to induce the of blocking antibodi
axsnd with the sera of patients allergic to peniciliin which produced a Praus-
nitz-Kustner reaction in human skin

Fisher & Cooke (58), on the basis of their own observations and those
of Ovary & Buozzi (56), conclude that the activity of human antisera m
produeng passive cutaneous anaphylaxss in the guinea pig is closely re-
Tated to jts ability to produce general anaphylaus and the Dale reaction in
the same species With a few exceptions, the active sera also contained pre-
epitating antib There was no hip between activity in passive
cutaneous anaphylaxis in the guinea pig and the Prausntz-Kustner reaction
in human skin,

The histology of the reaction has been described by Biozzi, Mene &
Ovary (59) and by Fisher & Cooke (58) The lestons produced by means of
sfnall amounts of antibody resemble those caused by intracutaneous injec-
tion of h ine, involving the and venules rather than the
arterioles, which are charactenstically affected by the Arthus reaction (60).
With larger amounts of antibody, the lesions show the arteriolar spasm and
hemorrhagic features of the Arthus phenomenon

The physiologic mechanism of the reaction 15 still unsettled and, like
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1-131, noted that these “thrombi” ined iderable ¢ vons of
radioactive antigen, suggesting that they were antigen-antibody precipitates
oceurring within the vascular system.

Germuth and his associates (48) studied this problem by the use of
fworescent anugens. By the injection of specific and unrelated fuorescein-
tabelfed proteins, they showed clearly that the masses of amorphous ma-
tesial in the pulmonary capillaries of shocked rabbits were specific antigen-
antibody precipitates Injection anto the veins of normal rabbits of sntiged-
antibody precipitates formed an vitra, was shown to produce symptoms iden-
tical with those of anaphylactic shock, On the other hand, injection into
rabbits of soluble antigen-anuibody compleves {capable of causing anaphylac
tic shock in guinea pgs), caused no sigmficant reaction. These authors sug~
gest that the embohzation of pulmenary vessels by specific antigen-antibody
precipitates 1s a major cause of the circulatory fature which is the principat
feature of anaphylactic shock in the rabbit, but do not exclude the possi-
bility of other mechanisms

This explanation of the path is of anaphylactic shoek in the rabbit
has appeal because of the lack of direct evidence of an adequate autopharma-
cologie mechamsm, the relatively large amotints of antigen required to pro-
duee shock in this species, the large amounts of antibody required to produce
passive i and the ity for intr injection of antigen
to produce shock, It should be noted that similar emboli are not present in
man or guinea pig succumbing to anaphylactic shock

Passue anaphy —\While the di: ible wheal
and erythema type of skin reaction is a familiar manifestation of human
allergy, the best known skin reactson of experimentaily sensitized animals
is the hemorrhagie Arthus phenomenon However, Zinsser (49 desﬁf‘t]ed'
in 1921, transitory edematous reactions following injection of antigen nto
the skin of sensitized guinea pigs The producuon of similar lesions in pas-
stvely sensitized guinea pigs was reported by Dienes (50} and by Ramsdell
(51, 52). These reactsons, while analogous to the urticanal respons® of hu-
man skan, fack the sharply defined wheal and surrounding erythema They
are therefare less canspicuaus than the reactsons of human skin and fem{ife
close observation, but Chase (83) uubzed them the study of sensitization
to simple chemicat compounds Ramsdell ($1) pointed out that the rather
inconspicuous and transitory lesions could be made obvious and persistent
by imecting a dye such as trypan biue mtravenously and simuitaneously
with the antigen Tt 1s this proceduse which has been reviewed by Ovary
(54) under the name of passive cutaneous anaphylaus

Followsng the usual tach the antibody is imjected
the antigen and dye together mjected antravenously 3 to 6 hr later, Qvary
(54) states that as fittle as 00003 pg of rabbit antiovalbumin antibody
nitrogen produces a positive react:on guinea pig skin nhen 2 large‘exc'ess
of antigen is used The reacuon can also be elicited by intravenous mjection
of antibody and i of antigen, but the
amount of antibody required for this method 3 much farger (30 pg) and

1
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findings in guinea pigs. Schild and his associates (69) demonstrated that the
excised bronchial muscle of the asthmatic human contracted on addition to
the water bath of the specific antigen and on addition of free histamine, The
reaction to histamine was readily inhibited by mepyramine, but the reaction
1o antigen was only partly inhibited by high concentrations of the drug. As
in the sensitized guinea pig lung, perfusion with antigen caused release of
amounts of hi i

studies by Brockleh (70, 71) showed that when the
excised lung of an asthmatic human was perfused with Tyrode's solution
containing the specific antigen, the effluent fluid contained both histamine
2nd SRS-A. Asin the guinea pig lung, most of the activity of the fluid during
the first 5 min. was caused by histamine, while in samples collected after 30
min,, 70 per cent was attributable to SRS-A. The two active substances were
separated by adsorption on charcoal and elution with aqueous butanol. The
SRS-A from human lung appeared to be identical with that from the guinea
Ppig. The relative ineffi of antihi: ine drugs in iling the contrac-
tion of isolated human asthmatic bronchial muscle exposed to antigen seen
by Schild e al. (69), agrees with the clinical impression that antihistamines
are only partially effective in bronchial asthma, In the past this has been ex-
plained on the basis of local concentrations of histamine released within or
on the surface of the muscle cell, or to the action of intrinsic histamine at
sites not reached by the antihistamine drugs. However, the presence of 2
second pharmacologic agent not affected by antihistamine drugs appears to
offer a far more satisfactory explanation.

Sub:

_ The relationship of in to human b hial asthma remains uncer-
ltzlm. In several reported cases of functioning carcinoid tumors which secrete
Arge amounts of i suggestive of hial asthma have

y
been noted (72, 73). Page (74) i these mani ions to the bronch
consmstor effect of serotonin which is readily demonstrated in the cat (75)
and guinea pig (72). Lesions of the heart valves are a prominent feature of
the majority of such cases (76), but these lesions are predominantly right-
sided, lessening the probability that the dyspnea noted can be attributed to
cardiac asthma,

However, the more direct evidence offers less support to the view that
iemtcmm is a bronchoconstrictor in man. Herxheimer (77) reported that
nt;ur norm.al hul:nans were not affected by inhalation of 0 67 per cent aerosol
av et which produced severe bronch in guinea pigs. In three of
mati :"3‘1': patients, inhalation of th? serotonin aerosol produced asth-
s 2 ta‘c s, which later studies (78) indicated were probably related to

© tiritating effects of the acid solution. When the same concentration of
::ZO:I:was.inhaled in an aerosol buffered to pH 7 there was no effect on
buford patients, including one who had previously reacted to the un-
e materal, Bmc!dehurst (6) reported that the effect of serotonin on
ated human bronchial muscle was one of stight relaxation rather than
Contraction.

Direct chemical measurements of free serotonin in the blood or body
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that of systemic anaphylaxis, may well vary in different species. Ta the
guiniea pig, Ovary (54) found that the effects of minute amounts of antibody
were inhibited by antibistamine drugs, but with Jarger amounts of antiserum,
even large doses of antihistamine drugs produced only partial inhibitios,
In the rat, Brocklehurst, Humphrey & Perry {61) found that antihistamine
drugs were ineflective as inhibitors. Possibly the transitory reaction of
passive cutaneous anaphylaxis, which is produced in some instances by
nonprecipitating antibody, may depend on the release of vatious auto-
pharmacologic sgents, whife the Arthus reaction, reguiring large amounts of
precipitating antibody (62), may involve formation of antigen-antibody pre-
cipitates in the tissues. Further studies are needed to elucidate the relation-
ship between the two types of response,

Physiologic mechanism of human allergy~The similarity between the
more viofent allergic reactions of humans and experimental anaphylactic
shoek is obvious. While the antibodies mvokved in the two types of reaction
differ in that precipitates are usually present in anaphylaxis and not in hu-
man allergy, it is often d that the physé 3 initiated
by the antigen-antibody union are simular. In view of the varying physiology
of anaphylactic shock in different species of experimental anismals, this con-
cept requires clarification. In so far as the physiologic mechanisms of human
allergy have been established, they appear to rescmble those of anaphylaxis
in the guinea pig more closely than those in the rabbit, mouse, or other
species studied.

The evidence against histamine as an important intermediary product in
fuman allergic disease bas been summarized by Roche e Silva . Genesal
acceptance of this concept is refl d 1n the widespread use of antihi i
drugs, which are notably effective m hay fever and urticana, but less so in
bronchial asthma.

Further evidence of the invol of histamine in the production of
urticarial wheals is offered by the marked exacerbations induced 1 subjects
susceptible to the disease by injections of the hustamine liberator L-193§
{63, 63). After the bodily store of preformed histamine was depleted by one
or more injections of the hi: refeaser, accurred which coul
be p d by the admini of cortisone, apparently by inbibitisg
the formation of new histamine.

The refease of histarune from the celtular constituents of the blood into
the plasma, when the speaific antigen was added to the whole blood of hay
fever patients, was described by Katz & Cohen (65) 1n 1941, and further
studsed by Noah & Brand (66, 67) Recent studies reported by Middleton
¢t ol. (68) have shown that this phenomenon, 1t maoy srespects, closely re-
sembles the release of hustamine from sensitized gunea pig hang described
above. Histamine release from husman blood cells is atso inhbited by versene
and other calcium binding agents, by phenol, and by sadoacetate, but is not
affected by a number of other weli-knawn enzyme inhubitors.

Studies of bronchial and lung tissue excised {because of other disease}
fror patients with bronchial asthma have also shown close parallels to the
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tion of antibody, (5} “univalent” nature of the antibodies, without the mul-
tiple combining groups necessary to form an aggregate with antigen; or (¢)
the pature of the antigens, pollens in particular being relatively poor antigens
when injected into experimental animals. Until recently, little direct evi-
dence has been available to support any one of these explanations.

The ski: itizi ibody is di d only by the P itz-
Kustner phenomenon, the amount present in a serum or serum fraction
being measured by the highest dilution which shows 2 distinct reaction,
While the urticarial reaction in human skin is a specific and sensitive indi-
cator of antigen-antibody reaction, it depends upon a complex physiologic
mechanism whose activity varies in different normal skins, so that the same
amounts of sensitizing serum and antigen may react quite differently in

vartous persons, While i made simul ly on the skin of the
same individual measure the relative amounts of antibody in two sera or
serum fractions, absolute endpoints are of little ive signi 82
The d. ination of blocking anti in the method devised by Loveless

(182) depends on the comparison of the effects of blocking and control sera
on the Prausnitz-Kustner reaction in the same test subject, so the effect of
these variations in different subjects 1s less important, However, all methods
based upon passive transfer involve the practical difficulties of securing
suitable human volunteers and the risk of transmitting infectious diseases,
particularly homologous serum virus hepatitis For these reasons, constder-
al?le attention has been devoted to attempts to develop 1 vitro methods for
distinguishing and measuring skin-sensitizing and blocking antibodies

Studies of the sera of untreated allergic patients in complement-fixation
by Gyorgy, Moro & Witebsky (91) and, more recently by Cavelti (92),
showed some positive results but the reactions were weak, inconstant, and
not correlated with activity i the P; itz-Kustner reaction itizati
of whole blood of hay fever patients is readily demonstrated in vifro by the
release of histamine when the specific antigen is added, but this method does
not distinguish between cellular and plasma reactivity (65) In some cases,
the presence of antibodies in the sera of allergic patients has been demon-
strated by the passive sensitization of normat human blood 1 itro and subse-
quent release of histamine by antigen, but consistent results have not been
obtained by methods developed so far (68).

Demonstration of blocking antibodies 7 vstro has been more successful.
Hampton et al (93, 94) found that sera of human patients treated with rag-
weed pollen inhibited the precipitation of ragweed antigen and rabbit anti-
ragweed serum Portnoy & Sh (95) d d inhibition of the
complement-fixation reaction of ragweed antigen and rabbit antiragweed
serutn by the sera of treated hay fever patients. This activity was related to
the titer of blocking antibody as measured by the classical method on

uman skin, but the in vitro method was less sensitive than that of passive
transfer Follensby (96) has shown the difficulty of applying the various
" vtiro methods to the practical d of blocking antibod
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ﬂuid‘s of asthmatic patients are not available. Berg & Westermeyer (80}
studied the excretion of 5-hydrovyindole acetic acid, the principal pr et
of serotonin catabolism, in the arine of asthmatic patients during attacks
and during free intervals. Rather surprisingly, the excretion was less during
the attacks. The explanation of this change was 5ot apparent, but there was
no evidence of increased serotonin excretion and breakdown during theactive
stage of asthma. Pending further direct measurements, it appears premature
o assume that serotonin plays an {mportant part in human allergic disease.

Antibodies in bumon alfergy—The application of jmmunologic methods
1o the study of the common allergic diseases, hay fever and extrinsic asthma,
has beent hampered by the {fact that the sera do not contain precipitaﬁng
antibodies and fail to produce passive sensttization in the common laboratory
animals (79) The presence of antibody in the sera of untreated patients is
manifested by the passive focal semsitization of ormal human skife the
Prausnitz-Kustner phenomenon (81), the factor in the serum producing this
reaction being kpown as the skin-sensitizing antibody or reagin. After con
ventional treatment of the patsent with injections of antigen, the gerum €On-
tains a second antibody for the same antigen, the blocking of thermostable
antibody which 13 distinct from the sensitizng antibody, Jacking skin-sensi-
tizing activity but inactvating the specific antigen so that its reactions With
the sensitizing antibody are inhibited The older information concerning the
properties of these skin-semsttizing and blocking antibodies has been reviey ed
elsewhere {82,

Briefly, the elun-sensitizing antibody 18 generally present in the sera of
untreated and treated patients; it is characterized by @ matked affmity for
the skin and mucosd where it remawns fived for penods as fong as tvo
months, 1t {ails to pass through the 1ntact placenta from maternal & fetal
cireutation, and loses sts skin-sensitizing propesties when beated at 56°C
1n the case of skin-sensitizng diphthea antitoxn, Kuhns & Pappenheimel
(53) have shown that sensitizing antibody whick has Jost shn-sensitzing
activity through heaung. retams s abilty o react with antigen 48
becomes essentally a blocking antibody. Such a change has pot beert 0B
gerved 1 the serd of untreated hay fever patients, the blocking antibody 18
demonstrable only in the sera of pauients treated with smections of antiges
The skin-sensitizing antibody is not easily localized in serum globulin cort-
ponents separated bY electrophoretic of aleohol precipitation methods. At
tinity has been found o be associated \with gamma (84, 85), bea (86, 87} and
alpha-2 (88) fractions separated by vasioud smethods

“The blacking anttbady pmduced 1n both allergic and nonallergic persons
by injections of antigen 18 stable at 56°C., permitung s separation from
skimsensidz}ng anttbody (88). 1t shows fess afinity for tissues and readtly
passes the plnccnt:x\ partier In e!ectrophoresis it, ke most antibodies, ¥
essentially fimited to the gamma globulin fraction (89, 90}

The fasture of the sera of either untreated or reated patients 1@ show

precipitin actavity has been attributed to: (@) 1ack of an adequate concentra:
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gave positive reactions, while 67 per cent of sera from treated patients were
positive, They noted that heating sera 4 hr. at 56°C. did not greatly affect
the hemagglutination reaction, In several cases the titer was somewhat
higher with heated serum but probably within the limits of error of the
method. Arbesman and his co-workers (108) reported an untreated case of
extreme allergy to mouse dander and serum, in which hemagglutination
was demonstrable by both the Boyden and bis-diazotized-benzidine tech-
niques, the highest titer being obtained with tanned cells coated with mouse
serum. They also noted that t inating activity isted when the
skin-sensitizing activity of the serum was destroyed by heat.

Gordon, Rose & Sehon (109, 110), using rabbit erythrocytes linked to
ragweed pollen by the bis-di: ized-benzidine method, obtained high titers
and found consistently positive reactions with the sera of both untreated
and treated patients which gave positive Prausnitz-Kustner reactions; the
reactions were positive also with the sera of nonallergic volunteers who had
received injectrons of ragweed pollen. The hemagglutination titers showed
some relationship to the titers of skin-sensitizing antibody; those of the
treated patients were only slightly higher than those of untreated patients.
When active sera were absorbed with large amounts of antigen-coated
cells, titers of hemagglutinating, blocking, and skin-sensitizing antibodies

were reduced dingly. The h ination reaction was specific-
ally inhibited by the addition of soluble antigen to the system. When serum
was fracti d by zone el h is, the h Tutinating activity was
found 1n the same f; as the skin-sensiti body. Heating serum

r«zr 11 hr, at 56°C., which completely destroyed its skin-sensitizing activity,
did not affect the hemagglutination.

These results indicate that divalent (multivalent) antibodies capable of
forming aggregates of antigen-coated parttcles are present both in the sera
of untreated patients, which contain skin-sensitizing antibody, and the sera
of itive persons iving antigen i which contain blocking
antibodies The use of rabbit antihuman globulin sertm to produce aggre-
gates is unnecessary. The observation that absorption with antigen-coated
cells rermoves all three types of antibody activity from the serum suggests
that the hemagglutination is caused by the same antibodies producing skin-
sensitization and blocking. The greater sensitivity of the bis-diazotized-
benzidine method, as compared to the tanned cell method, 1s apparently
caused by the firmer bonds binding antigen to the cells and less inhibition
by escape of free antigen into solution, The retention of hemagglutiating
:}ctivity by the sera of untreated patients when the skin-sensitizing activity
is destroyed by heat is not considered proof that a different antibody is in-
velved, since the actual mechamsm of this thermolability is unknown Pos-
sibly there may be an effect analogous to that observed by Kuhns & Pappen-
heimer (83), who showed that ski izing human diphtheri: i
lost its property of passively sensitizing skin after being heated but still
reacting with antigen, becoming, 1n effect, a blocking antibody.
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Follensby & Lowell {97) have ghown that ragweed blocking antibodyy
when precipitated with rabbit antihuman gamma globulin serum retaimns
the property of combining with ragweed antigen, s0 that & suspension of
suct'\ precipitate absorbs antigen from ragweed solutions, The decrease in
antigenic activity was demonstrated in tests on eensitized human skin, but
appears to be susceptible of test by in vitre methods using cabbit anti-
ragweed serd. This phenomenon, incidentally, offers confirming evidence that
the blocking antibody is gamma globulin.

T recent years, many attempts have peen made to demonstrate anti-
bodies in the sera of afiergic pauents, before oF after treatment with injec:
tions of antigen, by agglusination of antigen-coated particles. T 1940
Cohen & Weller (98) reported the agglutmation of mgv.ecd-coated collodson
particles by the sera of hay fever patients, partis:u\aﬂy those whe had re-
ceived treatment. However, Swineford & Houhhan {99) were ynable 10
confirm these findings.

In later efforts, Boyden’s method (100) of adsorbing antigen o8 the
surface of tanned erythrocytes has been utitized, In order to detect syaivas
lent” antibodies, Coombs. Howard & Mynors (101) suggested the proceduté
of exposing antigen-coated cells to human allergic serd with subsequent
agglutination by rabbit antihuman globutin, The coupling of antigen 10 1¢
cells by the bls-dizzmized‘benzidine method of Pressmat Campbel
Pauling (102), 88 modified by Sravitsky & Arguilla (103) has also beed
wtilized.

Orlans, Rubinstein & Mazeack {104), using the Boyden technique with
cells coated with timothy polten, found hemagglutination with 8 of 22 813
from untreated hay fever patients, two of which reacted in relatively bigh
ditutions Sera of 13 patients fully created with polien injections alf showe
positive reactions. ten in ddntions higher than 1 a2 of the untreat
patients. Britton & Coombs (105), by the same smethod, found 0o reactions
with the sera of 1% untreated hay fever patients: while approximately hatf
of the patients who had recetved injection yreatment showed aggluﬁnatmﬂ
“These authors studied the same 8613 by the sed cell-hnked antigen meth
of Coombs, Howard & Mynors (101) and found a higher percentage of re-
actions 1 both groups By this techmque aliof the greated patients showed
positive reactions and 2 majority of the unteeated reacted m 1% nters
Sinee all of the human sera used were heated for one-half hovt at 86°C , the
authors considered 1t anhkely that the antibody causing agglutination in
sera of uptreated patients Was ¢the thermolabule skin-sensibzing antibody:
The greatet agglutimation by rabbit antigamma globulin sera of cells evposed
to sesa of treated 25 compared 10 untreated patients may perhaps b€ relat
to the dectrophoreﬁc findings that blocking antibody is gamma globulin,
while ckin-sensitizing activity is not fimited to this fractien of the serum
globuline.

Feinberge Davison & Flick (106, 107), using the Boyden method, found
¢hat 21 pes cent of sera {rom untreated grass oF ragw ved bay fever patients
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plex mixtures of several antigens, and not suitable for immunochenucal
methods. The determination of blocking antibodies in passive transfer (119)
and even in clintcal treatment (120) are affected by the presence in ordmary
ragweed extracts of multiple antigens, at least two of which are important
in hay fever,

Attempts to separate and charactenze these antigens, initiated by Caul-
field et al. (121) in 1935, have since been made in a large number of labora-
tories The earlier studies were reviewed by Newell in 1941 (122), who noted
that the total allergenic activity was caused by several substances of complex
chemical nature; some were proteinlike substances of relatively low molecu-
lar weight while others were largely carbohydrate.

Stull and his coll (123, 124, 125) d, by chemical methods,
two wat luble fracti of different igeni ift from low rag-
weed pollen, both of major importance in cltnical allergy, as well as a third
water-soluble fraction which is apparently of less clnical significance. Rock-
well described five biologically active fractions differing in carbohydrate
content and solubility in acid solutions (126, 127).

Abramson et al (128 to 132) employed a variety of chemical, electro-
phoretic, and ultracentrifugal methods to separate 2 major, slow-moving,
unpigmented component, trifidin, from giant ragweed, and the corre-
sponding compound, artefolin, from low ragweed. The two compounds were
found to be quite simlar and to have molecular weights of about 5000
They also noted the presence of about stx distinct minor components in the
pollen of each species

Danker et a! (133) and Perlman (134) separated by paper chroma-.
tography, six and ten components, respectively, which differed in their re-
actions in skin tests on various ragweed allergic patients.

. Becker & Munoz (135), using the Qudin gel diffusion techmque with rab-
bit antiserum, demonstrated the presence of five distinct antigens in rag-
weed pollen, Wodehouse (136), using the Quchterlony techntque, found seven
distinct bands when low ragweed pollen extract was diffused against rabbit
antiserum, Oceasionally an eighth was discermible, Many of the mnor anti-
gens were dialyzable, and may have been formed by breakdown of the major
components. Cebra (137), using the Preer (138) modification of the Qudin
method, also found seven or eight bands of precipitation with low ragweed
pollen extract, Wodehouse (139) has attempted to correlate the bands noted
m gel diffusion with the antigens separated by other workers using chemical,
chromatographi¢, and electrophoretic methods, which suggests that Abram-
son'’s artefolin, Stull's fraction 1, and Rockwell's major antigen are identical
and correspond to his antigen C,

Goldfarb and his co-workers (142) have continued the study of trfidin
and have also applied a method of solvent precipitation to giant ragweed.
They found evidence of five antigens but, on the basis of a relatively few
Intradermal tests on allergic patients, were inclined to consider only one of
importance i clinical hay fever.
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While these findings belp te clarify the nature of the antibodies of altesgic
sera, the various Themagglutination methods used do not permit distinetion
between, and separate §11 vilro mesasurements of, the skin-sensitizing and
Blocking antibodiss which are clinically and immunologicalty of quite dif-
ferent significance Techniques which do not produce hemagglutination with
sera of untreated patients alse fail to show reaction with & consderable
pumber of sera from trea ted patients. Sera of occasional wntreated patients
may show hemagglatinating actvity as great or greates than treated D3~
grents (108).

“The skin-sensitizing and blecking antibodies were further charactesized
by the studies of Schon eral (114, 11 by yltracentrifugation of sera from
atlergic patients. They found that the shin.sensitizing antibody moved with
the rapidly sedimenting globulin {raction (sedlmen(ation constant 18-20)
white the blocking antibody was associated with the butk of the gamma
globutin (sedimentation constant 6-7y While cortain other antibodies,
namely Wassermantt antibodies (113), Rh antibodies {114) antithyroid suto~
antibodies (115), and the agglutinating factor in rheumatoid arthritis {116}
have been related to the Fast-sedimenting globuhn, most ordmary a8t
bodes are present in the slower moving globutins The Aifference s consts-
tent with the somewhat bizarre characteristscs of the skin-sensitiziog anti-
pody: development wathout unusual antiges gyposure, Hissue affinity:
placental fitration, thermolabifity, and electrophoresis, w 2fl of which
respects the blocking antibody shows the wsual behavior of acquired anti-
bodies. It is in accordance with the idea that skin-sensitizing antibodies
represent the reaction of a congemtally abnormal mmune mechanism 19
natural exposures to anugen white the blocking antibady 15 the normal 7€
sponse 0 antigen injections.

Pollen, antsgens —Aside from the sature of the antrbodies mvelveds the
greatest obstacle 10 the immunologic study of tuman alterges has been the
lack of pure well-characterized antigens. None of the hundreds of antigen
axctracts used routmely in the chnical diagnosis and treatment of alergic
disease is a pure antiren by xmmunochemxca& standards The long, careful
study by Steveas, Spies & Bernton {see Coulsen in (117)] of the cottonses
antigens has shown the difficulty of 1solating pure antigens even from aller
genic materals readily avalable sa uplimsted quantities Studies by Vaughan
& Kabat (118) have shown that the allergenic acuvity of relatively pure
materials such as recrystathzed g8 albumin may be greatly affected by
traces of ampurities ITsolation and defitson of the antigens contatned it
natural materiats active as allergemc agents is therefore an important stEP
in the stady of allergsc drsease

Most of the studaes of human allergy made in Ametiea have utihzed
patients with ragweed bay fever because of the frequency and chmcal am-
portance of the condition. The pollen is readily avatlable and antigenic
solutions sustable for clipreal skin tests and treatment a1e easily prepared

by extraction with w ater or salne solutions, These crude extracts are £Om-
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decreased, and that the formation of blocking antibody may be enhanced
by an adjuvant effect. Actually, the first use of such extracts by Sutton (152)
in 1923 antedated the concepts of adjuvants and blocking antibody. The
principle was further applied by Naterman (153) who, in 1938, suggested
the use of antigens emulsified with lanokn and oif, and [ater, in 1951 (154),
introduced a preparation in which the pollen antigen was first precipitated
with tannic acid and then suspended in peanut oil ®ith aluminum mono-
stearate. With this material he reported 90 per cent good results in 111
patients, 2 shortened course of treatment, and relatively few general re-
actions. However, persistent nodules at the sites of injection and two sterile
abscesses were noted. Malkiel & Feinberg (155), using a suspension of anti-
gen in sesame of] with T idered their results
poor and the incidence of general reactions not decreased.

Loveless (156) has used suspensions of antigens in mineral oil, corn oil,
and isopropyl meristate (Deltyl) with Falba as an emulsifying agent. The
course of treatment was shortened to three to five injections given in one
day. Her results were similar to those of Naterman (154), the clinical bene-
fits being essentially equal to those obtained by conventional treatment,
2ithough the change in the objective conjunctival test was somewhat less.
The incidence of general reactions was 3 per cent in the group treated with
mineral oil suspensions, and 18 per cent with the meristate antigen. Neodules
produced by the minera! oil suspensions persisted as long as six years,
but no abscesses or tumors resulted.

Brown (157), employing the same materials and methods, reported that
the incidence of general reactions could be greatly reduced by administering
epinephnine and antihistamine drugs before and for two days after the
treatment. Brown's clinical results both in ragweed (158) and tree hay fever
(159) were somewhat less satisfactory than those expected from the usual
Injection treatment. This method is interesting because of the great reduc-
tion in the number of visits required for treatment. However, this radical
shortening of the treatment has outweighed the possible lessening of general
reactions which might be expected from a slowly absorbed antigen. The
evaluation of chujcal results in the treatment of hay fever is always difficult,
and from the reports now available 1t appears that further study employing

careful statistical methods is needed before it can be considered for routine
use.

Tmmunologic responses to insulin~Since the insulin used 1n the treat-
mtﬂf of diabetes is heterologous protein dertved chiefly from bovine and
Pporane sources, it is not surprising that occasional patients show immuno-
logic reactions to repeated sub inji These are
most commonly manifested by urticarial allergic reactions Less frequent,
but often affecting the same patients who show urticarial sensitization, is
the develop of resi to the physiologic effects of in-
sulin, manifested by insulin requi in excess of those of
the depancreatized man, often over 200 units per day. The sera of patients
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Sehon, Rose and their associates {146, 141) as well 32 Cebra {137) 20
plied the method of starch zone e\ectraphuresis 1o the scparation of rag-
weed antigens- Sehon and Rose found evideace of at least tWO feactions of
jmportance in ragweed hay fever. They indicated the inadequacy of skin
tests o0 allergic patients 38 measures of the activity and gpecificity of frac~
tions, and outlined 2 method of desensitizing passively censitized wtes 3%
an indication of antigenic specificity- While these studies donot permit findd
conclusions, it appears that satisfactory understanding of the relationships
and significance of the antigens will depend ont separating the various e0T
ponents into sufficient quantities t& permit Jetailed chemical and immune
fogie studses.

Grass pollens; whichare the cluef cause of hay fever it Burope and second
only to ragweed in America, have recarved less study. Abramsa? of ol (143)

separated seven allergically active components from thmoth! potles by elec-
trophoresis. Augustin (144, 145, 146) reported he separation from ﬁmothy
PO s

1n agar diffusion tests by the Qudin method, she found that most common
British grass pollens contained one main component which was antigeni
similar in alt The main anugenic component pncipixmed by rabbit 208
sera was shown 1o be active s skin tests of hay fever patients

Using the Qughterlony method, Wodehouse (187 studied the antigess
of the pollens of six commen American grasses cimothy, redtop, Junés sweet
vernal orchard, and Bermuda grass: fn each species there Wwas 08¢ maper
component and s1x of eight minor pands. The prmcipal component appeats
to be antigenica\\y identical 1n all of the specimens seudied except Bermuda
grass, which was completely different 11 specificity. Ths close antigentc 18
Janonship berween grasses of different gemerd 13 supported by previoss
studies using many other methods {148, 149, 150}

By the same methods, Wodehouse {151) studied the antigenic relation*
ghip betwees the pollens of different weeds of the Amarant aceat and
Chenopodacea® famities Four species of the amaaranth familys careless weeds
pigweed. spny amaranth, and Westers water hemp. were tested against
rabbit anticareless weed serem All were found to cORIAID essentially he
same antigens W similar proporﬁons‘ suggestng that they oaght be con”
sidered together 11 allergne testing and treatment Qn the other hand, 6ve
species of Chenopodateas Russan dustle, burmind bush, fambs quartes®
shadscale, and annual saltbush, showed distinctly different antigens, inte
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120 to 200 units daily and four doses of 70 to 90 units Of nine patients
giving negative results, one had received 100 units, four, smaller doses, and
four, no insulin,

Silk antigen in biological products—Allergic reactions to immunizing
agents have frequently been reported in the past, particularly those of egg-
sensitive patients to virus and rickettsial vaccines produced by cultures in
egg yolk. Some reactions to tetanus toxoid, which does not contain egg
antigens, have been shown to be due to peptones used in the culture medium
(169), but the nature of the antigen in other cases was obscure (170).
Particularly perplexing are patients who suffer severe allergic reactions from
a variety of different and i 11 d i izi
agents, or from homologous materials such as human gamma globulin (171).
Coleman (172) noted ten such patients, five previously reported (173, 174,
175), and five unreported, in which the reactions were traced to silk antigen
Ppresent in the biologic products as a result of silk filters used in their prepa-
ration. Reactions occurred after the use of combined diphthenia, pertussis
and tetanus, plain tetanus toxoid, typhoid vaccne, and human gamma
globulin. Some of the patients reacted stmilarly to two or more of these ma-
terials, but often failed to react to the same agent prepared by another
manufacturer. All of the patients were shown to be highly allergic to silk
by direct or passive transfer tests The biologic products preducing the re-
actions were found to have been passed through silk filters at some stage of
preparation, and were shown to give reactions in the patient’s skin or in
Ppassive transfer tests, while similar products obtained from manufacturers
not using stlk filters did not Passive transfer tests with the serum of one
patient (172) gave reactions to certan reputable brands of typhus, cholera,
mfluenza, mumps, poliomyelitis, and catarrhalis combimed vaccines; crude
hver‘ extract and vitamin B-12 produced similar ing con-
tamination of all of these products by silk filters The use of silk filters by
pharmaceutical manufacturers 1s reportedly being curtailed. However, cau-
"07': appears to be warranted in the mjection of any biologic material into
Ppatients known to be highly allergic to silk. The danger of reaction does not
depend upon the biologic nature of material being injected, but only on the
use of silk filters in its preparation, so the results may vary with different
brands of the same agent. A preliminary skin test with the actual prepara-
tton to be used is advised as the best precaution for avoiding reactions

Immunologic factors 1n lupus eryth —Smnce the i dis-
eases were reviewed by Dixon in the previous volume of this series, 1m-
portimt. add.nions have been made to the evidence for an autoimmune

i

n d d Jupus eryth It 1s well known that the
sera of many or most patients with systemic lupus contain a gamma globulin
¢apable of inducing sn vufro the formation from normal leucocytes of the
Hargraves’ LE cell which 1s characteristic of the disease. Holman & Kunkel
(176) showed by starch electrophoresis that the factor active in this phe-
nomenon migrated with the faster moving portion of the gamma globulin
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with urticarial allergy to insulin usually contain skin-sensitizing antibodies
producing the Prausnitz-Kistner reaction in normal human skin, Lowell
(180) showed in 1944 that the sera of certain diabetic patients resistaat to
insulin contained a factor capable of jnactivating heterologous but not
human insulin, thus demonstrating the species specificity characteristic of
an antibody.

Recent studies have provided further evidence of the presence of sub-
stances, apparently antibodies, in the sera of patients treated with injections
of insulin which are capable of binding heterologous insulin. Sehon ef ol.
(161) studied the serum of an fnsulin-resistant patient who required 500
units daily by starch zone electrophoresis. They found that the beta and
gamma globulin fractions of the setum proteins were increased. The insulin-
binding factor was associated mainly with the gamma-2-globulin, Burrows,
Peters & Lowell (162, 163) studied the reaction of sera of three insulin-
resistant diabetics with bovine insulin labeled with [-131 by paper electro
phoresis In all cases the labelled insulin was found to move with the Jeading
edge of the gamma globulin. Insulin mixed with the sera of normal persons
or nonresistant diabetics did not move in paper electrophoresis or moved
with the albumin The insulin-binding capacity of the sera varied from 003
to more than 20 units per ml. Human insulin was not bound by the sera-
binding bovine insnlin.

While true insulin resistance is rare, the binding of insulin by plasma
proteins was shown by Berson ef al. (164, 165) to occur in essentially all
patients who have been treated with it for three months or more, In suc
patients, insulin I-131 disappears from the plasma more slowly than in pa-
tients never treated with insulin or treated for shorter periods The per-
sistence of 1sulin 1-131 was shown to arise from a binding by plasma
globulin which satisfies the criteria of an antibody, but does not precipiate
with insulin, The globulin-insulin complex moved with the leading edge of
the gamma globulin or 1 the beta-gamma intcrzone 1n paper of starch

e 7 In the ultr ifuge insulin was shown to move with the
globulin of treated patients, but with the albumin of untreated controls

The insulin-binding activity of the serum was found to be associated
chiefly with beta globulin but occasionally with gamma, when serum was
fractionated by electrophoresis or by the ethanol method (166) The binding
of insulin by antibody inhibited 1ts breakd by liver insuli and also
its hormone activity (167). The stnularity of these findings to those of
Burrows, Peters, and Lowell in paper electrophoresis with sera of insulin-
resistant patients strongly suggests that the same type of antibody jsinvolved
i both resistant and nonresistant patients, but in varying amounts.

Other evidence of anti-insulin antibodies in the sera of diabetics treated
with insulin but not resistant to its action was offered by Arguilla & Stavit-
sky (168). Insulin was coupled to red cells by the bis-diazotized-benzidine
method and hemagglutwation sought with the scra of 23 diabetic patients.
Eleven showed hemagglutinating activity Of these, 7 had taken doses of
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Miescher & Strassel (181) reported hemagglutination by L.E. sera of
tanned sheep cells coated with thymus nucleoprotein and DNA from call’s
thymua Cells coated with RNA from yeast were not aggluunated. The

reaction was lated with the Harg
in three of four cases.

From these data, it appears that sera of many patients with dissemi-
nated lupus erythematosus contain antibodies which will react with nucleo-
protein from many different species. This antibody is probably the active
factor in the L.E cell phenomenon. In many cases there is also an antibody
reaction with DNA. The relationship of this to the L.E. cell phenomenon is
less certain, RNA is apparently not involved.
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fraction. In the ultracentrifuge it was showa to sediment with the bulk of
the gamma globuhin at a rate of approxi 1y 7S, thus showing chemical
characteristics consistent with thase of an antibody, When active sera were
incubated with calf, rabbit, or human leucocytes, the activity producing
L.E. cells was absorbed. In one serum, this inactivation was accompanied
by a reduction of gamma globulin content from 20.5 to 19.8 mg./ml Whes
the nuclel used in the absorptron were washed free of serum and incubated

with normal human | ytes, they were phagoeytized to producy L.E.
cefls, A portion of the adsozbed g!obuim cou)d be eluted from the mueles, asd
was found to be d by globulia serum,

Nuelei incubated with L.E. serum were shown to be stained intensely by
flucrescent rahbit antihuman gamma globulin seram. When nuclel were
treated with deoxynib to semove deoxyrib leic acid, they @0
longer reasted with active sera. Treatment with nbonytlease did not affect
the reaction,

Friou et ol. (177) also demonstrated thay nuclel from the mouse, rat,
guinea pig, rabbit, man, call, ben, and corp exposed o active L.E. serum
adsorbed gamma globulin which could be stained with Buorescent and
human gamma globulin rabbit antibody, ¥ the slides were exposed first to
ronfiuorescent antihuman rablat serum, subsequent stainiag with the fuo-
rescent antibody was inhibited. Similar results were obtamed when dem)’”'

protew (nucleckh from a vatiety of different arimal species
was fixed on slides, tncubated with L E. serum, and then stained with anti-
humasn flucrescent antibody (178). Artificial mixtares of DNA and histone
also reacted with the L.E. sera. Absorption of active L E sera with sucles-
histone abolished the capacsty both to produce this reaction and to induct
formation of L.E. cells

The sera of L E. patients which induce the Hargraves' phenomenon have
2130 been shown to manfest other evidesces of antibedy activity Rabbiss
of al. (179) reported that sera from L E. patients fixed complement when
incubated with nucter derived from many different species and organs, and
with eat{ thtymus nucteoprotein. Most of these sera aiso fixed compiement
in the presence of DNA derived from calf thymus, humaa leucocytes, sal
mon sperm, and pneumotocens, but certain sera reacting strongly with
nuclel did nat react with DNA Sera frem normals and patients with hyper-
globulinemia frasm other causes did not react Absorption of L E sera with
nuclei removed the LE factor and reduced or abolished the complement-
Sxating with nucler hut did not affect the complement-fxation with DNA.
Absorption with DNA reduced the complement-fixation with DNA, bue dd
not afiect the formation of L E. ¢ells or eomplement-fixation with nugler
Some L.E, sera gave precxpum reactions with DNA but the specificity of
the reaction Was not b C tini and his tates (180) afso
noted a precipitin reaction of one L.E serum with DNA This serum also
gave complement- -fxation with DNA Absorption with DNA inhidbited the
reaction, while adsorption with RNA did not.
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NEOPLASTIC DISEASES (CANCER)'®

By CHARLES OBERLING
Institut de Recherches sur le Cancer, Villejuf, France

A pathologist who must report on recent progress and actual trends in
cancer research may well confine himself to his own field because the most
dramatic achievements during recent years have been realized in experi-
mental research concerning the etiology of neoplastic processes, the mor-
phology, and physiological behavior of cancer cells and tissues.

A high tribute should be paid to the New York Academy of Science whose
activity covers, in many fields, the whole story of progress so that simple
enumeration of some of the most recent symposia reflects the highlights in
modern cancer research: Cancer Cytology and Cytochemustry (1956), Homo-
transplantation (1957); Cellular Biology, Nuclerc Acids, and Viruses (1957),
Subcellular Particles in the Neoplastic Processes (1957), Virus 1n Search of
Disease (1957), Immunology and Cancer (1957), and Comparative Clinical
and Biological Effects of Alkylating Agents (1958). CANCER, the monu-
mental work edited by R. W. Raven (6 volumes, Butterworth Publ., Lon-
don), is now completed. Owing to the high authority of its contributors and
to its scope, encompassing as it does the whole field of cancer, it will be a
reference work for all those interested in the various domains of cancer re-
search in the years to come.

The May 1ssue of the British Medical Bulletin (Vol. 14, No, 2, 1958)

brings the main cont ions of a sy ium in which A der Haddow
acted as chauman and E Boyland as scientific editor Here are excellent
articles hy 1 and rad is, as well as recent

developments in the field of tumor immunity. The publication of this 1ssue
has been very opportunely timed 1 that it appeared just before the Seventh
International Cancer Congress held in London from July 6 to 12, 1958,
which, through its excellent planming and the overwhelming number of
partictpants, has been the most re kat hering of cancer fali;
ever held

ETroLosy

Virus tumors —Studies carried out in this field have yielded spectacular
results which have uprooted even the deeply implanted scepticism of those
who until recently considered virus tumors merely as a curiosity and as an
utterly unimportant though much advertised group of neoplasms.

Morphological studies of the virus corpuscles (1 to 9) have revealed
rather complex structures, totally different from normal cell components
such as RNA or Palade granules, so that all speculatrons based upon the
wslsThe survey of the literature pertamning to this review was completed in July,

* The following abbrevmtmns will be used ATPase {adenosmnetriphosphatase);
DNA (d acid), RNA (il ic acid).
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whether all sarcoma cells are virus-producing or only a small percentage, as
has been claimed repeatedly (30, 31). The cells of myeloblastic leukosis
maintained in vitro for six months show a steadily increasing output of virus
particles at a much higher level than the Rous sarcoma cells {(about 1500
particles per cell in 48 hr.) (32, 33).
Attempts at purification of Rous virus are being carried out in various
ies and are b to yield ing results (34). Nucleic
aad extraction of partially purified Rous sarcoma virus has yielded RNA,
the concentration of which parallels the infectivity of the extracts (35, 36);
but no preparation of RNA has so far been obtained that is known with
certainty to be devoid of virus particles.

Shope's fibroma virus is the only mammalan tumor agent which has
been submitted so far to successful studies 11 vitro (37 to 40). Inoculated
into monolayer cultures of rabbit testicle cells, the virus undergoes a typical
growth cycle beginning with a complete eclipse phase which lasts about 4
hr. After that period, a soluble antigen appears in the culture fluid and its
titer increases slowly. No corpuscular antigen is present. The cells contain a
viroplasm composed of DNA and RNA. Withm this zone, corpuscles are
formed from the ninth hour onward and at that time the culture becomes
infective, The virus production increases until the fourth day and ends in
disintegration of the infected cell. Fresh cells can be infected with this virus
and several growth cycles have been observed.

Very interesting results were ined by the ication of
antibodies in the study of Shope papilloma (41). Antigens could be detected
ox;ly in the nuclei of the superficial keratimziag cell layers and not in the
dividing cells of the decper layers, This implies that the virus in its effective,
me.th-promoting form is really masked, in conformity with Shope's ideas
';"ld is probably represented by nucleic acids hidden 1n the genetic struc-

ures,

In careful transplantation studies, Greene (42) confirmed some of his
earher findings in showing a di 1 h d h bility of

rabbut's sk infected in vitro with Shope papill virus. This

bc.came apparent within 3 min. after infection, which means that the virus
brings about an jmmediate change in the biological behavior of the infected
cell, ing its and acting as an ideal initiating
agent.

) Asfar as Bittner's milk factor is concerned, two main facts have emerged
¥ recent years, Furst, there is the wide diffusion of the tumor agent in wild
bouse mice as found by American and Russian i i (43, 4). The
epidemiologic implications of this fact are highly instructive. They stress
the importance of insufficient lifespan and nutritional hardships which are
probably responsible for the scarcity of mammary cancers in wild hosts, 1n
spite of the widespread distribution of the agent. The other fact is the
g:‘;ﬁencehof sl.xbcel!ular'structures identical to those occurring in cells pro-
- ing ] e milk factor in apparently virus-free strains of mice (7, 45). This

#ms to indicate that negative bioassays do not rule out the possibility that
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assumption that tumor viruses arc merely a special type of celf particles
such as microsomes or plasmagenes, are no fonger in accordance with the
abserved {acts. Oncogenic agents in birds behave like other exogenic viruses
with a definite epidemiology. E: or contact ion plays a
predominant role as has been convincingly demonstrated by many students
of avian Iymph is (10), but ission from parents to offspring is
also very important as was evidenced by the di; i { work
of Burmester and his associates. Since then, the presence of virushike pacti-
cles in normal chick embryo tissue ¢ulture cells has been repeatediy reported
(11 to 14); quite recently the results of very thorough studies utilizing ulera-
thin sections of normal chick embryos (15, 16) have demonstrated the
presence of particles, morphologically identical to those of the leukosis-
sarcoma group, in the spleen and bone marrow reticulum cells of about 10
per cent of normal embryos.

{nowledge of this Iis diffusion of latent virus infection has
contsibuted a great deal toward dispelling the mystery which has shrouded
the epidemtiology of fow! Jeukosis and sarcomas. Two other discoveries were
of outstanding importance in this respect: the predominant influence o
genetic factors (17, 18) and the extraordinanly wide variation in individual
susceptibility which, from one bird to another, may vary 24 mdlionfold ¢l
(19). The most significant trend 1n modesn oncogenic virus research is the
shift from litattve to itative proced. and proble Virus titra-
tions carried out mitially by the dilution end-point method and jater on by
the somewhat more refined technique of the 50 per cent lethal dose (LD}
determination, have been replaced by mare subtle and less expensive meth-
ads such as. (a) the incubation period determination first applied by Bryat
& Beard (20) in therr classical research on Shope papilloma; (5) Keogh's
procedure (21) 1n which the microtumor or pock count on the chorio-
allanteic membrane gives 2 direct appreciation of the number of virus par-
ticles present mn the inaculated material (22 to 24); (¢) the determination of
the ATPase titer which, in the blood of myeloblastic chickens, closely paral-
lels the number of virus particles (25), (&) the survival fime after jntra~
cerebral injection m newly batched chicks (26), (¢) the adaptation of the
Dulbecco-Vogt plate count method (27); and (f), fast but not least, the
direct count of the virus particles in the infected tissues (4, 28).

One of the outstanding results of these quanttative studies was the
recognition that the amount of virus extractable from a given tumor is di-
ectly related to the amount of virus used to mitiate that tumor (29). When
very smalf (less than 1 LDi) doses are used, tumors which yield no re
coverable virus at all can be produced and serially propagated This seems
to indicate that Rous virts, contrary to most of the other nononcogenic
viruses, is in a state of [ ible with the survival
of the celf which constantly hberates a small amount of virus particles (22).
Because of thermal mactivation of the virus, the titer remamns about the
same even in culiures with expenential growth: about 1 virus particle for 25
cells. Hi -, many q i remain unsettled. Above all, one may ask
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filtrates from four neoplastic processes: two transplantable sarcomas, Ehr.
tich's carcinoma in ascitic as well as in solid form, and a transplantable
myeloid leukemia (Sov. 16). The cell-free extracts were injected into one-
to three-day-old mice and four to eight months later leukemias appeared
in 45 to 67 per tent of the animals.

Several facts are especially noticeable in this type of leukemiat the in-
crease of virulence obtained through intracerebral passage, the transmissi-
bility to rats by i bral i lation, the enh of receptiveness
by whole-body irradiation with x-rays, the transmissibility, even to adult
animals, on application of carcinogenic hydrocarbons and of cortisone
Strain specificity is much less restricted than in the Gross type leukemia;
three strains proved seasitive. Noninbred animals were successfully used in
these experiments The agent is distinctly antigenic and potent rabbit anti-
serum was obtained with high protective power.

Schoolman and his colleagues (60) have isolated a new strain of filterable
leulemia and lymphosarcomatosis in C3H eb mice which can readily be
transferred to adult mice of the same strain in which it induces leukemias
within 12 to 20 days in about 70 per cent of the injected animals Brain
tissue appeared to be an especially rich source of the etiologic agent, a fact
which is in accordance with Graffi’s previous findings

Further studies of these mouse leukemias have progressed along various
lines of which the following three scem to be the most important. () Parotid
gland tumors produced in C3H mice by inoeulation of AK filtrates are no-
toriously poor in vitus and difficult to grow and transplant (61), but when
tumor cells or extracts are introduced nto cultures of mankey kidaey,
mouse embryo, or chick choricallantoic membrane cells, an increase of the
tumor-producing capacity oceurs within two weeks and a high percentage
of mice inoculated with supernatant fluds produce tumors of various types:
salivary gland tumors, adrenal tumors, epithehioid thymic tumors, and pro~
liferative lesions of the renal epithelium (62, 63), The culture fluid even
proved to be pathogenic for hamsters less than one day old, inducing in a
farge proportion and within less than 33 days such malignant tumors as
Parotid tumors, thymomas, sarcomas of the subcutaneous tissue, kidney,
breast, gastro-i tract, h i ete. (64, 65).

(b) The transmission of AK leukemias to C3H mice with RNA prepared
from leukemic organs appears to be effective and produces leukemias and pa-
r?tid tumors (66). There 13 no reason, however, to draw untimely conclu-
sions from these i in i agents as cell products
ﬂ'nd transmussion of tumors by filtrates as subcellular or RNA transplanta-
tion. Viruses, m general, are nothing but nuclesc acd missiles and the fact
that nucleic acid alone can be effective, though much less so than the whole
particle, has not the slightest implication upon the nature of viruses.

(c) Various expenments suggest that healthy mice may carry latent
feukemic or tumor agents which may be triggered by various procedures,
Blind transfers of organ extracts between C3H mice may result in 7.5 per
cent parotid tumors (67); prolonged administration of cortisone to 2 breed
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virus is present and may be detected by these methods only within a cer-
tain threshold.

Indirect evidence for the importance of viral agents in the origin of cer-
tain types of cancer in mice has been produced by Reyniers’ outstanding
experiments with germ-free animals (46). There is a total disappearance of

y tumors and h in the C3H strain maintained during sev-
eral generations in a germ-free environment, The assumption that viruses,
when present, act merely as nonspecific growth inciters is clearly dismissed

Leukemias and virus tumors in mice ~Since the fundamental discovery
of Gross, new types of filterable motse leukemias have been isolated and are
under investigation in various laboratories,

The leukemias studied by Gross (47, 48) are the classical lymphoid
leukemias of the mouse which originate in AK mice and which are not only
strain—but even sublin pecific (49) Quite recently (50), cell-free extracts
of C$8 mice with lymphatic leukemia have been full; itted to
mice less than 12 hr, old of either CBRBr and C3H strains.

The virulence of the AK extracts appeared highly variable from the on-
set (18 completely negative out of 170 different donors), consequently
Gross adopted the method of poolng his extracts before inoculation and
later he tried to select virulent strains by inoculating only those extracts
from mice which developed leukemia at the earliest date. One of the straiss
isolated by this technique (strain A) has a considerably increased age range
(mice inoculated as late as 14 days of age show 80 per cent, and adults 31
per cent positive results), and a shortened (two to three months) fatent
period (51, 52). .

Friend’s leukosis (53, 54) first appeared in 14-month-old Swiss n:nct
which had been inoculated at birth with a cell-free extract of Ehrlich’s ascites
carcinoma, Extracts of the enlarged spleen gave positive resuits upon intra-
peritoneal inoculation mnto adult Swiss muce and the disease could then be
easily transfesred by cell suspensions as well ag by filtrates of blood and by
various organs, with a very high frequency of takes, usually exceeding ]
per cent of the inoculated animals, The disease, a retculomanocytic leu-
kemia with a tremendous enlargement of spleen, liver, and lymph nades, ap-
pears after a short latent period of only two weeks and lasts for two to three
months. The agent, very resistant to lyopbilization and cold storage, be-
haves like a virus, and viruslike particles are present in the involved tisstes
(55); they closcly resemble the particles found in Iymphocytic choriomenin-
gitis and Bittner virus but it has been conclusively shown that there is no
relationship whatsoever between thts leukemua and lymphocytic chorio-

itis (54) Strain ificity 1s much less pr d than in Gross's
feukemia. Transmissions are positive in Swiss and DBA? mice; PRI, C37B
1/6 A, C3H, and F1(C58XBA1B) are resistant. It can, however, be trans-
mitted to C3H adults after passage through C3H newborn mice. Vaccina-
tions with formolized virus suspensions protect the animals in as high as
80 per cent of the cases (56). ) i
Graffi's chloroleukemias (57, 58, 59} originated in mice injected with
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Another approach to the discovery of viral agents in human tumors is the
detection of specific tumor antigens which, of course, are not necessarily
viruses but may be autoantigens formed in the course of the carcinogenesis.
Zilber (77), with his specific anaphylaxis desensitizati hnique, was able
to reveal specific antigens in numerous human tumors as well as in typical
virus tumors, which are adsorbed by red cells and which are not present in
normal homologous tissues. Furthermore Grabar & Williams' technique (78)
of immune electrophoresis may prove to be very helpful in this respect.

In general, tremendous progress has been achieved in this developing
area of virus tumors. Not only have a considerable number of new virus
tumors been disclosed, covering the whole field from benign tumors to

1 1 rcomas, carci and leukemias in various spe-
cies, but a series of facts are now established which undoubtedly favor a
more general acceptance of the virus theory of cancer which, of course, re-
mains speculative at the present time. These facts are the wide distribution
and extraordinary variety of latent and tumor viruses; precise expertmental
conditions which permit one to understand why, in a virus tumor, the virus
may not be detected by the electron microscopic or bioassay methods, and
the viral nature of neoplastic processes promoted by x-rays or hormones.

Criticism, of course, is always possible and even necessary but there is
o reason to overdo it. If Law (79), for instance, states that it would indeed
.be premature on the basis of present evidence to state that mouse leukemia
isd ly caused by a filterable virus, one may ask if he is aware that
similar objections may be raised against the pathogenic role of almost any
tmicroorganism One of my old professors and a man of high reputation used
1o teach us that tuberculosis was a primary disturbance of ntracellular fat
metabolism and that Koch’s bacillus with its waxy membrane was but a
by-product carrying, perhaps, the faulty enzyme systems from one cell to
another. These di may be ing, but here are leukemias and
mammary cancers which are highly lethal and experimental evidence points
out that vaccnes and antisera prepared with the respective viruses can pre-
vent them. It is, perhaps, more urgent therefore to focus the attention on
these virus particles rather than upon their ultimate and intnnsic signifi-
cance,

Perhaps nothing better demonstrates the unpredictable tricks which na-
ture has in store for those who endeavour to assemble the strangely shaped
Pleces of the puzzle called carcinogenesis than the pertinent observations on
metals, plastics, polymers, and surfaces

**Metallkrebs,” cancer due to the influence of metals, was the idea which
emerged fram a long-term experimental study undertaken by Schinz (80, 81)
to see whether chromium, cobalt, and arsenic implanted into the femur of
rabbits could promote neoplasms, They did~—not only bone sarcomas but
P“Imfiﬂal’)’ sarcomas and carcinomas as well Since then the carcinogenic
activity of metals and their salts has been thoroughly investigated by many
authors It has been confirmed for chromium (82a), arsenic (82b), and cobalt
(83). Similar demonstrations have been made with respect to mercury (84),
nickel (85), and Yead salts (86) Beryllium has aroused special interest be-
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f rafec {CS8XAKR) with a high incidence of leukemia was followed by
ke development of parotid tumors; the same results were obtained with
Z3H{ strain of Gross but not with a C3H{ Hu derived from an Andesvont
subline (49); total body irradiation of C3H 2nd C57 BR mice produced
hymic lymphosarcoras and leukemias which, upon celi-free transfer to
newborn mice of the same breed, produced 8 per ceat Jeukemia and 5 per
cent parotid tumors {68, 69) All these experiments suggest that i this whele
group of mouse feukemias and tumors, not one but a great number of viruses
are involved, These have been stirred from their Iatent state by experimen.
tal procedures which happened to produce ideal conditions for the display
of their activity, and it remains for future investigations to determine the
relationship that may exist between these different agents. In spite of au-
merous investi; being d ¢ in many lab fes no ¢lear cal
case of virus detection in human neoplasms has so far been reported.
Some significant clues favoring a possible relasionship between hepa-
tonta and virus hepatitis have been brought forth (78] and, in relation to
lung eancer, 3 special infi tory condition of the bronchial epithelt
for which Papanicolaou has colned the name, “ciliceytophthoria™ {destruc-
tions of citisted celis), may be of gpecial interest (71, 72). This is & mass
destruction of cifiated epithelium associnted with an acute respiratory dis:
ease of established or presumed viral ongin (13). The smears contain s
merous tufts with pinched-off distal portions of the cells. The nucleated bafal
fragments of the cells show a characteristic pattern of nuclear degeneration
and very frequent acidophilic inclusions which, in Papanicolaon's opinion,
resemble those descnibed i vanous oelf types as resuiting from virds 2
tivity. This bronchial disease appears to be related to lung cancer which was
present in 12 per cent of the cases so far detected, .
Virushke particles have been observed m electron microscopic exami-
nations of Iymph nodes 1n human patients afflicted with fenkemic conditiots
{7, 74). These pictures are very interesting but, of conrse, st must stilt he
ehown that these are the agents of the disease and not merely mnocent
saprophytes. The discavery of latent virusea on » widespread scale which the
present writer predicted many years ago (75) has meanwhile come true and
an entire symposium was recently devoted to these “viruses int somvch of
disease” or “orphasn viruses,” as they have been expressively catled by Duras
Reynals (76),
1t will always be dafficolt to estabilish a causal relationship between virus
particles and the etiolagy of the tumor m which they are found, especially
when human material 1s invotved, but the recent developments of tissue cul-
ture techni and b ! open up new avenues for a direct
experimental study of human cancers, Stewart's findings (61 to 65} espe-
cially have disclosed very promisi d in this field Andeaf method
appears to consist in infecting tissue cultures of vanous types (human tumor
eclls, monkey kiduey cells, mouse embryos) with tumor exiratts, main
talning these cuftures for at least 14 daye and inoculatisg the supernatant
fiid into newborn hatnsters, This animal, because of its special genetic back.
seems ideally suited to such experiments,

grouad,



NEOPLASTIC DISEASES (CANCER) 241

ing results with the tagged polymers (94). Plastics, which seemed to be inert
substances which would remain unaltered in the body during an entire life-
time, proved to be less stable than expected. At some pomt between 22 to
26 weeks after implantation, rats began to excrete radioactive material in the
urine and urinary radioactivity disappeared when the plastic was removed.
It was not possible to link this radicactivity to a specific degradation product
but the breaking down of the poly was d d and it app
logical then to attribute the carcinogenic activity of the polymers to some
free radical known to effect depoly merization of nucleic acid. It could also
be assumed that the creation of reactive centers at the surface of the de-
grading polymer could lead to the fixation of some proteins and impair the
metabolism of the adjacent cells. Obviously, the tendency had shifted toward
some specific chemical interference

Then, again, evidence turned to the other side, mainly through the dem-
onstration of carcinogenic effects obtained with all kinds of substances such
as rubber, platinum, horn, ivory, silk film, and glass provided they offer a
smooth, uniform surface of at least Smm in drameter {95 to 98b). Buttonlike
discs 18mm in dizmeter with a thickened margin seemed to be most suited
for producing When impl 4 in the form of powder the same
substance proved innocuous. So it seemed that the mechanical condition was
of paramount importance in the formation of the foreign body sarcomas, re-
lated, perhaps, to a certain tension of the collagen capsule with secondary
circulatory disturbanees, leading to inhibition of cellular respiration in the
sense of Warburg'’s theory.

New light was shed on the problem by the unexpected results of experi-
ments with the macromolecular polyvinyl pyrrolidon (99) which, during
World War I1, had been widely used as a substitute for plasma. When im-
planted in powdered form into the subcutaneous tissue, or ijected intra-
venausly as a solution into mice and rats, this substance appeared highly
Cal:dncgenic and induced malignant tumors in as many as 32 per cent of the
animals in some serses, The tumors appeared not only at the sites of mnjec-
ton but in the internal organs in three wa: the first mainly d of
rEtllulum cell sarcomas, with a peak at 13 to 15 months, the second as
Kupffer-cell sarcomas in the hver, and the third as carcinomas affecting
uterus, skm, ovaries, and breast The main point 1s that these substances
stay in the body where they are engulfed by macrophages. According to
Hueper, they may act by interfering with intracellular polymenzation or by
forming abnormal conjugation products with protemns or nucleoproteins
through cross linkage Here, then, is another example of absotutely inert and
mnocent looking compounds proving to be highly dangerous becatise of their
definitive inclusion within the cells where they create metabolic disturbances
resulting i carcinomas The fact offers a severe warning never to use sub
stances which stay permanently within the organism'

It becomes evident that we must constder various types of cancers: (a)
true metal cancers caused by chromium, arsenic, cobalt, lead, mercury,

nickel, beryllium, and possibly selenium, (3) silicate cancers obtained with
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cause of the severe pulmonary injuries caused by this metal and its com-
pounds and the slow-heating wounds which result from the contact of this
substance with the skin (83, 87).

There is no doubt, then, that several metals and their corpaunds are
disectly carcinogenic. This action is probably vers complex in nature, res
sulting perhaps from enzyme inhibition {alkaline phosphatase in the case of
beryilium}, to the formation of chelates, protein compounds by combination
of the metal with amino or sulfur sadicals, Beryllium acts directly on nugleic
acid causing depolymerization and mitone disturbances samewhat similac
to colchicin.

Further studies (88) carried out with silver, stainless steel, tantalum, tin,
and vitathum (an affoy of chromium, cobale, and mofybdenym} aronsed con-
sidesable interest because they concerned metals which are widely vsed in
sturgical and dental repair work. With the exception of tin, alt of thew caused
sareomas when implanted as metal forls in10 the subeutaneous tissue of rats,
However, the data became conflicting 1a so far as they interfered with a
quite ew prnciple of carcinogenesis, the action of foreign bodies with
smooth surfaces of a certare dimension. Tin foils, because of their consis-
tency, did not retain their form but crumbled and significantly caused 5o
sarcomas The other metals remained sntact bur proved not to be carano-
genic when applied ta the form of powder or salts

The action of smooth surfaces was discovered by chance, which remaios
the great master in eypersmental pathology TFurner (89) was the first who,
by implanting dises of bakelite into the subcutaneoys tissue of rats, obtained
sarcomas and his results, published m 1941, would have passed unnaticed
tad pot the development of sarcomas been observed later by Oppenheimet,
Oppenheimer & Stout (90) 1 rat kidneys wrapped in ceflophant to produce
hypestension,

The next contrbution came from Zollinger (91) who had obsarved sar-
comas i rat ¥idneys eompressed by Acnl-Resss {Dy Pont Company) tap-
sules Headvanced two steps tonard an explanation of these tumors. Point-
ingout that the sarcotas arose in ofose contact with the plastic at the jnside
of the capsule 1 the compressed and bably isch area, he wenmi-
nated not the ch 1 action of the sub but the hascat disturb-
ance it created He mserted the same phastic in the form of smaff rods with
a roughesed susface mto the subcutaneous tissue of rats and Mmammary
glands of C3H mice with no effect, which gave some hint that the texture
of the surface might be of importance, In further expersments (97, 93), all
kinds of plastics, polyethylene, polyvinyl, teflon, nylon, ‘'orlon, and dacron
were found 1o induce sarcomas after one to teo years when mtroduced &%
£ims, fosls, or platel 8 the ps ge was as fugh as 45 4 per
cent, but the matenals proved totally ineffective when implanted 1a the form
of fibers or powder. At this tsme, too, it could be shown that perforated
membranes produced fewer sarcomas than mntact ones and one sarcomd 2p-
peared 658 days after the impk of a glass Bp The question of
surface seemed to be of paramount fmportance. And then camn the surpris-
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bolt

ated in small ities as a byproduct of purine and excreted

in the urine is also carcinogenic (111).

CYTOLOGY AND PATHOLOGY

Sex chromatin—Well known since its discovery by Barr & Bertram
(115), this substance is often present in nuclei of cancer cells. In females,
the tumors are always of the carrier’s sex and this holds true even for ar-
rhenoblastomas, i.e., for virilizing tumors formed by Berger's cells which, on
the basis of the evidence available, correspond to the Leydig cells in males.
This d tete ind between cellular sex and secre-
tory activity {116). In male genital glands, however, female tumors may be
found, which is logical since the male germinal cells possess the elements
of both seves. Tt is therefore not surprising that in males not only testicular
teratoma but even a mediastinal teratoma of the female sex (117) has been
observed, This may be an argument in favor of a parthenogenetic as op-
posed to a blastomeric origin of these tumors

Since the early observations of Gey (118), Earle (119), and Earle &
Nettleship (120), malignant transformation of normal human and animal
cells during a prolonged period of culture 5 vitro has repeatedly been ob-
served (121 to 126), and is, at present, one of the most fascinating problems
of experimental cytology. A recent report giving interesting cytobiological
data is given by Moore (127). Normal cells ma:ntained in culture may, after
some time, display changes both with respect to their morphological char-
ﬂcfer {especially chromosome number) and metabolic behavior, without
l’f"‘g i in nature control through implanta-
tion in homologous or heterologous hosts is, of course, always necessary to
establish malignaney in demonstrating uncontrolled growtk, invasiveness,
2ud metastatic spread of the changed cells (128) Thus opinion 1s scientifically
sound and indisputable but from the practical standpomt the problem
Iooks somewhat different and becomes really embarrassing when the de-
cision has to be made whether malignant looking human epidermal cells
£rown 11 vitro should be used for grafts although their biological malignity
18 ot warranted by rehable tests.

. The causes of these neoplastic transformations are unknown. It 1s pos-
sible that the prolonged matenance of cells in heterologous culture media
and in the more or less hypoxic state which always prevails in tissue cultures
(129) is, in itself, detrimental and a continuous process of selection
by which cell types less suited to the environment are progressively elimu-
mated. Swim & Parker (130) believe that permanently proliferating cells
are already specially adapted nutritional variants The genetic instability
of these cell Lines manifests itself by chromosomal changes which may lead
through 2 series of transitional steps to malignancy

According to this theory, the condutions realized in cell cultures would
be in themselves carcinogenic. But there are other possibilities. One might
DPresume that potentially mahgnant cells are already present in the normal

tissues which are explanted (131). On the other hand, one must not forget




242 OBERLING

“bestfs {flamentous or ribbonlike polymer of siticate} {100, 101, 102), and
alsa with quartz {sand power) (103); () polymer cancers; and finalfy (4} the
surface cancers whick are dependent upon the physics! form of the substanze
introduced,

The conclusions applied to human pathology may not be as afarming s
they might appear to be at first sight. It is possible that the careinogenic
factors outhined in thes chapter pertain only to some species, espechlly
sodetits, which scem to be particularly predisposed. fn other speases, for in-
stante, chickens {personat blished data), such substances have not &0
far yielded tumors. The surface factor dogs not seemt to be of importance in
bumans. Indeed, @ tremendous smmber of foreign bodivs, especially pro-
Jectiles, shell splinters, orthopedic prostheses of afl kinds, have been well
tolerated for many yeaes and not 2 single observation of sarcoma arisiog
at the site of those foreign bodies has come to vur knowledge, The same
holds true so far for polymers used as plasma ersatz, but it would be wise
not o disregard entirely the possible imphications of these experiments snd
ta avoid as far ag possible, the introduction of ail suck farerga bodies into
the humaa organism.

‘The space devoted o the preceding topres does not allow us to examine
the details coneeraung €he all impartant arex of chemical garcinogenesis A1
inspired account of the fast eleven yeors achievements in this domsin i8
given in the above-mentioned special issue of the Brilish Medical Baletin.
Interest remains foeused on the intracellular pathways of clinica) careinos
genesis. Atkylatitig carcinogans probably operate dusetly upon the eoxy-

ibanucloie acid of the < 1 strugtures, explaining in this way their
behavior as radiomirmetic agents (104). Carcmogente hydrocarbons and 320
tarcinogens may act by binding with key protemns, nucleoproteins, or eagyme
protems (165, 106, 107}, essential for the regulation of growth, & cancept
which has found its expression in the *'detetian hypothemis” of cancers “This,
1m turn, may lead to quintitative or qualitative changes in the aucleic acid
synthesis which weuld m the end be respanstble for the reaplastat transfor-
rnation, go that initially different youtes may lead to sumilar end results

The much & d (108, actsvity of chol ) in mete has
been seaffismed (109) Roffo's [110) repeatedly cotoized contention 60n0erns
ing the carcinogenic action of oxidatron products of cholesterm has become
plausible through recent investigations which have jed to the discavery of
several hatherto unknown compounds (111}

The search for compounds among the sub, normally
tiberated and excreted by the orgamsm as by-produets of the ntermedsaty
metabolism has Jed to she discovery of two interestang groups of substarnces.
3 hydroxyky and 3 hydroxyantbranitic aczd which are sntermediary
prod of tryptoph tabol and are usually excreted jo minute
quantities it the urine. These substances have been tested by the bladder
implantauon procedure of Bonser and found carcinogenic 1 mice (112}
Hydro itic acid i excreted u d i by patieats
affficted with biadder cancer {113, 114), Another substance, xanthis, Bher-
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convincingly shown that the administration of bone marrow or spleen to
mice exposed to high x-ray doses allows the recovery of the arimal by pro-
Iferating in the new host. But it came as a surprise that this foreign tissue
could be definitely established in the new host and give rise to a mosaic of
erythrocytes (radiation chimeras) (152, 153, 154). The range of tolerance
concerning the medullary tissue injected seems to be vaniable, In mice, isol-
ogous marrow produces lasting recovery. Bone marrow of rats may keep
irradiated mice alive (155), and the rat leukocytes appear in the peripheral
blood where they are easily detected by the positive reaction to atkaline
phosphatase. But there is no record of prolonged survival in these cases and,
in general, even homologous marrow after securing temporary recovery
feads to so-called “second phase of wradiation syndrome,” or “secondary
disease” (156), which is attributed to an jmmune response of the grafted
marrow against the irradiated host (157). This has been conclusively proven
by the use of co-isogenic lines differing at the histocompatibihty locus Hy
(158). The logical step to prectude the unwelcome reaction 1s the use of
embryonal bone marrow which (159) has been quite successful, Rats seem
to be more receptive to homograft of bone marrow and homografts definitely
established supplying as high as 95 per cent of the recipient’s red blood cells
have been observed (160). In these cases of established chimerism, the
deﬁmse coexistence of two antigemcally different types of cells in the same
Organism can be explained only on the assumption that the cells become
nonreacting,” je, acquire a new immunological state of symbiotism or
radiation-induced tolerance (162) Animals carrying foreign medullary tissue
€an be successfully grafted with skin of the same genetic constitution as the
dono.r of the bone marrow (161). The same holds true for tumor grafts which
provide an excellent matenal for the study of the complicated immune
Tesponses in these radiati hi. (162). The lication of this 1
may be manifold and very important Lethal effects of bone marrow destrue-
tion by antineoplastic drugs such as busulfan (Myleran) and a dimethyl
homologue could be overcome by intravenous or intraperitoneal 1njections of
1sologous bone marrow (163, 164) The procedure along which further re-
search could be carried on to secure heterograft could be to mactivate the
‘mmutie response to an extent that would allow transfusion of medullary
cells, once this transplantation 15 established the animal should be tolerant
to the transplant of the donor ussue (160).
A pathologist may be excused 1f he finishes a report on the progress in
;‘:m?er researc}x without treating at length the question of therapy. Perhaps
18 ‘mmrffnce s not altogether to blame for this but also his conviction that
;‘: esseﬂt.‘ally new discoveries have been achieved since the publication of
st year's article (C. G Zubrod, Annuel Review of Medscane, 1958) Hor-
monotherapy has made slow but steady progress and m this domamn Bauer’s
(165, 166) procedure of pituitary destruction through the introduction of
radioactive materjal by transethmo:dal puncture deserves special mention.
Chemotherapeutic research is carried on with ever increased fervor Two
8ymposia held under the auspices of the International Union in Rome and 1n




244 OBERLING

that cultivation in vitro provides ideal conditions for the activation of latent
viruses which could have been present in the explanted cells, At any rate,
the comparative study of cells from “germ-free’ animals or from animals
with very different spontaneous tumor rates such as mice and guinea pigs
in prolonged tissue cultures could possibly furnish some interesting clues in
this respect.

The invasive properties of cancer cells have been studied with new tissue
culture techniques (132, 133). The particular behavior of the cell sucface is
certainly of iderable importance, ially in the first stage of invasion.
Changes in adhesiveness and uitrastructural behavior of the celf membrane
(134, 135), and thanges in electric charge accompany the suppression of con-
tact inhibition (136) which appears to be a potent factor in promoting auton-
omy and invasiveness of the cancer cell. Metastasis formation has beent
reviewed by Zeidman (137). The distribution pattern of metastases de-
pends to a certain degree upon mechanical and hormonal influences but the
overall importance of the individuality of each tumor has been clearly
demonstrated in recent studies (138) carried on with cell suspensions from
ascites tumors, It appears further that normal tissues have a peculiar tumor
cell-destroying property which is particularly active in Jung tissue (139).

Transplantation.~Considerable progress has been achieved in this field
and most of the methods devised to improve results of tumor grafting have
been aimed at overcoming the resistance of the host This has been success-
fully tried in varous ways (140} so that heterotransplantation has become
a current procedure 1 modern cancer research. X-rays and cortisone have
been the most important tools applied so far in this domain Greene's tech-
niques (141, 142) of tumor implantation into the anterior chamber of the
guiinea pig eye which yield discouragingly low percentages of takes can be
noticeably imp d by the admi tion of cortisone (143), and quite @
number of human tumors such as chondrosarcomas, epidermoid- and adeno-
carcinomas, melanomas, and embryonal tumors, are now currently trans-
planted and adapted to permanent growth in cortisone-treated hamsters
(144, 145). Human pleural or peritoneal cancer exudates have been re-
peatedly impl. d and st Iy { 1n the p 1 cavaty of
cortisone-treated mice as ascites tumors through numerous passages (146).
By combimung x-rays and cortisone 1t has become possible to graft even
normal tissues in foreign heterologous species and this technique has opened
new ways for the study of genera] problems related to growth and differen-
tiation (147).

The considerable interest devoted to this field 1s highly justified because
of its immediate practical implication concerning the possibilities of grafting
normal tissues such as skin, kidney, or endocrine glands In addition, the
heterograft of human tumors to animals provides welcome opportunities for
the expersmental study of their growth pattern, immunological behavior,
sensitivity to x-rays, and for pharmaceutical screening (148).

The effect of x-rays in securing tol can be iderably enh d
by bone marrow 1 A series of i (149, 150, 151) had
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Tokyo have produced an authoritative account of its present status (167,
168). In spite of the tr lous number of sub tested the practical
results, as far as treatment of human cancers is concerned, remain highly
disappointing. For this reason, efforts are being made to find new ways either
by bining diff types of tr {169, 170), or by attempting to
put new Yife into old and obsolete projects such as immunotherapy. We hope
that the tremendous effort involved in this struggle will not be in vein in
order that future contributors can feave this subject in a less pessimistic
mood than the present writer.

LITERATURE CITED

Gaylord, W. H , Cancer Research, 15, 80-83 (1955)
Bernhard, W., Bauer, A., Harel, ], and Oberling, C., Bull, Cancer, 41, 4234
(1955)
Bernhard, W., Bauer, A, Guérin, M., and Oberling, C , Bull, Cancer, 42, 16318
(1955)

Epstein, M. A, Brit, 7, Cancer, 10, 33-48 (1956)

Epstein, M A, Brt. J Cancer, 11, 268-73 {1056)

Oberling, C., Bernhard, W., and Vigier, P., Nature, 180, 386-87 (1957)

Dumochowski, L, and Grey, C E , Ann. N Y. Acod. Sci , 63(2), $59-615 (1957

Besnhatd, W., Cancer Rescarch, 18, 491-510 (1958)

Benedetti, E L., and Leplus, R,, Rev, hématol,, 13, 199230 {1938)

10. Burmester, B. R., dun. N. Y. A¢ad. Sct, 68(2), 487-95 (1957)

1. Gey, G O, and Bang, F B, Trans N. ¥. Acad Sct, 4, 15-24 (1950)

12 Bang, F B, Ann N. ¥ Acod. Sci, 54, 892 (1952)

13 Gey, G. 0., Bang, F B, and Gey, M K., Ann, M. Y. Acad. Sci, 58, 97699
1954

14. Bang, F. B, J. Appl Phys, 25, 1462 (1954)

15 Benedett, E, L., Bernhard, W, and Oberhing, C , Conspt rend , 242, 2891-94
(19563

16. Benedetti, E L, Bull, Cancer, 44, 473-82 (1957)

17. Eckert, E. A, Waters, N F., Burmester, B. R, Beard, D, and Beard, J. Wos
7 Natl Cancer Insi, 14, 1067-80 (195%)

18, Eckert, E A, Beard, D , and Besrd, | W., J, Natl Cancer Inst., 16, 1099-1120
(1956)

19. Beard, ]. W, Asn, N ¥ Acad, Sci,, 68(2), 473-86 (1957)

20, Bryan, W. R, and Beard, ] W, J Infectious Diseases, 65, 306-21 (1939)

2§ Keogh, E. V, Brit J Expil Pathl, 19, 1-5 (1938)

22 Rubin, H , Virelogy, 1, 445-73 (1955)

23, Prince, A, J. Natl Cancer Inst , 20, 147-57 (1958)

21 Vigier, P, Inlern Cancer Congr. Abstr, 7th Congr., p 49 (London, England,
1958) (To be published in Acta Unto Intern contra Cancrum)

25, Beaudreau, G S, and Becker, C, J Natl Cancer Inst,, 20, 339-49 (1958)

26, Groupé, V', Rauscher, F ], Levine, A S, and Bryan, W R, J Nal, Cancer
Inst, 16, 865-75 (1956)

27, Rubin, H,, Virology (In press, 1958)

28 Uaguensu, F., Dalton, A. 1., aod Moloney, J. B, J. Notl Cancer Inst, 20,

63341 (1958)

N

L4

e @N o



NEOPLASTIC DISEASES (CANCER) 249

100 Wedler, H. W., Deut. med TWockschr , 69, 575 (1943)

101, Nordmann, M., and Sorge, A , Z. Krebsforsch., 51, 168 (1941)

102 Hueper, W. C, Proc. Saranac Symp on Pneumocomiosis, 7th Symp (1952)

103, Druckrey, ¥, and Schmihl, D, Acta Unio Intern. cantra Cancrum, 10, 119-24
(1958)

104 Haddow, A, Brit, Med. Bull , 14, 79-92 (1958)

105 Miller, J. A, and Miller, E C, Advances in Cancer Research, 1, 339-96 (1953)

106, Hedelberger, C, Infern Cancer Congr. Abstr., 7th Congr, p 15 (Londan,
England, 1958)

107, Gelboin, H. V., Milter, ] A, and Muller, E. C., Cancer Rescarch, 18, 608-17
(1958)

108 Fueser, L. F., Science, 119, 710-15 (1954)

109, Hieger, I, Brat Med. Bull , 14, 159-60 {1958)

110 Roffo, A H., Bull. Cancer, 28, 556-88 (1939)

111, Dannenberg, H., Krebsforsch, u Krebsbekampf, (Strablentherapic), 37, 3649
(1957)

112 Bogland, £., and Watson, G, Nature, 177, 837-38 (1956)

113 Boyland, E , and Williams, D, C., Biockem J, 64, 518-82 (1956)

{14 Allen, M. J, Boyland, E , Dukes, C. E, Horning, E S, and Watson, J, G,
Brit J Cancer, 11, 212-28 (1957)

{15, Barr, M. L., and Bertram, E. G , Nature, 163, 616-17 (1949)

116 Ruviere, M, Bull Cancer, 43, 37-50 (1956)

U7, Sohvaf, A , and Gaines, J., Cancer, 8, 896-902 (1955)

18 Gey, G O, Cancer Research, 1, 737 (1941)

19 Earle, W.R,, J. Natl Cancer Inst, 4, 165-212 (1943)

120, Eatle, W. R, and Nettleship, A., J. Noft Cancer Inst, 4, 213-28 (1944)

12t Farle, W, R, Schilling, E. L., Stark, T H, Straus, N P, Brown, M. F., and
Shelton, E , J. Natl Cancer Inst , 4, 165-212 {1943)

122 Gey, G O, Gey, M. K, Firov, W M, and Self, W. O, dcta Unso Intern.
contra Cancrum, 6, 706-12 (1919)

123 Eatle, W. R., Shelton, E , and Schilling, E L, J Natl Cancer Inst , 10, 1105-13
(1949-50)

124 Sanford, K K, Earle, W. R,, Shelton, E , Schulling, E L, Duchesne, E M,
Likely, G D, and Becker, M M., J Natl Cancer Inst, 11, 35176 (1950)

125 Goldblatt, H , and Cameron, G , J Esptl. Med, 97, 525-53 (1953)

136 Letghton, J , Kiine, I, and Ore, H C, Scrence, 123, 502-3 (1956)

127, Maore, A'E,, dnn’ N. Y. Acad Scr, Sper publ No 5, 321-29 (1957)

138 Syverton, 1. T, Ann N Y. Acad Sor, Spec publ No 5, 331-10 (195T)

129, Leighton, 3., Kline, 1, Belkin, M , Legallois, F', ard Orr, H., Cancer Research,
17, 359-63 (1957)

190 Swim, H. E., and Parker, R F., dnn N ¥ Acad. Scr, Spec puh No 5,
351-55 (1957)

131 Ginsbery, U.S,4nn. N Y Acad Sci, Spec publ. No 5, 362-63 (1957)

132 Lelghton, J, Camcer Research, 17, 920-41 (1957)

133 Wolff, E, and Schoeider, N, Arck Anat Microbiol and Morphol Exptl,
46, 173-98 (1957)

134 Coman, b R » Cancer Research, 14, 519-21 (195%)

135 Coman, . R, and Anderson, T F , Cancer Research, 15, 54143 (1953)

136 Abercromie, M, Nature, 180, 831~33 (1957)

7. Zeidman, 1 + Cancer Research, 17, 157-62 (1957)



8L

OBERLING

Gross, L., Proc. Soc. Exptl. Biok. Med , 88, 362-68 {1955)
Gross, Ly Proc Am. Asioc, Concer Researche 243 {1959

" Gross, L., Intern. Cancer Congre, Abstr,, Tth Congr, 7 136 (London, Englact,

1958)

. Higginson, T. {In press, 1938)
. Papanicolaoy, G.N. N Y Snte J. Med., 55, 2647-50 {1956)

TPapanicolaoy, G N, Symposium on Applied Exfobatue Cytology (Brussels,
Belgium, 19573 in press)

. Pierce, C. H and Hirsch, §. C. {(In press, 1958)
. Howe, C. D, Dmockowski, L, Greyy C. E., Sykes. J: & and Schullenbergets

Intern Cancer Comgr Abstr.,, Ttk Congre ©- 269 (London, England, 1958

. Oberling, C., The Reddle of Cancer (Yale University Press, New Haven, Cont

1st ed., 1044, revised od, 1952)

. Procecdings of the Cunference o% Orphan Viruses {Natl. Foundation for To*

fantile Paratysis, New Yok, N Y., 1955}
Zilber, L. A, Adionces in Cancer Research, 5, 291~330 (1938}

. Grabar, P, and Wilkams, C. Ay Jro Brochim. et Biophys. Acto, 1T, 611

(1938)

. Law, L W, dun I ¥ Aced Scr, 682) £16-35 (1957}

Schinz, H. R., Sehwess med Wachschrs 12 1076-71 (1942)
Schinz, H R. and Uchlinger, E, Z Erebsforsch , 52 425-37 (1942)

82a Hueper, W ©, J. Notl. Caneer Inst., 16, 347-71 (1955)
82b. Roth, F, 2 Krebsforsch., 6, 366~503 (1957)

83.
1

83.
86
87,
88

89.
90.

2
92,
93

Trahaut, R, Arch maladses profess. i, tratasl et sbcuriid socioles 18, 43167
(1934)

Druckrey, H, Hampesh, 1., and Schetibl, D, 7 Krebsforsch . 6h s511-19
(1957

Hueper, W. €, Arch FPathol, 65, 6007 (1958}

Zoltinger, H. U, Arch pathol Anaf # Physial , Virchau's, 323 694 (1939

Finane, G, and Pepinster, R, Compt vend 500 eol , 143, 1269-71 {1951

Oppenheimer, B J, Oppenhermel, E T, Danishefsky, ¥, and Stout, AP,
cer Research, 16, 439-41 (1956)

Turner, . C0 S Natl Concer Inst. 2, 81~83 (1941}

Oppenhermer, B. 3, Qppenbesmer, E T and Stout, A P Pro Soe. Eapth
Brol. Med., 67, 33 (1918

Zetnger, H U, Schwess Z allgem Pathol 4 Baktersal, 15¢ 666-71 {1952)

Druckrey, H , and Schmath, B, ? Natasforsch , 75, 35336 (1952)

Oppenhemer, B Y, Oppenheimer, B T, a0 Stout, A T, Proc So¢ Exphl.
Bl 3fed , 19, 366-69 1952

Oppenteimer, B 1, Oppenteimer, B T+ Domishetsky, 1, Staute & P and
orich, R, Cancer Research, 15 33340 {1955)

Druckrey, H, Schmatl, D and Mecke, R, Jeo 2 Kreasforsch , 61 5564

(1956)
s T .o 192-210 (5956)
- . echschr., 36, 493-9% (19587
§, Danishelsky, L, Stouts A p., and
e er wongr Abste, Tk Comiro B 210 (Londat

pngland, 1958)

98b, Haddow, A, Bt Med Bull , 14, 7992 (1958}

9.

Hueper, We C, Concens 19, 8-18 {1957}



NEOPLASTIC DISEASES (TUMOR CHEMOTHERAPY)!

BY R. LEE CLARK, Jr., M.D. axp Wararv W, Svrow, M.D.

The Unsverssty of Texas M. D, Anderson Hospital and Tumor Insistule,
louston, Texas

INTRODUCTION

Chemotherapy for malignant disease, being a recent multidisciplinary
research projection, is at present undergoing the necessary study upon which
the principles for its successful development can be formulated This study
was given impetus by war-time research on the physiologic effects of the war
gases, sulphur and nitrogen mustard. Scientists with a clinical bacl
were soon Investigating the possibility of utilizing the latter substance in the
treatment of patients with leukemia and the malignant lymphoid diseases
(1, 2). Reports of these early trials were encouraging, and during the mnter-
vening years studies of therapeutic drugs for cancer have rapidly expanded
and a massive amount of literature has accumulated, A number of current
!Siscussions will provide the clinician with a general intraduction to the sub-
Ject,

Haddow, in a previous Annual Review of Medicine, examined some of the
basic aspects and clinical applications of chemotherapy for neoplastic disease
(3} During the period covered by thrs review, the proceedings of the Third
National Cancer Conference (4), of the Henry Ford Hospital Symposium on
the Leukemuas (5), and of the Sixth International Congress of Hematology
{6) were published. The papers d at the Conf on C i
and Biological Effects of Alkylating Agents (New York Academy of Sciences
and the Cancer Chemotherapy National Service Center) were published in
one monograph (7), comparable in scope to the previous compilation of
papers dealing with 6-mercaptopurine (8).

A comprehensive bibliography on chemotherapy for cancer covering the
years 1946 to 1954, inclusive, was prepared through the cooperative efforts
of the Armed Forces Medical Library, the Commuttee on Chemotherapy of
the National Advisory Cancer Councl, and the National Cancer Institute
(9). After scanning the world Literature for 1951 through 1955, Hirschberg
selected from review articles on cancer research those which appeared most
useful for reference (10). One part of this list included reviews specifically
concerned with various forms of treatment and clinical studies

Standard textbooks of ph: logy and th ics included chapters
on cancer chemotherapy (11 to 14}, two of which were contributed by Kar-
nofsky (11, 12). Sampey assembled bibliographies on the clinical uses of 6-
mercaptopurine for cancer (15), anticancer agents (16), folic acid antagonists
for lymphocytic Jeukema (17), and drugs for granulocytic leukemia (18). In

l95‘8The survey of the literature pertaining to this review was completed in July,
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of the enzyme reactions at various levels in the synthesis of nuclecic acids.
Patients with leukemia have been treated effectively with the folic acid

i sodium 4 rin Sodium), and
amethopterin (Methotrexate) and the purine angatonist, 6-mercaptopurine.
Other folic acid antagonists (adenopterin) and purine antagonists (6-chloro-
putine, 6-thioguanme, and 8-azaguanine), as well as other types of anti-
metabolites, have been employed to a lesser e'(tent. Limited experiences with
azauraal and the Auori imidi il are bemg reported

Several antibiotics obtained from the Streptomyces,

~norleucine (DON}, C, i in-D, and mito-
mycin, have exhibited a cytotoxic effect. It has been suggested that the in-
hibitory action of these compounds might be based upon their antimetabolite
activity. Azaserme, for example, has been found to be an L-glutamine
antagonist.

Urethan and the colchicine derivative, demecolcin, are general cell poisons
which exert an antimitotic influence. Their unique properties have been ex-
ploited for cancer chemotherapy.

Some of the d above are d in the final section
of this review Their chemical structures are indicated, and references to
selected and current literature are given.

The effectiveness of with anti agents is ly ex-
pressed in relative values Scott, in his concise survey of the status of chemo-
therapy for malignant disease, states that no patient to whom conventional
methods can be expected to offer either cure or palliation can justifiably be
treated with drugs (23) Chemotherapy has brought about no cures of pa-
tients with cancer. The maxumum beneficial effect derwved thus far has con-
sisted of clincal remissions of modest duration in patients with lymphord

. (Ami

tumors, including the leuk With few , those with solid
tumors have responded poorly Nevenheless, the results of the use of chemo-
agents are suffi thus far to warrant continued

:lhmcal trials of carefully selected drugs i an effort to control malignant
isease,

TumMoR CHEMOTHERAPY

Acute leukemias —In the care of children with acute leukemia, therapeu-
tic efforts have been directed chiefly toward eradication of the leukemlc proc-
ess from the hematoposetic system and ion of the pathophy
effects of uts infiltration of organs and body tissues (35 to 38), Farber (30),
Burchenal (35, 37), Pierce (36), and others (39) have recommended the
sequential administration of a folic acid antagonist such as methotrexate, and
a purine ist such as 6. , and the judici comple-
mentary use of ACTH or other adrenocortical sterords The clinical and
hematologlc features whereby one could determine the antimetabolite most
suitable for inittation of this regimen have not been specifically defined

Foheaad ists and purme each have mduced complete
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a number of other articles the general subject of drug therapy for cancer nas
reviewed (19 to 24) and specific groups of agents, such as nitrogen mustard
and allied compounds (25 26), fohe acid antagonists (27}, and antipurive

ds (27, 28) were di d. These publications, as well as the earlier
reports of Burchenal (29) and Farber et al (30), are valuable sources of
information on clinical chemotherapy for cancer.

In view of the vast numbers of papers on basic research in this field, the
reader is referred to the volumes in which the present status of chemical com-
p0unds and their related bibliographies are given (9, 31, 32). Also, the sym-
posia on Approaches to Tumor Chemotherapy, and Annmetabohtss and
Cancer, published by the American Association for the Advancement of
Science in 1947 (33) and in 1955 (34), provide information concerning in-
vestigative efforts to coordinate and develop this method of treatment intoa
precise scientific discipline Burchenal (29), Farber et al. {30), Scott (23),
Davis (22), and others (7 27) bme discussed quite comprehcnsxvely for the

Jinician the ph logic, and biologic properties of the
chemoth icagents. These ds have been conventionally class-
ﬁed as nlkylatmg agents, antimetabolites, cell poisons, and hormones. Since

are not chemotherap drugs in the evact sense, 18 the PI"SE‘“
review their usage in only a few types of mali djsease will be

The alkylntmg agents employed clinically include the nitrogen mustards,
ethylenei; and 1 ylox: ikanes. The prototype of the nnm—
gen ds 1s methyl-bis-(3-ct 1) amine hydrochlorid
designated as mechlcrethnmme or HN2. Presumably, the Z-chloroelh)‘
radicals are the reactive groups which alkylate by combrning with biolog-
ically important groups of nucleoprotein in cells. By introducing substituents
for the N-methy! group in HN2, other analogues have been prepared in
efforts to obtain compounds having more specificity for tumors and less toxic
effects upon pauents Among the )ater nitrogen mustards are the B-naphthyl
i d R 48 the pheny vic acid mustard known as

1 a

CB- 1348 or chl b
pyridoxine derivative, dopan, and a phenylalanme substituted mustard,
sarcolysin. Nitromin, the N-oxide of HN2, and hemsulfur mustard, a deriva-
tive of mustard gas itself, particularly the former, have been admrmstend
clinically.

Ethyleneimunes possess chemical structures related to the reactive cyche
ethyleneimonium intermediates, which are formed by the chenucal trans-
furmatmn of nitrogen mustards in neutral or alkaline solution. Three of these

triethyk i} (TEM), tricthylene phosphoramide
(TEPA), and methylene thiophosphoramide (Thio-TEPA) have been em-
ployed extensively 1o the treatment of patients with cancer. The methane-
sulfonyloxyalkanes are also capable a( tkylation B fan (1,4-dimeth
snliunylmybutanc) (Myler:m), dimethy (di oimy ), and a
ponane anal ifan have been d to clinical study.

‘The use of nnnmctabohtes 1s directed toward the competitive blockage




NEOPLASTIC DISEASES (TUMOR CHEMOTHERAPY) 255

that of 209 who were treated with all three types of drugs, 50 per cent sur-
vived over 11 months, and 10 per cent survived over 20 months (40). Pierce
reported that 35 per cent of 54 treated with the three antileukemic agents
Iived beyond 12 months (36). The median survival time of 253 children simi-
larly treated by Burchenal and his colleagues was 12 4 months (51). These
figures ignifi imp: over the clinical results (a four
months’ survival of 50 per cent of patients, and 11 months’ survival of 10 per
cent) obtained before the current therapeutic agents became available {40,
4n.

In contrast to the effectiveness of chemotherapeutic agents against acute
leukemia in children, in adults the disease has failed persistently to respond
to these drugs (52, 53). Through the use of 6-mercaptopurine and its ana-
logues, 6-chloropurine and thi ine, brief but ions were
obtained in only 10 to 15 per cent, and partial remissions in another 20 per
cent of adults (53). Cross resistance among the purine antagonists was dem-

{52). H jaundice d ped in approxi ly one-
fourth of 25 patients who were given 6-chloropurine (52) Amethopterin,
altkylating agents, and urethan were of hittle value (52).

Although treatment with adrenal steroids has been considered definitely
less successful in adults than in children, practically no response being ob-
tained in patients over 30 years of age (52), Wilson and his co-workers be-
Leved the steriods to be the most effective therapy for acute leukemia in
adults (53). Recently, the use of massive doses of 9--fluorohydrocortisone,

d , and predni has been di d in several papers (40, 42,
54). Ranney & Gellkorn were able to induce complete remissions in five and
partral remissions in six of 18 adults by the administration of prednisone
and prednisolone in daily doses as high as 1000 mg (43) Based upon a study
0{ 20 adults with acute leukemra, some of whom were given 250 mg. of pred-
nisone daily for two weeks, and the remamder 1000 mg. daily for the same
period, Granville et al concluded that therapy with steroids 1n such massive
doses appeared at least as effectrve as 6-mercaptopurine (55}

Chronic Jeukemia,—Despite the increasing trend toward the treatment of
Paﬁents with chronic leukerma by means of chemrcal compounds, as Bethell
points out, it has not been conclustvely d d that the sub
survival time has exceeded, or even equaled, that achieved with roentgen
ray or radiophosphorus therapy (56). It is believed, however, that the disease
un Pe controlled with drugs sufficiently to justify their use rather than
lonizing radiation (56).

Although the natural history of chronic granulocytic leukemia has been
deseribed as “stereotyped and constant” (57), institution of treatment has
been recommended as soon as the diagnosts 1s made (56, 58). Urethan (ethy!
¢arbamate) was employed for a tsme, with considerable success (30, 56, 59).

Recently, the therapentic eflectiveness of a number of polyfunctional alky-
lating agents has been established (37, 57). Nitrogen mustard (59, 60), TEM
(56, 59, 61, 62), Thio-TEPA (63), mtromin (64), BCM (65), E-39 (66), and
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remissions of acute levkemia in approximately 35 per ceat of patients, ev-
hibited by temporary subsidence of blood and bone marrow abnormalities
and clinieal i jons. An additional 25 per cent obtained partial re-
mission, consisting of considerable improvement, though some evidence of
the discase persisted (40). In Farber's experience, remissions usually began
after about three weeks of treatment with astifolic drugs and after about six
weeks with antipurine drugs. Remissions were maintained, on the average,
for eight months with antifolic compounds and for less than six months with
g;}anti purines (30). No cross resistance between the two types was observed
Although adrenocortical steraids have produced remissions in a high
percentage of children with acute leukemia, they have proved most useful in
emergency situations, particularly in the presence of a pronounced hemor-
rhagic tendency (30, 36, 40, 41). Steroids have been combined with an anti-
metabotite in efforts to stabilize rapidly the general condition of an acutely
ill patient for a period suffictently long to permit the antimetabolite to exert
its full effect (30, 35, 36) Hill and his co-workers have adounistered massive
doses of adrenocortical steroids (hydrocortisone, prednisone, prednisolone,
or 9-fluoro-hydracortisone) in order to induce a quick response or fo obtain an
additional remission during the terminal stages of the disease (40, 42). Cau-
tion against the dangerous side effects of large doses of steroids was voiced
(40, 43).

Hyman, Brubaker & Sturgeon observed that the daily administration of
large doses (up to 6.6 mg. per kilogram of body weight) of 6-mercaptoputine
to children with acute leukemia seemed to induce a somewhat more rapid re-
spanse than the standard dose of 2 5 mg. per kilogram, The use of large doses
for a short period during the initial phase of therapy was therefore suggested.
With such a dose regimen, the need for bone marrow examinations at fre-
quent intervals to detect damage to the hemapotetic tissues was stressed
(44). Two other purine antagonists, 6-chloropurine and thioguanine, were
effective aganst acute leukemia in children, though they exhibited cross-
resistance to 6-mescaptopurine {30, 37)

Following the intrathecal admimistration of amethopterin (Methotrexate)
in doses of 0.1 to 0.5 mg. per kilogram of weight, symptoms incident to in+
filtration of leukemic cells 2o the brain and brain covering were relieved
repeatedly (45, 46). \Whiteside et af were able to produce rermssians of the

Jogi b about one week after mstillation and
1

continuing about six weeks (46) Previously, the develop of
signs and symptoms in children whose acute leukemia was otherwise being
intained in a d remission had indicated that antileukemic agents

given in conventional fashion did not concentrate in the spinal fluid suffi-
ciently for a therapeutic effect (46)

Despite the difficulties of staustical analysis of survival data (47, 48, 49),
extensive clinical experience suggests that the lives of children with acute
leukemia were prolonged by chemotherapy (36, 40, 50, 51). Farber caloulated
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agents for malignant lymphoma (78): (¢} Cliaical Class I disease (regional

disease with or without i signs and symp and Class I11
disease (i lized, with itutional signs and symp {b) Emer-
gency situations, such as vena caval synd: spinal cord pression, and
CNS i with i d ial pressure. (c} Acute toxic syn-

drome (d) Homme-rouge type of mycosis fungoides (¢) Airway obstruction,
{f) Widespread skin involvement.

Jacobson also reviewed the present attitudes toward drug therapy for
mahgnant lymphoma (79). Since a flare-up in a single smalf focus frequently
produced systemic disturbances of only short duration, he suggested that
patients with recurrences of lymphosarcoma and Hodgkin's disease be
treated only when i and severe sympl indi d leration of
the neoplastic process,

Alkylating agents have been particularly effective in the alleviation of
constitutional signs and symp of mali ymph 37). Reticul
cell sarcoma responded to CB-1348 (67), nitromin (64), BCM (65), sarcoly-
sut (80), and Thio-TEPA (81). Patients with lymphosarcoma obtained
beneficial resuits from treatment with CB-1348 (67, 76, 79, 82, 83}, nitrogen
mustard (60, 79), R-48 (77), TEM (79), BCM (65), Thio-TEPA (76) and
E-39 (66), Remissions in patients with giant follicular lymphoma were
produced also by CB-1348 (67) The majority of those with malignant
lymphoma were not benefited by busulfan, though a temporary objective
improvement was induced n some and complete remissions 1n a few (84).

With respect to Hodglin's disease, the pronounced suppressive action of
sitrogen mustard on many of its stages has been well demonstrated (60).
TEM has also proved beneficial (62, 79). The effects of Thio-TEPA have
been varrable (76, 81, 85) Moderately good results were produced by CB-
1348 1n some clinics (40, 79, 82, 83, 86) and only fair results 1 others (67, 76,
7). A palliative fnfluence was alsa displayed by BCM (65) and R-48 (86},
though sarcolysin and 1ts 1somers were of only shight benefit (88, 89). Of 61
Patients with Hodgkm's disease to whom Perevodtchikova gave dopan, 41
were improved (89), Aqurre & Sosa reported that 12 of 15 children received
symptomatic relief followimg treatment with actinomycin-D (90). From an
analysis of data on patients with Hodgkin’s disease, however, Osgood con-
c}uded that survival has not been appreciably prolonged since the introduc-
tion of antibiotics and alkylating agents (91)

Adrenocortical steraidal hormones were useful i the conteol of acquired
bemolytic anemia in patients with lymphoma (37). In addition, these ster-
oids exhibsted an antctumor effect upon lymphosarcoma and reticulum cell
sarcoma, though not upon Hodgkin's disease (37) Moderate to severe ad-
verse constitutional signs and symptoms appeared 1 five of 11 patients
with advanced 1y mphoma during or i di; after the ini;
of small doses of methyltestosterone 92).

Multiple myeloma —Chemotherapy for multiple myeloma has been de-
scribed by Rundles and his associates (93, 94) This disease has been un-
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CB-1348 (67, 68) have exhibited palliative activity, At present, busulfan
appears to be the choice of many clinicians (37, 40, 56, §7, 61, 69 to 72). Gal-
ton reported a favorable response to this drug in all except one of 42 patients
{72). The mean survival time of those who were treated by busulfan was
35.5 months, as compared to 28.8 months of a group who received roentgen
ircadiation (72). Bethell abtained gaod to excellent th ic responses in
26 of 31 patients, 10 of whom had been treated previously (56).

In a high percentage of patients in the carly stages of chronic granulocytic
leukemia remissions were produced with §-mercaptopurine, as well as with
G-chloropurine and thi ine (37, 59). Since antipurine agents 11
are effective even during the terminal stage, Burchenal suggested that the
administration of ether types of drugs during the early phases may be ad-
vantageous (37).

The benefiesal effects of a mitotic inhibitor, demecolcine (Colcemid),
upon patients with chronic granulocytic Jeukemia was described by Moesch-
lin (40). A favorable response to this compound has also been reported by
others (56, 57, 73) Some observers considered the prohferative and poorly
differentiated phase in the terminal stage of the disease the major indicatio?
for the use of demecolcine (40, 56). Side effects were produced (57), thongh
the drug did not significantly depress the platelets and erythrocyt factor
of potential importance in the presence of thrombocytopenia {74).

The wide variability tn both the elintcal evolution of chronic Iymphocytic
leukemma and the response of patients to treatment necessitates judiious
individualization of drug therapy regimens. Since the disease may runa pro-
l(onged benign course, therapy is generally based npon definite indications

37, 56)

Essentially, only the alkylating agents and steroids have been of ther-
apeutic valuc e the care of patients with symptomatic chronic lymphocytic
feukemia (37, 51, 75). Nitrogen mustard (53, 59}, TEM (37, 40, 56, 59, 62,
75), Thio-TEPA (63), and CB-1348 (37, 53, 56, 67, 75, 76) have been widely
employed. BCM (65) and R-48 (77} were reported to be of benefit to some
patients with this disease Responses of individual patients to alkylatng
agents have been rather unpredictable (60, 69}, tn some, an extreme bone
marrow sensitivity was demonstrated (60) Adrenal cortical steroids have
been administered to those with acquired hemolytic anemia or thrombo-
ic purpura )] lymphocytic leukemia (37, 40, 56).

hh phasized that d Ieine is contraindicated 1n the treat-
ment of patients with chronte lymphocytic leukemia, since the drug some-
times produces granulocytopenia or severe exacerbations of the disease {40).

Malignant Iymphomas ~—Roentgen irradiation is stilf considered the best
tecatment for mali tymph A i number of climeal reports
have appeared during the past few years, however, attesting to the success of
drug therapy in keeping patients relatively free of symptoms over consider-
able periods of time. 5

Diamond histed the following

ytop:
M.

J; for the use of hy
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some sarcomas (102), Patients with rhabd, were also b
by adenopterin (30). Reese ef al. reported that TEM given orally, intra-
venously, and intra-arterially (carotid) in conjunction with radiation therapy
seemingly reduced the required dose of radiation and consequently the
danger of radiation damage in the treatment of patients with retinoblastoma
(103),

Gynecologic cancer—Li et al, (104, 105) reported remarkable improve-
ment of three women with metastatic choriocarcinoma and one with chorio-
adenoma destruens following the intermittent administration of metho-
trexate in massive doses, ranging from 15 to 25 mg., daily for five days
Metastatic nodules in the lungs diminished greatly, and the urinary gonado-
tropin titer progressively decreased. Massive doses of methotrexate also
brought about a reduction of urinary gonadotropin titer and regression of
metastatic pulmonary masses in a patient with choriocarcinoma, observed
by Holland (106). In a follow-up report, Li et al. documented three additional
patients with choriocarcinoma who responded to treatment with metho-
trexate (107). Five of six women were in clinical remission from three to
23 months, Two exhibited no evidence of residual discase Repeated courses
of the drug were followed by unequivocal evid of tumor jon and a
drop in gonadotropin titer, One patient died, apparently from drug toxicity,
after regression of the tumor, Japanese investigators reported that nitromm
likewise induced objective improvement 1n patients with choriocarcinoma
(64, 108),

Women with ovarian carcinoma were afforded temporary but worth-
while palliation by treatment with a number of alkylating agents after the
disease could no longer be controlled surgically or by 1rradiation (58) Thio-
TEPA (63, 76, 81, 109, 110), CB-1348 (111), TEM (62), and E-39 (112)
bave reportedly proved useful, There appears to be no evidence that the
course of ovarian cancer was influenced by changes in hormonal environ-
ment (113), On the assumption that cancer formation and subthyroid states
are closely related, Loeser gave thyroid hormone to patients with carcinomas
of the ovary and uterus. A delay of postoperative recurrence and significant
palliation were observed (114),

. Cancer of the breast, Iung, testss, thyrosd —In the treatment of patients
with cancer of the breast, major efforts have been concentrated upon ablative
surgery, roentgen irradiation, radioactive isotopes, and hormones (115 to
}20}. less attention has been directed toward chemotherapy. Recent reports
indicate that the use of chernical agents 1s not so effective as controlled al-
terations of hormonal environment of the tumor (121) Nitrogen mustard
and other alkylating agents are being increasingly employed, however, in
the management of effusions in the pleural and perstoneal cavities (122,
123). Schell & Hall report that four of five patients with moperable adeno-
caramoma of the breast were benefited by TEM and Thio-TEPA (124).
Bateman & Carlton treated four patients by simple mastectomy to remove
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responsive to niost of the antitamer chemotherapeutic agents, including
sarcolysin (80}, R-48 (¥7), CB-1348 {76), TEM (62), and nitrogen mustard
(60}, At the Conference on Alkylating Agents it was the consensus that, in
general, the atkylating compounds » ere ineffective (58). The agent, 4,44l
1, dicarh id difB-hyd styeth 1, ) (Stitb dine Jsethi-
onate) seemed 100 toxic for clinieal use (95, 96). Urethan continued to be the
only “specific’” drug of value (93 o 96),

Although adrenocortizal steroids did not produce objective changes in
bone lesions of patients with multiple myeloma, these hoemones consistently
aileviated bone pamm (935). In addition, the cupharia induced by the stezoids
during their administtanon was sub ty beneheial, Steroids also amelio-
rated the symptoms and peoduced o {all in the urinary caleiuvm values of
these patients dunag hypercalcemic crises {95), Kenny & Moloney, how-
ever, did not find cortisone or ACTH helpfut (96). Kabakow & Spescer re-
ported that mytateienediol, a mildly genic agent, afforded striking reliel
of bone pain and reduced hypercalcemia and urinary calelum gveretion
without changing the serum electropharetic patiern and bone matraw mor-
phology (97},

Cancer in children~The use of chemotherapy in the treatment of chil-
dren with cancer, exclusive of the lekemizs and lymphomas, has not been
particudarly successful Patients with & wide spectrum of maligaant fe0-
plasms have been afforded varying degrees of patlation by a number of
antimetabolites, polyfunciionat alkylating agents, and antbuwotics, though

i have been P iy himuted (98),

Bodian and his co-workers (99, 100} have continued to report from Loa-
don that massive doses of vitaman By produced regression of nenroblas
temas in a signdficantly high percentage of chuldren, a favorable responsé
was observed 10 19 of 38 Of the first 29 treated, 15 obtamed good results.
Of these 1§, 10 were alive 1n remission fram 14 manths to 6} years alter
institation of therapy. The response was defirutely correfated with age, with
few exceptians, regresswon of the tumor was restricted to children whase sy 7
toms appearad during the first year of fe Adjustment of viram B dosage
on the basts of body wesght made no apy ble dafl 33 the resp
Magy of these patients were treated by radution aad surgery, w addition
to vitamin B Simular results from vitaoun Bya therapy have net yet been
reported from American sourees,

b e 4 ehicited d mp 10 two of five chil
dren wath disserinated newrobiastoma (1M) Folie acd antagomists 8fs0
exhibited seme benefial actwty agamst this tumor (30 Russian workers
ohserved temporary objective effects upon Evang’s tumor following the ad-
ministration of saxcolystn to chufdren with this disease (80, 89). Those with
metastatic Wilms' tumar recerved defimte palhation from treatment with
actinomyvin-1 (36, 99, 182) In addstion, actmomycin.D produced note-
worthy changes an the biologis behavior of rhabdomyosarcoma (30} and
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under treatment with TEPA and Thio-TEPA (137) Of 14 patients to whom
Gumport ef al. gave Thio-TEPA, five exhibited pronounced objective im-
provement lasting from a few weeks to a few months (138).

Palliative chi herapy~—Southam calculated that, on the average, each
doctor in the United States has a permanent case load of three incurable
cancer patients and, further, that 80 per cent of all incurable cancer patients
can expect no worthwhile effect from any type of systemic chemotherapy
(139). In the absence of a specific curative agent, chemotherapy for patients
with malignant disease must be considered only palliative,

Palliation has been defined as “amelioration of symptoms without affect-
ing the course of the disease” (140) Southam broadened the meaning of the
term to include the prevention of i di with a mini
of iatrogenic trauma and toxicity (139). Bierman introduced the concept
of “arrestive” therapy, by which the malignant process is rendered inactive,
stopped or delayed, without actually being cured (140).

In the clinical care of patients in the terminal stages of malignant disease,
the prolongation of the period of enjoyable and useful life has been set as a
goal (141, 142). The philosophical probl palliative ther-
apy, such as those pertaming to “restri imposed by iderations of
personality and of the dignuty of man, espectally when the laboratory find-
1ngs so clearly indicate a logical, although divergent, course of procedure”
(143), have beeen recognized editorially (144). The point of view of the
patient’s family has been disturbingly told in the anonymous article, “A
Way of Dying," which recently appeared in The Atlantzc Monthly (145).

The nature and extent of disturbances produced in patients by the pres-
ence of various forms of widespread cancer have been covered by Zubrod
in the preceding Annual Review of Medicine (146), by Gelihorn (147), and
n & panel discussion (148), Such considerations have provided the necessary
buologic orientation for the care of these patients

Convi id that the int y use of alkylating agents is
valuable 1n the control of malignant serous effusion has accumulated (110,
124, 126, 149, 150, 151) In a summary of his experiences, Weisherger re-
Dorted that nitrogen mustard introduced into serous cavities (intrapleural,
intrapenitoneal, and intrapenicardial) controlled the effusion of 56 of 88
patients, i 43 the fluid did not reaccumulate (150). Treatment with alkylat-
Ing agents possessed practical advantages over that with radioisotopes’ the
C?st to the patient was less, no radiation hazard was associated, and no spe-
cial equipment or facilities were necessary, The clinical results compared
favorably with those achreved by treatment with radicactive collodal gold
(150, 152), Of interest was the report by Chambers that m 17 of 20 patients
pleural effustons 1ncident to malignant neoplasms were satisfactonily con-
trolled with instillations of talc into the chest cavity (153). It was his
OPiRion that the production of obliterative pleuritis, whether by talc or by
alkylating agents, was responsible for the control of the effusion.

Hypercalcemia and hypercalciuria in patients with malignant neoplastic
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grossly uicerated tumors, together with Jocal injections of Thio-TEPA (125)
These patients were not considered curable. Remissions of five to 15 months
were obtained by the combined use of the two methods

Patients with carcinoma of the lung received temporary palliation from
treatment with alkylating agents (58, 126). Nitrogen mustard was the most
effective (127), producing subjective improvement in 50 to 60 per cent of
these patients and objective evidence of tumor regression in 30 to 40 per
cent (60). Thio-TEPA and TEM were somewhat less beneficial than nitro-

gen 1 (127). Busulfan (128) and ni in (64) were also palliatively
active in patients with lung cancer, Chemotherapy was useful in the cace
of those with widely di i d disease, i tumors, i

of radiation tolerance of skin or lungs, intractable radiation sickness, and
particularly the vena caval syndrome (127), The majority of patients with
symptoms of superior vena caval compression were relieved following the ad-
ministration of alkylating agents (60, 127)

Testosterone therapy was f d by y di: of meta-
static lesions in two patients with embryonal carcinoma of the testis (129)-
Massive doses of methotrexate and 6-mercaptopurine, however, failed to
produce significant improvement of five patients (107).

Larionov and his colleagues reported that sarcolysin exerted pronounced
beneficial effects upon seminoma and its metastases (80, 89, 130) in 18 of
24 patients this drug induced regression of the size of the masses, though

not di of tumor el tustologically (130}, The responses
were s0 consistent that administration of sarcolysin was suggested as a test
to i from and {onepitheli upon

which 1t had no apparent effect

On the possibility that the pituitary thyrotropic hormone may serve as
a promoting factor in carcinoma of the thyroid (131), Crile recommended
that most patients with inoperable cancer of this gland be given desiccated
thyrod as a trial meastre prior to radioiodme therapy (132, 133) He further
suggested the admimistration of thyroid hormone to prevent recarrences
following operations for thyroid i Thomas d desiccat d
thyroid, thyroxine, and L-trifodothyronine as pituitary thyrotd-stimulating
hormone (TSH) depressants in the care of patients with the disease (134,
135), This approach appears to have menit, though its further clinical valida-
tion must be awaited.

Malignant melanoma.—~The bleak outlook for patients with disseminated

by . 1 o AP [T

to 16 and intravenously to six patients with metastatic melanoma; it was
hoped that this comp d, being a phenylalani ) would exhibit
enhanced selectivity for the tumor. Objective evidence of limited benefit,
however, was observed in only two of the 22 (136), Tullis repz‘)ngd thaf t!'nee

of 15 patients with widespi




NEOPLASTIC DISEASES (TUMOR CHEMOTHERAPY) 263

implications of their observations, however, have not yet been substantiated
in clinical experience.

‘The concomitant administration of a folic acid antagonist and 2 purine
antagonist to children with acute leukemia led to added toxicity without
any d ble of th ic benefit (30, 37, 165). A com-
binatien of 6. ine with either ine or DON was given to
these children by one cooperative group {40). A report of the results is still

| :

ble. P y trials indi d that, alth h (166) or
DON (157) given alone exhibited no si; h ic effect, the com-
bination with the antipurine drug may prolong the duration of remissions
in some patients (35, 37, 167). Simultaneous treatment with TEM, amnop-
tenn and 6-mer ine did not i prolong the lives of 53 pa-
tients with inoperable bronchogenic carcinoma which was unsuitable for
roentgen irradiation, though a “small pallative effect” was claimed (168).

Chemotherapy as an adjunct fo radiotherapy—Bane, Conrad & Tarnowski,
in a thoughtful review, discussed the history, the theories, and results of
animal investigations and clinical i d with bined
chemical and ionizing radiation therapy for malignant tumors (169). Three
major avenues of approach were described: (2) attempts to obtain synergism
from a combination of radiation and agents having antitumor activity; (8)
attempts to increase radiosensitivity of tumors by noncarcinostatic agents;
and (¢} attempts to increase radiation doses to tumors by means of carriers,
secondary radrators, and thermal neutron capture, Shapiro (170) and Kliger-
man & Shapiro (171) reported a series of experiments which demonstrated
that radiation given concurrently with a “multi-combination’ chemothera-
peutic attack, selected for interference with the energy requirements of the
cancer cell, produced materially better antritumor eflect than either modal-
ity alone.

Loken used porphyrins as modifiers of the effect of roentgen rays in the
treatment of 51 patients with relatively radioresistant, inoperable cancers
(172). The response of one-third or more of the neoplasms was appreciably
petter than was expected. Evaluation is difficult, through studies of roentgen

diati bined with the admini: of the copper complex of
f‘em‘OPOmhyrin appear ing, Some evid that acts ycin-D
mc_reased the radiosensitivity of Wilms' tumor and of rhabdomyosarcoma in
children has also been reported (173)

Thomas points out that radiati d a localized chemical effect
which can be fairly well controlled both as to extent and degree of severity
(174). This, bined with anti h Is which act upon the various
metabolic functions of the cell, should augment the desired action of erther.
Tl:‘°m35 gave chemical compounds to over 100 patients who were treated
primanly with irradiation, with still i ive results The drugs were
CB-1348, busulfan, 6-mereaptopurine, aminopterin, and testosterone, alone
O in combinations When given to animals with transplanted tumors or
Ehrlich ascites tumors, the same drugs permitted a 50 per cent reduction of
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disease may produce Jife-th of varioys physiologic func-
tions (154, 153}, Chemotherapeutic agents, including nitrogen mustard (60},
DON {156, 157) and mytatrienediol {97), as well 23 rortisone snd hydro-
cortisone (158), ify reduced hypercalcemia and hy furiz. Pre-
sumably, this palliation was produced by inhibition of tumor growth in
bunes. As Myers points out, hlowever, other mechanisms cannot be excluded,
since hypercalcemia also develops in the absence af demonstrable” bone
metastases (158).

Although McCarthy had reported previously that palliation and remis-
sion of symptoms and signs of disseminated cancer of various types were
induced by combined corti id and ni mustard therapy {159), 2
more recent study of 68 patients by Jones failed to reveal comparable re-
sults from concomitant treatment with nitrogen mustard, predaisone, and
thlortetracychne {160}, Large doses of amethopterin, givent intravenousty,
produced abjective responses 1n 20 per cent and subjective improvement in
38 per cent of patients with malignant disease (161), Reposts such as this,
and the demonsteation already cited, of the effectiveness of massive doses
of ameth in for chos ;i further i jgations of 10+
tensshed antimetatiolite therapy for solid tumors, at present generally uns

ponsive to 1 dose regi

Prophyiacte chemotherapy~The appli of chemoth ic pris:
ciples to cancer prophylaxis has been lunited, Of particular interest, there-
fore, are the mgenwus wmvestigations of enzyme activity with reference to
cancer of the bladder, by Boyland e/ 4! (162). They praposed to inhibit the
urinary S-gluceronidase of patients with cancer of the bladder by treatment
with 1:4-saccharolactone and refated compounds. Orat admi on of this
drug every 6 hr. was follawed by a 90 per cent reduction of enzyme activity
in the urine. Since the hiberation of free carcinogenic aminophenols in the
urine of patients with cancer of the bladder is dependent upon the action
of the enzyme #-glucuromidase, atcording to these workers, such Jiberation
would be largely controlled Trearment with 1*4-saccharplactone ss recom:
mended for men who are exposed to carcinogenic aromatic amues white
working in chemical sndustries [kt is also being gaven to patients following
removal ot destruction of a cancer of the dadder, in an attempt to prevent
Tecurrence or generation of a new tumor.

Combination chemaotherapy~—The 3 1 les and experi-
mental data which underlie the treatment of patients with malignant disease
by means of combinations of chemical compounds have been eritically re-
viewed by Goldin & Mantef (163) By sequentiaf of concurrent blockage of

bohe pathways, bined drugs are i ded to damage the cancer
celf through several mech The oby: and hof these studies
of synergism and p 3 h herapeuti ds are com-
parable to studies an antimcrobial therapy (164}, In an addendum, Goldin
and Mantel presented summaries, with pertient comments, of 24 fmportasnt
i joations of inati b herapy for tumess in ammals. The
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obtained from veins draining cancers of the lung and gastrointestinal tract
contain tumor cells, pointed to the possibility of preventing the establish-
ment of metastases in patients undergoing surgical treatment (186). Chemo-
therapy was advocated on the theory that any remaining tumor cells,
whether at the site of the surgery, in the circulating blood, the lymphatics, or
in distant crgans, may thus be devitalized. The results reported to date do
not permit a decision as to the effectiveness of this procedure. Moore con-
cludes that only clinical studies with proper statistical design and subject
o continuous review should be undertaken at this time (187),

Prophylactic treatment at the time of operation upon patients with
cancer has been proposed by Cole and his associates (188). In animal experi-
ments, they observed a pronounced reduction in “takes” of cancer cells in-
jected nto rats when an anticancer agent was given at the same time or
shortly thereafter. Nitrogen mustard and Thio-TEPA were both effective
Conclusions based upon a trial of this technique 1n 65 patients were incom-
plete, The procedure appeared to have ment, though the number of post-
operative complications was 1ncreased.

Other facets of this therapeutic approach have also been explored (189,
190, 191), For example, animal studies indicated that chemotherapeutic re-
sponse was inversely related to the amount of tumor tissue present (192).

Perhaps the most interesting program yet wmitiated for the use of chemo-
Peutic agents combined with surgery was proposed by Ryan et al. (193, 194).
By their technique, a pump oxyg 1s employed to perfuse an isolated
limb or area of the body with a chemotherapeutic drug. Intra-arterial m-
Jection of nitrogen mustard was reported by Klopp et al. in 1950 (195), and
more recently by other investigators, including Davis ezal (196) and Krakoff
& Sullivan (197). The use of the “‘heart-lung” machine for extracorporeal
pecfusion, however, offers much greater possibilities, Following trials on ani-
mals, Creech and his associates treated a number of patients with sold
tumors and melanomas in different sites by this procedure. The imtial re-
sponses varied The method is ad in that it minimizes systemic
toxserty (193, 194), A higher concentration of HN2 and TEM in tumor tissue
has been found after intra-arterial administration proximal to the tumor
than after intravenous mijections (108)

Experimental design tn clinical evaluation —The problems involved in the
treatment of patients with cancer by means of highly tovic, relatively un-
tried chemntherapeutlc agents have been critically examined (30, 199, 200).
Z"b,md (201) listed prerequisites to the clinical use of new drugs as follows:
(ll). informed consent of the patient, (b) availability of adequate data from
2himal studies to show the limits of tovicity and to indicate the possibility
of antitumor activity 1n the patients, () broad experience of the principal
InVestigator in drug trials; (d) adequacy of staff, facilities, and attitudes;
21d (&) properly designed study.

For the clinician, proper therapeutic trials involve basic statistical orfen-
tation (165, 202), and objectivity and precision of observation techniques
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the usual amount of radiation required for control of the tumors. Variations
in the mode of admini: ion of the chemical compounds was an imp
part of the study. Patients with jnoperable carcinoma of the pelvic region—
Irom the bladder, rectum, colon, or ovary—uwere materially relieved of pain
by perfusion of the area through the aorta with nitrogen mustard a short
while before they received external frradiation.

Clinical experience with simultaneous irradration and chemotherapy ap-
pears to be increasing. As mentioned earlier in this review, Reese and his
group combined an alkylating agent {TEM) with radiation in the treatment
of children with retinoblastoma (103), The results were better than those

btained by methods previously emplayed. In addition, the dose of radiation
was reduced by more than one-half, thus minimizing the danger of serious
local radiation damage. Finaily, treatment in circumstances hitherto con-
sidered unfavorable for radiation alone appeared feasible. Following the
administration of both nitrogen mustard and roentgen ray therapy to 226
patients with inoperable carcinoma of the lung, Krabbenboft & Leucutia
observed a slight improvement in the survival rate within the first year (175).

The radiobiological evidence that the oxygen supply of the cell affects
radiosensitivity has been examined by Gray (176). Churchill-Davidson #f of.
administered radiation with oxygen under pressure to 35 patients who were
believed to have practically no chance of cure by conventional radiothera-
peutic methods (177). They were placed in a specially constructed chamber,
under three atmospheres of axygen during the radiotherapy. Genera} znes-
thesia was used and myringotomies were performed prophylacticatly. These
authors conclude cautiously that the mutial response of the tumors was
better than would otherwise have been etpected.

Mitchell summarized the extensive research on the use of noncaromo-

static chemical agents designed to act as radi i {178, 179). He also
evaluated the results of experience with Compound I. tetra-sodium 2
methyl-1:4-naphthohydroqui diphosphate (Synkavit) given in con-
junction with radioth to 1370 patients. It was luded that the in-

travenous administration of the drug had a “small but usefut effect as &
clinical radiosensitizer” on 203 with moperable carcinoma of the bronchus.

In animal i a noncar ic ch ! pound, S, B-
aminoethyl-isothiouronium bromide hydrobromide (AET), significantly re-
duced toxicity of bath roentgen rays (180) and alkylating agenes (181, 182).

Chemotherapy os an adjunct to surgery.—A comprehenstve, planned study
of the combined use of chemotherapy and radrcal surgery for cancer has
been activated by the Adjuvant Chemotherapy Study Group under the
auspices of the clinical panel of the Cancer Chemotberapy National Service
Center, A brief résumé of the rationale of this program is given by Moore
(183, 184). In experimental work, he found that chemotherapentic agents
were effective against unestablished tumors, although they were ineffective
in destroying the same type of established tumors (185). This observation,
combined with the report that approximately one-half the samples of blood
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of activity, the largest being the routine for
effects of synthetic chemicals, antibiotic culture filtrates, plant extracts, and
steraids

Following extensive animal studies and scrupulous planning, supervised
by both phar ists and clini preliminary tests for toxicity in
human subjects are made of potentially effective agents in medical centers.
To insure the accumulation of statistically adequate data in the most effi-
cient and time.saving manner, definitive clinical trials are conducted by the
voluntary, cooperative groups. Each study adheres strictly to a protocol
which (2) defines objective criteria for diagnosis and measurement of re-
sponse and (b) bes treatment schedules and istical control. In
1958, about 20 groups, representing roughly 165 hospital services, were con-
ducting cooperative studies of more than 40 separate compounds in approxi-
mately 1600 patients,

Both empirical and basic research are pursued in this program, Among
the current activities are investigations of the mechanism of action of various
chemical agents; research to discover other means of inhibition of growth of
Cancer cells, studies of the physical and chemical characteristics of organic
cells in an effort to d ine the ial diff between normal and
€ancer cells; and studies of the biology of animal tumors, of cancer cells
In tissue cultures, and of human tumors in heterologous hosts. The magni-
tude and diversity of published reports preclude inclusion herein of even a
cursory survey of these investigations, they require a separate review and
bibliography,

An end-result appraisal program has been created by the Service Center
to correlate responses of patients to total treatment in terms of length of
survival. Tt 1s expected that the final data will also provide important retro-
spective and prospective statistical information concerning the natural his-
tory of human cancer.

With the ion of such as the atomic energy
studfes, there are probably few research disciplines of the magnitude of the
National Ch herapy Program, The of industry, government
agencies, private research foundations, medical schools, hospitals, and inde-
Pendent investigators has helped to make possible this remarkable expan-
sion. Most important, the research grant method has proved effective in
brecluding bureaucratic interference with freedom of scientific investiga-
tion Itis believed that this program, through its financial resources and the
Coordinated activities of its network of participants, will lead to the develop-
fment of new therapeutic instruments and techniques, and the discovery of
more effective drugs for cancer control
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(203). Examples of di grid map 10 identify the site and size of
jesions (204), and detadled methods of recording clinical data have been
deseribed (205). In children » ith acute leukemia, assessment of the effect of
treatment has been based upon criteria which systematically considered the
bone marrow findings, the peripheral blood picture, evidence of Jeukemic
infiltration, and the subjective status of the patient (206, 207, 208). Gellhorn
dassified objective therapeutic response in terms of (@) modification of tue
mor progression {anatomcal, biocheniieat, and {unctional); (B} time param:
eters (onset of effects, duration of remisstoms, survival); (¢ reproducibility
of effects; and (d) toxicity of the agents (209, 210). The interpretation of
clinical data has been further complicated by a nu mber of {actory, such a5
spontaneous regression of tumors (211), individual biologic variability {212,
and interactions between the tumor and host (14, 213).

Collina (214, 215) and others (216} studied the growth rate of tumors:
especially in children, in relation to prognosis. Thew observations 3 ed
support to the fact that more extensive and definitive information of the
natural history of individual types of cancers is necessary for precise assess:
ment of the variations introduced by therapy {40 217, 218, 249) Sevtfﬂ
approaches to the analysss of data from therapeutic tsials have been 18
vestigated (91, 220, 220), From statisties, Hammond estimated that five:
year susivival rates may be improved by about 7 percentage points through
earlier diagnosis alone, but about 7 percentage points through better treats
ment alone, aand by about 16 percentage points through earher diagnosis an
better treatment (222).

Tuz Narional CHEMOTRERARY ProGRAM

The history, basic framework, and mechanism of this program have been
coviewed in a comprehenstve manner by Endicott (223, 224). The Cancef
Chemotherapy Committee of the Natwonal Adwisory Cancer Counttl »as
created in July, 1954, The American Cancer Saciety and the Damon Runyos
Memonal Fund for Cancer Research became £0sponsors with the National
Cancer Institute 1n 1954, the Cancer Chemotherapy National Service Center
{CCNSC) was established in April, 1955; the Cancer Chemotherapy N
tional Committee was organized 1n June, 1955, and advisory panels it
Chemistry, Screening, Pharmacology-Biochemistry, Chinical Studses, and
Endocrinology were appounted during 1955 and 1956 Among other cooperat
ing agencies are the Food and Drug Adminsstration, the Atomic Energy
Commission, and the Veterans Administration Industrial partiapatio® fs
promoted through the efforts of 2 special subcommitiee. The program i
supported targely by congressional appropriations, though grants from other
agencies are also available. In 1935 the approprsation by the Government
amounted 10 5,000,000, 10 1958 this was sncreased to 528,000,000 X

Sharing in the National Chemotherapy Program are fundreds of indi-
viduat investigators, whose work is voluntanly coordinated when necessarys
This voluntary cooperative spproach has been established in several areas
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of activity, the largest being the routine empirical screening for antitumor
effects of synthetic chemicals, antibiotic culture filtrates, plant extracts, and
sterofds.

Following extensive animal studies and scrupulous planning, supervised
by both ph logists and clinici: preliminary tests for tovicity in
human subjects are made of potentially eflective agents in medical centers.
To insure the ion of istically ad data in the most effi-
cient and time-saving manner, definitive clinical trials are conducted by the
voluntary, cooperative groups. Each study adheres strictly to a protocol
which (¢) defines objective criteria for di is and of re-
sponse and (b} prescribes hedules and ical control. In
1958, about 20 groups, representing roughly 165 hospital services, were con-
ducting cooperative studies of more than 40 separate compounds in approxi-
mately 1600 patients,

Both empirical and basic research are pursued in this program. Among
the current activities are investigations of the mechantsm of action of various
chemical agents; research to discover other means of inhibition of growth of
cancer cells, studies of the physical and chemical characteristics of organic
cells in an effort to determine the essential differences between normal and
cancer cells; and studies of the biology of animal tumors, of cancer cells
in tissue cultures, and of human tumors in heterologous hosts The magni-
tude and dversity of published reports preclude inclusion herein of even a
cursory survey of these investigations; they require a separate review and
bibliography,

An end-result appraisal program has been created by the Service Center
to correlate responses of patients to total treatment in terms of length of
survival. It is expected that the final data will also provide important retro-
Spective and i istical i i the natural his-
tory of human cancer,

With the exce,
studies,
National

ption of such tremendous programs as the atomic energy
there are probably few research disciplines of the magnitude of the
! Chemotherapy Program. The cooperation of industry, government
agencees, private research foundations, medical schools, hospitals, and inde-
pendent investigators has helped to make possible this remarkable expan-
sion. Most important, the research grant method has proved effective 1n
2‘::1\;&:11.:1‘3 bureaueratic interference with freedom of scienttfic investiga-
cu:rdlt is behesﬁe{l Ehat t]ﬁs program, through its financral resources and the
meat :fated activities of its network of participants, will lead to the develop-
. ne\.v therapeutic instruments and techniques, and the discovery of
ore effective drugs for cancer control.
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TABLE 1
Chemotherapeutic Agent Cu:::!c;g(:;:\fﬂ
Nitrogen mustard (mechlorethamine hydrochlo- 25, 26, 30, 37, 59, 60, 78, 127,
ride; HIN2; Mustargen: Embichin) 150, 152, 159, 160, 175, 197,
methyl bis-(8-chloroethyl)amine hydrochloride 225
Chlorambual (CB-1348. Leukeran) 11, 30, 37, 40, 67, 68, 75,76, B2
#-N-N-Di-(2ch hyl)-p-ami yibutyric 83, 86, 87, 111, 226
acid
Nitromin {Mitomen, Nitro-lost; MBAO; N-oxide
mustard)
Methyl-bis-(8-chloroethy l)amine N-oxide hydro- 30, 48, 64, 227
chloride

Phenylalanine nitrogen mustard (racemic form:
sarcolysin; L-isomer: CB-3025; Melphalan;

PAM)
£-Di-(2-chloroethyl)aminophenylalanine 80, 88, 89, 130, 136
Novoembichin
2-chloropropyl-di-(2chlorocthylamine  hydro- 26, 225
chloride

Dopan
4-methy 1-5-(bss-(B-chloroethyl)-amino)) uracil 26, 89, 225
SM-1

1,2-bis-{B-chloroethylthio)ethane 228
Hemisulfur mustard (HSM; hemi-H)

2-chloro-2-hydroxydiethyl sulfide 30, 151
R-48 (erysan; chloronaftine; CB-1048)

N, N-Di-(2-chloroethyl)--naphthyl amine 30, 77, 86

BCM  (degranol, mannitol nitrogen mustard,
degranolchinoin)
1,6-is(2-chl in0)-1,6-ds 65
nitol dihydrochloride
Chloroquine mustard
7-chloro-4-{(4-bis(2-chl hylDamino-f-methyl 101

butyl amino)) quinoline
Triethylene melamine (TEM) 11, 25, 30, 37, 40, 56, 59, 61, 62
2,4,6-teiethylenimino-S-triazine 75, 78, 103, 124, 127, 168
Triethylene phosphoramide (TEPA) 25, 30, 37, 137
Triethylene  thiophosphoramide  (thio-TEPA; 25, 30, 37, 63, 76, 81, 85, 1%,
P, 110, 124, 126, 127, 137, 138,

SPA)
196
ODEPA
N-3-oxap hylene-N',N"-dicthyl 110
phosphoramide

'SPA (MSPA)
Oli' 3. { ty lene-N’, N*diethylene thio- 229

phosp;orﬂml'de
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TABLE I—Conttnued

Chematherapentic Agent

Selected and
Current References

Busulfan (Myleran; G. T. 41)
1,4-dimethanesulfonoxy butane
Dimethyl myleran (CB-2348)
Nonane
1,9-dimethanesulfonoxynonane
Bayer E-39

2,5-bss-(1-azindunyl)-3,6-dipropoxy-p-benzo-

quinone

Aminopterin
4-amino-pteroylglutamic actd

Amethopterin (Methotrexate)

4-amino-NC-methylpteroylglutamic acid

6-mercaptopurine (mercaptopurine; 6-MP; purin-
etho]

0]
S-hloropurine (6-CP)
ioguanine
Z-amino-6-mercaptopurine
8-azaguanne (guanazolo; azan)
2Z-amino-6-hydroxy-§-azopurine
S-fuorouracil (5FU; RO 2-9757)
Actinomyein C (sanamycia €)
Actinomycin D

Azaserine (serynl; P-165)
O-diazoacetyl-L-serine
DoN

6-diazo-S-axo-L-norleucine
Carzinophifin
Mitomycin
Utethane (urethan)

Ethyl carbamate

Demecolein (demecolcine, Colcemid, Omain)

Deacetylmethylcolchicine

25, 31, 40, 53, 56, 57, 59, 61, 69,
70,71, 72, 84, 128
230

25,231

66, 112, 232

29, 30, 37, 168

11,17, 27, 29, 30, 35, 36, 37, 40,

46, 51, 59, 104, 105, 106, 107,
161

8, 15, 27, 28, 29, 35, 36, 37, 40,
41, 52, 89, 167, 163

28,29, 35, 37, 52, 233

28, 35, 37, 39, 233
28, 29, 30, 234
235

30, 234, 236, 237
11, 30, 173, 234, 237, 238, 239,
0

11, 29, 35, 37, 49, 51, 166, 167,
173

11, 37, 156, 157

Py

30, 37, 56, 59, 93, 94, 93, 96

30, 40, 57, 73, 74, 242
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DISEASES OF THE NERVOUS SYSTEM!

By Russerr N, DeJowe, M.D,
Department of Neurology, University of Michigan Meducal School and
Unwersity Hosputal, Ann Arbor, Mickigan

ViraL ENCEPHALITIS

The viral encephalitides constitute an ever present problem 1n all parts
of the world. Two recent symposia have extended current knowledge of
these disorders (1, 2). Many aspects of pathology and of pathogenesis have
been clarified, problems of epidemiology solved, etiologic diagnosis of chnical
syndromes established, and certain advances in control, prevention, and
treatment have been delineated,

Those encephalitides which are most important from an epidemiological
point of view are the arthropod-borne ones, and these can be divided into
two groups—the tick-borne and mosquito-borne infections (3). Of the former,
the most 1mportant virus is that associated with Russian spring-summer

halitis and similar d found throughout the Eurasian con-
tinent. In the Far East, the vector for this is said to be the tick Irodes
Persulcatus, and in Central Europe the tick Ixodes racinus, Apparently the
ticks themselves can be the ultimate reservoir of the virus, which is trans-
mtted through the eggs from one generation of ticks to another The second
group of arthropod-borne infections are those carried by mosquitoes The
most important vector for the Western equine encephalitis virus is the
mosquito Culev tarsalis, the preferred hosts of this mosquito are birds, but
when an inadequate number of bird hosts are available the mosquitoes may
bite horses or other large ammals, The natural vector for the virus of Eastern
equine halitis is the ito Culisefta mel , which bites pre-
dominantly birds, then horses and, rarely, man Presumably, this virus may
Pass from bird to bird without mosquitoes. The vector for the virus of St.
Louis encephalitis 1s the mosquito Culet farsalis in the Western United
States, and Culex pipiens in the Middle West and Ohio Valley The mosquito
of importance for transmission of Japanese B encephalitis is Culer tri-
t hynchus; this also domi ly bites birds and larger
0 transovarian passage of virus from one generation of mosquitoes
to the next has been demonstrated, and one of the chief questions regarding
the mosquito-borne infections 1s how the viruses survive during the winter
months, It has been suggested that the virus may persist 1n one form or
another in birds durmg winter and become available again to mosquitoes
during the proper period of the year, that migratory birds may carry the
virus from tropical and subtrapical regions to temperate zones, or that
Mites may serve as hosts for the overwintermg of the virus.

Y
animals N

195‘8The suriey of the Literature pertaining to this review was completed in July,
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The first, a cooperative project designed to involve about 25 research medical
centers, is aimed at the evaluation of medical and surgical measures in the
treatment of subarachnoid hemorrhage and intracranial aneurysms. In the
second, a number of research teams have joined forces to evaluate the effect
of anticoagulants in the treatment and prevention of cerebrovascular acci-
dents, It was felt, however, that an lmportaﬂt preliminary measure to these
studxes would be an ad, of ps t-day criteria for the
ification and di: is of cerebr 1 dlseases. This has been pub-
lished under the auspices of an ad hoc ittee under the chai
of C. H. M:lhkan (11)

Fora th ding of the pathological al ions which occur
in cerebrovascular disease, factors influencing the cerebral collateral cireu-
lation have been analyzed in the termsof lacal changes 1n oxygen availability,

pH, electrocor and steady ial (12). Adj
in collateral blood flow following cerebrovascular ecclusion appear to be
mediated by vessels of all sizes, from the large arteries of the circle of Willis
to the small arterioarterial anastomoses of the cortex measuring 50 to 250 u.
These small arterial anastomoses form multiple connections between arterial
trunks and permit wide readjustments in local blood flow when an artery
is occluded.

Occlusion of the internal carotid artery is now recognized as one of the
most important entities of cerebrovascular disease from a statistical point
of view, and many important investigations have been reparted from the
study of this syndrome (13). Temporary digital carotid artery compression
has been shown by Webster & Gurdjian to be a valuable test for identifying
occlusive cerebrovascular disease, particularly when hemiplegia or hemi-
Darests is present or developing (14) When syncope is induced by temporary
digital carotid compresston on the side of the paralysis, contralateral carotid
occlusive disease is probable; occlusion of an anterior cerebral artery is
usually accompanied by syncope on contralateral compression, Occlusion of
the carotid artery may also be di d by ophthalmod y (15,
16, 17). By this procedure the pressure in the central artery of the retina
(a branch of the ophthalmic artery, which 1s the first sizeable branch of the
internal carotid) is measured. This procedure is more reliable than palpation
of the carot:d and 1s safer than either digital compression or arteriography.
There has been recent optimism regarding various types of surgical treat-
ment of this important syndrome following the first report by Eastcott,
Pickering & Rob of reconstruction of the internal carotid artery in a patient
v.nh anacks of hermiplegia (18) Successful results have been reported with

(19), is of the external carotid artery to
the internal carotid artery above the th (20, 21, and arter
bypass graft using a specially designed dacron tube The most extensive and
encouraging report is that of Fields, Cranford & DeBakey (22), who have
operated on 31 of 42 patients with either partial or complete occlusive disease.
Thmmboendartercctomy {opening the artery and removing a localized sec-
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. The clinical {eatures and pathologicat alterations of the viral encephali-
tides are fairly well known, but the incidence and characteristics of the
sequelae are not as cleasly understood, Finley & Longshore have followed
750 patients w ho had acute infections with either Western equine ot St Louis
encephalitis in the Central Vatley of Californis during the period from 1945
to 1957 {4). The incidence and severity of sequelae have been found to be
related digectly to age. The younger the patient, the more serious the acute
jtiness and the more fikely he is to have severe and permanent esiduals.
f\ Jarge proportion of infant patients have convulsions during their zeute
flinesses, and the sequelae in infants comsist of motor Jmpairment {pysram-
idal, extrapyramidal, and cerebetlat), behavior disturbances, retardation,
and convulsions (). In adults the sequelae wsually consist of subjective
complaints such as nervousness, arritability, €38y fatigability. headache,
and tremulousness, and these symptoms usually disappeare feaving 10 1&
siduals. The sequetae of St. Louis encephalitis are fess frequent and lest
severe than those of the Western equine variety, but this may o part arise
from the fact that the St. Louis encephalitis is rarely observed in the younger
age group, Eastern equine encephalitis runs 3 much more fulrinating COUrsE
than the other varieties and, as might be expected, the sequelac are much
more severe in those patients who survive, Of 50 cases studied by Feematth
16 survived the acute illness: eight of these were under five years of age 2t
six had very severe sequelae (6). 1n oider children the residuals Were fess
severe, and of four patients over the age of 40 who survived, only one mani-
fested muld sequelas. The residuals of these who had the illness in childhood
consisted of mental retardation, strabismus, convulsions, lack of emotionat
control, hemiplegia, impaired vision, partial deafness, and speech Jisorders.

The immediate and serious complications of the 1057 epidemic of Asiant
snfluenza were quite rare considering the large pumber of indsviduals whe
have been reparted to have contracted the illness. There have,
a few individual but significant reports of neurological omP
this disease. Encephahitic mantfestations were definte climcally and con-
firmed by the presence of cerebrospinal fluid abnormalities, and the relation
ship to the influenza A type virus was establsshed by sise antibody titer
in the hemaggluﬁnauon-mhibnion test against the Asian influenza Vvirls.
One patient had definite cesidnal manifestations consisting of an athetoid
tremor, but the time has been 100 short to evaluate more permanent sequelae
(7 to 10).

CERERROVASCULAR NSEASES

Cerebrovaseulas diseases eonstitute pechaps the most jmportant grouP
of organic affections of the central nervous system, and there has been 2
secent increase of interest in the study of theic clinical and palho!ogical
manifestations, diagnosis and treatment. Two nation-wide studies Of spe-
cialized aspects of cerebrovascular disease have been mitiated under the

auspices of the National Insutute of Neurological Diseases and Blindnes?
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produces a localized impairment of neuronal function, with resultant motor
and sensory deficit (26). During the stage of paralysis metabolic utilization
of oxy gen is decreased, Administration of glucose restores normal functional
activity and oxygen consumption to the area of hypoglycemia. If hypo-
glycema is sufficiently prolonged, however, the changes become irreverstble
and necrosis of nerve cells occurs

PARKINSONISY

Surgical measures for the relief of Parkinsonism and assocrated hyperkine-
tic disorders were the subject of two symposia during 1958, neither of which
has been published as yet (27, 28). The results of such procedures in a large
number of patients, hawever, are now available in the literature (29). Cooper
& Bravo reported a five-year follow-up study of more than 700 operations,
and state that the tremor and rigidity of Parkinsonism are relteved in 80 per
cent of properly selected cases, with a risk of mortality of 2 4 per cent and of
hemiparesis of 3 per cent (30) They have also reported relief of symptoms in
condrtions such as dystonta musculorum deformans, choreoathetosis, and
hemballismus by means of discrete chemical lesions of the globus pallidus or
the ventrolateral region of the thalamus or both Spiegel & Wyas report en-
couraging results with stereotaxic pallido-ansotomy (31), and Bertrand by a
preumotaxic technique for producing localized cerebral lesions (32). Meyers,
Fry and their assotiates use a focused four-beam ultrasonic apparatus for
producing lesions of predetermined geometric size, shape, and position in the
human brain for the amelioration of hyperkinetic disorders (33) They report
relief of hypertonus with lesions in the ansal region and stmultaneous relef of
both ngidity and tremor with lestons 1n the substantia nigra In spite of
advances in the surgical treatment of Parkinsonism, however, for the ma-
Jority of patsents a medical approach is necessary With advances in phar-
macological treatment, the outlook for patients has improved through the
years (34),

“PSYCHOMOTOR” OR “TEMPORAL LOBE" EPILEPSY

With ad in the und ding and cl ion of epilepsy, 1t is
evident that a much larger percentage of cases than was once believed are
by various psychological, sensory, i y, and vegeta-

tive manifestations, which places them 1n the group of the so called *psycho-
motor” or “temporal lobe” epilepstes (35, 36) Chnically many of these have
olfactory and gustatory accompaniments as well as disturbances of memory
and affect (37), and 1t1s apparent that an abnormal discharge in the region of
one or both temporal lobes and contiguous structures is responsible for the
seizure (38) Ictal emotsons, or emotions occurring as part of a serzure and not
as reactions to other events of the attack, are most common with lesions be-
low and adjacent 1o the syls1an fissure Ictal emotions limted to anger and
fear occur with epileptic discharges involving the anterior half of exther tem-
poral lobe, depression is assoctated with lesions diffusely distrsbuted in the
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tion of the intima containing the obstructing atheromatous mass) was
carried out in ten, with complete restaration of circulation in nine, and a
bypass graft (insertion of 2 dacron tube, one end sutured to the uninvolved
artery provimal to the lesion, the other to the artery distal to the lesion)
was carried out in 21, with restoration of circulation and reliel of symptoms
in all. The results of all attempts at such surgery have not been universally
successful, however, and Lemmen has recently called attention to the
timitations of surgica!l therapy (23). Retrograde flow of blood from the
internal carotid artery is not always an index of complete removal of the
thrombus, and the procedure should be accompanied by angiography.
Furthermore, restoration of the blood flow does not necessarily imply re-
covery of function, nor does immediate improvement in any way prognosti-
cate a continued improvement
Subaracknoid hemorrhage —In an analysis of the autopsy findings of
pati dying from subarachnoid hemorrhage, over 4 21-year period at
the University of Michigan Hospital, Bebin & Currier found that in alf
patients in whom death was thought to be caused primarily by the ruptsre
of an intracramal aneurysm there was evidence of intracercbral, intra-
ventricular, or subdural hemorrhage {24) This indicates that death in such
cases appears to be the result of hemorrbage into areas other than, but usu-
afly in addution to, the subarachnoid space, the most common being intra-
cercbral with or without the associated tatraventricular hemorrhage.
Cerebrospinal flmd in b tar disease~Careful analysis of t{lt
blaod and blaod pigments in the cerebrospinal fluid is important not only in
the diagnosis of subarachnoid hemoarchage but also in the differentiation be-
tween cerebral hemorrhage and cerebral infarction, especially if anticosgt
lant therapy is considered for the fatter (25). Absorption spectrophotometri¢
studies of the pigments in xanthochromic spinal fluids aid in the analysis of
hemorrhagic fltud and in differ between sub hnoid and cerebral
hemorrhage and tled ic spinal p Ovyh lobia, the
first pigment to appear after subarachnoid hemorrhage, is a product of hemol-
ysis and may be found within two hours of onset, It increases raprdly. becom-
ing maximal in the first few days, and gradually dinunishes over a neek or tee
days if no further bleeding occurs. Bilirubin, the won-free derivative of
hemoglobin, also appears following the hemolysis of erythrocytes. It is first
apparent in two or three days and increases as the amount of oxyhemoglobin
decreases 1t may persist for two or three weeks It is also the pigment pres-
ent in the spinal fuid in cases of subarachnoid block, the result of transuda-
tion from blood plasma, and may be present in the fluid 1n association with
jaundice and liver disease. Although the supernatant fluid 1s usually clear in
jation with ic p 1t has been shown that ovyhemoglobin
nd by spectrophotomerry if there are more than 12,000 erythro-

a

may be fou

cytes per cubic miffimeter
Zocalized cerebral hypoglycemia —~Meyer & Portnoy have demonstrated

that in the presence of an area of relative ischemia of the brain, hypoglycemia
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patient develops twitching movements of the jaws which increase in fre-
quency and are then followed by a lized . Eithera
lobe or a frontal lobe spike focus has been noted in most cases

FUNCTION AND STRUCTURE OF MYELIN AND GLIA

By means of electron mi; , Finean has d d the fayered
structure of myelin in which leaflets of bimolecular lipide alternate with thin
layers of protein (52) The composition of the lipide layers is complex, but
consists mainly of phospholipide, ch 1, and broside. The diffractis
data obtained from myelin of the central nervous system are markedly differ-
ent from those of pertpheral nerves Luse, in studying the formation of myehn
in the central nervous systems of mice and rats, also by electron micros-
copy, has d ¢ that oligodendroghia perform the same function of
building myelin in the central nervous system as the Schwann cells perform
in peripheral nerves (53} Lumsden, in studying the functional aspects of the
ghal apparatus, has demonstrated the intimate association of the astrocytic
podia with the endothelium of the brain llaries, and exp: the belief
that the blood-brain barrier is a function of glial protoplasm (54). He states
that this barrier is not a specific membrane or architectural layer but the
whole width of the gellike matrix that extends from the capillary endo-
thelium to the nerve cell body, its axon, and dendrites He states, further-
more, that the diff between yelinated and my d nerves is
quantitative only, since the unmyelinated usually have at least one lamella
of myeln. The process of myelination apparently arises from the gradual
progressive addition of layers and not to thickenmng of the individual layers
(5?). Farquhar & Hartmann have also studied glial structure by electron
microscopy and fee] that the glia are essential to the metabolic processes of
the brain and are not just inert supporting structures (56) The relations of
astrocytes to capillaries, together with the structural features of the cells,
suggest a nutnitive function. Material from the blood stream, after once
traversing the capillary wall, can readily diffuse along the astrocytic processes
to be distributed to other cellular elements of the bram.

Tae RETICULAR FORMATION

The dings of an i i y on the reticular formation
of the brain, held at the Henry Ford Hospital n Detroit in March, 1957, are
inpress (57). French, one of the participants on the program, has summarized
our present knowledge of the reticular formation, includmg the vast amount
of new material presented at the symposium (58} The central brain-stem
Tasses comprising this system are derivatives of a phylogenetically ancient
column of spinocerebral neurons which are interposed between sensory nuclei
and motor cells Vertebrate h ion has resulted in dous ex-
Pansion of the rostral end of this structure and has magnified extensively the
ramifications of its functions. Implicit in the mediation of these manifold
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poral lobes, while pf and T are principall: fated with
the posterior temparal fesions, En many cases the patternof seizure organiza-
tion suggests an ordered “march"™ of manifestations originating in the tem-
poral lobes and environs (39), 1t is apparent, bowever, from depth recording
techaiques by Walker and others, that subcortical areas other than the tem-
poral lobes, including the frontal lobes, thalamus, hypothalamus, and basst
ganglia, may also be i mportant, casting doubt upon the concept of pure tem-
poraf fobe pathogencsis of psychomotor epilepsy and permitting factual
explanation of certain faitures after temporal lobectomy (40).

At the present time there is no universal agreement on pathological altera-
tions in the temporaf Jobes and related structures in psychomotor epilepsy,
but an increasing number of reports point to histological changes in these
areas of the brain, ineluding selerosis in Ammon's horn and the uncal region
(41, 42). When present sn adults these appear to have been present for long
periods of time, and have probably developed on an anovic basls, the anouz
taving occurred either at birth or in early life Because of the fact, however,
that convulsions may also cause severe hypovia, there are vertain shservers
who feel that previous convulsions may possibly account for the changes ob-
served, rather than al ians at or diately following birth (43}

The close relationship between testain forms of psychomoter epilefsy
and a psychetic syndrome more or less identical with schizophrenis has 1
cently been stressed (44), {n alf cases d there was HER
graphic evidence of disturbance of function in the temporat Jobes and deeper
structures It was suggested that the patents of this group be classified as
having a schizopt reaction jated with temporolmbic system dys-
function. A current review of the medical treatment of epilepsy by Merritt
stresses not only the dard and newer antice i drugs but afso re-
movat of organic or psy chofogical factors in the seizures together with phys-
icat and mental hygiene (45)

Unsswal momfestotions of epslepsy~—Inappropriate or wamottvated
laughter as an epileptic manmfestation has been of recent interest, This may
be a pronunent part of focal serzures, or smay be associated with various other
epileptic symptoms  Daly & Mulder, referving to the syndrome as “gelastic
epilepsy,” suggest that the faughter may be a manifestation of discharge iR
the temporal region {46), Druckman & Chao postulate 2 hypothafamic ongist
{47); Wesl, Nosik & Demsmy believe the seizures are secondary to disturbe
ances around the thurd ventrscle and diencephalon, with projection to the
temporal lobe {48). Wood, Svien & Daly, sa discussing sbnormat or mvolun-
1ary Jaughter, not 1n aff cases defimitely emfeptic, state that such taughter
may result from lestons rangiag from the hmbic system at the cortical evel
through the hypothalamic centers to the buibar motor system (49).

It is well known that epileptic seizttres may be precipitated by sensory
phenomena of various types Stevens {50) and Bungel (51) have described
attacks brought on by reading. After either brief or profonged reading the
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preceded by an increase in urinary aldosterone and retention of sodium
(62). This is followed by sequestration of potassium, and both the serum
and urinary potassium levels fall abruptly. As the attack subsides there is
diuresis of sodium, increase in urinary potassium, and the vrinary aldo-
sterone returns to normal. They suggest that the common denominator is
excessive intracellular sodium and have been able to prevent attacks by de-
creasing the sodium intake.

Hereditary episodic adynamsa.—Gamstorp in Lund (63) and later Kaplan
and his colleagues in Paris (64) have described a syndrome similar to familtal
periodic paralysis except for the presence of hyperkalemia during attacks.
The episodes are brief in duration and usually come on during a period of rest
after activity; they are pi d or mi; d by . They may be
provoked by the administration of ium. The condition is inherited as
an autosomal dominant, is usually evident before the age of five, and im-
proves with advancing age.

Serum aldolase in myopathies—Evans & Baker report gross elevation of
serum aldolase in 13 patients with pseudohypertrophic muscular dystrophy,
with a moderate elevation also found in other types of muscular dystrophy
and polymyositis (65). Normal levels were found in patients with chronic
neurogenic muscular atrophy and amyotonia congenita

NARCOLEPSY

The fund. ifestation of the 1 yndrome is a disturb-
ance of the sleep cycle, usually with persistent drowiness and periods of un-
controllable sleep (66). In addition, there may also be cataplexy, fugue-like
episodes, sleep or relaxation paralysis, hy hallucinations, and other
abnormalities of behavior (67). Diagnosis 1s important, because the analeptic
drugs are highly effectrve in most cases, but the disorder is often unrec-
ognized because final diagnosis rests primarily on the history. Electro-
encephalograms may reveal frequent episodes of drowsiness, but when re-
cordings are made during the alert state there are no significant abnormalhties
(63). Ganado expresses the behef that evidence is strongly suggestive that the
narcolepsy syndrome 1s a nonepileptic disturbance of subcortical origin. It
appears to be a state of depression of the arousal system, possibly from a
neurohumoral deficrency

CEREBELLAR SYNDROMES
Acute cerebellar ataxia is most prevalent in children under 4 years of age
{69, 70.). The onset is usually abrupt, often after a well-defined latent period
following o i iratory iliness. The syndrome 1s usually self-
limited, without residua or recurrences The etrology 1s undetermuned, but

z_lmical facts tend to support the theory of a secondary invading viral infec-
on,

‘In all patients developing there is a
of d and ive drinking and of malnutrition (71).
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functions of the reticular activating system are its interconnections with the
spinal ord, ceredral cortex, basal ganglia, cerebellem, and vestibular nucler,
and its response to humoral exeitation.

Coextensive within the reticular activating systers are systems which
appear to exertinfluences which are oriented rostraliy and others that are div
rected cavdally. Principal among the influences divected euphalically fs that
mediated by a diffusely projeeting system of mewrons which subserves
arousal, sustained wakefulness, and all the meatal attributes of eopnstions
avarcness. Caudafly orfented mechanisms include those which modulate
muscle fone and movement, controf sensory inputs to the nervous system,
and mediate processes of visceral regutation. Interference with cephalically
directed influences results in mental disturbances, coma, and the anesthetic
state. Defects in cavdally directed activity mdute spasticity, tremor, and
disturbances in motien as well as faulty perceptive phenomena, Evidenge -
dicates, howeser, that the several activaties are so interdependent as o be
inseparable, stnce stimulation neser elcits changes 1 one area of reticular
function withowt tnducing related changesm all orkers The rencu!ar acnvab
ng system, therefore, must be dered the great § i of
the brain wsthout which unity of response to complex environmental
stimuti is smpossible. Investigation of 1ts funcuons can be expected to extend
knowledge voncerming the intrscacies of normal behavior Doubtless, 18 115
dysfunction will be found the seeds of many nervous and mental disorders
that carrently plague man’s understanding.

Muscurax anp NEUROWUSCULAR DDISORDEKS

In an artempt to clanfy and define the iundamemal histological a(teraA
tions in muscle 10 disease states, four mds Gi field
Shy, Alvord, and Berg, made 1ndividual studies of a large number of bopsy
specinmens {59) They were able to describe and dlustrate the magor varishies
of pathological change i diseased musele, and 10 coryelate the vandus
combinations of such change with chical observations Walton, m a study
af 17 cases which were d&: d as amyotonia in infaney, found
that § reeovered completely between the ages of 5 and 15 years, while ¢ im-
proved to some extent but showed evidence of persisting wuscular disabifity
throughout le (60), He emmes this syndrome “bemgn coagenital hypo-
tonia,” “with complete recovery” or “with wmeomplete recovery.” It 3s im-
portant 1o stress that not all cases with a climeal prcture of amy otoaia con-
gentia have 3 gloomy prognosis Shy & Magee have descnibed a new type af
nonprogressive hereditary myopathy (61). The onset 5 early in life, the
weakness 15 proximal, and there 1s delay m walkmg. but when the panents do
Jearn to walk their disabufity remams i
cousist of the presence of aberrant fibnflary bund!es found m the center of
atmost evecy muscle bundle.

Intermitent cldosteronism en famsliol periodre parafysis—~Conn and his
associates have demonstrated that attacks of {amilial periadic paralysia are




DISEASES OF THE NERVOUS SYSTEM 287

epithelioma of the base of the tongue. He died 10 months later and extensive
pathological alterations of the cervical portion of the spinal cord were ob-
served, The other developed a spastic paraparesis four and a half months
after receiving 8000 air roentgens for a carcinoma of the larynx within a
period of 38 days. She was alive, but with residuals, 39 months later. The
clinical picture of postirradiation damage to the spinal cord is that of a pro-
gressive myelopathy, usuatly with onset after a latent period. Factors suchas
ﬁeld size, target distance, tissue dose, filtration, and duration of treatment

y infl the d p and course of the syndrome, The dam-
age to the nervous system secems to be a secondary effect of vascular de-
generation.

Lipide composition of cerebrospinal fluid —Tourtellotte e al. have
analyzed the lipide content of the cerebrospmal Auid 1n normal individuals,
utilizing ultramicrochemical procedures {77). Their data confirm reports that
normal cerebrospinal fluid contains such lipides as cholesterol, cholesterol
esters, and phospholipides, but they were also able to demonstrale {or the

first time the presence of cephalins, lecithins, spt 3
and neutral fat in normal fluids

Urea for red: of 1 d ial pressure —Experi both
with experimental animals and buman panenls shows that urea is an effective
and safe agent for the reduction of land i lar pres-

sure (78) It appears to be superior to any agent currently used for this, and
isnotasapt to be followed by a secondary rise in pressure It has been used in
tntracranial and ophthalmological surgery, in the management of postopera-
tive cerebral edema and craniocerebral trauma, and in the successful treat-
ment of so-called pseudotumor cerebri.

The vertebrate m:ual system ——Polyak ina posthumous publication edited

by Kluver, he ical, clinical,
and pathological § mvesugauons of the visual pathways and centers of verte-
brates (79) Although the h ts 1 and histological, much new

and important material on the biology and pathology of the vertebrate visual
systemis included, and much important clinical material is incorporated. The
importance of the visual system to the entire organism, as well as to the de-
velopment of various animal {orms and particutarly man himsel, is stressed
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The clinical symptoms evolve rapidlys the mazimum deficit beingk attained it
2 matter of weeks of months, with n0 change thereaften Patho}ogica“y thert
is o primary cortical cerebellar degeneration, withdiscrete Jocatization the
anterior and superior partsol the vermisand hemispheresand the flocculonod-
ular lobe. Victor, Adams & Mancatl suggest that although there appears 10
be 2 close selationship between alcoholism and cerebellar degeneration, the
jmportant etiologic factor ™3Y he malnutrition rather than the direct
effects of atcohol.

Cerebellar degeneration ofter di{rheﬁy!hydamcin administration —The
major symptoms of acute diphmy‘hydanwin (Dikmt'm) satodcation are
ataxia, nystagmus and sturred speech. Fhese effects aré usually reversible
upon withdrawat of the drug Utterback and his associates: in 1057, report®
that experimenwl animats will develop severe joss of purkinje cellss &
to granuke cells, and cystic glioss of the cerebellar white matter after daily
administraﬁon of diphcnylhydanmin (1. Hofmans has 1eporte
changes, with virtual disappearance of Purkinje cells, in @ patient who 1o

ceived 20t 30 mg. per Kg- dadly, both intravenously and mtramusculaﬂy.(ﬂ
almost two weeks (13).

MiSCELLANEOUS

Water satoxication —~Water intoxication in man gives 1158 pr‘:mari\y 0
neurological signs and symptoms, with agiated detirium, convulsiond in-
creased cerebrospinal fluid pressuse. and hyperreﬁexia Itis sualty @ €07
plieation in the management of patients with post:raumatic oligurit renst
disease, endocrine diseast, or ehronic electrolyte depletion, put Swansot X
seri have reported tWO cases of self _nduction (74)- n ane thet® app
e increased susceptitility to water intoxication due to electrolyte de;
following womiting, and 2 the other transient averhydration ©
ondary to inability to establish 31 adequate diures:s The serafd &
centrations Were abnormaily low and the symptoms and signs subsided 8%
sodium gongentrauons seturned to normat after profuse diyresis 20

ment with hyperlonic sodium chionde Dedge, Crawford & Prob
expertmental water mtoxication in anesthetized cabbuts (75) During 8¢
induction of hydration, gerum osmotality and the concentranons of socharh

getiular, and plasma spaces 3ré expanded. during recovery the volume of
the inuace\\uiar space shrinks rapidly, jrrespecttve of changes 1®
celfular SpACE or plasm volume, These observations suggest 1
oemolafity with intraceliutar edema of the prain rathes than bypcnatumm
or hypoch‘orem‘m is the chiel deterranant of the disturbed bratt
water jntovication
Posmmdinlion myzlopat!«y——kabashi and his associates have regorted
w0 Cases of cervical mye\opa[hy {pllowing radsation therspy (16). One pa-
aoted the onset of ncuro\ogica! symptons months after

tient
ceived 10,484 air roentgens within a period of 27 days dicected 2t 3 tymphor
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PSYCHIATRY?

By Trouas A, Goxpa, M.D
Depariment of Psychuatry, Stanford University School of Medscsne,
n Francisco, Califorma

THE CHANGING SCOPE OF PSYCHIATRY

One medical dictionary defines psychiatry as the recognition and treat-
ment of diseases of the mind. A psychiatnst, according to this frame of
reference, is a medical specialist in diseases of the mind (1). Classical defini-
tions notwithstanding, in Arerican psychiatry the trend has been to devote
increasing attention and effort to the problems of life stress and to the

and pi ion of neurotic disorders (Whitehorn (2)] Indeed, 2
logical utenswn of such a trend in the future would result in a redefinition
of psychiatry as the study of human behavior, and the psychiatrist would
become the medical specialist whose work was to understand and modify
human behavior. Today we are feeling some of the reverberations of the
trend. Already, as Smith (3) comments. *The role of psychiatry in medrcine
demonstrates the dissociative forces within a profession and the range of
differences tolerated. Divisive Iorces include technical skills, conceptual sys-
tems, scientific ori ion, hi: back d, and probl of confi-
dentiality. Integrative forces are the professional politics of psychiatry and
medicine, changing concepts in medicine, hlgh social rewards to physicians
and, most important, the i ided by shared
early medical training. The result is the conflict-! ﬁlled role-reciprocal of
PSYch:ams: -physician,” It appears to this reviewer that the trend has many
Interesting implications for the future. Will multifarious interests dilute the
Dpsychiatrist’s role with possxble resultant loss of identity, or willat, by broad-
ening psychiatry's b: raining—make psychiatry a more effec-
tive specialty? The next decade, as suggested by the current developments
reviewed, will offer some of the answers.

The major subtitles and chapter headings of the standard annual surveys
in psychiatry (4, 5, 6) give indication of the broadening interests and prac-
tices currently accepted to be closely related to or encompassed by the field
of psychiatry. These include:

Administrative Psychiatry Endocrinology and
Alcoholism and Geriatrics Biochemistry
Child Psychiatry Electroencephalography
Clinical Neurology Epilepsy

. Clinical Psychiatry Experimental Psychiatry
Clinical Psychology Family Care

ws;"fhe survey of the literature pertaining to this review was completed in July,
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authority have, to a great extent, given way to the establishment of facts
by the application of scientific methods to the complex problems of psy-
chiatry, though to meet therapeutic obligation empiricism is still heavily
relted upon Gantt (11), in his brief comment on objectivity in psychiatry,
outlines the criteria for a scientific disciplme: “(s) The items should be
clearly defined and recognizable by separate, independent workers. () They
should be obtamable by independent workers when the same sitvation is
repeated {c) Given the same factors, re izable by different i i

they should lead us to predict results and happenings.” The fact that an
experiment once performed, because it deals with nonrepeatable time, can
never be exactly duplicated should not deter us from pursuing scientific
method in psychuatric research, Nor should the two common and conflicting
shibboleths raised against psychiatric research deter its use, namely, on the
one hand, that psychiatry would not err if the scientific method were followed
rigorously and, on the other, it is impossible for ps3 chiatry to use the scien-
tific method in study ing the complex vagaries of mental Iife.

Through 1957-58 the chipping away at the multifaceted frontiers of be-
havior has continued, though nature has been slow to relinquish its secrets.
This year’s of older and acquisition of data have been
slow but steady and without revolutionary discosery. For purposes of con-
venience the assessment of a few of the representative contnibutions and
developments in the field will be discussed under the headings of three dif-
ferent approaches the organic, the psychologic and the soctologic. It is
obvious that no clear-cut boundaries exist, particularly in most clinical
practice and in much research, chiefly of the multidisciplinary variety which
has a combined approach as 1ts basis. Thus, it is by the reviewer's pre-
rogative rather than necessanily by the onginal author's intent that a piece
of work will be found in one rather than another of the categories

ORGANIC APPROACH
RESEARCH

Historically and, for the most part, today, the organic approaches in
Psychiatry are associated with the psychotic reactions Research has, by
slow, delib lodd, ded in data, though as
et unrelated to a satisfactory theoretical framework

Genetic level —Rainer & Kallman (12), conforming to the trend of the
times, have ref the essential s which have been made
by genetics to an i d ion of psychratric medicine. They give
special consideration to the role of genetics, in theory as well as in practice,
a ‘;; epidemiologic, psychodynamic, physiologic, and molecular levels.

hemical level. i d with
of the structure or function of the central nervous system, or both, have
long been known. The toxic i or are one

example Depending upon how far back or in » hich directions one wishes to
push the etislogical links, one can state that the chemical agent is a “cause”
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Forensic Psychiatey Pasychiatric Socia) Work
Heredity and Eugenics Psychoanalysis
Industsial Psychrawry Psychedynamics and
Mental Health in Psychopathalegy
Education Psychophy siclogy
Military Psychiatsy Psyghosocial Studies
Neuropathology Psychosomatic Medicine
Outpatient Psychiatry Psychosargery
Physiological Treatment Psychotherapy
Psychiatric Education Rehabilitation & Ocoupa-
Psychiatrie Nursiag tional Therapy

The above subdivisions point to some of the definite probfems to be deslt
with, e g., the enormous mental hospital foad, afcoholism, csime, “psycho-
somatie” disease, and plain unhappiness, as well as to the scope of psy-
chiatrist’s operationad fields

In view of these developments it psychsatry it is nat surprising that is
the effort to gain depth, investigators and ¢ i peralize fucther in
ever smaller sectors, There results a multiplicity of diverse on
cansality, pathogenesis, and therapy of disordered behavior. In 1955 Grinker
{¥) published the resuits of our interdisciplinary conferenves which pres-
age growing concerted efforts taward untficanon through discovery of £on-
cepts of human behavior applicable to all “systems,” which he classifies
as blologeeat, psy chalogiral, and socta! Kruse (8), in considering the different
trends, found it convensent to tlassify the current scheals of thought into
four major <ategores. (a) ergane, (&) e'&pe{lmental ps)chologmai @

psychodynarue, and (d} psychosocial Each apy h has its divisions a0

subdivisions, and each of the four groups has 1ts own distnctive method-
ology, vacabulary, and doctrine Kruse's volume i an outgrowth of the
efforts of 48 particpahng specsalists to wnste the four separate divisions into
2 joint enterprist a multidisaipiinary approach to mentaf disorders Simslar
efforts to bring sts concepts abreast of sts data may be seen in other be
havioral sciences, particularly sn bofogy {Gerard (9)] The drvision nte dise
crete, although theeretically related, systems iz reflected by a deep split 1
the practice of psychiatry in the Umted States Redlich (10) refers to the
two practice groups in psychuatry as the analytic-psychological (A &
group) and the directsve-orgonic (D & O group) He distitsses m greater
detail the basis of tius division and the reasons for the existence of a strong
A & P group in relation to the cufture of our country, and expresses his hape
that in due time the vanous psychatric schools and factions wail mature
and evolye into one scientific psychiatry

1n Gne with the trend of the past twa decades, the therapeutc mooad
continues eager and to some degree has nsurped the esthusiasm and -
dustry available for the hard tasks of reaching a more fundamesntal under-
standing [Whitehorer {2)] Notw) xtbs:andmg. research in psychiatry 15 con-

tinuing its wpward path and appeal to
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authority have, to a great extent, given way to the establishment of facts
by the application of scientific methods to the complex problems of psy-
chiatry, though to meet therapeutic obligation empiricism is still heavily
relied upon. Gantt (11), in his brief comment on objectivity in psychiatry,
outlines the criteria for a scientific discipline: “(c) The items should be
clearly defined and recognizable by separate, independent workers (5) They
should be obtainable by independent workers when the same situation is
repeated. (¢) Given the same factors, izable by different investi; 3
they should lead us to predict results and happenings.” The fact that an
experiment once performed, because it deals with nonrepeatable time, can
never be evactly duplicated should not deter us from pursuing scientific
method in psychiatric research, Nor should the two common and conflicting
shibboleths raised against psychiatric research deter its use; namely, on the
one hand, that psychiatry would not err if the scientific method were followed
rigorously and, on the other, it is impossible for psychiatry to use the scien-
tific method 1n studying the complex vagaries of mental life.

Through 1957-58 the chipping away at the multifaceted frontiers of be-
havior has continued, though nature has been slow to relinquish 1ts secrets
This year's ref of older and ition of data have been
slow but steady and without revolutionary discovery. For purposes of con-
venfence the assessment of a few of the representative contrbutions and
developments n the field will be discussed under the headings of three dif-
ferent approaches. the organie, the psychologic and the sociologic It is
ObVIO}ls that 5o clear-cut boundaries ewst, particularly m most clinical
practice and in much research, chiefly of the multidssciplinary variety which
has a combined approach as 1ts basis Thus, it ts by the reviewer's pre-
rogative rather than necessarily by the original author's intent that a prece
of mork wall be found 1n one rather than another of the categories

ORGANIC APPROACH
RESEARCH

Histonieally and, for the most part, today, the orgamc approaches in
psychiatry are associated with the psvchotic reactions Research has, by
sow, deliberate ploddiag, d m ob molecular data, though as
yet pnrelated to a sati y th framework
. Genetic lesel —Ramer & Kallman (12), conforming to the trend of the
times, have reformulated the essential contributions which have been made
by genetics to an integrated conception of psychiatric medicine. They give
special consideration to the role of genetics, in theory as well as in practice,
* t;i epdemiologic, psychodynamic, phy siologic, and molecular levels

¢ al level - i d with
of the structure or function of the central nerous system, or both, have
long been known. The toxic ar end: are one

example D.epending upon how far back or 1n which directions one wishes to
Ppush the etiological links, one can state that the chemical agent is a “cause”
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Forens}c Psychiatry Psychiatric Social Work
Heredity and Eugenics Psychoanalysis
Industrial Psychiatry Psychodysamics and
Mental Health in Psychopathology
'E.ducalian Psychophysiology
Mititary Psychiatry Psychosacial Studies
Neuropathelogy Psychosomatic Medine
Outp.aﬁem Psychiatry Psychosurgery
Physiologicat Treatment Psychotherapy
Psyehiatric Education Rehabifitation & Qecupa-
Psychatric Nursing tional Therapy

T‘he above subdivisions point to some of the defimte problems to be dealt
with, eg, the enormous mental hospital load, alcoholism, erime, “psscho-
somatic” disease, and plaw prhappiness, as well as to the scope of psy-
chiatrist's operational fields.

In view of these developments n psychxatry zt is not surpnsmg thatin
the effort to gain depth, and pr: lize further in
ever smaller sectors There results 2 multiplicity of diverse viewpaints on
causality, pathogenesss, and therapy of disordered behavior In 1956 Grinker
(7) pubhshed the results of our interdiscaphinars conferences which pres
age growmg concerted efforts toward unification through discovery of con-
cepts of human behavior appheable to all “systems,” which he classifies
as biological, psychologreal, and socsal Kruse {8), in considering the different

trends, found it cenvement to classify the current schools of thought into
four major categorzes (o) organsc, (b) experimental psychological, ()
peychodynamic, and (d) psychosocial Each approach has sts devisions and
subdivisions, and each of the [our groups has sts own distinctive method-
ology, vocabulary, and doctrine Kruse's volume 1s an outgrowth of the
efforts of 48 pa!ttclpatmg specxahsks to unste the four separate divisions into
a jont h to mental ders. Samular
efforts to bring its concepts abreast o( tts data may be seen 1n other be-
havieral sciences, parucularly i bology [Gerard {9)] The division mto dis-
crete, although theoretically related, systems s reflected by a deep split m
the practce of psychiatey sn the Umted States Redhich (10) refers to the
two practice groups 1 psychiatry as the analytic-psychological (A & P
group) and the directive-organic (D & O group] He discusses in greater
detarl the basis of this division aund the reasons for the existence of a strong
A & P group in relatyon to the culture of ous country, and expresses fus hope
that in due time the various psychiatrie schools and factions wall mature
and evolve into one scientific psychiatry

In line with the trend of the past twa decades, the therapeutic mood
continues eager And to some degree has usurped the enthusiasm and -
duslry avasiable for the hard tasks of reaching a more fundamental under-

{Whiteh {2)} Notwith 4 research in psychiatry is con-
tinwng its apward path. Superstition, intuitive revelation, and appeal to
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logical soundness, and organized efforts such as the 1956 conference on the
evaluation of pharmacotherapy in mental illness which was sponsored by
the American Psychiatric A iation and the National Insti of Mental
Health, the confusion would approach chaotic proportions. Hollister’s (18)
brief and conservative comments on the present status of tranquilizing drugs
stpplement Wikler to bring us up to date.

Two studies on the effects of tranquilizing drugs which have super-
ficially different results are particularly thought-provoking when examined
together. The first is a carefully ived and designed three-phase experi-
ment toappraise the chinical effect of four drugs (reserpine, methylphenidate
Bydrochloride, trihexyphenidyl, and amobarbital) upon a hospitalized group
of patients diagnosed as having chronic schizophrenic reactions [Rashkis &
Smarr (19)]. In the first phase, in which the drugs to be tested were not ad-
ministered, the patients were transferred to a research ward for a 28-week
period during which they were evaluated on specially designed rating scales
to establish 2 base line against which changes associated with medication
were to be measured during phases two and three. During phase one, the
“study and waiting” period of 28 weeks, 1t was found that 39 of the 48
Patients showed measurable improvement in behavior. This change the
authors termed the "'milieu effect.” During phase two, a 16-week pertod of
drug administration, no significant effect on the clinical status was noted
with reserpine or the other drugs, or with any combination thereof, Im-
Provement during the drug phase thus was not attributable to drugs, but
rather it was strikingly inversely related to the improvement during the
prsd.rug phase. The investigation of Savage & Day (20) was directed toward
gaining more und, ding of the psychod of behavi changes
associated with reserpine by the intensive study of a few patients during 2
Stx-month period. The four patients studied had been 1n the same thera-
Peutic miliex with high nurse-patient ratio, intensive psychotherapy, and
2ll efforts to provide specialized and individual care for two years prior to
the start of the study. The authors observed that with § mg daily of reser-
Pine intramuscularly (a) the patient’s and concomitantly the staff’s anx-
ieties appeared to decrease, (3) the patients were more friendly and out-
going, less preoccupied, and showed greater self-control and social con-
{ormity; (c) depression was not uncommon:; () the patieat's thinking became
less dominated by primary process, secondary process came nto play, delu-
sional material became less prominent in waking life and made its appear-
ance in the dream; (e) psychoth py was 2 more borati
but one in which sensitive topics were still avoided; and (f) these effects were
Teversible when the drug was di inued, or when environ-
mmt{l stresses were present. The authors postulate that these effects of
feserpine arise from the strengthening of the perceptual and repressive
barne\:s of the ego, Upon jon of the ily sketchy historical
material, this reviewer notes that three (A, B, and C) of the four patients
responded to medication as summarized abave, but the fourth (D) “was
made worse.” Patients A, B, and C who had been previously hospitalized
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of a portion of the behavjoral change, or often responsible for the inability
to respond with socially acceptable and self-beneficial behavior.

In the past several years the discavery of chemical agents which, in
mintte amounts, are involved in the production of grass behaviaral change
has gwen credence to former fations that chemical dysfunction playsa
role in the etiology of disordered behavior, Concomitantly, the knowledge
of the biochemistry of the nervous system ({13) has grown steadily. Endog-
enous concentrations of chemicals to 1 gamma per kilogram of body weight
are well within the range of physiolagical limits, and interference with neuro-
metabolic processes by lesser traces of chemicals are thoroughly substan-
tiated. Based on data stemming from such knowfedge, four current chemical
theories of psychosis are briefly described by Rinkel & Solomon (14). How-
ever, the most comprehenstve survey of this cluttered fieldd was done by
Wikler (15) who has painstakingly reviewed the effects of many drugs, in-
cluding the tranquilizers, on human behavior and has presented the current
theories and mechanisms of the drug actions.

Investigations with lysergxc acid d:ethylnmnde {1.SD), the promtype ol
many currently used psych imetic drugs, Notwith the
fact that there has been little clarification of the nature of the central action
of this drug, two preliminary studies shed furtber light on the essential
character of the behavioral changes associated with LSD-25. In one study,
using minimal dosage in young men without apparent emotional problems,
it was shown that physiological changes in general were absent with doses
below 20 gamma, but cycles of rapid and profound shifts in affect were in-
duced at 7 gamma, and were not rigorously dhfferentiable from “‘toic organic
changes occurring before clouding of consciousness’ {Gremer and co-workess
(16)). In the other experiment, using dosages of 25 to 200 gamma, it was
Found that “for both” normals and schi: ics there is 2 i) in~
crease in the percerved size of one's own bcdy and its parts, and no signifi-
cant change in the perceived size of external objects {Liebert e al. (17}
The authors interpreted thetr findings in terms of the assumption that LSD
aperates as a “primitivizing agent,” which is assumed to lessen the definjte-
ness of the boundary of the body in relation ta the surroundings

TREATHMENT
Iy, the phy hemical therapies in psychiatry have been em-
pirically derived, A division of such treatments mto (a) tranquilizing drugs
and (3) other somatic th (principally ulsive, carbon

dioxide, insulin, and psychosurgery} would reflect the current tide,
Tranguvizers ~Although tranquifizing drugs are now second only to the
broad spectrum antibiotics in dollar sales and number of prescrptions writ-

ten, most of the volumi clinical | ding them consists of
repurts of trials and b Wi th the i duction of
of t 3t and bi: of tr ilizing drugs the ﬂurry

of chinicat apprmsals which is now in its fifth year is bound to continue.
Were it not for the interspersed studies which at least strive for methodo-
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of quality, is very active with much repeuuon and often without the addition
of anything new. ical lati have brought some re-
finements and expansions of concepts, who<e worth can be evaloated oaly
in the future. The exciting early research on sensory deprivation has been
rather quiescent with respect to publications this year. A bright spot is the
trend toward inereased research with rigorous design and method aimed at
developing and testing hypotheses.

TrEORY
k ysis~~Psych Iytic contributi to the und ding of
tbe sy chology of buman deve elopment and behavior continue at a rapid rate
and are reviewed in detail elsewhere, although there was regrettable delay
of about 4 years from the time of survey to that of publication [Frosck &
Ross (29)]. Hidden in this year's literature under the title of “Comment™
is 2a illumirating, informal exchange of views oz psyt du: erergy and psycho-
2nalysis betw een two students of human behavit lyst Colby and
physiologist Lashley (29). Linn (30) defines several areas of psychosomatic
research to which psych has ibuted and ke i the way
in whxch psychoaual)’nc knowledge has modified concepts and management
in psy tic medicine. With the fon of its use as 2 method for
?Jp!ormg unconscious mental processes, the article deals with the theoretical
i namel). (a) mental processes as experimental
iables; (3) p: ionships between the experimenter and ex~
perimental subject; (c) pmb!ems of perception and defense, and () the con-
cept thaz early infantile experiences exert lasting and all-pervasive influences
on emotional d 1
The most comprehensive study which attempts to integrate psycho-
anzlytic theory with physiologic research is from the Institute for Somatic
and Psychiatric Research and Training of the Michael Reese Hospital. The
£irst of their series of several papers which began in 1936 is entitled “A
Theoretical and Experimental Approach to the Problem of Anxiety” and
gives the general background of the research as well as outlines the over-all
experimental design, the choice of subjects, and the variables studied
[Grinker ef al. (31)]. To that series of publications the Michael Reese team
Bas added several during the past year, most of which can be grouped under
the fnllovnng variables: (e) affects, (b) perception and decision, (¢) physio-
logical , and (d) h
In @ paper on the significance of pre-experimental studies in the psycho-
somatic laboratory during which psychological and physiofogical observa-
tions were made, it was shown that the process of acclimatization to a
lab"mmw setting may constitute a special stress for the experimental sub-
ject and that sach an initial day cannot be considered 2 psychologically
neutral condition for the assessment of a basal or resting state a priord
[&bshm e al. (32)]. It was pointed aut that anxiery wes relatively high on
day to the three
dAys. Ta addition, plasma hydrocortisone showed a striking reversal of
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abou.t 3, 1, and 0 or 2 jears, respectively (data concerning patient C's
previous hospitalization are not clearly given) before entering the thera-
peut.x'c milieu of the research hospital, rapidly regressed upon admission and
_conunued their regressive patterns. Patient D, on the other hand, had been
institutionalized for 15 years and had finally ¢nded on the most regressed
ward in the state hospital. Upon transfer to the research hospital she
showed no further regression, and, indeed, is described as having quahties
of attractiveness, considerable appeal, and was able to appear openly de-
monstrative and affectionate to the staff whose “favorite patient she was,”
?t appears that here, as in the case of the patients of Rashkis & Smarr, there
is an inverse relationship between predrug change (“milieu effect’’) and the
changes with drugs. If so, why? Rashkis & Smarr (19) raise the question of
whether patients who benefit from milieu change will continue to benefit
if the milieu is consistent]y modified rather than from drugs being intro-
duced in the hope that the pauent will thus be “made just a Iittle better”
or “carried over the hump.” Perhaps their question may be altered to read
as follows, During the course of milien therapy of 2 psychotic patient when
is it optimal to use adjunctively further measures such as medication aimed
at strengthening the protecttve stimulus barrier of the ego to allow him to
regain, 1if only temporanly, some of his discriminatory powers?

Other somatic therapies~—Insulin treatment flourished for nearly 20 years,
but 1ts hazards, expense, and the failure of its empiricism to withstand
critical inspection have all but resulted 10 its demise in 1958 [Bourne (21}
Psychosurgery, which reached its peak about 10 years ago, is nearly ob-
literated and only its staunchest advocates see any prospects for its contmued
nuse as a therapy in psychiatry [Freeman (22)] The indications for efectro-
convulsive treatment, which are under persistent re-evaluation, are clear
for at least symptomatic alleviation of a certain form of severe depression,
Carbon dioside treatment, carried forward by a selatively few dedicated ad-
herents, seems to be generally on the wane.

There have been numerous hypotheses, physiological and psychological,
as to the mode of action of electroconvulsive and carbon dioxide therapies.
The prominent physiological theory of sympathetic reactivity at the hypo-
thalanme level, expounded by Nelson & Gelthorn (23), had received chiical
confirmation from Funkenstein, Moriarty (24), and others using the metha-
choline test as developed by Funkenstein ezal (25) Two recent studies raise
sertous questions 2s to the reliability of the methacholine test, and therefore
as to its validity as an indcator of either prognosis of electroconvulnve
therapy or autonomic responsivity {Lotsof & Yobst (26) and Maas (27)].
In addition, one of the studies (27), though methodologically less sophisti-
cated, suggests that when a drug is given the resultant effect will frequently
be a function of the chemrcal, the patient, the examiner, and the interaction

of the three
PSYCHOLOGIC APPROACH

included under the rubric

Articles relating to material which could be
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responded with only a slightly greater increase in plasma hydrocortisone
than the normal, but at the same time anxious subjects excreted far more
hydroxycorticoids in the urine. Upon repetitive infusion of corticotropin, the
plasma hydrocortisone level prior to each day's injection rose progressively
in anxious subjects, but stayed constant in the controls,

It is of note that although the Mlchael Reese e‘(penmental program was
derived primarily from a p: h it ion, the data
obtained can fit comfortably wnhm !he framework of contemporary learn-
ing theory, Certainly, hypotheses applicable to the findings thus far pre-
sented by the Michael Reese group can be derived from a learning theory
approach

Other thearies.—Although it is indeed not necessary for a theory to be
global in order to be useful, behavioral theories other than those closely
related to the psychoanalytic have generally been rather limited in scope
This tendency often greatly impairs their usefulness in the understanding
of human development and behavior in a social setting and, thereby, their
applicability to clinical work, It1s nevertheless regrettable that even mention
of most theories must be omrtted

Hmvever, the reader’s attenuon is called to Bowlby s (39) novel and

btful di; ion of the i of eth to child de-
velupment research. He also briefly reviews the main characteristics of this
approach which deals with species-specific behavior patterns.

During this past year Wolpe (40) has made a concerted effort to extend
2 condition-response explanation to the etiology of human neuroses and to
their treatment Wolpe's attempt to extend his theory, which allows for the
prediction and control of animal behavior in imited settings, to neurotic
behavior in humans, is convineing to a point, and Part 1 of his book which
is devoted chiefly to this aspect 15, mdeed a sophisticated conmbuuon.

Part 11, entitled Psychotherapy, is a of lly derived
procedures loosely bound under the concept of the “reciprocal mhlbluon
principle,” replete with refs to d on

animals Though dignified with other names, the procedures are of the na-
ture of ing, advising, di exhorting, and T
training, with the criterra for cure and improvement bemg primarily the

! , thescore on the Willoughby Personahity
Schedule, Wolpe attributes the “50 per cent’”’ measure of success by con-
ventional methods of psychott (& 1) to psych is"") to
the nonspecific reciprocal inhibition effects of interviewing and of lhe psy-
chotherapennc situation. With the addrtion of his special methods the figure
Tises to 90 per cent. The author wisely acknowledges, and most will agree,
that in a matter Like this, conviction cannot be founded on one man's ex-
perience.

statusand

PSYCHOTHERAPY
While some presume that psychotherapy has reached the status of a
s¢parate scientific discipline, the fact that much more remains unknown
than known about it has not been significantly altered in the past year.
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d'iumal pattern on the first day and uzinary hydroxyconicoids, though not
significantly higher than on experimental days, were plevated above normal
values. Of methodological significance is the observation that both the -
herent novelty and ambiguity of the experiment-faboratosy sitaation and
the idiosyncratic meanings given to it by the subject can constitute 2
psychological stress.

A paper on affective variables asserted that independent, trained ob-
servers were able to make highly refiable statements of observations dif-
ferentiating anxiety, anger and depression [Hamburg ¢ ab, (33)] These
statements included not only the presence of absence of these emations but
also the extent to which each was experienced by the subject.

wo of the papers related to perception and decision {Korchin ¢ ol (3%
35)], 1t was found (34) that at oderate levels increased anxiety facil
tates, whereas at higher Jevels a similar increase of anxiety disnupts per
formance based on perceptual funcuoning measured in terms of accuracy
and speed of visual deseranination of objects differing in stimulus attributes.
In another experimental sieation which was designed to lead the subject
to believe that his perception was inaccurate or distorted (35). the findings
were 'that such stress produced emotional response. However, the normal
subjects’ responses w ere more speaific and appropriate t0 the focal stresses:
and in general more adaptive than patients’ responses which were more &
jated to the sitpation in general and less to the apecific stress events. The
experimental findings appear t0 confirm the hypotheses that the follosiog
factors are importantin determining the stressfulness of 2 situation. {a) the
relevance of the stress agent to frustration of the subject's needs: (b} the
subject’s €0 strength and defenses, and {€) the relation between the stress
canditon and the larger peychosocial situation.

A paper on the physiological variables dealt with temporal heart-raty
patterns it anxious subjects [Glsckstewn 2 al. (36)) Ttis interesting t& fin
that by simply averaging heart rates of alf subjects, BO apparent €¥pEr
mental effect on the heart rate 15 shown, However, two subgroups were de-
nved factorially, the clinically more, and chnically less anxions patients:
respecnvely. The latter showed & relatively level beart rate over the entire
day, with distinct sises in immediate response t© threatening situations
The former, more disturbed patients, shawed 2 high instial fevel with a8
pyer-all lowenng of heart rate from the bagroming 10 the end of the experi-
mental day without peaks related to specific events

Lastly, as to hormenal measures, tW0 PIpers were published by the group
[Persky ¢ al. {37, 38)}. Changes it the plaswa hydrocartisone tevel were
fineatly related to the degree of sncrease of any emotional arousal, whether
depression, or any combinarion of these (30 The highest
hydrocortisone after a stressful in terview occar when the subject
experiences (g} a sharp iacrease in emotional distress; () 2 prolonged high
tevel of emotional distress; o {c) thought implying profound threat, whether

s is very great Relative to the effect of intra-

or not the immediate distres a 3 5
venous corticotropin administration (38}, it was found that anxious subjects
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37 original patients none were considered psychotic and all were doing
well In their 10-year follow-up study of the 19 patients on which adequate
material was available, Horwitz and his co-workers concluded that the 12
of these who were originally considered at the New York Psychiatric Insti-
tue to be schizophremic had 10-year adj it with the usual
course of untreated schizophrenic patients The remaining seven, originally
considered as nonschizophrenic at the Institute, followed a course similar
to that which one would ordimarily expect n a 10-year survey of non-
schizophrenic patients

Research.—Research on psychotherapy presents many difficulties, not
the least of which is the possiblity that intrusion upon the confidentiality of
the patient-therapist relationship will interfere with the maumal effective-
ness of treatment. There is no question but that examination of the thera-
peutic process in action in itself alters the process in many ways Neverthe-
less, if valid knowledge is to be obtained, the multiple variables relating to
psychotherapy must be sy 1y scrutinized

Until recently most research has been focused on the patient, with some
assessment of the kind of therapeutic chmate provided by the therapist via
the “‘techmque” he uses. Gradually, as more work has been done on the
therapist-patient nteraction, it has become increasingly evident that the
therapist hamself must be thoroughly studied, too, if we are to understand
treatment.

If an exploratory study on the biases of a total of 17 psychotherapists of
three different orientations, Lakin & Lebovits (47), using a laboratory rather
than a clinical situation, found 1t possible to classify into three categores
the therapist’s associations to a few scanty historical facts about a patient
These were speculattons about etiologic factors, diagnostic issues, and thera-
pgutic issues Preliminary findings mdicate that therapist orientation (pre-
disposing sets or biases) selectively influenced the conceptualization of a
Patient when only mimmal information is provided.

More elaborate and carefully conceved is the study of the psychothera-
p.lst’s contribution to the treatment process by Strupp (48) His investiga-
tion “attempts to explore how the theraptst structures the therapeutic
problems (perceptions and evaluations), how these conceptuahzations are
related to what he proposes to do (treatment plans, goals, proposed pro-
cedures), and what he actually does {technique) ** The aim was “to investi-
gate these interrelationships as well as to explam possible differences among
therapists 1 terms of systematic effects produced by their tramning, ex-
Penence, and personalities * The procedure used was, agam, a laboratory
rather than a clinical situation. A sound movie of a 35-rin initial interview
tn which Finesinger's technique of minimal activity was used, was inter-
rupted for 30 sec at each of 28 predetermimed points, giving the audience
therapist an opportunity to indicate what he would do if he were the inter-
Viewer. Following the film, the th ists were d to a com-
erehensive questionnaire relating to the film as well as one on biographical
formation Of the sample of 237 theraprsts, 134 were psychiatrists, mclud-
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Nevertheless, many thoughtful theoretical and methodological articles, par-
ticularly with reference to research, have appeared.

Concepts.~In papers dealing with psychoanalytic theory and psycho-
therapeutic methods, Szasz (41, 42) iHluminates the importance of identilying
clearly the distinctive features of the various diverse modes of psycho-
therapy. He proposes that “psychoanalysis” be used only to denat: an e
pandmg area of theory. and that “'the diffe P 1 1 be
clearly di d by di ions (e g., [he primary model tech-
mquc, therapy by example, etc.)” rather than grouped under psychoanaly-
sis. Such operational redefinition in itself may he helpful in reducing the
misunderstanding which results {rom the continuing side-by-side existence
of conflicting opinions, using the same words, but derived from different
methods of observation. It seems also likely that such clarification is a pre-
reguisite to a better und, ding of the th ic process.

However, regardless of the preci of definition of the method, psy-
chotherapy remains an interpersonal phenomenon between participants in
a social field. In scrutinizing the interpersonal refation between therapist
and patient, Bromberg (43) encountered “the application of scientific tech-
nology which involves certam psychologic overtones of extratechnical na-
ture operating within the therapist” whatever his postulates, premises, or
theortes of psychotherapy. This Bromberg names “therapeutic artfulness”
and suggests it “as the most plausible way to explain successful therapy
when conducted by workers who peint to the most diverse scientific theorjes
and formulations as a valid bass for their accomplishments.” Grinker, in
discussing Bromberg's theoretical paper, points out some of the significant
variables for effecttveness in psychotherapy as including the patient, thera-
pist, verbal and nanverbal communications between thesm, the life situation,
and the inner and outer changes in the mental life and behavior of the pa-
tient.

In a masterful, chnically orrented pr jon Will (44) izes his
views regarding the psychoth of schizoph and certain conceptions
upon w}uch that treatment is based On t}lesc topics \Vill has prepared and

ded an excell i including related li

published during 1956 and tbe first half of 1957
I lzempeuln: outcome.~—"*Cure,” “is
apy™ have been mentioned in this rewew \Vhat are the criteria? Snyder

* and “ ful ther-

(45), in di ing studies of psychoth utcome, points out that
¢riterja for the most part are quite sub)ecme and judgments of outcome
frequently consist of the th ’s Only ionally are the

criteria more objective, and only recendy have factor analytic studies,
which show much promise, been wsed. In general, the more rigorous the
criteria the less encouraging are the reported results For example, this year
Horwitz and his co-workers (46) reported a follow-up study of patients with
schizophrenic reactions treated by “direce analysis ** They point out that in

1947 Rosen reported a therapeutic technique which he claimed resulted in
recovery of all 37 patients treated. In 1952 Rosen reported that of 31 of the
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combmed, Convinced that “upgrading” of patients could be achieved by
social manipulation within the hospital setting, Greenblatt and his co-
workers (50) directed intensive efforts of the same general type to rehabilita-
tion in the ity. Their iminary e i show that such a pro-
gram has had a noticeable reciprocal impact on the hospital structure with
diflerential effects on the various traditional role groups Psychiatristsand
social workers appear threatened by the new emphasis while nurses, and oc-
: il b

and ind 1 pists have enjoyed a reinforcement of their

status,

Social treatment, as it is practiced in the United States today, had its
rebirth within the past decade or so in England. In commenting upon the
useof the mental hospital as a therapeutic instrument Cohen (51) briefly re-
views the recent history of some of the interesting innovations which
British psychiatrists have been carrying out in the general area of social
psychiatry, He points to the changing atmosphere of the mental hospital
from that of a restrictive dial i to one of a rehabilitati
center to which patients come voluntarnly for help. Cohen emphasizes that
the open.door policy and giving the patients increasing responsibrlittes for
the durection of their daily activitres play important parts in the remarkable
change in hospital atmosphere. Surrender of the key by the staff and the
termination of dealing with problems by authontaran measures such as
seclusion, restraint, and transfer to a disturbed ward have resulted n dif-
{zrem staff-patient attitudes In turn, problems are now resolved by changes
In personal relations between patients and staff. Hurst (§2) considers the
Problems raised by the unlocking of the chronic wards at Shenley Hospital
in England. He points out that elopements occurred no more frequently than
Pprior to unlocking the door, The principal difficulty occursed with “deterio-
rated, confused schizophrenics ** He d that a well-developed program
of accupational therapy estabhshed several months prior to opening would
.h’ave probably reduced most of the problems He speculates further that

‘deterorated schizophrenics” might never have reached that stage had they
Spent their hospital life on an open ward He postulates removal of all con-
tacts with the outer world as the i p i of their ‘““deteriora-
tion.” Rapoport & Rapoport (53) studied the social processes at Belmont
Hospital, England. They point out how an experimental form of organization
2imed at “democratizing” the authority system has evolved in the attempt
1O resolve the problem of avoiding coercive authonity m patient-therapist
relationships in a hospital setting where considerable centralization of au-
thority is ary for hospital ini ion alone The desirable features,
2s well as the hazards, of their model for authonty are discussed and are
€ompared with the model described by Stanton & Schwartz (54).

Probably the most intensive and extensive study and description of a

therapeutic community in the United States is that by Wilmer (55) of 2
Psychiatne ward at the U. S. Naval Hospital m Oakland, Californta Even
though it was a locked admission ward where patients were kept no longer
than ten days and the goal was primarily patient management, their ex-
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ing 43 residents, and it was the responses of the group of 134 trained in
fnedicine with which the paper primarily dealt. The analysis of the data and
its statistical treatment appear sound. The more minute findings v hich are
too numerous to list, are of interest and have potentially valuable impfica-
tions for the practice of and training in psychotherapy. Two broadly de-
fined groups of therapists appear to emerge from the investigation, though
there were many subgroups which did not follow the pattern. Group ¥
therapists appear to be mose tolerant, huwane, permissive, and deracratic;
while Group 1I therapists emerge as more directive, disciplinarian, moralis-
tie, and harsh, Could it be that the alorementioned A & P and D & O prac-
tice groups (10) have at least some of their roots in the personality groupiogs
1 and 11 of Strupp?
SOCIOLOGIC APPROACH
SocsaL PSYCHIATRY

For nearly a century sociology has contributed its concepts and metbads
10 the study of social organization and structure, and to the examination of
the way the individual participates in his society. Within the past three
decades there has been increasing recognition that social factors ace in
volved in personality formation and in the ctiology of psychopa&hologic cont-
ditions. More recent convergences of sociology and psychiatry have con~
tributed to a shift of viewpoint in whith the added dimension of the inter-
personal factor allows conssderation of psychopathologic states as types of
deviant participation in social p

Seattered throughout the literature this past year are numerous con-
tributions of psychiatrists, socielogists, anth % and others to the
still loosely bound body of knowledge which comprises sociat psychiatry.
Rather than cite a few of the recent publications which are representative of
current developments, the reviewer refers those readers who are interested
in Yooking deeper into one of the most promising frontiers of medicine 102
book edited by Leighton, Claussen & Wilson (49) which deals with a wide
range of reciprocal contributions of psychiatry and socielogy. Special 3.!-
tention 1s called to two chapters. The first 1s the chapter on orientation, it
which an attempt s made to bndge conceptually the gull between intra-
psychic and interpersonal patterns The other is a chapter by Hinkle and
Wolff in which the fact that man’s relation to his socjal environment hasa
major mfluence upon his health is quantitatvely highlighted. N

Tre Tugrarevric COMMUNITY

Perhaps the most exciting d d with the fogic ap-
proach 1s the refocus on the concept of the mifien as a therapeutic agent.
Incorporating concepts con tesbuted by sociology are the social therapeutic
clubs, halfway houses, day hospitals, night hospizals, and hospital the{a-
peutic communities, all of which may be said to be examples of social
peychiatry in action. Probably a greater aumber of such unjts P'xas b.ccn estab-
fished in this country during the past year than in the preceding eight years

N
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bined. Convinced that * ding” of patients could be achieved by
social manipulation within the hospital setting, Greenblatt and his co-
workers {50} directed intensive efforts of the same general type to rehabilita-
tion in the ity. Their iminary e i show that such a pro-
gram has had a noticeable reciprocal impact on the hospital structure with
differential effects on the various traditional role groups. Psychiatristsand
soclal workers appear threatened by the new emphasis while nurses, and oc-
cupational and industrial therapists have enjoyed a reinforcement of their
status,

Social treatment, as it is practiced in the United States today, had its
rebirth within the past decade or so in England. In commenting upon the
useof the mental hospital as a therapeutic instrument Cohen (51) briefly re-
views the recent history of some of the interesting innovations which
British psychiatrists have been carrying out in the general area of social
psychiatry. He points to the changing atmosphere of the mental hospital
from that of a restrictive instil to one of a rehabilitati
center to which patients come voluntarily for help, Cohen emphasizes that
the open-door policy and giving the patients increasing responstbilities for
the direction of their daily activities play tmportant parts in the remarkable
change in hospital atmosphere, Surrender of the key by the staff and the
termination of dealing with b horitari such as
seclusion, restraint, and transfer to a disturbed ward have resulted in dif-
ferent staff-patient attitudes. In turn, problems are now resolved by changes
in personal relations between patients and staff. Hurst (32) considers the
problems raised by the unlocking of the chronic wards at Shenley Hospital
in England. He points out that elopements accurred no more frequently than
prior to unlocking the door The principal difficulty occurred with “deterio-
rated, confused schizop " He d that a well-developed program
of occupational therapy established several months prior to opening would
have probably reduced most of the problems. He speculates further that
“detenorated schizophrenics” might never have reached that stage had they
spent their hospital Iife on an open ward. He postulates removal of all con-
tacts with the outer world as the principal ipil of their “deteri
tion "’ Rapoport & Rapoport (53) studied the social processes at Belmont
Ifespital, England They point out how an experimental form of organization
2imed at “democratizing” the authonty system has evolved in the attempt
1o resolve the problem of avoiding coercive authority in patient-therapist
relationships 1 a hospital setting where constderable centralization of au-
thority is ry for hospital administration alone The desirable features,
as well as the hazards, of their model for authonty are discussed and are
compared with the model described by Stanton & Schwartz (54).

Probably the most intensive and extensive study and description of a
therapeutic community in the Umited States is that by Wilmer (55) of a
Psychiatric ward at the U, S. Naval Hospita! in Oakland, California. Even
though it was a locked admission ward where patients were kept no longer
than ten days and the goal was primarily patient management, their ex-
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perience serves as 2 most iluminating example of problems faced, methods
of meeting them, and results obtained through the establishment of thera-
peutic comsmunity concepts.,

Young (56) reports 16 months' experi with an op
community 1n a 30-bed psychiatric receiving service of a suburban general
hospital, Data are available on 1624 patients, neacly all of whom were hos-
pitalized by court order and could not be screened o refused admission All
patients regardless of sex or severi| ty of iliness were treated on the same ward
by stafl, the majority of whom, with the exception of psychiatrists and
social workers, had little previous psychiatric experience. The basic phi-
lasaphy of the unit is based on two principles, The first is that of the unre-
stricted communication between patients and staff which implies mutual
courtesy, consideration, and a willingness to understand. The secand is that
of expectation that the patient will utifize maximally the healthy aspects of
his personality, In this setting only ltquor, razor blades, and personal meds-
catious are excluded. Such items as scissors, mirrors, and nail files are con-
sidered necessary and useful. The chief therapeutic instrument ss the ward
group composed of bath patients and staff which mcets daily. A number of
special activities, such as arts and crafts, gardenwng, housekeeping, and use
of the katchen are d In addil other standard forms of psy-
chiatric therapy are avaslable, but their use seems rarely mdicated, Locksare
used only in extreme emergency situations when *“alf else fails.” So far, there
have been only four of the 1624 who probably could not have been treated
an the ward with an epen daor. Of the total patients admutted 68 per cent
have returned to the community after an average stay of seven days, while
about 28 per cent have been referred to other hospitals voluntarily or by
comntitment, the majority of these being chrame psychotics or chronic
alcobolics. In general, hypomamc and depressive pauents were the most
difficult to treat sn the setting descrsbed while schizoph holics, and
character dssorders have responded well. The reviewer regrets that he must
omit many further interesting details of this proneering effort

Wilmer (57) points out that “the basu: deparmre of the therapeutic com-
munity concept from traditionafly pts of the mental hos-
pital is the emphasis that it places upon socto-environmental factors in the
patient’s hospital experience. In the hospital which operates as a therapeutic
community, socialization and the sense of belonging take their place along
with psychotherapy. The traditional order of hierarchy 1s reversed, and the
hospital is regarded as the patient's world rather than the doctor’s domain,
thus, the traditional staff attrtudes and staff-patient relationships are con-
siderably altered. 50 also are the procedures employed: self-control, dignity,
and trust supplant excessive 1mposed controls, restrictions, regimentation,
di bound rituals " Since hosprtals which practice the therapeutic

4 "

and

commumty concept vary n structure, process, and pattern, a method of
between stmi and i jties is necessary 1o order

to them scientifically and evaluate resafts. One basis for making

suchan xdentxﬁcanon as outhned by Wilmer (57), includes 32 points of refer-
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ence subsumed under headings of facilities, patient sample, staff, therapy,
research and evaluation, and legal status of patients

Exaluation of the efficacy of therapeutic communtties will undoubtedly
prove to be a difficult task, one in which such studies as Hastings’ (58)
follow-up results in psychiatric illness may well become a valuable model.
The reviewer thinks that therapeutic community care will be found to be of
significantly greater value than current standard hospital care. This opmion
is reinforced by a brief experience with an open therapeutic community
ward in Stanford University's general hospital The therapeuttc community
concept will make a deep imprint 1n the future practice of medicine.
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SPECTAL THERAPEUTICS (TRANSFUSIONSY

By Sreaxr C. Frxez, ML.D.
Degatmet of Medicine, ¥aie Dneerity Schaol of Mnlicine,
New Brzes, 3

The purgese of this presentation is to review te mere fmpertans experi-
merf azd practicl accomplshments ix the feld of trazsusicn thecapy
daring the past year. Progress in tee fields of Blood preservation aad transf-
ez therapy coutinnes at 2 rapid pace. The most motrble achfevements have
related to 2= mproved oads ding of for reqet modifed axd
pew ixdleations for exchange therapy, azd the efects of i1 oy storage con-
ditions on the #¥ rize survival of various Heed corstitments. Despite these
advaaces, the misuse of Elood tansfusion therapy coutitues to Be 2 majer
problece. The eccrmous impression @ the minds of mazy physcass that
the routite aod mpid restoration of all bleod cm:rcm:..:f t2 “mermal™
with transfused blood is 2 therapentic recessity comprises the bass for this
prablem.

TravsrrsioN Ixcmencs, INSIsCRETIONS, avn INvicarioss

A repert made iz this past year by tke Profect Adviscry Commitiee of
tie Joint Blocd Cousdll estimated that approximarely S.000.000 wxits of
tlood were adminfsrared in 78 per ceat of the kospitals in the Unired Stres
daring the previcus year (11. No scstematic patrers of Bloed collection was
nated and the breakdown was as fellows: Regional Americiz Red Cross col-
lection, 32 per cent; wolantary hospizal collectinn, 36 per ceat: comrmercial
Elocd banks. {1 per rext; mechospita! community Blood banks. §F per
ety bospital-ta-hrospital traader, 4 per cest; aad paid dorers. T per cent
Irrespective of the symerz tsed, bloed procurement ix peacetime fs a majer
problem, azd each system kas seme defidendes. Iz the smate of Comzecticzs
the American Red Cross collects and disaibates aft blocd. yet ix the nergh~
Bedag New York City aren 42 per cent of the Blood is obtained from paid
douors, 2ad the estinated consumer evst vaties from STECO ta $&0CO
Fer wait (2). Iz some aress as mock as “0 per cent of the Blocd & pur-
chased (3). The rapid increase ix blood consumprion is atrButatle to a
=2mber of facters (£). Inticate and long cardiomasenlar surzical procedures
Ty require from 10 tr 20 moits of blood per ;.mm New demmzds have
been made through greater appreciaton cf the walge of exckange tazs-
fasions in infanrs with ery is ad varions ias, and the recog~
nition cf new Eemaphmmd states. Increased hospital costs Bave eacouraged
any physiciazs o transfuse pernicious anemin and iren-deficent patents
90 33 to shorten their pericd of kospimbzation. The rontize tazsfusion of

9=;Thech(&etmmmngm:&nmmmmpleﬁdnldv

Eore
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prcopemmc. obstetrical, and cancer-bearing patients with slight anemia
imposes severe demands on the blood bank. This Hagrant misuse of biood is
cafled by Crosby (5) ““the secretarial practice of medicine.” In citing certain
obstemcal routines, Crosby goes on to say, “when the patient flunks her

lobin test the stenographer types outa request.” He also
mentions some services where surgical patients receive 1 liter of blood the
day prior to operation, and instonces where patients with malignancies re-
ceive 1 unit of blood if the hematocrit is below 38 per cent and 2 units of befow
32 per cent, The surgical practice of having blood on hand for routine opera-
tions also wastes blood, In England approximately 14 per cent of all blood
coltected is not used before its expiration date (4). Chown (6) is adamant is
his feelings about the misuse of blood, beheving that over 30 per cent of alf
transfusions are unnecessary and that most transfustons to women under
45 years of age are unnecessary. Probably less than 1 per cent of these are
life-saving. Dripps (7), in a concise review of these problems, guotes the
British Consulting Pathologist Committee as follows, “It appears unjustifi-
able to place any patient at a risk for one pint of blood.” In one large
medical center 45 per cent of the patients transfused received but a single
unit (8) The misuse of blood has promulgated the philosophy among several
authorities that 2 single physician in charge of the blood bank should have
authority to disapp indtvidual transf requests (4, 9) The proper
use of bloed could save as many as 2,000,000 units of blood in the United
States alone, and could prevent as many as 400 to 600 unnecessary deaths
nnmmlly This figure is based on the transfuston mortality of 1 per 5,000
(7), an incid to that of d

What are the indicatians for transfuston? Crosby (5) has defined them
as follows: () to improve the stability of the circulatory system when the
bleed volume has been reduced ta such a wayas to imperit the patient; and
{b) to 1mprove the oxygen-carrying capacity of the blood to prevent acute
hypovxia or iavalidism He points out that sedentary patients are comfortable
with 10 gM. per cent of hemoglobin, stace much of the normal hemoglﬂbm

mass is in reserve for exertion He fons the value of f to
“normal' before sucgery, especially since no changes in the vital signs are
ble until the h lobn 1s 7 gm per cent or less Strict adherence

to these criteria could appreciably reduce transfusion mortality. The Jack of
clear indications for the transfuston of patients has many serios medical
fegal implications (5, 10, 11).
TRANSFUSION REACTIONS OF THE IMMEDIATE TYPE

The overall incidence of adverse acute reactions to transfustons prabably
is somewhere between 20 per cent and 40 per cent A receat small series
showed an inctdence of pyrogenic reactionsalone to be 38 per cent (12), Others
have found acute pyrogenic and allergic reactien rates as low as 5 6 per cent
(13), 4 4 per cent (14}, and 1.42 per cent (8). Most of the important types
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of acute reactxons are tllustrated in Table 1, Many of these are the result of
improper | y techni excessive fusion, obscure i

catastrophe, and human error, Strict laboratory control of the enttre opera-
tion under the direction of a competent physician is essential and invariably
will help to reduce the incidence of serious mishaps (8, 15, 16, 17). In spite
of extremely rigid rules in one series of 20,000 transfusions reported, 4 of the

TABLE 1

TuEpIATE ADVERSE REACTIONS TO BLOOD TRANSFUSIONS

Type of Reaction

Manifestations

Cause

* Sunple™ febrile

Pyrogenic

Toxe

Allergic

Hemolytie

Leukopeme

Thrombocytopenic

Cardiae

Ac globulin deficiency

Hypoprothrombinerma
Hypohbrinogenemia

Hypocalcemia.

Hyperkalemia

Alr embolzation

Fever chills, headache, back-
ache, ete

Fuer, chxlls, headache, back-
ache, etc
Shock, byperema, fever, chills

Urticaria, asthma jomat pain,
eosinophilia, ete

Chulls, fever, hemoglobinemia,
bieeding hemoglobuuria,
shock, anuna death

Febrile reaction, leukopenia

Febrle reaction, bleeding

Sigs and symptoms of acute
pulmonary edem:

Bleeding, delayed coagulation

Bleeding, impaired coagulation
Bleeding, impaired coagulation

Tetany, cardiac arrythmia

Cardiac arrythmia convulsions,
‘muscular twitchings, ete

Dyspuea, sudden death

Donor protem, lekocytes or platelets
plus recipient's natural or acquires
protein, leukocyte or platelet antibody

Bactenal pyrogens

Bactenat endotoxm

Hypersensitivity of rectprent to donor
“allergen”*

014 blood

Donor or recipient 1soagglutinm or
hemolysin

Donor leukocyte antibody or leukolysia
Allergic or pyrogemc reaction

Donor platelet antibody
Dilution thrombocytopema
Intravascular clotting.
Overtransfusion

? Citrate toxcaty

Hyperkalemia and hypocalcemia
Dilation

Intravascular clotting
Fibnnolysis

Intravascular clotting
Fibrnolysia

Intravascular clotting
Fibrinolysit

? Citrate tomcity

Donor erythrocyte potassiam loss

Auw entry 1nto vein
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5 mi hed transfusi long encountered were caused by physician
ervos (8), Thisis not an unusual occurrence and the possibility of such human
error always must be weighed against the necessity for transfusion.

Many acute pyrogenic and allergic reactions to blood probably asise
from individual idiosyncrasy to foreign protein, but there is increasing in-
terest in recipient circulating iscantibody to the formed elements of the
bfood as a means of explaining these obscure reactions. This impression is
supported by the high incidence of reactions in maltiply-transfused recip-
ients found in association with leukocyte agglutinins (18 to 23). Payne (21)
has shown good correlation between the number of recipient transiusions
and the incidence of positive leukoagglutination tests. There now is much
ta suggest that the immunologic structure of the Jeukocyte is extremely
complex, and that the opportunity {or jsoimmunization is very high. Brit-
tingham & Chaplin (22) transfused five patients who had had numerous
previous transfusions and fenkocyte agglutining with leukocyte-depleted
bleod. Reactions were avoided in this group whereas they invariably reacted
to untreated whole blood, Thest investigators have described simple methods
for leukocyte and platelet removal from whole blood. Dausset et al. {23)
were able to corroborate these results, Isoimmunization to platelets results
in rapid removal of the transfused platelets from circulation (20), but
probably does not produce major systemic reactions. On the other hand, the
administration of donor blood with a high titer of platelet agglutinin will
produce severe thrombocytopenia in a recipient (24). In this particular m-
stance the doner had sarcoidosis, and the author advised against the use of
such patients as donors. Erythrocyte isosensitization continues to be an
important problem in spite of greatly improved laboratory techniques.
Fudenberg & Aflen (25) have demonstrated poor erythrocyte survival in
certain recipients in spite of normal crossmatching with present technques.
It is their impre: that p t-day hods are incapable of detecti
these incompatibilities They suggest giving group-compatible blood when-
ever possible to patients tequining multiple transfusions and not to xe{y
solely on the c tch. Chown (26) di the practice of using uni-
versal donor blood without adequate erossmatching, and cites Thany e
amples of antiDuffy and antiKell reactions with shock and anuria when the
crossmatching was inadequate He feels that meny laboratories have not
kept up with new immunohematologic knonledge The use of universal
donor blood certainly is a sersous potential hazard (26). In a recent pane!
discussion (3) it was noted that ABO sensitization is seen about five times
as often as Rh sensitizatton, and that 97 per cent of ABQ incompatibdity
reacuions occur 1 group O recipients, Again the use of group specific rather
than O, Rb negative blood even for emergencies was emphasized. In con-
1rast, many of these problems do not concern certain ramal groups .such a8
in Thats, all of whom are Rh and Kell negative (27), Only one reaction was
noted in more than 10,000 transfusions with only ABO typing, and that
was owing to A; Severe erythrocyte hemolytic transfusion reactions fre-
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quently are masked during surgical anesthesia (28), but may be detected
rapidly by inspection of a centnifuged blood sample for the presence of free
hemoglobin  This report censures excessive use of blood in the operating
room and emphastzed that it should not be used unless the blood volume
islow because of bleeding.
isf; jon for the ining ( ific) transfusion
reactions is lacking to date. Those attributed to bacterial pyrogens largely
have been eliminated through the extensive use of disposable plastic reciprent
sets Other ific protein h ized by fever and leuko-
penia are thought by Nicolau (29) to result from antigenic stimulation of
R.E. tissue with release of acetylcholine. He has redupl d the hemato-
Togical al h istic of these ions in man with
mjection of acetylcholine. Polak & Fiser-Herman (30) have found subnormal
total protein levels (especially albumin) 1n many patients who reacted badly
to blood They suggest that washed red cells should be given to these pa-
tients, and that this 15 preferable to antihistamine. These results are in-
teresting, but it should be appreciated that many patients requinng repeated
tr: ions have ic disord ible per se for hypoalt i
Kmights & Hutchins (31) could find no relationship between a positive C-
reactfve protein test in a group of random donors and munor transfusion
reactions in their respective recipients. However, they did note that all pa-
tients experiencing ions with chills sub 1 loped a positive
Cereactive protern test. The i with which antihi: modify
these nonspecific reactions remains controversial despite 2 number of reports
supporting their value (13, 14). Dahlquist et al. (13) conducted studies with
the additron of pyriby hydrochloride and chlorpheni maleate
to the donor blood. They noted a 75 per cent reduction 1 allergic reaction
rate. In another report (14) 10 mg. of chlorpheniramine maleate added to
the blood given to 2785 patients reduced allergic reactions from 1 4 per cent
t0.07 per cent, and pyrogenic reactions from 3 01 per cent to 0 54 per cent.
0," the other hand, Hobsley (12) observed no statistically significant reduc-
tien of febrile reactions to transfusions with 10 mg of chlorpheniramine
maleate in a smaller series of patients. Under the conditions of auy of these
studies no adverse reactions to added antihistamine have been noted, but
it should be h d that to severe 1diosyncratic oc-
casionally are observed (32). These consist of drowsiness, stupor, confusion,
aPnCB._and even convulsions. Diphenhydramine (Benadryl) added to donor
bl}wd in concentrations of ten or more times those conventionally employed
will produce significant shortening of erythrocyte survival (33).
Reactions caused by bacterial contamination of blood may be identical
helr initlal stages to the so called nonspecific reactions, and may closely
stmelate an acute hemolytic response The importance of recognizing each of
}he:e .entl.lies early i of it with careful
of the ar belore proceeding with further trans-
fusion. From 3 per cent to 6 per cent of glass bottle blood in storage will have

in ¢l
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bacterial contamination introduced at the time of erther skin or bottle
puncture. Careful attention to aseptic technique has reduced the tncidence
of baceterial reaction from 5.2 per cent to 0 6 per cent in Czechoslovaksa (),
Bang & Paaby (35) found 11 of 100 units of bload bank blood to contain
bacterial contaminants, The organisms were detected by direct smear
three of them. The degree of contamunation was directly related to the
storage time, and as a consequence of this they have reduced the permissible
storage time {from 21 to 14 days Walter et ol. {36) report a sixfold reduction
in the contamnation of blood collected in plastic bags and a reaction rate of
073 per cent. Their unique culture techmque consisted of refitling the in-
tegral tube with mived blood and sealing with a dielectric sealer a short seg-
ment of tubing which subsequently was cut off for cultuse, This procedure
elimmnated the necessity for bottle opening with its associated danger of
contarunation Braude {37) has presented an excellent review of the recog-
nition and treatment of transfusion reactions from contaminated blood He
notes that about 80 per cent of the erganisms responsible are of the coliform-
Pseudomonas gronp At 4°C the Pseudomonas organisms grow well while
the coliform arganisms grow poorly, but survive Reactions consisting of
fever, hypotensson, and pain rapidly progress to collapse and renal failure
with almost invanable death. These reactions are caused by bacterial endo-
toxin which appears to produce a severe Joss of arterial tone For treatment
Braude suggests the prompt admumstration of intravenous fluids, tetra-
cycline, l-norepinephrine, sterords, electrolytes, and blood if necessary. For
prophylaus he suggests a tune reduction 1 the room temperature storage
of bleod, microscepic examination of smeared donor bload for bacteria, and
the routme use of a tetracychine antibrotic n the blood bottle. Jawes &
Stakes (38), however, demonstrated that there was httle advantage in terms
of growth of orgamsms from ramd refrigeration of collected blood Non-
refrigerator transportation of donor blood over seven years has yielded
500,000 bottles with only 1 death arising from cold-growing organisms
Another important immediate type of transfusion reaction 1s that which
foltews overtransfustan with resultant rapid expansion of the cireulating
blood volume, In patients with anosic or other types of myocardial dys-
function excesstve trans{usion may progress ramdiy to acute pulmonary
edema In a recent excellent review of the subject Downs (39} states that
“circulatory overloading 1s now probably the most common cause of death
from trans{usions when proper hods are employed to prevent p
bitities "' He described the clinscal picture of acute pulmonary edema and
points out that auricular fibrllation may develop, and that if the patient
survives he may have cons:derable perspheral edema He advocates frequent
auscultation of the chest, close check of pulse, and determmation of the
venous and arteral pressures when large volumes of blood are infused
rapidly If pulmonary edema develops, immediate phlebotomy should be
performed, so as ta remave the amount overtransfused, and tourniquets
should be applied to all Anatlary p di of value are the
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use of positive pressure oxygen by mask, tracheal aspiration, and fluid re-
striction. In another study Hornbein & Roos (40) found that transfusion of
normal male subjects from hematocrits of 45 per cent to 60 per cent re-
sulted in decreased ventilation during exercise. Pretransfusion blood volume
determinations would be of infinite value in estimating transfusion require-
ments. Freeman (41) has found the radioactive fodinated serum albumin
blood volume technique to be of value in making measurements on 209
sentously il patients. He advocates use of either 2 1 or 5 min sample In
spite of these observations, it 1s difficult to believe that blood volume de-
terminations of this type are very accurate under these conditions. Lack of
a steady.state, inadequate mixing, and unknown alterations 1n small vessel
hematocrit present incaleulable obstacles to accurate blood volume estima-
fion Overtransfusion of injured (42) and normal (43, 44) experimental
animals has induced selective organ or tissue trapping of red cells with rapid
extravascular diffusion of plasma Substantial differences in small vessel
hematocrits near sites of injury would tend to increase the inaccuracy of
blood volume measurements Careful clinical judgment probably 1s the best
practical guide to transfusion requirements at the present time,

Massive transfusion-induced hemorrhagic disorders develop from a va-
riety of causes, the chief of which are thrombocytopenia, hypofibrino-
genemia, reduction in plasma labile factor and AHF concentrations, and in-
creased fibrinolytic activity. Krevans & Jackson (45) were the first to point
ottt that transfusion of adults, infants, and dogs for the purpose of correcting
blood loss induces thrombocytopenia, the severity of which 1s related to the
rate and amount of blood d. Initially, this app to be the result
of simple dilution with nonviable donor platelets Later these investigators
{46) studied the hemorrhagic disorders of two patients who had received
some incompatible blood, ‘They noted hypofibrinogenemia, thrombocyto-

penia, and hypop i without i d fibrnolytic activity.
They concluded that these changes probably were caused by the release of
thromboplastinhike sub from hemolyzed red cells Mustard (47) m a

study of 62 multiply-transfused surgical patients noted thrombocytopenia
in about 50 per cent, and expressed the opinton that the combination of
dilution and 1mereased thromboplastic activity of stored blood were re-
sponsible for the reduced platelet concentrations This impression has re-
cetved additional confirmation 1n dogs (48). Stefanini (49) has emphasized
the mportance of increased fibrinolytic activity i some massively trans-
fused surgical patients The mportance of this problem also has been stressed
by Howland (S0) in a brief review of the subject

n Inordinate amount of attention has been focused recently on the ad-
verse clinical effects of the excessive citrate admimistration which accom-
Panies extensive blood replacement (51 to 60) Firt & Hejhal (51, 52) believe
that overloading and heart failure during raptd transfusion 1s not a function
of volume per se, but of the amount of citrate given In small doses citrate
1# 52ld to produce pulmonary vasoconstriction, and in large doses 1t is said
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to depress myorardial activity. They belicve that the advantage of arteriat
traasfusion is related to the rapid interstitial diffusion of citrate so that the
lung and heart concentrations are lower. The adverse citrate effects can be
counteracted with intravenous procaine and calcium, Bunker (53) points
out that excessive citrate will chelate fonized catcium and lead to tetany,
cardiac arrest, and incoagulability of the blood. Patients with liver disease
or imp‘aired fiver blood Sow are increased risks, He suggests the intravenous
administration of calcium chioride in order to neutralize these effects. An
extremely important measure for the prophylaxis of this entity is rapid

ppage of bleeding to reduce the ity for blood (54). In spite of these
reports, however, the importance of citrate tovieity in adults is unclear. Ex-
tensive investigation of this subject in massively transfused surgical pa-
tents has failed to Fncriminate citrate toxicity as a major problem (S, 56},
Noal ions in clotting mechanisms or correlation of plasma citrate fevels
with capillary oozing were found, Some profongation of the Q.T interval,
and jncreased serum potassivm and total ealcinm were the major efiects of
excessve crtrate infusion, These authors befieved that this probably was
not & hazard in adults, but might be in infants, hypothermic patlents, and
in patients with either disturbed cafcium metabalism or Iiver disease, An-
other study of citrate toxicity in dogs and man (58) also fatled to substan-
tiate the belief that it s of any major practical importance. These jnvestt-
gators found slightly elevated serum sodium aad depressed serum calcium
jevels following citrate infusion, and thought that the electrocardiographic
changes resulted more from anemia than atrate tovucity The opinion alse
has been expressed that more deaths with massive transfusion resutt from
overtransfusion than {rom the adverse effects of excess citrate {§7). Avaid-
ance of this problem in infants subj f to exch fusion has beea
advocated through the use of esther heparinized (61) or exchange resun-
collected blaod (62) Sificone-coated glass bottles containiag 1500 I U. of
heparin per 500 mt af blood were used,

Widespread performance of opers heart surgery has remntroduced an old
transfusion hazard- that of air embolization. Nichols ¢f al. (63) reported an
instance of massive air embolism with recovery in 2 patient undergoing
open di y using a pump-ovyg ani plete cardiac bypass
It was the impression of these authors that air embolization constitutes 2
problem n the use of pump-axygenerators which should receive serious
consideration.

TRANSFUSION HazAvDS OF THE DELAYED TYPE

The delayed types of adverse reactions to blood transfusions are sum-
matized in Table 11. A major unsolved problem 1s that of homologous serum
hepatitis virus transmission In pooled plasma the incidence of resuftant
infection is {rom 5 per cent to 20 per cent (11), and in a random blucd.d.a‘nar
population the ncidence of active virus is about 1in 200 The two principal
approaches to the even tual elimination of this mepace have been the screen-
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TABLE I1
DELAYED ADVERSE REACTIONS T0 BLOOD TRANSFUSIONS

Type of Reaction Mandestations Cause

Hepatitis Fever, jaundice, hepatomegaly, ~ Homologous eerum hepatitis virus
anarexa, etc.

Iron storage disease  Skn prgmentation, hepatomegaly, Long standing tissue hemosiderasis from

diabetes, cardiac fallure, ete,  multiple transfusions

Bactersal sepua Clinical and Jaboratory mans-  Malana, syphilis, bruceliosss, leash-
festations of epecific Infection  maniass, etc

Serum sickness Fever, artbralgia, urticarla, Probable antibody reaction of delayed
Iympbadenopathy, ete. t¥pe to forergn protein.

Erythroblastosis fetals  Jaundice, anemia, shock, death  Erythrocyte soummunlzation

Erythrocyte isoim- None unless transfused or Previous erythrocyte sensttization of
munization pregnant recipient

Platelet lsommuniza-  None unless transfused Previous platelet senmitization of
ton reciplent

Leukocyte fgolmmunl.  None unless transfused Previons leukocyts zensitization of
zation recipient

Venous thromboses  Obliterated vews Previous vemipunctures and transfusions

ing of donors and the destruction of the virus in plasma and blood. Neither
has .been entirely successful to date. Norris & Hunter (64) have confirmed
the impression that proved carriers of viral hepatrtis have a high incidence
of positive thymol turbidity and thymol flocculation tests. Unfortunately,
these Teactions are quite nonspecific, and it appears that one or more of the
hepatic function tests may become abnormal before a variety of diseases
occur (65). The C-reactive protein test has been found to be useless as a
g (31). Room e storage of plasma for periods

Of‘ﬁ months or longer appears to eliminate the hepatitis virus. Plasma ob-
tained from 3846 donors was stored in this fashion and no hepatitis developed
0 2 total of 197 recipients of this plasma (66) Large amounts of plasma
free of hepatitis virus have been obtained by means of repeated plasma-
phoresis from a small group of donors by means of the Cohn fractionator
(67). The red cells were retusmed to each donor and 200 ml, of plasma was
Tetained. Beta-propriolactone (BPL} has been found to be a potent viru-
¢idal agent in plasma (68), Since 1952 these mvestigators have administered
over 1000 units of plasma treated with cither BPL alone or BPL plus ir-
l‘?dlahon withaut causing hepatitis and without reaction Electron wrradia-
uh““ of plasma of sufficient energy to destroy virus produces minor plasma
;, anges, but fairly extensive erythrocyte mjury (69). Impressive virus in-
ibition has been demonstrated in plasma and blood subjected to 2200 atm.
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of pressure at —18°C. (70), This treatment again produces severe erythro-
eyte m;ury, but the plasma remains well preserved, Some of the most
promising results with virus alteration and destruction have been with
heat-treated plasma preparations. This procedure tends to denature protein
moderately (71, 72, 73), but the resultant product has good osmotic pres-
sure, is not pyrogenic, and seems well tolerated by recipients, The results
of these investigations Indicate that ical methods for virys elimnation
from plasma, but not whole blood, should be available in the very near
future.

Isoimmunization of female patients by means of transfusion is respon-
sible for many fetal deaths later in life (74). Increased awareness and im-
proved methods for the detecﬂo!\ of lsmmmumzauon to the rarer blood
groups h d the de of this problem in prospective
mothers (75 to 78).

Although there appear to be few new developments relating to the
transfusion hemochromatosis which Joliows multiple transfusions, the po-
teatial debility from this disorder is serjous enough to deserve re-emphasis
{79, 80, 81). The development of this disarder may be delayed or prevented
in patients with refractory anemias through the judicious use of blood.
Effective removal of substantial amounts of storage iron through chelation
and excretion remains irapractical (82),

TRANSFUSION EMERGENCI®S

The value of blood and plasma in the management of hypovolemie shock
is clearly established. For isolated or a limited number of emergencies group
specific blood and plasma usually will be used, but for more majurdisaslex:s
plasma expanders accupy a position of greater importance Albymin is
superior to dextran, expecially since four units of dextran will produ?e
thrombocytopen:a 1 about 20 per cent of adults (83). Thmmbacywpcﬂ{ﬂ
fesults in these indwwiduals from the coating of platelets foliowed by their
removal from circulauion, §n dogs (84) ijections of dextran produce red cell
aggreganon and slowing of the cirenlation, ihrombocympema, leukopenia.
and hy| ia. Studies m e shock (85) have
shown decreased survival of the tr: ized dogs foll of
dextran. As a temporary expedtent, however, the administration of 2 few
units of dextran may sustain a patient until blood arnves. In the tmutial
phases of a major catastrophe, when blood grouping and crossmatching are
impassible, of necessity, group O, Rh negative blond must be used In cer-
tain emergency situations Rb negative patients may get Rh positive blood
unless the patient is 2 female m the child-bearing group, or the patient was
sensitized previously (86) Witebsky states that under these circumstances
it is better to have a living, sensitized patrent than a dead, unseasitized one.

The ities of red cell repk required 1 burned patients have
been cunsndered by Topley (87). She feels that of mare ¢than I per cent of
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microcytes are present in the head of the blood smear on admission the
patient should have at least 20 per cent replacement of the calculated normal
red cell mass followed by a blood volume study 24 hr. later. It would seem
likely that rapid intravascular removal of the microcytic red cells might
introduce an appreciable source of error, but this may be a useful test.

SeeciaL TypEs oF TRANSFUSION THERAPY

The indications for exchang {fusion now seem clear, and its effi-
ciency 1 reducing mortality and morbidity in erythroblastosis fetalis is evi-
dent (88, 89), The chief indication for exchange is an early rise of serum
bilirubin toward critical levels (20 mg per cent) and particularly within the
first 12 hr. (89). The problem of citrate toxicity in these infants has prompted
investigation of heparin as an anticoagulant. Valentine (61, 90} has per-
formed 21 exchang £ with heparinized blood in newborn infants
without incident He also feels that the increased hematocrit of the donor
Elood is an advantage High hematocrit blood in the form of packed cells
(91) was used 1 24 tnfants, and blood volume studies revealed absence of
the red cell deficit usually found with whole blood. Fetal sepsis (92), and
unexplamed cardiac deaths (93) during exchange transfusion have been
ated Andre ef af (94) have described the development of visceral leish-
maniasis 1n a newborn 1nfant following exchange transfusion with the blood
of an adult who had cutaneous leishmaniasis Farquhar & Smuth (95) have
attempted to describe the clinical and biochemtcal changes which develop
during exchange transfusion They found increased blood citrate and potas-
stum levels with a fall in jonizable caletum (not corrected by calcium gluco-
nate), Other causes of clinical disturbance were nterference with circulation

during the period of t read, speed of exch
chan.gmg blood viscosity, catheter manipulation, injectron of cool blood,
and inexpersence.

Exchange transfy is rapidly ing pr in the therapy of

certain acute tovemias, particularly salicylate (96) and methyl salicylate
(97, 98) poisoning in children. In these reports it 1s pointed out that ol of
Wintergreen is 98 per cent methyl salicylate and that the fatality rate from
th.ls type of poisoning is from 49 to 62 per cent Single exchange transfusions
with from one to two times the calculated blood volumes of these children
produced a 40 to 59 per cent reductton of blood salicylate levels and led to
eventual complete recovery Exchange transfusion also has been advocated
for acute poisoning with carbon monoxide, boric acid, and tsonsazid. Hughes
{99) and others (100, 101) have described the use of exch transfi in
the management of patients with anuria Hughes states that cold, stored
erythrocytes in the presence of glucose will take vp potassium when warmed,
and that they should take up excess serum potassium when given to hyper-
kalemic patients, Actually, there is no chnical evidence for this, and the
Aanemuc patient exchanged by Hughes showed a rise 1n serum potassium 12
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of pressure at —18°C. (70), This treatment again produces severe erythro-
cyte 5r1iury. but the plasma remains well preserved. Some of the most
promising results with virus altecation and destruction have been with
heat-treated plasma g fons This procedure tends to & protein
moderately (71, 72, 73), but the resultant product has good osmotic pres-
sure, is not pyrogenic, and scems well tolerated by recipients, The results
of these investigations indicate that practical methods for virus efimnation
{rom plasma, but not whole blood, should be available mn the very near
future,

Tsoimmunization of female patients by means of transfusion is respon-
sible for many fetal deaths fater in hife (74). Increased awareness and im-
proved methods for the detection of isormmunization to the rarer blood
groups emphasized the potential magoitude of this problem jn prospective
mothers (75 to 78).

Although there appear to be few new developments relating to the
transfusion hemochromatosis which foliows multiple transfusions, the po-
tential debility from this disorder is serious enough to deserve re-emphasis
(79, 80, 81). The development of this disorder may be delayed or prevented
in patients with refractory anemias through the judicious use of blood.
Effective removal of substantial amounts of storage iron through chelation
and excretion remains impractical (82).

TRANSFUSION EMERGENCIES

The value of blood and plasma in the management of hypovolemic shotk
is clearly established. For isolated or a limited number of emergenties group
specific blood and plasma usually will be used, bat for more major disasters
plasma expanders occupy a position of greater importance Albumin i
superior to dextran, expecially since four umts of dextran will produce
thrombocytopenia in about 20 per cent of adults (83) Thrombocytopentd
sesults in these {ndividuals from the coating of platelets followed by theit

removal from circul; Indogs (84) i of dextran produce red cfell
aggregation and slowing of the circulation, thrombocytopenia, leukopenia,
and hypofibri ia. Studtes in i ic shack (85) have

shown decreased survival of the traumatized dogs followsng sfusions of
dexiran As a tewporary expedient, however, the administration of a few
units of dextran may sustamn a patient until blood arrtves In the initial
phases of a major catastrophe, when blood grouping and crossmatching are
impossible, of necessity, group O, Rh negative blood must be used In cer-
tain emergency situations Rb negative patients may get Rh posttive blood
unless the panent 1s a femate mn the child-bearing group, or the patent was
gensitized previonsly (86) Witebsky states that uader these circumstances
it is better to have a living, sensitized patient than a dead, unsensitized one.

The q of red cell repk: required in burned patients have
been considered by Topley (87) She feels that if more than 1 per cent of
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taken into consideration. Plasma and blood transfusions to patients with a
deficiency of certain coagulation factors are an important form of transfusion
therapy. It has been noted, however, that not infrequently én vivo activity
and concentration for a specific clotting factor are considerably below in
nitro estimates. This has been described in PTA deficiency (114), with the
use of serum in PTC defic {115), and ing the admini: ion of
plasma to AHG-deficient patients (116). Transfusion of whole blood, plate-
let concentrates (117), or preserved platelets (118) may be of considerable
hemostatic value in platelet deficiency syndromes.

A new era for transfusion therapy is unfolding rapidly in the form of
open-heart surgery Unique and severe demands on the blood bank, hema-
tologist, and donor population are being imposed. Experience at the Mayo
Clinse with 400 operations using the pump oxygenator has exposed some of
the problems (119). Of 15,000 units of blood used at the Clinic anaually,
3000 {20 per cent) are used by the machune alone The oxygenator uses from
$ix to nine units of heparinized blood per patient, and from one to four units
of ACD Blood are kept in reserve. No intergroup crossmatching is performed
and o intergroup i ibility has been ed. Each fon is
planned months ahead, and to date no donor has failed to arrive at 7,00 a m.
on the day of operation. The only test performed at the end of each opera-
tion is a plasma hemoglobin No major hematologic complications have
been d, but air embolization has been reported elsewhere (63).
At'the Cleveland Clinic, Battle & Hewlett (120) have studied the hemato-
logic changes in 12 patients following open-heart surgery. A rotating disc
oxygenator was used for periods of 9 to 24 min. They noted minimal he-
molysis of erythrocytes at the conclusion of the procedure followed by a
slight reticulocytosis one week later. Ten of 12 patients showed 2 moderate
granulocytic leukocytosis, and five patients subsequently exhibited some
atypical lymphocytes There was a shght fall in blood platelets during the
ﬁrst. three postoperative days in four patients. None of the patients had ex-
cessive bleeding in spite of minor coagulation changes

IN VITRO STORAGE AND IN VIVO SURVIVAL OF BLOOD

. Am important storage lesion of red cells consists of interference with
Intracellular production of organic high energy phosphates and the aceumu-
la.t,mn of inorgame phosphate salts Addition of certain purme nucleosides
will modify this defectsve metabolic pathway in vetro, and the changes noted
are associated with enhanced ¢ vivo erythrocyte survival The addition of
Inosine delays the structural breakdown of red cells {121). Kashket et al.
(122) have found that the addition of mucleoside teads to maintain the
Elycolytic capacity of the red cell even though the nucleoside itself retards
utilization of glucose Donohue et al. (123, 124) have demonstrated that
b.uth _adenusine and inosine have prolonged the storage of usable blood, Ino-
#ne, in contrast to adenosine, is ted to hyp hune and then to uric
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br. fater lo.llfnved by a drop 40 ks, after exchange. A single patient wit{; se-
vere hepatitis and cama has been extensively exchanged on two Qccasions
with eventual recovery (102). Exchang hi i

fusion of four p
patients produced ng significant change in their mental status (103).
The technique and indications for farge artery, usually intra-abdominal,
perfusion in the management of 13 surgica) emergencies with good results
have been described (104, 105). The surgeons introduced a curved needle
into the lower aorta and fnfused fsom 500 to 1000 mi, of bloed without com-
plication. The adventitia Was perfused with { per cent procaine at the end

described (106). No camplications were encountered in 14 patients foilowing
wfusions of blood, glucose, electrolytes, 50 per cent dextrose, and nitrogen
mustard, even when the catheter wag left ja place for a period of six days
Wreneh & Dique (107} have given reverse transfusions into the distal seg-
ment of feg vemns whose proxima! segment was obliterated by buras, tight
dressings, or thrombosis. Int, i 1 adminj: ion of blood has been
recommended for patients, especially children, with chronic blood loss or
nadequate erythroposesis (108, 109). Red cells in the peritoneal cavity are
rapidly and almost completely transported via the thoracic duct into the
general circulation where they have normal survival, In West Alfrica, 43
successful infusions of this type have been given to 36 children with kwashi-
orkor for the purpose of g anemia and supplying wutntion (110).
A rather unusual suggestion for transfusion therapy includes the use of
blood teansfusions sn the treatment of the postgastrectomy {dumping) syn-
drome (111) These investigators beheve that rapid fluid loss fato the stom-
ach following ingestion of hypertonic meal produces fhypovolemic change
with its assoctated syncope Pre. aud postprandial blood volume studies cor-
roborated this tmpression, and indicated that patients with low bload vol-
umes were most Blood lusions and plasma expanders
dified the unpf p in these panents. Elfiott (112)

acute pancreatitis withsa the first 24 hr. Thus was believed to be caused by 3
suffusion of plasma around the pancreas, and to inereased erythrocyte
fragility with hemolysia following the release of pancreatic trypsin. He be-
Heves that the hberaf early use of biood and albumin has helped reduce the
mortality from 19.5 per cent in 1952 to the present figure of 6 § per cent.
Repeated transfusions of packed red cells to pauents with sickle cell anemia
depresses the bore marrow so that eventually mostly normal red cells are
found in the peripheral blood (113). Ths procedure hag been found to be
of value in managing surgical and leg ulcer patients with this disorder
Limited personal experience with this method of healing feg ulcers has been
disappointing. Furthermore, the dangec of accelerating the devefopment of
hemochromatosis in patients with chroaic hemolytic anemia should be
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the preservation of platelets (49, 139, 140, 141). Wurzel & Johnston (139)
found that with careful collection of blood to prevent clotting, 40 per cent
of the platelets were present in bank blood after 21 days. Marked platelet
morphologte changes were noted after 3 to 4 days in storage. There was 50
per cent survival of the labile factor at seven days. Mcllvanie (140} has
found plastic bags, glass bottles, and siliconized glass bottles about equal
in ining biologically active platel but has found plastic bags
extremely useful in the preparation of platelet-rich plasma, Nour-Eldin &
Wilkinson (115) have indicated that PTC may deteriorate rather rapidly in
storage at 4°C. and even — 25°C. They noted 2 rapid loss of Christmas factor
activity of —25°C.-stored plasma after the seventh day and no activity at
two weeks No activity was found in dried plasma made from plasma stored
at 4°C. for 17 to 20 days. Plasma stored at 4°C. for less than five days was
recommended for treatment in order to insure good PTC activaty

Increased erythrocyte destruction in recipients receiving compatible
blood occasionally is observed (142, 143). Mollison & Cutbush (143) suggest
the use of 1satope-labelled donor cells as a test of biological compatibility in
instances where recipient serum gives weak serologic reactions or when anti-
body incompatibility s suspected. Therr procedure is to label 1.0 ml of
doner blood with 30 uc of Crt and then to determine the buological half-
time survival of this blood in the recipient. Mollison & Hughes Jones (144}
have found that very rapidly removed red cells (2 to 6 min half-trme) local-
1z¢ predominantly in the liver whereas cells removed more slowly (20 min
half-time) locatize predominantly in the spleen,

Transfused platelets have shown a blood survival of about six to seven
days (20, 140) in thrombocytopenic recipients with conventional counting
techniques, Platelet survival studies with Crét.labeled platelets show normal
survival to be in the 9 to 11-day range (145) During the first 24 hr., plasma
actwvity conti to rise, i i q jon of the infused
platelets Chromium-51-tagged human and rabbit platelets have been
studfed for their tissue distribution (146). Most of the activity, 20 mn.
postinjection, 1s found in the liver and spleen of normal rabbts. If the rab-
bits are sensitized previously with platelets, however, most of the activity 1s
found in the lungs This mechanism for platelet removal 1s very stmilar to
that noted for leukocytes n leukocyte-sensitized rabbits, Tullis (147) has
transfused platelets obtained from ACD blood by means of the Cohn frac-
uonatpr. He obtained a 50 per cent yield of platelets by this method A rise
in recipient platelet count was noted from 1 to 7 hr posttransfuston, and
this was associated with improved capillary fragthty, decreased bleeding,
and increased prothrombi ion, Anth ilic globulin assays
following plasma infusions into hemophilic patients mdscate a biological hall-
life of 9 hr, for AHG (116) Rapid disappearance of PTC was observed in a
Dzuent.wnh Christmas disease so that improvement in thromboplastin
Beneration was gone 24 hr postinfusion (115).
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acid. Its use in stored blood increases blood uric acid Jevels and uric acid
exeretion in the recipient. Gibson et ol. (125) have evalfuated a citrate-
pllosphatc~dextrose {CPD) solution for the Preservation of blood Post-
transfusion percentage viabitity of CPD-stored red cells in plastic bags was
increased as compared to those stored in ACD despite higher concentrations
of inorganic phosphate Peeters (126) believes that sodium lactate has ad-

bresented to support this concept. The ammonia content of stored blood
increases with time so that by the twenty-first day the toncentration is
about 250 4g./100 ml {127). Transfusion of a Jiter of this blood would pro-
duce clinicaily insignificant change in blood 2mmonia, The advantages of
blood collectson 2nd storage in plagtic bags (125, 128) has been challenged by
Dudtey et al. (129) whe beheve that the oyeral] performance in plastic is ne
better than giass. Minor advantages consisting of weight saving, volume
saving, integrai pilot tube, and reduced danger of air embolisrn were noted.
These authars evaluated neither bacterial contamination nor the effects of
turbulence and foaming on ultimate erythrocyte preservation. Strumia has
Tocused attention on the importance of the immediate colfection damage of
red celis which develops as saon as red cells are placed in acid (acid shock)
{130). This affects about 6 per cent of the red cells, and js not altered by
glass or sihconized surfaces. Unfavorable surfaces in contact with red cells
will induce additiona} damage, however (124, 125, 131),

Low temperature storage of red cells holds great prommse for the future,

ranged from 79 to 99 per cent At —20°C glycerol-stored cells slonly
deteriorate, but at — g5 there is a virtuat arrest of metabohsm (133).
Chaplin e a! {134) have obtained excellent resutes (95 per cent posttrans-
fusion sorvival) with celfs stored in buffered citrate glycerol at —45°C.
Atraumatic removal of gy eerol from the red cells has been a major problem,
but several new methods (135, 136) have been deviseq to smprove this
process A comprehensive evaluation of red celfs stared at temperatures
ranging from 10°C. to ~20°C indicates that 4°C 13 best for routime use
{131. A technique for rapid {reezing and storage of blood in liquid nitrogen
{~198°C.) has been described (138). These prelimmary regults appear
encouraging, but the practica problems of storage and stertlity remam to
be overcome,

Goad etorage preservation of protein clotting factors and platelets de-
reads to 2 considerable extent oy the prevention of minor clotting which may
eeur during collection and storage (139). There s faurly good general apree-
nent that plastic and silicone sutfaces are somewhat better than glass for
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Swnrary

Rapid progress in the fields of mrdmvascular surgery. blood clotting,
and i y have d use of blood transfusion
therapy, and have 1mposed i d ds on the Iab y control of
a blood transfusion service. Improved methods of blood preservation even-
tually may obv:ate some of the problems of supply and demand Itis hoped

that i and ding of i will
reduce the waste and misuse of transfusion therapy. The current morbidity
and mortality rates from fusion are of such a itude that absolute

necessity must be the basis for every unit of blood administered.
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Tue HospitaL BLoob TRANSFUSION SERVICE

Camp (148) has emphasized that the background for a safe blood trans-
fusion service depends on a continuous training program, He has outlined
the necessary requirements for a successful blood bank as follows: () strict
adherence to reagent instructions; (b) an understanding of genetic terms by
all personnel; (c) a refresher training course for all medical personnel; (d}
decision and resolution of i logic probl by a physician; (¢) empha-
sis on confirmation tests; (f} adoption of current technical changes, (g)
avoidance of contaminated reagents; and (&) the checking and rechecking
of all steps from donor bleeding to issue of blood. Other measures advocated
are the use of a good blood tagging system, nonuse of pilot tubes, and trans-
portation of samples and blood under labaratory control (8) These points
are emphastzed since so much of the legal responsibility (5, 10, 11, 149)
and success of a transfusion service depends upon the laboratory. A number
of technical procedures have been designed to expedite and improve labo-
ratory services, The use of pressure tape labels (150) and pilot tubes firmly
attached to bottles (151) could be of great value, Khuns & Ridley (152) have
demonstrated that abnormal plasma proteins, especially cryoglobulins, may
cause rapid shde agglutination at 37°C. The reaction is not reversed with
saline, and therefore the authors advocate the use of washed or diluted red
cell methods The detection of rare antibodies presents another problem for
which there is no easy solution at the present time. Papain-treated, pooled
red cells are said to be valuable 1n the detection of Rh and Hr antibodies
(153). Crowley et al. (154) point out that anti-M is active at low temperature
and they suggest routine crossmatching at 4°C, Sussman (155) believes that
a high protein test suppl d by the iglobulin test should detect
practrcally all reactions. Young (156) believes that the ideal crossmatch
should be simple, easily performed, highly sensitive, and good for an emer-
gency. He advocates use of a highly sensitive trypsin-saline test for both
routine and emergency compatibility testing, but also thinks that the “10
minute albumin test” 1s a valuable emergency procedure

A good transfusion servce is not possible without an adequate supply of
blood, and this depends on having a large donor population, A well-organized
collection center such as that designed and reported by Carroll et al. (157)
should greatly facilitate the collection of blood and improve donor morale
Alsever (158) has put much thought into the problem of minimum hemo-
globin requirements for donors, and holds that the standard should be uni-
form and at the level of 12,5 gm per cent for malesand 12 0 gm. per cent for
STAT e
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be given in a year. An iron tol test has been y emp
the detection of masked tron deficiency n blood donors (160).
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DISEASES OF THE SKIN!
By S. W. BECKER, Jr.

D D

gy, University of Ilhnoss
Whating Clinic, Whting, Indiana

This review will cover, as space permits, those areas of dermatology which
have attracted the most interest in the last year, Subjects discussed m the
preceding Annual Review of Medicine will not be reviewed again unless
significant new material has been presented,

THERAPY OF SKIN DISEASES

The search for more potent steroids which will produce fewer side effects
continues  Methylprednisolone {Medrol) and triamcinolone (Aristocort,
Kenacort) are the newest members of this expanding group. Baer & Witten
(1) and Rein et af (2) state that both of these chemicals are more effective
in the treatment of skin diseases than prednisolone and have less effect on
sodium and i t lone (3) has proven tempo-
ratily beneficial to many psoriatic patients (60 per cent clearing on 8 to 16
mg. a day). Dubois (4) found that it provided adequate control in lupus
erythematosus ‘These newer steroids have not been used long enough to be
fully evaluated Neither methylpredni nor tri d
fisid retention (patients tend to lose weght while taking triamcinolone).
The most sertous side effect reported for triamcinolone (4) is muscle weak-
ness This steroid produces greater cutaneous reactions; Cushingord appear-
ance, hirsutism, and stnae are more marked than with other sterords A
pecuhar flushing and hyperhidrosis foll g the i of tr .
has accurred in a few patients (3)

There has been no significant addition to the topically apphed steroids.
A controlled clinical study by Frolow, Watten & Sulzberger (5) has shown
that 0 5 per cent prednisone, 0 § per cent predatsolone, and 1 per cent hydro-
cortisone ointments have equal therapeutic effect. Robin & Kepecs (6) found
that topjcal hydrocortisone applied to normal skin did not alter the 1tchmg
produced by stroking the skin, Frank (7) showed that hydrocortisone ap-
Plied to stripped skin prevented histamine-induced pruntis, These studies
3gain emphasize that the therapeutic effect of topical steroids will vary with
:‘;:rhab‘llty to penetrate 1nto the skin Hydrocortisone sodium succinate
h vdrocortisone acetate solutions have been mjected into cutaneous
SSlons by Savatt (8). This th ic tech may prove beneficial when
there ate few lesions and when the steroid ountments are meflectrve. Whie

ydrocortisone 1tself has never produced allergic dermatitis this reaction may
oceur from the uge of hydrocorti: I n of the d.

'
lmm survey of the literature pertaining to this review was completed 1 July,
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reported by Hobbs & Calnan (21) are more disturbing. This reaction is less
transient than the others and appears to lead to a loss of visual acuity.
More study is necessary before the full implications are determined.

The changing social patterns in the United States have accentuated the
problem of intolerance to sunlight, While 8-methoxypsoralen (8-MOP) was
originally used in the treatment of vitiligo (29) some patients reported in-
creased resistance to sunhght and increased tanning (30, 31, 32) after its use,
Patients in a controlled, double blind study, however (33), were unable to
differentiate between 8-MOP and a placebo This result probably indtcates
Shat there was a defect in the mechanism of the investigation since 8-MOP
is ionably a potent ph itizer. The histologic changes produced
in the skin by 8-MOP and sunlight have been studied (34, 35). After the
skin has been sensitized (oral ingestion of 20 mg of 8-MOP 2 hr, before
exposure to sunlight) sunhght in suberythema doses produces a reaction in
the skin feading to the formation of a dense, adherent, stratum corneurn.
The lower portion of the stratum corneum is eosinophilic and resembles the
stratum lucidum of the palms and soles. This dense eosinophilic zone pro-
tects the skin against sunburning. This reaction of the psoralens has been
used to pratect patients with light allergy, The psoralens should be con-
sidered when patients are allergic to longer wavelengths (36) or intolerant
o antimalarial drugs. In previous studies Lerner ¢t o (29) found that 8-
MOP had 1o cffect on the enzyme tyrosinase. In recent histologic studies
(34, 35) 1o increase in pigment formation was observed Following the
d‘"‘"K? in the horny layer, there was, however, an increased retention of
fnelamn in the adherent stratum corneum and in the basal cell layer This
Increase in the retention of melanin makes 8-MOP a true tanning agent.

. There has been concern about possible liver damage following the inges-
ton of psoratens Elliott (37) reported abnormal liver function tests during
psoralen therapy, Since these patients were not tested before starting the
medication, the laboratory findings are dafficult to interpret, There have been
XIm ‘:u.rther reports of similar findings. In a recent study by Fitzpatrick,
‘:‘ rie & Labby (38), individuals were given 30 mg. of 8-MOP daily Vfcr

ree months. No abnormality of the thymol turbidity, zinc turbidity,

cephalin chol or t hthalein tests was found

= The use of b ether of hyd. in the therapy of hyper-

first descr] 1 was d d in the ding issue of this Review. Ito (39)
escribed a pecutiar type of depi lanoderma) fol-

L";x (;!;)e use of this product. There have been subsequent reports by
cent m,  41). The patients applied a preparation contaning 2 to 20 per
dermati; 1 ether of hydroqui for some time. They developed a
omay s and when the irritation subsided irregular depigmentation fol-
Ttis . is reaction js not common and its mechanism is not understood.

well to warn patients using this chemical that treatment should be

s P ! ;
D:;gfed if there is dermatitis or rapid irregular Lightening or darkening of
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matersial is frequently impossible since the exact formuta of the commercial
ointment is often a trade secret. Swarts (9) has recently emphasized this
problem.

The antimalarials have been used in the therapy of Iupus erythematosus
and light allergy since Prokeptchauk's original report {16), Those most
commonly used and their daily dose are (11): quinacrine (Atabrine, mepa-
crine) 100 to 300 mg.; chloroguine (Aralen, nivaquine} 250 to 750 mgs
hydroxychloroguine {Plaquinol), 400 to 1200 mg. These three antimalarials
have also been used in combination by Rein & Fleischmajer (12). Amodia-
quin {Camogquin) 200 to 300 mg. has been used less extensively (13).

Cahn, Levy & Shafler {14) showed that chloroquine did not affect the
minimal erythema dose of ultraviolet ight in normal skin or in patients with
papular polymorphous hght emptmn They have amphﬁtd their work (15}
and shown that the anti: more in the epidermis than in
the dermis, These chemicals did not form a significant barrier to the passage
of ultraviolet light through the separated epidermis. The clinical effect of
the antimalarials cannot be caused by light screening. In animal studies
these chemicals were found in the skin and liver (16) but no information
has yet been published concerning any specific action at these sstes. Other
animal experiments (17) have shown that quinacrine protected animals
against histamine. This was not attributed to an antihistamine action. The
animals had increased secretion of 17-ketosterods and hypertrophied
adrenal glands. Stimulation of the adrenal glands could explain the thera-
peutic effect the antimalarials have 1n many different diseases. It has also
been shown by Holman & Kunke! {(18) that quinacrine prevented the com-
bination of the lupus erythematosus serum factor with celf nucler. The anti-
malarals apparently have several modes of action,

The antimalarials are relatively nontaxic 1o the smali doses used to treat
malaria. When larger doses are used toxic reactions may oceur. The following
effects have been reported recently:

Quinacrine. The yellowing of the skin, lichen planushike eruption, sweat
retention, and toxic eruptions of quinacrine are well known.

Chlarogquine  Acate porphyrna 2ud caproparphyrinucia (19}, acute ex-
foliative dermatiti (20), granular deposits i the carnea (21), bleaching of
hair (22), lichen planushke eruption (23)

Amodiaguin: Amenosrhea, partial blindness and yeliow pigmentation
{24), yeliow color and increased melanin pigmentation of the skin (25).

Hydroxychloroquine* Nervausness, toxac eruption, tntestinal cramps, and
hoarseness {26}

Combination. (quinacrine, chloroquine, and hydroxychloroquine) diar-
rhea, vertxgo. dxp!opm, msusca, and muscle pamns (12).

Since q nd are yellow P ds one would expect
the skin to turn yeﬂnw when hxgh doses are used. Disturbances of vision
caused by an have previously been reposted (27, 28}
The insidi 4 asymp deposits in the corneal epithelium




DISEASES OF THE SKIN 333

placed in the area of male and female gonads The amount of radiation
reaching the gonads was found to be small, These investigators next sought
methods of further reducing the gonadal radiation. Increasing the distance
between the X-ray tube and the patient, reducing the voltage, decreasing the
size of the irraduated field, covering the patient with a lead-rubber sheet, and
the use of a cone all appreciably reduced the gonadal dose

PATHOGENETIC AND CLINICAL CONSIDERATIONS

The development of a granulomatous reaction in the axillae following
the use of deod: sticks ining sodium zirconium lactate was re-
ported in the previous issue of this Review (55, 56). Since this chemical has
been removed from cosmetic preparations, the disease has disappeared
Shelley & Hurley (57) have found the mechanism of this reaction to be an
allergic reaction to zirconium. The sensttizing material (deodorant stick) had
o contain at least 4 per cent sodium zirconium Jactate The axillae had to
be shaved before the material was applied. The minute defects in the skin
Produced by shaving allowed entry of the sodium ziconium lactate into the
skin After this material was applied over a prolonged period, some ind:-
¥iduals developed the granulomatous reaction They were tested for senst-
ity by injecting 002 ml of a 10~ 10~% dlute solution of sodwr zir-
conium lactate into the skin. The test was considered posttive if a persistent
o N i ¥ papule developed after a latent period of several days.
Patients who reacted 1o sodium zirconium lactate were found to react as
#i2dily to sirconium chioride or zirconium natrate, It was shown, therefore,
that minute amounts of a simple metallic ion could produce a granulomatous
fesponse 1n the skin, The authors feel that the Mitsuda and Kveim test
Toight be explamed on the basis of specific antigens present in trace amounts.
Koo & Gerritsen (58), however, believe the Mitsuda and Kveim reactions
3 of a foregn body type, depending upon injections of particles The

concept of allergy to trace amounts of simple ons certainly will receive
more attention,

The danger of precipitating a mel by electrodesi or in-
Complete re;

moval of nevi has been argued for years Walton, Sage & Farber
39 have begun a study which should help sotve this problers, Oge hindred
nky-cight pigmented fesions were removed from 82 subjects These lesions
Were removed superficially and the area was electrodesiccated The treated
ot were rebiopsied fn 112 lesions at intervals from three to twelve months.
h:ue":dem of malignant degeneration was found. These patients will con-
of 1; o be 0."“""*_"- Schoenfeld & Pinkus (60) report the pathologic study
et ]\li‘zses‘m which pigmentation occurred after incomplete removal of
© evidence was found of any malignant change 1 these lesions.

\\vhf“ke" Sr. (61) reviewed the various pigmented lesions of the ekin.
cunx'l melangmag d.evelop in an ordinary nevus, the mallgnan.t cha'nge oc-
h in the superficial portion of the nevus (dermoepidermal junction), If

' Portion of the lesion is removed, the nevus cells which may be left in the
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. In the ﬁeJ’d qf systemic fungus infections, Cornbleet {42) has added thy-
roid to the iodides commonly used for the treatment of deep mycoses
FaYczrabIe’rcsuIts are reported in bl osis and sp ichasis Ampho-
1e{ng|n B is a crystalfine product desived from a species of Streplomyses
o'ngmaﬂy .t'mmd in South America. This product has i vafro antilungal ac-
tivity against Candude ibicons, Condids neoformans, Blastomyces dermai-
dsidis, Blastomyees brasiliensis, Sportotrickunm schenkli, and Histoplasons
zapm{alam. Encouraging therapeutic effects have been reported in North
Assesican blastomycosis which was resistant to stitbamidine (43), erypto-
coceosis (44), and cocerdiodomycosis (45)

Planing of the skin for various der has d to
evoke interest. The focus of interest has shifted, however. Epstein {46) dis-
cusses the use of planing in the treatment of semls skin with precancerous
lesions. While some phy sicians are enthusiastic, thisapproach is ¢ d
by others, This therapy is based on the belief that skin canter arises from 2
chronically damaged epidermis. Microscopic examinations of senile skin al-
ways reveals changes in the dermis It is impossible to renvvate the deeper
layers of the skin and time alone will telf whether grovmg a new epidermis
on top of an altered deruus will significantly reduce skin cancer.

Burks (47) reports that dermabrasion s capable of pletely and per-

1 ¢ the fingerprint patters from the palmar skin. This find-
ing st present has more legat than medical significance.

The problem of antibiotic-resistant bacteria and the guestion of using
antibiotits in combmation are of current interest m dermatology as well 8
other spacialities, An editonal (48) concluded than when more than one
antiblotic 1s used st is better for the physician to establish the ratio rathes
than to use 3 commercial preparation with & fixed ratio of antibiatics

Safety has always beer & consideration in the use of x-ray therspy, In
the past physicians have been concerned wish the amoust of radiation
which would permanently damage tissue, or the amount of scattered radia-
tion which would adversely effect the health of the operator Landaver {49)
presents the changing viewpuint of the therapist to safe doses of x-irradia-
tion, Domenkos & Cameron (50) reviewed the exposure of operators of x-r2y
therapy machines. They list methods of screening and changes in technique
which wilf protect the operator.

Recently, simulated by tncrease in background radiation, concern bas
arisen about the amount of radration reaching the gonads and its effect on
future generations It is difficult to determune the amount of gonadal radia-
tion which will affect future chiddren The commuttee on Genenc Effects of
Radiation of the N 1 Academy of Sciences (51) has ded that
the amount of man-made radiztion reaching the gonads from bisth to age 3¢
be not more than 10 roentgens Witten, Sulzberger & Stewart (5% 0 54)
have investigated the amount of radiation reaching the gonads doning the

ray therapy used by dermatologists A nood phantom placed
dosimeter was

fomt Aues,

usual type of x-
i various positions was used to stmulate the patient and a
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placed in the area of male and female gonads. The amount of radiation
reaching the gonads was found to be small. These investigators next sought
methods of further reducing the gonadal radiation Increasing the distance
between the x-ray tube and the patient, reducing the voltage, decreasing the
size of the irradiated field, covering the patient with a lead-rubber sheet, and
the use of a cone all appreciably reduced the gonadal dose.

PATHOGENETIC AND CLINICAL CONSIDERATIONS

The development of a granulomatous reaction in the axillae following
the use of dead: sticks ining sodium lactate was re-
ported 1n the previous issue of this Review (55, 56). Since this chemucal has
been removed from cosmetic preparations, the disease has disappeared
Shelley & Hurley (57) have found the mechanism of this reaction to be an
allergic reaction to zircomum, The sensitizing material {decdorant stick) had
0 contain at least 4 per cent sodium zircontum lactate. The axillae had to
be shaved before the materral was applied The minute defects 1n the skin
produced by shaving allowed entry of the sodium zirconium lactate into the
skin After this material was applied over a prolonged period, some indr-
viduals developed the granulomatous reaction. They were tested for sens-
tvity by injecting 0.02 ml, of a 107 10-% dilute soluton of sodmum zir-
conium lactate into the skin. The test was considered positive if a persistent

infl v papule developed after a latent period of several days.
Patients who reacted to sodium zirconinm lactate were found to react as
readily to zirconium chloride or zirconium nitrate, It was shown, therefore,
that minute amounts of simple metallic ion could produce a granulomatous
response in the skin, The authors feel that the Mitsuda and Kveim test
might be explained on the basis of specific antigens present i trace amounts.
Kooij & Gerritsen (58), however, believe the Mitsudz and Kveim reactions
are of a foreign body type, depending upon injections of particles. The
concept of allergy to trace amounts of simple fons certainly will recerve
more attention,

The danger of precipitating a mel by electrodesiccation or in-
complete removal of nev: has been argued for years Walton, Sage & Farber
(59) have begun a study which should help solve this problem One hundred
sixty-eight pigmented lesions were removed from 82 subjects These lesions
were removed superficially and the area was electrodesiccated The treated
areas were rebiopsied 1n 112 lesions at mtervals from three to twelve months.
No evidence of malignant degeneration was found These patients will con-
tnue to be observed. Schoenfeld & Pinkus (60) report the pathalogic study
of 19 cases i which ion occurred after lete removal of
nevt. No evidence was found of any malignant change in these lesions.

Becker, Sr. (61) reviewed the various pigmented lesions of the skin.
When melanomas develop in an ordinary nevus, the malignant change oc-
curs in the superficial portion of the nevus {dermoeprdermal junction), If
this portion of the lesion is removed, the nevus cells which may be left in the
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fiex:mis have no malig! 7 1al, Clinical diagnosis of pig d fesions
is inadequat Alt suspicious pig 4 Jesions (those that are growing,
changing color or shape, have bled or hecome friable, or have recently ap-
peared in an adult) should be examined microscopically after semoval, Caro
(62) pr 4 2 diacussion of an adequate skin biopsy techniq

‘Two appatent entities (benign pemphigoid and su beorneal pustufar der-
m.:nosis) have recently been separated from the large group of blistering
dlsa.ases. “QOcular pemphigus” (scarring of the conjunctiva) has been rec
ognized as a panspecific reaction which is not related to pemphigus yulgaris
Lever (63, 64) reported patients in whom ¢his reaction in the eyes wasas:
sociated with Blisters or other lesions on the skin and mucous membranes
Lestons bling lapus eryth (65} and lesions of the penis and
valva (66) have been reported by others. Lever {67) separated this disease
from true pemphigus and called it “benign mucous membrane pemphigoid.”
Brunsting & Perry (68) and Degos et al {66} have drscussed more patients
and further characterized the disease.

“This disease oceurs primarily 1 ¢the elderly The average sge of onset in
one series was 60 years (67) While this disease was originally studied in
patients with eye lesions, many of the most recently reported patients have
had neither ey e nor mucous membrane lesions. Maost of the patfents reperted
by Brunsting & Perry (68) had had previous allergic diseases The eruption
in these patients consisted mainly of itchy patches of blisters located o1l the
{ace or neck. These bhsters left supesficial searring when healed, Only one
patient had oceasional lesions in the meuth and be had had conjunctival
disease previously Two patients developed & generalized blistering eruption
Clinically, the discase was marked by a chronsc course with exacerbations
and remissions and a poor resposise to therapy

Histologically, the fesion consisted of a subepidermal bulla without acan~
thalysis. Mest of the biopsy speaimens showed edema of the dermis with 3
dense ceflular ¥ in which eosinophals pf inat

No evidence of virus infections was found and these patients did not
react to patch tests of Ki, KBr, and KCNS as might be expected in patients
with dermatitis herpetiformis

1t is irpossibte to be certain at this time that all of these patients repfe
sent exactly the same disease. There appears (o be no question, howeves:
that there are skin and mucous membrane lesions associated with “ocular
pemphigus" and that these fesions may precede the eye Tesions or may 0ceu?
without eye lesions. This disease has been discussed under the titles of
“henign mucous pesnphigoid,” “Ibeniga P higoid,” and "der+
matose bulleuse mucosynechante et atrophian:e."

Speddon & Wilkinson (69) first described the eatity of subcorneal pustt:
far dermatosis in 1956 Greenbaum & Lee {70) have reviewed the previously
reported examples of this distase and discussed the eruption in their patient.
This disease appears to oceus primarily in women over the age of 40 Clini~

&
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cally, it resembles dermatitis herpetiformis and consists of plaques of itchy
pustules. Microscopically, the pustule was seen to lie just beneath the
stratum corneum and to be filled with neutrophils. These lestons are usually
sterile and there has been a varying response to therapy.

D itis of the hands 1 igi) under 2 ring. When patch
tests are done many of these individuals do not react to the metals present
in the ring. Gaul (71) has presented evidence to indicate that in some -
stances the reaction to jewelry or other metal objects is due to 2 primary
intation, The irritating material results from a reaction of the salt present
on the surface of the skin with the metals and alloys of jewelry.

There is some evidence to indicate that systemic lupus erythematosus
is increasing (72). Holman & Kunkel (18) learned that the L.E. factor
from the serum of patients with lupus erythematosus had an affinity for cell
nuclei, Holborow, Weir & Johnson (73) also demonstrated this affinity and
concluded that the L.E. factor had the nature of an antibody. Robbins,
Deicher & Kunkel (74) investi; d the removal of ! during the
reaction between serum from patients with lupus erythematosus and cell
nuclei and deoxyribonucleic acid (DNA). The complement dsappeared
during both reactions. Cross absorption expertments, however, suggested
the presence of two factors, The factor responsible for the formation of the
L.E. cell is responsible for complement fixation with nuclei. The factor
which fives complement with DNA appears to be a different material,

i There is as yet no single diagnostic test which is 100 per cent accurate
in the diagnosis of lupus erythematosus. Slepyan et a? (75) found that the
ratio of bound/free pantothenic acid was low mn both discoid and systemic
lupus erythematosus (another hint that these are variants of one disease).
Ju.nes & Thompson (76) have reported a precipitin test which appears to be
fairly specific for lupus erythematosus, It is logical to assume that a battery
of tests (L, E. cell preparation, bound/free pantothenic acid level, and pre-
cipitin test) would provide a better laboratory diagnostic index than any
single test,

R No disease is more clothed 1n myth or superstition than Rhus (poison
1vy, oak, sumac) dermatutis. In two outstanding articles (77, 78) Kligman
(extensively quoting the excellent work of Shelmure, McNanr, and others)
supplies a solid base of fact. Rbus radicans (poison ivy), Rhus toxicodendron
{poison oak), and Rhus vernsz (poison sumac) produce identical reactions
the skin. The antigenic components of peison ivy consist of four catechals.
The less reactive 3-pentadecylcatechol has been synthesized and used for
Quantitative testing.

3 vy dermatitis is produced only when the sap from the plant touches the
skin of a sensitive individual The plant sap may be carried by smoke, on
clothing, or animal fur, No human beung is born sensitive to poison ivy but
every individual will become sensitive if there is adequate exposure. Sen-
sitivity tends to decrease with age
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Na great advances have been made in local therapy and topical pro-
phylaxis has very Htdle effect. The systemic steroids have proven valuable
in very severe dermatitis,

The eventual solution of ivy dermatitis lies in desensitization of the
allergic individual. Kiigman at ] fled d ftization with sev-
eral materials, Maximum hypasensitization with oleoresin was obtained
with 2000 to 2500 mg, intramustularly or 2500 to 3000 mg. orally, Penta-
decyleatechol required 2500 to 3000 myg. intramuscularly or 3500 to 4000 mg.
orally to obtain the same result. Kligman states that alum-precipitated
pyridine extracts of poison ivy plants appear to be biologically inert, Hypo-
sensitization was not easily accomplished, was only partial, and proved to
be temporary.

Psoriasis is a common skin disease which has aroused the interest of
physicians for many years. Michelson (79) discusses the unusual clinical
aspects of psoriasis. Norins & Yaffee (80) presented a patient suffering {rom
rare psoriasis of the hard palate, Ingram (81) reviewed the three chronic
pustufar eruptions of the hands and feet (acrodermatitis continue, pustulat
bacterid, and pustufar psorjasis). Of the 133 patients with pustular efup-
tions, 35 had psoriasis and 98 did not. Forty-four of the patients with pus-
tular eruptions were male and 82 were female, and the average age of onset
was between 40 to 50 years (range 7 to 70 years). The precipitating factors
were nonspecific (trauma, infection, toxic, or emotional stressy Ingram Jrels
that these diseases are varfants of a single reaction pattern.

Laboratory investigation of psoriasis hay been very extensive but, un-
fortunately, most of the findings have been disappainting. Examination of
the exocrine p ic flnd in the duod. of iatic patients reveales
no abnormality (82). No sigmificant correlation was found betseen abnormal
levels of lipides, serum proteins, and lipoproteins and the existence of psoria-
sis (83). Under controlled metabolic conditions, two psosiatic patients
showed no ewidence of mtrogen retentton (this differs from the results ab-
tained by Schamberg in 1913), There was no abnormalty in the urin;iry
excretion of sulfur by these psoriatic patrents (84). There are interesting
abservations since the psoriatic patent loses sulfur and njtrogen in the scale,
Study of f: ing-boundary elect of the serum tn members of
a famuly containing three psoriatic individuals revealed no serum proteist
abnormalities attributable to psoriass (85)

Shelley & Arthur (86) have reviewed the brochemical and physiologreal
information concerning psoriasis. The most promising investigations at
present deal with the cutancous enzyme systems. Enzyme determinations
have shown that the psoriatic lestan has low dipeptidase activity, This may
arise either from an inhthitory factor in the psoriatic scale or Jack of an
enzyme activator (87) Flesch & Esoda (87, 88) have shown that as a result
of this defective enzyme metabolism, the water-soluble fraction of the psonat-
ic scale is Jow in free amno nitrogen, bas a high sullhydryl content, has de-
creased water-hinding capacity, and impaired ability to alfow fluids to pass
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through a column of pulverized scales. The Koebner phenomenon (precipi-
tation of a psoriatic lesion in the skin of a psoriatic patient by trauma) has
also been investigated (89, 90). After superficial trauma, the skin of these
patients exhibits a greater dehydrogenase activity than the skin of normal
individuals The finding of specific enzymatic and metabolic disturbances
presents a solid basis for continued study. No such encouraging advance has
been made in therapy. Harber (91) has made a controlled study of the effect
of x-ray therapy in psoriasis. Goldberg (92) reports the failure of L-Iysine
monachloride as a therapeutic agent for psortasts

Duning the descriptive phase of dermatology many diseases were iso-
lated on the basis of minute cltnical or histological detail, This trend has now
been resersed and some of these diseases are no longer considered specific
entities Van Ketel (93), on the basis of clinical and histological examina-
tions, has concluded that rosacea, like tuberculid of Lewandowsky, has no
connection with tuberculosis and is actually acne rosacea Jablofiska ef al.
(94) and Lutz (95), in several recent articles, have concluded that epidermo-
dysplasia verrs is is simply di: i d flat warts ing in spe-
clally reactive skin The feeling is growing that many diseases are more
attributable to the soil provided by the individual than the eliaiting sub-
stance or organism. Ingram (96) discusses the seborrheic diathesis and
Barlow & Chattaway (97) consider the philosophy of fungus infection.

INVESTIGATIVE STUDIES

Recent research in dermatology has encompassed so many subjects that
enly a few can be d here berg & Gonzalez (98) have in-
d a new and probably more physiologic method of controlling per-
splratmn Lobitz (99), Montagna & Formisano (100}, and Mustakallio (101)
have shown, using histochemical methods, that succinic acid dehydrogenase
activity is increased in the sweat ducts during eccrine sweating, Utilizing
the known inhibitory effect of the malonate jon for succinic ac:d dehydro-
genase, R berg and Gonzal applied an i ing 20 per
cent sodtum malonate and inhibited eccrine sweating
Greenberg & Cornbleet (102) studied the reaction of the skin of men and
rats following the application or intradermal injection of 2 carrot-oil, water-
solubitized suspenston of carotene. Using {rozen sections and a fluorescent
microscope they found yellow fluorescence (presumably carotene) in the se-
baceous gland cells and a fading green fluorescence {presumably vitamin A)
in the neck of the sebaceous glands and spread 1n a thin film on the surface
of the skin. These fluorescent matenals appeared within 30 mum, of the in-
injection of carotene. Pattents with pitynasis rubra pilaris, ichthyosis, and
psoriasis were studied (103). The uninvolved areas of skin in these patients
reacted as did normal skin, Areas of pityriasis rubra pilaris and ichthyosis
had no fluorescent material within the sebaceous glands and areas of psori-
asis had much less than 1n norma skin.
Interest has continued in all phases of pigment formation The pigment-




338 BECKER

forming cells of the skin (melanocytes) are difficult to stain and many ques-
tions concerning their physiology and anatomy are still being debated
Staficco (104} repeated previous studies (105, 106) which described the re-
action of mek tes following sti ion with thorfum X. He found that
alf the brown pigeent {melanin} was produced in the melanocytes, Basal
cells had no pigment-forming ability and were not converted into melano-
cytes. Quevedo, Lewis & Smith {107) have shown that melanocytes are not
derived from mast cells, Staricco noted an increase in the melanocytes follow-
ing stimulation and observed migration of some melanocytes toward the
surface of the epidermis, He confirmed previous work which indicated that
the melanin does not enter the basal cells after this type of stimulation,
Breathnach (108, 109, 110} has counted the melanocytes in human fore-
arm skin and studied the hstribution in forearm skin of freckied subjects
He also investigated tyrosinase activity in the melanocytes of freckled skin.
Kropp (111) observed the melanocytes of skin which had been stripped with
plastic tape. Szabo (112) estimated the tyrosi activity of mek
in preparations of separated epidermis from white skin. He found a variation
in the number of cells containing active enzymae in skin {rom vatious areas
of the body. Tukamoto & Taniguchi (113) compared the inhibitory effects of

various ds on in vidre tyrosi Harris & Lerner (114) have de-
termsned the amino acid of the a-melanacyte-stimulating hormone.
They also in' { the 4 imulating hormone, The amino

acid sequence of these hormones was very ssmilar to the sequence of some
of the amino acids in corticotropin

One of the major functions of the epidermis is the production of stratum
corneum (horay layer) This very complex layer bears the brunt of aff ex-
ternal irritation. As has been previously mentioned {34, 35) the stratum
corneum provides the primary protection agamst the burmng rays of the
sun. Electrolytes do not penetrate the normal skin readily and various theo-
ries concerning a specific single electrolyte barsser have beea proposed.
Monash {115) has shown that practically the entire thickness of the stratum
corneum acts as a barrier, There has been disagreement about the exact
composition and f{ormation of the stratum corneum. Lustg, Katchen &
Reiss (116} analyzed the nitrogen, sulfur, ash, lipoid content, and amuno
acid composition of caffuses and of scales derived from psoriasis, exfoliztive
dermatitis, and disseminated neurodermatitis Flesch {117) presented cur-
rent concepts on the formation of the stratum corneum Butcher {118} ob-
served the effects of varous externally applied materials on keratimzation.

flothman & Lorincz (119}, mn a special report, lucidly summarize the
wealth of research matersaf presented at the Hasr Conference in London

Externally applied therapeutic agents are being manufactured in ever
increasing numbers. 1t is often difficult to decide whether these new prepara-
tions have any advantage over currently popular maternals, Kinmont (120)
discusses the aims, techniques, and statistical analysis necessary for the valid
comparison of two externally applied therapeutic ageats.
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The year was not marked by developments of such stature as might be

o the di tion that ital h h 1 fistula

with esophageal atresia is susceptible of correction, or that Hirschsprung's

disease could be effecively treated by the resection of the narrow segment

which bhas proved to be aganglionic. However, the volume of pediatric sur-

gical writing, and especially that writing dealing with congenital anomalies,
continues to increase steadily

GENERAL
Rickham (1) points out that 42 per cent of 405 infants operated upon as
newborns for ital lies had been ely born, and that

in these the mortalsty was 42 per cent, as opposed to 17 per cent in the full
term infant, The mortality was directly related to maturity (ie., birth
weight), since for the premature above 2000 gm, there was a 26 per cent
mortality, whereas, below 2000 gm the mortality was 64 per cent, The chief
causes of death were i y prob (ie., ia and
problems of surgical technique, widespread bleeding despite administration
of vitamin K, and severe cardiac malformations. Great stress was laid on
the necessity for turning the children frequently from one side to the other,
toallow each lung, beneath the saft chest wall, to expand {ully
Browne (2) analyzes the development of ring constrictions of the ex-
tremuties. Streeter, 1n 1930, in dispelling the notion that these constrictions
mught result from pressure of one limb on another or constriction by an
mbilical cord, suggested localized necrosis and fasture in development as
causative factors In what appears to be a reversion to the acceptance of a
purely mechanical process, he suggests that the limb bud protrudes through
a hole in the amnion and is constricted by it. No such protrusion has
ev:r.been noticed at birth, but it may be too much to hope that such an
2maion would be preserved However, strips of tissue resembling amniotic
membraze have oceasionally been found 1n such ring constrictions and the
amnion has been noted to appear shredded in such cases. The children,
generally, are otherwise normal except for an increased frequency of club
foot deformity. The two most tellng pornts are the increased freguency of
F€ constrictions towards the ends of the extremitres and the fact that the
digits are frequently fused in this deformity, with the ring about both fused

lgs‘a’l‘he survey of the literature pertaining to this review was completed in July,
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closure of the lip at a single operation when the child weighs twelve to four-
teen pounds.

‘Thoroughgood & Fischer (12) continue to argue for the repair of cleft
lips on the first day of bisth. lt is true that {rom the standpoint of lip repair,
in most cases this almost certainly is satisfactory. However, it may not give
time for the recognition of other anomalies and in these patients who may
require, particularly in the presence of associated palatal clefts, years of
treatment and education, there may be some virtue in allowing the mother
o see the original defect as a base line for her future observations.

The Children’s Medical Center in Boston stresses teamwork for the re-
pair of cleft lips and palates. They report 2635 operations performed for
cleft lips and palates from 1942 to 1957 without a death (13).

The dental problems associated with cleft lips are those arising from
congenital maldevelopment, surgical trauma, and dental caries (14). Wiring
procedures or other forcible closures of a wide maxillary cleft, are the com-
monest surgical causes of dental distortion in early infancy. In unilateral
clefts early orthodontia is frequently indicated. In bilateral clefts, however,
if the anterior teeth are poorly formed, orthodontia is futile, and when the

child reaches adol. and prosthetic app! are required.
‘The number of surgical techniques for the correction of micrognathia of
the mandible indi that difficulties exist in all the procedures. Robinson

(15) presents a new method for the correction of this defect involving vertical
osteotomy of the ascending ramus, with iliac bone gralt.

It is not widely recognized that newborn babies, with complete nasal ob-
struction, may die of asphyxa soon after their birth because of inability
to breathe through the mouth If they do survive there may be difficulty in
eating, so that the chuld may die of starvation before it masters the technique
of alternate breathing and swallowing Bulateral atresta of the nasal choanae
I8 a rare cause of such obstructions and, when it occurs, may be associated
with other deformities of the nasal passages, eyes, and lids (16) Basically,
fht diagnosis may be suspected in infants with severe cyclic dyspnea or in
infants with dyspnea white suckhing. In older children excessive nasal dis-
charge and tears which discharge from the anterior nares during crying are

of the di is. A fon 1ato the nasal
Passage, with use of a palatal mucosal flap, gives good results.

Huppler & Beahrs (17) point out the frequent hereditary occurrence of
branchial cleft fistulae, They found 18 patients with fistulae in a famuly
uumbering 49 members,

Congenital goiter is rarely seen in this country, and more rarely still
Operated upon. In two sons of a woman 1n whom there was no history of
maternal medication with thiourea or cobalt, signs of obstruction developed:
€Yanosis and respiratory obstruction were seen in one, with difficulty in
swallowing exhibited by the other. Subtotal thyraidectomy produced relief
in both children and despite the suggestions made in previous reports,
neither child developed myxedema (18).
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digits, Kelikian & D ian (3} discuss mal ion of the hand but are
unable to iilustrate any specific etiological factors. They suggest that surgical
interference should be early, but only if it enhances function.

Gruenwald (4) strengthens the argument that the cause of many con-
genital deformities may not be a failure of development of a structure but a
necrosis of the structure after it has been formed. The increasing number of
reports of the presence of lanugo hairs and vernix squames distal to intestinal
atresia provide clinical support for this theory. In Gruenwald’s experi-
ments, the injection of selenium into chick eggs which were sectioned
at intervals of one-half to five days, was said to praduce necrosis of cells in
alseady established portions of the entbryo. This necrosis occurred in such
well-defined areas as the brain, the cord, the optic cups, the lens, the imb
buds, and the somites of the tail region. The areas of necsosis correspond
with the malformations seen in older embsyos. This necrosis may be the
prime mechanism in the production of defects with secondary effects of this
failure of development being feit by surrounding structures, The agent and
the time of 1ts action determine the nature of the anomaly.

The association of maternal rubella in the first trimester of pregnancy,
with the appearance of congenital deformities in the infants resulting from
these pregnancies, has been widely accepted since the Australian reports
made by Gregg in 1941, and Swann in 1943. The valdity of such
purely retrospective studies is challenged in a prospective study of 103
women diagnosed by a physician as having rubella during pregnancy in the
first trimester, and followed until the resultant children could be examined
{5). Whereas retrospective studies d an fncid of lies of
the brain, heart, eyes, and ears of 50 to 100 per cent, prospective s!udi‘es
show an incidence of 12 per cent, with an additional 7.2 per cent of still
births. While there s some ncreased risk of cangenital deformity in liv cbcr‘n
babies of mothers having rubella during the ficst trimester of pregnancy, this
is thought not to be an at indication for therapeuatic abortion

Descriptions of congenital anomalies continue to be plentiful. “'x'!sqﬂ
(6) describes a Matfan syndrome kmship, involving eight individuals in
three generations with defects of the skeleral and cardtovascular systems
No information about the basis for the defects was obtained from this study-
A case of anhidrotic ectodermal dysplasta jn a 15-month-old white male
infant with vascular nonthrombocytop: purpura is p d (7). Gar-
goylism is discussed and four cases in the American negro are r.epon.ed
(8, 9). These are believed to be the first documented examples in this racial

group.

Face anp NECK

In the repair of cleft lips there appears to be agreement that cam;.)lctc
preservation of the prolabium, including all of the vermilion hardfr,_:s of
importance (10, 11]. Cromn (10) points ou.t thar.'d nef_cssary. a p‘rehmm?r}
recession of the markedly protruding maxilla, with )urscfm;r-wxre fixation
to the vomer, may be dore at three to four weeks, permitting subsequent
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closure of the Iip at a single operation when the child weighs twelve to four-
teen pounds,

Thoroughgood & Fischer (12) continue to argue for the repair of cleft
lips on the first day of birth. It is true that from the standpoint of lip repair,
in most cases this almost certainly is satisfactory. However, it may not give
time for the recognition of other anomalies and in these patients who may
require, particularly in the presence of associated palatal clefts, years of
treatment and education, there may be some virtue in allowing the mother
to see the original defect as a base line for her future observations

The Children’s Medical Center in Boston stresses teamwork for the re-
pair of cleft lips and palates. They report 2635 operations performed for
cleft lips and palates from 1942 to 1957 without a death (13).

The dental problems associated with cleft lips are those arising from
congenital maldevelopment, surgical trauma, and dental cartes (14). Wiring
procedures or other foraible closures of a wide maxillary cleft, are the com-
monest surgical causes of dental distortion in early infancy. In unilateral
clefts early orth ia is frequently indicated. In bilateral clefts, however,
if the anterior teeth are poorly formed, orthodontia is futile, and when the
child reaches adol ex ions and heti 1 are required.

The number of surgical techni for the ion of mi hia of
the mandible indi that difficulties exist in all the procedures. Robinson
(15) presents a new method for the correction of this defect involving vertical
osteotomy of the ascending ramus, with iliac bone graft.

Itis not widely recognized that newborn babies, with complete nasal ob-
struction, may die of asphyxia soon after their birth because of inability
to breathe through the mouth If they do survive there may be difficulty in
eating, so that the child may die of starvation before 1t masters the technique
of alternate breathing and swallowing Bilateral atresia of the nasal choanae
is a rare cause of such obstructions and, when it occurs, may be assoctated
with other deformities of the nasal passages, eyes, and lids (16), Basically,
}he diagnosis may be suspected in infants with severe cyclic dyspnea or in
infants with dyspnea while sucklmg, In older children excessive nasal dis-
charge and tears which discharge from the antenor nares during crying are

ive of the is, A 1 ion into the nasal
Passage, with use of a palatal mucosal flap, gives good results,

Huppler & Beahrs (17) point out the frequent hereditary occurrence of
branchial cleft fistulae. They found 18 patients with fistulae in a family
numbering 49 members,

Congenital goiter is rarely seen in this country, and more rarely still
operated upon. In two sons of a woman in whom there was no history of
maternal medicatron with thiourea or cobalt, signs of obstruction developed;
€yanosis and respiratory obstruction were seen in one, with difficulty in
swallowing exhibited by the other. Subtotal thyroidectomy produced relief
lﬂ'bolh children and despite the suggestions made in previous reports,
neither child developed myxedema (18)
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Cugst, Luxcs ANd Mepiastinun

. Esophageal atresia and esophageal fistula occur once in 2500 to 2000 live
'bnrti\s. The diagnosisis made in the newborn exhibiting respiratory difficalty,
in whom ) 1 intubation is impossible. Whereas there is no general
agreement among surgeons as o the use of the retropleural or transpleural
approaches, there is a perceptible shift towards the transplearal aperation
as being easier for the surgeon {19). The mortality is much higher in the type
of atresia which presents a very short, or absent, distal esophageal segment,
Thurty-seves of ninety typicaf cases died, and nine of efeven atypical cases
died {20). The extremely rare and fatal anomaly of a tracheoesophageat
?25;;11;\ in which the atresia is of the trachea is described by Devenis & Otis

An instance of total atresia of the distal esophagus, withost tracheos
esophageal fistuta, was successfully treated by a one-stage ight thoracotomy
with an elevation of the stomach into the chest and an anastomosis to the
preximal segment (22). A rare case of tracheoesophageal fstula witheut
esophageal atresia is reported by Kraus & White {23).

Congenital absence of puimonary tissue may vary {rom agenesis, the
complete absence of bronchus and lung, through aplasia in which there isa
rudimentary bronchus without surrounding parenchyma, to hypoplasia in
which there is & bronchus with a rudimentary underdeveloped fung (24}
Agenesis may be lobar or pulmonary Both may be asymptomatic, but de-
viations of the normat anatomy in the remaning lung are common and may
account for symptoms when they exist. In one child with repeated pulmenary
infections, agenesis of the upper fobe and sienosis of the intermediate
bronchus were found. Treatment consisted of resection of the middle and
lower lobes, with relief of the symptoms {24).

The sternum develops embryofogicafly from pared fongitudinal bands
sehuch fuse by the ninth week These may fail entirely of fusion, or may fuse
only in their more distal portions, producing & *'V* shaped cleft In either
case the heart may protrude conspicuousiy.

The earher reports of Maser and of Longino demonstrated the feasitality
of primary repair of sternal clefts in the very small infants by direct suturg
of the sternal halves without any chondroplastic procedure Sabiston (25
pomnts out that as late as 28 months a rdlatively ssmple obligue chondrotorny
of the involved castilages of both sides permuss approximation of the stesnal
halves.

There 1s a contmuing interest 1n depression and protrusion deformities
of the chest Lester (26) reviewed 150 such cases, with 122 designated as
depression deformties and 28 as protrusion opes He states that heredity
is @ most imporsant etiological factor, and that the pathogeness ts related
to the size and shape of the diaphragm with disproportionate growth of the
ribs, New techniques for repasr have been described by Sutheriand (27} and
by Ekstrom (28), and there is continwng evsdence that pectus excavatum
may produce clinical signs and symptoms Ekstrdm (25). reports that
one-third of 50 cases aperated on for a fuanel chest deformity kad dysp-
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nea, easy fatigability, and ibility to infecti Two-thirds of the
patients had a systolic murmur and cardiac dislocation, vsually to the
left. He uses a rib strut of homologous hone to support the sternum after it
has been elevated, In all but one patient the rib strut was absorbed in a
few months, by which time the costal cartilages were claimed to have re-
generated in the corrected position,

Shillitoe & Wilson (29) report a large ey stic lesion jn the thorax of a 15+
year-old girl containing heterotopic pancreatic tissue,

Diarnracyt

Paul & Kanagasunthernm (30) point out from anatomical studies of
diaphragmatic hernias of the Bochdalek type, that the abdominal viscera
ascend into the chest in an orderly and predictable way. The more mobite
vistera enter fist. The small intestine herniates before the large inteatine
and the large intestine before the stomach, The stomach is the last portion
of the intestinal tract to enter the defect of a Bochdalek hernia, and is never
found atone in such a hernia. A rare central diaphragmatic defect is de-
senbed by Grossman, Brady & Stephens (31).

Engberg, Thomsen & Vesterdal (32) state there is an apparent increase
i the incidence of hiatus hernia in children. This is attributed to the fre-
quency of radiological examination of the 3 and stomach in cases
of unexplained vomiting. Between the neonatal period and the end of the
second year, many hiatus hernias of the eliding type ave cured spontancously,
In children above the age of two repair of the hernia is advised, Chitdren with
sliding hernias and esophageal changes cannot usually be treated by simple
repair of the hernia,

Stomacit

Abramson & Folston (33) and Castleton & Hatch (34) point out that
Bastric perforations in newborn infants, exclusive of those caused by
Peptic uleer, trauma, or obstruction, arise from rupture through a con-
genital muscular defect. Of 40 reported cases in newborns, males predomi-
nated over females, two and one-half to one The ages at which perforation
oceurred ranged from cleven hours to ten days. The roentgenograms have
almost always shown free air, and 23 operations were performed, with eight
survivors. Vomiting or regurgitation and melena gave way to sudden dis-
tention, cyanosis, respiratory difficulty, and shock. There is adequate evi.
dence of absence of muscular layers at the site of perforation in thirteen
cases, and of thinring of the muscular layers in five, The site of perforation
is Tecorded ia 30 cases of which 22 are on the greater curvature, There were
8ix i of i ital lies and nine i of pre-
maturity (34),

Filtcen duplications of the stomach have been previously reported in
the pediatric age group. Kiesewetter (35) adds another such duplication to
the literature and notes that while many duphications found in other parts
of the alimentary tract have an opening into the lumen of the gut, only two
duplications of the stomach have been reported to have a communication,
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Curst, LUncs AND MEDIASTINGM

Esophageal atresia and esophageal fistula occur once in 2500 to 3000 live
'births. The diagnosis is made in the newhorn exhibiting respiratary diffeuity,
in whom } ! intubation is § ible. Whereas there iv no general
agreement among surgeons as to the use of the retropleural or transpleural
approaches, there is @ perceptible shift towards the transpleural operation
as being easier for the surgeon (£9). The mortality is much higher in the type
of atresiz which presents a very shost, or absent, distal esophageal segment,
Thirty-seven of ninety typical cases died, and nine of eleven atypical cases
died (203. The extremely rare and fatal anomaly of a tracheoesophagea
?;;;da in which the atresia is of the trachea is described by Devenis & Otis

An instance of total atresia of the dista] esophagus, without tracheo-
esophageal fistula, was suceessfully treated by a one-stage right thoracetomy
with an elevation of the stomach 1o the chest and an snastomesis to the
proximal segment (22), A rare case of tracheoesophagen] fistula withont
eso;:jmgeal atresia is reported by Kraus & White (23).

absence of pul tissue may vary from agesesie, the
complete absence of bronchus and tung, through aplasia in which thereis 2
sudi y b hus without sur ding p hyma, to hypoplasis in

which there is @ bronchus with & rudhmentary underdeveloped Jung 24,
Agenesis may be lobar or putmenary. Both niay be asymptomatic, but de-
viations of the normal anatomy in the remaining Jung are common and may
account for symptoms when they exist, In one child with repeated pulmonary
infections, agenesis of the upper lobe and stenosis of the sntermediate
bronchus were found. Treatment consisted of resection of the middle and
ower lobes, with relief of the symptoms (24)

The sternum develaps embryologically from paired fongitudimal bands
which fuse by the ninth week. These may fail entirely of fusion, or may fuse
only in their more distal portions, producing a “V* shaped cleft. In cither
case the heart may protrude consptcuousty, N

The earlier reports of Maier and of Longsno demonstrated the feasibility
of primary repair of sternal clefts in the very small infants by direct suture
of the sternal halves wathout any chondroplastic pracedure Sabiston (25)
points out that as jate as 28 months a relatrvely simple oblique chondratomy
of the mvalved cartilages of both sides permsts approvimation of the sternal

halves, 5
“There is a ing mterest 1 4 and protrusion deformines

of the chest Lester {26) reviewed 130 such cases, with 122 designated.a!
depression deformties and 28 ss protrusion ones  He states that heredity
is @ most smportant etinlomeal factor, and that the pathogeneas is refated
to the gize and shape of the with disprop: growth of the
sibs. New techniques for reparr have been described by Sutherland {27) and
by Ekstrdm (28), and there ss continumg evidence that pectus excavatum
may produce dlinical signs anrd symptoms Ekstrdm (28)‘ reports that
one-third of 50 cases operated on for a funnel chest deformity hed dysp-
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nea, easy fatigability, and susceptibility to infections. Two-thirds of the
pattents had a systolic murmur and cardiac dislocation, usually to the
Ieft. He uses a rib strut of homologous bone to support the sternum after it
has been elevated. In all but one patient the rib strut was absorbed in a
few months, by which time the costal cartitages were claimed to have re-
generated in the corrected position. .

Shillitoe & Wilson (29) report a large cystic lesion in the thorax of a 13-
year-pld girl ing h i ic tissue

Drarnracy

Paul & Kanagasuntheram (30) point out from anatomical studies of
diaph ic hernias of the Bochdalek type, that the abdominal viscera
ascend into the chest in an orderly and predictable way. The more mobile
viscera enter first. The small intestine herniates before the large intestine
and the Jarge intestine before the stomach. The stomach is the last portion
of the intestinal tract to enter the defect of a Bochdalek hernia, and is never
found alone in such a hernia. A rare central draphragmatic defect is de-
scnibed by Grossman, Brady & Stephens (31).

Engberg, Thomsen & Vesterdal (32) state there is an apparent increase
in the incidence of hiatus hernia in children. This is attributed to the fre-
quency of radiologi ination of the 1 and stomach in cases
of unexplained vomiting, Between the neonatal period and the end of the
second year, many hiatus hernias of the sliding type are cured spontaneously.
In children above the age of two repair of the hernia is advised, Children with
shiding hernias and esophageal changes cannot usually be treated by simple
repair of the hernia.

SroMacH

Abramson & Folston (33) and Castleton & Hatch (34) point out that
gastric perforations 1n newborn infants, exclusive of those caused by
Peptic ulcer, trauma, or obstruction, arise from rupture through a con-
genital muscular defect. Of 40 reported cases m newborns, males predomi-
nated over females, two and one-half to one The ages at which perforation
occurred ranged from eleven hours to ten days. The roentgenograms have
almost always shown free air, and 23 operations were performed, with exght
survivors. Vomiting or regurgitation and melena gave way to sudden dis-
tention, cyanosis, respiratory difficulty, and shock There is adequate evi-
dence of absence of muscular layers at the site of perforation mn thirteen
€ases, and of thinning of the muscular layers 1n five. The site of perforation
is recorded in 30 cases of which 22 are on the greater curvature, There were
six § of associated 1 lies and nine i of pre-
Mmaturity (34),

Fifteen duplications of the stomach have been previously reported in
the pediatric age group. Kresewetter (35) adds another such duplication to
the literature and notes that while many duplications found in other parts
of the altmentary tract have an opening into the lumen of the gut, only two
duplications of the stomach have been reported to have a communication.
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Total excision is suggested, but with large duplications of the stomach it
may be necessary to compromise.

Gastroschisis is a congenital fissure of the abdominal wall with protry-
sion of the viscera without a covering membrane. The absence of a sac¢ and
the absence of herniation into the cord distinguishes this condition from
omphalocele. Berman (36) presents four cases, three of whom survived,
including one with intestinal atresia requiring resection and primary
anastomosis.

INTESTINAL OBSTRUCTION

Intestinal obstruction in the newborn still carries a high mortality. Jones
& Schutt (37), reviewing 130 cases over the last 20 years of alimentary tract
obstruction in the newborn, recorded an increase in the number of newborn
infants with intestinal tract anomales. They noted that the poorest prog-
noses occur in those cases with meconjum ileus, or in those with multiple
apomalies; that anal malformations have the highest percentage of asso-
ciated congenital anomalies (71 to 75 per cent); and that 18 per cent of
infants with atresia of the alimentary tract have additional areas of ob-
struction, Earlier diagnosis and treatment are required to reduce further the
mortality in these anomalies Their review supports the contention that
temporary gastrostomy used after primary repair of esophageal atresiz is
beneficial

Del Junco & Franco (38) report a case of midgut volvulus with massive
rectal bleeding as the initial sign. The early onset and frequency of mtestinal
obstruction in children with prolapse of the i ine through a letel
patent omphalo mesenteric duct is taken as an indication for immediate
operation for this anomaly (39). One would not suppose any urging to be
necessary,

Intestinal duplications give rise to symptoms by virtue of their presence
as masses causing intussusception, obstruction, or volvulus; or because of
bleeding, either from pressure on the neighboring bowel, or from peptic
ufceration of the neighboring bowel 1f the duplication contains gastric mu-
cosa. Jewett (40) d bes an fous operative pi dure in a baby with
a duplication of the entire small intestinal tract, blind proximally but com-
municating with the termmal ileum distally, and causing serious hemor-
shage from a peptic ulcer at this point. Both ends of the duplication proved
to be hned by gastric mucosa. The distal end was closed and the proximal
end was anastomosed to the stomach Despite the very long blind loep the
baby has been well for one and and one-half years Weathenil, Forgrave &
Carpenter (41} present three cases of obstruction in the newborn caused by
anpular pancreas. Obstruction of the colon by congenital valves has {re-
quently been reported. Hoffert ef a (42) add a case in which the valve was
located in the rectosigmoid area of the colon, a focation which i rarety

involved. . .
Patts and his associates (43) review pictorially the problem of intestinal

abstruction in the newborn and emphasize the use of radiographic stfxdy in
making the diagnosis Hope & O'Hara (44) demonstrate
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x-rays aud the instillation of small quantities of air into the gastrointestinal
tract as di: it d in d i inal ob ion of the
newbera, They emphasize that opaque contrast materials and fluoroscopy

are not necessary in many cases.

HirscasprUNG’s DIsEASE

Interest in Hirschsprung’s disease continues to be strong and the yearis
marked by Swenson’s ten-year review of the results of his own operation
in 200 cases (47). There is now universal agreement that the disease is
caused by absence of the ganglion cells of the myenteric plexus, and that
this absence begins in the most distal segment of the rectum and extends
upward for a variable distance, fonally i ding the entire i inal
tract (45 to 49). It is also generally agreed that the disease carries a lethal
tisk in infancy and that early colostomy should be resorted to. In Riker's
series of 59 cases, 24 were recognized in the neonatal period, and twelve of
these required operation during the first week of life (45) Dorman (48) has
2ccumulated 156 proved cases of Hirschsprung's disease recognized in -
fants under six months, with a 48 per cent mortality. Almost one-third of
the survivors were saved by a colostomy. Swenson (47) and Dorman (48}
Tesort to proctoscopic biopsy of the bowel for confirmation of the diagnosis.
Riker never employs it, although he regularly biopsies the protimal segment
at the definitive operation for frozen section determation of the existence or
absence of gangtion cells, If a colostomy is performed, Riker biopsies a por-
tion of the wall of the bowel which is employed for the colostomy, and per-
forms an extra-mucosal biopsy of the stgmoid as well. The x-ray cannot be
depended upon as an accurate index of the extent of the involvement and
biopsies at operation must be employed (45). Whereas Riker feels that de-
finitive ion in newborns would be desirable if the patient's condition
allows 1t, Swenson feels as strongly that surgery should be postponed in
all cases unti] the patients are 12 to 18 months of age Riker, having per-
formed a colostomy previously if necessary, operates when the babies are six
months old. Swenson has operated upon 200 cases in the ten years smce he
first employed the operation. There have been six postoperative deaths,
none of them arising from anastomotic failure. This does not include the
deaths of the children who did not come to the definstive operation The fact
that four of the six deaths occurred in mfants has led Swenson to postpone
°Pe.ration until the patients are twelve to eighteen months of age. Of 73
Patients evaluated at five to ten years after operation, 72 are found to be well
and with no incontinence. Of 64 examined twa to five years after surgery, 63
are well; and of the 52 who were operated less than two years ago, 49 are
entirely well, Of the five children who are not perfectly well, only one has
constipation. Eight males have married and fathered children, and nome
claims an ejaculatory defect. It 1s interestmng that seven children died sud-
denly one to five years after following a brief 1nfe illness of
less than 24 by duration, with severe dehydration These are not unlke the
deaths which are seen fairly often tn children with Hirschsprung’s disease
who have not been operated upon.




350 RAVITCH AND WILDER

MALFORMATIONS OF TRE ANTS

Donovan & Stanley-Brown (50) point to the frequency of associated
fistulas in newborns with imperforate anus, Urinary tract fistulas were foand
in 85 per cent of their male cases, while more than half of their female pa-
tients had rectovaginal fistulas. In males, primary operation is pecformed at
ence; in females, operation is postponed by Donovan & Stanley-Brown for
four to five months. Only in pr Inourished § imi)

"

infantsisa p y

y employed. Their technique for females involves circumcision of the
vaginal fistula, drawing the rectum down, and pulling the dissected fistula
through the sphincter to form a new anus, If the fistula js high in the vagina,
an abdominoperineal operation is ired in females as in males, Donovan
& Stanley-Brown, like most authors, emphasize the necessity for careful
postoperative dilatation of the anus.

A mote detailed analysis of the occurrence of urinary tract fistula in
association with anorectal malformation is given by Nicolai (51). In 100
anorectal anomaltes he found urinary fistula in 60 per cent of the patients,
17 of them unsuspected before operation. There were 24 rectourethral, 22

ginal, 9 perineal and 5 ical fistulas, All but one of the
urinary fistulas occurred in the ch istic Type NI ties, which
comprise 77 per cent of all cases. The demonstration of the small caliber
urethral fistulas which were usually 1n the prostatic membranous urethra
was most generally achieved by a urethro-cystogram, using an aqueous
contrast medvm and a blunt nosed syringe Nicolai prefers a primary
abdominoperineal pull-through procedure, without a prekmmary colostomy,
The substantial mortality of 22 per cent, all before the (ourth month of life,
was usually caused by associated anomalies, If a fistula persisted after the
primary operation, colostomy was required for success{ul secandary repair

The condition irequently described as an ectopic anus is consrdered by
Bill, Johnson & Foster (52) to be an anterjorly placed perineal rectal open-
ing. The deformity may be so inconspicuous as to be overlooked until such
children are brought in with ipation due to the pre: of a pouch
posterior and caudal to the opening They report 14 females and 16 males,
many of whom presented a congenital median band,—a band of tissue run-
ning w the anteroposterior direction acrass the ectapic apening I patients
with anteriorly placed rectal openings, an anal dimple can usually be
recogmzed, and although 1t may actually appear raised, it may be made to
pucker on skin prick. All patients, except the four operated upon the first
day of life, were constipated in spite of fairly large anal openings in some
The ectopic opening in females tends to be further aatertor thag in males
The embryologic explanation offered is that the mesodermal, perneal body
tissue closes in from the sides behind the developing rectum, producing an

S v ateatalagaenat v anpbas'adtn Tha acorasinn verammended by
ter
i

the opening is very close to the anus an incsion 1s carned straight back 1rom
the Jumen of the opening to the anal dimple and mucosa is sutured to the
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skin. Results were good, in 75 per cent of the patients. (This latter procedure
resembles Dennis Browne's ion for the same ion.)

PANCREAS, SPLEEN, BILIARY SYSTEM

The oceurrence of portal hypertension in fibrocystic disease of the pan-
creas has been documented by the finding of raised sweat electrolytes,
characteristic pancreatic biopsy, the history of *celiac disease,” chronic
pulmonary infection, massive splenomegaly, and elevated portal pressure

- {53). While this association has been noted before, the relationship between
portal hypertension and fibrocystic disease has not been established, and
hepatic insufficiency in such patients has not yet been reported.

he bination of d serious i in a child with a congerital
cardiac lesion suggests agenesis of the spleen, and the diagnosis may be
further suggested by the presence of an increased number of erythrocytes
showing Heinz inclusion bodies in the ipheral blood, i d target
cells, decreased osmotic fragility. Howell-Jolly bodies, and normoblastemia
(54). A case of agenesis of the spleen, congenital heart disease, and com-
plete situs inversus is reported by Terslav (55). A total of 81 cases has
been collected by Gilbert, Nishimura & Wedum (56). They add five add;-
um:al cases of congenital malformation of the heart with associated splenic
agenesis.

Choledoch

cystis a rare y. Upward of 200 such cases have been
reported The lesion is an aneurysmal dilatation of the common duct. Fe-
males are more commonly affected than males, and the symptoms are those
of jaundice, pain, and a palpable mass The jaundice is usually intermittent.

In reporting five cases, Grove (57) d preoperative
studies with int holangi and ive studies with
catheter cholangi Roux-en-Y is of jejunum to the cyst is

preferred by Grove, In the smaller, entirely retroduodenal cysts, direct
cystoduodenostomy is probably preferable

SACROCOCCYGEAL TERATOMA

These tumors are present at bicth, varying in size from externally in-
significant, entirely intrapelvic or intraabdominal tumors, to huge external
masses causing dystocia (58). Symptoms are produced by pressure on the
rectum, urethra, or ureters; by infection through the necrotie skin overlymg
the large tumors, and by malignant alteration which occurs in perhaps 20
Per cent of cases, The t: isi diate and i

Gy~NEcoLoctc LesioNs
3 Tietz & Davis {59) report the excision of a ruptured ovarian cyst, exist-
ing at birth and removed on the first day of hife. The clinical picture sug-
xgsted ascites, Another successful operation was performed 48 hr. after
birth 1 an infant with a huge ovarian cyst which did not rupture (60).
Anteriorly placed vaginal cysts just at the introitus and one-half to three-
Quarters of an inch in diameter are described by Cohen, Kline & Laver (61).
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One such was sufficiently large to obstruct the urethra and was resected,
the other ruptured spontaneously and none of them recurred. These are
thought to be cysts of Girtner’s ducts.

GENITOURINARY LESIONS

Investigation and publication in this field has been extensive during the
past year. Hilson (62) mterestmsly points out that malrormed ears, psr-
ticularly if asy trical, are quite d with g!
malformations of the genitourinary tract. These ear defarmities are similar
to those seen in infants with renal agenesis The genetic association between
these anomalies is dnscussed Sxeber & Klein {63) describe two infants who
were female dol of drenal origin with persistent
cloaca, This is a prcvnously umeported urogenital anomaly, which, if
recognized early, requires separation of the urinary and fecal streams as
soon as possible for survival and for normal urinary function,

Reporting from Babies’ Hospital, Lattimer (64) adds 22 cases to the
Irterature of c ital deficiency of the abdomi lature, He points
out that since the lesion and 1ts associated genitourinary problems bave be-
come familiar, one to three cases a year have been seen by his group Twenty
of the 22 cases are males, In two cases the resultant abdominal enlargement
was sufficient to cause dystocia In 85 per cent of the cases there was some
evidence of obstruction to the bladder outlet and resultant megacystica,
megaureter and hydronephrosis, Eighteen of the 20 males had undescended
testes, usually found attached to the midureter. Malformations of an ex-
tremity were found in nine cases, Fifty per cent of the cases were dead before
nineteen months and nf these, seven were dead within twelve days of birth,
usually of renal insuff fies of the gastr ! and cardiac
systems were frequent. Thempy should be dlrectcd toward the relief of the
vesical outlet obstruction and plastic procedures on the tortuous ureters.

Attention is directed by Fitch & Denman (65) to the correction of the
abdominal wall defect They pont out that DeBord in 1955 first described
the feasibility of using multiple plicating sutures of the unopened abdominal
wall for correcting laxity of the parietes. Fitch & Denman, in a six-year-old
male, employed a long mudline incision from vyphoid to pubis and widely
overlapped the fibromuscular layers, adding a series of plicating sutures in
the right upper quadrant where the abdomnal wall below the sk was only
% of an inch in thickness The patient demonstrated ureterectasis, pyelec-
tasis, and cahectasis on the right, with a normal uninary tract on the left,
and 2 huge hypotonic bladder. The authors point out that their patient had
had vepeated upper respiratory infections and that his respiratory function
studies (if these are to be depended upon 1n a six-year-old child), showed
decreased function before operation, and improved function after operation.

In the treatment of exstrophy of the bladder, Kiefer & Linke (66) fawr

the procedure of and preanal cal . Thia op
prcuously us:d in older patlents with cystectomy for carcinoma of the
bladder, p an d urinary le with control of
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evacuation; and for the proximal bowel, drawn down through the sphincteric
ring, sphi; i if the jon is Two of Kiefer &
Linke's patients were infants, so that the presence of continence in either
child is still unsettled. In one patient, a three-year-old girl, urine can be
retained for 3 to 4 hr. and there is continence of both ureteral orifices and no
ureteral difatation.

Desprte the general dissatisfaction with the results of ureterosigmoid
implants, the occasional case does brilliantly, as demonstrated by one with
vormal kidneys and ureters 38 years after operation (67). Regardless of the
method of dealing with exstrophy, all agree that the bladder should be re-
moved if it is not actually employed in the repair, in order to prevent the
inevitable d of carci Once the exstrophy of the bladder has
been repaired, reconstruction of the hypospadiac penis poses a problem.
Hinman (68) points out the necessity, after urinary diversion has been
achteved, for closure of the ventral abdominal defect, removal of the vesical
mucosa, release of the dorsal angulation of the penis, and formation of an
2dequate urethra with preservation of the prostatic ducts Scrotal flaps are

ployed to lete the + y. Most of his patients had a rec-
tosigmoidostomy although, in common with the present trend, he mow
prefers either an ileal conduit, or 2 rectal bladder with the distal sigmoid
drawn down through the sphincter anterior to the anus. Culp {69) reports
that urethroplasty in patients with hy dias will yield isf Y
results unless all chordee has been corrected, usually at a previous operation.
He prefers to correct the chordee at eighteen months and delays urethro-
Plasty until successful correction of the chordee has been demonstrated The
urethroplasty may be performed six months after the operation for chordee,
and at all events should be performed before the child reaches school age.
Culp modifies the operation according to the deformuty. In scrotal-permeal
PYPOSPadias the Dennis Browne technique is the procedure of choice, whereas,
in the penile and 1 hy dias, the two-stag ion of Cecil
1s prefecred. Of 105 cases carried to completion and cure, 40 needed addi-
tional procedures after those originally planned (69).

A detailed study of the embryologic development of exstrophy of the
bladder and hypospadias was presented by Glemster (70) Exstrophy of the
bladder is 2 linear mudline cleft of the antertor abdominal wall, opening
directly into the bladder. Males always have a gutter of mucous membrane
extending continuously from the inferior angle of the trigone to the tip of
the glans. In each case the recti in their sheaths are intact. Since, at no
stage, does the urogenital sinus open on the abdominal wall, exstrophy of
the bladder must represent the result of a rupture of structures and not of
arrested devel Paul and K; in 1956, i that
mesoderm invading the infrs umbilical abdominal wall, fails to fuse and
leaves a persistent linear midline membrane where ectoderm of the abdom-
inal wall and entoderm of the urogenital sinus are in contact. If this mem-
brane undergoes di a cleft 1s produced, bounded by the rectus
sheath, Wyburn in 1937, on the other hand, attributes the deformity to a
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One such was sufficiently large to obstruct the urethra and was resected;
the other ruptured spontancously and none of them recurred. These are
thought to be cysts of Gartner's ducts.

GEMITOURINARY LEstons

Investigation and publication in this field has been extensive during the
past year. Hifson (62) interestingly points out that mal(nrmed ears, P-’"—
ticularly if asy) are quite d with
malformations of the genitourinary tract. ThEse ear deformities are similar
to those seen in infants with renal agenesis. The genetic association between
these anomalies is discussed. Sieber & Klein (63) describe two infants who
were female pseudol phrodites of drenal origin with persistent
cloaca. This is a previously unreported urogenital anomaly, which, if
recognized early, requires separation of the urimary and fecal streams as
soon as possible for survival and for normal urinary function.

Reporting from Bables Hospxtal Lattimer (64) adds 22 cases to the
literature of of the abdomi; lature. He points
out that since the leston and its associated genitourinary problems have be-
come familiar, one to three cases a year have been seen by his group. Twenty
of the 22 cases are males, In two cases the resultant abdominal enlargement
was sufficient to cause dystocia. In 85 per cent of the cases there was Some
evidence of obstruction to the bladder outlet and resultant megacystica,

and hydronephrosis. Eighteen of the 20 males had undescended
testes, usually found attached to the midureter. Malformations of an ex-
tremity were found 1n nine cases. Fifty per cent of the cases were dead before
nineteen months and of these, seven were dead within twelve days of bisth,
usually of renal insuffici A Jies of the gastroi inal and cardiac
systems were frequent. Therapy should be directed toward the relef of the
vesical outlet obstruction and plastic procedures on the tortuous ureters.

Attention is directed by Fitch & Denman (65) to the correction of the
abdomunal wall defect They powt out that DeBord in 1955 first described
the feasibility of using muluple phcating sutures of the unopened abdominal
wall for correcting laxity of the parietes. Fitch & Denman, in a six-year-old
male, employed a long midline incision from xyphmd to pubis and wndely
overlapped the fibromuscular layers, adding a series of plicating sutures in
the right upper quadrant where the abdominal wall below the skin was only
X of an inch in thickness The patient demonstrated ureterectass, pyelec-
¢asis, and cahectasts on the right, with a normal urinary tract on the left,
and 2 huge hypotowc bladder. The authors point cut that their patient had
had repeated upper respiratory infections and that his respiratory function
studies (if these are to be depended upon m 2 six-year-old child), showed
decreased function before operation, and improved function after operation.

In the treatment of exstrophy of the bladder, Kiefer & Linke {66) f:nor

the p di y and preanal col y. This
prgvmusly used in older patients m;h cystectomy Ior'cartmama of the
bladder, p an urinary with control of
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verumontanum was found in all five cases and, being a part of the prostate,
this naturally shares in its enlargement.

Although cystometric studies did not prove particularly helpful in the
study of congenital vesical neck obstruction (74), cineradiography of con-
gental vesical neck obstructions and megaureters appears to have been
one of the most revealing methods of study employed (75). Posteroanterior
and oblique cine fitms taken before and during micturition, after injection of
sterile barium sulfate suspension or 35 per cent jodopyracet compound
(Diodrast Compound), permits analysis of events in micturition. In the

-ystitis synd . a large smooth bladder is found Vesico-
ureteral reflux occurs in all, at rest or on micturition. There is distention of
the ureters and upper tracts on micturition and a large ureteral residue,
but no vesical residue. The bladder contraction is normal in all cases. After
micturition, with a patient remaining in the erect position, the ureters re-
main briefly filled with contrast material, showing tight contraction of
ureterovesical junctions. The ureters then empty into the bladder. After
two or three successive voidings the contrast material is finally discharged
All of these ureters showed very vigorous peristalsis. Edwards disagrees
with Swenson’s theory of faulty parasympathetic innervation, mcomplete
bladder emptying, incomplete vesical neck opening, and diminished contrae-
tions of the lower ureters, since none of these are seen in hs studies The
absence of any histological abnormality of the innervation of the ureters in
Bodian's finding further supports Edward’s observations.

Despite all that has been written about congenital bladder neck obstruc-
tion and at least one fi d student of the subject 1s un-
certain of the nature of the entity (76). Hypertrophy of the bladder neck,
for instance, may be seen endoscopically with obstruction attributed to dis-
tal lesions such as valves, diverticula, etc. The hypertrophy appears to be
part of the general detrusor hypertrophy. The group studied consisted of 48
children less than ten years old, all of whom had either a large residual urime,
vesical diverticula, trabeculated bladder, or ureteral dilation. No cases of
cord bladders were ineluded; however, most had renal impairment. In one
group of males under three years of age, Williams (76) noted chronic reten-
tion, small thick bladders, evidence of obstruction of the whole posterior
urethra, rigidity of the urethral wall, and fibroelastosis of the urethra. These
children developed some incontinence after vesical neck resection. The best
cases, from the standpoint of therapy, were those with large diverticula
which could be excised It is suggested, therefore, that these diverticula were
the cause of the symptoms and that diverticula may result from normal
bladder contracture through a muscular defect in the vesical wall. Another
group of children were reported, both males and females, with chrenic re-
tention, large, lax bladders, and large ureteral onfices with free reflux for
whom bladder neck resection was not helpful. These were thought to be the
retention phase of the Y These ureters
g2pe widely, but do contract. The bladders are traheculatefl and true re-
tention may ultimately follow. There is no fibroelastosis. Finally, there are
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deficiency of mesoderm from the primitive streak which normaily sweeps
round the margins of the caudal part of the cloacal membrane and invades
the allantoic extension of the b In either explanation the ectod
and entoderm remain 1n contact and the thin membrane disintegrates,
leaving the bladder open. Glenister (70) suggests that two types of mesoderm
are involved, the somites and the unsegmented lateral plate mesoderm, both
ultimately derived from the primitive streak. The mesoderm of Paul and
Kanagasuntheram is the somite mesoderm of the lower thoracic region,
whereas that of Wyburn is the lateral plate mesoderm, When bifid penis
occurs, it results from failure of the pair of phallic tubercles to meet in the
midline. Hypospadias is caused by varying degrees of failure of urethral
groove formation, and failure to fuse on the part of the urethral folds.

The and signifi of vesi 1 reflux in children oc-
cupied the attention of a number of urological clinics. Headstream & Jones
(71), examining children with no urological disorders and using a voiding
cystourethrogram found, among 100 children age fourteen days to fourteen
years, only one child with a vesicoureteral reflux, In this four-month-old
infant, admitted for malnutrition, cystoscopy shawed a bladder neck con-
tracture and moderate trabeculation, On the other hand, in 455 children
among whom the cause of admission to the hospital was enuresis in 430
cases and urinary tract infection in ten, similar studies by Forsythe &
Whelan (72) revealed 61 patients in whom reflux jnto one or both ureters
was found on a voiding cystourethrogram (Sterile barium sulfate suspen-
sion was employed.} In 17 of the 61, some ureteral dilatation was found;
seven presented a posterior urethral valve; and in one, vesical neck hyper-
trophy was demonstrated. Two of the dilated ureters were found in children
with obstructive uropathy There remained 30 children who showed vesico-
ureteral reflux 1n an otherwise apparently normal urinary tract, However,
these were all patients who had been seen by urologists for urinary tract
symptoms.

The pathology of vesical neck obstruction was studied by Bodian (73) in
five infants dying with bladder neck obstruction The structures were fixed
1 situ with formalin and sectioned so that sections included the base of the
bladder, the entire urethra, and the prostate. Control cases were simtlarly
gectioned. In these patients they found i ly a di in muscuk
glandular elements, and increased promi of fibroelastic and
an enlargement of the prostate along the entire prostatic membranous
urethra, fram a submucous collar at the bladder neck to the corpora spon-
giosa, There was no difference n the scatter of ganglia. Secondary vesgical
muscular hypertrophy extended to the anterior wall of the posterior urethra
as far as the verumontanum. Bodian suggests that fibroelastosts of the elon-
gated prostatic tissue causes partial or complete obstruction over a fong
urethral segment from the bladder neck to the distal membranous urethn.i.
where it may be maximal because of particularly prominent fibroelastosis
below the level of the vernmontanum, The obstruction is primarily below the
bladder peck and involves a long segment of urethra, Hypertrophy of the
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some cases ol‘_simple megaureter without strictures and without reflx,
thhox.:t retention, but with enuresis. This appears to be a functional ob-
struction at the lower end of the ureter. Williams (76) is also unable to
accept Swenson's aperistaltic theory and feels that absence of peristalsis js
a late consequence.

Deakin (77) finds that, in children without ureteral dilatation (and in the
absence of neurogenic lesions), who are thought to have a vesical neck ob-
struction, relatively simple transurethral manipulations suffice for reliel,
Once there is extensive ureteral reflux and ureterectasis, Deakin employs
the unorthodox technique of T-tube drainage of the ureters, even for months
at a time, the upper arm of the T reaching the renal pelvis Subsequently,
bladder neck resection may be done and the result checked by temporary
closure of the T tube. Deakin stresses the necessity for relief of the kidneys
in these children with long-standing ureterectasis before employing distal
corrective procedures.

Congenital unilateral cystic kidney is differentiated from the polycystic
kidney in being unilateral and in p ing a gross ical iza.
tion In polycystic kidneys, both kidneys form enlarged masses, usuaily
causing symptoms later in life as a result of gradual dilatation of the nu-
merous small cysts with destruction of the remaining parenchyma, In uni-
lateral multicystic kidneys, the ureter is poorly developed, or absent, littte
or no normal parenchyma can be identified, and there 1s evadence of con-
genital malformation with the presence of islands of cartifage in the ab-
normal renal substance. Numerous cases are reported (78 to 81).

Of 108 newborn boys with one or both testes incompletely descended, 89
of the involved gonads descended 1n the first twelve months (82). Surgical
intervention for hernia performed on a number of these revealed that the
path of the serotum was blocked by a definite fibrous barrier and Scorer
feels that it is this whick prevents descent of the testes. Therclore, opera-
tion early in infancy to remove this fibrous barrier will allow descent of
the testes. Of eleven such cases of cryptorchidism, operated upon under
the age of three months, ten showed good results.

MiIscELLANEOUS

Thompson, Straub & Arnold (83), in reviewing 31 cases of congenital
absence of the fibula, find a fibrous band in the calf which appears to play a
most important part 1n producing the bony deformty of the tibia associated
with this anomaly. Excision of the band is advised

There are increasing reports of conjoined twins and attempts at sep2ra-
tion. Aird states that annually there are born perhaps siv conjoined twins,
cnnakla of surzical separation. Actually, of every 82,000 deliven?s, thFre will

i

fiver is recorded (84). Separation Ol Lue MUALLY weds prssvisutu wer
death of one of the twins, The remaining infant died six hours alter the
om a cardiac anomaly mcompatible with life.

operation fr



DISEASES OF THE RESPIRATORY SYSTEM!*

By R. 5. MircrEery, M.D.,! anp G. C. Bower, M.DJ#
The Colorado Foundation for Research in Tubersuloss,
Denrer, Colorado
INTRODUCTION
This review of recent literature on resptratory diseases is necessarily
sefective, The d is, tr idemiology, and pi ion of pul-
monary tuberculosis are reviewed, Theories of the pathogenesis of diffuse
" :

phy are r d and present-day treatment is dis-
cussed, Other subjects covered are bacterial and viral pneumonias, fungus
diseases, suppurative diseases, sarcoidosis, cancer, and miscellaneous condi-
tions, fncluding some newly described pulmonary diseases. The pathology
of tuberculosis and the effects of treatment on tuberculous tissue are well
tovered in a fine monograph (155).

Puratoxary TUBERCULOSIS

Some years ago 50 to 90 per cent of adults in most parts of the world
teacted to tuberculin. Except in infancy and childhood, the test was then of
little practical value in the diagnosis of the disease. Today, the incidence of
teactors among school children in the United States ranges between 2 and
10 per cent and, among adults living in large cities, between 15 and 50 per
cent (78). The tuberculin test has thus become a useful tool in diagnosis as
well as 1n case-finding surveys In order to avoid unnecessary radration ex-
posure, it is now ded that p! graphic or roentg hi
surveys be made only among tuberculin reactors.

The tuberculin skin test has assumed added significance today because
of 2 demanstrated relationship between the size of reaction and clinical be-
havior: the larger the reaction in survey cases, the greater the risk of clhinical
tuberculosis (182). Cortisone may reduce tuberculin reactivity in tuber-
culosis and increase it in sarcoidosis (43)

It is important to read the skin reaction 1 millimeters of induration 48
br. after 1, 5, 10, or 250 T.U. wntracutaneously For screemng purposes, the
most reliable test is the 5 T.U. “intermediate” (0.0001 mg) dose of PPD.

aly very rarely do persons proven to have ¢lhinical tuberculosis react only
to 250 T.1J, {second-strength PPD) or have no reaction at all (182).

ber‘ ;‘;';; survey of the hiterature pertaining to this review was completed in Septem-
! The following abbreviations will be used BCG (Baallus Calmette Guerin);
DHSM (dih in); INH (isoniazid), IPPB @i positive pres-

;“";,‘mthmg): PAS {p-ammosalicylic acid); PPD (punfied proten denvative);

of 1 Y .
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be said to be contramdlcued exmpt in very sermusly ill patents, and in
persons with fated dhffuse y emphy , for fear of further
loss of respiratory function (160).

A broad study of practices in the United States in 1954 revealed that 45
per cent of cases of active tuberculosis were not in a hospital. Many of the
latter were still infectious (j.e., sputum-positive) when last tested, but the
sputum status was unknown in most eases (25).

It has been thought that since rest seems to discourage multiplication
of tubercle bacilli, and since INH acts in ritro only on actively multiplying
organisms, rest may be contraindicated (215). This theory remains to be
proven.

Streptomycin was discovered and first used to treat patients with pul-
monary tuberculosis in 1944; it became generally available in 1946. Dihy-

in and duocin—equal parts of S\l and DHSM-—were
introd later. p-A ieylic acd was duced soon thereafter and
INH became generally a\-allable early 1n 1952, Present-day chemotherapy
consists pred bining two or all of these three drugs.

Little is known of the mode of action of the drugs. Itis postulated that INH
is absorbed by tubercle bacilli like an essential nutrient, only to interfere
with one of its enzyme systems.

Viomycin, introduced in 1951, has a mild antimycobacterial effect but,
because of potential hepatic and renal toxicity, must be given in rather
ineffective doses twice weekly, rather than daily. Pyrazicamide alone is
highly effective, but only for from four to six weeks (47). In patients who
have never received either drug before, the regimen of pyrazinamide plus
INH has been found to be highly effective (190). Oxytetracydline alone has
@ very muld antimycobacterial effect but seems, nevertheless, to be effective
in combination with either SM or INH in delaying the emergence of bac-
terial resistance to these agents. Cycloserine has been available since 1935;
itis quite effective in high (1 to 3 gm /day) dosage, but in this dosage causes
toxic psychoses and epileptiform seizures (16). In the dosage that is usually
safe (250 mg. twice daily), it is a relatively ineffective drug, alone or in
combination (48). The dosage of antimycobacterial drugs and their major
toxic effects are presented elsewhere in tabular form (160).

New drugs which have not yet been thoroughly studied include thicamide
805), streptovancin (227), kanamycin (266), and thiocarbanidin (Thioban)

69).

The emergence of bacterial resi: to all anti ial agents
discovered so far has been demonstrated both i ritro aud 4n vivo in man.
Drug resistance probably occurs as a result of spontaneous mutations of
originally susceptible bacterial cells. As an antimicrobial agent is brought
into contact with lations of these the
is reduced while the resistant population tends to overgrow the others. The
simultaneous use of two or more efflective agents theoretrcally will i improve
the antimicrobial action because of the greatly reduced chance of spontane-




360 MITCHELL AND BOWER

Depending on the medium used, the growth of typical tubercle bacilli
requires from 4 to 12 weeks (136). In unusual circumstances a few true
tubercle bacilli, particularly those obtained from patients after prolonged
chemotherapy, may require up to 15 to 25 weeks for growth (34)

The pathogenic atypical or “anonymous” mycobacteria will grow on
the various media in one-half the time or even less, required for typical
tubercle bacilli (136). The colonies may be photochromogenic (i.e., develop
a yellow color after exp to light), scotoch ic (re., develop a
yellow color in the dark), or show the typical pale buff color of Mycobacterium
tnberculosis. Morphologically, they may or may not be larger and more
ovoid, but they may also be indtstinguishable from it. The best methods,
other than id growth ch istics, for identilying these atypical
bacteria are the absence of the neutral red reaction, absence of cord forma-
tion, reduced niacin content, primary INH, SM, and PAS resistance, es-
i);;;ally the latter, and pathogentcity for mice but not for guinez pigs (54,
The disease (mycobacteriosis) caused by these atypical bacteria is
tentatively regarded as a form of tuberculosis, but may prove to be an
entirely different disease (32). The organisms are mycobacteria, and the
disease 1s pathologically and clinically quite indistinguishable from tubercu-
losis in both animals and man (54). Persons with thss disease react to intra-

tuberculing d from the infecting organi! they usually,
but do not always, also react to ordinary PPD. The reaction to PPD is apt
to be less than to the more specific antigens (71). The treatment of these
infections 1s much the same as for ordinary tuberculosis, Very large doses
of SM and INH are requircd because of the primary drug resistance. Pul-
monary resection is well tolerated and effective (54).

The possibility of making a serologic diagnosis of active tuberculosis
has been receiving considerable attention in recent years. While many have
agreed that antibodies are formed agamst A fuberculosss i man, their
reliable detection has eluded intensive search until recently. Using an agar
double diffusion precipitati hi an antigen prepared from virulent
human tubercle bacillt seems to react vistbly with antibodies only 1n cases

of active tuberculosis (184)
During recent years it has become evident that rest therapy is less

ial to the ad: t] of pul v tuberculosis than formerly
thought (267). In most cases of mild tuberculosis, rest in hosprtal, or even
at home, is probably v except for indoctri purposes The

amount of test tndicated for advanced tuberculosis under medern chemo-
therapy has also been materially reduced, not only in quantity butin dura-
tion, On the other hand, rest ss still effective and is indrcated in the drug
treatment failures, in those persons who harbor drug-resistant organisms,
and in those who are not achieving much benefit from drugs or cannot be
expected to do so (160). It is indicated also in those newly diagnosed cases
in whom failure of ch may be antici d. Strict bed rest may
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for indefinite periods (22, 194). INH is the most generally accepted agent
for prolonged chemotherapy because it is cheap, easy to take, relatively
nontoxic, and theoretically may maintain the surviving parasites in a state
of reduced pathogemcxty and virulence for bath the patient and his cuntacts

The best regimen for the of serious pul
today is high-dosage combined SM and INH (160, 216). It i IS well to add
PAS because of its ability in some patients to raise the serum concentrations
of {ree, biologically active INH, in addition to its antimycobacterial effect
{161). Pyridoxine (vitamin Bg) will prevent, but is slow to heal, peripheral
neuritis due to INH. The dosage recommended is roughly 10 mg. for each
100 mg. of INH taken. Even in persons who seem to have failed to respond
1o therapy with SM, INH, and PAS, it is urged that high daily doses should
be given a very thorough trial before changing to less effective regimens
{160). INH-PAS is generally regarded as a very practical and effective two-
drug regimen (154) Primary pyrazmamnde INH is also }ughly effective, but
has the drawback of a very signil of p ide hepato-
tovicity.

Chemotherapy is indicated in all cases of active tuberculosis In addition,
it is indicated in all infants who react to tuberculin and in recent converters
up to the age of three or four, despite the absence of any other evidence of
active tuberculosis. The use of chemotherapy 1n older, otherwise healthy
children or adults with recent tuberculin conversion is probably harmless
and may be helpful butis very apt to be 'y, except in cil
of high exposure,

Corticosterond therapy is capable of causing rapid and severe worsening
of active, and even inactive, tuberculosis, but adverse effects do not by any
means always occur {49) Brief corticosteroid therapy is safe to use while the
patient is receiving an effective chemotherapy regimen, In overwhelming
disease with great toxicity or after early failure to respond to chemo-
therapy, corticosterowds have proven very helpful (49)

The surgical resection of open cavmes in panents who are still infectious
—ie., the “open positive” | ! ing a relable ch herapy
regimen, is indicated except where the extent of the dlsease age, or general
condztion of the patient, or 1 1
the procedure (22). Candidates for resecnon should have a previously unused
or still effective drug or drugs available to cover the procedure, anticipated
effectiveness is based not only upon the previous chemotherapy, but also
upen current drug susceptibility tests Senious surgical complications are
several times more frequent without good drug coverage than with it (164)
Intervention with resection is usually not undertaken until near maximal
benefits from chemotherapy have been achieved, this may require as little
as three or four months or as much as 12 to 18 months (194). Peovided the
diseased area to be removed is confined to one or two lung segments, and no
general surgical contramdications exist, intervention may be safely made
carly (i.e, after 1 to 2 months) during effecuve chemotherapy. Such eatly
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ous ion to mul,

firmed this theory.

Testing methods for bacterial resistance fn vitro and the relationship of
these findings to clinical respanse to the drugs is somewhat controversial; 4
recent symposium on the subject is highly recommended {6).

H the majority of a population of tubercle bacilli isolated from 2 patient
is found to show SM, viomycin, p; i ide, or PAS resi 1n vitro,
response to these drugs 5 vivo will be materially reduced or absent. In the
case of INH the situation is complicated by an additional effect: ducti
in the virulence and pathogenicity lor guinea pigs and for humans as well,
especially in those which are highly resistant and “'catalase-negative” (172).
While final proof s stlf Jacking, the continved administration of INH to
such patients may be beneficial by pi ing back jon to INH
susceptibility and, hence, to renewed virulence (215},

‘The risk of the emergence of clinical drug resistance is reduced not enly
by using multiple drug regimens, but also by avoiding interruptions in
therapy (159) and by applying resection or collapse where feasible in order
to achieve early reversal of infectiousness (160).

Provided the dosage is adequate, SAl and INH have been shown to
reach the lung, and particularly the tuberculous portions of Iung, in effective
concentrations. Apparently because of differences in rates of renal clearance
of SM, dependent in turn upon renal function, SM serum concentrations
vary between individ (161) Asa SM and DHSM toxicity
are probably also related to the peak and d ion of serum i

- 3

iple drug resistance (86), Clinical experience has con-

©eateen

cally determined in man (160).

When high doses of INH and daily SM are used, these differences i
sernm concentrations of biolopcally active SM and INH probably have
little clinical importance. When conventional or lower dosage is employed,
as is practiced in many parts of the world, results may be anticipated to be
less than optimal since some indrviduals will have less than optimal serum
concentrations of these drugs (161). X

In some patients, PAS is also inactivated excessively. This can be cir-
cumvented by intravenous administration. Correlation between serum con-
centrations of biologically active free PAS and chinical respanse to PAS
treatment has not yet been demonstrated.

The duration of antimycob ! ch herapy should be no Jess than
12 months in any case, and for at feast 9 to 12 months after reversal of infec-
tiousness confirmed by repeated smears and cultures. In most cases of
advanced tuberculosts, ch h y should be inued for from 18 to
24 months (160}, In persons with persisren'ce of “err.lpty gpaces,” presumed
to have been cavities from & review of fenal films, including tamogrfms-—;

i e., the “open-negative’ synd -y h, may well be
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wrapped in polyethylene sheets, or other substances, has proven to he a safe
and effective substi for dard th lasty, despite the former high

lication rate with i leural and e { plomb (263). In
patients past 60 years of age, the extraperiosteal plombage is usually left in
permanently. In younger patients, some four to eight months after the
initial stage, the plombage is usually removed, together with the overlying
denuded ribs, thus converting the procedure into a conventional thoraco-
plasty. A resection may be performed at the second stage if the desired
result has not been achieved (264). Plombage has the advantage of achieving
a prompt thoracoplasty type of collapse, with little or no nsk of paradowucal
breathing or mediastinal flutter, which may be serious complications of
conventional thoracoplasty in patients with very limited respiratory reserve,

‘The United States tuberculosis mortality rate seems to be levelling off,
at least temporarily, at about eight deaths per 100,000 population per year.
The new case rate has been slower n declining until recently, but the decline
now seems to be gathering m. 3 it is now approximately 40 new,
active cases per 100,000 population per year, The risk of onset of clinical
tuberculosis now rises rather steeply with advancing age, especially in males.
‘The nisk of climical tuberculosis among tuberculin reactors remains very high
in infancy (10 plus per 1000 reactors per year); a small peak is noted in the
twenties, but the risk is low (one to two per 1000 reactors per year) from age
6 to 18 and again after 30 The risk rises again after 50, but reliable data on
older persons are scarce. The excess morbidity and mortality we are now
experiencing in the aged are believed to result from the heavy infection of
“‘cohorts” (i e, persons born in the same year) of 10 to 30 years ago. As a
consequence of these observations, a further steady decline in the new case
rate is predicted for several years to come, unless some major disruption of
our ctvilization occurs (78).

BCG vaccination is safe and effective, Because it does not give complete
and lasting protection, and for other reasons well outlined elsewhere (9, 50,
183, 235), 1t is presently considered practical to confine the use of BCG to
persons, families, or populations with a high risk of infection

Recent careful studies on the manner and risk'of aerral dissemination
of tubercle bacilli from hospitalized patients, and the reduction of such
hazards by ultraviolet irradiation of hospital air, are worthy of very close
scrutiny (204)

BACTERIAL PNEUMONIAS

Staphyl ink are all in where

drug-resistant organisms prevail. In one study, 12 of 189 staphylococcal
infections appearing during hospitalization were pneumonias, with 8 deaths
{268). Preumonia tended to be bilateral, basal, patchy and, in severe cases,
h h or necrotic. Fulminating staphyl 1 ia may com-
plicate Asian influenza and has a particularly gloomy prognosis in persons
with chronic pulmonary disease. In infants and young children the disease
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intervention may logically be undertaken when surgery can be anticipated
ultimately to be necessary. In cases not suitable for resection, and where
the cavity is superiorly and posteriorly located, colfapse, either with stand-
ard thoracoplasty or with temporary ot i I plomb
thoracoplasty, should be seriously considered (264).

The advisability of resection of residual open spaces presumed to be
cavities in persons who previously had tuberculous cavities in the same area,
but whose sputum has been noninfectious for prolonged periods on chemo-
therapy—the “open negative” lesion— is now being re-examined. Until
very recently it was felt that resection was mandatory in these cases because
of the high rate of relapse {over 50 per cent) observed m such circumstances
alter prolonged original SM-PAS therapy (159, 194). On regimens inciuding
INH, however, relapse rates to date in persons with or without residual open
lesions have been only five to eight per cent over a one- to three-year period
after discharge from the hospital; however, very few of these patients had
discontinued taking drugs (52).

The advisability of resection of “closed negative™ lesions, nodules which
may or may not have replaced an area of previous cavitation, continues to
be controversial at this time. These solid lesions have been shown to be more
likely to contain stamnable and viable tubercle bacilli than are adjacent thin-
wafled open lesions; the fatter not infrequently reveal “‘open healing” (34).
On the other hand, three to five years’ observation of persons who received
12 or more months of multiple primary chemotherapy has revealed no
significant difference between those whose closed lesions were resected and
those whose closed lestons were not resected (often because of too extensive

disease) (194).

ion may be indi d 1n cases of pr d pul y tubercu-

culosis which have not been bacteriologically proven and where the diag-
nosis is in doubt.

Pneumothorax may be used under modern chemotherapy with a mifli'
mum of risk and a high degree of success 1n closing moderate-sized cavities
(74, 106, 140). Where readily available, however, resection still appears
preferable even in such cases.

P i was useful in achieving cavity closure in well-selected
cages before chemotherapy and during the era of mldly effective chemo-
therapy. Used with highly effective (i e., including INH) chemotherapy,
pneumoperitoneum appears to be less effecttve than formerly in achieving
cavity closure for reasons discussed elsewhere (160).

Before the advent of ch herapy, i th
the most reliable form of treatment for chrontc cavitary pulmonary tubercu-
fosis (248). Provided the cavity 15 located in the upper lobe, and preferably
thoracoplasty is still used with great benefit 1n panents who
d who are not candi-

y was clearly

posteriorly,
have failed to respond adequately to chemotherapy an

dates for resection. )
Xt i ! plomb: h lasty, using paraffin, lucite spheres
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Respxratory infections caused by Proleus tulgaris or Pseudomonss
umgmom are lmportant muses of illness and death in poliomyelitis p:m:ntx
may be absent and physical signs, in-
dudmg fe»er, absent or hard to detect (26)

is may cause o bed *“caseous” rodules in the lungs
{259); usually the only pulmonary manifestations to occur in the acute
disease are occasional cough, expectoration, and chest pain (188),

The prophylactic use of antimicrobial agents and of corticosteroid hor-
mones in infections has been a matter of debate. Antibiotic-treated comatose
patients were d withan d group; p iz was more com-
mon in the former (187). In bercul i i i the corti-
costeroid hormones were beneficial only in vascular collapse (i.e., the Water-
house-Friderichsen synd when it i ly occurs to complicate

1 i fally in elderly persons, or in those with
complicating diseases, and in alcoholies (237).

FunGus INFECTIONS

An excellent symposium on all aspects of coccidiordomycosis was pub-
lished in 1957 (8).5 The disease 13 1mportant not only because of the gravity
of the problem, but also because of the diagnostic problems posed by its
residual lesmns, such as nodules or cavittes, Especxally in persons living in

eas E infection 2nd are not probl nor
13 dissemination after localization of the primary disease has occurred. A
high index of suspicion is needed in making a diagnosis. The coccidicidin
skin test may be negative, especially in the presence of severe disease. This
shnuld be followed by serial serologic studies, including those for histo-
and bl Cross i may occur. Precipitins appear
early in the disease, but disappear after a few months. Complement-fixing
antibodies are slower to appear and are always present in titers of 118 or
higher in disseminated disease, whereas they may be absent in mild forms
of the disease (232). Cultures of sputum or exudates should be handled
;xueme]y carefully to avord infection of laboratory personnel by the mycelial
orm,

Despite its usual 3 must f; ly be
removed for diagnosis, except in the endemic areas where its nature may
be more clear. A residual cavity may be harmless but should be removed if
repeated bleeding occurs, if it enlarges, 1f it is over 5 cm, in diameter, if it
threatens to rupture into the pleural space, or if secondary infection oceurs.

Amphotericin B, isolated from a Strepfomyces, has shown considerable
Ppromise recently in the chemotherapy of the disease. It must be administered
intravenously over many weeks’ time and may cause {ever, chills, phlebitis,
and elevation of the blood urea nitrogen. Cases of disserunated disease have
apparently been arrested by use of this drug (122).

FEd note- see al
e e wssc;‘:ese, M. ], Coccidioidomycosis (Charles C Thomas, Spring-




366 MITCHELL AND BOWER

runs a rapid course with cough, iever, dyspnea, cyanosxs, and collapse (19),
Mortality is high and plications are DY and
pneumothorax (28). The respiratory tract may be the site or pseudomem-
branous changes similar to those occurring in the gastrointestinal tract
caused by staphylococci (233).

Measures to prevent hospital-zcquired infections have bcen proposed
and include nose and throat cultures of hospital personnel, special care of
blankets and hinens, oiling of floors, and special techniques in operating
rooms and in caring for surgical patients (134). Oxygen humidifiers may
serve as sources of pathogenic bacteria (139), Primary staphylococcal
pneumonia 1n adults runs a protracted course and is often comphicated by
abscess or empyema; however, the primary disease in previously healthy
adults has a much better prognosis than in infants or persons afready in a
hospital with another illness (104).

Pneumonia in adults is usually caused by the pneumococcus Despite
the fact that other chronic disease may be present in the elderly, the mor-
tality is low if proper measures are initiated promptly (198}, These should
include bacteriologic studies to detect the occasional preumonia caused by
organisms resistant to penicillin, The course is apt to be atypical in older
persons. Bacteremia, leukopenia, and a history of alcoholism are poor
prognostic signs. The chest r shows 1 fytion within
three weeks in 80 per cent of cases (251). Tests on 114 strains of pnewmococci
showed no loss in their susceptibility to six major drugs over a period of
several years (117).

is ; the organisot more often
causes croup or acute ulcemtnre bronchiolitis. Lobar, segmental, or patchy
involvement may occur in the pneumomc form (170).

Despite antibiotics, acute pneumonia caused by Klebsiella Pﬂeumama:
(Friedlander’s) stll kas a high mortakty, probably since 1t 1s commeon in
debilitated persons and in alcoholics Residual lung damage is Irequent,
Trentment should include SM in large doses plus one or two of the lollowmg

diazine (116), or chl 1. If even suspected on
chmcal grozmds or from finding Gram-negative bacilli, treatment should not
be delayed

Tularemic preumonia carried a high mortality prior to the advent of SM,

which in 2 to 3 gm /day doses, is bactencxdal Pleural effusion occurs in
Tomates s Serologlc

aremia is

. +herapy
* persons
. ises, one
o . . . Mo eeop a M4 ond denen tho respira-
. 1 all had
«pectrum

antibiotics,
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in diameter are seen radiographically; calcification and cavitation are rare.
Lesions may be multiple and tend to locate in the lower lobes (128). Associa-
tion with lymphomata may occur (84, 92).

Cryptococcus meoformans has been isolated from pigeon nests (119).
Surgical excision of local cryptococcal pulmonary lesions is advocated.
A icin B and 2-hydroxystilbamidine have apparently arrested the
disease in its meningitic form (131, 132).

Nocardiosis, caused by Actinomyces asteroides, is a disease of adults.
The chest roentgenogram may suggest tul losis, abscess, i
tumor, or lobar pneumonia. The course is more acute than in tuberculosis,
with a tendency to p and d. ination. It should be suspected
in pneumonias which do not respond to standard therapy and in cases of
suspected tuberculosis in which partly or wholly acid-fast rods are seen
(251, 258). Sulfadiazine is usually the drug of choice (258), but susceptibility
tests and mouse protection studies may indicate the use of other antibiotics

Aspergilli are common contaminants of sputum but rarely may cause
pulmonary disease, usually in debilitated persons (111). Cavitation may
occur; a round density with a crescent-shaped radiolucent area at the superior
pole, best seen by laminography, is said to be suggestive of the disease.

Mucor, or common bread mold, may, in debilitated persons, invade all
parts of the lungs including the vessels, causing thrombosis and infarction.
Spread of the disease may be by way of infected arteries The central nervous
system and gastrointestinal tract may be jnvolved (14),

Blastomyces dermatstadss has not been recovered from 1ts natural habitat,
but epidemiologic aspects suggest that it resides in the soil or soil products
(38). Rad hucally, North American bl is may mimic pul-
monary tut losts, but pleural in t and rib destruction
may provide a clue to the true nature of the disease (105) Amphotericin B
has effected arrests in the systemic form of the disease.

OTHER INFECTIONS

Progress in viral respiratory diseases has been reviewed recently (66,
238). Most respiratory 1ilinesses are nonbacterial, nommnfluenzat viral dis-
eases Their classification suffers from a plethora of names for identical dis-
eases, and because one virus, e g , influenza, may produce a variety of chmcal
syndromes.

The influenza pandemic of 1957 was especially serious in chronically ill
persons. Bacterial invaders of the lung, such as pneumococci and staphy-
lococei, played supporting roles (109). Streptococcal pneumonia and em-
DPyema were mot uncommon during the epidemic. Indiscriminant use of

ibiotics in infl 1 d d (10).

Chickenpox pneumonia 1s a distinct entity usually occurring in young
adults with severe cutaneous lesions (83, 125, 260). It may vary from radio-
graphic manifestations alone to severe, massive, fulminating pneumonia
with cough, chest pain, dyspnea, cyanosis, and death, Children with varicella
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Histoplasmosis is much more common than was once believed, An excel-
fent review is available (226). The roentgenographic classification includes
arrested, benign active, acute disseminated, and chronic progressive (29),
Local epidemics, including !aboratory ml‘cctmns. have been reported (39,
80). Like other fungus diseases, b not inf:
lymphomatous disease; in these instancesits presence is a(ten culy discovered
at autopsy (165}

Acute histoplasmosis is aimost always benign and often goes undetected.
The high incidence of reactors to histoplasmin in the Ohio and Misstssippi
River valleys is well known. Histopk is primary Jexes in the Jungs
often contain stainable organisms; furthermore, the larger the complex,
the greater is the probability of finding histoplasmosis rather than tubercu-
Josis. Splenic ealcifications are ly the result of histopt is (243).
Especially in the endemic area, solitary pul v nodules are !
caused by histoplasmosis (30). The typical lesion is hard and rubbery, the
gray center is surrounded by concentric laminations which cast a “calcific”
shadow but are made up of fibrous tissue, sputum cultures for Histoplosme
capsulatum are almost always negative as are those from resected matenal,

Difficulty in distinguishing between chronic tuberculosis and chronic
progressive cavitary histoplasmosis has occurred (89). The disease canses
multiple, bilateral, smajl cavities, as well as symptoms indistinguishable
from those of tuberculosis. Bacteriologic and serologic tests may be the only
means of differentiation. The cavitary form may remain stable or may result
in death (245), Most, but not all, of these patients react to histoplasmin;
more than two-thirds have ifi titers of -fixing anti-
bodies, and more than one-half yield positive cultures Significant titers
(1:16 or higher) of complement-fiving antibodies usually indicate active
disease, but may be present 1n apparently inactive cases (262}, conversely,
low titers may be seen in disease mvolvmg the adrenals (53) Superior vena

caval ebstruction (95) arising from fit i is an
and senuus camphcatmn and presents unusuauy dh‘ﬁcult surgrcal problems,
Fatal b qn ly involves the ad;

In the c:xvncary form, despite lack of chemotherapeutic coverage, surgical
vesection has been successful (192). Treatment with amphotericin B shows
considerable promise (130, 131). In severe cases. corticosteroids have been
advocated to combat toxicity (82, 181), although this might theoretically
predispose to dissemunation in the absence of specific therapy.

Secondary infections with fungi appear to be increasing in number,
possibly because of the greater use of antibiotics, nitrogen mustard, anti-
metabohtes, and corticosteroid hormones (120). Mamhasls, aspergdlosu.
mucormy , and eryp have been d as under
gne or more of these condations (140 247).

Puimonary cyp Complicated by ingitis it
is usually fatal w:thoutchematherap) When confined to the lung, symptoms
ibed areas of i 2to 8cn.

may or may not be present. Ci
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microbial therapy may be beneficial, as evid: d by reduction in cough,
dyspnea, and sputum (218). Long-term tracheostomy in severe bronchi-
ectasie has been employed with success (180). Use of detergents, mucalytic
agents, and enzy appears beneficial in the symp ic treatment of
these persons (44).

Two hundred and eight children under 15 with bronchiectasis were fol-
lowed for an average of 6.4 years; over half-revealed clubbing; rales were
often heard in the uninvolved lung. Collapse of lower or middle lobes was
common. Severity of symptoms before operation, except for asthma, did
not affect adversely the results of surgery, which were good, those with mild
disease could be treated adequately without surgery. Resection prior to age
eight had an inereased morbidity (242). Studies on clubbing tend to show
that pillary bronchopul y artery are fated (55).

Bronchiectasis may be more common in elderly people than is generally
supposed: in 254 autopsies on persons over 70, bronchiectasis was present in
13 per cent; all had had symptoms and most revealed clubbing (5). Surgery
in well-localized disease, especially where it is dary to foreign body, 1s
usually curative (51).

Bronchiectasis may occur 1n mucoviscidosis (also called "cystic fibrosis
of the pancreas’), wnh or without evldence of panereatic insufficiency (67).

ough, and ob ve occur in the first year of
hfe. with evidence of bronchiectasts later (126). The sweat test will reveal
retion of at 1ly large of chloride in these patients (224).

Salt depletion 1s a complication (197).

The mortality of well-treated lung abscess continues to fall, indicating
better use of antibiotics. Drainage 18 now rarely necessary, having been re-
placed by resection when needed. Conservative treatment 1s usually success-
ful (265). Frequent use of bronchoscopy as a therapeutic ally and to obtam
secretions for bacteriologic study is rmportant. The parenteral administra-
tion of pancreatic deoxyribonuclease 1n stubborn, slowly resolving abscesses
has met with success (13).

After severe, nonpenetrating chest wall injuries, Toentgenograms may
show consolidation and a subsequent air-fluid level, despite the impression
of lung abscess, rapid clearing usually aceurs (59).

Mucoid impaction of the bronchi, 2 syndrome occurnng chiefly in asth-
matics and bronchitics, is characterized by rubbery plugs of mucus mainly in
in second-order upper lobe bronchi (100, 103, 221); 1t causes episodes of
dyspnea cough, pain, and fever. Radiographic changes include segmental

abscess, ia, and bronchi is. Medical
consist of fibnnolytic enzymes, 1PPB, antibiotics, and bronchodilators, Sur-
gical removal of involved lung may be necessary.

DIFFUSE OnsTRUCTIVE PULMONARY EMPHYSEMA
The cause of emphysema is not known. A recent series of papers presents
an excellent ?escnpuon of the gross and microscopic pathology (146 to 152)
The disease y Bbrosis from any cause, in-
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appear to have secondary bacterial invaders, whereas adylts have 3 hemor-
rhagic, mononuclear cell pneumonia with type A intranuclear inclusion
Pon.:hes‘ a true viral pneumonia, The chest roentgenogram shows character-
istic, widespread floccular densities, iduals of which may persist for
several months. Physical signs in the chest may be minimat {83, 125, 260).
A relationship between herpes zoster and varicella has been observed (83).

Transient radiographic changes may occur in children with pertussis or
measles. Atelectasis is common in the former and enlarged hilar nodes in the
latter (77).

Psittacosis may be protean in its manifestations (220); early use of the
tetracycline drugs may the develop of specific antibodies {136).

Cat-scratch fever has been accompanied by paeumonia (222),

A well-known European disease, Preumocystis ¢arinii pneumonia, has
been described in the United States (§9). It aceurs in premature and sickly
infants and causes a 50 per cent mortality. Symptoms, signs, and roentgeno-
grams are not diagnostic. The course is usually progressive. The etiologic
agent is considered to be either a protozoon or a fungus that ¢auses an inter-
stitial plasma cell pneamoma with deposition of an acidophilic honeycombed
material in the alveoli (24, 101). Agammaglobulinemia has been noted (24).

Echinacaccosis is an important disease in Alaska and may be confused
with tuberculoma or other round pul y lesions (61). Schi: fasis, @
common disease in Puerto Rico, may cause a pneumonic or smiliary picture
or present as cor pulmonale (bitharzial Ayerza’s disease), because of an
ohfiterative endarteritis following egg embolization of the lungs (64).

BRONCHIECTASIS AND ABSCESS

Accurate, complete mapping of the lungs prior to resection for bron-
chiectasis is impartant inasmuch as the filhng of the basal segments, middle
fobe, and lingula is often inadequate, and a small but significant number of
cases have anterior segment disease (176). Combined tomobrenchography
may help in the detection and study of small locahized areas of bronchi-
ectass, peripheral lesions, bronchial terminations, and distorted bronchial
trees {(91) A small area of bronchiectasis, particularly one contaming in~

p d material, may late tumor (219). The possibility of neoplasm
underlying the lung abscess or chronic suppurative preumtonia should aj-
ways he borne in mind. In persons with bronchi is or repeated pul 4
infections, agammaglobulinemia may be present (46), though most broa-

i jes show hy buminemia and borderhine hypergammaglobulin.
emia (253).

British authors have stressed the finding of H. infl and

i Dipl ? in the purulent sputum of bronchities
and bronchiectatics. Treatment with a wide spectrum annbiotic plus a sul-
fonamide usually causes disappearance of H. snfluenzae and a change from
purulent to mucoid sputum. Relapses are often associated with the reappear-
ance of H. influenzae (3). Amencan expericnce does not seem to reflect such 2
dominant role for that organism, but studies are scarce. Long-term anti-
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The timed vital capacity and maximum mid-expiratory flow rate (133)

provlde reasonably simple and inexpensive tests for screemng Ior early
ic or epidemiologic purposes. A th h pt €

should include determinations of the maximum breathing capacity, lung

volumes, mixing capacity (21), arterial blood studies and, finally, the diffus-

ing capacity (40). The latter measurement is said to provide the best guide

to prognosis (17).

In the fully developed discase therapy is symptomatic at best. Optimum
results may be anticipated only in very early or mild cases in which further
progression of the disease may be prevented by removal of all sources of air
pollution, active control of resprratory infections (163), and possibly breath-
ing exercises (229).

Because of the risk of increasing CO, retention and losing the hypowic
drive to breathe, it is best to use intermittent therapy or low concentrations
of oxygen (i e , no more than 40 per cent, as with the nasal catheter) in em-
physematous patients (81, 228). Therapy directed at heart failure is often
surprisingly effective {93), 1ts useful can only be d d by trial and
error, The creation of a “'fy d" permanent h and teach-
ing the patient to aspirate his own secretions have recently been advocated
(143} Antimicrobial agents may be hife saving. Their prophylactic use may
have ment (75), Single, rather than multiple, drugs are preferred (118).

Surgical approaches to emphysema, such as the removal of blebs and
invaginating pleural surfaces to reduce the size of the fung, and the removal
of large solitary cysts or blebs to permit the expansion of more normal com-
pressed fung, are rarely, not generally, applicable (102) All persons with a
diagnosis of emphysema should be tried on various oral, inhalational, or
rectal b , cor ds have been ded for a brief
trial in all patients with a diagnosis of emphysema because of the possibality
of a major bronchospastic element (23) Thyroid ablation with I'* probably
should be reserved until all other treatment has failed (112},

Intermittent positive pressure breathing, widely used in the therapy of
of this disease (15), seems basicatly unphysiologic since assistance in expira-
tion, rather than overmflation on inspiration, is what these patients need
(85) Nevertheless, IPPB provides an effective method for administering
bronchodilator and wetting agents by inhalation, It is also best to use com-
pressed air rather than oxygen in operating the apparatus because of the
potential dangers of CO, retention (102).

LunG CANCER

‘The early detection of cancer of the lung continues to be a pressing prob-
lem. Retrospective roentgenographic studies show that some tumors were
present for two or more years before symptoms were detected (203). Radio-
graphic danger signals include unil. hular enl. lved pneu-
monta, thick-walled cavity, focal obstructive emphysema, atelectasis, soli-
tary enlarging nodules, and changes in the lumen of a bronchus (202).
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cluding tuberc‘ulosxs, siticosis, and bronchlec!asls In these disorders it may
be diffuse but it is often localized and di Sa-called “focal” or
centrilobular, rather than diffuse, emphysema usuany accompanies coal
warker’s pneumacaniosis in which an eticlogic relationship seems to exist
(185). An hereditary factor has not been excluded. The “bronchospastic”
manifestations of the disease may be more a loss of efasticity than inflam-
matory mucosal swelling or muscle spasm (85), and may well be secondary
rather than primary, especially since true emphysema is a relatively uncom-
man complication of true cpxsodxc chronic bronchial asthma (199). Industrial

ais pofls may be jnvolved, as is d by ep iofogic studies in
Great Britain (173). Sullur dioxide, a common component of mdusma)
gases, is capable of causing y paralysis of the trach

cilia (58), as well as increased airway resistance. Cigarette smoking plays at
least an aggravating role (137), as appears to be true of other air poilutants
(72). When kyphoscoliosis is complicated by cor pulmonale in adults (97),
it Is usually in association with emphysema (230).

The most generally accepted theory of the euolagy nf emphysema is that
itoccursasa q of chronic, r litis and bronchitis,
often centrilobular at the outset (147, 148, 149). Bronchiolar obstruction
may or may not be found (127, 236). 1ts ocearrence in men 10 to 20 times
more frequently than in women suggests a hormonal factor (199). Observa-
tions in rats (79) and in man (153) suggest that damage to the cartilages
of the tracheobronchual tree may increase the collapsibility of the airways
on expiration and thus play an etiologic role. Premature aging, affecting
particulacly the elastic, collagenous, and reticular structures of the lung, is

d by the ch istic loss of lung el ity (37, 69). Emph
may well prove to be a syndrome with numerous causes

Lfforts to produce the disease i the experimental animal have so far
been essentially unsuccessful (73). The disease seems to occur naturally in
horses that eat moldy or dusty hay and §s known as “‘the heaves” (2).

Emphysema is probably far more common than is generally reahzed,
Thisis d by the freq of cor pul le as a cause of congestive
heart failure, Some hearts fail early and Dthcrs do not a1 at all in emphy-
sema of apparently equal scvmty, this is tentatively explained on the basis
of coexistent myocardial disease in those whose bearts have failed (7, 93).
Especially in Great Britain, emphysema 1s often rungled statistically with
“chronic bronchitis” {70).

Physiologically, the disease is characterized by interference with aiy flow,
particylarly on expiration, with marked loss of ventilatory capacity, inter-
ference with mixing of gases in the pulmonary air spaces, and reduction in
the transport of oxygen into the capillary blood {85). Reduction in the size
of the pulmonary vascular bed, d y vascular
pulmonary hypertens:on, chronic cor pulmonale, and cardiac failure are

(200). An ) ium on the pul ry
arculation and respiratory function js highly rccommended .
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Is the prognosls (167), Probably leas than one-third of persana with the diage
nosis have ‘'resectalile’ or potentlally curable leslons (88, 94, 171, 177, 201,
256), Five-year "cures” in thase In whom o "curatlve” resection has been
performed range from 20 to 30 per cent, [ obectomy may he curative for
carcinoma at times, especially in solitary nodular or lacalized alveolar cell
carei i lob y day Lle in peraons with low pulmonary resecve.
"Radical” paeumonectomy, with rescction of lnvolved hilar nodes, Ia pre-
fereed tolobectomy or prewmonectomy hy some surgeona (177),

Even in tumors discovered accldentally by survey roentgenograms, the
the five-year cure rate may be disappolnting (168), The five-year survival
fate of resected solltary nodular cancers may reach 75 per cent (60), The
five-year survival rate correlated well with microscoplc evidence of the
absence of blood vessel involvement In the resected spectmen (45),

Radioactive colloidal gold or ehromie phosphate wall prevent
tion of fluld for protonged periods In 50 per cent of subjects with malignant
pleural disease without bulky metastasea (36, 114, 175). Nitrogen mustand
often has ing paitiative effect {n plastic carclnoma, malignant
effusions, and superior vena caval abstruction caused by tumor (213), “Cur.
ative" radiation therapy haa been followed by five-year survival in 11 of 33
selected, proven cases of lung cancer given 4000 to 5000 ¢ (231).

In 60 cases of bronchial adenoma, dry cough, unilateral wheeze, and re.
current hemoptysia were common. Symptoma were often present for yeara
before the diagnoesis was made. The chest roentgenogram is not characters
istic, Metastasia occurred In 15 per cent, Wide exclaion wns usually curative

Sarcorposis

It is commonly betleved that sarcoidosia is a collection of clinical syn-
dromes with a mdre or lesa characteristic pathelogic plcture and probably
more than one etiology? (57). Recently, pine pollen has been added to the

o

“Sarcoldosia Ia a systemic disease, or group of diseases, of undetermined ctlnlog)l-
ot o i A K

¥
. ' 1

\lnically, the disease mast commonty {nvolves lymph neles, lungs, shin, eyes, liver,

“pleen and phalangeal banes, The course bs usually chronic and canstitutlonal aympe

toms vary marhedly, More speclfic symptoms, when present, relate to the tissuea

#nd organs involved,
“The §

berculin test la 1y negative, but a posltive test
dom o - A 1 ;
an .
are . .
¥ith & compatible histologleal plcture, provided berylium pobionlng and knowa
Infectlous processes can be excludedl,
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Bronchography may aid in the diagnosis of peripheral carcinomas; cyto-
logical studies are of little help (206), Previous roentgenograms may be very
helpful although the absence of change over several years does not assure
benignity. The presence of calcium is not a reliable sign of benignity, unless
the lesion is completely calcified or shows a Jaminated or “popeorn™ type of
calcification (60, 174),

Difl iation between p ia and carcinoma with pneumonia may
be difficult. P i Jidations behind obstruction are apt
to be associated with insidious onset, excessive cough, difficult expectoration,
weight foss and hemoptysis (121, 223). Alcoholics, on the other hand, are
likely to show slow reselution of classical right upper lobar pneumonia simu-
lating cancer (121).

Cytolegic diagnosis of bronchial cancer may be highly successful (250).
Best results are obtained in tumors of the main and lower lobe bronchi, in
the squamous cell and adenocarcinomatous types. The chief cause of false
negative tests is bronchostenosis or apparent failure of a peripheral lesion to
communicate with a bronchus (249). Sputum is 2 better source of cells than
are bronchial washings (209). In cases with positive cytology, those with
visible lesions have a poorer prognosis than do persons whose lesions are
not scen by bronchoscopy (108). Midlung tumor, beyond bronchoscopic
vision, has a higher rate of resectability than do tumors in other locations
27).
Scalene node biopsy may be diagnostic of metastasis from the lung;
sqamous cell carcinoma is rarely found, however, Evidence of metastasis to
this group of nodes is considered a contraindication to curative surgery, al-
though tests of the validity of this assumption are still under way (178).

Angi di hy (4, 138) and phlek phy (42) of the superior vena
cava have been used in the evaluation of lung and mediastinal lesions,
especially with regard to vascular compression or invasion, Decision as to
the ability of the patient to tolerate pulmonary resection 1n various types of
lung discase may be arded by measurement of cardiopuimonary function
during balloon occlusion of the pulmonary artery or during cardiac catheter-
1zation (166).

Brain are inb hial cancer, especrally with adeno-
carcinoma and the undifferentiated type (90). Eosinophilia suggests metas-
tasis (141). Itisestimated that 40 per cent of the lung metastases discovered
at autopsy are missed by chest roen (129), Lymphangitic earcino-
matosis from cancer of the stomach, lung, breast, or pancreas presents a
dustinct syndrome of dyspnea, cough, cyanosis, and sometumes heart failure.
The chest roentgenogram shows miliary mottling, reticulauon and large
hilar shadows (18). Metastases to bone are from bronchial carcinomas in 20
to 30 per cent of cases (157), In persons whose primary tumor has bt'ten
successfully removed, favorable results have been obtained in the resection
of to the lungs, especially sarcomas (96, 244).

The younger the patient with cancer of the lung, the more unfavorable
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(142). These disturbances may be precipitated by high vitamin D treatment
or sunlight, Increased calcium absorption has been tentatively incriminated,
but the urinary excretion of calcium is greater than can be explained by in.
treased absorption. Corticosteroid therapy usually reduces the hypercal-
duria (115, 124); also helpful are a low calcium and low vitamin D diet
(174}; sodium phytate~—inositel hexaphosphorie acid—combines with cal-
¢ium to form an insoluble salt and thus will increase calcium excretion in the
feces (107).

Three types of pulmonary physiological disturbances are described in
pulmonary sarcoidosis, the first two usually associated with radiological evi-
dence of pulmonary fibrosis. (s) reduced lung volume with impaired gas
diffusion; () reduced lung volume with hyperventilation; and (c) diffuse
obstructive emphysema, usuatly with only slight evidence of fibros:s (145).

The diagnosis of sarcoidosis is aided by finding hyperglobulinemia in
about two-thirds of cases, usually associated with hyperproteemia (113).
A positive Kveim test is reported in from 50 to 90 per cent of cases proven
by other means False positive Kveim tests seem not to occur (196).

i 1t is now generally agreed that corticosteroid therapy is helpful in sar-
coidosis provided it is given before extensive pulmonary fibrosis has occurred
(113,115, 124). Relapse of pulmonary sarcoidosis is often noted when corti-
costeroid therapy is stopped INH prophylaxis against tuberculosts is urged
during corticosteroid therapy for sarcoidosis, especrally in those who react to
tuberculin,

.The Pprognosis of sarcoidosis is less favorable than is generally realized
It is ultimately fatal in from § to 50 per cent (35, 113, 135, 169, 225). The
usual cause of death is right heart failure secondary to pulmonary fibrosis
Fatal hemoptysis may occur. Tuberculosis is reported to cause death in
from 1 t0 13 per cent. Permanent respiratory disability 1s reported in from
25 10 30 per cent. Pulmonary sarcoidosis is more apt to become chronic
‘h.a.“ 2re the purely extrapulmonary forms (169, 225) Persons with a diffuse
miliary (shadows of less than 1 mm in d ) y
¢em to have a more favorable long-term prognosis than those with nodules
o 305 mm and than those with radilogical evidence of fibrosis The
gresmce and degree of Iymph node involvement appears to have httle in-

Hence on prognosis (135)

CoOLLAGEN DISEASES

oty bartesits mot infrequently mvolves the lungs, and if o, s apt to in-
monic, ‘em Prior to other systems. Respiratory symptoms may be pneu-
+ or asth ic; marked eosinophihia is noted 1 about 50

}’:::ent- Some have nasal o middle ear geanulomata The bronchitic illness
in c:::ly Quite severe, In the asthmatic syndrome the onset is late 1 life
Aliergiem“ to true as.thma, the family history 1s apt to be negative for
the o(hs' and a long time lag may occur between the onset of asthma and
€t symptoms of polyarteritis. The chest roentgenogram may simu-
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list of possible etiologic agents, on the basis of a vaguely similar distribution
of pine forests and the epidemiologic distribution of the disease. Pine pollen
also contains an acid-fast material and evokes 2 granulomatous reaction
when injected into the experimental animal (56).

Despite numerous arguments to the contrary, tuberculosis is presently
no longer widely believed to be one of the common causes of the syndrome
(76, 195). Only about 20 to 30 per cent of patients swith proven sarcoidosis
react to tuberculin. Tuberculin conversion in a patient with sarcoidosis may
herald the onset of one of its most and serious lications (76).
On the other hand, some patients with proven tuberculosis have lost their
tuberculin reactivity when sarcoidosis has occurred as a complication (239).
It has been suggested that the frequent association of sarcoidosis with tuber-
culosis may be related to prolonged and unwarranted stays in tuberculosis
sanatoriums (57).

Sarcoidosis is most common in Negro females between 20 and 3D years
of age in rural areas. Epidemiologically, the disease is reported to be pre-
valent in rural areas, especially in the southeastern United States, and more
recently in the northeast and north central states (57) Sarcoidosis often
shows improvement during pregnancy, with a tendency to exacerbation fol-
lowing delivery (144).

Hepatic biopsics generally reveal sarcoidosis to be periportal, with a
tendency to a more diffuse involvement in tuberculosis, biopsy of lung or
Iymph node is preferable to Iiver, in which many other sarcoid-like Jesions are
apt to be found. Skeletal muscle biopsy may be useful (189, 254). Frequently.
involvement of the myocardium, Jacrimal and parotid glands, skin, an
uveal tract tend to differentiate sarcoidosis from tuberculosis (113) Sarcoid-
osis may involve the pleura, peritoneum, pericardium, and nervous system,
but not ly (115). E )i y sarcoidosis occurs much more
commonly in Negroes than in the white races (225).

Clinically, the frequency of organ involvement reported in the literature
(113, 115} is as follows:

Lymph nodes, 37-100% Spleen, 18-40%
Lung, 40-80% Uwveal tract, 20-30%
Hular tymph nodes, 72% Parotid glands, 4-10%;

Skin, 25-40% (including erythema nodosum 1n 1~10%)

Hypercalcemia, hypercalciuria, and elevated alkahne phosphatase are ser
ported in sarcoidosis in from 5 to 10 per cent (68, 107, 124). Nephrocalcinosis
and renal functional impairment may ensue. Bone changes are very uncom-
mon and are essentially never found in the predeminantly pulmonary form

“Spontaneous clinical recavery, wath or without recognizable fibrosis, may {eauh.

or sarcordasis may persist for years with varying functional alteration of the tissues
- R e R IS S R G [auny Mo

DL + National
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Two acute diseases seen in welders are “metal fume fever,"" a febrile
illness with dry cough, chills, cramps, headache, and nausea, caused by in.
halation of zinc oxide fumes (208, 246), and “‘ozone poisoning," which may
cause an illness whose symptoms mimic myocardial infarction, pulmonary
embolism, or severe pneumonia (123)

Radiation fibrosis of the lungs may result in secondary bronchiectasis or
alveolar capillary black (241). Cortisone given during radiation therapy does
not appear to prevent its occurrence (41). On the other hand, diffuse inter-
stitial pulmonary fibrosis (the Hamman-Rich syndrome) appears to respond
1o corticosteroid hormones in some instances (191},

Pulmonary alveolar microlithiasis is usually di: d on routine chest
roentgenogram. Symptoms may be absent but eventually pulmonary in-
sufficiency may occur The rad 15 path fine,

sand-like, bilateral mottling, especially at the bases, the individual granular,
sharp lestong being less than 1 mm in diameter. The lungs are heavy and
gntty, Laminated calaum deposits are found in the alveoli Etiology is un-
known and treatment 1s unavaxlab!e (23%).

Primary systemi yloid causes card 1 y signs
and symptoms. Lung mvolvement occurs 1 one-thurd of cases and includes
blood vessel lesions, pleural thickening, and alveolar wall infiltration, Cor
pulmonale may supervene (214)

Symptoms and signs suggesting brain tumor may be manifestations of
pulmonary insufficency (12) Conversely, dyspnea may be an initial com-
plaint of persons with muscular atrophy, amyotrophic lateral sclerosis (158),
or cerebellar ataxia (110).

Significant numbers of persons with esophageal disorders have chronic
pulmonary abnormalities, probably secondary to aspiration pneumonitis
(252).

Pulmonary alveolar proteinesis is a newly-described disease which re-
sembles Pntuma:y:tu carsnss infection morphologically, but occurs in adults,
The radi is that of pul y edema without, however,

di of this synd, C]inica] ymp are often less
than would be expected from the i y
at the outset The course 1s chronic and may be fatal The name is denved
from the proteinaceous materal that fills the alveoli. The disease defies
dragnosis except by pulmonary biopsy (212).




378 MITCHELL AND BOWER

late tuberculosls, including cavitation; local or diffuse, soft, near-miliary-
sized lesions, transient infiltrates, and preumonic consolidation, with or
without effusion, have been described (210, 211). Hilar nodes are frequently
enlarged and, in severe cascs, especially with renal involvement, the infiltra-
tion has the so-calted “bat's wing" distribution (207). A related entity,
Wegener's granulomatosis, is characterized by necrotizing granulomas of the
upper or lower air passages, with necrotizing vasculitis and focal glomeruli-
tis Pulmonary lesions are usually discrete and may cavitate (207), These
may show remission on treatment with corticosteroid hormones

Nonspecific changes are common during the course of disseminated lupus
erythematosus and include pleural effusion, pnermonia, bronchitis, pulmo-
nary hemorrhage, and edema (162). Pulmonary arteries and arterjoles may
be the site of degenerative and fibrous changes (1).

In rheumatod arthritis widespread mottling may be seen in the chest
roentgenogram, these changes are assoctated with inflammatory changes in
the arteries and bronchioles (193). Multiple, rounded densities in the lungs
of coal workers with rheumatoid arthritis are widely recognized as Caplan's
syndsome,

Alveolar cell carcinoma may occur in a setting of chrontc inflammation
or fibresis (including scleroderma) or both (20, 235)

Eosinophilic granuloma of the lung is a relatively bemgn diseas2 char-

ized by diffuse pul 'y 1nfil which may ble polyarteritis
10 certain respects (11)

MUSCELLANEOUS

The lungs of persons dymng of malignant bypertension and receiving hexa-
methonium bromide may exhibit a fibrinous, nontnfections pnenmonitis

(186).
The now well-known “Pickwickian’ syndrome (33) consists of extreme
obesity, is, Cheyne-Stoki pirati polycythema,

and cor puimonale. It bas been attributed to marked obesity causing alveolar
hypaventilation, which ts reversible if werght reduction occurs True pul-
monary disease is not a necessary part of the ptcture.

Idiopathic pulmonary hemosiderosis may rarely affect young adults,
causing cough, hemoptysis, anemia, dyspnea, cyanasis, a reticulated radio-
graphic pattern, and eventual death due to heart failure or pulmonary -
sufficiency (31)

Farmer’s Lung, a disease first described in England in 1932, follows ex-
posure to moldy hay, it is characterized by cough, dyspnea, fever, chills,
and weight loss (65, 87) Repeated exposure may lead to recurrences Chest

ms show pecific infil Lung biopsy d a
! mterstitial p with hehoid and giant cefls (65).
he process is not to be confused with Silo-Filler’s Discase, a diffuse chemu-
cal pneumonitis caused by exposure to nitrogen diovide, which may accumu-

e

late jn tavic amounts in silos (62, 98).
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great variety of overt, insidions, and inadequately explored hazards to hu-
man heatth and hfe. Whether these hazards arise with the discharge of
huge tonnages of industrial wastes upan the sofl, {nte the streams, or into
the atmosphere of the earth, or whether they derive from the hasnessing of
power or from the bandling of the products of industry, many of them ate
nlew to the human environment and, hence, to medical and hygienic ea-
petience, in that the buman organism has not encountered them previously
or it has done 50 only briefly or at a verv fawr awdes € 0 0

.

' g sty 12s \ooy 1 @Y 0F 1958, recommended by the Study Section
for Sanitasy Engineering and Occupational Health, and called by the Na-
tional Institute of Health. The publication of six of the papers (1) of this
conference in abbreviated form in Public Health Reports, in fieu of proceed-
ings, will provide background information, especially in relation ta the need
for research. A much more elabarate source book which does not deal with
the subject matter {rom the viewpoint of preveative medicine, but concerns
itself with basic ¢hanges wrought by man in the earth’s environment, fs the
recorded resuit of an international symposium held in Princeton, New Jersey,
in 1955, in which 70 experts 1a various fields of knowfedge assembled from
many countries for 2 discussion of *Man's Rote in Changing the Face of the
Earth” (2).

In view of the scape and variety of the human enviranment in times past
and present, and its mevitable effects upon man, the following paragraphs
may scera but 4 meager representation of the progress of medicine toward
the understanding of these sffects Be that as it may, the present problems
aof enviroumental health which present the greatest need, as well as the great-
est opportunity, for progress are those which flow from industry and from
the infl of industriaf operations upon the population within both in-
dustry and the larger community. Thes is not to suggest that there are a0
significant omissions of subject matter from this review or that the coverage
of matters mcluded is adequate, but it may be hoped that the attention of
the reader, whether casual or in urgent need, will be directed by the discus-
sion into the main chavnels and by other references jnto the byways of the
subject,

SPECIALIZED KNOWLEDGE AND PROFESSIONAL TRAINING

Effective professtonal practice in the field of eavironmental medicime in
an mdustrial society demands the acquisition of a large body of specialfzed
knowledge and technical slall which, wntil recently, has had but stight
cultivation in American 1 institutions and p ional esrcles, It
seems likely that the most sigmificant features of the progress of environ-
mental medicine to be noted within the past three decades have culminated,
1 1956 and 1957, in several closely related and important developaents.
An outstandiag symbol of these developments was the formal recogottion in
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Any attempt made at this time to bring together the current contnbu
tions to the field of en: 1 med. to ble and appraise the
recently acquired hnowledge which implements the practice of medicine
as the latter denv es from the direct impact of the modern environment upon
the illnesses and disabilities of humankind alone or even to ctte the sources
of mformation for those who would examine more closely the subject matter

ier this heading 1s doomed to be
both to the author of any such
2 1t for guidance 1n their thinking
or in the performance of their professional duties Indeed so poorly has this
field been defined that there 1s no dical 1 pr 1 and
terature which purports or undertakes to delineate 1ts major features
dsoplmes and techniques To add to the difficulty the scope of the field 15
50 broad as to extend 1nto almost every general and specialized field of
medical and hygrensc practice trammng and research

In effect the role of medicine whether through the efforts of the phy
s aian alone or m combination with those of the many scientists engineers
and other participants in the daily work of the health profess ons 15 largely
that of protecting mankind aga nst the threats that lurk 1n his environment
or of succoring him or comforting him when he comes to grief under their
1mpact

The modern environment 1n so far as it differs from that wh ch hitherto
has challenged the knowledge and the techmical shill of the physician and
h)’glel‘x‘lst 1s composed 1 large part of factors created by the application of

the nf

from the aspect of hazard and stress are speed of movement on our part and
all around us such as has never been seen or dreamed of 11 prior tume There
133 relentless demand for alertness skill and judgment there are machines
in every direction which have multiplied manpower and taken over much
of the burden of human labor but with an accompamment of strident noise
and harsh vibration and the ever present danger of unleashed destructive
forces Above all there 15 a ventable Pandora s box of new and old chem:
cals wh ch along with a multitude of industrial processes have created a

m;'rhe survey of I terature pertain ng to this review was completed a October
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great variety of overt, i and inad 1y lored hazards to hu-
man health and life, Whether these hazarda arise with the discharge of
huge tonnages of industrial wastes upon the soil, into the streams, or jnto
the atmosphere of the earth, or whether they derive from the harnessing of
pawer or from the handhing of the products of lndustry, many of them are
rew to tl.xe human environment and, hence, to medical and hygienic ea-
perience, in that the human osganism has not encountered them previously
or it has done so only briefly or at 2 very low order of imtensity, These
features of the modern environment, and others that are related to them,
were explored and portrayed in a conference on **Man Versus Enviroament,”
in Washington, D. C., in May of 1958, recommended by the Study Section
for Santtary Engineering and Qecupational Health, and called by the Na-
tional Institute of Health, The publication of six of the papers (1) of this
cosference in abbreviated form 1n Public Health Reports, in lien of proceed-
ings, will provide background information, ially in relation to the need
for research, A much more elaborate source book which dees not deal with
the subject matter from the viewpoint of preveative medicine, but concerns
itself with basic changes wrought by man in the earth's environment, is the
5 ded result of an ional sy ium held in Pri New Jersey,
in 1955, an which 70 eaperts in various fields of knowledge assembled from
many ceuntries for 2 discussion of “Man's Role in Changing the Face of the
Earth™ (2).

In view of the scope and vanety of the human eavironment in times past
and present, and its mevitable effects upon man, the following paragraphs
may seem but a meager representation of the progress of medicine toward
the understanding of these effects Be that as it may, the present problems
of environmental health which present the greatest need, as well as the great-
est opportunity, for progress are those which flow from industry and {rom
the influence of industrial operations upon the population within both 1n-
dustry and the larger commumity. This is not to suggest that there are 10
significant omissiots of subject matter from this review or that the coverage
of matters included is adequate, but st may be hoped that the attention of
the reader, whether casual or in urgent need, will be directed by the discus-
sion into the main chanels and by other reflerences into the byways of the
subject,

SPECIALIZED KNOWLEDGE AND PROFESSIONAL TRAINING

Effective professioral practice in the field of environmental medicne in
an ind 1 soeiety d ds the acquisi of & large body of speialized
knowledge and techmeal skl which, untsl recently, bas had but slight
cultivation in American educanional institutions and professional crdles It
seems likely that the most significant features of the progress of environs
mental medicine to be noted within the past three decades have culminated,
in 1956 and 1957, in several closcly related and important devefopments.

A outstanding symbol of these developments was the formal recognition i

s
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A reflection of the increase in interest in noise-induced deafness 1s the
rapidly expanding volume of published material that has appeared within
afew years. A textbook by Sataloff (25) and a monograph by Glorig (26)
offer comprehensive presentations of the subject. The American Industrial
Hygiene A ion has recently published an Industrial Noise Mfanual (27)
aimed primanily at the needs of the industrial hygienist. Nowse Control, a
bimonthly publication of the Acoustical Society of America, has been pub-
hshed continuously since 1955. In addition to the publications descnbed, a
regular summer course in industrial deafness is offered at Colby College,
under the direction of Sataloff & Hill (28).

Since the classic work of Kryter (29), attempts have been made to
establish rational critera for the risk of deafness. Parrack (30) has presented
a comprehensive discussion of the auditory and nonauditory effects of levels
of sound characterized by high energy The American Standards Association

ized the Expls Sub ittee Z24-X-2, and the report of this
group (31) provides valuable information A review of this material by
Rudmose (32) indicated that no fixed criteria for the appraisal of the risk
of deafness could be set. Glorig (33) has suggested the following 1nterim
¢riteria in the light of currently avaslable information.

If the sound energy of the noise 15 distnibuted more or less evenly throughout the
e1ght octave bands, and 1f 2 person is to be exposed to this notse regularly for many
hours a day, five days a week, for many years, then 1f the noise level in either the
300-600 band or the 600-1200 band is 85 db (or higher), the iitiation of noise ex-
Posure control and tests of hearing 15 advisable

Retrospective studies of the relationship of loss of hearing within specific
tndustrial populations to eaposure to noise on the part of these populations
have appeared recently, Rosenwinkel & Stewart (3) have found a signifi-
cantly greater permanent loss of hearing among persons who have been ex-
posed for long periods to sustained noise at 80 decibels than that which oc-
curred wathin a similar i g prol d ure to noise
mn an office. Gnngs, Summerfield & Glonig (35) reviewed the experience of
the employees m an arcraft industry They stressed the difficulties en-
ot v to determine relationships between

. ' .- - --al loss of hearing caused by industrial
noise has been awarded in some of our states Fox {36) has presented the ap-
proach to this problem and the resultant expertence 1n Wisconsin, Symons
(37) has reported the developments m New York State, Washburn (38)
has deseribed the sutuation in California, and Symons (39) has summarized
the status of the matter in Pennsylvania, Missouri, New Jersey, Kentucky,
and Minnesota. Davis (40) has discussed the problem of assessmg audttory
disabihity,

With growing awareness of the problem, descriptions of programs for the
Conservation of hearing have appeared with increasing frequency. Most
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The literature relating to the etiology and pathogenesis of silicosis is
)] but the hanism by which silica stimulates fibrogenic cells
to produce collagen at an abnormal rate is not yet understood, Davies (11
reviewed the literature on the physics and chemistry of dusts with respect
to the development of silicosis and pneumoconiosis, Since then, various re-
ports have dealt with the silica-solubudity theory, immunological considera-
tions, the fibrogenic activity of various types or forms of silica dust, and
the treatment of experimentally produced silicosts (12 to 19).

The pathology and the disability produced by either bi or
anthracitic coal dusts have become topics of increasing importance and in-
terest. In coal workers” pneumoconiosis, the pathology and pathogenesis
differ distinctly from those of classical silicosis (20, 21). Two forms of the
disease have been described, the macular or simple, and the complicated or
massive form. The lungs, in the simple form, contain, characteristically,
numerous small aggregations of dust, 1 to 2 mm, in diameter, located near
the divisions of the bronchioles and the adjacent arterioles, The dust, con-
tained mostly in phagocytes, may be seen partly in the interstitial ussue,
in the alveoli, and in the alveolar walls. Within the aggregates of dust, there
is a fine mesh of reticular fibers, and focal emphysema 1s prominent in the
surrounding areas In the massive type, coarse, hyalinized collagen fibers
are seen, but the charactesistic whorls of silicosis are not present. Small foci
of lymphocytic chrenic infl ry cells and dust particles or clumps of
such particles are seen within the lesions Necrosis, caseation, and cavita-
tion of either the infective or ischemtc type are found occasionally, and sug-
gestive evidence of tuberculosis has been noted 1n some specimens

The diagnos:s of coal workers’ p is is made p:
an occupational history of eaposure to coal dust and the finding of changes,
on chest x-ray films, which are compatible with the effects of exposure to
the dust. An international radiol I classtfication of p has
been reviewed by Fletcher (22), and standardized chest films illustrating the
various categories in this classification are now available (23). In view of the
mounting abundance of evidence to indicate that coal dust 1s capable of
produaing disabling pulmonary disease, Kammer (24) has cited the need for
a critical reassessment of the sull widely held American viewpoint that occu-
pational pulmonary disabiity from exposure to dusts in the bituminous coal
industry can result only from silicosis,

from

NoIsg AND AUDITORY IMPAYRMENT
In recent years, auditory tmpairment in consequence of noise has emerged
as one of the significant hazards of the fenvi 1
loss of hearing is not new, as one recalls the phenomenon of
deafness and other examples of industrial deafness known to previous gen-
erations. Modern developments, such as those in the asrcraft ndustry, have
increased both the mtensity of noise and the numbers of persons exposed to

notses of high intensity.

poilermakers’
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the gonadal dose of radiation in order to mitigate genetic effects. The report
of the National Rescarch Counal of the National Academy of Sciences 1n
1956 emphasized the need for reducing the gonadal dose but did not over-
lock the further advisability of reducing total body radiation. With this
report at hand, the National Committee on Radiation Protection and Meas-
urement (NCRPM), early in 1957, lowered the maximum permissible level
of exposure. While retaining the earlier limitation of 0.3 rem per week for
whole body radiation under ional conditions, the C ittee reduced
the maximum yearly dosage to 5 rems, thus, in effect, reducing the weekly
fimit to 0.1 rem, Other extensive changes were made in the maximum per-
missible limits, wath the primary purpose of reducing the gonadal radiation
of the entire population to a minimum The details of these changes can be
obtained from the National Bureau of Standards, or through their publica-
tion 1n the relevant journals (58).

Renewed interest in the reduction of occupational eaposure to tonizing
radiation (including that incurred by physicians and other professional per-
sonnel} has led to a plethora of articles on the details of methods for so
doing A succinct statement of the principles mnvolved may be found in an
article by Ardran (59), The matter is presented in 1ts proper perspective by
Spiers (60) in a published address.

Whole-body radiation counters are now in use 1n several installations in
the United States Their availabiity furmshes an instrument for the de-
termination of extremely minate levels of radicactivity and may settle
questtons which formerly have been answerable only with the greatest diffi-
culty, or not at all, concerning the body burden of radiation materials

The article by Saenger and co-workers (61) on procedures in dealing with
acadents with radicactive matenals has been adopted in larger part by the
National Commuttee on Radiation Protection and Measurement, and should
be ible to anyone i d 1 1 med Saenger has
described 1n detasl the immediate and later steps which shou!d be taken when
radioactive 1sotopes are spilled, and although these were recommended in
1952, they have not heen superseded The Atomic Energy Commission now
maintains emergency teams in various sections of the country, and these are
available to provide advice and assistance in dealing weth acadents involv-
ing radicactive materials

EFFECTS OF MICROWAVES

Duning the past few years the question of the effects of microwaves on
biological systems, and particularly on human beings, has assumed increas-
ng importance, Knauf (62) has reported some of the preliminary results of
recent 1nvestigations of such effects At the present time the maximum safe
level of exposure to microwaves has been established by the Umted States
Air Force at 0 01 watt per sq. cm. A comprehensive program of investigation
1s now under Way ta determine the suitability of this standard of safety.
The equipment 1n use today 15 not of greatest concern to the Air Force,
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m ive of the published prog is that of the Subcommittee on
Noise in Industry of the American Academy of Ophthatmology and Oto-
laryngology (41). Together with a card for recording relevant data, as de-
velaped by the same group (42), this constitutes a master guide which may
be adapted to the needs of specific industries. In general, programs for the
censervation of hearing include the following activities: (g) assessment of
t_he hazard by means of surveys of the environment; (5) collection of base-
line and periodic audiograms from exposed personnel; (c} clinical appraisal
of personnel with significant hearing loss and selective placement of such
personnel, (d) reduction of intensity and duration of exposure to noise by
cngincering methods when feasible; (¢) use of proper personal protective
equipment when the hazard cannot be controlled otherwise; and (f} educa-
tional efforts aimed at implementing the activities enumerated above,

Scholtz (43) has pointed out the role of the industrial hygiene engineer in
a program for the conservation of hearing. He has described the techniques
of the emvir i survey and ndi d the avadability of Iti:
services for the abatement ol noise. Peterson (44) has described a new im-
pact nojse meter for industrial use. Poth & Weinberg (45) have preseuted the
concept of the duration of exposure as a means of expressing tolerable ex-
posure to noise of high intensity in terms of time.

The principles of audi v, as a techmque of have been
discussed by Davis, Hoople & Parrack (46). Along with Summerfield, Glorig
& Wheeler (47), they are of the opinion that there 1s now no suitable test
of susceptibility 1o noise-rnduced heanng loss. Glorig & House {(48) have
advanced the concept of single-frequency audiometric screening asa method
for the periodic evaluation of the hearsng status of an industrial population.
Automanc audiometry has become available, and the instruments of Rud-
mose and Brogan have been described (49, 50, 51). The choice of a proper
environment for industrial audiometry has been discussed by Wheeler (32).
Fox (53) has described the role of the consulting otologist in a program for
the conservation of hearing, with specific reference to the clintcal appraisal
of persons who have sustained significant impasrment.

The use and usefulness of both plug and muff types of ear defenders have
been described. Glorig (54) has appraised the estent of the protection pro-
vided by ear plugs, Wadsworth (55) has described the state of development
of a specific mufl type of ear protectors, and Von Girerke (56) has reviened
the eatent of the attenuation of noise by both plugs and mufls Wheeler &
Glorig (57) have discussed the problems encountered in establishing a pro-
gram 1nvolving the use of personal protective equipment in mndustry.

Rapiation Hazarps

The techniques for the control of hazards of nuclear radiation have ad-
vanced in many directions Several of these are of special intcrest and value
! medici

in their applications to env ] )
Recent emphasis has been directed increasingly toward the reduction of
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insecticides for specific uses have not been outstandingly successful. On the
other hand, the requirements with respect to toaicological information, prior
to the introduction of new insecticides, are mcreasing steadily, There are
both advantages and disadvantages in this situation, but they add to the
impetus toward the discovery of safe yet effective agents.

From the aspects of medical therapy, a noteworthy development has
been the recent introduction of certain oximes and hydroximes contating
the ionizable NO-H linkage. These appear to be capable of reactivating
cholinesterase and hence are of importance in the therapy of intoxication
induced by the organic phosphorus insectrcides. Childs and his assoctates
(63) have reported their observations and have indicated also that some
oximes exert an inhubitory effect of their own on cholinesterase.

Holmes & Robins (64) found that pyridine-2-aldoxime was most effective
in reactivating cholinesterase 1 vitro. Grob & Johns (65) found that the

4 L -
patients affiicted with myasthema gravis They recommend the use of
these ontmes as adjuncts to atropine in the therapy of cholinesterase m-
hibition, as a means of limiting the need for artifictal respiration and intuba-
tion.

Fluoride —Publications concerned with the medical and hygienic prob-
lems that have arisen in connection with the use of the compounds of fluorine
have multiplied 1n recent years into a vast literature, The prospect of achiev-
ing some grasp of the scope and significance of this literature has been 1m-
proved greatly by the appearance in 1958 of the first book of an annotated

hy on the and biological effect of these p

second book which will complete the brbliography of the imorganic com-
pounds will appear within the year, thus making available a major reference
work, The co ion of the ref and the ab of the more im-
Portant papers was inttiated by Campbell & Widner (66) 1 1947 The two
books which comprise Volume 1 (Volume II, concerned with the organtc
compounds, will be forthcommg later) contain some 8700 references and
cover the field broadly, but concentrate to some extent on matters of interest
1n the field of industrial hygiene.

Air pollution.—The efforts of investigators n this country and abroad to
delmeate certain general or more or less specific effects of air pollution on
human health continue vigorously on the two main fronts, namely: (¢) that
of the expertmental laboratory, in whu:h the responses of antmals or human

to kaown and are observed and recorded;
and () that of epidemuologic surveys of random or selected populations in
which the responses of individuals or groups to specific tests are correlated
with specific varables in the atmospheric environment. The extreme difi-
culties of either of these hes, with special to the rell
of the conditions and reactions under observation, are such that progress is
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since the most powerful radar now in use is not capable of exceeding the
level of 0.01 watt per sq cm. at a distance of 500 {t. However, an average
power output of 600 kw. has been developed, and the use of 1000 kw, is en-
visioned shortly. The power output of some of the new equipment will cer-
tainly attain levels capable of causing biological damage, although the proe-
ess involved is a simple transfer of energy with only a resultant thermal
change.

Investigations indicate that a cumulative effect of some type is exerted
upon the lens of the eye following repetitive exposure to subthreshold dosage
of energy at the frequency of 2450 Mc. Preliminary observations in which
encephalographic responses have been induced in the rabbit by exposure to
this type of energy at the frequency of 24,500 Mc. indicate the need for
further extensive investigation of the effects of microwaves upon the nervous
system.

MisCELLANY

The trends and contributions in Industrsal toxicology were reviewed so
thoroughly in 1955 and 1956 (62a, 63) as to have obviated the need for an
equally comprehensive survey of the field at this time. This is not to suggest
that the flow of investigative work has subsided since, but rather that it has
undergone httle change in direction. A significant trend toward the examina-
tion of toxicelogic mechanisms and metabolic patterns has developed within
a number of laboratories, but the influence of this trend on the literature of
the field is not obvious or general.

Borenes——Among the relatively new problems is that created by the
development and use of certain high-energy fuels, among which the boranes
(d1-, penta- and decaborane) have attracted the attention of tosicologists
and, because of the effects sustamed by exposed personnel, also physicians.
No entirely refiable information has been published as yet concerning either
the toxicology or the clinical H which 1ze these ma-
terials Work 1s under way, however, and the publication of results is ex-
pected soon. It seems fairly well established that any one of these compounds
absorbed in sufficfent but small dosage, will induce an intoacation of the
central nervous system and damage to the liver and kidney Apparently,
only an acute form of intosication has occurred among workmen, and com-
plete recovery is said to have ensued in all mstances. The intoucation, as
described thus far, has been characterized by irntation of the central nervous
system, with confabulation and thickness of speech (convulsions have oc-
curred in a few instances). The liver profile has remained normal, although
some 1ncrease in cephalsn fl ion has d. Ap y, the absorp-
tion of decaborane results 1 more msidious and prolenged manifestations
than does that of the other boranes.

Insect:cides—New msecticides continue to appear upen the scene, In each
instance, new tocological information s forthcomsng as a condtion of its
use. The efforts being made to dev elop entirely safe or at least less dangerous
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insecticides for specific uses have not been outstandingly successful. On the
other hand, the requirements with respect to toxicological information, prior
to the introduction of new insecticides, are increasing steadily There are
both advantages and disadvantages m this situation, but they add to the
impetus tonard the discovery of safe yet effective agents.

From the aspects of medical therapy, a noteworthy development has
been the recent introduction of certain ovines and hydroumes containing
the lonizable NO-H linkage. These appear to be capable of reactivating
cholinesterase and hence are of impertance i the therapy of intoxcation
induced by the organic pbosphorus insectiesdes. Childs and his associates
(63) have reported their observations and have indwcated also that some
oximes exert an inhitntory effect of their own on chalinesterase,

Holmes & Robins {64} found that pyndimne-2-aldoxime was mosteflective
in reactinating cholinestesase 1 ritro. Grob & Johas (63) found that the
former compouad, as well as diacety! monoxime, relieved the generalized
weakness induced by the absorption of organoph osphorus compounds (those
chatacterszed by anticholinergic properties) by normal subjects as well as by
patients afllicted with myasthensa gravis They recommend the use of
these oximes as adjuncts to atropine mn the therapy of chofmesterase in-
h}biuou, as a means of Hmtting the aeed for artificial respiration and intuba-
ten.

Fluoride ~Publications concerned with the medscal and hygienic prob-
fems that have ausen 1n connection with the use of the compounds of fuonne
have multiphed in recent years into a vast hterature. The prospect of achiev-
ng some grasp of the scope and significance of this Literature has been im-
proved greatly by the appearance m 1958 of the first book of an annotated
bibliography on the occurrence and biological effect of these compounds. A
second book which will complete the bibliography of the worganse com-
pounds will appear withun the year, thus making avarlable 2 major reference
wark, The compilation of the references and the abstracting of the more im-
portant papers was snitsated by Campbell & Widner (66) 1n 19347 The tno
books which compnise Volume I (Volume i, concerned sath the argamc
tompounds, will be forthcoming later} contam some 8700 references and
cover the field broadly, but contentrate to some extent on matters of interest
10 the field of industnal by giene

Atr pollution —The efforts of investigators in this country and abroad to
delineate certan general or more or less speafic effects of asr pollution on
human health continue vigorousty on the two maimn fronts, namely . (@) that
of the experimental Jaboratory, m which the responses of animals or human
volunteers to known and controlled canditions are observed and recarded:
and (b} that of eprdenuclagie surveys of random or selected populatians iz
which the responses of individuals or groups to speafic tests are correlated
Wuth specific variables mn the atmosphenc environment. The exsreme dffic
“ulties of either of these approaches, with special reference to the relevance
of the conditions and reactions under observatian, are such that progress is
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destined to be slow and the publication of results and conclusions, on the
part of the critical and cautious, even slower. Progress is being made, how-
ever, although little that is new has been published. Among publications of
interest is that of Fairbairn & Reid (67) who, 1n cxamining data on mortality
in relation to indices of visible fog, density of population, and domestic
over ding, have found sigai t correlations between death rates from
specific respiratory diseases within the age group 45 to 64 in the general
population of Great Britain (surveys in 37 different areas) and one or more
of the en | factors under ideration. Examples of such correla-
tions are (a) the highly significant relationship of mortality from bronchitis
to visible fog, without regard to sex; (5) the significance of both fog and
population density in relation to the mortality from pneumonia among
males, but not to the mortality from overcrowding among persons of either
sex; (¢) the irrelevancy of fog with respect to deaths from tuberculosis, but
the strong correlation between population density and deaths from this
disease; and (d) the highly sigmificant correlation between cancer of the
lung {in both sexes) and population density, without any demonstrable re
lationship between this disease and the other two variables, Other details
of these significant investigations should be sought in the publication. It
should be recagnized that this situation in Great Brtatn, whether or not it
is untque, is not duplicated in the Umted States with respect to the mor-
tality from bronchitis nor, as a general rule, from the aspect of atmospheric
conditions. These facts do not lessen the importance of these observations,
but they illustrate the need for caution in arriving at generalizations,

THE GENERAL ENVIRONMENT AND RESPIRATORY DISEASE

That the air around us may contain mynads of microorganisms in sus-
pended droplets was demonstrated convincingly by the researches of Wells
(68) In his monograph Wells discusses the physics and physical chemustry of
droplets and droplet nuclei, and the biology of infection by droplet-nuclei.

Our awareness of a large spectrum of viral respiratory disease has grown
over the last 15 years. Dingle (69), after an analysis of his experiences with
soldiers during World War I1, concluded that a host of respiratory diseases
are caused by viral organisms other than the influenza virus, and that
many of these are intermedsate in severity between the comnton cold and
the atypical pneumonias,

With the devel of i for the identil and study of
viral organisms, and the concomitant increase in the study of the serology
of patients with respiratory illness, hitherto unknown relationships between
viral orgamsms and respiratory illness have come to light Rowe, Huebner
& Beli (70) have summarized the state of our knowledge of the adenoviruses.
Hilleman (71) has d d the epidemiology of ad isal vesp y ia-
fections among military recruits He included the results of his use of a
formalin-killed vaccine prepared from infected cultures of monkey renal
epithelium This vaccine, containing viruses of both types 4 and 7, appeared
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to be highly protective at the end of one week after its administration. The
frequency of adenoviral infections in civilian populations has been investi-
gated by Jordan (72, 73, Gneble et al. (74) ha‘e studied a group of 122
adults withacuter tod the etiologic agent so far
as possible. Their results mdlcate that, while the greater proportion of acute
respiratory illness of known etiology was viral in origin, only a small pro-
portion of such viral disease was due to the adenoviruses. It would seem,
therefore, that § of civilian lati ds

against the iruses
could hardly be expected to effect much reduction in the incidence of acute
respiratory disease in such populations.

Investigations relating to the envil control of droplet-borne
infection have been reported by Weils (68). Air hygiene may be achieved
by adequate ventilation, ultraviolet irradiation, and chemical decontamina-
tion with gly col vapor. Despite the efficacy of these measures when applied
under appropriate conditions in any given environment, such as the factory,
the office, the school room, or the hospital ward, the effect of “checker-
boarding,” or of moving from one environment to another, merely permitsa
greater proportion of the seeding of respiratory infection to occur in un-
controlled surroundings when susceptlb]e persons move back and forth be-
tween d and en None of these measures
can be counted on to exert an important influence upon the inadence of
respiratory disease unless the populations concerned are under approprate
control,
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