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PREFACE

Although there have been additional changes in editorial personnel, it is
expected that the policies previously established for the Annual Review of
AMedicine will be continued. In brief, authors both in this country and abroad
will be selected to review important segments of medicine regularly; they
will be asked, as in the past, to write for physicians and surgeons who strive
to keep abreast of progress in medicine's diverse fields.

‘The present editors wish to acknowledge a debt to their predecessors who
have shown the way by establishing the Rersew in the good graces of so
many readers, and hope that future chapters measure up to the best of those
which now appear or which have gone before.

Finally, we are most grateful to Mrs. Mary Jean Van Peborgh and her
associates in the Editor’s Office.

W.C.C. R.M.
KSG. S.C.M.
CGL. J.AA.

D.AR.
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THE PROBLEM OF KEEPING UP WITH
MEDICAL LITERATURE

As scientific discovery advanced during the years after the Renaissance
it became natural for students to seck channels through which the results
of their studies could be exposed to their colleagues and to others At first
the chief medtum was books or monographs published at the private expense
of the writer or of some patron. Then as the great scientific societies such as
the Royal Society were founded the transactions of these bodies became a
place where shorter communications could find an outlet. But the era of
medical journals in the modern sense did not really begin until the 19th
century was well under way,

‘The Edinburghk Medical and Surgicel Journal first appeared on January
1, 1805. In the “Advertisement” with which this issue opens it is stated
that the object of the editors is “‘the improvement of Medicine by collecting
the scattered hints and registering the important facts connected with
Medical Literature and Medical Practice ” That the modern oft-repeated
lament about the great number of scientific journals is nothing new becomes
clear in a later part of the Advertisement which says “The custom of de-
claiming against the Ititude of similar publicati is unr
‘Their very existence is a proof that their utility is felt and acknowledged.”
The first number of the Lancet was issued on October 5, 1823 as a medium
“which would convey to the Public and to distant Practitioners as well as
to Students in Medicine and Surgery reports of the Metropolitan Hospital
Lectures” (p 1) It was also to be a medium for “unpublished cases, whether
in England er any part of the civihzed Continent” (p 1). The opening article
from the Theatre at St Thomas Hospital begins on a truly dramaticnote:
“At half past Seven this Theatre was crow ded m every part by upward of
four hundred Stud of the most resp 1 fact we never
before witnessed so genteel a Surgrcal class . . About Eight o'clock Sir
Astley Cooper arrived . . " (to grve his lecture) The early numbers of the
Lancet dealt, however, not only with medical matters but with hterary and
musical eriticism, chess problems, and there were also columns of comments
on varous miscellaneous matters The Glasgow Medical Journal opened its
pages in February 1828 and the Guy's Hospuial Reports began in 1836 with
an intreductory article by Dr Barlow, one of the editors, entitled “On the
advantage of recorded experience 1n Medical Science

On this side of the water Carey, Lea, and Carey of Chestnut Street,
Philadelphia launched the American Journal of Medical Sciences in 1827.
There are at times cniticisms of current Journals because they “beat the
bushes™ for material and even pay for articles; 1t is interesting to discover
that this procedure is by no means new since n the advertisement preceding
the first number of the Amerscan Journal 1t is stated “In respectfully in-
viting contributions from every part of the Union the publishers . now
repeat the assurance that all articles that may be inserted will be hiberally

xi
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MEDICAL LITERATURE
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the chief medium was books or teonographs published at the private expense
of the writer or of sonse patron. Then as the great scientific societies such as
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xii MEDICAL LITERATURE

paid for.” On the whole, however, the early journals seem to have been
media for voluntary contributions. The Boston Medscal and Surgical Journal
pp d in the following y February 19, 1828, and began quite abruptly
without introduction or advertisement with an article on “Cases of Neuralgia
or Painful Affections of the Nerves” by John C. Warren At the top of the
page is the engraving of the old Massachusetts General Hospital which still
heads the Case Reports section in the New England Journal of Medicine.

Tn France on January 2, 1830 in a time of political turmoil appeared the
first number of the Gazette Médicale de Paris which opened with a florid
semi-political introduction by Jules-Guérin. On this same front page, under
the heading “Feuilleton,” is an article entitled “Histoire d'une poule 4 pro-
file humain.”

The Germans early realized that the mass of material in medical journals
was getting out of hand and by 1843 there already was started a ‘“'review
journal”—Jakresberscht uber die Fortschritte der gesamien Medicin in allen
Ldndern. This was the precursor of the famous German abstract journals—
the Zentralblatter—of the turn of the century. The Berluner klinische Wochen-
schrift in an introductory page entitled '‘Programm’ justified its inception
(1864) by the statment that a drvision of labor was now necessary. The
editor, Posner, asked for “original clinical communications” “aus allen
Gebieten der innere und auseren Heilkunde.” Other special journals were
soon founded, such as the Deutsches Archiv ftir khinische Medicin (1866),
the Jakrbuch fuir klimische Medicin (1866), the Jahrbuck frir Kinderherlkunde
und physische Erziehung (1868), the first article in which was “‘On the study
of children’s disease and on children's hospitals " The Deulsche Zeitschrift
ftir Chirurgre was first published in 1872

Review and abstract journals became necessary in the preclinical
sclences also and in 1873 there _was founded the Jahresberichte dber die

h der Anat und F logie, and in 1877 Hoppe-Seyler's
Zestschrift fur physiologische Chemw saw the light The Deutsche medicinische
Wochenschrift, however, was not founded untif 25 September 1875, Mean-
while special journals were appearing in England such as the Journal of
Anatomy and Physiology (1868).

Our own Journal of the A.AM A. did not start until July 14, 1883. It is of
interest that the Transactions of the Towa State Medscal Society appeared as
early as 1871 (Davenport, lowa) as a neat volume which opened with an
address by ] W H. Baker entitled “Medicine not an exact sctence.”

QOne can see, then, from this sketchy summary, the pattern afong which
medical journals developed first as media for the publication of any phase
of the subject, to be followed by special ines and finally by publicati:
of reviews or abstracts During the first part of this century there was what
one might call a normal increase in the number of journals but since World
War Il there has been a {tiplication of almost unbeli volume.
Almost every disease, nay, almost every phase of each discase has its own
journals; a similar proliferation is obvious in the pre-clinical and funda-
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mental sciences. New journals seem to appear every month. Today the
Lane Library, whose stacks are by no means complete, subscribes to some
2000 journals. .

The reasons for this frantic increase are not far to seek. First of all the
fruits of a vast increase in research activity require a medium for publicity.
During the war the needs of national secumy demanded e‘(tensne studies
of new drugs, prophy against infectionsand technical methods
of all sorts. The machinery of implementing such a program was set up: new
laboratories were built, a new system of fellowships was devised and funds,
first from Government and later from private sources, were furnished in
increasing amounts in an era of great financial prosperity. This machinery
has not only been kept in operation but it is increasing from day to day. Not
only are Government funds constantly appropriated with more liberality,
but the public fancy has been caught so that lay organizations of every sort
are able to collect funds for support of research. The American Heart
Association, to mention one example, has been most successful in collecting
and in distributing large sums of research money.

Still other infl are at work in i ing the output of publications.
One of the most potent of these is the large pharmaceutical houses. New
groups of drugs are put out in great profusion. Not only the merits but the
safety of these agents must be appraised and as soon as the popularity of one
group wanes it is sure to be replaced, like the Hydra, by others. Huge
numbers of papers describing the merits of such medicaments, now obsolete,
are buried in recent journals

Anocther form of modern medical journal is that which is essentially a
commercial venture. While such journals often carry excellent and useful
articles these are not as a rule spontaneous contributions but are solicited
by the editorial staffs and are often paid for Some of these journals have
borrowed the methods of the popular lay weeklies and have introduced the
“cartoon” method of emphasizing their points

The result of this vast plethora of medical writing, now completely out
out of hand from the standpoint of the potential reader, is a frantic attempt
on all sides to concentrate, abbreviate, abstract, and condense a subject
in such fashion that the doctor has some faint chance of covering the ground
Some of these attempts are good and useful; others unfortunately introduce
a new form of distemper: The reviewer or compiler faced by a vast and often
highly specialized literature issues an article which is little more than a list
of titles, and which 1s really almost useless

It is at this point that the Annual Review of Medicine has its umque
opportunity Let us make a few comments about the ideal review. First of
all there is to be considered what sort of research 1s worth while, what pub-
lications are worthy of recognition. It seems to us that there are three
specifications requisite for true research First, the nvestigator must have
a question for answer Too often he only has a method which he applies
more or less at random. True his observations have never been made before
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but the mere fact of novelty does net guarantee value. The literature is
eluttered with material of this sort, much of which is meaningless Second,
the question asked must be of & sort which can be answered by gvailable
wiethads. “What is life?” for example, would be a perfectly good question
but unfortunately we have not the methods to answer it. Third, the question
when answered must give information which general opinfon regards as
worthwhile. Many so-catled “projects” for example yield results which seem
of little value, We scratch our heads and are forced to agree with Dean
Swilt whose savage satire over 200 years ago conferred an immortality ol
ridicule on the project system.

It is obvious then that the reviewer must carefully select the useful and
important contnbutions; he must weave them into something of a coherent
whale. He must assume that his readers are not already familiar with the
intimate details of the subject; the universe of discourse must be defined for
them, Itis his task to synthesize the important advances in a subject in such
fashion that a vivid story captures the reader’s interest. As we said above
no mere catalogue of titles will suffice,

In the past most of the writess in the Annwal Review of Medicine have
{ollowed the gereral pohcy outlined above znd many outstandingly helpiul
articles have app % mere pil but valuable syntheses of 3
subject We are sure that those selected to do reviens in the {uture will
continue along the same lines

ARTHUR L. BLOOMFIELD
Stanford Unmiversity Mospstal
San Francisca, Cahf.



INFECTIOUS DISEASES (VIRUSES)!

By T. F. McNarr Scorr
Research Professor of Pediatrics, Universily of Pennsylvania, School
of Medicine, and Director of Research, The Children’s
Hosprtal of Philadelphia

Despite the increasing importance of this group of agents in the spectrum
of human disease and the immense amount of research that is being con-
ducted, significant contributions to the clinical understanding and manage-
ment of these diseases accumulate slowly. The second edition of Viral and
Ruckettsial Infections of Man (1) has brought together for the chnician the
available information on all these diseases up to 1952, supplementing the
1951 review by Burnet in the Annual Review of Medicine (2). The objective
of this review has been to discuss 1n some detail certain significant new in-
formation that has become available since that time in regard to a few of
these conditions, It is hoped that in this way the repetition of already known
facts will be minimized. Where the 1954 review [Jawetz (3)] refers briefly to
new facts about a disease these will be amplified in some cases. Discussion
will be organized under the heading of the agent or group of related agents
under consideration. Emphasts will be given to those facts which 2id the
chnucian in the understanding and management of these diseases, and refer-
ence to technical advances will be largely limited to those which seem to bear
directly on these points.

POLIOMYELITIS
PATHOGENESIS
Effect of izati on the snadence of poliomyelstis —
Burnet’s review 1n 1951 (2) remrted the Australian and British obgervanons
on the precipitation of paralytic poliomyelitis by izi)

Since that time further studies have been carried out m the United States
and Canada as well as 1 Australia and the United Kingdom In the United
States, G g ¢t al (4) analyzed the i lation histories of 1300 chil-
dren that had had poliomyelitis in New York City 19491950 A relationship
was shown to exist between the site of injection and the site of paralysis 1n
children injected not more than a month before onset of poliormnyelitis with
diphtherra toxoud, pertussis vaccine, or tetanus toxoid, or any combination
of the three No such a relationship was clearly shown with the injection of
penicillin or other agents. There was no increase of bulbar cases or deaths as-
sociated with the imjections Among 619 children with poliomyelitis, 56 ©
per cent) had been 1noculated within one month whereas among a matched
group without poliomyelitis only 21 (3 4 per cent) had been inoculated within
one month They considered that the risk of increasing poliomyelitis 1 chil-
dren under one year was small {less than 3 per cent occurred under this age),

* The survey of literature for this Review was completed m July, 1954,
1



2 SCOTT

and under 6 months was negligible. Korns ¢f al. (5}, in a similar study of pa-
tients with poliomyelitis in New York State, excluding New York City, in
the same year found that twice as many poliomyelitis cases had had injec-
tions during the two-months period before onset than had the controls with-
out poliomyelitis, and that there was a positive correlation between the site
of paralysis and site of injections. Although all injections were included, 60 per
cent of them were for immunization against diphtheria, pertussis, and teta-
nus These authors emphasized that the increased risk is very slight, It would
mean that out of 10,000 persons 9996 would escape poliomyelitis if they had
been inoculated, whereas 9998 would escape if they had not received injec-
tions. Rhodes (6) summarized the cases of paralytic and non-paralytic polio-
myelitis in Canada in 1951, He obtained immunization histories for 339 of
355 children seen in the Toronto Children’s Hospital for poliomyelitis and
found no correlation between paralysis and immunization. Rosen & Thooris
(7} reported a higher incid of leg paralysis during an epidemic in French
Oceania in regions where i lar i for T is were
being given into the buttocks The importance of defining this relationship
is clear because of the eflect it might have on public health practices of pre-
ventive medicine and even therapeutic injections. The opinion of the United
States Public Health Service (8) as promulgated in March 1952 can be sum-
marized as follows, There was no evidence that there was any association be-
tween the injection of drugs or vaccines and paralytic poliomyelitis. There
was evidence that inoculations for immunization against diphtheria, pertus-
sis, and possibly tetanus might cause localization of paralysis in the inocu-
fated arm or leg. Most of the associated inoculations had been given during a
period of 7 to 21 days before the onset of paralysis, i.e , during the incubation
period of the disease It was ded that routine i izati
should not be withheld from infants under six months, or from others except
in the face of an epidemic in the community. Naturally, attempts have been
made to reproduce this effect in animals Melnick & Ledinko (9) found no as-
sociation between vaccination and paralytic paliomyelitis in mice, monkeys,
or chimpanzees, although it is pointed out that this failure did not deny its
existence in human beings On the contrary, Bodian (10) injected 4 ml. of
cortisone or a 1 5 per cent gelatin solution into the calf muscles of cynomolgus
monkeys, and then infected them with Type I Mahoney strain by intracar-
diac inoculation He found an increased incidence of paralysis (1 6:1) and a
localization of the paralysis in the injected limbs He suggested that the
amount of material injected injured the muscle and allowed the virus to enter
peripheral nerves from the blood stream.

Effect of tonsillectomy ~—Further studies have also been done on the asso-
ciation of tonsill y and the incidence of poliomyefitis It has been recog-
nized [or many years that recent tonsillectomy increases the risk of bulbar
poliomyelitis (1). This has been further confirmed by \\'ils?n (11) and Miller
{12) and has been attributed to the trauma of the operation which exposed
fibers of the glossopharyngeal nerve, However, reports of Top (13), South-
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cott {14), Anderson & Rondeau (15) and Weinstein et al. (16) on new data,
with a re-evaluation of older reports, emphasize that this relauonshlp is not
confined to recent ¢ ‘Tap reviewed 10 years in De-
troit and reported an incidence of bulbar poliomyelitis of 20 4 per centin 811
patients who had been tonsillectomized in the past, as opposed to 3.8 per cent
in 936 patients who had not. The experiences of the other reporters were com-
parable. The last two groups of authors (1S, 16) analyzed the incidence of
bulbar poliomyelitis at different ages according to the presence or absence of
tonsils They found that absence of tonsils was the only factor that could be
correlated with bulbar poliomyelitis, the chance of getting bulbar poliomyeli-
tis being 1:12 in the presence of tonsils and 1:3 in their absence, regardless
of age. The apparent increase of this type of infection in older age groups
merely reflects the increasing number of people ywho have been tonsillecto-
mized with increasing age. The mechanism by which a long past tonsillec-
tomy increased the localization of the virus in the bulbar region is quite ob-
scure. Sautheatt (14) suggests that tonsillectomy disturbs the normal rela-
tionship of pharyngeal muscles and leaves muscle bundles in a more super-
ficial position than normal, thus making them more easily accessible to the
virus which appears to travel along the motor nerve fibers of the vagus to the
nucleus ambi indi that this motor nucleus
is always more involved than the sensory nucleus dorsalis.

Neural énvasion.—Faber ¢! al. (17, 18) have done a number of experi-
ments which they interpret asindicating that the neural infection is primary,
and that viremia appears secondanly to centrifugal spread of the virus from
the nervous system to the peripheral nerves, Certainly a primary neural in-
fection would seem to be the most likely explanation of the association of

il y with bulbar poli litis as was 1 by Southcott (14).
1t is possible that, whereas usually the central nervous system is infected
from a viremia (see below), the direct neural route of invasion may also occur
under certain circumstances. Because of the possibility that poliomyelitis
virus might be introduced from the skin into peripheral nerve endings, Faber
& Dong (19) investigated various antiseptics for their virucidal properties.
They found 2 per cent tincture of iodine the most potent poliocidal substance,
and recommend its routtne use for preparation of the skin before an injection.

Viremia —Within the recent past evidence has accumulated that, con-
trary to the opinion of Faber ef al , just reviewed, viremia occurs before the
invasion of the central nervous system The detection of poliomyelitis virus
in the blood of experimental animals which had been given virus orally had
already been reported 1n 1952 (1) Bodian & Paffenbarger (20) and Horst-
mann et a} (21) have reported the isolatton of virus from the blood of human
beings who were contacts of a case. The latter deseribe the isolation of Type
1 virus from the blood of 6 of 33 children, all known to be infected by the
presence of Type 1 virus in rectal or throat swabs Of those with detectable
viremia, four had symptoms of a miner illness which did not proceed to in-
volvement of the cerebral nervous system, one had a minor illness that pro-
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ceeded to ccntrai nervous system favolvement without paralysis, and one was

ibody was found sumetimes as eatfy as the
thlrd day after onset of thc symptoms of the “minor illness " These findings
emphasize the varied clinical pictures associated with viresia, and suggest
strongly but do not prove that extra-neural multiplication occurs before
invelventent of the ceatral nervous system. These observations parallel those
made in monkeys and chimpanzees, namely, that the virus appears very
early in the blood after oral infections, sometimes as fong a5 a week before
paralysis [Bedian (22} and Harstmann (23}

The importance of the concept of hematogenous spread of the virus is
clearly far-reaching. Bodian (22} and Pette (24) reviewed the whole problem
of pathogenesis as altered by this observation. They divided the disease into
three stages (o) visceral, 15 which the virus multiphed in the mucous mem-
branes of the oropharyax Snd iteum, (b) vascular, in which the virus invaded
the bleod stream or regional lymph nodes, and (¢} neural, rare, in whick the
virus invaded the central nervous system

ProryLaNis
Gantra glabulin —Bodian (25 to 28} showed that gamsma globulia gwen

in doses of as little a5 8 1 m} per kg to monkeys and

viremia [ollowmg aral admunistration of virus Hammon ¢ of (29) reported
protectton in suclding mice from as little as & 85 ml per b of body weight.
Waod ¢f o {30} showed that intramugcular isjections of gamma globulin in
doses of 0.1 to 04 mt per Ib. of body weight into humans Jed todetectable
antibody in thesr blood stream Hammon and bis co-workess (31, 32, 33)
carried out a large field study in which 55,000 chuldren were inoculated Hall
were given gamma globulin in doses 0f 0 14 ml per Ib on the average, and
half were given equal amounts of a gelatin solution made up to resemble the
gamma globulin exactly The study was set up s such & way s to inswe
complete randomization of the smpected children without knowledge on the
part of those dolng the inoculaion as to which vial was which When the re-
sults were analyzed, it appeared that 104 cases of climeally diagnosed paralyt-
it poliomyelitis occurred among the {njected chitdren during a 14-week fal-
fow up, OFf these, 31 occurred among the garmma globnhin, and 73 among the
control gelatin group, a significant difference During the period of the second
to fifth weeks inclusive there nere only seven tases 1a the gamma globubin
group as apposed 1o 39 cases among the gelatin controls A later study [(Ham-
mon et 8l (38}, based on cases confirmed in the laboratory, revealed a rather
greater protection from gamma globulin durng this persod, four in the
gamma globulin group 33 opposed to 34 mn the gelaun group Fusrthermore,
although from the data provided by climcal diagnosis alone there was little
evidence of protection beyend the end of the &lth week, aignificant pratec-
tion extended to the end of the eighth weeh among the laboratory-disgnosed
caces. Certarn criticismas (Sabin (35)] were lerelled at the contlusions drawa
from this study chiefly on the basis that the acknowledged difference could
have been due to an increase wn cases induced by the inoculation of gelatin
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This criticism scemed supported by the report of Bodian's experiments (10)
(see carher) in which he demonstrated that m;ectmn of gelatin led both toan

ids of paralysis and to | at the site of
gelatin ln]eC(lOn in monkeys. However, it should be emphasized that all the
children received their inocutation in the right buttotk, and no focalization
of paralysis was found among the children in either the gamma globulin or
the gelatin inoculated groups Furthermore, the dose used by Bodian was
such as to cause marked trauma of the muscles of the monkeys, a situation
which did not apply in the children Also there was a seven-fold increase in
the gelatin group over the gamma globulin group, whereas the difference in
the monkeys was only 1 6 to 1. From the final analysis of the data one of the
most important conclusions that can be drawn is that children inoculated
with gamma globulin more than seven days and lesf than seven weeks before
exposure (taken as the occurmnce of a case in the family) did develop a non-

paralytxc fon as d by ion of virus in the stool, by a risein
- Or fixing antibody titer, or both, although they
were p d from paralysis. The only d:ff between the gamma globu-

I injected children and the gelatin-control groups was that the gamma globu-
hn group appeared to develop antibody rather more slowly than those not so
inoculated, but eventually developed an equally high titer [Wehsle ¢ al
(36)] This paralleled the observations of Bodian (27) who reported that
ized with gamma globulin showed no decrease
in the amount of virus excreted in the feces as compared with the controls,
but developed no viremua, They also developed antibodies, but more slowly
than the controls. The latter developed a high antibody titer within two
weeks and therealter decreased to a permanent level by two months. The
protected ammals lost their passive antibedy during the course of the first
two weeks, and then developed an active antibody reaching the level of that
1n the controls at two months
Following this demonstration, gamma globulin was used in 1953 in an
attempt to influence outbreaks of disease in the United States, Hawaii, and
Mexico Analysts of the figures in the United States (37) was not conclusive
although the findings of the controlled study were not contradicted How-
ever, Hammon (38) reports results from Hawair and Calderén et al. (38a)
from Mexco that provide further evidence of its effectiveness in the field.
Used in family contacts 1n the U S A, no protection was noted (37). Passive
protection provided by gamma globulin is only temporary if the individual 1s
not continually exposed to the virus, and as a public health measure would be
extremely expensive It was estimated that, because of the relatively low inci-
dence of paralytic poliomyelitis, even in an unusually severe epidemic ap-
proaching 1 per 100 children under 14 years of age [Bell (39)] such as occurred
12 Woodbury County, fowa, and Dakota County, Nebraska, it would require
300 1njections of gamma globulin to prevent one case of paralysis It was,
t\lme;me logical that methods of providing active immunity should be ex-
plore

Vaccines—~Two matn hines of work have been undertaken The first was
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the development of a killed vaccine. Salk e al. (40) have succeeded in de-
veloping a formalin-inactivated vaccine, consisting of the three established
types of poliomyelitis virus grown on monkey kidney tissue, which leads to a
good antibody response in human beings. At the time of writing, reports are
available on only a few children given vaccine seven months earlier. In these
the antibody levels were well-maintained A booster effect was observed when
vaccine was given to a subject who already had antibody from a previous
natural infection [Salk (41)]. Milzer and co-workers (42) have reported ob-
taining a rise in antibodies in the majority of 30 adults from a vaccine com-
bining all three types inactivated by ultraviolet light. The Salk vaccine is
being used on an experimental scale on approximately 650,000 children be-
tween the ages of six to nine years, one-third being given placebos (43) The
second app h is the devel of dified or at d strans of
virus which then can be'given orally as live vaccines. Many experimental
technics are being employed. One approach has been to use rodent-adapted
strains. Type 11 has long been rodent-adapted and recently adaptation of
both Type I [Li & Schaeffer (44); Koprowski et al. (45)] and Type III [Li&
Habel (46); Li & Schaeffer (44); Casals ef al. (47)] viruses to rodents has been
accomplished by using spinal cord inoculation of mice with material that had
been passed many times in monkey cell tissue culture, Such adapted viruses
lost their path icity for monkeys. Kop: ki et al. (48, 49) have used a
modified Type I virus, the “TN" strain, for oral immunization of 81 chil-
dren They were successful in causing the development of specific antibodies
in 70 without evidence of viremia or illness in any of them. Fourteen of these
children were studied at intervals of up to three years later [Koprowski ef a.
{50)] and all showed a persi: of antibodies Kop: ki et al (51) have
also fed mouse-adapted Type I to three individuals without producing illness
or viremia, but succeeded in establishing the virus in the stool and provoking
antibodies On one patient the stoal virus was found to be no more pathogenic
(or monkeys than the original strain Cox (52) has urged the advisability of

lian host for ion of a vaccine, He reports the successful
adaptauon of a Type II strain to eggs by Roca-Garcia ¢ ¢! (53), Cabasso
¢ al. (54), and Moyer ¢f al (35). Sabin (56) has found that strains of alt
three types can be produced in tissue culture, by rapid passage of large inocula
which are avirulent for monkeys, although large doses of such strains give
rise to antibodies when fed to cynomolgus monkeys

ISOLATION AND IDENTIFICATION
The ussuc culture techmcs [see rev:ews by Sanders n al (57) and Rob-
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“Qrphan' viruses—The use of these technics for the isolation and identi-
fication of viruses from patients clinically diagnosed as suffering from polio-
myelitis has revealed a number of unidentified viruses which are eytopatho-
genic for tissue cultures but not pathogenic for monkeys or rodents, and are
not typed by the three standard sera. These “orphan™ viruses have been
found in the stools of patients by several workers [Melnick et al (62);
Steigman, Kokko & Silverberg (63)] Of greater importance is the report of
theisolation of such an agent from the brain and spinal cord of aninfant dying
of hi ically ch istic poliomyelitis [Stei et al. (64, 65)]. This
latter finding raises the question concerning the possibility of other types of
poliomyelitis virus which may affect man but were not identifiable when mon-
keys were the host used for typing.

EPIDEMIOLOGY

Numerous studies on the epidemiology of poliomyehtis have appeared
during this period which have reemphasized previous reports that the age
group of peak incidence tends to be higher 1n highly civilized communities in
which the disease is epidemic, whereas in less civilized groups the disease ap-
pears to be endemuc and peak incidence of infection occurs largely in infancy,
These points have been well reviewed by Paul (66)

Family incidence.—Because of the findings that prophylaxis against para-
lytic poliomyelitis can be obtained by the use of gamma globulin, consider-
able thought was given as to the most efficient methed of employing the
limited stock at hand. One of the concepts was to give gamma globulin to
famity contacts This led to an analysis of the risk of the spread of infections
in families. It appears that the spread of infection in a household is an explo-
sive one, presumably the whole family being exposed to a subclinical case. As
a result 80 per cent of secondary cases occur within seven days after the di-
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from year to year, but averaged about 2.5 to 5 per cent. The risk of paralytic
poliomyelitis in a family following the occurrence of the original case was cal-
culated to be forty times as great as in the population at large [Siegel &
Greenberg (67)]

Infection under sux months -—It has generally been considered that par-
alytic poliomyelitis under six months of age is very uncommon, but few
figures were available. Two reports [Geffen & Tracy (68); Roberts & Thom-
son (69)] on the 1950 ep:demic in England indicate that there were 82 such
cases, 77 of them paralytic This is 56.6 per cent of the number whick would
have been expected 1f poliomyelitis were evenly distributed, by six-month
periods, 1n the age groups from birth to 15 years. Although the incidence is
about half the expected, the fatality rate in these infants was 23 per cent, or
more than twice the fatality rate among older children Of the 58 survivors,
30 had severe or very severe paralysis and only two recovered completely.
McConnell (70) records poliomyelitis in ten infants under six months out of
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the development of a killed vaccine. Salk et af. (40) have succeeded in de-
veloping a formalin-inactivated vaccine, consisting of the three established
types of poliomyelitis virus grown on monkey kidney tissue, which leads to a
good antibody response in human beings. At the time of writing, reports are
available on only a few children given vaccine seven months earlier. In these
the antibody levels were well-maintained. A booster effect was observed when
vaccine was given to a subject who already had antibody from a previous
natural infection [Salk (41)}. Milzer and co-workers (42) have reported ob-
taining a rise in antibodies in the majority of 30 adults from a vaccine com-
bining all three types macnvated by uItravmlet hght The Salk vaccine is

being used on an 1 scale on ap y 650,000 children be-
tween the ages of six to nine years, one-third being gwen placebos (43). The
second approach is the devel of modified or at d strains of

virus which then can be*given orally as live vaccines Many experimental
technics are being employed. One approach has been to use rodent-adapted
strains. Type II has long been rodent-adapted and recently adaptation of
both Type I [Li & Schaeffer (44); Koprowski et al. (45)] and Type III [Li&
Habel (46); Li & Schaeffer (44); Casals et al. (47)] viruses to rodents has been
accomplished by using spinal cord inoculation of mice with material that had
been passed many times in monkey cell tissue culture Such adapted viruses
lost their path. icity for ! Koprowski et al. (48, 49) have used a
meodified Type II virus, the “TN" strain, for oral immunization of 81 chll-
dren. They were successful in causmg the devel of specific antit
in 70 without evidence of viremia or illness in any of them. Fourteen of these
children were studied at intervals of up to three years later [Koprowskx etal
(50)] and all showed a i of antibod p ki et al. (51) have
also fed mouse-adapted Type I to three mdxv:duals without producing illness
or viremia, but succeeded in establishing the virus 1n the stool and provoking
antibodies. On one patient the stool virus was found to be no more pathogenic
(or monkeys than the original strain Cox (52) has urged the advisability of
host for ion of a vaccine He reports the successful
adaptanon of a Type 1I stram to eggs by Roca-Garcia ef al. (53), Cabasso
et al (54), and Moyer et al (55). Sabin (56) has found that strains of all
three types can be produced in tissue culture, by rapid passage of large inocula
which are avirulent for monkeys, although large doses of such strains give
rise to antibodies when fed to cynomolgus monkeys.

ISOLATION AND IDENTIFICATION

The tissue culture technics [see reviews by Sanders et al. (57) and Rob-
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et [Pollard et al. (60): Svedmyr ef al. {(61)].
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the electronmicroscope that Type II poliomyelitis virus (MEFI strain) is a
herical particle ing 27 my in di

COXSACKIE VIRUSES

General.~Melnick & Curnen (1, Chap 14) fully described the state of
knowledge about these viruses up to the end of 1951, The subject was re~
viewed in the middle of 1952 [Kilbourne (79); Huebner et al. (80)]. The latter
present clear-cut evidence on the association of the clinical picture of her-
pangina with the presence of any of one of six different strains of Group A
Covsackie viruses in the throat or stools or both of the patients They point
out that these strains were isolated from 85 per cent of patients with the dis-
ease, 60 and 40 per cent respectively from contacts in neighborhood or family,
and only from™3 5 per cent of the noncontacts of the community at large. In-
fection only produced immunity to the given strain and repeated infections
with different strains appear to occur in children, such infections causing
symptoms of clinical illness more often than not Isolation of the virus was
significantly more frequent from children under four years With increasing
age, bodies develop to an i number of strains It appears proba-
ble from serological surveys conducted by these authors and others that her-
pangina 1s one of the most widespread minor illnesses of childhood. These
same authors summarize the evidence that strains of Group B virus are asso-
clated wnth epldemm pleurodynia

logy—The iderniologic reports published since
then have added very Iittle to these two firmly established points However,
careful studies by Johnsson (81) have emphasized the clinical spectrum of
this group of diseases as they may occur 1n a family. He studied eight families,
three with Group A infection and five with Group B, Insufficient data were
available in the Group A families to allow any conclusion to be drawn, How-
ever, in the five Group B families compristng 23 persons, 11 of 13 children
and 7 of 10 adults showed symptoms Aseptic memngitis occurred in eight
children and one adult, with pleocytoses of from 14 to 108 cells per ¢ mm.
Pleurodyma occurred in two adults and myalgia occurred alone 1n the re-
maining four adults and one child, one adult and two children had myalgia
licating their aseptic and there were two children with
minor illnesses Type B; was 1solated from the stools of eight sick children
and one healthy child, and from three sick adults In two patients mn one
family virus was found 1n the feces nine and three days before onset of symp-
toms \When the infection was introduced into the famuly, the symptomatol-
ogy appeared to be refated to the age of the individuals in the family, aseptic
meningitis being more common 1n children and pleurodynia and myalgia
more common 1 adelts The incubation period was about five days
Chinical —The relationship of Coxsackie B virus to the aseptic meningitis
syndrome has been further clarified by the isolation of the virus from the
spinal flud In 1952 Gabinus et ol (82) reported the isolation of a Group B
virus from one such case Recently Hummeler et al (83) have reported the




8 SCOTT

total of 243 cases in Bclfast dunng the epidemic o[ 1950, The commonest
symptoms were ulsions, and . Three infants died.
and only one d letely, Neonatal poliomyelitis was included in
the above reports. Four infants (13, 12, 10, § days postpartum) developed
poliomyelitis in a private nursing home of 13 beds. Three of them died and
one had paralysis of the feft arm Poliomyefitis was known to be in the vicin.
ity but the mothers were not clinjcally involved (69). Another case of polio-
myelitis in a four-day old infant, born six weeks after his mother had had a
mild attack of poliomyelitis, was reported by Johnson & St\msnn (71) Th:se
reports indicate that the low reparted incid of

may be due to decreased exposure on the one hand and dnﬁ"\:ulty in d\agnosu
on the other, rather than a natural resistance on the part of individuals in
this age group,

Miscellaneous —~Among other epidemiologic studies the following de-
serve mention Sartwell (72) on the basis of statistical analysis calcutates
that the median incubation period for poti titis is 12 days. Studies from
Sweden emphasize the possibdity of spread by means of contaminated water
during an epidemic in Malmo in 1949 Poliomyeitis virus was isolated from
water supplies with evidence of fecal pollution [Huss, Kling & Nantin (73)1,
and the overail incidence was greater, especially in the 0- to 2-year group, in
the areas supplied by cantaminated water than in areas with a better water
supply {Heinertz & Vahine (74)] A series of studies of various factors in the
spread of poliomyelitis were reported from Hidalgo County, Texas, Paffen-
barger & Watt (75) reported that fly-control measures which reduced the in-
cidence of dysenterv did not reduce the number of cases of poliomyelitis or
affect the time of the eprdemic. The majar role in spread was person to per-
sonr contact as tndicated by an analysis of the attack rates Thaose among
household contacts were 15.8 per 1000, among nonhousehold contacts wete
5.4 per 1000, and among those with no known contacts were 0.7 per 1000
‘The conclusions concerning the relative unimportance of fly-spread disease
were made despite the fact that Melnick & Dow (76), working amang the
same population, reported little difficutty m isolating virus from privies and
from flies, despite exposure of the virus to arr at high summer temperatures.
Sahin {77) nghtly emphasizes that probably all the known sources of polio-
myelitis virus in nature play a greater or lesser role 1n the transmission of the
disease, but the most important 13 spread from person to person by the fecal-
oral route, with droplet infection from the orai pharynx playing httle if any
vole Contaminated food ot drink, swhether by humans or fiies, is an important
mode of entry He emphasizes attention to cleanhness and avoidance of
bodily contact rather than id: of those iati such as church
or movies 1n which infection by the air borne route 15 the major hazard

STRUCTURE OF VIRUS
Electronmcroseopy —Schwersd e al (78) have overcome the (echmcn]
Jifficulties encountered by previous i and have di din
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Robertson (S1); Anderson ef al. (92)] This began in February, 1951 and

continued through April of that year. There were 40 recognized cases in the

Murray Valley and 17 deaths. The virus was isolated from the brains of two

{atat cases, but all attempts at isolating the agent from patients before death

failed. The virus was more easily isolated on the chorioallantoic membrane

of the developing hen's tgg. than in other labomtory hosts; after isolation it
b;

was found to cause y i fation in thn:e week-
old mice, and by both int: bral i lation and ipheral routes, in
suckling mice; it also duced halitis in chick sheep, and 2 mon-

key, and a subclinical infection in rabbits and guinea pigs The virus s closely
related to Japanese B virus. The clinical disease was most severe in infants,
leading to considerable brain damage and a high mortality. Among older
children and adults there were more milder cases. The onset tended to be
abrupt with malaise, anorexia, headache, fever, lethargy and drowsiness, con-
vulsmns (especially in the mfants) vomiting, giddiness and irritability. Con-
became p ired, more rapidly in the children Cer-

vical rigidity was constam. and pleocytosls occurred in the spinat fluid rang-
ing up to about 400 cells per c mm. Of these the majority were lymphocytes
although up to 40 per cent polymorph Tear cells nere d. Asin
other halitides the L inal fluid protein i d torise after the
acute phase, while the pleocytosis decreased. In the severe cases upper and
lower neuron paresis developed, with inability to swallow and respiratory
dysthythmia. Pathological examination revealed widespread loss of neurons;
disappearance of Purkinje cells of the cerebellum during the acute stage with
little or no reaction, and areas of tissue necrosis in the white matter of the
h lar cortex. Mil lial response occurred early with

and
neuronophagia, and there was a less striking lymphecytic response.

A survey of the population of eastern Australia by serological methods
revealed evidence of MVE (Murray Valley Encephalitis) to be widespread
north of the Victorian great dividing range, in humans, horses and dogs. The
main natural reservoir appeared to be m native and domestic birds among
whom the infection is maintained by transmission via mites and mosquitoes
from one nesting season to another A viremia of about three days duration
is known to occur in the domestic fowl from which mosquitoes could carry the
infection to man. The incidence of subclical to chintcal cases in the area of
greatest intensity was 700 to 1. On epidemologic and clinical grounds it is

considered that MVE virus was the cause of Australian X disease described
in 1917.

RESPIRATORY VIRUSES
INFLUENZA
Two recent studies, one on the antigenic structures of influenza virus
[]ensen & Franas (93)] and the other on the predominant antibody pattern

in the sera of the population at different ages [Davenport, Hennessy & Fran-
cis (94)] elaborate further on the relationship of different strains of the virus
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isolation of Group B, Type 2 (Ohio) from one patient with stifl neck and back
muscle tenderness, This patient was one of eleven so afflicted in an institu.
tion, This spinal fluid was examined on the fifth day of illness and the isola-
tion procedures carried out four times. Spinal fluids on three other patients
examined on the sixth, eleventh, and fourteenth day after onset were nega-
tive. Hummeler (84) has also isolated Group B, Type 3 from the spinal fluid
of a sporadic case of aseptic meningitis in an infant. A contribution to the
pathology of this disease in human beings has been made by Lepine et ol (85)
who described the microscopic picture of muscle taken by biopsy from two
patients sufiering from Bornholm's disease during an epidemic in Brittany,
The muscle of one case showed focal infiltration of mononuclear with some
polymorphonuclear cells. There was hyaline degeneration of muscle fibers
with loss of striation. This was followed by atrophy and replacement of mus-
cle bundles by an eosinophilic hyaline mass The picture was entirely similar
to that induced in suckling mice by Group B viruses In the second case the
muscle was less involved, showing only focal infiltration of the muscle sep-
tums. Viruses were isolated both from the muscle biposy specimens and from
the stools of both patients These findings suggest that the symptomatology
is initiated by actual invasion of the muscles by the virus.

Poliomyelitis and Coxsackse.—The relationship between these viruses has
been confusing. However, the present concept appears to be that, when both
viruses are found together, such a finding is coincidental and there is no evi-
dence either for interference between the two viruses or potentiation of the
poliomyelitis viruses by the Coxsackie viruses.

Classification —The problem of classification of these viruses remains un-
solved. Melnick (86) points out the difficulty of classifying the two groups on
the basis of the pathologic effects induced in suckling mice, as originally sug-
gested by Dalldort & Sickles [see 1, Chap, 14 or Science, 108, 61 (1948)]. In
this classification Group A caused generalized myopathy without central
nervous system or other lesions, and Group B focal myopathy together with
lesions in the central nervous system, fat, and viscera However, in reality,
graded effects can be demonstrated from Conn-5 type, which produces severe
damage to fat, liver, and pancreas with variable muscle damage, to Texas
‘Type I, which causes severe muscle and cardrac damage and rare centrat
nervous system, fat or visceral lesions, Despite these objections this broad
classification continues to be uselul to the clinictan Serologically 16 different
antigenic types have already been described, of which four are associated
with Group B. All of the latter have been isolated from patients with the
pleurodynia syndrome [Contreras et al (87)] The introduction of tissue cul-
ture techuics promises to simplily the isolation and classification of Group B
viruses, although the classification of the Group A viruses still remains com-
plex.

MURRAY VALLEY ENCEPHALITIS

An important study of an epidemic of severe encephalitis comes from

Australia [Anderson (88): French (89); Robertson & MeLorinan (90);
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epithelitm in animals appears to be at variance with the absence of such de-
struction of infected d 1 cells of the allantoi b of the de-
veloping hen's egg. Henle ef al. (96) have recently demonstrated that these
cells are capable of continued production of virus for over 30 hr. without his-
tological evidence of any damage. However, necrosis of cells does appear
eventually [Eddy & Wyckoff (97)]. Electronmicroscope studies have shown
that influenza virus multiplies on or close to the surface of the cell, producing
long filaments which become pinched off into the spherical particles charac-
teristic of the virus [Hoyle (98); Murphy & Bang (99); Wyckoff (100)]

Coxyon Corp

A most important achievement is that of Andrewes and his colleagues
(101) who reported their success in growing this virus in human embryo lung.
These workers inoculated nasal secretions from a patient with a cold onto
human embryo lung in tissue culture They then were able to cause typical
colds with i lations into normal of material from
the tenth subculture This made an estimated dilution of the original nasal
washings of 100,000 fold and, since in their previous extensive experience
they had been unable to induce a cold with a dilution of washings of more
than 1,000 fold, they concluded that the virus had multiplied in the tissue
culture. From one of the culture-induced colds i lt was possible to pass the
virus successfully to one of six vol C and fon of
this work will be eagerly awaited as a number of previous attempts to culti-
vate this virus in other than human hosts have eventually resulted in failure.

PRIMARY ATYPICAL PNEUMONIA (PAP) AND ACUTE
RESPIRATORY DISEASE (ARD)

New viruses —Hillman et al. (102), during an epidemic of influenza A
prime, isolated an agent from the throat washings of patients with PAP and
ARD that was cytopathogenic for HeLa cells but did not grow in any of the
common laboratory hosts The panents appeared at the beginning and to-
wards the end of the i They developed both 1
fixing and neutralizing antibodies against this agent. Such antibodies were
also found to develop among other patients with PAP or ARD and to be
present in both the acute and convalescent sera of certarn patients with prov-
en mfluenza. This agent was found to be identical with the agent that pro-
duces degeneration in tissue cultures of human adenoids [Rowe ¢! al. (103)].
This latter, referred to as the “AD" agent, s filterable; 1t does not grow in
nonliving media, nor does it produce disease in experimental animals, but
does grow 1n tissue cultures of various sorts of cells including HeLa. It isneu-
tralized by human gamma globulin in dilution of 1:500 It seems probable
that the application of ussuc culture techmques may make poss:ble a more
detailed classil of

Canine dul:mper —It has long been recognized that primary atypical
Ppneumonia is probably a disease of multiple etiologies. The virus of canine
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and suggest a concept of the epidemiology of this disease. The former study of
of Type A virus indicates that this virus possesses a number of antigens, at
feast 18, that are shared by many strams and that strain differences are due
to the predomi of certain anti ¥ The authors suggest
that thc appearance of a strain with completely unrelated antigens or the
complete disappearance of old antigens is uniikely. The importance of this
concept is that it supports the possibility of adequate prophylaxis by the
incorporation 1nto a vaccine of several strains with varied antigenic compo-
nents so that the vaccine contains an antigenic mass in which alt known com-
pavents are adequately represented. The latter study is a corollary of the
former, In it the authors describe the predominant antibody pattern in the
sera of individuals of different ages. They found that the dominant antibody
pattern in any age group represented a specific reaction to the strain current-
1y prevalent when those individuals were children For example, antibodies
against the recent A prime strain were hugh in groups under 12 years and
then declined untsl at 20 years they were almost unmeasurable, From the
age of 12 years antibadies against PR 8 and the older Type A strains ap-
peared whereas in the groups over 28 years old antibodies for swine influenza
were detectable for the first time This observation supported the previous
suggestions thz\t the 19!8 pandemic of fnfluenza was due to a strain 1 which
the pred 7 was the same as or ¢losely refated to
that of swine mﬁuenza The same general concept holds true for Type B,
Type C anttbodies were found in high titer fairly evenly distributed at all
ages Presumably this virus ja common n infancy and encountered fre-
quently throughout life without causing symptoms It would appear {mm
this study that the initial tnfections that occur pred tly in childh
have an effect on the antibody production mechantsm which persists through
life Thus the antibody to the origmat snfection is boosted even by infection
with new strains since these also possess minor antigens that are specific for
the original stram as well as their own predominant antigens These pre-
dominant antigens in turn lead to devel of specsfic bodres against
themselves Thts pracess results in a broader antibody pattern among older
age groups which can be correlated with the decreasing incidence of the dis-
ease with increasing age By such population surveys it 1s possible to recon-
stroct the antigenic hustory of influenza virus, and this may throw hight on
the problem of the cycles of influenzal epidemics,

Verfinde & AL ks (95) have d the i of the
clinically recogruzed synergism between influenza virus and bacteria, particu-
larly 1n recent years the staphylococcus When a monkey was mnoculated with
infliwenza A virus alone, necmsxs and desquamation of the epithelium, mamly
of the branchial d a d by peribronchiolar and i
far ederna, Staphylococei alone led to shight bronchiolitis without necrosis,
while a combmation of thc twa \ed ta cpithehal necrosis mvolvmg the whote
of the respiratory tmcty and b

‘The wel} effect of

M

virzs on i -y
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epithelium in animals appears to be at variance with the absence of such de-
struction of infected entodermal cells of the allantoic membrane of the de-
veloping hen’s egg. Henle ¢! al. (96) have recently demonstrated that these
cells are capable of continued production of virus for over 30 hr. without his-
tological evidence of any damage. However, necrosis of cells does appear
eventually [Eddy & Wyckoff (97)]. Electronmicroscope studies have shown
that influenza virus multiplies on or close to the surface of the cell, producing
long filaments which become pinched off into the spherical particles charac-
tenstic of the virus [Hoyle (98); Murphy & Bang (99); Wyckoff (100)).

Courox Corp

A most important achi is that of And and his coll
(101) who reported their success in growing this virus1n human embryo lung
‘These workers inoculated nasal secretions from a patient with a cold onto
human embryo lung in ussue culture. They then were able to cause typical
colds with i ions into normal vol of material from
the tenth subculture This made an estimated dilution of the original nasal
washings of 100,000 fold and, since in their previous extensive experience
they had been unable to induce a cold with a dilution of washings of more
than 1,000 fold, they concluded that the virus had multiplied in the tissue
culture From one of the culture-induced colds it was possible to pass the
virus successfully to one of six C ion and ion of
this work will be eagerly awaited as a number of previous attempts to culti-
vate this virus in other than human hosts have eventually resulted in failure.

PRIMARY ATYPICAL PNEUMONIA (PAP) AND ACUTE
RESPIRATORY DISEASE (ARD)

New viruses—Hillman et al. (102), during an epidemic of influenza A
prime, isolated an agent from the throat washings of patients with PAP and
ARD that was cytopathogenic for HeLa cells but did not grow in any of the
common laboratory hosts The panents appeared at the beginning and to-
wards the end of the i They developed both 1
fixing and neutralizing antibodies against this agent Such antibodies were
also found to develop among other patients with PAP or ARD and to be
present in both the acute and convalescent sera of certain patients with prov-
en influenza, Thxs agent was fuund to be 1denucal thh the agent that pro-

Avimpn Ammem o

does grow in tassue cultures of various sorts of cells including HelLa, It isneu-
tralized by human gamma globulin in dilutron of 1:500 It seems probable
that the applxcatmn of tissue cuIture techmques may make possible 2 more
detatled classil of

Canine dmem[:er —It has long been recognized that primary atypical
pneumonia is probably a disease of multiple etiologies The virus of canine
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distemper may prove to be one such, Adams (104) gives suggestive evidence
that some cases of atypical pneumonitis may be caused by this virus. He
emphasizes the similarity of the pathologic picture in the lungs of humans
dying of penumonitis to those of ferrets, dogs, and monkeys suffering from
distemper. The lining of the bronchioles shows proliferation and destruction
of the epithelinm; the formation of giant cells and cells with one or two {bi-
polar) eytoplasmic inclusion bodies occur in both diseases In t\\‘o of his pa-

tients with atypical ia he was app ly able to di a
slight rise in neutralizing antibodies against thc distemper virus. He also
pointed out that di may be a fection of man since it ap-

pears to be neutralized by human gamma globulin. This “inclusion body”
pneumonitis has previously been described as a separate clinical entity which
has occurred in epidemic form and been attended by a high mortality among
prematures. It is obviously important to extend the above observations
since, if confirmed, they may influence our prophylactic measures against
this infection.

PSITTACOSIS

This disease has long been known as an cccupational hazard to those en-
gaged in the poultry business. However, a marked increase was noted both in
the United States and England when interstate transport or importation of
psittacine birds was permitted Westwood (105) reported that within two
months of lifting the ban on importation of these birds into England, a series
of outbreaks of the disease occurred The ban has since been reimposed with
again a decrease in the disease to occasional sporadic cases. In the United
States the high incidence continues [Sigel (106)). The greater hazard of the
psittacine birds over the many other species known to harbor the virus ap~
pears to be the more intimate contact that these pet birds have with humans
Especially is this intimate contact important when the birds are sick, at
which time they excrete large amounts of virus

HERPES VIRUS GROUP
HERPES SIMPLEX

Neanatal mfechan —The importance of this virus as a potentially serious
danger in chil d has been hasi: by the of several re-
ports of fatal infection of the newborn. Quilligan & Wilson (107), Zuelzer &
Stuhlberg (108), Florman & Mindlin (109), Pugh ef ol. (110), and Epstein &
Crouch (111) have each described one to eight cases. The infants usually be-
come ill on about the fifth to seventh day o( h(c and may show a vesicular
eruption of the skin or mucous the iva The
vesicular eruption may be minimal, however, and the disease manifest itself
by such nonspecific signs as l’ever or hypothermla, lethargy, icterus, at txmes
hepato- and spl 1 y distress, cy * cir-
culatory collapse. They may suffer a terminal septicemia from Puudﬂmonas
geruginosa. At autopsy areas of necrosis were found especially in the fiver,
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although the lungs, adrenals, and central nervous system v ere often involved.

ion bodies were found in the vidinity of the
necrotic areas. Herpes virus was isolated from the liver in one of Zuelzer's
cases and in Pugh's case, and from the skin lesions of Florman’s case. In
Florman’s case recovery took place although there were severe neurologic
sequelae and chorioretinitis. An analysis of the reported cases indicates that
in those in which the mother was known to have antibodies against herpes the
victims were very small p In two other i the mother had
an acute illness compatible with a primary herpetic infection about the time
theinfant was born. The remaining cases, one must assume, were offspring of
uninfected mothers, who were infected by contacts in the newborn nursery.
With increasing improvement in hygiene among the population, with ac-
companying decrease in the spread of the herpes virus in infancy, it is to be
expected that an increasing number of infants will be born who are suscepti-
ble. The explanation for the occurrence of the disease in the very small pre-
mature offspring of an immune mother may be that these infants were born
too early in gestation for maternal antibodies to have passed the placen(al
barrier. Actual information on this point is still lacking

Natural kistory—Buddingh et al. (112) have shed light on the natural
history of herpes infection in childhood. They point out that within four to
seven days after a primary herpetic infection antibodies develop. However,
in individual patients after varying intervals of time the particular level of
antibody reached by an individual is not maintained but drops to relatively
low levels only to be boosted again by subclinical infection This is in con-
trast to the findings in the few adults studied in whom the antibody titer is
maintained aver periods of months, Similar observations have been made by
Jawetz & Coleman (113). The existence of the subclinical carrier as an agent
for the transmission of the disease is also clearly shown by Buddingh et al.
(112) in that they demonstrated herpes virus in the saliva of 20 per cent of
72 healthy children from 7 to 24 months of age, of 9 per cent of 199 from 3 to
14 years, and of 2 5 per cent of 185 adults,

During the period under review considerable attention has been paid to
some of the problems of the multiplication of the virus. The pattern of the
development of the virus on the choricallantoic membrane, has been de-
scribed by Scott ef al (114) They showed that the infectious virus disap-
peared for about 6 to 8 hr. and then reappeared in an increasing amount, This
pattern of virus growth followed that first detected in the E cols bacterio-
phages which was later described also for several animal viruses The actual
site of multiplication has been i i 1 by several workers Francis &
Kurtz (115) and later Ackerman & Kurtz (116) produced evidence in favor
of multiplication of the virusin the cytoplasm of the cell, parucularly in rela-
tion to the mitochondria, However, the el pictures of Mor-
gan ef al, (117) show clearly the infected nucler containing virus particles of
varying size_ These consist of dense particles (30 to 40 my), those less dense
(40 to 60 mp), and particles with an outer membrane (70 to 100 mu) The nu-
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clear membrane ruptures, liberating the single membrane pacticles into the
cytoplasm where they acquire a double membrane {120 to 130 mp). The evi-
dence presented by Scott et of. {118} on the sequential changes that accur in
the nucleus during the early hours after inoculation of the virns onto tissue
cultures of rabbit corneat cells and that of Gray & Scott {119) on the associa-
tion of virus with the nuclear fraction of liver cells of herpes-infected chick
embryos favor the concept that the early stages at least of the virus develop-
ment take place in the nucleus and that the well-known inclusion bodies at
one stage of their evolution represent aggregates of virus particles. The clari-
fication of the cell virus relationship in this infection sequires further investi-
gation.,

VARICELLA-ZOSTER

Culttwation —An important advance in our understanding of this virus
(or viruses) has been achieved by Weller & Stoddard (120) and Weller (121}
who have reported the serial propagation of cytopathogenic agents from
cases of both varicella and zoster in tissue culture of human embryo skinand
muscle, or of foreskin Each of these cytopathogenic agents grew in asimilar
way, spreading slowly from an infected cell in a cestrifugal manner. The
infected cells had the ch i fear inclusion bodies. No visus
could be sbtained {rom the supernatast flind, and the agent could onty be
passed by fightly grnding the cells of the original culture and seeding this
suspension into a new culture, Although not containing the virus, the culture
fluids contained a complement-fixing antigen which reacted with the serum
of a patient recovered from varicella It seems probable that Welles's technic
will provide the tools with which to unravel the true relatiorship between
varicella and herpes zoster

Pathology —~Cheatham (122) reposts the pathological findings 1 2 wo-
man of 50 with Hodghin's disease She developed acute abdominal pain and,
six days later, the rash of bilateral herpes zoster of the trunk, and finally 2
generalized vesicular eruption She died on the eighteenth day of her disease.
Type A inclusion bodies were found in the skin lesions, and 1 many fociof
necrosis in myocardium, pancreas, adrenals, and one ovary An ulcer had
developed in a necrotic area in the esophagus s which inclusions were also
faund. In the posterior root ganglia massive hemorrhage and necrosis had oc
curred as in the texthook descriptians However, for the first time definite
inclustan bodies were seen in ganglion cells, the absence of whick was spe-
cifically noted by Denny-Brown et gf {(123) wn their cases Similar changes
were found in the sympathetic gangha, m the neurilerama cells of the nerve
twigs in the corum, and throughout the myenteric plexus of the stomach,
The observer noted that the lesions in the nerve plexuses of the esophagus
and stomach were accompanied by a cellular mnfiltratton which was absent
from the nervous lesions elsewhere Since the patient had been treated with
nitrogen mustard between the time of the abdominal pain and the develop-
ment of the rash, he argues that the visceral lesions were earfy and that the
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spread of the virus was along the white rami of the sympathetic nerves to the
posterior root ganghia and thence centrifugally to the skin. These ﬁndmgs
przsent the most cogent evid so far available bearing on the cont:

issue concerning whether the zoster virus travels centrifugally to the skin
from the central nervous system or vice versa. He considers the visceral foci
to be ic rather than b and suggests that the spread of
the virus is hematogenous in the totally susceptible individual (varicella)
and neurogenic in the partially immune (zoster).

POX VIRUSES
VarioLa

Diagnosts.~—The early diagnosis of small pox has become refined and
readily available in special laboratories. The methods are summarized by
MacCallum (124) as follows’ (a) Scrapings are made from skin lesions and
the stides are stained for e} y bodies. A p ive di is can be
given in about one hour after receipt of the shdes. ®) A complement fixation
test is performed, using material from the skin, or from the blood in the first
few days of the illness as antigen. A diagnosis can be given in 24 hr. after
receipt of the material (c) Cultures of vesicular fluid or crusts are made on
the chorioallantoic membrane of the embryonated hen's egg. This is the
most sensitive test, the virus causing small characteristic pocks in 72 hr.
which can readily be distinguished from those caused by vaccinia virus, but
may be mistaken for those due to herpes simplex virus, The virus of chicken
pox causes no lesions

Virus isolation~—Downie et al. (125) have isolated the virus from the
blood of 3 of 25 patients who ultimately recovered during the first two days
of therr illness, and of 11 of 14 patients who ultimately died In the latter
group the virus was isolated even up to the eighth day of the illness. The
persistence of viremia beyond the second day appears to have a bad prognos-
tic implication The isolation of the virus has its greatest public health ap-
plication in toxic or hemorrhagic cases who may die before the typical erup-
tion occurs Verlinde & Van Tongeren (126) have reported finding the virus
in the nasopharyngeal secretrons of 2 out of 13 cases tested. One wasa woman
who was it d the day and 17 days later developed
symptoms, without a rash, which lasted for two days. Virus was isolated
from throat washings three days befaore her symptoms appeared. The second
isolation was from the throat washing of an unvaccinated eighteen-year-old
girl on the eighteenth day after contact This carrier did not become ill but
had antibodies one month later which were presumed |:o be due to this con~
tact These findings emphasize the possibility of y asy
carriers in the spread of the disease.

Palhulagy —Bras (127) has redescribed the pathology of smali pox as
seen in Indonesiz Since antibiotics were used in the majority of patients, in-
terference by the effects of secondary bactersal infections was avoided. He
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clear membrane ruptures, liberating the single membrane particles into the
cytoplasm where they acquire a double membrane (120 to 130 mg). The evi-
dence presented by Scott ¢f al. (118) on the sequential changes that occur in
the nucleus during the early houss after inocufation of the virus onto tissue
cultures of rabbit corneal cells and that of Gray & Scott (119} o the associa-
tion of virus with the nuclear fraction of liver cells of herpes-infected chick
embryos favor the concept that the eatly stages at least of the virus develop-
ment take place in the nucleus and that the well-known inclusion bodies at
one stage of their evelution represent aggregates of virus particles The clari-
fication of the cell virus relationship in this infection requires further investi-
gation

VARICELLA-ZOSTER

Cultwation.~An important advance in our understanding of this virus
{or viruses) has been achieved by Weller & Stoddard (120) and Weller (121}
who have reported the serial propagation of cytopathogenic agents from
cases of both varicella and zoster in tissue culture of human embryo skinand
muscle, or of foreskin Each of these cytopathogenic agents grew in a simifar
way, spreading slowly from an infected cell in a centrifugal manner, The
infected cells had the cf istic int tusion bodies No virus
coutd be obtained from the supermatant fluid, and the agent could only be
passed by hghtly grinding the cells of the original culture and seeding this
suspension into a new culture. Although not containing the virus, the culture
fluids contained a complement-fixing antigen which reacted with the serum
of 2 patient recovered from varicella It seeras probable that Weller's techaic
will provide the tools with which to unravet the true relationship between
varicella and herpes zoster

Patkaology ~Cheatham (122) reports the pathological findings in a wo-
man of 50 with Hodglan's disease She developed acute abdominal pamn and,
six days iater, the rash of bilateral herpes zoster of the trunk, and finally a
generalized vesicular eruption She died on the exghteenth day of her disease
Type A inclusion badies were found in the skin lesions, and 1n many feci of
necrosis in myocardium, pancreas, adrenals, and one avary. An ulcer bad
developed in a necrotic area in the esophagus i which inclusions were also
found. In the posterior root gangha massive hemorrhage and necrosis had oc-
cutred as in the textbook descriptrons, However, for the first time definite
inclusion bodies were seen in ganghon cells, the absence of which was spe-
cifically noted by Denny-Brown ef of {123) in their cases Stmilar changes
were found in the sympathetic gangha, in the ncurdemma cells of the nerve
twigs in the conum, and throughott the myenteric plexus of the stomach.
The observer noted that the lesions tn the nerve plexuses of the esophagus
and stomach were accompanied by a cellular infiltration which was absent
from the pervous lesions elsewhere. Stnce the patient had been treated with
nitrogen mustard between the time of the abdominal pain and the develop-
ment of the rash, he argues that the visceral lesions were early and that the
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spread of the virus was along the white rami of the sympaﬂ.leﬁc nerves \u.the
posterior root gangha and thence centrifugally to the skin. These ﬁndm.gs
present the most cogent evidi so far available bearing on the ial
issue concerning whether the zoster virus travels centrifugally to the skin
from the central nervous system or vice versa. He considers the visceral foci
to be ic rather than he: and suggests that the spread of
the virus is hematogenous in the totally susceptible individual (varicella)
and neurogenic in the partially immune (zoster).

POX VIRUSES
VarroLa

Diagnosis.—The early diagnosis of small pox has become refined and
readily available in special laboratories The methods are summarized by
MacCallum (124) as follows. (@) Scrapings are made from skin lesions and
the slides are stained for el v bodies. A di; can be
given in about one hour after receipt of the slides. (5) A complement fixation
test is performed, using material from the skin, or from the blood in the first
few days of the illness as antigen. A diagnosis can be given in 24 hr. after
receipt of the material (¢) Cultures of vesicular fluid or crusts are made on
the chorioallantoic membrane of the embryonated hen's egg. This is the
most sensitive test, the virus causing small characteristic pocks in 72 hr.
which can readily be distinguished from those caused by vaccinia virus, but
may be mistaken for those due to herpes simplex virus. The virus of chicken
pox causes no lesions.

Virus isolation.—Downte et al. (125) have 1solated the virus from the
blood of 3 of 25 patients who ultimately recovered during the first two days
of their illness, and of 11 of 14 patients who ultimately died. In the latter
group the virus was isolated even up to the eighth day of the illness The
persistence of virerma beyond the second day appears to have a bad prognos-
tic imphcation The isolation of the virus has its greatest publtc health ap-
pheation in toxic or hemorrhagic cases who may die before the typical erup-
tron occurs Verlinde & Van Tongeren (126) have reported finding the virus
in the nasopharyngeal secretions of 2 out of 13 cases tested. One was a woman
who was d the day followi and 17 daysiater developed
symptoms, without a rash, which lasted for two days Virus was isolated
from throat washings three days before her symptoms appeared The second
ssolation was from the throat washing of an unvaccinated eighteen-year-old
@il on the eighteenth day after contact. This carrier dird not become 1ll but
had antibodtes one month later which were presumed to be due to this con-
tact These findings b the bility of relatively asy
carriers in the spread of the disease.

Pathology —Bras (127) has redescribed the pathology of small pox as
seen in Indonesta Since antibiotics were used 1n the majority of patients, in-
terference by the effects of secondary bacterial infections was avoided. He
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found no case of osteomyelitis in this seties although it was described in the
earlier literature (see below under vaccinia). He emphasizes that the early
lesion Isin the walls of the capillaries in the corium. Following this, degenera-
tion oceurs in the adjoining epidermal cells leading to swelling and lquefac-
tion which is the basis for the vesicle. The same anthor (128) in anattempt
to explain the prevalence of scarring on the face, as opposed to other parts of
the body, studied sections of skin from face and thigh in 177 cases He dem-
onstrated that degeneration and necrosis occurred particularly in the seba-
ceous glands which are many times more numerousin the skin of the face than
elsewhere,

Vaccivta

Vaceinalion—-Psoblems of interpretation of immune and vaceinoid re-
sponses still merit attention in relation to maintaining immunity to small
pox. Benenson ef al. (129) compared the results of the reaction to potent and
heat-killed vaccines in a group of well-vaccinated Army officers. They
pointed out that sensitization to the protein in killed vaccine may be great
enough to lead to a papule by 24 hours and a vesicle by 48 hours, with sub-
sidence of the lesion and scab formation by the eighth day. This could easily
be mistaken for a v: d reaction indicating partial immunity. The inci-
dence of sensitivity reactions of this extent 15 illustrated by the results ob-
served by these same authors in a class of medical students Among the one-
half of the class vaccinated with dead vaccine, vesiculation occurred in 29
per cent, 82 per cent vaccinated with live vaccine developed vesiculation due
to the virus infection The ifi diff between sensitivity and a
true vaccinoid reaction s the time of development of maximum skin invaolve-
ment. In a true vaccinoid reaction the maximum erythema does not occur
until after the third day. This differentiation is important sinice no boost in
immunity can be expected from dead vaccine although evidence of sensitiza-
tion indi previ i but nat coincident { ity.

Vaccinio gangrenosa~—An unusual and very serious complication has
been described by four groups of authors as vaccinia gangrenosa or prolonged
generalized vaccinia {Bigler et al. (130); Laucance ¢t ¢l {131}, Kedan ¢t al.
{132); Bacbero ¢t ol. (133)]. This consisted of a failure of the primary vaccina-
tion to heal. In each case the lesion grew lasger, spread as an uicerating lesion
locally, and, in addition, metastasized to other areas of the skin, viscera, and
bone. Death occurred after a prolonged illness of many weeks or months in
all except Barbero's case in which healing took ptace following the adminis-
tration of hypenimmune vaccinia gamma globulin developed by Kempe

(133). A careful pathological study of the patient described by Laurance ¢
ol. (131) was made by Hall et o} (134). They {ound necrotic foci in the lungs,
adrenal, kidney, and pancreas, but no inclusion bodies were found in these
organs or in the skin. Vaccine viras was recovered from skin, serum, liver,
spleen, and matrow. The case described by Barbero ¢t al. (133) is sigmficant
as being the only documented recovery from this complication. This five-
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year-old white boy was scen four months after primary vaccination with ex-
tensive ulceration of his lelt shoulder and metastatic ulcers on his scalp and
left forearm. He had clinical and x-ray evidence of a low grade osteomyelitis
of i fourth right metacarpal bone, Vaceine virus was recovered {rom his
stin and from scrapings of the affected bone which were bacteriologically
sterile Inclusion bodies were also found in both. Healing began immediately
after the first dose of 73 ml, of anti-vaccinial gamma globulin, He was given
four further doses of 10 ml. each at two-weekly intervals. Virus was detecta-
ble in the lesions until after the fourth dose The area was completely healed
by the end of four months after the first dose. It is worthy of comment that
this patient presents definite evidence that an osteomyelitis may be caused
by a virus. The bloods of two of the patients were tested for the presence of
gamma globulin. One was found to have agammaglobulinemia [Keidan ef al.
(132)] but in the other the gamma globulin was normal [Barbero et al. (133)].
However, no antibodies against vaccinia virus were detected in any of the
patients tested [Hayles et al. (135)]. They pointed out that patients with
own Tobulinemia have been 1 d successfully. The role of
this clinical abnormality of the blood, associated as it is with recurrent bac-
terial infections of a serious nature, requires further exploration in relation
toantibody formation in general
Fetal vaccinia.—McDonald & MacArthur (136) report a case of fetal vac-
cinia in a premature infant who lived 15 hr. The mother was vaccinated
three months previously at the third month of pregnancy. She had a severe
reaction and could not work for two to three days. The skin was widely
covered with sodden white umbilicated necrotic lesions At autopsy necrotic
foci were found in many organs; in the lungs several necrotic areas with early
calcification were present. Inclusion bodies were found in both skin and
Tungs. Since the pathological lesions were of long duration, it would seem
probable that this fetus was infected at the time of the mother’s vaccination

from the accompanying viremia. Ths appears to be an extremely rare acci-
dent of vaccination

HEPATITIS

. The problems of this wide-spread disease have been very fully re-
viewed by MacCallum et al. (137), Gellis & Hsia (138), and Neefe (139).

InFECTIOUS HEPATITIS

Cultivation of virus —Certain preliminary reports on the cultivation of
the virus of infectious hepatitis (IH) in the embryonated hen’s egg were
mentioned in the 1951 review by Burnet (2) and by Havens & Paul (1,
Chap. 15) The isofation of two strains of this agent was described by Henle
et al. (140) who pointed out that their findings were compatible with the

cnnnacitian shae sl
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83 per cent of the volunteers. These results differed from their experience
when using the natural viruses in volunteers, since 31 per cent of the latter
became jaundiced out of a total infection rate of 75 per cent. The incubation
periods of the disease caused by the culture virus were similar to those found
with the natural virus. Recently Mirick ef al. (142) have repeated these ex-
periments with later tissue culture strains and induced similar though less
severe illness in volunteers who, however, were not immune to subsequent
infection with “natural virus” The preliminary report of Henle ef al.
(140) indicated that the few volunteers infected by them with an earlier
tissue culture passage did become immune. Further work is required to
clarify these relationships. The development of a skin test for the detection
of those immune to infectious hepatitis, using irradiated infected amnigtic
fluid, was reported by Henle et af (143) in 1950, Technical difficultics of
maintaining stability of the material, have prevented its general use. When
potent lots of the material were available (as tested in volunteers for
infectivity before irradiation) it could be shown to be positive in a high per-
centage of known recovered patients, For example, Knight ¢! al (144) showed
88 per cent positive tests among 42 convalescents in an epidemic in Missouri,
as opposed to 15 per cent among a number of uninfected persans. Bennett
et ol (145) found a high correlation between positive tests and xnfecuon
among both nurses and children in an instituti outbreak. Di
ment has been experienced however with other lots [Gellis & Hsia (138)]
Eprdemiology —The importance of anicteric cases in the epidemiology of
the disease is b ing more widely ized. Knight et al (144) found
enlarged livers in 10.4 per cent of 134 children in an epidemic area, and 64
per cent of these had abnormal cephalin-cholesterol flocculation tests with-
out ever developing jaundice. Denber & Leibowitz (146) report on 30 spo-

radic cases with anicteric hepatitis di d by the pi of abnormal
hver Iunctwn tests Pauoms had symptoms of fatigue, anorexia, distaste for
inal pain, headache, and nausea; 79 per cent had tenderness

over the liver but none had jaundice. Thorling (147) describes an outbreak
of hepatitis in a bakery in which 7 of 41 persons became ill, six with and one
without jaundice, while five of the remaining 34 “healthy” persons had ab-
normal liver function studies but remained at work with minimal or no
symptoms The importance of these anicteric cases as potent sources of in-
fection is obvious Such cases occur especially frequently amonginfants where
they create a hazard to the nursing staff. Capps et al. (148) and Bennett et al
{145} describe an epidemic of infectious hepatitis 1n an orphanage for chil-
dren of less than three years of age Over a period of eight years, 72 nursesand
three other adults were involved. By careful observation and the use of liver
function studies 42 children were diagnosed as having hepatitis; oniy one
had hyperbmmbmemm. Among the common symptoms were Ioose stools,
fassitude, anorexia, low grade fever, and failure to gaia, The liver was usually
enlarged, and returned toward normal with clinical convalescence. An incu-
hation of as short as 11 daysis recorded by these authors, and an 80 per cent
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infection rate among the children. While excretion of virus in the stools is
usually present for only a short time, Stokes ¢f al. (149) have produced evi-
dence that patients with “chronic active hepatitis” without jaundice may
be chronic fecal carriers. The stools of two children, one 28 months old and
one 11 months old, each of whom was observed with symptoms of hepatitis
for over a year, caused jaundice when fed to volunteers. The stoals were col-
lected approvimately 4 months and 15 months, respectively, alter the onset of
their acute disease. In contrast to the anicteric cases it is well to remember
that prolonged jaundice 1n the newborn period may be due to viral hepatitis.
The type of virus is obviousty not diagnosable as a rule. One case of proven
serum hepatitis 1s reported [Stokes ef al. (149, 150)]. Among 156 cases of pro-
longed obstructive jaundice in infancy Hsia e al. (151) found four due to
hepatitis as diagnosed by biopsy in three cases and abnormal floccutation
tests in one, Craig & Landing (152) found 20 cases among 70 liver biopsy and
103 autopsy specimens over a ten-year period. Although rare. this diag-
nosis must be idered as a di ial to that of ital atresia of the
bile ducts since surgery is tolerated very poorly by these infants This differ-
ential diagnosts is difficult since the liver function tests, so helpful in adults
and older children, are not reliable 1n this age agroup {Weller (153); Hsia &
Gellis {154))

Prophylaxis——The value of gamma globulin as a prophylactic measure,
in doses as small as 0 01 ml, perIb of body weight, has been amply confirmed
[Brocks et al (155)] Drake & Ming (156), tn a2 controlled study during an
epidemic in an institution for mental defectives, showed that the main ef:
fect was to decrease the incidence of clinical disease. Among individuals i
jected with cither 0,005 ml of gamma globulin per 1b. or 001 mi. per Ib , ap-

p 40 per cent devel itis as judged by three coincidental
abnormal liver function tests hut only 3 or 4 per cent respecuvely were ic-
teric, whereas among the unp d controls ly 50 per cent

became infected as yudged by the same criteria, and of these approximately
30 per cent were icteric This study would seem to prove what was hypothe-
sized on epidemiologic grounds [Stokes ef al. (157)], that the mechanism for
the development of permanent |mmumty in a closed instrtution Iollowmg
gamma globublin admini is the devel ofa

This 1s more clearly brought out by an analysis of the two “protected”
groups Of those gaven 0 005 ml per Ib gamma globulin no cases of “laho-
ratory” hepatitis were observed after the eighth week, whereas, among those
receiving 0 01 m! per Ib, cases continued to occur up to the thirteenth or
fourteenth week as they did among the controls. Three of six individuals
who had been isolated 1n the hospital for amebiasis for six to seven weeks
following their injection of 001 m! per 1b. of gamma globuhin developed
jaundice approximately one month after being returned to the infected en-
vironment It would seem as if gamma globulin in doses of 0003 ml. per Ib,
did not prevent the devel of a muld i ing i ion, whereas a
certain number of patients were completely protected by 001 ml per b,
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83 per cent of the volunteers These results differed from their experience
when using the natural viruses in volunteers, since 31 per cent of the latter
became jaundiced out of a total infection rate of 75 per cent. The incubation
perinds of the disease catsed hy the culture virus were simitar to those found
with the natural virus. Recently Mirick ef af. (142) have repeated these ex-
periments with later tissue culture strains and induced similar though less
severe iilness in volunteers who, however, were not immune to subsequest
infection with “natural virus” The preliminary report of Henle ef ol
{140) indicated that the few volunteers infected by them with an earlier
tissue culture passage did become immune. Further work is required to
clarify these relationstnps The development of a skin test for the detection
of those immune to infectious hepatitis, using irradiated infected amniotic
fiuid, was reported by Henfe ef af {143} in 1950, Technical difficulties of
maintaining stability of the material, have pre\ented its general use, When
potent Iots of the material were available (as tested in volunteers for
infectivity before irradiation) it could be shown to be positive in a high per-
centage of knowsn recovered patients, Forexarple, Knight of of. {144) showed
88 per cent positive tests among 42 convalescents in an epidemic in Missouri,
as opposed to 15 per cent among & number of uninfected persons. Bennett
et al (145) found 2 high correlation bctween pusmve ms(s and ml’ectxon
among both nurses and childrea fa an i Di
ment has been experienced however with other lots {Gellis & Hsm (138)]
E[)tdzmwlagy ~The importarce of anicteric cases in the epid of
the disease is t more widely ized Knight et af. (144) found
enlarged hivers in 104 per cent of 134 children in an epidemic area, and 64
per cent of these had abnormal cephalin-cholesterol floceulation tests withe
gut ever developing ;aundxce Denbcr & Leibowatz {146) report on 30 spo-

radic cases with ani d by the of
Yiver function tests, Pat:ems had symptoms of fatigue, anorexia, distaste for
ks bd. 1 patn, headache, and nausea, 79 per cent had tenderness

over the Iiser but none had jaundice Thorling (147) describes an putbreak
of hepatitis in 2 bakery in which 7 of 41 persons became ill, six with and one
without jaundice, while five of the remaming 34 "healthy” persoas had ab-
normal liver function studies but remained at work with mimmal or no
symptoms The importance of these anicteric cases as patent sources of in-
fection is obrvious Such cases occur especially frequently amonginfants where
they create a hazard to the aursing staff Capps e?al (148) and Bennett ef al
(145} describe an epidemic of infectious hepatitis in an orphanage for chil-
dren of less than three years of age Over a period of esght years, 72 nursesand
three other adults were tnvalved By careful phservation and the vse of liver
function studies 42 children were diagnosed as having hepanitis, only one
had hyperbilirubinemia Asmong the p were foose stoals,
lassitude, anorexia, low grade fever, and faiture to gain The liver was usnally
entarged, and returned toward normal with clinical convalescence. An incu-
batian of as short as 13 days s recarded by these authors, and an 80 per cent
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5} years after his first blood donation had given rise to hepatitisin a recipient.
The second was a woman who transmitted hepatitis te her infant son trans-
placentally. Her blood was infectious for vol on twa ions two
years apart. She was sy less and had no lab, ry evid: of liver
disease. The third was a man of 39 years who had a persistent viremia as
tested in volunteers for 10 months at least, but was without symptoms al-
though he showed abnormalities in his liver function tests. It must be re-
metmbered that not only serum hepatitis (SH) but also infectious hepatitis
{IH) virus can be transmitted by transfusion if the blood happens to be taken
shortly before the onset of jaundice or from an anicteric patient suffering
from the latter disease [Neefe ef al. (162)]. The resulting illness in the recipi-
ent will depend on the state of immunity present. If both viruses are present
and the recipient has no immunity, then it is possible for the recipient to have
a short incubation jaundice from the IH virus follon ed by a long incubation
attack by the SH virus [MacCallum (164)].

Sterilisation of blood products,—In view of these risks, considerable atten-
tion has been directed toward finding methods of sterilizing blood plasma. It
had been reported earher that ultraviolet irradiation of plasma was effective
ind ing the virus of h without 1y altering the protein
structure of the plasma However, recent reports, quoted by Albrecht et of.
(159), have indicated that such a procedure is not universally effective. Sev-
eral studies have been carried out by Murray et al. (165, 166) using volunteers
to test the effectiveness of the various measures employed. They found that
storage of infected plasma at room temperature between 70 and 74° F. for six
months markedly reduced the infectivity and virulence of the virus, whereas,
after storage for only three months under the same circumstances, the plasma
still caused infection of three out of five volunteers The authors lay stress
on the fact that the volunteers were challenged with only 1 to 2 ml. of plasma
whereas a patient might well recerve 500 ml. or more They point out that
other materals derived from blood were in their experience innocuous i the
amounts used i , but were infectious in doses used clinically,
Secondly, they tested the effectiveness of the three ultraviolet irradiation
methods commonly used for stenlizing plasma. They found that they were
unable to sterilize plasma completely by one irradiation by any method, al-
though the virus did appear to be attenuated Using the Habel-Sockrider
apparatus they irradiated the plasma five ttmes and found complete steriliza~
tion as tested in volunteers, but also found the serum proteins had been al-
tered by the process. Whether an 1ntermediate test would have been eflective
in maintaining the integrity of the plasma proteins and while achieving cam-
plete sterilization remams to be seen. At the moment there is no satisfactory

b ncendlatds oo s

trents recetving human albumin intravenously However, Lesses & Hamo!;ky
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doses for a period of time so that mild immunizing infection did not appear
until fater when passively acquired antibodies had fallen to a low enough
level. The acute infections that occurred among the isolated individuals
when they were again exposed indicates that the protective effect of gamma
globulin had been dissipated by the end of seven to eight weeks,

Scrun HepaTiTIS

Transmission.—In these days of wide-spread use of transfusion of blood
and plasma the menace of transmission of hepatitis is always present. Some
information on the risk of this accident has been gathered by several groups
of workers. Murphy & Workman (158) reported an incidence in the United
States of 12.8 per cent among those receiving commercially prepared plasma
even though irradiated, whereas the risk from a single blood transfusion
was from 05 to 1.5 per cent. Albrecht ef o} (159) reported an incidence of 7.6
per cent among 131 recipients of irradiated plasma in New York State. Mad-
sen (160) reporting from Denmark found the risk to be about 1.0 per cent
{rom a single blood transfuston while from pools of dried serum derived from
100 donors it was 3 to 4 per cent. There appears to be a direct correlation of
the risk of jaundice with the size of the donor pools since the virus is highly
infectious, as little as 000001 ml of infectious material being capable of
causing the disease {Drake et al. (161)]. Neefe (139), on the basis of a routine
application of a battery of liver function tests to all blood donors, estimated
a carrier rate in the population of about 10 per cent Neefe ¢f al. (162) and
Murray et al. (163) present a detailed study of 8 donors of a group of 22
who were known to have given jaundice to recipients Six of the eight had at
least one significantly abnormal liver function test. The blood of six of the
<ight was tested for presence of virus by inoculation into volunteers. Five of
the six transmitted the discase, including one whose liver function tests were
not significantly abnormal Liver biopsy was performed in four of the six
whose blood was proven to contain virus. In two there was slight evidence of
involvement such as round cell infiltration and connective tissue prolifera-
tion One of these was the donor whose liver function tests were not abnormat.
1In one other the histological evidence of involvement was questionable, and
in the fourth there were gross signs of scarsing and nodular regeneration. It
appears from this study that the infections donor may have no objective lab-
oratory evidence of liver involvement, but more than likely will show some
abnormality if enough tests are done Stokes et al (149) present details of the
evidence for the statement previously reported (1) that the virus could be
cartied in the blood for as long as five years in an asymptomatic patient
who had never had recognizable jaundice. These authors report the trans.
mission of the disease to volunteers from three persons all previously known
to have given jaundice to persons receiving their blood The first was the
man referred to above, 44 years of age with periportal cirrhosis and abnormal
Jiver function tests; virus was still presentin his blood as tested in volunteers
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and was nmmunologxcally dxsun:t from the
The pauent lop and
his own virus, but not against the “epidemic” virus.

Behget's disease—Sezer (175) describes the isolation of an agent from
three patients suffering from Behget's disease. This disease is characterized
by recurrent attacks of iridocyclitis with hypopyon and aphthous ulcers of
the mouth and genitalia. Vitreous and subconjunctival serous fluids were

lated onto the chorioallantoi b of the embryonated hen’s
egg. Pocks developed which could be passed in series and caused encephalitis
in mice. Complement fixing antibodies were detected in the blood of 11 of 12
patients with Behget's disease, using antigens derived either from allantoic
fuid or from mouse brain, but were not present in the blood of five patients
with iridocy chitis of other ty] pes, or of slx normal individuals, three of whom
hadapusmve 1V ibodies were also d
in one of the patients. The agent was clearly differentiated from herpes sim-
plex, lymphocytic choriomeningitis, and Theiler's virus. It was filterable
through a Seitz filter, and the electronmicroscope revealed many uniform
particles Itis hoped that this work will be followed up further by Sezer and
others in order to clarify this puzzling disease

Aseptic meningitss —From Australia comes the report by Miles e al.
{176} of the isolation of an agent in cortisone treated mice from the brain of
a patient suffering from aseptic meningitis during an epidemic in Port
Augusta, South Australia, From the cortisone treated mice it could be
adapted to untreated mice, and to the yolk sac of embryonated hen's eggs;
in guinea pngs it caused meningitis and myositis Rabbits and monkeys suf-
fered sub It bled a virus of the psittacosis group in
appearance and measured 300 to 400 my by filtration technics No immuno-
logic relationship could be established with mumps, psittacosis, or lympho-
cytic choriomeningitis. It gave rise to no neutralizing antibodies in either ex-
perimental animals or human beings Slight rises in the titers of complement
Rxing antibodies were found in four of the patients involved in the epidemic
and m some, but not in most, of the patients suffering from aseptic meningitis
in other parts of Austrahia. Perhaps further investigation will clarify the
status of this agent and decide whether it will be one more etiologic agent
that must be tested for routinely in patients with aseptic meningitis

West Nule virus—Further information has been collected concerning the
cliical prcture produced by the West Nile virus From several epidemics in
Israel, the virus has been isolated from the blood serum and passed to adult
mice and hamsters by the intracerebral route, and to eggs by the yolk sac
or onto the choricallantoic membrane, leading to death of the embryo. The
chinica! features of the disease which mainly affected young adults were as
follaws (Goldblumet al (177)] There wasa sudden onset with malaise, chilti-
ness, fever, and drowsiness Severe frontal headache, aching of the eyes when
moved, and pains in chest and lumbar region occurred. There was a rapid
rise of fever to 38 to 39° C. Some patients developed nausea, anorexia, and

agent just

1 fixing antibodi

against




24 5COTT

(169} reported 22 cases following the use of human thrambin prepared from
Cohn's Fraction 111 and Hsia et al. (170) reported 4 cases among 16 chitdren
receiving Coha's Fraction IV derived fram pooled post partum plasma.

Size of virus~DMcCallum {171} has presented evidence fsom human yol+
unteer studies of gradoco! membrane filtered material that the size of the SH
virusis 26 myp in diameter.

MISCELLANEOQUS VIRUSES

In the period under review preliminary information has been reported
on several new vicuses.

New exanthemalons disense ~—Neva, Feemster & Gorbach (172) report
the occurrence of an epidemic in Boston and vicinity in the late summer of
1951, This was characterized by varying degrees of fever which, in aduits
particularty, might be hugh and associated with chills and myalgia In over
half the cases the fever preceded, and in most of the remainder was coinci-
dent with, the eruption of 2 maculopapular rash which varied from a few
discrete pink lesians to a Rarid morbilitform rast. The rash was promicent o8
face angd vpper trunk as a role, but frequently occurred over arms, buttocks,
and legs. It Jasted ltess than 48 hr. in the majority of cases, rarely less than 24
&r., and in one-third lasted over 48 hr. Mucous membrane jesions in the form
of vesicles followed by punched out ulcers occurred, 2r about one-fourth of
the cases, on the patate and tonsiliar p\ﬂars and rarely on other pomons of
the buccat mucous 3 L was nota p fea-
ture of the illness. Since this eprdemic did not appear identifiable with any of
the recognized exanthemata 1t was considered to be a disease sui generis.
From the stools and throats of patients suffering from the disease just de-
seribed Neva & Enders {173) report the isolation of a cytopathogenic agent
in nissue culture of vartous human tissues The agent appeared to cause de-
struction of the fibroblasts more readily than the epithelial cetls The pa-
tients developed neutrahizing antibodies sgamst this agent and antibodies
were also detected in others mnvolved in the epidemic from whom no virus
wasisolated This virusis not refated to the “orphan’ viruses that have been
isolated from patients d d as having pohomyelitss or to other known
VITUSeS

Virus of roseoln tnfantum ~—Another agent was 1solated by Neva & Ea-
ders {174) from the feces of a two-yras-old boy suffering from a disease that

bled roseola during the epidemic sust d bed. The boy had
a temperatun: of 102¢to 104°F lnr four days assaciated with a conjunctivitis,
Litts, and lymph hy. On the fourth day the tempera-

ture fell to 100° F and a maculopapular eruption which developed on his
trunk lasted two to three days The 2gent was cytopathogenic for epithehal
cells rather than fibrobiasts, although both cell types were ev:ntually involved

V! Mach:

* Now identified as & Type 3
R 1, Rowe, W P, Ward, T G Favort Bl rana Bet A s Nos E,,x; 7 aed,

251, 1077 (1954)).
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in mild cases, up to 105° F. or over in severe cases. There is a marked poly-
morphonuclear leucocytosis in all but the mild cases, with a shift to the left
and a decrease in platelets. (8) Hypotensive: About the filth day of the dis-
ease hypotension or shock may occur. This is apparently due to loss of plasma
through damaged capillary walls. Proteinuria develops rapidly and the
specific gravity of the urine becomes fixed (c) Oliguric: With recovery from
hypotension blaod pressure may go above normal. Severe liguria develops
associated with a rising blood urea nitrogen, hyperkalerma, and hypoml-
cemia, Hemorrhagic ph such as ecct 1 hem-
orrhages, and hematuria dc\clop about this ume. At the end of this phase,
about the ninth to tenth day in severely ill patients, pulmonary edema and
oentral nervous system disturbances occur. (d) Diuretic: Clinical improve-
ment tends to coincide with the onset of this phase. Proteinuria disappears
and blood urea nitrogen returns to normal Diuresis may be so great as to
1ead to shock for a second time. Convalescence is apt to be prolonged after a
severe attack associated with anemia and inability of the kidneys to concen-
trate. Mortality was 10 per cent among the Russian and Japanese cases and
among the United Nations' soldiers also, until early evacuation of patients
reduced it to 5 per cent among the latter group. In Korea the disease was
geographically limited to above the thirty-eighth parallel, and epidemio-
logically was associated more with chiggers than any other arthropod [Gauld
& Craig (185)). There was a decreased incidence reported after instituting
control measures that had been found valuable in the control of mite typhus.
Vigorous attempts have been made by the American workers to find the
causative agent but none wasisolated in a wide variety of laboratory animals
or in tissue culture However, the Russian workers have reported the isola-
tion of an agent by intravenous inoculation of human volunteers with the
blood or urine taken from patients during the height of the fever. It was not
transmissible by mouth or nose or swahbing on the tonsils. In the human host
it had been passed in series through four "generatmns. The mcubanon
period was 12 to 24 days and one attack confe
human serum could stop the development of the disease. The agem was filter-
able through a size V Berkfeld filter [Mayer (181)]

PrEGNANCY AND VIRUS INFECTION

Rubella.—The relation of rubella in first trimester of pregnancy and con-
g?nital defects is now wrdely recognized and information up to 1951 was re-
viewed by Burnet (2). The difficulty of estimating the risk of damage was
mentioned since all the studies up to then reported were retrospective and
indicated a risk of about 80 to 90 per cent Since that tume a few prospective
studies have been reported Ingalls & Purshottam (186} in a study of 72 cases
found the incidence of fetal abnormalities to be 17 per cent; Lundstrdm
(187) studied 1067 pregnant women with rubella during an epidemic in
Sweden and found the incidence of neonatal death and congenital abnormali-
ties to be 17 per cent as opposed to 6 per cent in uninfected women; and
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dryness of the throat. On physical examination the face was characteristi-
cally flushed; the throat was red in a few patients, but signs of upper re-
spiratory infection were ch istically absent. A general lymphadenop-
athy was common and the spleen might be enlarged. The nodes were firm
and tender. In a very few patients t: i i 1 invol oc-
curred, with pleocytosis and increased protein in the spinal fluid, In many
patients 2 maculopapular rash occurred mostly over the trunk. A leucopenia
with a relative lymphocytosis was ch istic. The ined
high for two to three days falling by lysis The illness was self limited to three
to six days, but relapses were common and convalescence was slow. No se-
quelae had been noted. The patients developed complement fixing antibodies
The vector was considered to be either Culex molestus [Bernkopf (178)] or
Aedes aegypti[Davies & Yoshpe (179)). The incubation period was twa to six
days.
1feasles—Enders & Peebles (180) report the isolation of several strains
of a cytopathogenic agent from both the blood and throat washings of pa-
tients with measles in tissue cultures of either human or simian renal cells.
Microscopic examination of the infected tissue culture revealed the formation
of syncytial giant cells containing 40 to 100 nuclei. The nuclei showed typical
acidophilic intranuclear inclusion bodies surrounded by a clear halo. A com-
plement-fixing antigen developed in the fluid phase of the tissue cultures
which reacted with the serum of patients recovered from measles but not
with that of patients early in their disease The sera of two patients convales-
cent from measles were shown to develop 2 neutralizing capacity for the
cytopathogenic effect of a strain of virus isolated from a third patient. Such
a neutralizing effect was not observed in the sera taken early in their disease.
The final proof of the specificity of this culture virus by its transmission to
humans and monkeys and its recovery from those hosts remains to be done.
Epidemic & kagec fever—The ition of this disease was re-
corded in Volume 5 (1954) of the Annual Review of Medicine [Jawetz (3)]. The
work done on this disease by the Russian and Japanese workers before World
War I1 indicates that 1t is due to an arthropod borne virus [review by
Mayer (181)] It appears as if this were but one of several types of hemor-
rhagic fever that occur in Russia which are transmutted by arthropods [Gaj-
dusek (182)]. Further mformation has now become avatlable from the Ameri-
can work in Korea Barbero ef al. (183) in 1952 described a study of 31 pa-
tients with this disease. M , an extenstve sy ing stud-
jes conducted during the care of 613 pattent§, has just been published by
Earle (184). This is an acute dsease characterized by a variety of physio-
Jogic disturbances which tend to fall into four phases (a) Febrile: This usually
has an abrupt onset with chills followed within a few hours by prostration,
thirst, and anorexia. Headache, diffuse aching, and sometimes acute ab-
dominal pain, occur early, There is an erythematous flush of face and upper
trunk and petechiae are present, usually in the axillary folds The height of
the fever depends on the severity of the disease, ranging from 100 to 103° F.
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in mild cases, up to 105° F., or over in severe cases. There is a marked poly-
morphenuclear leucocytosis in all but the mild cases, with a shift to the left
and a decrease in platelets. (5) Hypotensive: About the fifth day of the dis-
ease hypotension or shock may occur. This is apparently due to loss of plasma
through damaged capillary walls. Proteinuria develops rapidly and the
specific gravity of the urine becomes fixed. () Oliguric: With recovery from
hypotension blood pressure may go above normal. Severe oliguria develops
associated with a rising blood urea nitrogen, hyperkalemia, and hypocal-
cemia. Hemorrhagic phenomena such as ecchymoses, gastrointestinal hem-
orrhages, and hematuria develop about this time. At the end of this phase,
about the ninth to tenth day in severely ill patients, pulmonary edema and
central nervous system disturbances occur. (d) Diuretic: Clinical improve-
ment tends to coincide with the onset of this phase. Proteinuria disappears
and blood urea nitrogen returns to normal. Djuresis may be so great as to
lead to shock for a second time. Ci is apt to be prol d aftera
severe attack associated with anemia and inability of the kidneys to concen-
trate. Mortality was 10 per cent among the Russian and Japanese cases and
among the United Nations' soldiers also, until early evacuation of patients
reduced it to 5 per cent among the latter group. In Korea the disease was
geographically imited to above the thirty-eighth parallel, and epidemio-
logically was associated more with chiggers than any other arthropod {Gauld
& Craig (185)]. There was a decreased incidence reported after instituting
control measures that had been found valuable in the contro! of mite typhus.

Vigorous attempts have been made by the American workers to find the
causative agent but none was isolated in 2 wide variety of laboratoery animals
or in tissue culture. However, the Russian workers have reported the isola-
tion of an agent by i i ion of human with the
blood or urine taken from patients during the height of the fever. It was not
transmissible by mouth or nose or swabbing on the tonsils. In the human host
it had been passed in series through four “generations.” The incubation
period was 12 to 24 days and one attack conferred immunity. Convalescent
human serum could stop the development of the disease. The agent was filter-
able through a size V Berkfeld filter [Mayer (181)),

PREGNANCY AND VIRUS INFECTION

Rubella.~The relation of rubella in first trimester of pregnancy and con-
genital defects is now widely recognized and information up to 1951 was re-
viewed by Burnet (2). The difficulty of estimating the risk of damage was
mentioned since all the studies up to then reported were retrospective and
indicated a risk of about 80 to 90 per ceat Stnce that time a few prospective
studies have been reported Ingalls & Purshottam (186) in a study of 72 cases
found the incidence of fetal abnormalities to be 17 per cent; Lundstrdm
(187) studied 1067 pregnant women with rubella during an epidemic in
S_weden and found the incidence of neonatal death and congenital abnormali-
ties to be 17 per cent as opposed to 6 per cent in nninfected women; and
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Greenberg (188) in New York City studied a group of 83 pregnant women
with rubella and also found the risk of fetal foss (11 per cent stifl birth) or
damage to be 17 per cent. Krugman & Ward (189) summarized the problem
and emphasized thei :mportance a! ¢ eighing the risks when a pregnant woman
contracts rubelta, and indi dations for abortion on the
basis of such things as the age of the parents and the social and religious back-
ground. The value of gamma globulin aga pmphyla‘us in this disease is very
uncertain, Korns (190) found a statisti ion with one
{ot of gamma globulin in one controlfed test but not in thrte others similarly
conducted with other lots of gamma globulin. Laudon ¢f al (191) reported
definite protection in an institution of 133 children, and that the cases among
the gamma globuwlin group were ane-third of those among the controls (6:18).
Anderson & McLorinan (192) were not able to achieve a statistically signifi-
cant protection during an epidemic among a group of 45 boys by means of 4
i, of rubelta convatescent gamma globulin The decision to use gamma glob-
ulin in a woman exposed to rubella should take this uncertainty into aceount
and afsa the fact that fetal damage may occur from a modified infection.
Gamma globulin may modify the disease and thus mask the true diagnasis.
The danger of a modified infection can be d with the eather demon-
stration by Krugman ef al. (193) that the blood of a patient suffering from
rubella without a rash was infectious for volunteers.

Orner Viruses

The damaging effect of rubelia on the fetus has naturally turned the at-
tention of the profession to the effect of other viruses There appears 1o be
relatively little information available The situation up to 1951 was sutmma-
rized by Swan (194) He pointed out that small pox, pandemsc influenza, and
measles to a lesser extent, led to a termination of gestation, but that vac-
cination seemed to have no effect on the fetus.

Vaceination —MacArthur (195) survc) ed by questionnaire S000 women,
of whom 203 were when d because of an epi-
demic of smalt pox. Among the 33 vaccinated in the first month there was one
miscarriage, among the 34 vaccinated between the fourth to twellth week
there were ten miscarriages, five stiltborn, and ane congenital anomaly. If
the first trimester 1s included as a whale, fetal {oss consisted of 24 per cent,
whereas among those vaccinated in the second and third trimester, fetal
tosses were 3 and 2 per cent respectively. This loss 13 significantly greater
than the highest expected normal toss of 13 per cent {Randall et af (196)].
“This evidence would suggest that vaccination during the first trimester must
be taken asa calenlated risk

Mumps.—~Bowers {(197) has reviewed 8% reported cases of mumps in
pregnant women In nine of these, the fetus died and in teelve the infant was
deformed.

Influenza—Campbell (198} studied two groups of women, 164 who had
jnfluenza A prime type durting the early months of pregnancy and 825 who
had escaped. He could find no difference between the groups.
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Measles —Christensen ¢f al. (199, 200, 201) had the opportunity of seeing
an epidemic of measles among a population in South Greenland. The morbid-
ity rate was 999 per 1000; the mortality rate was 18 per 1000. About half of
the pregnant women aborted, but no congenital abnormalities were noted
among the living infants born of mothers who had measles during their
pregaancy.
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DISEASES OF THE GASTROINTESTINAL TRACT!
(LIVER)

By A. G. BEarN anp H. G. Kunket,
The Hospital of The Rockefeller Institute for Medical Research, New York, N. Y.

There will be no attempt in this review to cover the many advances in
gastro-enterology which have been made during the past year, not only
because the authors are not fitted to judge the merits of the many papers
that have been published, but also because such an excursion has a tendency
to lead to a review as dry and tedious as the genealogy of David in the First
Book of Chronicles. In an attempt to avoid this hazard, the bulk of this
review will deal with recent papers and current concepts in liver diseases,
and relatively little space will be devoted to papers more directly concerned
with the gastrointestinal tract A series of articles on various aspects of liver
disease that deserve special mention have appeared during 1954 in the
American Journal of Medicsne under the title of “Seminars on LiverDisease.”
These articles written by experts in the field are worth detailed study. It
will be convenient to follow the pattern set by previous reviewers and discuss
the papers m a regronal fashion.

CIrRHOSIS OF THE LIVER

Esophageal varices —Although the presence of portal hypertension can
usually be strongly suspected on clinical grounds, the recognition of dilated
veins in thelower two-thirds of the esophagus provides useful, confirmatory
evidence that the pressure within the portal circuit is elevated, Large
esophageal varices, however, are not necessanily pathognomonic of cirrhosis
of the liver, since other conditions giving rise to an elevation of pressure
within the portal system may result in their development (1, 2, 3). Spontane-
ous fl ion 1n the size of h 1 varices has been recently emphasized
by Bennett et al. (4), who reported that occasionally patients 1n whom varices
had been clearly demonstrated radiographically were found, at operation,
to have a normal portal pressure. This finding underscores afresh the ofd
observation that small spontaneous changes in the portal pressure may oc-
curan some patients with cirrhosis of the liver,

The ideal method for the d of hageal varices
to be a subject of animated discussion, Brick & Palmer (5) have recently
reported interesting findings based on a study of 150 cases of cirrhosis of the
hver Of all patients examined 63 3 per cent were found to have esophageal
varices which were visible on direct esophagoscopy, whereas only 21 per
cent of these cases had varices that were demonstrated on radiographic
examunation. Thus the authors feel that esophagoscopy should be prefer-
entially undertaken whenever varices are suspected. This enthusiasm for

* The survey of Literature ining to this review leted 1n August, 1954.
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esophagoscopy, however, is not entirely shared by other workers wha feel
that, with spccml techmques (6 ™ the m:uomy of esophageaf varices can
be ad lly, The recent demonstration by
Palmer (8) that the performance nf the Valsalva maneuver will increase
the pressure within the esophageal varices suggests that it may be used as
an 2id to their radiological demonstration, Although the danger of rupture
of esophageal varices appears to be slight during esophagoscopy (9), the
necessity for an expert endoscopist and the discomfort to the patient hase
restricted routine esophagoscopy in patients with cirrhasis of the liver to a
few active research centers, The frequency of gastric varices in patients with
portal hypertension has been recenﬂy emphasized by Evans et ol. (10) who,
by usmg careful radiologi i were able to d gastric
varices in 24 out of 40 cases of portal hypertension,

An investigation into the primary pathological processes which fead to
rupture of the varices has been made by workers at the Mayo Clinic (11).
A pathologic study was made of 91 cases of blecdmg esophageal varices, and
in 56 per cent ul jon of the } was suff 1y severe to suggest
o these authors that rupture of the varix was precipitated by the ulcerative
process. In only 39 per cent was no esophageal ulceration found and the
rupture of the varix ascribed to the hydrostatic pressure atone. It is suggested
by these authors that the presence of esophageal varices impairs the nutri-
tion of the surface epithelium of the esophagus which becomes more suscepti-
bie to ulceration by the regurgitation of acid gastric juice,

‘The over-all mortality figures for bleeding esophageal varices continues
to be d:stressmgly high The pmmpt and skilled use of the Sengstaken~
Bl 1 tube in fon with it t
remains the procedure of choice in the £ of h {
varices Use of this tube has reduced the mortahty from about 80 per cent
to 50 per cent or less, depending upon the skill and experience of the opet-
ator (12) A recent article by Blakemore (13) has also emphasized that, if
good results are to be obtained, the ballcon should be kept at a pressure
that prevents bleeding for at least 72 hr and should remain in position for
24 hr. after the balloon is deflated That constant vigilance is required as
long as the balloon is in place cannot be overstressed. In some cases of esopha-
geal hemorrhage an emergency transesophageal suturing of the ruptured
varices has been recommended {14) Other emergency eperahons which
have been advocated include subcardiac porta-azygos di: (15}
and a combined ligation of the hepatic and splenic arteries (16) When the
varices are the result of extrahepatic portal obstruction transesophageal
obliteration of the varices has been advocated by Crile (17) None of these
operative procedures, however, appear entircly satisfactory If bleeding
continues unchecked, coma will rapidly supervene in the majority of cases
of cirrhosis of the liver, and the operative mortality will become prohibitively
high. In rare cases recurrence of esophageal blecding follows the gradual
release of the pressure within the esophageal balloon, Provided the patient
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ith d

can a surgical ion, an gency portacaval shunt, per-
{ormed with a balloon still in place, is probably the treatment of choice.

Portal pressure—In recent years increasing attention has been paid to
the consideration and estimation of the degree of portal hypertension in
patients suffering from cirrhosis of the liver As a result of the work of
Valwiler and others (18, 19}, it has become abundantly clear that, although
elevation of the portal pressure alone will not cause ascites, the localization
of fluid within the peritoneal cavity is directly related to the height of the
portal pressure.

The estimation of the portal pressure without recourse to surgery has
been attempted in many ways and is evidence of the increased realization
that a reliable estimation of the portal pressure would be of prime importance
in the understanding of the problems of hepatic arrhosis and ascites The
inacessability of the portal vein is the chief obstacle to the measurement of
the portal pressure in intact man, and the various methods which have been
devised to overcome this difficulty testify to the ingenuity and persistence
of the clinical investigator. An early attempt to measure the portal pressure
in intact man was made by Bean and co-workers (20). These workers ob-
served blanchmg oI the mucosal surfaces of the lower bowel, by means of

id when the intraluminal pressure was raised.
Techmcal dlﬂiculnes and the uncertainty of the anatomical communications
of the mucosal vessels have tended to diminish the popularity of this method
in recent years Davidson and his co“eagues (’2&) h:\ve reported the direct
measurement of the pressure in a coll. inal vein, The abdominal
vein is obstructed by digital pressure above the point at which the pressure
is recorded This method, despite its relative simplcity, is not used more
widely because of the uncertainty of the anatomical connections of the ab-
dominal collateral veins.

Another method of some mterest which has recently been developed
for measuring portal pressure is the so-called hepatic occlusion method
(22, 23, 24} Tt is the contention of these groups of workers that occluded
hepatic vein pressure measures hepatic intrasinusoidal pressure which in
turn reflects the portal venous pressure There 1s evidence from work done
on animals in support of this concept since hepatic occlusive pressure and
portal vein pressure measured simultaneously at operation are identical
(25) However, the arculatory dynamies of the human liver are complicated
considerably by 1ts dual blood supply, and there are theoretical objections
to the belief that hepatic occlusive pressure measures true portal pressure.
It is of particular interest, therefore, that such a good correlation between
hepatic occlusive pressure and the pressure in the portal vein found at
operation was observed by Sherlock and co-workers (23) Despite the un-
doubted pragmatic advantages of this method of estimating portal pres-
sure, it carries the distinct dlsadvantage of requiring all the facilities neces-
saty {or hepatic vem catheri To the lexities inherent
in this method the above authors have also used the method of percutaneous
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splenic puncture (26). In this method, a fine lumbar puncture needle 7 cm.
long is inserted between the eighth and ninth intercostal spaces and directed
in a cephalad direction at an angle of 45° to the transverse plane. The
needle tip lies in the splenic pulp which is connected by means of polyethyl-
ene tubing to a strain gauge and the intrasplenic pressure recorded thereon.
Pressures recorded in various parts of the spleen did not differ by more
than 3 mm of mercury, In 14 patients without portal hypertension the in-
trasplenic pressure was found to be 3 to 17 mm. of mercury. In 11 patients
with portal hypertension attributable to cirrhosis of the liver the recorded
pressure was 25.5 mm. of mercury. An extremely good correlation between
occluded hepatic vein pressure and splenic pressure was found. A fall in
intrasplenic pressure of 17 mm. of mercury was observed after a portacaval
anastomosis had been carried out on one patient (26). Fear that serious intra-
abdominal hemorrhage might follow this procedure has so far been ground-
less but the authors point out the necessity of using a fine needle and pro-
hibiting deep respiration by the patient during the procedure As might be
anticipated the intrasplenic pressures recorded in patients with tense ascites
were falsely high. This method of estimating portal pressure has the virtue
of simplicity and, if the safety of the procedure can be confirmed in a large
series of cases, it would seem likely to be used more extensively in the future

Yet another method of estimating portal pressure is based on a knowledge
of the physiological balance which normally exists between the serum and
tissue hydrostatic and osmotic forces According to these principles first
enunciated by Starking in 1896 (27), the portal pressure minus the ascitic
hydrostatic pressure should equal the difference in osmotic pressure between
the serum and ascitic fluid. This difference has been recently used by Giges &
Kunkel {28) to estimate the effective portal pressure in patients with cirrho-
sis of the liver and ascites Although these workers found a poor correlation
between the serum osmotic pressure and the presence of ascites, the osmotic
difference between the serum and ascitic fiuid reflected to some extent the
effective portal pressure However, important limitations of the osmotic pres-
sure method for determination of effecttve portal pressure became apparent
during the study. When the serum osmotic pressure was very low, the ascitic
fluid osmotic pressure was similarly lowered, and when the ascitic fluid os-
mnth pressure was less than 15 mm. of mercury, the osmotlc dlﬁ'erence no

ascitic fluid occurs by way of the lymphatic system (29) This method of esti-
mating the eﬁ'ecnve portal pressure would doubtless be more popular if os-
NS R N U P A4 .
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ducmg consnderable error
A direct approach to the portal vein in intact man has been made by
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Bierman and co-workers (31) who inserted a long needle directly through the
liver substance into a tributary of the portal vein. The needle can be con-
nected to a recording manometer and the portal pressure recorded directly.
Although this procedure is reported to be safe, the technical difficulty of en-
tering a portal tributary and the potential dangers of the method have so {ar
precluded its general adoption. Direct measurement of the venous pressure
within the esophageal varices through an esophagoscope has also been used
by some workers (32, 33) as an index of portal hypertension but has found
little general favor.

In reviewing the many methods that are being currently employed for
the estimation of portal pressure, one is struck by the limitations of the
methods so far devised. Many procedures yield approximations but few,
if any, can combine simplicity and elegance with trustworthy accuracy and,
despite the notable advances already made, one would welcome the arrival
of physiologists, accustomed to dealing with the complex problems of hemo-
dynamics, into this diﬁ’lcult and controversial field.

Splenic portal venography.—The d iation between intrah ic and
extrahepatic nbstrucuon of the portal vein can usually be made cliically,
Although extrah jon may be d, the site and extent

of the obstruction may be obscure, The value of the classic pioneering work
of Moore (34), Child (35), and others, utilizing the injection of radio-opaque
material into the spleen or portal vein to delineate the obstruction dur-
ing I cannot be und i d However, the recent introduc-
tion of splenic portal venography (26, 36 te 40) enables visualization of the
portal system to be undertaken prior to operation. The technique adopted
by most workers differs only in detail. After preliminary infiltrative local an-
esthesia, 20 ce. of 70 per cent of diodone are rapidly injected into the spleen
through an 18 gauge needle. The dure is usually ied by
pain though some patients ol stent nausea. H t of the
spleen has not proved a danger provided a needle not larger than a size 18 is
used Walker (41) has reported an isolated case of hemorrhage which fol-
lowed the use of an ily large needle. Although the leakage of dio-
done into the peritoneal cavity may rarely occur, 1t does not usually cause
recognizable ill effects. Indeed, 20 cc. of 70 per cent diodone has been inad-
vertently injected directly into peritoneal cavity without ill effects(38). Fol-
lowing injection of the radio-opaque material, the dye rapidly leaves the
spleen and the sizes of the splenic and portal veins are revealed In patients
in whom the portal pressure 15 not raised a small filling defect where the
supenor mesenteric vein 1oms the splenic vern is a usual finding In severe

ble to cirrhosis of the liver some reflux of
the dye along the superior mesenteric vein may occor and collateral vessels
are well visualized and indicate some reversal of flow. The portal vein may
appear grossly dilated. When local extrahepatic portal obstruction is present
the radiographic appearances are usually distinctive. Cavernomatous trans-
formation is suggested by a mottled irregular appearance of the splenic or
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portal vein and by delayed filling of the intrahepatic branches. Afthough the
suspected presence of portal hypertension is the main indication far perey-
taneous venography, it also provides a useful method of determining the
patency of a portacaval anastomosis (42). Usually, however, the patency of
a portacaval shunt is obvious clinically or can be determined by less elaborate

hods {43). The determination of the portal circulation time is a simple
method whick is commonly employed When ether vapor is rapidly injected
into the rectum a variable period of time elapses before its presence can be
detected by the patient Following the fit] letion of 2 portacaval
shunt 2 diminution in the portal circulation time js 2 finding which is suffi-
ciently constant to be used as evidence that the shunt is patent {44).

Surgical relief of portal hypertension~The surgical husly-burly which
followed the realization that relief of portal hypertension rould be accomp-
lished by operative means has not yet subsided, and the place of surgery in
the management of patients with cirrhosis of the liver still remains to be de-
termined. Hovwever, as surgical i i and the operative mot-
tality falls the indications far surgical intervention are increasing. The report
of Patek and coworkers in 1948 {45} that 50 per cent of patients who had an
esophageal hemorrhage died within one year after the first bleeding provided
a considerable impetus to surgical endeavor, and hemorrhage from esopha-
geal varices undoubtediy sull remams the angle most important indication
for surgical intervention. Unfortunately, even prompt emergency treatment
for the initial hemorrhage from esophageal varices carries a significant mor-
tality. In one series of 68 cases of circhosis of the liver reported by Meren-
dino & Volwiler (46), 17 per cent of patsents died of the first bemorrhage from
esophageal varices In country districts where ad medical t
may be delayed the mortality 13 unquestionably higher. These considera-
tions have led some warkers (47) to advocate portal decompression in pa-
tients with mild cisrhosts of the liver who have not yet bled from demonstra-
ble esophageal varices

Although operative treatment should preferably be carried out on pa-
tients with minimal disturbances of hepatic function and without ascites, &
recent trend towards relaxing the ngid critena of yesteryear is becoming
evident and complicating ascites 15 no longer a necessary contraindication
to surgical operation (48 to 51) The decision to operate wal depend upon 2
variety of factors If, in additian to asctes, the patient is deeply jaundiced
and has 3 greatly reduced sesura albumin levet, operation {s extremely haz-
ardous. The presence of severe jaundice appears to be a greater contraindica~
tion to operation than the fevel of serum albumn If jaundice is minimal and
the bilirubin is below 5 mg per cent and the serum albumin not groatly de-
creased, surgical tntervention appears justifiable (51) The dangers of sach an
operation should, however, not be considered Iightly and careful selection
of patients is required tf satisfactory results are to be obtained. The finat
decision to operate should depend as much upon a caveful elinical appraisal
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of the patient as upon any one chemlcal abnormnhty. Apart from the im-
mediate p ive mortality di may arise during
convalescence and recovery. A sharp increase in the serum bilirubin which
is unaccompanied by any deterioration in other liver function tests may occur
early in the postoperative period. In some patieats this elevation of bilirubin
persists during convalescence and may become permanent. Dependent ede-
ma of the fegs which at times is severe and incapacitating has been a feature
of some cases This edema is probably more closely refated to the level of the
serum albumin than to any increase in the inferior vena caval pressure. How-
ever, since the operation in these patients is frequently life saving, and the
protuberant dropsical belly frequently disappears, moderate edema of the
1egs is of relatively little import. Another complication of 2 portacaval shunt
in patients with severe cirrhosis of the liver has recently come to light (51).
A few patients may for the first time experience the gradual onset of drowsi-
ness which may progress to deep stupor On other occasions disorientation
and inappropriate behavior are predominant. The duration of these symp-
toms is variable but rarely lasts more than a week Recovery may be as
abrupt as the onset and usually occurs within 48 hr These symptoms are
not classical of hepatic coma and usually occur when the patient has already
weathered the storm of the immediate postoperative period. The cause of
these untoward symptoms is somewhat obscure and alt_hough it is tempting
10 ascribe them, at least in part, to i , such an expl

tion is probably unjustifiably naive Chlortetracycline (aureomycin) has
appeared to terminate the episode prematurely in some cases but, since re-
covery is usually spontaneous, the evaluation of the possible usefulness of
this drug 1s extremely difficult.

Therapy of asestes —The most significant development in the treatment
of the massive abdominal fluid found in the great majorty of patients with
severe crrrhosis continues to be the use of low sodium diets (52, 53, 54).
Restriction of dietary sodium to approximately 17 m eq per day has proven
of definite value m preventing the further accumulation of ascitic fluid. The
fluid is not eliminated but the amount that 1s formed can be well-controlled,
thus ing frequent and the i§ drain of body pro-
tein and other nutrients The profound vascular alterations of paracenteses
themselves have also received recent emphasis (53). The ability of patients
with cirrhosis to tolerate extreme sodium restriction for long periods of time
without 1ll effects has now been demonstrated The classical “low salt syn-
drome” is rarely encountered In the series of cases studied by Eisenmenger
and associates (52) two patients out of a group of 25 developed evidence of
tovic symptoms which were readily reversed by a return to a higher sodium
intake Associated renal disease appears to augment these toxic symptoms.
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the eventual general improvement of these patients. Diets containing as
much as 150 gm. of protein per day have been tolerated by many of these pa-
tients for prolonged periods.

There is little evidence that the sodium restriction per se is beneficial to
the cirrhotic liver. The eventual improvement of certain of these patients is
primarily the result of 2 good diet. Early beneficial effects can be most readily
detected by the appearance of an increased sodium excretion in the urine
(52). The use of mercurial diuretics may be of some benefit, particularly in
those patients who are excreting significant amounts of sodium. Ammonium
chloride, although it has been shown to produce symptoms of hepatic coma
sometimes(55),does not appear to be contraindicated when used with caution.

The new diuretic, acetazoleamide (Diamox: 2-acetylamino-1,3,4-thia-
diazole-5-sulfonamide), has attracted considerable attention recently and has
been tested in patients with cirrhosis by a number of workers (56, 57). Thus
far only limited success has been achieved. The patients with a strong tend-
ency to form ascites and very little sodium in the urine are usually refrac-
tory to Diamox. Toxic symptoms of drowsiness and irrational behavior have
been noted in some of these individuals (57). Certain patients with a some-
what lesser tendency to form ascites may be benefited by Diamox. In the
authors’ experience, patients who have shown some response to dietary ther-
apy or whose portal pressure has been reduced by means of a portacaval
shunt have been benefited to some degree by this further therapeutic supple-
ment,

In some instances albumin injections also produce an increase in urinary
sodium and a decrease in ascttes {19) and here again this occurs primanly in
patients with relatively low portal pressure and only a moderate tendency
to form ascitic fluid. This is particularly true for certain young individuals
in whom very low serum albumin levels appear to play 2 mote dominant role
in the mechanism of the ascites Albumin injections are of little benefit in the
ordinary patient with very low levels of sodium in the urine and a great tend-
ency to form ascites.

Despite considerable progress in the dietary therapy of patients with cir-
rhosis and ascites, a significant percentage of patients are still encountered
who remain refractory to treatment and continue to form ascites despite
long periods of adequate food intake while on a low sodium diet. Surgical re-
lief of the portal hypertension by means of a portacaval anastomosis should
be strongly considered in these individuals, Although certain early observa-
tions (48, 57) suggested a beneficial effect of this operation on ascites, most
surgeons have reserved this operation for patients suffering from esophageal
hemorrhages Recently Eisenmenger & Nickel (51) have reinvestigated this
problem and found definite indications of relief of ascites in certain individ-
uals Their experience indicates, however, that many factors must be con-
sidered in each individual patient The most common complication encount-
ered has been episodes of mental stupor similar to those described by McDer-
mott & Adams (58)
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Hepatic coma.—Hepatic coma has been produced experimentally in dogs
by graded ischemia of the liver (59 to 62). The operation, as performed by
Rappaport (61), is usually carried out in two stages The first stage is per-
formed by the ligation of the portal vein in the hepatoduodenal ligament and
the constructioit of a portacaval anastomosis, The second stage carried out
24to 48 hr. later consists of hgatmn of the hepauc artery. Carel’ul postopera-
tive care, including the d of and glu-
cose, is needed if the animals are to survive. \Widespread centrilobular necro-
sisis a characteristic finding in those dogs who survive the operation Follow-
mg the operations the dogs exhubit symptoms and signs similar to thosc found
in cases of typical hepatic coma in 1
and jaundice are common Deep coma with muscular rigidity :md oceasional
twitchings are also observed Abnormal electroencephalograms have been
recorded (61) Hepatic fetor, though not found in dogs with classical coma,
was occasionally observed in animals with chronic ischemia of the liver.

The pature of the elusive sub ible for the ch i
hepatic fetor has been investigated by workers in the Mayo Clinic for many
years, and although the precise nature of the material has not yet been de-
termined, some extremely interesting observations have been made (63). In
several instances hepatic fetor has been noted in patients in whom hver in-
jury could not be detected. The characteristic odor has been noted in the
urine of control subjects as well as in the urine obtained from patients with
liver disease. It has also been observed that the fetor may disappear after a
large bowel movement or after the admimstration of an enema (64). Steriliza-
tion of the bile by administration of antibictics, however, does not alter the
degree of hepatic fetor, The most recent evidence suggests that the fetor may
be attributable to a tertiary amine having five or more carbon atoms (63).

Ammonia metabolism and hepatic coma —Although much has been learned
about hepatic coma since it was first clearly recognized in the middle of
the last century, the precise pathogenesis of the condition remains as ob-
scure as ever. The reason for the well-known observations that a small hemor-
rhage or an infection will precipitate an episode of coma in a previously com-
pensated cirrhotic, is also incompletely understood

Kirk 1n 1936 (65) was the first person to investigate ammonia metabolism
in liver disease 1n a systematic fashion He found an increased blood ammonia
level in 82 per cent of patients suffering from cirrhosis of the liver and con-
cluded that the rise in blood ammonia was a result of the presence of the por-
tal collateral circulation which permitted portal venous blood contaming a
high ammonia content to reach the peripheral circulation without first pass-
ing through the liver Renewal of interest :n ammonia metabolism in lver
disease has stemmed from a number of recent observations The use of cation
exchange resins in the control of various edematous states has lead to its
trial in patients wath cirrhosis of the liver and ascites (66). Although in some
cases a dimmution in the formation of ascites followed the administration of
resins, disturbing toxic symptoms were soon observed In an early report by
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Gabuzda ¢t al. (67) 6 out of 8 cases of cirrbosis of the hver who received am-

monia resins developed drowsi apathy, fusion, and a coarse flap-
ping tremor, The clinical diti dered by the admini ion of these
resins was indistinguishable from sp hepatic coma oceurring in pa-

tients with eirrhosis. Since this syndrome did not occur in patients given
potassium or hydrogen resins, it seemed possible that the symptoms were re-
lated to the ammonia molety of the resins. Further work (55, 68) confirmed
the toxicity of the ammonia resins when given to patients with cirrhosis of
the liver, and it was suggested that the toxic symptoms might be selated to
an elevated bleod ia. The lation, however, was insufficient for
these authors to consider that a causal relationship had been frmly estab-
lished between an elevated blood logi

and the t symp

McDermott (58) has recently reported an instance where during the
course of pancreaticoduodenectomy in a patient suffering from a carcinoma
of the pancreas it became necessary to sesect the portel vein and to join the
superior mesenteric vein to the side of the mferior vena cava. An Eck fistula
in a patient with a normal hepatic function was thus performed. Postopera-
tively this patient developed attacks of confusion, stupor, and oceasional epi-
sodes of coma. These attacks were transitory in nature and left no neurclogi-
cat 3 ! hat taken during the heights of the coma
were found to be dentical with those ded in patients exhibiting typical
hepatic cama 1t was observed that these attacks which occurred spontane~
ously could also be induced by the i jon of ia fon i
resins, ammonium chloride, or a diet containing a high protem content. Al
though the onset of the symptoms was correlated with a sharp rise in the
levels of ammoma 1n the peripheral blood, the mental disturbances of the pa-
tient persisted after the ammonia fevels had returned to normat, The good
correlation between the mental disturbances and the blood ammonia in this
case is in contrast to the finding reported shove,

Traeger and co-workers (68) have utihzed ammona tolerance tests to
ir gate the bolism in pattents with cirrhosis of the liver.
Patients with circhosis without nesrological complications exhibited blood
ammonia levels that were distinctly higher than those found ia normal con~
trals Moreover, therisein blood amumonia {ollowing the ingestionof a stand-
ard dose of ammonium chioride was greater 1 patients with cirrhesis of the
fiver than s normal subjects A study of ammonia metabolism 1n patients
with cirrhasis of the liver has also been made by Ruddell & McDermott (69).
Although a high blood ammonia was reported bothin patients with mild cirr-
hosts and in patients in a precomatose condition, aTdliin tlood ammonia wa
not regularly jated with clinical impr nor with d; in
the depth of the comatose condition. i 3

Recently Walshe has fuily summarized the disturbances in amimg acid
metabolismn in two excellent seviews (70, 71) Glutamme was found to be the
chief minhydrin positive substance 1 the spinal fluid of patsents suffering
from hepatic coma. In addition, a reversal of the narmal plasma alanine
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glutamine ratio was observed Plasma glutamine has been determined in
normal subjects and patients with cirrhosis of the liver by the use of thespecif-
ic glutaminase obtained from Clostridium welchii by Seegmuller and co-
workers {72). The plasma glutamine concentration was found to be the same
in both groups. Moreover, no correlation between the plasma glutamine level
and the neurological state of the patxents could be elicited. Increasing the
blood ia conc by an infusion of ammonium
chloride likewise did not alter the plasma glutamine concentration. It is rele-
vant in this connection to note that, although an mcreased glutamme content
of the brain, muscle, and plasma is y found in d dogs,
the plasma glutamine does not reflect the concentratmn of glutamine in the
brain (73). An increase in the glutamic acid content of the cerebrospinal
fluid in some patients with cirrhosis of the liver has been reported by Walshe
(70), who has also postulated that hepatic coma may be related to a failure
of the normal, ammonia binding mechanism of the brain and, as a conse-
quence, glutamic acid can no longer combine with ammonia to form gluta-
mine, In a preliminary communication, Walshe (74) reported encouraging
results in the use of glutamic acid administered to patients with cirrhosis of
the liver with hepatic coma. Five episodes of coma occurring in three pa-
tients with cirrhosis of the liver were each treated with 23 grams of sodium
glutamate On each occasion a return of consciousness followed the adminis-
tration of the drug Riddell & McDermott (69) treated 11 cases of hepatic
coma with sodium glutamate, six of whom improved while on therapy A
good response has also been reported by other workers (75) Singh, Barclay &
Cooke (76), however, adminstered sodium glutamate to four patients with
bepatic coma without noticeable improvement Other workers, mcluding the
present. authors, have also failed to observe improvement in hepatic coma
following the ion of gh ic acid (77, 78) Rappaport et al (61)
infused glutamic acid into the carotid arteries of two dogs in whom liver in-
sufficiency had been produced it y, and, althongh the gt i
acid in the cerebral circulatory bed was raised 20 times the normal value, the
animals showed no clinical imp: It must be luded from a survey
of recent literature that 1deal treatment for hepatic coma is an extremely con-
troversial subject, and it 1s hazardous at this juncture to bedeck glutamic
acid with the capricious garland of therapeutic success

The neurological aspects of hepatic coma have been greatly clarified as a
result of the work of Adams and co-workers (79, 80, 81). The most character-
istic early symptoms of impending coma found by these workers were confu-
sion and an nsidious reduction of awareness As coma supervened, confusion

d to extreme d . stupor, and eventual unconsciousness
Concnmltant with the change in the level of consciousness, striking spontane-
ous of the hed arms were ob-

served, and usualty consisted of rapid, irregular, alternate, lateral deviations
of the fingers and flexion-extension movements of the fingers and wrists.
Electromyographic analysis revealed a consistent pattern of abnormality.
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Rigidity of the limbs and dysarthria were {requent findings in cases of ex-
treme severity. Extensor plantar responses were often found when deep coma
was present. Patients in hepatic coma were found to have a consistently ab-
normal electroencephalogram which was characterized by paroxysms of bi-
lateral, slow, synchronous, delta waves superimposed on a background of rel-
atively normal alpha activity. Diffuse hyperplasia of protoplasmic astrocytes
with little change {n parenchymal structures were found to be the usual neur-
opathalogical findings. These changes have also been noted by Stadler (82)
and Cammermeyer (83). In direct contrast to these findings severe parenchy-
mal changes without astrocytic proliferation have been a feature of the cit-
rhotic patients studied by Baker (84). It is possible that the discrepancy in
the findings of these two groups may be attnibutable to the fallibility of com-
parting groups of cirrhotic patients without due regard to their etiological
bas'st

logical ife i ofad ic and bizarre nature may occur
in patients with Wllson s disease. Transient hemlparesns and nystagmus are
not disoti ion, and h: jons may usher in
frank convu!smns and coma. The devel of these symp is not

correlated with hepatic decompensation and has been seen in patients with
negligible hepatic dysfunction. Recovery with no neurolagxcal sequelae is the
rule, a!thcugh relapses are Periods of for some
weeks are not incompatible with complete recovery from the comatose condi-
tion (85).

Acute ViraL Hepatitis

Length of Bed Rest.—The critical assessment of tried and honored rem-
edies 1s one of the hallmarks of the modern approach to practical therapeu-
tics It has always been an accepted tenet of treatment that patients with
viral hepatitis should be confined to bed for a cousiderable period of time.
‘The observation of Bradley (86) that the adoption of the upright posture re-
sults in a dimmution of blood flow through the liver is often quoted (7) as
evidence in favor of the desirability of such a regimen. However, a recent in-
vestigation carried out on United States troopsin Germany and Korea hasre-
sulted in doubt of the importance of bed rest in the treatment of acute
hepatitis (87). The advice jssued by the Committee on Hepatitis of the Com-
mission of Liver Diseases of the Armed Forces Epidemiological Board (88)
is that patients suffering {rom acute viral hepatitis should be confined to hed
only in the easly acute stages of the disease and that, regardless of the degree
of jaundice, as soon as the patient begins to feel well, confinement to bed is
1o longer indicated When the serum bilirubin has remained 1 5 mg, per cent
ot lower for one week and bromsulfalein retention less than 6 per cent at 45
min for a similar period of time, itis ﬁfnhei rccomm?ﬂded '(l\at the patients
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point of view should probably be modified in elderly persons and in civilians
in whom rapid convalescence is not so essential. The frequent occurrence of
relapses during convalescence, particularly after unusual exertion (89) with
ensuing prolonged pertods of re-elevation of the bromsulfalein test (90),
should instill an attitude of caution in the therapy of this condition which is
known occasionally to develop into a chronic stage Prolonged convalescence
is, however, undesirable once the patient is clinically and biochemically im-
proved. Failure to return to work may precipitate an all too common iatro-
genic posthepatitis syndrome

Diet—A recent investigation has also been carried out on United States
Army troops to assess the importance of a nutritious diet in the therapy of
acute viral hepatitis. The mean duration of the acute illness was used as one
of the criteria in assessing the efficiency of any particular dietary regimen.
The shortest duration of the acute illness was noted in those patients who
were placed on a high proten diet in which the protein accounted for 19 per
cent of the total calories Noincreased benefit was obtained in those patients
placed on a diet of 4000 calostes per day compared with those on 3000 per
day (91) It was of interest that incidence of early relapses appeared to be
the same in both groups studied. These findings are 1n contrast to those of
Leone et al (92) who found that patients placed on a high protein, high car-
bohydrate, low fat diet containing 200 gm of protein, 75 gm of fat, and 600
gm. of carbohydrate were benefited less than those placed on an ad libitum
diet Although certain dangers of an excessively high protern intake in pa-
tients severely ill with b is and in a have been
emphasized by Phillips and co-workers (55}, such a diet is not contraind:-
cated in the usual case of hepatitis and cirrhosis That recovery from an acute
attack of hepatitis can occur despite severe undernutrition and hypoprotein-
emia is illustrated by the recent report of Dible and co-workers (93).

Drugs —The use of drugs such as chlortetracycline, ACTH, and cortisone
should be considered only when patients with hepatitis fail to make the usual
expected rapid recovery Chlortetracycline in a dose of 200 to 500 mg. four
times daily has been reported to aid 1n recovery (94). It should be recalled,
however, that excesstvely large doses of chlortetracycline can cause hver
damage (95) A maximum of 1 gm of chlortetracycline intravenously, or 2
gm, orally 1s recommended (96). Considerably more work, however, is needed
to establish the place of chlortetracycline in acute viral hepatitis. Similarly,
the place of ACTH and cortisone in cases of acute viral hepatitis requires
further mvestigation It is generally agreed, however, that the adminis-
tration of both ACTH and cortisone will result in a prompt and dramatic
fall in serum bilirubin when administered to pattents with acute viral
hepatitis. In one group studied (97, 98, 99) the administration of ACTH
early 1n the disease was associated with a greater tendency to relapse than
when given later In a control group of 220 patients not given ACTH no
relapses were recorded The possibility that the group given ACTH therapy
were more closely observed than the untreated cases must be considered,
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particularly in the light of the high incidence of relapses in untreated patients
reported by others (90}, Another serjes of patients treated with cortisone also
showed a more rapid fall in serum bilirubin than control subjects and pa-
tients given ACTH. Relapses, however, occurred in three patients receiving
cortisone whereas no relapses occurred in the control subjects (98). ACTH
and cortisone were also used in 11 cases of severe viral hepatitis, six of whom
had a fulminant course with coma. \While temporary improvement resufted
in some of the cases, all six patients in hepatic coma died and no significant
improvement was noted in the rest (99). However, Ducci & Katz (100) re-
ported two consecutive cases of fulminant hepatitis and coma who responded
dramatically to treatment with massive doses of cartisone, Gccasionat dra-
matic instances of recovery of patients in hepatic coma as a result of viral
hepatitis following the administration of cortisone have also been seen by the
authors of this review In summary, the blithe and indiscriminant dispensing
of ACTH and cortisone in the average case of viral hepatitis is to be strongly
condemned, and these drugs shauld be reserved {or those patients in whom
progressive hepatic destruction and coma rapidly supervene,

Sreciar Tyres ofF Liver Disgase

Biliary cirrhosis —The classification of biliary cirrhosis into primary and
secondary groups is now widely accepted (101, 102). The primary type has
attracted the most interest and results irom a variety of pathological proc-
esses within the liver giving rise to the signs of biliary ebstruction: high
bilirubin Jevels with relatively normal general liver function, high alkaline
phasphatase, and high serum lipids and, pamcularly, the phusphohplds
Hemochromatosis, infectious 1 itis, and is have been
implicated as causative agents in a small percentage of cases of primary bll{-
ary cirrhosis (103, 104, 105) However, the great majority of cases in this
group are of unknown etiology. Although the possibility that different and
undefined etiological factors may be respons:bl: for the biliary c\rrhosxs m
these patients cannot be ruled out, i d has
indicating that they may be grouped together as a single syndrome. The ex-
tremely high female incidence suggests a common etiology. The great major-
ity of patients with biliary xanthomatous fall 1nto this category and the pres-
ence or absence of xanthoma has been correlated with the height and dura-
tion of the serum lipids (101). The unique dxsmbunon of serum lipids wnh

predominant elevation o( {ree hol ol and ph ds 13 1c
PR ¥ oo el bl a3l any
that methyl has b d certain of these patients However,

this agent causes an increase in jaundice 1 these individuals and should be
emp)oyed with special care, Portal hypertension and esophageal hemorrhages
late lication 1n this disease which may be alleviated
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by portacaval anastomosis. Despite the fact that these patients may live for
as long as 15 years after the onset of their illness, the disease takes a malig-
nant course and eventually leads to death.

Cirrhosis in young females.—An unusual incidence of cirrhosis of unknown
etiology in young females has been observed for a number of years (107,
108) Of a group of 26 patients below the age of 25 with cirrhosis of the liver
encountered routinely in the authors’ laboratory over a five-year period, 19
were females and 7 were males. Of the 7 males, 4 gave a suggestive history of
infectious hepatitis, two were found to have Wilson’s disease and only one
case was classified as being of unknown etiology. In the female group, how-
ever, only three gave a suggestive history of infectious hepatitis; in the re-
maining 16 no etiology was apparent. There was no clear-cut evidence of
dietary deficiency, unusual alcoholic intake, or exposure to toxic agents It
appeared that there was an overwhelming female incidence of cirrhosis of
unknown etiology 1n this young age group.

In the majority of cases the first manifestations of disease develop close
to the age of puberty and amenorrhea is a common early symptom. Jaundice
is a relatively late if ion and is d with signs and symp!
of cirrhosis of the liver rather than an acute hepatitis Maniflestations of
Cushing’s sy ndrome occur in some of the patients and increased excretion of
urinary corticoids has been reported (108). An unusual elevation of the total
protein of the sertm because of markedly increased gamma globulin levels
has also been noted in some of these patients (107). A large accumulation of
plasma cells in the liver of the latter cases has been observed. The presence
of a severe rheumatoid type of arthritis associated with the liver disease has
also been found 1 a number of these young females Others of this group
show no unusual mamfestations except those of severe progressive cirrhosis

The etiology of the cirrhosis in these young girls remains obscure. The
possibility that the virus of infectious hepatits is the causative agent produc-
ing an unusual and chromie type of disease under specific endocrine influences
which exist 1n these young females must be considered On the other hand,
the generalized manifestations of the disease 1n certain individuals some-
times involving the joints, the pericardium, and the lungs in addstion to the
Iiver suggest the possibility of a disease like lupus erythematosus.

Hemochromatosis —Although the precise pathogenesis of hemochromato-
sis remains obscure, current work continutes to shed light on this interesting
disease. The occurrence of severe pain in patients with hemochromatosis is
now well-recognized (109 to 112) In a series of 30 cases described by Mar-
ble & Bailey (110) abdominal discomfort was present in 11 (37 7 per cent).
In some cases the pain may be sufficiently severe that it may mimic an acute
abdominal catastrophe The incidence of primary carcinoma of the liver is
higher 1n patients with hemochromatosts than in classical Laennec's cirrho-
sis In three separate series of cases of hemochromatosts recently reported the
incidence of carcinoma was found to be about 20 per cent (110, 112, 113).
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Cardiac irregularities, heart failure, and sudden death are frequent late com-
plications of the disease and are usually assoclated with deposition of fron in
the myocardium (114).

Although the iron binding protein is completely saturated in hemochrom-
atosis, the serum iron level is usually normal or slightly increased. Aa in-
creased level of serum iron has been reported 1n some pattents with hemo-
chromatosis immediately prior to death (115, 116, 117). In these cases the
high level of serum iron is usually ascribed to sudden necrobiosis of liver tis-
sue with release of iron into the circulation, an explanation which has also
been advanced to explain the finding of an increased serum iron in patients
with acute hepatitis (118). However, Howard and co-workers (116) have re-
ported a patient with hemochromatosis who was not in the terminal stages
of the disease who had a serum iron that varied between 7000 ug per cent and
8000 pg per cent (normal range 70 to 150 pg per cent). This value was first
noted 45 months after venesection was begun and at a time when the pa-
tient felt extremely well and experienced no tovic symptoms The authors
suggest, as a hypothesis, that, although hemoglobin synthesis was rapid, it
was nevertheless unable to keep pace with the rapid mobilization of the iron

stores
The th ic value of d ion in hemochr is has
become well-established Ina recent series of 15 cases so treated, 11 showed a

1 siderosis

v (119). The disti between
and classical hemochromatosis has been the subject of a careful and critical
study by Kleckner e ol. (111} Despite the many reports in the literature
of cases of hemochromatosis secondary to multiple blood transfusions (120,
121, 122) these workers consider that the two conditions should be regarded
as separate and distinct entities.

Walson's disease —This rare disease which combines cirrhosis of the liver,
fenticular degeneration, and Kayser Fleischer rings has received considerable
attention from a number of investigators in recent years It has become clear
that the disease is inherited in a recessive fashion (123) and is associated with
disturbances of copper and amino acid metabolism (124 to 128). Characteris-
tically, a deficiency of ceruloplasmin, the copper carrying protetn of serum,
a striking decrease in the total serum copper concentration and an increased
urinary excretion of copper are present Although the plasma amino acid
level is normal, the unmary excretion of amino acids is markedly increased
except in the earhest stages of the disease (129) Copper content of the tis-
sues, particularly of the liver, brain (125), and kidneys (130), 1s greatly in-
creased

Since the liver contains excessive quantities of copper, 1t is often assumed

- . PR . P

the excessive hepatic deposition of copper are unrelated should not be sum-
marily dismissed.
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The hypothesis that the urinary loss of amino acids could produce an
amino acid deficiency and thus hepatic cirrhosis is attractive but untenable.
The slgmﬁc;\nce of the aminoaciduria in Wilson's dlsease and its relanonshlp
to iduria ing in other inherited di ingly dis-
cussed in a recent paper by Dent (131).

The diagnosis of Wilson's disease is usually seldom in serious doubt when
hepatic and cerebral symptoms are both presenh However, since occasiona]ly
hepatic cirrhosis may be the only lity, the d i
Wilson's disease should be suspected, in order that it may be excluded, in a]l
cases of juvemle cirrhosis.
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DISEASES OF THE CARDIOVASCULAR
SYSTEM (SURGERY)!

By James V. MALONEY, JR. AXD ALFRED BLALOCK
Department of Surgery of Johns Hopkins University, Johns Hopkins Hospital,
Baltimore, Maryland

The progressin the field of cardiovascular surgery during the past several
years has made it one of the fastest growing interests in general surgery.
Ttis an interesting fact that much of the fundamental information which has
permitted the recent advances in this field has becn available to the medrcal
profession for several decades Thisinformation, plus the development of new
concepts and of suitable instruments with which to carry them out, is re-
sponsible for much of the progress

Those who have developed new surgical methods in the treatment of
mitral valvular disease, saccular aneurysms, and arteriosclerotic aneurysms
have credited surgeons of 30 to 50 years ago with having made the first
major contributions in the field. Souttar (1), an English surgeon, first digit-
ally dilated the mitral valve of a patient with mitral stenosis in 1925. De-
spite a successful operation which resulted in symptomatic relief, Souttar
was not referred further cases by his medical colleagues Although Carrel
(2) and Guthrie (3) in the early part of this century reported the successful

i 1 use of arterial h fts, it was not until the work of Gross,
Bill & Peirce (4) in 1949 that the method was shown to be technically feasible
and useful in man. The Starling isolated heart-lung preparation has been used
by physiologists since the turn of the century Only recently have the prin-
ciples involved in this physiclogic experiment been applied in an attempt to
produce a temporary bypass of a patient’s heart and lungs for the perform-
ance of cardiac surgery. Tuffier (5} in 1902 reported the successful treatment
of a saccular aneurysm of the ascending aorta, and the technical method he
employed was very little different from that used today Tuffier's error was
a failure to remove the devitalized aneurysmal sac which presumably became
infected and resulted in secondary hemorrhage.

The purpose of the present review is to select certain aspects of cardio-
vascular surgery which have been of particular interest to the writers, to out-
line recent advances, to indicate the present status of therapy, and to at-
tempt to predict future developments Advantage will be taken of a re-
viewer's right to comment candidly, speculate freely, and present personal
opinion without support of objective data We shall deal first with supportive
aids in cardiovascular surgery with particular reference to the artificial heart-

1 The survey of iterature pertaining to this review covers many but not all con-
tributions published 1n the period since the preceding surgical review of the cardio-
vascular system (July, 1949 to June, 1954) The abbreviation ef al. 15 used reluctantly
when more than three authors’ names appear on a paper.
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tung machines, to the controlled cross-circutation, to hypothermia, and to
arterial homografts. Following this, we shall consider some of the specific
cardiovascular lesions in the treatment of which progress has been made

SuppORTING A1ps 1¥ CARDIOVASCULAR SURGERY

Heart-lung mackines —As cardiac surgery has developed, the surgeon has
become more and mose aware of the impediment offered by the necessity of
his working blindly within the chambers of the heart. It has been a logical
effort, therefore, to attempt to create a bloodtess intracardiac operating fiefd
so that corrective surgery might be carned out with greater feisure, accuracy,
and salety. Attempts to produce such a bloodless field have been the twa
types' (a) a simple pump to substitute for the function of either the right
or the left ventricle, or the simultaneous use of two such pumps, the individ-
ual's lungs being used tn site to oxygenate the venous blood; () the pump-

y which sub i for the normal cardiosespiratory
mechamsm. Pumps of the Arst type have been ysed with considerable suc-
cess in experimental ammals {Wesolowsk: and co-warkers {6); Clowes (7);
Southworth ¢£ al., (8)] The obvious hmitation of this approach is that many
congemtal cardiac condstions whch require surgical treatment have auricular
or ventricular septal defects The presence of such a defect requires a total
bypass of the heart 1f a bloodless field is to be achieved

The first work of Dr John H, Gibbon, Jr on the artificial maintenance of
the cxrculanon with a pump~oxygenator was reported in 1939 (9). The

H work of this in over the past 15 vears on the techaical
problems of the heart-lung machine, and his co-operation with other workers,
are in large measure responsible for recent rapid advances Gibban's early
expersments showed that 4 min of pulmonary artery occlusion in an attempt
to obtain a bloodless heart produced trreparable peurologic damage, and 10
min. oeclusion produced death Employing tus early heart-Jung machine, he
was able to repart the first prolonged survival of ammals following total
mechameal bypass, using a pump and oxygenator Employmng stmilar ma-
chines, a number of investigatars have successfully substituted temporarsly
for the heart and lungs 1n dogs [Miller, Gibbon & Gibban {16}, Jongbloed
(11}, Dennis and co-workess (12); Dodnll, Hm & Gensch (13}, Helmsworth
and co-workers (14)] Although the p is i tiy possible, the
mortality rate 1s lagh enough to preciud d to man

The mechanical oxygenator 15 responsible for many of the difficulties
To expose a quantity of blood equvalent to a normal cardiac output to an
oxygenated here without k {§ ar aw embal 33 a fermidable
task. Some investigators have attempted to circumvent this difficuley by
employing homologous fungs as an oxvgenator {Potts and co-warkers (15);
Mustard, Chute & Simmons (16}, Mustard & Chute (173, Fischer and co-
workers (18), Wesolowski, Fisher & Welch (191 Weslowosks, Fisher &
Welch (19) have obtained five ive survivals foll total subststy-
tion for the heart and lungs of dogs over a pertod of 2 br Goltan and co-
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workers (20, 21) have reported the use of hy pothermia in conjunction witha
pump-oxygenator to reduce cardiac output requirements of the mechanical
system. These investigators report the survival of 15 consecutive animals
following a 1 hr. by pass (21).

Until the present time only 2 {ew attempts have been made to perform
cardiac surgery in man with the help of such an artificial circulation. Dennis
and co-workers {12) have reported an unsuccessful attempt to close an atrial
septal defect. Failure was attributed to excess citrate in the transfusions
which were required to replace a large and unanticipated blood loss. Dodrill,
Hill & Gerisch (22) have reported a successful left ventricular bypass. The
superior pulmonary vein and the subclavian artery were canaulated and
blood was diverted from the region of the mitral valve at a rate of 4} liters
per min for a total time of 50 min. It had been planned to attempt surgical
repair of an insufficient mitral valve, but technical difficulties prevented the
carrying out of the procedure. More recently, Dodrill (23) has reported sev-
eral isolated right- and left-sided bypasses as well as a bilateral bypass in
an 18 year old gurl with pulmonic stenosis The latter patient was carried on
an artificial heart for 35 min, Death occurred on the fourth day as a result of
atelectasis and brain damage. Gibbon (24) has successfully closed an atrial
septal defect employing total substitution for the heart and lungs.

Although it has been di d to be technically feasible to make use
of 2 mechanical substitute for the heart and lungs in man, the development,
of this technic has not reached the point where it may be considered a gen-
erally t d Physiologic probl: cf d with hemolysis,
regulation of blood flow and volume, shock, and air embolism are not totally
solved and are major causes of death. The high mortality associated with
the procedure would seem to liout its use, at least for the preseat, to cardiac
defects which cannot be corrected by other means and which are likely to
lead to the patient’s death at an early time It would not seem justifiable to
employ such machines to perform surgery for conditions such as mitral
stenosts and pulmonic stenosis for which the present procedures, although
natideal, are y and have a low aperative mortality. It seerns Rkely,
however, thatin the near future heart-lung substitution will permit the treat-

ment of ventricular septal defects as well as other anomalies for which at
present there are no satisfactory methods of therapy.

Controlled latis S 1 in: have used cross-circu-
lation to permut surgery on the open heart By connectiag the asterfal system.
of a donor animal to that of the recipient animal, the heart and lungs of the

former can be made to perfuse the peripheral tissues of both animals. It is

RSN T P

were regularly able to obtain survival in dogs by use of an improved proce-
dure These investigators found that  high donor mortality could be avoided
by placing a controlling pump between the circulation of the two animals.
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Such a pump tegulates the cross-circufation and maintains constant the
bfood volume of each subject. The recipient animal works at a reduced pe-
ripheral blood flow, which,however, is adeguate to maintain life. This technic
has been employed in man by Warden and associates (27), although the
details and results are not as yet availahle in the scientific literature There
are theoretical objections to the use of the donor circulation method. The
procedure is not without danger to the donor and some difficuflt emotional
and ethical probl may be d in ob ing a donor for a patient
who requires intracardiac surgery.

Hypothermia.~The use of reduced body temperatures as an adjunct to
cardiac surgery has been stimulated by the work of Bigelow (28 to 31) and
Boerema (32) and their associates The fact that man can survive prolonged
periods of hypothermia was apparent from the survival of an occasional
patient exposed accidentally to prolonged cold. Physiologists have long
known that there is a reduction in body oxygen consumption of about 7 per
cent for each degree centigrade that the body temperature is fowered There
are two applications of this observation to cardiac surgery: (o) in a state of
reduced metabolism it is possible to carry out a more prolonged interruption
of the circulation without producing neurologic damaze, (b) body cooling
can be used to reduce the oxygen requi of 1s under-
going surgery. Relatively minor degrees of cooling have usually been em-
ployed for this latter purpose.

The use of the circulatory interruption technique under hypothermia
has been the subject of vigorous investigative effort in a number of clinics,
and already there are many case reporta of its successfnl use. Cooling of the

idual is lished by ion in cold water, packing in
ice, wrapping in a circulating ice water blanket, by passing arterial blood
throngh cooling coils, or by irrgating the open chest with cold saline solution.
The operative technique consists of occlusion of the superior and inferior
vena cavae, myatardotomy, performance of corrective surgery, closure of
the heart incision, and restoration of the circulation Rewarming is acceler-
ated by lmmersmg the subject in warm water or by the use of a radiofre-
quency induction codl, as described by Bigelow, Callaghan & Hopps (28).
Early work on animals with this method produced an occasional tong-term
survival, but many animals died of ventricular fibniilation at the time of sur-
gery or of postoperative shock (28). Working with dogs, Cookson, Neptune
& Bailey (33) were able to obtain an 80 per cent survwal rate thh 12 min.
cirenlatory occlusion with the belp of pip Benod: in-
travenous glucose, morphine, atropine, pentothal, d:gltoxm, methoxamine
(Vasoxyl), penicillin, and ACTH.

Ventricular fibrillation during hypothermia has proven to be, in the
hands of most investigators, intractable to the usual electric shock therapy.
Contrary to the experience of other investigators {Swan et al. (34); Zeavin,
Virtue & Swan (35), and the writers], Bailey and associates (36) have found
that electric shoek 3 much more effective in defibrillating the heart during
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hypothermia than at normal temperatures The careful physiologic studies
of Swan and co-workers (37) suggest that alterations in serum potassium,
pH and COz are ible for the I d incidt of icular fibrilla-
tion. These workers have developed a technigue which fishes defibril-
lation of the heart in both animals and man by the injection of potassium.
Although the mortality rate with hypothermia in early experiments was pro-
hibitively high, better results are being achieved as more fundamentat in-
formation is obtained Many groups of investigators have added vatuable
data on the effect of lowered body temperature on cardiac output, blood
pressure, oxygen dissociation, pulse, hematocrit, hemoglobin, and serum
electrolytes (38 to 47).

The major difficulties encountered in the clinical use of hypothermia have
followed closely the pattern numerous investigators have noted in the experi-
mental animal. Bailey and associates (36, 48) encountered an operative mor~
tality of 69 per cent 1n the 16 patients on whom they operated In all fairness,
it should be emphasized that the lesions for which they were operating were
extremely serious ones, for example, their series included a number of cases
of transposition of the great vessels, a lesion which has a very high operative
mortality. They point out that the technique can be justifiably applied only
1o lesions for which there is no other applicable method of therapy Kaplan,
Helmsworth & Clark (49) have reported the use of hypothermia in a series
of infants Seventeen of these children were cooled for diagnostic procedures
such as angiocardiography, aortography, and cardiac catheterization. Nine
infants were cooled for operative procedures which included ligation of a
patent ductus arteriosus and performance of systemic-pulmonary shunts.

The authors Tude that reduction in body 1 children with
severe congenital heart disease considerably reduces the risk attending sur-
gical di and lized i i The mortality associated

with the diagnostic procedures is so low that many (50) feel that physiologic
alterations associated with body cooling would be more dangerous than the
diagnostic procedure itself. It is interesting to note that the young of a spe-
cies tolerate hypothermia better than do adults Early chimical experiences
tend to confirm this observation

Among the best clintcal results that have been acheved with hypothermia
are those of Swan & Zeavin (51) Of their patients operated upon for atrial
septal defects, tetralogy of Fallot, and 1solated pulmonic stenosis, 14 of 16
survived the operative procedure These excellent results may be attributed
1n farge measure to the carefully planned and controfled series of animal
experiments 1n which these investigators studied the fundamental physio-
logic changes associated with hypothermia Lewis & Taufic (52) have alsa
successfully closed atrial septal defects with cireulatory mterruption under
hypothermia

In addition to its use in permitting prolonged interruption of the circula-
tion, hypothermia has been employed as an adjunct to surgery 1a severely
cyanotic children, This cooling is frequently only to the extent of several
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degrees centigrade. Although the t} ical advantage is less, the
motbidity and mortality are also less. Riker (53) has cooled severely cyanotic
children several degrees to improve oxygenation during operation Muller
(54) has also employed hypothermia as an adjunct to surgery without cessa-
tion of circulation in 22 children.

A recent editorial in Lance! (50) lends the following note of caution regard-
ing hypothermia:

horaf,

- ="M~ to the surgical treatment of
his would as yet hardly seem
thout hypothermia in many

thonsands of cases, with so low an smmeliaic sy as to suggest that in most

rases reduction of body temperature may enhance rather than decrease the risk. . . «

In very serious cases where a high operative mortality is ta be expected, there may be

some justification for coaling, but the wish to assess the practical value of this new

method should nat obscure the possibility that there is no real need for it

We think that the ¢ d in this editorial are sound
We have used hypothermia during operations on a few severely cyanotic
infants, Convincing evidence that the results are better than those without
hypothermia has not been obtained We wish to make it clear that we are
referring here to severe reductions in body temperature and not to mild de-
pressions as used by Riker (53) and others Severe hypothermia should not
be used in operations on patients in whom the desired result can be obtained
without 1ts employment
Avtovinl homoorafts ~—There was an mterval o( about 40 years between
~~=€e'nm and jts ap-

no-
<e's

gra[ts followed storage of the artetids supmas o0
solution at 0°C Gross and his co-workers employed a buffered nutrient me-
dium which mamntained the viability of the tissue for several weeks, as dem-
<t en

in obtaining grafts from previously

irage pertod is wasteful of valuable
artenal segments Theretore, severar wnthods have been developed to pro-
long the penod of storage These include preservation by formalnization
{55, 56), quick-freezing (57, 58, 59), or Iyophilization (60, 61, 62). The early
« el af Gross and his co-workers (4) indicated that the demonstration of the

* ' -t~ attribute of the method of
R peared an impressive series
of studies with evidence 10 Uie connime, ©* e & Blades (63) found that
viability had no effect upon the success of the transplant MacPherson and
assocsates (64) found similar results in that under their experimentat condi-
tions the function and fate of the arterial graft had no apparent relationship
to tissue culture viability tested at the time of grafting Deterling, Parshley
& Biount (59) noted, when a compatison of the nutrient and quick-Ireeze
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methods was made, that the degree and type of histopathologic change was
the same. The studies of Pate & Sawyer (65) give evidence to indicate a su-
periority of the Iyophilization over the nutrient medium method Since it
is known that viability does not persist in homografted tissues, it must be
admitted that there is a certain logic to the point of view which maintains
that viability is not necessary for successful arterial homografting, Histo-
logic studies show that the homogralted artery actually serves as an inert
and nonviable blood conduit which is eventually invaded and replaced to a
greater or lesser extent by host tissue [Bellman & Gothman (66); Bencini &
Bellinazzo (67); Mller ¢f al. (68)]. The recent trend, therefore, has been to-
ward the use of nonyiable homografts and inert prosthetic materials such as
Vinyon "N [Voorhees, ]aretzkx & Blakemore (69)].

Although arterial ideal blood vessel replacement and
are indistinguishable from normal arteries following grafting [Miller et al.
(68)], the sacrifice of another artery ol adequate size in clinical cases is ordi-
narily not possible Autogenous vein grafts have been used successfully to
bridge arterial defects in man [Cooke and co-workers (70)] However, long
term follow-up on the experimental use of vein grafts for the replacement of
aortic segments has shown a disturbingly high incidence of dilatation and
aneurysm formation [Schmitz ef al. (71); Nabatoff et al. (72)]

Qur own ! with the Iyophilization, or “freeze-dry"” method, has
been most satisf: y Fo ing the ique of Pate and co-workers (65}
and Hufnagel (73), the fresh arterial segments are placed in glass cylinders,
frozen quickly in carbon dioxide-ether slush, and then lyophilized The dehy-
dration procedure consists of subliming the frozen water in the tissue to the
gaseous state under high vacuum. The grafts are then sealed under vacuum
in the original tubes and stored unt:l needed. Brown and co-workers (62)
found that grafts so prepared show no evidence of deterioration at the end of
two years At the time of use, the grafts are immersed in saline solution for
rehydration, after which they have the appearance of fresh artery. Our clin-
ical experience has been 1n keeping with that of Marrangoni & Cecchini (61)
who found that lyophilized grafts were uniformly successful, at least in the
aorta, provided that no bacterial infection occurred

The studtes of Gentsch, Waters & Glenn (74} are of interest in regard to
the long-term results of homologous aortic grafts These investigators, work-
ing on dogs, produced a hypervolemic-lipid stress by the injection of a lipid
emulsion, thus producing lipemia and elevation of the blood cholesterol.
Compared to the amimal’s normal artery, the homograft showed a fatty in-
filtration and calcification having many of the features of arteriosclerosis
Their study 1s a sobermg reminder that the long term fate of homografts can-
not be predicted on the basis of immediate success.

In our own clinic several dozen freeze-dried grafts have been employed
in the treatment of arteriosclerotic aneurysm In such cases there is httle
concern over the long term results of the graft, since the life expectancy of
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patientsin the fifth, sixth, and seventh decades is not likely to put thelongev-
ity of the graft to a test. We have been considerably more concerned over
the use of homografts in the repair of coarctation of the aorta.

As reported by Sloane (75), we have been able ta accomplish a direct

to-end aortic ly 90 per cent of cases of co-
arctation of the aorta, An addmonal 5 per cent could be treated through the
usual incision with the aid of 2 homograit Recently Grass (76) has reported
grafting 19 of 180 patients, the mawnty of these grafts being placed in the
last 120 cases Gross has hasized the of obtaining a full-sized
aortic lumen and points out the facility with which a graft can be used to
replace a widely resected area of coarctation. How such grafts wil function
after 10 or 15 years is a question which must be answered by time. Certainly
the grafts which were ptaced by Gross, Bill & Peirce {8) more than five years
ago have thus far fully justified the confidence placed in them. Because of
fuestions concerning the ultimate fate of homografts, we prefer an aortic
fumen that is slightly smaller than normal in size to a larger ane that is ob-
tained by the use of a homograft

Weturn now toa deratian of specific cardi far fesions

SpeciFic LEsions

Aneurysms —Since Valisnan’s patient with an abdominal aneurysm was
treated by lancing wn 1719 (77), aneurysm of the aorta has been 2 major
surgical problem At the turn of the century, Tuffier (78) stated that aneu-
rysmsof the aorticarch to be amenable to surgery must be “accessible, isclable,
and icable " Foll a careful and patholagic study of avail-
able specimens, Tuffier planned and carried out the first isolation of an aertic
aneurysm in 1902 Unfortunately, the patient died it the late postoperative
period from secondary hemorrhage. Several other unsuccessful attempts ta
excise aortic aneurysms at about this time diverted surgeons to attempt Jess

hercic {and less definitive) ds of . These methods incinde
proximal Hgation of the involved vessel [Baboock (79}, the insertion ol
heated wire to produce clotting {Blak 8m). ping with !

and reinforcing materials [Cowley & Yeager (81}, «rd many others The re-
sults of all of these bave been disappainting,

The therapy of aprtic aneurysms in the past severa! years has advanced
along two lines depending upon the nature of the lesion, whether syphititic
or artenioscierotic Syphilttic aneurysms are usually saccular in shape, occur
in the thoracic aorta, are likely to erode vital structures, cause severe pain,
occur in middle age, and are assotiated with a life expectancy which may be
measured 1n weeks or months On the other hand, arteriosclerotic aneurysms
are nsually fusiform i shape, are seldom located above the renal arteries,
rarely cause bone erosion, and have a somewhat better prognosis {Bahnson
(s2) -

Although there have been sporadic reports of successful treatment of
saceylar aneurysms, it remained for Bahnson (83) and Cooley & DeBakey
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(84) to establish excisional therapy as the definitive treatment of theselesions.
Bahnson reports the successful excision of the sac and suture of the aorta in
six of eight patients in whom the operation was attempted.
In 1951 Dubost, Allary & Oegonomos (B5) reported the excision of a fusi-
form aneurysm involving the bifurcation of the aorta and replacement with
an aortic homograft. DeBakey & Cooley {86) more recently have reported a
remarkable series of 13 patients (now much larger) treated by resection of
the aneurysm and ion of aortic i ft with only
one postoperative death. This low mortality figure is all the more noteworthy
when it is considered that most of the patients were in the sixth and seventh
decades of life. Bahnson (87) reports a series of 14 patients undergoing exci-
sion and grafting of an arteriosclerotic aneurysm, with only one operative
death.
In summary, excision has been established as a definitive therapy of sac-
cular aneurysms of the thoracic aorta in view of the average life expectancy
of such patients of from six to nine months [K: ier (88)] The indicati,
for surgery in the elderly patients with artenosclerotic aneurysm are some-
what less clear-cut. Estes' figures indicate that, whereas 65 per cent of a
normal population aged 65 survive for eight years, only 10 per cent of those
having abdominal aneurysms survive for a similar period of time (89).
Sixty-three per cent of the patients tn his senes died from rupture of the
aneurysm. The presence of symptoms seems to be the major indication for
operation and the procedure can be carried out with what may be considered
a very acceptable operative risk
Constrictive pericardstis —Holman & Willett (90) have introduced a new
concept in the treatment of constrictive pericarditis by advocating surgical
intervention durning the acute stages of tuberculous pericarditis. The avail-
ability of anti-tuberculosis drugs may bring about a radical change in our
present concepts of the surgical treatment of this disease Holman & Willett
{91) have emphasized the necessity of decorticating not only both ventricles
but the atria and venae cavae as well. On the other hand, Scannell, Myers &
Friedlich (92) find that systemic venous hypertension in this syndrome is
relteved by ventricular decortication without lysis of the right atrium or
great vemns The experimental work of Isaacs, Carter & Haller (93) lends
strong support to the position taken by Scannell and his co-workers. Isaacs
and his assocrates produced localized as well as generalized constriction of afl
parts of the pericardium jn experimental ammals Decortication was then
carried out 1n selected areas and it was demonstrated that the essential
feature of the operation consists of decortication of the ventricles
The writers find that decortication of both ventricles can be performed
satisfactorily 1n patients by exposure through a long left anterolateral
transpleural incision through the fourth interspace with division of the fourth
and fifth costal cartilages. The results are supenor to those obtained when
the exposure was inadequate.

Mutral stenosis —In 1902 Sir Lauder Brunton first appreciated that mi-
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tral stenosis was a mechanicaf fesion which might be attacked surgically (94).
As noted previously, Souttar successfully dilated a stenotic mitral vatve via
the left auricular appendage in 1925. Souttar’s feat was apparently an
anachronism, for his medical colleagues were not yet prepared to refer their
patients for an operation “directly upon the heart.” Such a fruitful lead as
Souttar's would today be vig ly followed by groups of i i the
world over. Under the stimulus of the work of Bailey and of Harken great
advances have recently been made.

The diagnosis of mitral stenosis is hased upon physical signs plus a symp-
tom complex resulting from the elevation of pulmonary venous pressure be-
hind a stenotic mitral valve In the early days of this operative procedure,
cardiac catheterization was an aid in the diagnosis, but, more speciﬁcally,
permmed obyective evaluation of operative results. At the present time it is

y in di 1s except in the unusual cases. The symp-
toms and signs of mural stenosis may consist of cough, dyspnea, hemoptysis
pulmonary congestion, atrial fibrillation, and the characteristic mitral
murmur. There seems to be geneml agreement that a:ute rheumatic activity
and sub fications to opera-
tion. Marked enfargement of the left umd is considered indi of a
severe degree of mitral insufficiency and is thought by most to rule out opera-
tion [Andrus (95); Glover (96)] Intractable rght heart failure and multival-
vular disease are also considered by some to be contraindications to operation
The presence of severe aortic stenosis, farmerly a contraindication to opera-
tion, is now an indication for combined mitral and aortic commissurotomy
{Bailey (97), Glover (96), Johnson et al. (98)] Most surgeons have required
that the predominant mitral lesion be stenosis Commissurotomy can be
carried out with some relicf of symptomsin the presence of a degree of mitral
insufficiency, but the results in this group of patients are not as satisfactory
as in those having pure stenosis. Direct inspection by palpation of the func-
tion of the mitral valve at the time of operation has resulted in a more cau-
tious interpretation of what were once considered infallible auscultatory signs
For example, Glover and associates (99) found pure mitral stenasisin 97 cases,
even thongh } of this number were considered to have nutral insufficiency
on the basis of preoperative auscultation of the heart.

In our experience, commissurotomy can be performed satisfactonly by
finger-fracture or tear 1 approximately 80 per cent of cases. In those in-
stances i which this cannot be accomplished, we usually use a Brock knife
or a Dubost dilator Some surgeons use an instrument rather than the finger
in a much larger proportion of cases

The functional results of the operation are excellent and the operative
risk is Jow. In general, the operative mortality has been between five and
ten per cent [Cooley & DeBakcy (100) Glover (96)]. In most series 75 to
80 per cent of the patients are imp d, as id. by i cxercxse
tolerance, disappearance of dyspnea and orth ion of emb
and disappearance of cough and hemoptysis. Physiologic studies show that
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there i is an increased cardiac output, dccreased pulmonary arterial hyperten-
ston, d pul y vascular and a fall in left atrial pres-
sure [Andms and associates (101, 102); Werko et al. (103)]. The symptomatic
improvement is usually greater than the alteration in the physiologic meas-
urements.

One of the most d it lications of ion is the
of embolism, either from mural thrombi or from calcium flecks located on
the valve surfaces. Such embolism is a major cause of operative mortality
{Andrus, Blalock & Milnor (101); Bolton, Maniglia & Massey (104); Me-
Goon & Henly {105)] Various measures, such as entering the atrium through
a pulmonary vein and the temporary occlusion of the carotid arteries, have
been employed in efforts to prevent embolization None, however, has been
entirely satisfactory. Despite the danger of emboli dunng nperanon thc
relief of atrial stasis by i otomy is
spontaneous emboli in the late postoperative period.

Brock (106), Cooley & Chapman (107), and Sellors, Bedford & Somer-
ville (108) have pointed out the facility and salety with which nutral com-
missurotoray can be performed during pregnancy. On the other hand, Bur-
well's expersence with 300 pregnant women with heart disease at the Boston
Lying-in Hospital supports the opposite point of view (109). The latter, in
his earlier experience, referred patients for operation during pregnancy. At
the present time, however, he believes that the best interests of both mother
and child are usuatly served by careful medical management with postpone-
ment of commisurotomy until post partum,

Sabiston & Follis (110) and McNeeley, Ellis & Harken (111) have shown
a high incidence of Aschoff bodies in left auricular appendages biopsied at
the time of operation There appears to be no correlation between such As-
choff bodies and the usual clinical if ions of acute rh ic fever.
The appearance of such pathologic lestons after many years’ absence of chin-
ical signs of rh ic fever undoubted]

y eflective in pre 4

important information
on the natural hxstury of rheumatic disease As yet, however, no one has been
able to give a 1 Y 1nter; of the signi of these lesions.
In general it may be stated that the surgery of mitral stenosis isin a
satisfactory state Itis to be hoped that the long term results will support the
present optumism Unfortunately, the surgery of mutral insufficiency is stilt
in the experimental stage
Aortsc stenosis —Among the other proneering firsts of the French surgeon
Tuffier was his attempt in 1912 to treat aortic stenosis surgically (112) At
that time Tuffier believed that the most logical approach for the surgical divi-
sion of the fused cusps of the aortic valve was with a transaortic knife passed
dely Because e i evidence was lacking to justify such a
procedure, Tuffier 15 said to have manually dilated the aortic valve by in-
vaginating the wall of the aorta just above the base of the heart Itisdifficult
to belteve that a stenotic valve could be satisfactorily dilated by this method
Sporadic attempts in the past five or six years have been made by a number
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of surgeons to dilate, cut, or tear the fused aortic valve by passing an instru-
ment through the left ventricular myocardium and up the aortic outflow
tract. The results have been much better since Bailey, Redondo-Ramirez &
Larzalere (97) developed a rugged dilator with a probe finder and an ex-
pandable head which is passed through the wall of the left ventricle and
opened after it reaches the stenotic area. There was an 18 per cent mortality
in the eatly cases treated by this method. Glover (96), in a series of 22 cases,
had an operative mortality of 12 per cent in isolated aortic stenosis, provided
that intractable congestive failure was not present. The mortality was con-

iderably i d in the of simul mitral surgery, His re-
sults in the treatment of aortic stenosis once congestive failure had become
permanent were so poor that he considers such failure a contraindication to
operation. Attempts have been made by Brock (113) and Bailey ¢ ol. (114}
to approach the aortic valve via the arterial system. Bailey ¢! al. have re-
ported 2 method employing a rubber diverticulum of the type described
by Glenn (115) for intracardiac surgery. The diverticulum is sutured to the
ascending aorta and the aortic valve is dilated by an instrument introduced
through this diverticulum. However, the technical difficulties of such an
operative approach appear to exceed thase encountered in the left ventricular
operation.

Real progress has been made in the treatment of aortic stenosis It ap-
pears likely that the results will be even better when the technical methods
are improved further,

Aortic insufficiency —As has been true with surgery of mitral insuffi-
clency, the insufficient aortic valve has presented a more difficult problem
than aortic stenosis The signal contribution in this field is the technical (egt
of Hufnagel (116). He has constructed a ball-valve type plastic prosthesis
which can be inserted into the descending thoracic aorta. The use of such 2
valve prevents regurgitant flow through the aortic valve from at least the
lower half of the body. The technical problems concerned with inserting
such a prosthesis in the ascending aorta have not yet been solved. There is
some doubt whether such a location would be acceptable, since under these
circumstances coronary filling during diastole would be at the very low left
ventricular filling pressure, rather than at systemic pressure. Hufnagel now
has a sertes of cases treated with this prosthesis with an acceptable mortality
and satisfactory early operative results (117).

Coronary artery disease ~—The leading place which coronary insufficiency
holds as 2 cause of death is adequate justification in 1tsell for the many at-
tempts which have been made to treat this condition surgically, The pioneer-
ing and persevering work of Dr. Claude Beck deserves special mention.
Beck's efforts have been directed along two approaches to the problem of in-
creasing myocardial blood supply: (¢) The stimulation of collateral circula-
tion and of i y ions by abrading the and
placing tissues such as pectoral muscle agawst the myocardium, and (5}
the direct anastomosis of a systemic artery to the coronary venous system.
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Thompson & Plachta (118) have recently reported their experience over a
fourteen-year period with “cardiopexy” i 'n the treatment of coronary artery
disease. These i i have produced a icarditis by
theinstillation of talc within the pericardium, Fifty-seven patients so treated
have been followed from 1 to 14 years The operative mortality was 12 per
cent. These investigators feel that the average duration of life following first
symptoms, in those patients whose cases have been followed to death, s
approximately twice that of those treated without operation. Vineberg (119)
has employed implantation of the internal mammary artery into the left
ventricular myocardium. Three of his four patients survived and appeared to
be benefited, Neumann and his co-workers (120) have presented evidence
that pedicled grafts of skin and subcutaneaus tissue develop good collateral
circulation with myocardium against which such pedicles are implanted.
Their experimental work in dogs that such 2 colk: 1 vascular
supply protects animals after ligation of a left descending coronary artery,
a procedure which ordinarily has a 70 per cent mortality.

Beck and his co-workers (121) have reviewed the clinical results of their
systemic-coronary anastomosis. This procedure connects by means of a
homograft the aorta with the coronary sinus at the first stage of a two-stage
operation. At the second operation, performed some weeks later, the mouth
of the coronary vein is constricted so that some of the systemic blood entering
the coronary vein is forced to flow in a retrograde direction. The rationale
of this pracedure is to produce retrograde perfusion of the myocardial capil-
lary system. Twenty-eight patients have been operated upon with 23 recov-
eries and five deaths Of the 23 recoveries, 13 patients had both stages of a
two-stage operation In the remainder 1t was technically not feasible to com-
plete the operative procedure.

Bailey, Bolton & Likoff (122) have employed this procedure in man and
state: “Obviously a reversed blood flow in the coronary staus would inevi-
tably enter the myocardial capillaries since they are devel, {lyin direct
communication with the ultimate ramfications of the tributaries of the cor-
onary veins ” A survey of the physiologic literature reveals that the opinion
of a number of invesu‘gators is at variance with this point of view Since the
coronary venous system is not an ‘‘end circulation” (123) there are many who
believe that the shunted blood passes out thmugh the coronary thebesian
system without actually entering the d
with the capillary bed of the dog’s intestine have shown that it is possible to
reverse blood flow temporanly in the smaller mesenteric vessels, but that
such reversal persists only for a short period of time [Heimbecker, Thomas
85 Blalock (124)] The results of the experiments of Eckstein and his asso-
ciates (125) indscate that signil retrograde perfusion of the d
?fter the Beck operation persists only for a period of about five weeks. Dur-
ing this time, however, there is definite protection against experimental cor-
onary occlusion.

The experimental and early clinical work in this field has been suffictently
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encouraging to justify further effort. A careful objective evaluation of the
functional results following operation seems desirable if further progress in
this field is to be made. Recent discoveries in the fields of {ipid metabolism
and the genesis of arteriosclerosis offer the hope that coronary disease may be
prevented, rather than treated after it develops

Patent ductis arterfosus.~The patent ductus arteriosus problem was so
corapletely solved by Gross (126) that Hstle has been added in the past dec-
ade, Long term follow-up of the patients operated apon indicates that, pro-
vided the ductus was ticated by other a fies, the patientsleada
normat life thereafter. Recurrence of the ductus following ligation or division
is extremely rare aad is usually the result of bactesial endocasdstis at the site
of the ductus An analysis of 500 of our cases shows an operative mortality of
3 per cent. Most of these deaths occurred in patients with an erropeous pre-
operative diagnosis (127) It is worthy of note that 11 per cent of this series
of cases did not have the typical continuons murmur which is gescrally ce-
sidered characteristic of this anomaly These patients usually have & lage
ductus and pulmonary hypertension It isessential that this group of patients
not be overlooked so that they may recerve the benelit of operation.

Inferatrial septal defects —A defect in the interatrial septum results in 2
shunt of blood from the left to the right atrimm The high pulmonary blood
flow resulting from such a shunt may lead to a characteristic syndrome pul-
monary vascular changes, pulmonary arterisl hyperteaston, right-sided
heart failuce, and eventually reversal of the shunt and cyanosis, The siple
and mechanical nature of an interatnal septal defect makes this anomaly @
stimulating challenge to the surgeon

There have been several general approaches to the surgical therapy In-
vagination of the auncular wall to create a plug for the septal defect has beert
used by several investigators {Cohn {128); Musray (128); Swan (130}
Batey (131)) Prosthetic materials have been used alone or in combination
with this method to close the interatmal communication [Martin & Essex
{132); Swan (130); Hufnagel & Gillespie (133)] A combination of hypather-
mia and temporary clamping of the vena cavae permuts the heart to be
opened for a direct closure of the defect {Lewis & Taufe (52); Swanetaf (39))
A mechasical heart-tung machine has been used by Dennis et al (12) and by
Gibbon (24) to permit closure of the defect in a bloodless heart The hazard
of all of these procedures s considerable, and none of them may be considered
a definitive answer to the problem

A unique method has recently been deecribed by Watlins and associntes
£134) for expersmental animals, and later apphed to man by Grogs et ol {135}
In this technique a rubber eylinder or “well” js sutured to the right atripm
The atrsum 1s then opened at the bottom of this well and blood nses within
the well to a herght determined by the central venous pressurg (usually
about 10¢to 15em.) This permuts the strgeon to work within the heart pod
close the defect either by direct suture os by sewing a piece of plastic ma-
terial over the defect. Gross & Watkins (136) report 12 patients operated
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upon by either the well technique or by suturing the edge of the septal defect
to the atrial wall. Seven of the patients survived and five died.

Recently, Bjork & Crafoord (137) have i d with a modificati
of Sondergaard & Husfeldt’s method (138) of closing interatrial defects A dis-
section is made in the natural groove formed by the interatrial septum. This
permits a purse string suture to be placed in the atrial wall in what would
normally be the anatomic division between the two atria When the suture
is tied, the atrial wall is concentrically compressed in such 2 way that the
atrial chamber is divided into a non-communicating right and left half. After
a series of animal experiments were performed, Bjdrk & Crafoord applied
the method to patients and have had three consecutive successes. Snder-
gard & Husfeldt have also successfully applied the method to man.

In view of the relatively benign course of patients with this congenital
anomaly, and considering the high operative mortality which has been asso-
ciated with the operation, it is difficult to establish proper indications for
surgery. We have been most impressed with the dramatic clinical improve-
ment of patients in whom the operation has been successful. On the other
hand, the high operative risk in a disease which may be compatible with 2
relatively long life has deterred us from recommending operation except in
the presence of i i or p ing cardiac symp . Perhaps
this condition will eventually be treated with the use of a heart-lung machine
which permits an unhurried, accurate closure of the defect in the interatrial
wall. At the present time, the mortahty associated with such machines is too
high to justify their use in the treatment of the average case of atrial septal
defect,

Interventrscular septal defects —One of the ultimate aims in the develop-
ment of the artificial crreulation and hypothermia techniques is to permit an
attack on interventricular septal defects Bailey and his associates (139)
have reviewed their experimental and clinical attempts at correction of these
defects and 1t is their feeling that the present methods are not entirely satis-
factory. Selzer (140) summarizes the present status of the interventricular
septal defect problem as follows

3 The small interventricular septal defect with an insignificant shunt produces no
important cardiac changes and hittle prospect of cardiac disability In this syndrome,
surgical mtervention will be justified only if and when the safety of the operation s
0 hugh that the mortality figures fall below the rather shm probability of death from
therapy resistant bactenial endocarditis

There are, however, many nterventricular defects which do produce symp-
toms It 1s1n the treatment of these that Warden and associates (27) are
making use of the controlled cross-circulation in performing closure under
direct vision

Tsolated prlmonic stenosts —Pulmonic stenosis, unaccompanied by a ven-
tricular septal defect or overriding aorta, is a relatively rare anomaly, About
two-thirds of these patients have an associated patent foramen ovale which
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encouraging to justify further effort A careful objective evaluation of the
functionat results following operation scems desirable if further progress in
this field is to be made. Recent dsscoveries in the fickls of lipid metabolisra
and the genests of arteriosclerosis offer the hope that coronary disease may be
prevented, rather than treated after it develops.

Patent ductns arleriosus,~The patent ductus arteriosus problem was so
completely solved by Gross (126) that little has been added in the past dec-
ade, Long term foll p of the pati p d upon indi that, pro-
vided the ductus was pii d by other fres, the patients leada
normat life thereafter. Recurrence of the ductus following ligation or division
is extremely rare and is usually the result of bacterial endocarditis at the site
of the ductus. An analysia of 500 of our cases shows an operative mortality of
3 per cent. Most of these deaths occurred in patients with an erroneous pre-
operative diagnosis (127), It is worthy of note that 13 per cent of thia seties
of cases did not have the typicat contintous murmut which is generally con-
sidered characteristic of this anomaly These patients usually have a large
ductus and pulmenary hypertension It 15 essential that this group of patients
nat be overlooked so that they may receive the benefit of operation.

Interatrial septal defects —A defect in the interatnal septum results fn a
shunt of blood from the left to the sight atrium The high pulmonary blood
flow resulting from such a shunt may fead to a characteristic syndrome: pul-
monary vascular changes, pulmonary arterial hypertension, right-sided
heart Failure, and eventually reversal of the shunt and cyanosis. The simple
and mechanical nature of an interatrial septal defect makes this anomaly 2
stimulating challenge to the surgeon

There have been several general approaches to the surgical therapy In-
vagination of the auricular wall to create a plug for the septal defect has been
used by several investigators [Cohn (128}, Murray (129); Swan (!3'0):
Bailey (131)] Prosthetic materials have heen used afore or in combsnation
with this method to clpse the interatrsal communscation [MNartin & Essex
{132); Swan (1303, Hufnagel & Gallespie (133)] A combnation of hypother-
mia and temporary clamping of the vena cavae permuts the heart to be
apened for a direct closure of the defect {Lewis & Taufic (52), Swan etaf (34)]
A mechanital heart-lung machine has been used by Denpss ¢f 0} (12) and by
Gabbon (24) to pesmit closure of the defect in a bloodless heart. The hazard
of all of these proceduress considerable, and none of them may be considered
a definitive answer to the probiem

A pmique method has recently been described by Watkins and associates
(134) for expennmental amimals, and later apphied to man by Gross et af (135}
In this technique a rubber cylinder or “well” is sutured to the right atrium.
The atrium is then opened at the bottom of this well and biood rises withm

the well to a height deternuned by the central venous pressure (usually
about 10 to 15¢m ) This permits the surgeon to work within the heart and
close the defect either by direct suture or by sewing a4 mece of plastic ma-
terial over the defect, Gross & Watkins (136) report 12 patients operated
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Dammann & Longmn'e (153) have employed the direct attack method ina
series of sit cases in which only one pauent had an excellent result, These
authors lude that the i is is preferable to
incision of the stenotic infundibulum because an adequate blood flow through
the stenotic area was not achieved. However, they point out the theoretical
soundness of the direct attack and indicate that improved technique may
well produce better results. The anatomical studies of Johns and associates
£154) and Donzelot and to-workers (155) indicate that many patients ate
unsuitable for the direct attack since they have pulmonary atresia or a com-
plex anomaly of the pulmonary outflow tract which makes excision of the
stenotic area difficult or i ible. Johns and i found that the
mortality of the procedure was higher and the results poorer than with the
systemic-pulmonary shunt. On the other hand, Brock clearly points out
that the mortality progressively decreases and the quality of the results in-
creases with additional experience with this procedure. A careful followup of
the operative results will perhaps indicate which method is preferable.
Campbell, Deuchar & Brock (156) have preseated such evidence, and it sug-
gests that there is little difference in the results of the anastomotic procedure
and the direct attack With the advances that are being made in heart-lung
machines and hypothermia, it is possible that both methods will be sup-
planted by a more definittve type of surgery. For example, Scott (157)
recently closed a ventricular septal defect and dilated the pulmonary out-
flow tract in a case of tetralogy of Fallot, employing total circulatory inter-
ruption for eight min. under hypothermia.

SuMMARY

The expanding scope of cardiac surgery is apparent when one reviews
the r kable number of fund | contributions to this field within the
past several years. It is encouraging to note that there is no longer a delay
of many years between the development of new principles in the experi-
mental animal and their employment in man In the application of new oper-
ative techniques to man for the first time, the physician must carefully weigh
operative mortality and morbidity against his knowledge of the natural his-
tory of the disease being treated If the attitude of the physician toward new
procedures is cautious and considered, but at the same time progressive,

lar surgery will it to advance as 1t has during the past sev-

eral years
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permits a right toleft shunt and ¢auses cyanosis, These cases are usually dis-
tinguished from pul: ic stenosis iated with tetralogy of Fallot on the
basis of a marked pulmonic systolic thill, poststenatic dilatation of the pul-
monaty, artery and a rather typical radiographic appearance of the heart
The transventricular pul y valvulotomy described by Brock (141} and
by Sellors (142) has been almost universally adopted as the method of choice
in the treatment of these cases A number of surgeons have reported good
results with this technigue [Galligan, Adams & Jargens (143); Lurie & Shu-
maker (144); Potts et af (145); Humphreys ef al. (146); Blalock & Kieffer
(147)]. Hosier, Pitts & Taussig (148) have summarized the experience in our
own clinic in the surgical treatment of 78 patients with valvular pulmonic
stenosis with intact ventricular septum The operative mortality was about
8 per cent. Clinical improvement, particularly in exercise talerance, was ex-
cellent, Postoperative catheterization showed that although the right ven-
tricular pressure did not return entirely to normal, there was a progressive
fall during the first year or two in the ive period. The operati
procedure may be criticized in that it is performed blindly with only moderate
control and accuracy However, there seems little doubt that the patients
experience flent relief of symp logy at a rel 1y low operative
risk. It is our personal feeling at the moment, and this is perhaps unjustified,
that hypothermia and the heart-lung machines carry with them too great 2
risk to justify their use as a substitute for this relatively simple operation
which produces such good resutts

Tetralogy of Fallot—Sufficient time has now elapsed to permit 2 long-
term follow-up on the results of the systemic-pulmonary shunting procedure
for the relief of cyanosis and disability in this condition. Taussig and asso-
ciates (149) have reported a one- to six-year follow-up on 1000 cases operated
upen for pulmonary stenosis and atresia Of those in whom the pYeOPe"aﬁYe
diagnosis was tetralogy of Fallot, it was found that 15 per cent died while in
the hospital, that 2 per cent died in the ensuing eight months, and that 78
per cent obtvined a good result During the period over which their study ex-
tended, there were only 22 cases of subacute bactenal endocarditis with four
deaths Campbell & Deuchar (150) have reported the results of 200 shuntiog
procedures performed by Brock, Seffors and Hill They found an 8 per cent
mortality with 75 per cent of the patients so benefiting that they could walk
a mile or more and lead lives that were almost normal,

The major recent cantribution in ths field has been the development by
Brock (151) of a techmque of direct attack on the stenotic area in the pul-
monary outflow tract This procedure has in its favor a theoretical soundness
in that it not only increases pulmonary blood flow, but may reduce the nght
to left shunt which ordinarily occurs through the ventricular septal defect.
Glover, Bajtey & O'Neill (152) have also stressed the advantage of the direct
attack method over the systemic arterial shunt in that the former does not
add the danger of 2n additional cardiac anomaly (artificial ductus). Muller,
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IxTRODUCTION

Early investigations of the leukocytes and the leukopathies centered
largely around numerical and morphological variations in the peripheral
blood Later, the widespread use of marrow aspiration and lymph node bi-
opsy called attention to the value of these procedures in understanding and
dngnosmg !he leukopathus. Snll more recently eflorts have been made to

bis and enzymatic machinery present in
the Ieukocytes and its derangement in disease The physiology of leukocytes
in health and disease has been the subject of widespread investigation relat-
ing to leukocyte life span, mechanisms of removal, phagocytosis, and other
physiologic functions Despite the large number of studies bearing on these
and related problems, it must be admitted that large gaps in knowledge exist
where, in reality, very little is known about the actual functions, activities,
and destiny of the leukocytes Itis the purpose of this review to evaluate the
literature bearing on the leukocyte and leukopathic disorders since approxi-
mately January of 1953

PAYSI0LOGY AND METABOLISM

The desn‘(ynbonuclelc acid content of normal and leukemic human leuko-
cytes has been esti d micr ically with the Feulgen dye
[Petrakis (1)] The average DNA? control of normal lymphocytes was twice
that of normal spermatids In acute and chrome tymphocytic leukemia,
lymphocytes with contents above the expected diploid value were frequently
encountered, suggesting that cells with active mitotic activity are released
into the circulation mn the leukemias In studies on leukocyte phosphorus
partiton, Bardawill and co-workers (2) found that DNA turnover measured
with P32 was most rapid in acute leukemia and very slow ta chronic tympho-
cytic leukemia The lowest values for acid solub!e and phospholipid phos-
phorus were found in chronic lymph ) The bolism of sul-
fur as measured by L-cystine and sodnum sulfate incorporation also varies in
normal and leukemic leukocytes [Weisherger et al (3)] L-cystine is readily
incorporated by both, but incorporation is most rapid by the cells of acute
leukemia In contrast only the leukocytes of chromic granulocytic leukemia
ncorporate sodium sulfate rapidly

The carboh te bol of lenkocytes has been the subject of sev-

1 The survey of literature pertaimng to this review was concluded m July, 1954,
? The following abbreviations werc used in this chapter: ACTH (corticotropin),
NA icacid), TEM (triett
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InTRODUCTION

Early investigations of the leukocytes and the leukopathies centered
largely around numerical and meorphological variations in the peripheral
blood. Later, the widespread use of marrow aspiration and lymph node bi-
opsy called attention to the value of these procedures in understanding and
diagnosing the leukopathies Still more recently efforts have been made to
investigate the intracellular biochemical and enzymatic machinery present in
the leukocytes and its derangement in disease The physiology of leukocytes
in health and disease has been the subject of widespread investigation relat-
ing to leukocyte life span, mechanisms of removal, phagocytosis, and other
physiologic functions. Despite the large number of studies bearing on these
and related problems, it must be adnutted that large gaps in knowledge exist
where, in reality, very little 1s known about the actual functions, activities,
and destiny of the leukocytes It is the purpose of thls review to evaluate the
hiterature bearing on the leukocyte and disorders since approxi-
mately January of 1953.

PHYSIOLOGY AND METABOLISM

The deso‘(ynbonudelc acid content o( normal and leukemic human leuko-
cytes has been It ically with the Feulgen dye
[Petrakis (1)] The average DNA? control of normal lymphocytes was twice
that of normal spermatids In acute and chronic lymphocytic leukemia,
lymphocytes with contents above the expected diploid value were frequently
encountered, suggesting that cells with active mitotic activity are released
into the circulation in the leukermas In studies on leukocyte phosphorus
partition, Bardawill and co-workers (2) found that DNA turnover measured
with P was most rapid in acute leukemia and very slow 1n chronic lympho-
eytic leukemia The lowest values for acid soluble and phospholipid phos-
phorus were found 1n chronic lymphocytic leukerma The metabolism of sul-
fur as measured by L-cystine and sodium sulfate incorporation also varies in
normal and leukemic leukocytes [Weisherger et al (3)] L-cystine is readily
incorporated by both, but incorporation 1s most rapid by the cells of acute
leukemsa In contrast only the leukocytes of chronic granulocytic leukemia
incorporate sodium sulfate rapidly

The carbohydrate metaboltsm of leukocytes has been the subject of sev-

1 The survey of literature pertaining to ths review was concluded in July, 1951
M Thc following abbrevlatmns were used 1n this chapter: ACTH (corticotropin),
NA . TEM (triethylen




78 VALENTINE

eral investigations {ntact feukocytes and leukocyte homogenates fortified
with co-factors of the glycolytic and respiratory enzyme cycles actively con-
sume oxygen, utilize glucose, and produce factic acid {Beck & Valentine (4);
McKinney ef al. (§)]. A primarily aerobic glycolytic metabolism appears to
be present with a glycolytic-respiratory ratio of as high as 30 to t being
observed in cells from normal subjects and subjects with chronic myelacy tie
leukemia, and 15 to 1 in those from subjects with chronic tymphaeytic
leukemia [Beck & Valentine (6)] The leukocytes of both chronie myelocytic
and lymphocytic leukemia exhibit greatly reduced glycolytic and respira-
tory capacities as compared to normal cells. Efforts to determine a rate-fimit-
ing defect in glycolysis in Jeukemia have shown that both the triose phos-
phate dehydrogenase and lactic dehydrogenase enzymes are reduced in
amount about proportional to the observed reducuon in glycolytic mtc m
leukemic leukacytes, while the pyridine 2! factors of g

appear to be present in about a normal amount [Beck & Valentine (T)I How-

ever, the activities of these enzymes still exceed the observed over-all glyce-

lytic rate, and their reduction cannat be considered as causative of the re-
duced glycolysis Anaerobic glycolysis is initiated in leukocytes by the inftial
phosphorylatmn n( g(ucose to glucose-6-phosphate by means of the adeno
sinetriph & reaction Free glucose inhibits glyco-
gen breakdown whnch occurs in the presence of adenylic acid derived a3 2
result of adenylpyrophosphatase activity of the cells [Wagner & Yourke (8)}-
In diabetes mellitus intact lenkocytes produce more lactic acid {rom fructose
than glucose while the reverse is true 1n leukocytes of normal subjects {Mar-
tinetel (9)). Glucose utilization by leukocytesin vitro is mcreased by insufin
in subjects with diabetes but not in normal subjects Cortisone and hydm'
cortisone in vitro in concentrations of 0 1 to 10 g per mi cause diminution
in lactic acid production by leukocytes, and 1t has been suggested that this
might be related tn vsvo to a slow and abnormai evolution of the inflamma-
tory reaction {Martin e ol (10}].

Granulocytic leukocytes contain glycogen in substantial amounts This is
normal in uncontrolled diabetes and in subjects receiving ACTH? and corti-
sone, is increased on a per cell basis 1n neutrophitic leukocytosis and in many
cases of polycythemia vera with leukocytosis and feukemoid features, and is
substantially reduced on the average in chronic granufocytic leukemia
{Valentine et af (11)], Studies on teukocy te glucuronic acyd indicate that sub-
stantial amounts are present in cells from normal blood, that leukemic blast
cells and lymphocytes are very poor in this constitueat, and that the

p tes in benign lympt tosis, such as infectious mononucleosis, alsd
contam htde gluCuromc acld [Follette et ol (12)1 By mrerence 1t appears
hkel oo b e mmm e mes oo e i

ree ..
(4} Compared to normal values, umit leukocyte alkaline phosphatase is
very high in most neutrophilic leukocytoses and in polycythenna vera with
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leukcmold leatures and very low in chronic granulocytic leukemia. These

are not di dent upon or explained by morphologic
in the cell analysed, for morphologically identical
populations show very marked and consistent differences in different disease
states, In man, but not in all animal species, marked elevations in unit
leukocyte atkaline phosphatase occur over 3 72 hr. period with administra-
tion of large doses of purified ACTH gel, though the relationship of this
phenomenon to pituitary-adrenal function has ot been defined The wide

and sometimes i variations in morphol Ily identical leukocyte
popu\atmm in thsease promises 1o be of wa\\m in differentiating chronic
Jocytic leukemia and myeloprolif 1 and teukemoid re-

actions Closely

The studies by Riley (15, 16) on ussue mast cclls suggest that these cells
are probably an important repository of histamine as well as heparin. Intra-
venous histamine liberators produced disruption of tissue mast cells, a phe.

p 1by dication with (15). Ehrich (17)

has postulated that the well-known marked elevation of leukocyte histamine
in granulocytic leukemia correlates with the increased numbers of basophils
in this condition Unpublished observations on leukemic blood containing
very high percentages of basophils in the author’s laboratory strongly sug-
gest that this is the case. It has also been reported that a material having the
biological and physical properties of heparin has been extracted from acetone.
dried Jeukocytes of a patient with mast cell leukemia [Martin & Roka (18)]
‘These observations suggest a close relationship of the blood basophil and the
tissue mast cell, which possess in common the characteristic metachromati-
cally staining granulation In human subjects, cortisone has been found to
reduce the absolute basophil count as well as the eosinophils, and, at the same
time, blood histamine is always decreased [Code & Mitchell (19)] It has
again been pointed out that the elevations of blood histamine in chronic
granulocytic leukemia cannot be entirely abolished by th
or clinical remussions, a fact which now can be probably correlated with the
persistence of increased number of basophils even 1n remissions of the dis-
ease {Kelemen ef ¢l (20)] Since histamine metabolism shows important
variattions from species to species, 1t can not be inferred that the apparent
promunent relationship of the basophit to blood histamine in man applies to
all species

It is becoming increasingly apparent that while the eostnopenia following
ACTH admimstration reliably reflects adrenocortical activation, the eosino-
penia of nonspecific stress requires interpretation of factors other than the
adrenal cortex [Laidlaw & Jenkins (21), Thorn (22)] Imjection of epineph-
rine, for example, produces eosinopenia but without proportionate increase in
oxysteroids of blood or urine or m ketosterold excretion, and there is no evi-
dence that epineph butable to ACTH release. Since in
stress both ACTH release and epmephnne release may occur, stress eosino-
penia may include non-adrenocortical contributing factors with epinephrine

o o .
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as a prototype (22), The mechanism of glucocorticoid induced eosinopenia
has also been the subject of several investigations (23 to 26). In one study by
Root and co-workers (26) on bone marrow changes associated with the in-
mediate eosinopenic response to ACTH, there was no evidence of disturbed
eosinophil maturation nor of depletion of mature eosinophils by rapid re-
moval or destruction. It appears probable that these agents do not prevent
marrow eosinophilopoiesis, do not have direct 1ytic effects, and do not sesult
in distributional shifts in the vascular or tissue compartments or cause fita-
non at the site of physiologic demand It has been postulated that the

ia may be attributable to (a) i 4 destruction by the R-Esys
tem and (b) inhibition of eosinophil release from marrow. Blocking of the
R-E system has been found experimentally to prevent glucacorticod eosino-
penia [Essellier et al. (23)}, Vaughn (27) has postulated that the chief function
of the eosinophul 1n man is to transport histamine or histamine-like material
from hone marrow to the tissues for inactivation This does not appear to the
author to correfate well with recent evidence in man on the basophil 2s2
repository of blood histamune, por with the dubious relationship of blood
histamine levels and eosinophilia in human subjects.

Several reports are available on the leukocytic response to epinephrine
(28 to 31). The usual reaction is feukocytosis which occurs mdependenﬂy of
the presence of the spleen (28, 30, 31). On the basis of studies on the time
nlauonsmps of granulocytosis appearing in peripheral arterial and portal
vein blood after injection of epmephrme into the splenic astery, it has beett
concluded that the immediate increase in leukocytes is attributable to retease
from the pulmeonary circolation and possibly later release from the pur!al

organs Studies on the epineph test have not sut iated its

ificity 10 by, lenic cy: ias [Chatterjea et ol. (28); Groissier &
Ruberman (31)] A syndrome closely mlm\ckmg hypersplenism and correcti-
ble by spl has been ly by intraperitoneal in-

jection of methyl cellulose {Palmer ¢t ¢! {32}]

The vexing problem of defimtive elucidation of feukocyte utilization, Ife
span, and turnover has continued to receive attention Three groups of in-
vestigators (33, 34, 35), employing measurement of P% labeled DNA turo-
over as a criterion, have found this to be very slow sn the lymphocytes of
chronic lymph kemia and late a “life span” of one to severa‘
months for lymphucytes in the discase By simifar technigues the “life span”
of the granulocytes has been estimated as a matter of a few days In other
studies employing leukocyte infusion and cross transfusion 1n man, feuko-
cyte production was estimated at 1.3 to 59 6 multion per nun , and the life
span of the polymorphonuciear granulocyte to be 96 hr and the lymphocyte
56 hr. [Bierman ef af (36}] Since there are objections to all techniques thus
far employed, it appears likely that defmmve scttlement of this problem has
nat yet been made In of survival
using quinacrine (Atabrine) tagged leukocytes collected in ACD solution,
tagged cells were fonnd for 30 to 90 min, in normal subjects and somewhat
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longer in leukemic recipients [\Vhite (37)]. The subtle changes occurring
rapidly in leukocytes withdrawn into anticoagulants, labeled, and reinjected
make for severe interpretive di lties in relating results to
n vito events

or physiologic al fons in leukocytes have
been reported in a variety of experimental situations Frank & Dougherty
(38) have reported that under conditions of stress lymphocytes morphologi-
cally identical to Type 11 Downey cells appear in thc penphcral blood and
may be duced by a tical

of leukocytes in peripheral capillaries has been found to accompany intra-
arterial injection of histamine [Bierman ef al (39)] In animals, differencesin
chemotaxis of leukocytes occurred with differences in nutrition, the leuko-
cytes of fasting animals being attracted to a wider variety of saccharides
than those of normal animals. The possibility of glycogen being a natural
granulocy te-attracting agent released on tissue injury has been discussed
[Kuna & Chambers (40)] Neither ACTH nor cortisone in therapeutic doses
was found by Moeschlin and co-workers (41) to influence phagocytosis of
Staphylococcus aureus by white blood cells.

LEUREMIA AND LyaeHOMA

Frequency, distributson, ty —The incid of leukemia and lymph-
oma has been the subject of several investigations (42 to 46) Ina comparison
of frequency, dstribution, and mortality at the University of California
Hospital from 1913 to 1947, Shimkin and co-workers (42) found that duration
of life in chronic lymphocytic leukemia averaged 42 months and in acute
lymphocytic leukemia 54 months Prognosis as regards survival was not
significantly greater between 1940 to 1947 than in the 1930 to 1940 period
Survival 1n the lymph group varied d ding on the type of
involvement Over-all five year survival was 24 per cent, but was only 2 per
cent in patients with initial visceral involvement, considerably higher in the
primarily lymphadenopathic group, and 46 per cent in giant follicular
lymphoma {Shimkin et af (46)] The relationships of the various forms of
lymphoma to each other and to leukemia have been discussed by Berman
{47). A working classification of neoplastic lesions of lymph nodes suggested
1s the diwvision into reticulum cell type, ly type, lymphocytic
type, and mixed type The latter includes Hodgkin's disease where the
cytologic picture is pleomorphic and shades in Hodgkin's sarcoma into the
picture of the reticulum cell type, and giant follicular lymphoma where
lymphoblastic, lymphocytic, and reti cell features may be represented
in the proliferative process
Enology —The etiology of leukemia still remains an unsolved problem
and it 1s quite possible that multiple etiologies or precipitating factors will be
found Dameshek (48), 1n a recent review, has suggested that myelotoxic
agents such as x-rays and chemicals and viruses are among the most probable
of various ibilities, and that hereditary ion may play an im-
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portant role, Evidence supporting the virus hypothesis has been advanced
by Gross {49 to 54), based on (a) the greater frequency of leukemia in certain
kinships in chickens, mice, cattle, and man and (b) direct experimental evi-
dence in chickens and mice. It is suggested that a group of submicroscopic,
cell-free, oncogenic agents exist, which, like egg-borne virus diseases, are
transmitted ‘*vertically” through the embryo. Usually, according to this hy-
pothesis, these agents are dormant, but are occasionally activated by obscure
means and produce clinical leukemia. The number of individuafs with leu-
kemia, then, would represent only a small fraction of those carrying the
“seeds” of the disease., Continued observatians by Lange ef al. (55) on the
atomic bomb survivors in Hiroshima and Nagasaki indicate that thereis 2
great increase in leukemia in the heavily exposed groups, that this is equally
manifest in both sexes and at all age levels, that chronic lymphocyﬁc leu-
kemia has been uncommon (though chroni¢ lymphocytic leukemia is also

tively rarein ), and that cases are stll appearing
in the exposed group, though declmmg in number since 1950, The develop-
ment of lymphoma in a strain of mice with high spontaneous incidence has
been observed to be mh\bltcd by admmlstrauon of cortisone, while a high

id of locytic I d in a low leukemia strain of mice
irradiated once with 350 r [Up!on & Furth (56)] Cortisone was without effect
on the induction of locytic leukemia. The leuk ic effects of single,

acute doses of substantial amounts of whole body irradiation appears well
established. X
Clinical and metabolic features—The protean clinical features of leukemia
are well known, but unusual clinical manifestations are deserving of some
comment. The association of pregnancy and leukemia has been again re-
ported and the literature reviewed [Shub e? al (57)] In view of {requent re-
ports of acute cxacerbations and death during pregnancy or in the first elght
months post partum, it is i that pregi may have
effects in this disease. In view of the fact that many cases normally terminate
with this acute picture, careful statistical analysis would be necessary before
a valid conclusion can be reached, however Interesting temporary remissions
in acute leukemia occur at times during a variety of infectious processes, and
11 additional cases in children have been reported and discussed [Bierman
et al. (58)]. In these cases, the usual course of events was onset of fever, re-
duction in penpheral leukocyte count occasmnally the dcve[opment ol

disease are reversible Sleisenger and co-workers (59) have called attention to

2 jon of the sprue synd with lymphoma of the small bowet and the
made that lymp} of the small bowel deserves consideration

in the di 1d is of this synd A case of sickle cell anemia
i with acute loblastic leukemia has been reported (60)

e,

18 biy fortuitouns, Lame

ter
though the i of the tno
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and co-workers {61), in a study of malignant lymphomas of the gastroin-
testinal tract, found that lymphomas constituted 20 per cent of all malignant
tumors of the stomach, nearly half those of the small bowel, while the colon
was uncommonly involved. Case reports have also appeared on the associa-

tion of cyelic ia with giant follicular lymph and lympho-
sarcoma {62), on the coedstence of chronic Iy mphoc) tic leukemia and poly-
cythemia vera (63), on polycythemia termi: as acute myeloblasti
leukemia {64), and on the devel of acute locy tic leukemia in a
panent mlh reuculum cell 1ymphoma (65)

in locy tic leukemia have d d the

presence of abnormal ultraviolet absorbing nucleic acid derivatives in urine
(Horrigan (66)} In three cases, these were identified as the pyrimidine uracil.
In two other cases, the abnormal metabolite requires further characteriza-
tion. Studies on antibody formation in various types of leukemia by Larson
& Tomlinson (67), have shown frequent severe impairment in chronic
Iymphocytic leukemias, and usually normal values in other leukemias and
lymphomata studied, unless the patient was receiving cortisone medication.
In the latter situation, impairment was noted (67) Patients with active
feukemic and lymphomatous diseases store nitrogen and phosphorus readily
and more phosphorus than normal. Transfer of nitrogen from host to tumor
occurs when diet 1s inadequate to meet needs of both, and, with regression
induced by therapy, there is some evidence the released nitrogen may be
used in replenishing host tissue {Fenninger e 6l (68)] Elevated bone marrow
p:tssures have been found by direct measurement in leukemias (69) After

splenic irrad n locytic leukemia there is a d in
mitoses in marrow myeloid cells within 80 min This is followed by a de-
crease in immature myeloid elements, an increase in immature erythroid
elements, or both [Gunz (70)] In leukemic subjects recerving radioactive
As™, Block and co-workers (71) found insufficient evidence of cytolysis to
account for.observed remissions, and no evid that thei dividing
cells were more sensitive to irradiation by the As™.

Therapy—Recent years have seen the experimental and clinical trial of
large numbers of potential therapeutic agents A few, while never curative,
have shown promuse as useful adjuncts in the therapy of leukemia and
lymphoma This review will discuss chleﬂy the newer chemotherapeutic
agents rather than x-irradiation and rad: hosph (P¥7) Nitrogen
mustard, triethylene ine (TEM), folic acid and
indeed all of the known chemotherapeutic agents of value have marked
himitations 1n prolonging life, but have made important contributions to pa-
tient comfort and productivity and to the research of chemotherapy of these
disorders [Gellhorn (72)] Skipper (73) has called attention to the possible
common pattern of action of many of these agents through interference with

bolism. It should be hasized, however, that in most
instances mechamsm of action is stilt poorly understood in definitive terms.

A number of reports are available on the results of compounds related to
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portant role Evidence supporting the virus hypothesis has been advanced
by Gross {49 ta 54), based on (a) the greater frequency of leukemia in certain
kinships in chickens, mice, cattle, and man and (b) direct experimental evi-
dence in chickens and mice Tt is suggested that a group of submicroscopic,
cell-free, oncogenic agents exist, which, hike egg-borne virus diseases, are
transmitted “vertically” through the embryo. Usually, according to this hy-
pothesis, these agents are dormant, but are occasionally activated by obscure
means and produce clinical leukemia. The number of individuals with lev-
kemia, then, would represent only a small fraction of those carrying the
“seeds” of the disease. Continued observations by Lange ef al. (§5) on the
atomic bomb survivors in Hiroshima and Nagasaki indicate that thereisa
great increase in leukemia in the heavily exposed groups, that this is equally
manifest in both sexes and at all age levels, that chronic lymphoc}’ﬁc leu-
kemia has bcen uncommon (though chronic lymphocytic leukemia is also

ively rarein and that cases are still appearing
in the exposed group, though declining in number since 1950 The develop
ment of lymphoma in a strain of mice with high spontaneous incidence has
been ohserved to be mhlblted by administration of cortisone, while a high

incid of locytic leukemia appeared in a low lewkemia strain of mice
irradiated once with 350 r {Upton & Furth (56)]. Cortisone was without effect
on the induction of gr ytic leukemia. The leuk ic effects of single:

acute doses of substantial amounts of whole body irradiation appears well
established .
Clinscal and metabolic features.—~The protean clinical features of leukemia
are well known, but unusual clinical manifestations are deserving of some
comment. The assaciation of pregnancy and lenkemia has been again re-
ported and the literature reviewed [Shub ez ¢! (57)] In view of {requent re-
ports of acute exacerbations and death during pregnancy or in the first eight
months post partum, it 1s suggested that pregnancy may have deleterious
cffects in this disease. In view of the fact that many cases normally terminate
with this acute picture, careful statistical analysis would be necessary before
a valid conclusion can be reached, however. Interesting temporary remissions
in acute leukerua occur at times during a variety of infectious processes, and
11 additional cases in children have been reported and discussed [Bierman
¢t al. (58)). In these cases, the usual course of events was onset of fever, re-
duction in penpheml leukocyte count, occasionally the development of
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terminating with acute myelobl e has been reported (60),
though the i of the two conditions is p bly fortuitous. Lame
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five cases of acute monocytic leukemia by intr lar injection of fresh
glandular fever serum proved ineffective (89). Phenylbutazone (Butazolidin)
has been suggested as having some symptomatic benefit in controlling pain,
fever, anoreda, and in some mstances pruritis in Hodgkin's Discase (90).

Certain synd g leuk id blood ions, proliferative dis-
orders of marrow or extramedullary hematopoiesis or both may closely
mimic granclocytic leukemia at times (91 to 95) These include myelofibrosis,
some cases of polycythemia vera (94), and a heterogeneousgroup of myelo-
prohferati\e disorders to which a highly varied terminology has been applied
in the medical hiterature. It has been postulated but not proved that these
have in common a i} or process involving primitive
mesenchymatl cells (93, 95), that splcmc enlargement is not compensatory for
marrow failure but part of the fundamental proliferative process, and that
e dullary collections of cells are autochth formations and not
inﬁltr;\tes {Hutt ezal (93)] Peace (95) has also postulated that “myelonecro-
sis” may be the initial hxstopatholngxc lesion, followed hy compensatory pro-
Uiferation, poorer cell i i and it blastic or osteo-
blastic proliferati dullary b fesis by this conceptisanex.
presslon of the latent capabilities of the primitive mesenchymal cell system
The exact inter-relationships of these syndromes are not clear, however, and
1t is quite possible that they represent a superficially similar response to a
heterogeneous group of metabolic defects or stimuli

Multiple myeloma represents a prol:ferauve disorder |nvolvmg the
plasma cell, similar f; lly tol
tion involving other leukocyte ty pes Schwartz & Cataldo (96) have re-
viewed clinical and laboratory aspects in detail. In metabolic balance studies,
conducted by Adams ez al (97) on patients with myeloma receiving ACTH,
serum and urine proteins decreased, and 1n two of these subjects the major
reduction 1n the clevated serum protemn was attributable to reduction in the
abnormal globulin present In one patient 2 good clinical remission lasting
two jears was ob d, though of the marrow
continued to be evident during remssion Studies have been reported both
on the abnormal serum protetns (98) and the Bence-Jones urinary protein in
this disorder (99). In ten cases of myeloma, three with palpable spleens,
splenic aspiration showed 1ncreased numbers of plasma cells n mme (100). An
unusual case simulating hy perparathyrordism has also been the subject of a
detailed climical and pathologic study (101)

OTHER LEUKOPATHIES

A number of studies have appeared on vanous aspects of infectious
mononucleosis Involvement of the heart in this dlsease has been discussed 1n
detail with the 1 that while ies this disease,
there 1s no reason to believe chronic heart v:hsease occurs 1n those who re-
cover [Houck {102)] While a number of reports of cardiac changes have been
reported, the evidence adds up to an ummpressive total, and minor electro-
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the nitrog ds in the tr of leukemia and lymph {4 to
83). TEM? has hemopoietic toxic effects similar to nitrogen mustard, but can
be given orally, i 1y, ot intr {y and usuaily with minimal

niausea. Reports agree that remissions may be obtained in some patients nith
Hodghin's disease (74 to 81), though in some hands (74) therapeutic benefits
have not been as gratifying as reported elsewhere, Opinion varies as to effi
cacy in other Jymphomatous disorders, poor results being reported in
tymphosarcoma and reticulum cefl sarcoma (74, 79), as well as evidence of
some clinical and hematologic benefit in certain cases (77). Some degree of
benefit has been noted in cases of chronic lymphocytic leukemia (77, 79)
Dasage schedules vary widely and have been discussed in detail {Bond etal,
(74); Axelrod ef a (79)}. The dangerous and tovit effects of marrow aplasia
have been emphasized {Wilkinson et al. (75)], It is the opinion of the author
that TEM has its chief advantage in that the oral route of administrationis
available, that the indications for its use are very similar to those of nitrogen
mustard, and that toxic and therapeutic effects are both somewhat less pre-
dictable than with nitrogen mustard therapy. A series of ethylene-imine de-
nivatives (triethylenephosphoramide, or TEPA, diethylene phosphoramide
or DEPA and triethyiene th\nphosphommide or Thio-TEPA) have been
demonstrated as also possessing nitrogen mustard-like activity (78, 32, 33)
They appear to add little range to the therapeutic armamentatium, but, us-
like nitrogen mustard, can be given intramuscularly.

Myleran (1,4-dimethanesutfonyloxybutane), a sulfonic acid ester with
alkylating properties, has proved to have definite depressive effects on the
myeloid lenkocytes of man and animals and to be of benefit in the manage:
ment of chrome granulocytic Jeukemias {Petrakis et al (8%); Galton (85);
Haddow & Timmis (86)] It is given orally There is na effect in acute Jeu
kemias or in chronic lenkemias other than the chrome granulocync variety.
The early results indicate that it may become a usefuf adjunct in the chronic
granulocytic leukemlas

A new anti b 6 purine, a purine anal also shows
some promise. Good temporary retmussions accur in about one-third of chil-
dren with acute leukemia, in occasional adults with acute leukenua, and in
some cases of chronic granulocytic leukemia both early and tate in the dis-
ease [Burchenal et al (87)). The lymphomas in general respond poorly The
drug is effective at times when folic amd antagomsts and ACTH or cortisone
have hecome weflective la genersl, th lops more
rapidly than to folic acid antagomsts, Th: distinct advantage exists that,
unlike folic acid antagonists, toxic side effects other than excessive marrow
depression are comparatively minimai

Other agents of dubious or less established value have been also employed
1n the hope of obtaining symptomatic relief or chinical remussinns in these dis-
arders. The production of pyridoune defi y withits antj bolite des-
oxypyridoxine produced a very brief clinical remission in ane of four cases
of acute lymphotytic feukemia (88) Attempts to obtain chnical remisston fn
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b!ood the L E phenomenon by this hypothesis being assumed to be an

dy reaction i ibodies [Dittrich & Fruhmann
(118)] In other experiments, amﬁcml L-E cells could be produced by normal
serum heated to 58°C. with a high molecular weight poly vinyl-alcohol-poly-
sulfuric acid ester [Inderbitzin (119)] The suggestion was made that the
L-E cell may depend upon abnormal mucopolysaccharides combined with
gamma globulins In still another investigation, an inhibitor of desoxyribo-
nuclease (DNAse) and of the L-E phenomenon were found and had many
properties in common, Proof of identity requires further purification, but the
authors postulate that the serum L-E factor may act by deranging an intra-
cellular DNAse-DNAse inhibitor system. The depolymerization of DNA
which ch; izes the L-E ph would, by this concept, be second-
ary to this derangement [Kurnick ef al. (120)]. Incubation of L-E serum with
the leukocytes of various amimal species reveals marked species differences
{121). L-E cells have been observed in smears of untreated, freshly drawn
penpheral blood in 2 moribund patient, suggesting that this is truly an in
vivo as well as n vifro phenomenon (122) The nature of the phenomenon
cannot be regarded as elucidated as yet The leukopenia of paroxysmal noc-
turnal hemoglobinuria may be due to premature leukocyte destruction by
the same factors that result in erythrocyte hemolysis and thrombocytopenia
Occasionally, aregenerative crises occur which may result in agranulocytosis,
severe anemia, or both [Crosby (123)] The leukopenta resulting from nitro-
gen mustard (HN;) admini: ion can be miti d by ¢ teine and con-
siderably less efl 1y by D-cysteil dmini d 2 short time before the
medication. Studtes indicate that this effect depends on spatial configuration
as well as on the close apposition of SH, NH,, and COOH groups of the
molecule, It seems that the protective effect of L-cysterne may not be en-
tirely due to chemical inactivation of HNj in mivo [Weisberger & Storaasli
(124)] It should be emphasized that these experi 1 observations do not
imply that L-cysteine should be given clinically in conjunction with HN, or
that therapeutic effectiveness can be safely predicted if this were done.

CyroLoGY

The findings on lymph node 1mprints 1n normal, hyperplastic, and lym-
phomatous tissues have been discussed 1n detail by Moore & Reagan (125).
These have proved to be a useful adjunct to tissue studies Thoracie duct
lymph, studied by direct cannulation of the duct in living human subjects,
was found to contain 210 to 5600 leukocytes per mm in nonleukemic sub-
Jects In lymphocytic leukemic blood, the leukocyte count usually did not
exceed that of peripheral blood [Bierman et al. (126)] Erythrocytes were few
in number in nonleukemic lymph, but present up to 1.5 million/c. mm. in the
lymph of leukemic patients Refractive neutral red staining particles are
Ppresent in some lymphocytes of normal blood and are said to be increased in
persons iving whole body irradiation or toxic ch of certain types.
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cardiographic deviations may overconcern doctor and patient (102) Hepa-
titis is perhaps of more concern. Attempts to influence the clinical course of
infectious mononucleosis with antibiotic therapy were unsuccessful in 78
cases [Walker (103)]. The occasional occurrence of the Guillain-Barré syn-
drome in this disease has been di; d with case p ions [Raftery et
al. (104)), as has been the occurrence of acute pericarditis (105), thrombo-
cytopenic hemorrhagic diathesis (106, 107), and immune body acute hemo-
Iytic anemia (108)

Osgood (109) has presented an extensive review of drug-induced agranu-
locytosis and hypoplastic anemia. The mechanism and treatment of these
disorders is discussed. Among the drugs hstcd ;\s hlgh risk agents producmg

locytopenia are aminopyrine, ni its, and thiosemi-
carbasones Low risk agents which have been mcnmmated include antihista-
minics, phenothiazines, and amide hydrochloride (109) Case reports
of severe ytosis attributable to phenylt (110, 111) and

4-amino-antipyrine (111) have been added to the literature. Considerab.fc
nterest has been manifest in the possible immunologic etiology of certain
locytic or locytopenic sy (112 to 115). In one unusual
patient reported (113), persistent neutropenia accompanied a pathological
serum globulin constituting 30 per cent of the total serum protein, and this
globulin fraction was capable of agglutinating normal leukocytes in dilutions
of 1 to 120. While not definitely proved, this may have been the causative
agent of the patient’s neutropema. In one study, sera of about 2,000 normat
subjects and 600 patients with various diseases were tested for leukoagglu-
tinating properties by a relatively stmple test employing defibrinated b!oo‘d
[Dausset et al (115)] In 19 subjects positive reactions were obtained, and in
18 of these, leukopenia with neutropenia was the sole clinical feature com-
mon to all, In such sera, the leukoagglutinating property was confined to the
globulins and serologic and physicochemtcal properties were considered to
favor 1ts being an body. It is that certain ies of leuko-
penias may be on the basis of autoantibodies against leukocytes, and hence
analogous to acquired hemolytic anemias with autoantibodies Antileuko-
cytic serum has been prepared experimentally (114) and was capable of
producing marked et ing of ytes and leuk is resulting
ini tons often i i hable from L-E cells The same report reviens
the literature on antileukocytic sera
Numerous investigations of the L-E cell phenomenon have been reported
The methodology of the L-E test and the climcal interpretation of this and
related phenomena has been reviewed by Dubois (116) The L-E phenome-
non has been demonstrated by Walsh & Zimmerman (117} 1n severe penicillin

hy itivity reactions, that it may be related to other hyper-
sensitivity reactions as well as to system Iupus eryth
tally, it has been d that phagocytosis of homol cells is influ-

enced by changes on the surface of cells and by an opsonic factor acting in
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These have been studied in terms of refractive index, solubilities, and stain-
ing reactions {Hempelmann & Knowlton (127)]. They are considered a3
possibly lipid or phospholipid in character and may be related to the Golgi
apparatus. In a study by Klein & Black (128} of bone marrow plasmacytosis
in 60 cases, the degree of plasma cell proliferation was correlated with the
clinical diagnosis and the plasma globulins Elevation of plasma globulins of
some degree was present in 80 per cent. The diseases most frequently associ-
ated with marrow pt tosis were myel L th id arthritis, Hodg-
kin's disease, granulomatous, and collagen diseases. Plasmacytosis in the
hemopoietic organs of dogs exposed to x-irradiation has also been abserved
(129). Using the phagocytosis of colloidal gold intravenously administeu'd
and of formolized Staphyic albus admini: d i itoneally in
mice as a criterion of macrophage activity, no aterference could be demon-
strated after cortisone administration {Gell & Hinde (130)]. In the rabbit
peritoneal cavity, monocytes were no less subject to chemotaxis than grand-
tocytes, and their advance toward a chemotactic object even more dx{ecl
fHarris {131)]. In a study of the Pelger-Huet familial lenkocyte anomaly na
Japaaese farmly, genetic data supported a simple Mendelian type of inherit-
ance (132), The cytology of the degenerating leukocyte has been dlsc\liffd
(133). A method permitting the separation and to some extent presen‘ztm‘l\
of Jeukocytes with details on preservation media has been presented {Tullis
{134)). The author discusses the meaning of “viability” tests including
Brownian movement, amoeboid activity, ability to resist socalled “1mperme-
able" dyes, and phagocytosis While some progress has undoubtedy been
made in the right direction, satisfactary preservation of leukocytes cannot
be regarded as a solved problem.
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NUTRITION AND NUTRITIONAL DISEASE
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We have entered a new era of nutrition which has altered our approach
to experi and clical probl We owe much to the biochemist,
mucrobiologi docrinol and icist for laying the groundwork.
The essentiat events of nutrnition go on in the hving cell, which must be pre-
sented with a balanced dtet that may or may not resemble the dret presented
to the total animal The essential nutrients act in large part as components
of cellular enzyme systems. Superimposed upon these enzyme systems are
hormones which seem to exert regulating effects on enzyme reactions.

Transfer of food from environment to cell is a major problem in nutrition.
There are at least three aspects to this problem

(a) The transfer of food from the i to the gastroi: inal
tract The tngestion of food 1s a very complicated process involving interac-
tions between the nervous system and many physiologic processes. Many
mechantsms are involved in the control of food intake, and their study is
rendered difficult by i ingl. of psychologic and phy gic factors
which must be d for proper i 1 approach

(b) Dugestion comprises processes by which food as found in the environ-
ment 1s transformed into compounds that can be utilized by the cells En-
zymes must digest food without digesting the gastromtestinal tract The
gastrointestinal tract synthesizes enzymes and produces hormones that regu-
late d Dominating all these are the nervous and
endocrme systems through which the environment plays a role The micro-
brological flora also may play a significant role in nutrition

(c) After the food 1s processed, 1t must be absorbed and, before delivery
to the cell, most nutrients pass through the liver Liver metabolism is partly
dependent on the pancreas, and is greatly influenced by other endocrine
glands and the state of the arculation

Many nutntional studies are hard to nterpret because of difficulties 1n
establishing adequate contrals, The whole question of what type of control
is needed 1s a vexing one That pair feeding results 1n dissimilar weghts 1s
expected from known impairment of food utilization in many deficiency
states Pairing animals to similar weights may more nearly approximate a
“true control,” but, depending upon what phenomena are bemng studied, it
mught be appropriate to pair them to similar body fat content, body protein
content, body water content, ar other measurable entities
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For example, in 1939 it was observed that pantothenic acid deficient rats
had severe changes in the adrenal cortev, consisting of varying degrees of
hypertrophy, degeneration, and hemorrhage. These were not found in con-
trols on ad libitum food intake. There were additional difficulties in interpret-
ing the observed results which arose because some degree of infection was
{found in all the animals exhibiting gross adrenal defects, afthough in many
the infection was wefl-concealed, being found only on careful examinatinn
of the middle ears (1}.

The intervention of “non-specific stress™ and depletion including starva-
tion and infection may greatly alter function and structure. Complex inter-
refationships between various nutnents add further difficulties to the prob-
jem of assessing and interpreting nutritional investigations,

Foop INTAKE AND OBESITY

Obesity is reputedly the most serious nutritional disorder in the Umud
States (2) It is seen as a hink between and many di
eases {3, 4) The possible dangers of obesity have been abundantly stated'
but a lack of unanimity is seen in reports of better prognosis of obese patients
with cotonary disease (3), in myocardial infarction (6), and reportedly in
studies in hypertension in Denmark (7).

Obesity results from abnormal function of mechanisms regulating appe-
tite and satiety on the one hand, and caloric expenditure on the other; anda
breakdown of any one of many h could result in defecti regula~
tion These h hological and physi ical, are st
that separation for crmcal experimental attack is difficult thh available
techniques. The questions may be stated thus. Is simple overfeeding, result-
ing from habit or emouonal disturbance, the basis of obesity, or are there
abnormal 1 genetic or acquired, which mpair satiety
mechanisms or hmder delivery of stored fat for energy counversions, in @ pro~
gram of weight reduction should calotic intake be markedly restricted, ot is
it posstbie, without semi~ ation, to activate physiol 1 farces which ea-
courage utilization of depot fat? Long experience has shown that severe
calonc restriction, semistarvation. is intolerable except where motivation 15
50 strong as to avershadow severe symptoms

Obesity as “Compensatory Hyperlrophy of Adipose Tyssue.”"—It has been
proposed by Penmngton (8 to 12) that the metabolic defect of obesity is the
diversion, during di and absorp of an abnormal amount of the
calosic mtake to the adlpbse tissue, and inhibition ot the mobilization of fat
from the adipose tissue in the post-absorptive state. denying to the cells
energy needed to carry on their normal metabolic processes The resulting
under-nutsition of these cells 18 reflected as “hunger " In effect, adipose tis-
sues parasame the rest of the body.

In this view, the altered metabolism is caused by decreased atulity of the
obese animal to oxidize pyruvic acid which accumulates 1 excessive quanti-
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ties In the human the only evidence for this consisted of elevation of blood
lactic acid in the obese {13, 14). Pyruvic acid is the precursor of lactic acid.
Abnormal elevation of blood pyruvic acid in the diabetic after mild exercise
is not prevented by insulin (15), suggesting a common denominator between
obesity and diabetes in impaired oxidation of pyruvic acid. Diabetes results
only after an additional abnormality in carbohydrate metabolism from in-
sulin insufficiency ensues (9). Excessive accumulation of pyruvic acid has
been found in hereditarily obese mice (16).

Assertedly, excessive pyruvate inhibrts conversion of fatty acids to ketone
bodies, oxidation of fatty acids by the tissues (17}, and oxidation of ace-
tate {16, 18) Thus, pyruvate not only inhibits utilization of fat for en-
ergy, but also interferes with oxidation of acetate, so that this important in-
termediate in both carbohydrate and fat metabolism, instead of serving as a
source of energy, is dive exted to the depots to be deposned as rae. The result-
ing cellular under-
food intake and the animal experiences hunger.

This vicious eycle, the “"dynamic phase of abesity,” when energy intake
exceeds expenditure, continues until the “static phase of obesity” is reached
when energy intake and expenditure are balanced and weight gain ceases.
With this “compensatory hypertrophy of the adipose tissue,” even with only
partial ntilization of fat, enough is made avatlable to supply the energy needs
of the body during the post-absorptive state (8). The mass of fat needed to
accomplish this differs in d:ﬁerent individuals and probably depends upon
the degree of bolic i The i of more food is needed to
meet the energy needs of active tissue cells because it is not available from
adipose tissue where 1t is stored.

Obese people subjected to calorically restricted diets, therefore, are forced
into a state of und with hunger, ion of work
output, and total metabolic rate Their limited caloric 1atake has an exag-
gerated capacity to meet their low caloric needs, frequently necessitating un-
believably low caloric intake if weight increases are to be avoided. Obese
mice also show very marked reduction in basal metabolism (19) and in ac-
tvity (20)

Accord

g to Pe the ion of a fow sodium ketogenic diet
makes weight reduction possible with rel y high caloric intake The
ketogenic diet appears to increase total metabolic rate and mobilization and
ouadation of fat from adipose tissue. The very low ntake of carbohydrate
prevents the accumulation of pyruvxc acid, thus decreasmg the latter’s in-
hibitory effects on fat uti diet causes k with
ncreased mobilization of fat from adipose tissue (21), elevation of blood
fatty acids resulting 1n acceleration of oxidation (22), and increased utiliza-
tion of fat (23).

Ewvidence for the effectiveness of such diets in treating obesity by Pen-
nington 1s impressive \Whether such diets will be sufficiently palatable over
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fong periods of time remains to be seen. That such diats are possible aver very
tong periods of time is known, since Eskimos live on s ketogenic dist, How-
ever, when they have access to the high carbohydrate diet of white men, they
prefer it

Sodium restriction experimentally decreases the efficiency of food utilza-
tion largely by increasing total metabolism (24). How much sodium restric-
tion in the human 1s necessary to accoraplish this remains to be geen, but an
experimenta! basis for this certainly exsts.

Glucortare Theory of Food Inteke and the Meamng of A-¥ Blaod Glucore
Diferensces~~Nayer and his group (2, 16, 19, 20, 25 ta 28) have associated
hunger and satiety with vari: in arteri us blood sugar difl
siach that in human subjects satiety is associated with differences of 15 mg
per 100 cc, or more, and appetite or hunger {s associated with differences ap-
proaching 0 mgs, per 100 cc This was confirmed by other work showing that
arteriovenous ghucose differences of 20 mg per 100 cc was associated with
abolition of gastric contractions and subjective experience of hunger. De-
crease of the difference tonward 0 was associated wath return of gastric con-
tractions and subjective hunger (29).

A-v blood glucose differences returs to !D\V levds in obese sub;ccts sooner
than in o ing that § ion of carbohydrate is
associated with obesny {30) Increased utibzation of carbohydrate could be
interpreted to mean imcreased lipogenesss, the absorbed carbohydrate being
diverted to adipose tissie at abnormally rapid rates Difficulty in mobifiza-
tion of stored fat must be assumed 10 account for the obesity in this hypothe-
sis. As yet, simlar studies with different types of diets have not been re-
ported It may be that anly on diets of particular types wilt there be this
close correlation between appetite, satiety, and alterations in a-v blood glu-
cose dufferences

Appetiie end satrety —Und; ding the basic physiolegy of appetite and
satiety would improve the appraach:s to the problems of obesity This s
well jated by many and there are currently theee hines of
investigation :nmed at better ding of these hani They all

deal with the absorphion and disposal of nutnients and how these progesses
affect the hypothalamic satiety {31) and feedmg centers {32) Brobeck (33}
postulates that lood ntake 13 led by 12 such
that increase in total body heat Initiates impulses ihibiting feeding mecha-
nisms. Decrease in body temperature causes the ammal to become active,
searchung for food and ready to eat (34) Incomparibihities with other obser-
vations (27} may be explainable by differences in comparing normal rats
with rats with hypothalamic mjury

Kennedy {35, 36) regards adipose tissue as a major factor in regulapng
food intake Feeding behavior of obese amimals 15 different from non-obese
Dietary dilution with inert matenals such as kaolin resutted i normal non-
obese rats increasing food intake so that caloric intake and body weight re-
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mained unattered, whereas rats rendered obese by hypothalamic injury did
not maintain caloric intake and lost weight. These findings are similar to
those reported in mice rendered obese by injection of gold thioglucose (37).

Lundbaek & Stevenson (38) found that normal rats and hypothalamic-
injured, obese rats maintained caloric intake when changed from high carbo-
hydrate to high fat diets, but reduced caloric intake when changed from high
fat to high carbohydrate diet. The obese animals however reduced food in-
take much more than the normal It was concluded that the obese state in
itself is a deteyminant of the capacity of the carbohydrate disposal mecha-
nisms.

These various lines of investigation suggest that satiety is associated with
active disposal of nutrients from the blood; the hypothalamus is the center
where changes 1n internal chemistry, caused by disposal of the nutrients

bsorbed during digestion, are lated, through the nervous system, into
expressions of appetite and satiety; the most important process of disposal
involves Iipogenesis, the synthesized fat being stored largely in the adipose
tissue In the post-absorptive period the organism draws upon stored fat for
energy, which means the fat 1s very labtle in character. That adipose tissue
is metabolically very active has been shown by several kines of study (39).
On the basis of nitrogen content adipose tissue is as active in lipogenesis as
the liver (40). Phosphorylase content of adipose tissue in obese women was
three times as hugh as in normal women, and, after reduction of weight to
normal, the phosphorylase content of their adipose tissue returned to normal
(41). The 1mportant role of adipose tissue in appetite and satiety suggests
that further work be done along the lines suggested by Hoelzel that hydra-
tion and dehydration of adipose tissue exert important effects upon appetite
and satiety (42).

Hormonal control of disposal mechanisms —Alter a meal, glucose is readily
oxidized or synthesized 1nto glycogen and fat and these reactrons are facili-
tated by insuhin (43) In the post-absorptive state utilizatron of glucose is
inhibited by the ptuitary, largely via growth hormone (44) With glucose
unavailable as a source of energy, fat mobilized from depots supplies needed
energy The mobilization of fat 1s also under pituitary control with growth
hormone as the active agent It requires the “permsssve” action of adreno-
cortical hormones (45)

Thyroxin was found to 1nhibit the action of the fat mobilizing factor of
the antertor prtuitary in an mteresting study 1 guinea pigs (46) which is dif-
ficult to interpret It does rase the interesting clinical question as to whether
thyroid hormone in the absence of hypothyroidism may not be seli-defeating.

Duet and Qbestty —The type of diet mgested plays a role in food intake,
but 1ts action is obscure Low protein diet decreased food 1ntake in humans
(47), but not 1n all cases Various inhibitors which are normally occurring
conststuents of food decrease food 1ntake, and the subjection of foods to vari-
ous processing procedures mfluences food intake in anmals, depending upon
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the food and the processing methods employed (48). Foods also may carry

ds which evoke or satiety and these factors are perhaps
responsible for the differences in the continuing acceptability of foodstufis
Food flavors and spices deserve more investigation.

Treatment with Calorically Restricted Diets—Treatment of human obesity
with low calorie diets 15 based upon the assumption that obesity is never
directly caused by abnormal metabolism but by food habits that are not
adjusted to metabolic requirements (49). Obese individuals after losing
weight on low calorie diets maintained a constant weight only on food intake
considerably lower than that of other individuals of similar age and dimen-
sions, suggesting the existence of a metabolic difference such that the for-
merly obese person must subsist on 2 low calorie diet the rest of his life if he
chooses to control his weight by this means (12). This difference is due m part
to decreased total caloric output which is itself part of the obesity defect.
Observations have shown that obese subjects on a reducing diet experience
a decrease in basal caloric output whereas normal individuals who have put
on excessive weight by forced overeating experience no such decline in basal
metabolic output (10)

Tng GASTROINTESTINAL TrACT

Immumty of the ltving gastroil 1 tract to autodigestion involves
protective hani: not yet well-defined. The concept of a “two-com-
ponent self-generating mucous barrier” (50) helps give direction to studies
of biochemical and cellular components. The non-vital layer of viscous ma-
terial, the normal mucus, shields the surface epithelium from digestive en-

— . P ; PRI

may be ascribed to the relative physical impenetrability of the mucus layer
and to its ability to adsorb enzymes and acid

As the second line of defense, the columnar and cuboidal cells of the sur-
face and crypts with re kable rapidity, replaci; contiunously
cells injured and shed Ulceration may result from disturbance or loss of
these barriers

Although most such work refers to the upper gastrointestinal tract, simi-
lar phenomena involving the colon are known (51} Such studies have been
concerned largely with influences of the nervous system and hormones Mal-
nutrition may also be modified by these factors

Reinterpretation of existing experimental information upen the relatton
between intestinal function, ulceration, and nutritional deficiencies is needed.
Diets deficient in vitamin A (52), thiamine, pantothenic actd or caleium (53,
54), B complex vi (55}, th (56), rib and i 50N,
protein (58, 59, 60), and vitamin E (61) affect the enzyme systems and tis-
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sues, possibly in proportion to the metabolic activities of the various tissues
and may result in ulceration.

Rats with tocophero! deficiency did not develop ulcers when also deficient
in vitamin A, pyridoxine, or essential d fatty acids. Admini:
tion of any one missing nutrient without tocopherol resulted in increased
food intake and ulcers occurred, a ‘'stress of realimentation™ (61). Concur-
rent administration of vitamin E prevented ulceration,

Pantothenic acid deficient rats, as well as rats maintained on low food
intake, had a marked decrease in the respiratory activity of the intestinal
mucosa. The respiration of the mucosa was raised significantly by diets con-
taining 60 per cent protein. The pantothenic acid deficient rats had severe

b of i inal mucosa i of atrophy and scattered
hemorrhages not found in the controls on reduced food intake (63). Theau-
thors (Vitale ef al) concluded that the defects resulted specifically from
pantothenic acid deficiency, but the data show that the semi-starved controt
animals reached weights twice as high as the deficient The authors discussed
the difficulties inherent 1n adequate control groups

Severe atrophy of intestinal mucosa is also found in starvation. In a
comprehensive study of human starvation and semi-starvation of subjects
confined to concentration camps during World War II, Danish workers (64}
found extensive changes in the whole gastrointestinal tract, over and above
what could be ascribed to specific vitamin or other deficiencies. They studied
fasting rats and found that as early as the fourth day there were atrophic
changes of the mucosa of all segments of the small intestine, coupled with
decreased resistance of the superficial layers to trauma or irritants.

Undernutrition results in loss of protein from the gastromtestinal mucosa,
These losses represent not just stored proten, but functional material such
as enzymes upon which the functional activity as well as the structural in-
tegrity of the gastromntestinal mucosa depends (63, 64).

That the 1ntestinal mucosa has powers to adapt its enzymes to the nature
of the food is shown by the hexokinase content of the small intestine of rats
chronically fed different diets The lowest hexokinase activity was found
in the mucosa of rats fed a high fat diet and the highest activity in those fed
a ligh carbohydrate, fat-free diet (65).

Effect of Intestinal Bacteria and the Role of Antibiotics —The preponder-
ance of Lactobacllus bifidus in the intestinal flora of the human nurshng
prompted a search for mlcroblologlcal growth factors 1n human milk. A
stramn of Laclobactllus bifidus i an growth factor was iso-
lated The concentration of this factor is high in human milk and low in
cow's m:lk and 1t 1s also present in hng gastric mucin It seems to be a mucin,

and acetyl In vitro, acd hydrolysis de-

stroys 1ts actwvity (66, 67),

The effects of such mucins may be to encourage a more benevolent gastro-
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intestinal florz that produces less toxins or is less destructive of compounds
beneficial to the host. Intestinal bacteria may be beneficial to the host, syn-
thesizing essential nutrients present in the diet in inadequate amounts (68).

Because of the high concentration of both microorganisms and vitamins
in the cecal it had been d that vitamins were synthesizedin
the cecum by the flora, However, in germ-free chicks the cecal vitamin con.
tent closely approximates that of conventional chicks (69). The germ-free
chicks grow as well as normal chicks. Germ-free guinea pigs, on the other
hand, die on diets that support good growth in conventional animals Despite
voracious appetites and high food intake, they die of starvation, presumably
because of inadequate digestion of foads which, in guinea pigs, requires the
activity of microorganisms (69).

The rabbit, though a non-ruminant, may be classed with the ruminants
because it utilizes nutrients synthesized by intestinal bacteria, by ingesting
a special type of night feces, consumed as soon as voided. They closely re-
semble cecal contents rich in protein, mitroorganisms and vitamins (7). The
enzyme systems of the intestinal flora may be considered as part of the
enzyme systems of the total animal.

Increasing prominence is being given to the destruction of nutrients b?'
intestinal bacteria. Such studies are made possible by the availability of aati-
biotics, and by the use of germ-free animals reared in environments in whith
no microflora exists. The addition of certain antibiotics in small amount to
the diet increases the rate of growth and efficiency of food utilization of many
kinds of animals These effects are not obtained in environments in \\lu:.h
bacteria or other infective agents are absent, such asin the chick embryo or it
germ-free animals. Antibjotic-sensitive bacteria capable of interfering \\'fth
food utilization inhabit the intestinal tracts of many animals. Suppression
of these bacteria may be responsible for a decreased destruction of nutrients,
rendering them available to the hosts for increased growth and efficiency of
food utilization (71, 72).

The remarkable relation of wheat (or rye) even in very small amount !0
celiac disease in children and non-tropical sprue or idiopathic steatorrhea it
adults (73) 15 attnibuted to the gluten fraction, particularly the gliadin. The
mechanism is unknown. These diseases respond incompletely or not at all
to folic acid and vitamin Biz In contrast, tropical sprue 1s related closely to
the ingestion of unsaturated fats, which easily undergo oxidative rancidity.
with formation of peroxides and polymers, and folic acid, liver extract, and
vitamin By are very effective (74). Sprue-like syndromes (without anemiz)
frequently observed as untoward reactions to chlortetracycline and oxy-
tetracycline (75) are relieved, frequently dramatically, by oral folic acid-
Discontinnation of folic acid may result m relapse, with relief on retreatment
{76). The treatment may have to be continued for months The development
of these syndromes in individuals on good diets, within a few days of starting
oral antibiotics, does not suggest deficiency discase caused by loss of vita-
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mins synthesized by intestinal microorganisms, nor is there evidence that
yeasts are causally related. The possibility exists that the chelating proper-
ties of the drugs induce biochemical change in enzyme systems in the intes-
tinal mucosa

Tue Liver

The liver 1s interrelated in a mutually protective manner with other
organs such as the pancreas which has been referred to as the “guardian” of
the liver (77). This pi ive action the insulin hanism which
prevents migration of depot fat to the liver and is necessary for synthests of
glycogen; and its external secretions needed for digestion of dretary protein,
which protects the liver agamnst injury

The liver standing in a “protective manner” between the environment
and other body tissues may detoxify noxious agents in the food or produced
1n the intestine, since these reach the liver immediately after absorption.

Toxtns and Detovification —The term detoxification has teleological im-

i ing that bolism of poisons follows special pathways,
and proceeds in the di of the ion of less toic ds Ths
assumption is unwarranted because of lack of information concerning relative
toxicity of the parent substances and their derivatives The transformations
of “toxic ds'" as well as the i of food stuffs, depend upon the
enzyme systems with which the animal is endowed (78, 79, 80). Enzyme
systems may be affected variously. A nutritional deficiency may deprive an
enzyme system of an essential ¢ A ditioned i I defi-
ciency may be brought ahout by excessive destruction or excretion of an es-
sential nutrient The protein motety of an enzyme sy stem may be 1nactivated
by the blocking of an essential structure such as functional —SH groups
The general connotation of “toxin” would fit this fast category.

Different speries have different assortments of enzyme systems Rats
Dossess an enzyme that methylates nicotmamde, and are depleted of
methionine which furnishes methyl groups for the obligatory methylation of
Nicotinamide before excretion Nicotinamide 1s thereby “‘toxic” to rats
Guinea pigs and rabbats, not possessing the necessary methylating enzyme
systems, do not methylate nicotinamide for excretion and large doses of
nicotinamide are innocuous to them (81) Different species show different
types of injury when fed similar abnormal diets On diets low in protein and
hpotropic compounds the dog, rat, mouse, rabbit, hamster, calf, pig, and
duckling developed fatty livers, which are difficult to produce 1n gumea pigs.
Diets low 1n ipotropic compounds produce severe kidney lesions in rats, and
10 a lesser degree 1n young pigs and calves, whereas young mice and puppies,
both of which develop fatty livers, do not develop kidney lesions (82).

A possible role of the gastromntestinal microflora has already been dis-
cussed Hepatoxins, whether produced in the gut or present n the diet, are
carried to the Iiver by the portal circulation and may interfere with enzyme
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systems by action upon the protein moiety, the coenzyme, or the mineral
component,

Experymental Liver Disease Produced by Dietary Means—1In liver disease
resulting from abnormalities of diet, as in other nutritional disorders, prog-
ress rests upon reproducing the disease in experimental animals Two dis-
tinct types of liver injury have been produced by dietary means: hepatic
necrosis, characterized by hemorrhages and massive cell death, and cirrhosis,
usually preceded by fatty infiltration (83),

Hepatic necrosis, produced by vatious types of diets, is cured or prevented
by the sulfur containing amino acids, Vitamin E, or factor 3, an unidentified
factor associated with casein (84). Experimental observations of Liver damage
produced by dietary means were confused and difficult to interpret because
both types of mjury occurred together. This resulted from the nature of the
diets used: low in protein, high in fat, and low in lipotropic compounds. The
nutritional factors which have been shawn to play a role in liver necrosis and
cirrhosis are shown in Table I (85, 86).

TABLE 1
NUTRITIONAL FACTORS 1N LIVER NECROSIS AND CIRRHOSIS

Nutritional Liver N . Laver
Factors iver Necrosis crrhosis

Protein beneficial beneficial
Methionine beneficial beneficial
Cystme beneficial injurious
Vitamin E beneficial no effect
Choline no effect or injurious beneficial
Dietary fat no effect or injurious njurious
Vitamin B nio effect or injurious beneficial
Folic acid,

atrovorum factor no effect or 1njurious beneficial
Betame no effect or injurious beneficial
Factor 3 beneficial unknown
Methyl group

precursors no effect or injurious beneficial

Hepatsc Necrosis —Liver damage 1s caused not only by cystine deficiency
but afso by cystine excess It was with an excess of cystine that liver inje1y
swas first produced by dietary means (87) Cystine may be the substrate of an
enzyme reaction which fails if cystine is absent and fails 1f it is in excess It
is a “well-known feature of many enzyme systems that they are mhibited by
a surplus of the substrate” (88)

A conditioned deficiency of cystine is produced by the hepatoxin, bromo-
benzene, which combines with cysteine, 1s acetylated, and excreted as mer-
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capturic acid (89, 90). Presumably the bromobenzene drains off cystine and
its precursor, methionine, so that in effect liver necrosis results from defi-
cency of sulfur amino acids rather than from direct cell toxicity. Cystine and
methionine protect against bromobenzene; vitamin E or methylene blue
showed no protective action (91); liver damage was aggravated by fasting
(92).

The chemical structure of the halogenated hydrocarbon has a decisive
bearing upon its toxicity, Mercapturic acid is formed by the conjugation of
bromobenzene with cysteine in the para position. If the para position is oc-
cupied by another halogen, the dihalogenated compound has httle toxicity,
whereas if the second halogen is 1n the meta position, this dihalogenated
compound produces liver damage—because the para position is still free to
combine with cysteine (91)

Cystine utilization is blocked by a metabolic inhibitor, present in selen-
ized wheat. Sefensum 1n the wheat protein replaces the sulfur of cystine, pro-
ducing the seleni \! which with cystine in liver metab-
aolism and produces liver necrosis when fed to rats (93). Protein is protective
(94).

Intestinal bacteria seem to play a role in liver necrosis That the large
intestine might be a site of hepatoxin formation was supported by studies
showing that pathologic changes in the livers of rats on yeast-containing
necrogenic diets occurred predominantly in the left half, which received
portal blood chiefly from stomach, spleen, and large intestine. Portal blood
to the right half of the liver comes chiefly from the small intestine (95). It
was postulated that the sulfur amino acids and vitamin E absorbed from the
small intestine protected the right half of the liver, whereas bacterial toxins
Irom the large intestine produced necrosis. Chlortetracycline (aureomycin)
added to the necrogenic diet was ly effective m p ing necrosis
because of establishment of chlostetracycline-resistant strains, whereas the
protection afforded by vitamm E or cystine was permanent (85)

The evidence was open to two interpretations antibiotics, by inactivating
intestinal bacterta, might have prevented the synthesis of toxins, or they
could have prevented the destruction of essential nutrients such as vitamin
E or the sulfur amino acids This was clanfied by studies with germ-freerats
fed necrogenic drets (96) When fed ad Ibitum, germ-free rats did not de-
velop liver necrosts, but conventional rats fed the same diet did. This lent
credence to the concept of intestinal intoxication However, the mvestigators
noted that the germ-free animals consumed more food than the controls.
When food 1ntake of germ-free rats was restrcted to that of the controls,

they, too, developed liver necrosis (96) Here the level of food intake became
a deatsive factor 1n the development of liver injury. It is tempting to con-
clude that the mcreased food ntake raised the intake of sulfur amino acids
to protective levels

The present position 1s that no conclusive evidence has been obtained
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that a positive factor arising from intestinal activity is essential to the pro-
duction of dietary hepatic necrosis. Intestinal bacteria may, however, play
a rofe by changing the food intake of the animat or by destruction of sulfor
amino acids ot other essential nutrients.

Uncertainty as to whether cystine alone is the protective factor or methi-
anine also, arfses from the interch bulity of cystineand hionine, Since
methionine can be converted to eystine, feeding methionine is equivalent to
feeding an unknown mixture of the two, Cystine cannot be converted to
methionine, This dlemma was resolved by diets in which the sale source of
protein was a mixture of pure amino acids, When ample cystine was avail-
able, methionine deficiency led to macrocytic anemia and hypoproteinemia,
but not to hepatic necrosis Qmutting cystine and giving methionine just
sufficient to prevent anemua and hypoprotminemia caused typical massive
necrosis (95, 97) Thus methionfne may play a triple role in Hver function:
it may supply cystine; it may act as a lipotropic factor to prevent fatty Jiver
and cirrhosis, and 3t may act to maintan normal formation of erythrocytes
and plasma proteins

The sulfur amino acids may vary extraordinarily in hiver protein metab-
olism The NS ratio of liver protemn of pups and of normal adult dogs is 11
or$2tot The protem.depleted dog which is so sensitive to Hver injury shows
a N:Sratio of 14 or 15 to 1 When protem-depleted dogs are fed adequaf:
asounts of methionine or of cystine, they are incorporated into liver profemm
so that the NS ratio of the hver becomes 8 4 when smethionine 15 fod and
11 3 when cystine 1s fed, implying that liver proteins have a variable makeup
in a dynamic system (98)

Vitomin E and Masstve Liver Necrosis —Linderstanding the mechanisms
by which vitamin E protects the liver would greatly facilitate an under-
standing of hepatic necrosis In general, vitamin E has the following actions:
prevents muscular dystrophy (993, prevents vascular disturbances ineluding
exudatne diathesis and encephalomalacia (100, 101), prevents pigmentation
of tissue {cerofd formanon) (102}, prevents nerve degeneration (103); and
acts as an antioxidant 15 tsvo and #n sriro (104},

The nerve and muscle degeneration are obscure beyond their histofogical
descriptions The vascular disturbances and the pigrent formation seem
to be refated ta the antioudant property of vitamn E.

h

ive diathesis and halomal of chicks, as well as the
brown coloration of adipose tissue i rats and chicks, are produced by diets
deficient m vitamun £ and hughly d, easily ondizabl

fatty acids (105} The fatty acids undergo oudation i vsro with the appear-
ance in the adipose tissue of peroudes followed by brown discoleration It
has been postulated that the oxidation of fatty acids involves, early in the
process, the formation of a free radical which produces the damage to the
causing h h and d (105}

P bly, the jon of { fatty acids 11 v1po occurs i

1.
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the presence of hematin compounds, and studies i riro have shown a cat-
alytic action of cytoch C, hemin, h lobin, and catalase (106). Stud-
ies in vitro of the compounds occurring in animal tissues that catalyze the
oxidation of unsaturated fatty acids showed that they were all inhibited by
vitamin E as well as by other well-known antioxidants, shoning the reaction
to be non-specific (107). During the oxidation of unsaturated fatty acids in
vitro, hemoglobin and hemin are destroyed (108). Neither porphyrins nor
bile pigment derivatives were found as cleavage products, indicating that the
hemin is split into smaller molecules. Apparently, the destruction of hemin is
coupled with the auto-oxidation of unsaturated fatty acids. It is of the great-
est significance from the standpoint of the total animal that only hnoleic and
linolenic acids are able to destroy any appreciable amount of hemin, and they
are precisely the unsaturated fatty acids that undergo 15 vivo auto-oxidation
(108),

Information on the role of vitamin E as an antioxidant has come from
studies of the hepatoxins carbon tetrachloride (109), pyridine (110), tri-o-
cresyl phosph and chlori d hthal While they all differ some-
what in their action, they have in common the property of producing liver
necrosis which can be prevented or ameliorated by vitamin E or high levels
of protein. All are pro-oxidants, lerating the devel of rancidity
in fats sn vifro All data obtained are consistent with the hypothesis that
these compounds evert toxic biological effects through pro-oxidant activity in
unsaturated hipid systems (111). They may act by destroying tocopherol in
v1vo during the ovidative process Studies of tissue slices show an increased
rate of respiration in vitamun E deficient anmmals (112) and animals injected
with CCL, (113) Vitamin E administered to the animal restored the respira-
tory rates to normal Carbon tetrachlortde given to young rats on vitamin
E deficient diets contaiming 10 per cent casein decreased the ability of liver
slices to synthesize creatine from guanidoacetic acid and methionine The
same changes were noted to a lesser degree in vitamin E defictent rats not
given carbon tetrachlonde, indicating that carbon tetrachloride acted by
aggravating the vitamin E deficiency (114, 115)

Tocopherol protects red cells against hemolysis by dialuric acid, and this
has been attributed to its antioxidant action (116) It imcreases the utiliza-
tion of protewn (117) It increases the survival time of rats and guinea pigs
subjected to anowia (118). Excess dietary fat decreases survival time of anoac
rats The role of tocopherol in anoxia assumes greater significance in the
fight of the part played by anowa in massive liver necrosis (95) The liver
‘F“ 15 sensitive to low oxygen tension, which renders it more subject to necro-
sis Thyroxin, which increases the demand for oxygen, increases the severity
of the lesions due to chlorof Carbon hlonde greatly the
Tiver lesions of ammals exposed to low oxygen tensions The oxygen supply
to the liver lobule 15 an important factor in the production and localization
of the necrosis due to chlorinated hydrocarbons There are two possible ex-
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planations for this: either oxygen is necessary for detoxification, or the necro.
st is the result, not of cytotovic action, but of deprivation of uxygen. Such
deprivation might result from Ischemia, and there is experimenta! evidence
that exposure to the chiorinated hydrocarbons is followed by marked restric.
tion of the intralobular circulation (95).

Chlorinated hydrocarbons may impair intracellular sxygen availability
in another way, Theit p idant action may 1 the remaval of axy-
gen from liver cells by accelerating oxidation of highly unsaturated fatty
acids present in the liver. These are present in greater concentration in the
tiver than in extrahepatic tissues, because of the high phosphelipid content
of the liver. Phospholipids have such an avidity for highly unsaturated fatty
acids that they virtually fractionate ingested dietary fats, selectively in-
cor ing the highly d fatty acids into their molecules, Smalt
amounts of dietary fats may greatly increase the iothne number of phos-
pholipids without affecting the iodine number of the peutral far Cod liver
oif is outstanding among the various fats in its ability to increase the level
of unsaturation of the Lissue phospholipids {$19). It is pretisely cod fiveroll
which, when fed at hugh dietary levels, induces the greatest amount of liver
damage, presumably by precipitating & vstamm E deficiency Through its
antioxidant activity, vitamin E conserves the oxygen supply of the liver cell

Zater Necrosis and Enzyme Syttems-—~For a prapee undesstanding of the
interct bility of such chemically diff ds as cystine and
vitamin E in protecting agamst liver damage, tt wall be necessary to under:
stand fully the common denominator through which these compounds act

Factor 3 defictiency induces fiver necrosis In such defieient animals 2
consistent defect of respiration was found in hver but not i kidney or dia-
phragm Long before histologic hepatic tesions appeared, oxygen CoRsump-
tion of liver stices fell to 50 per cent or less of the imtiafly normaf rate. Ans
tinecrogenic factors such as vitapun E, cystine, or factor & prevented the
specific respiratory defect (120

Necrotic rat liver showed a defect in the oxrdation of pyruvate A marked
lowering of cognzyme A was found, and both vitamin E and the sulfur aseine
acids tended to preserve the coenzvme A levels (121) The lowesing of the
coenzyme A content of the hvers preceded the onset of necrosis, accompanied
by decrease mn both pyruvate oxsdation and hpogenesis Cystine sulfur seems
to be incorporated mto coenzyme A It is probable that witarm E which
prevents both hepatic necrams and, to 2 large extent, the changes in coen~
zyme A content 1 these antmals, 18 involved in the sulfur amuac scid metab-
olism leading to coenzyme A synthesis” (122)

1t seems that eystine {unctions as & substrate and the role of vitamin E
is catalytic Four hundred to 800 molecules of cystine are required to produce
as much liver protection as one malecule of vitamin E (82)

1t hos been suspected that ibl d: d; are
involved m the functioning of both cystine and vitamin E since both of them
participate i such reactions Vitamun E does this through ats ability to de-
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velop a free radical, the semiquinone radical (123}, and cystine, by virtue of
its~=SH group. The concept that cystme and vitamin E exert protecn\c
effects as of ibl ducti s;, stems |s fomﬁed
by studies with hylene blue, a ble oxid:

which also prevents hepatic necrosis and lung hemorrhage in rats fed lon
protein, vitamin E deficient diets (124). Methylene blue also resembles vita-
min E in increasing storage of vitamin A (125), stimulating growth of vitamin
E deficient chicks (126), protecting rats injected with pyridine against liver
damage (110), and preventing peroxidation of adipose tissue (127). It has
been suggested that a function of vitamin E is “to prevent spontancous oxi-
dation in a living vessel filled with easily oxidizable substances, sucrounded
and permeated by a reactive atmosphere™ (128).

Fatty Liver and Cirrhosis—Most experimental production of fatty livers
and cirrhosis is comphicated by some degree of hepatic necrosis, largely be-
cause of the use of very low protein diets. Rats fed excess nicotinamide, pro-
ducing uncomplicated deficiency of lipotropic agents, developed fatty liver
and an inhibition of growth Restoration of growth required methionine,
while betaine, choline, cystine, and homocystine were ineffective Choline
plus homocy stine restored growth via synthesis of methionine (81).

Fatty livers caused by ethi {a methionine ist) were prevent-
ed by methionine, but choline wasinefiective. Glucose in large doses prevented
or cured the fatty changes but failed to prevent death, :ndicating that methi-
onine served in some capaaity in addition to its lipotropic effect. Ethionine
produced fatty livers in females and castrates, but not in males Testosterone
protected both females and castrated males against fatty infiltration, possi-
bly because of its protein-sparmg properties {129),

Fatty livers are produced by choline deficiency. When choline deficient
diets are also Iow 1n protein, liver damage may coexist. Large amounts of
cholime will remove large parts of the excess lipids without mfluencing the
liver damage (130) Vitamin By, and to a lesser extent folic acid, protects the
liver in choline deficiency by sparing choline (131). The lipotropic effect of
vitamin By; may be related to 1ts st of meth which
has been shown to oceur 1 putro from choline and homocystine (132).

Possible Choline and Vitamin E relationships —There 1s evidence that
choline is functionally related to vitamin E Muscular dystrophy accom-
panied by fatty and arrhotic livers has been produced in choline-deficient
rabbits on drets adequate n vitamin E. Creatine excretmn increased, as m
vitamin E deficiency Addition of choline diately decreased i
Choline-deficrent rats with cirrhotic livers absorb vltamu\ E very poarly, as
shown by low plasma levels of vitamin E Doses of vitamin E massive enough
to raise plasma levels to normal did not prevent muscular dystrophy, ruling
out vitamin E deficiency as a factor (133) Perhaps the question should be
raised as to whether a choline-defictent cirrhotic liver can metabolize vitamin
E normally.

Additional evidence for some sort of interrelationship between choline,
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planations for this: either oxygen is necessary for detoxification, or the necro-
sis is the result, not of cytotoxic action, but of deprivation of oxygen Such
deprivation might result from ischemia, and there is experimental evidence
that exposure to the chlorinated hydrocarbons is followed by marked restric-
tion of the intralobular circulation (95).

Chlorinated hydrocarbons may impair intracellular oxygen availability
in another way. Their pro-oxidant action may accelerate the removal of oxy-
gen from liver cells by accelerating oxidation of highly unsaturated fatty
acids present in the liver. These are present in greater concentration in the
liver than in extrahepatic tissues, because of the high phospholipid content
of the liver. Phospholipids have such an avidity for highly unsaturated fatty
acids that they virtually fractionate ingested dietary fats, selectively in-
corporating the highly unsaturated fatty acids into their molecules. Small
amounts of dietary fats may greatly increase the iodine number of phos-
pholipids without affecting the iodine number of the neutral fat. Cod hver
oil is outstanding among the various fats i its ability to increase the Tevel
of unsaturation of the tissue phospholipids (119). It is precisely cod liverol
which, when fed at high dietary levels, induces the greatest amount of liver
damage, presumably by precipitating 2 vitamin E deficiency. Through its
antioxidant activity, vitamin E conserves the oxygen supply of the liver cell.

Laver Necrosis and Enzyme Systems —For a proper understanding of the
interch bility of such chemically di c ds as cystine and
vitamin E in protecting agamst fiver damage, it will be necessary to under-
stand fully the common denominator through which these compounds act.

Factor 3 deficiency induces liver necrosis. In such deficient animals 2
consistent defect of respiration was found in hiver but not in kidney or dia-
phragm. Long before histologic hepatic lesions appeared, oxygen consump-
tion of hiver slices fell to 50 per cent or less of the initially normal rate An-
tinecrogenic factors such as vitamin E, cystine, or factor 3 prevented the
specific respiratory defect (120)

Necrotic rat liver showed a defect 1n the ovidation of pyruvate A marked
lowering of coenzyme A was found, and both vitamn E and the sulfur amino
acids tended to preserve the coenzyme A levels (121) The lowerng of the
coenzyme A content of the livers preceded the onset of necrosts, accompanied
by decrease m both pyruvate oxidation and Jipogenesis Cystine sulfur seems
to be incorporated into coenzyme A “It 1s probable that vitamin E which
prevents both hepatic necrosis and, to a large extent, the changes in coet
zyme A content in these animals, 1s involved i the sulfur amino acid metab-
olism leading to coenzyme A synthests” (122)

1t seems that cystine functions as a substrate and the role of vitamin E
is catalytic. Four hundred to 800 molecules of cystine are required to produce
as much liver protection as one molecule of vitamin E (84)

It has been d that ible oxidats duction reactions aré
involved in the functioning of both eystine and vitamin E since both of them
participate in such reactions. Vitamin E does this through its ability to de-
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Many questions are raised by the “protective” effect of low levels of nu-
trition as shown by these histologically normal tivers Are these livers *“nor-
mal”? Fasting may not be very different from the undernutrition imposed
upon these animals, and fasting animals are more subject to liver injury by
the chlorinated hydrocarbons than are well-fed animals. Would these under-
nourished animals be more sensitive than well-fed animals to toxins or infec-
tions?

The separate components of a necrogenic diet were investigated to secure
more information on the meaning of the protectnve effect of undernutrition
upon the liver, Feeding 3.5 grams daily of a yeast-containing necrogenicdiet
fully protected the rats agarmst liver necrosis. On the same diet on ad hbstum
food intake the rats died of liver necrosis “The increased consumption of
sucrose, salt mixture and Torula y east protein was without any effect, v here-
as that of lard precipitated death from liver necrosts within 2 days” (143).
Here it appears that the protective effect of undernutnition 1s the result of
a decrease in the intake of lard to such low levels that it does not exert its
toxic action. Under other conditions fatty livers were produced by raising
the caloric intake, and increasing the proportion of sucrose to protein. Sup-
plementation with sucrose resulted in liver damage which was preventable
by protein or choline (149)

Low environmental temperatures decreased liver necrosts w hile the great-
est incidence of liver injury occurred 1n the region of “thermoneutrality.”
In this temperature range the liver 1s responsible for a large part of the meta-
bolic activity. At lower envir 1 es or in und tion
other tissttes play a larger part. An attempt should be made in studying
liver injury to evaluate the relative metabolic rates of the liver and the rest
of the body (139)

Age of the amimal plays a role in liver injury Rats v eaned on necrogenic
diets at 17 days had a higher incidence of liver disease than those weaned at
25 days (139) After 35 days of age there was marked decrease in choline
requirement in rats (142).

Protesns, Amino Actds and the Liwer—No single factor plays a more con-
ststent role than protein in protecting the hiver Increased dietary protein
through its content of cystine and methiomine protects aganst [atty liver,
cirthosis, and necrosis, but proteins exert physiological effects beyond those
of these amino acids. The quality of the protein as determined by 1ts pattern
of amino anid distribution is important (150, 151) Diets containing maize as
the source of protein resulted in fatty livers prevented by choline or methio-
nine

On low protein diets choline prevents fatty liver but has little effect upon
cell damage (130) Cell damage with high liver fat is accompamed by de-
creased phospholipid Choline relieves the fatty infiltration but does not re-
store the ability of liver slices to synthesize phospholipids There seems to be
no simple relationship between the two processes The lowered rate of phos-
pholipid synthesis 1s probably directly related to decrease in liver protein,
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vitamin E, and fiver damage comes from work on ceroid. This gofden-yeliow
pigment first observed in the circhotic livers of choline-deficient rats (83) was
alsa found in the livers of rats on diets low jn vitamin E and lipotropic agents,
and ining highly d lipid that the pigment is
formed from unsaturated lipids by auto-oxidation. Vitamin E or methylene
blue decreased the amount of hepatic ceroid (134, 135). A similar pigmentin
the uteri of vitamin E-deficient rats gave the same charactesistic histochemi-
cal reactions as oxidized cod liver oit (136), showing a direct refationship of
highly unsaturated dietary fats to their oxidation products in the tissues, and
demanstrating 1 vivo oxidation of unsaturated fatty acids. The tissue pig-
ment has been shown not to result from ingestion and absorption of pre-
jormed products of highly oxidized, unsaturated, fatty acids (105).

Under some conditions, vitamin Bz aggravates the liver necrosis of vita:
min E deficiency The livers of Bi-deficient chicks contained about fise dmfs
as ruch coenzyme A as normal controls (137) It 1s noteworthy that vitamin
Bz may act in an antagonistic capacity to vitamin E, both in the pmduc.nun
of liver necrosis and in its effect on hepatic coenzyme A Whereas vitamin E
deficiency causes a decrease in hepatic coenzyme A, Bys deficiency incresses
it greatly (121, 122, 137).

Guinea pigs do not develop fatty livers on tow choline diets, presumémy
because their Yivers do not contain choline oxidase Rats an similar rations
develop fatty livers because their lvers presumably contain choline oxidase
which destroys the very chaline these Huvers need Nickel, a choline oxidase
inkibitar, prevents fatty hiver in rats on choline-deficient rations (138). .

Restraction of Food Intake and Liver Damage —Food 1ntake plays a deci-
sive role in fiver ingury Restriction of faod tatake alone produces little fi}'e!
damage (139 to 143) lnadeguate attention 1o food intake as a factor ansing
from experimenta) conditions may lead to a musinterpretation of xesul’zs
Thyroid y, thi f, and propylth it p d against liser in-
jury, which suggested that the thyrod was mvelved in maintaining :hc‘ in-
tegrity of the liver Thyroidectomy, however, decreases food consumption:
rarmal rats pair-fed with thyrowdectomized rats are also protected against
fiver necrosis, showing that the restriction of food ntake as well as the loss
of thyroid hormone can confer protection (140, 144, 145) Estrogens protect
the liver and females showed less severe hepatic lestons than males on cirrho-
sis-produting, low cholne diets (146, 147) Implantation of diethylstilbes-
terol pellets in castrate male rats lowered food intake and retarded growth
(148). Animals with retarded growth resuleing from decreased foad intahe
have less histologic evidence of fatty lver Rats on a 20 per cent casemn diet
have high levels of food intake and normal fivers As dietary mcotinamide is
increased, there is decrease m food intake and progressive ncrease m liver
fat up to a maximum, after which further decreases in food intake tead tade-
crease tn liver fat, unt)) normal hver fat content 1s attained at the point
where growth ceases (81) The role of food intake in such studies as well as
in ali endoeninological studies needs to be carefuily considered.
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lator even when examined A spectfic volley of nierve impulses or an isolatable extract
are possible links in the chain or elements in a complex. Repeatedly it is found that
many factors vary simultzneously, each one as central as any other, and only by
convenience of thought is one exalted above another.

Whether the existing body of knowledge of experimental liver disease
can be useful in prevention and cure of human liver disease depends upon
similarities betw een human beings and ft 1 animals in il to
nutrients known to play roles in protecting the liver Basically, the human
being answers to the same biochemical laws as do other living systems. De-
peading on the pattern of hus enzyme systems the human being may present
certain diff in ions to bolites, but these are by no means be-
yond our biochemical powers to investigate In clinical liver disease degenera-
tion already may have occurred, perhaps having been chronic for some time.
The liver may have been injured by known or unknown environmental or
dretary toxins or infection. Establishing the role of dietary factors in such sit-
uations may be difficult or impossible. However, a survey of available evi-
dence indicates that when rats and humans are put on the same low protein
diets, low in lipotropic factors, liver abnormalities are produced In both,
the abnormalities were prevented or repaired by supplementation with pro-
tein The rats developed fatty livers and the humans developed elinical evi-
dence of liver injury with enl, of the liver, ab 1 ion of
bromsulphalein, and abnormally high blood levels of lactic and pyruvic
acids after oral administration of glucose (165). In Western countries human
bemgs rarely subsist on diets comparable 1 defciency to those required for
the production of experimental liver injury in animals Massive liver necrosis
among human populations occurning purely as a result of malnutrition is un-
known. It is difficult to assemble a diet of natural foodstuffs, acceptable as
l'?od, which 15 so deficient as to canse massive necrosis For the production of
liver necrosis in humans the cooperation of a positive factor, such as an in-
fective agent or a toxin, for example, chlorinated hydrocarbons, would seem
to'be required There may be increasing possibility of attainment of this situ-
anorf with the progressively increased use of processed food and the 1ncreased

lication of ch hyd: bons to crops in pest control operations.

Cirrhosis of the liver is common in human populations in the African and
oniental tropees where 1t 1s clearly associated with low protein diets stmilar to
thos_e which produce cirrhosis i animals. That environmental temperatures
are involved 15 an interesting speculation, 1o view of the work in animals
(139). Liver disease constitutes a large part of Kwashiorkor, “the most
serious and widespread nutritional disorder known to medical and nutritional
science ** Kwashiorkor has been dealt with elsewhere i detail (166, 167). The
Chllv{ develops the disease rapidly when weaned directly on to an adult diet
low in protein, very low in fat, and very high in carbohydrate (force fed by
the mother) {168). These are precisely the experimental conditions in which
rats weaned directly upon a low protein diet develop liver damage. The chil-
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which is reflected in lower levels of enzyme systems in the liver accounting, in
part, for the altered phospholipid synthesis (152). These results with the
total animal have been confirmed i vitro. Liver slices from rats on low pro-
tein diets synthesized phospholipids at lower rates than controls Adding
choline to the low protein diet prevented or reversed fatty infiltration but
did not increase the abikty of liver slices to synthesize phospholipids (152)
Similar results were obtained with dogs (153).

Fatty liver, cirrhosis, and liver carcinoma are associated in rats chroni-
cally deficient in choline Similar results were obtamed with chickens Sup-
plementation with choline or vitamin B,, prevented these abnormalities
(154). Riboflavin in very large doses also prevented tumor development
(155). Monkeys with protracted deficiency of pyridoxine, which is closely
associated with amino acid metabolism, developed not only fatty livers but
also severe nodular airrhosis (156).

On diets low in casein both methionine and cystine increase growth and
the regeneration of liver protein (157), On low casein diets unsupplemented
with nicotinic acid, cystine depresses growth. When nicotinic acid, trypto-
phane, or fat is added, cystine will stimulate grow th (158).

An excess of methionine of only two to three times the optimum deprefses
growth and food intake Body tissue protein 1s lost while at the same time
there 1s an increase in liver protein and plasma globulin (159). On the other
hand, excess choline does not lead to unusual physiological effects (159).

The growth-depressing effects of excess methionne was counteracted by
high levels of protein (160) Glycocyamine protected chicks (161) but not
rats (162), Excess methionine was completely counteracted by a combina-
tion of molar equivalents of glycine and arginine plus vitamin E, folactn, and
vitamin By, Dietary vitamin E and methiontne, on the other hand, counter
acted the growth-depressing effect of glycine excess (162)

IMPLICATIONS OF EXPERIMENTAL LIVER DIsEASE ON LIVER
Drsease 1N THE HuMan BEING

Knowledge of human nutritronal disorders is much less advanced than
that of such disorders in experimental animals How much human liver dis+
ease is induced nutntionally and what might be done with nutritional ther-
apy cannot be clearly decided as long as we do not know all the dietary fac-
tors needed to protect the liver nor the taterrelationships between them.
Liver dsease, a worldwide problem, 1s possibly the most 1mportant dietary
disease of mankind today (163), but “‘the constellation of factors governing
the integrity of the ltver is now so great that any claim made for . -2
particular factor m safeguarding the liver can have only a hmited appli-
cation * (150). The observations of Adolph 1n 1943 (164) 1n connection with
water metabolism is also pertinent here.

“Thetheory that a single governing factor exists for a physiological activity does not
appear now to be substantiated Moreover, there 1s no means of recogrizing a regu-
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coupled with the production of cirrhosis by dietary means without alcohol
led to the current concept that the chronic ingestion of alcohol leads to, or is
associated with, a specific type of dietary deficiency which results in fatty
infiltration of the liver, and that cirrhosis is the direct result of such infiltra-
tion (174) Excessive alcohol could be deleterious because the full load of its
metabolic disposal is throw n upon the liver. It 1s suggested that the incidence
of liver injury is higher when the liver bears a disproportionately large share
of the metabolic load (139).

The craving for alcohol has been investigated on the supposition that the
excessive ingestion of alcohol arises from ional or bohie difficulti
(177) Rats subjected to deficiencies of various water soluble vitamins in-
creased their intake of alcohol, and decreased it when the nutritional defi-
ctency was corrected Other studtes (178, 179} indicated a more complex re-
lationship Tt was of great interest that the voluntary intake of alcohol was
increased by rats with cirrhotic livers induced by carbon tetrachloride, and
that the increased alcohol 1ntake nas seen as the consequence of the cirrhosts
and not of the pharmacological action of the carbon tetrachlonde (186}

- .thefacts ..induce us to beheve that voluntary alcohol intake is increased when
a difficulty in the utilization of energy of carbohyd or fat 1s present, and that
this dificulty does not interfere with the utilization of the energy of alcohol (181).

PYRIDOXINE

Pyridoxine is needed by all ammals thus far studied Its deficiency in
animals finds expression 1n intubition of growth, dermatitis, edema, muscular
weakness, convulsive seizures, and mrcrocytic anenia A biochemical defect
observed in pyndovine-deficient animals, the increased excretion of van-
thurenic acid, especially after ingestion of tryptophane, proved useful in as-
sessing deficiency in the human Evidence that it is essential for the human
being is now available (182) The human ammal, too, excretes increased
amounts of xanthurenic acid on pynidoine deficient diets (183) Increased
blood urea in response to a test load of dl-alanine is a useful index of pyridox-
ine deficiency (182) In normal human subjects increased blood urea levels
return to normal values within 12 hr In hyperemesis gravidarum, the high
blood urea levels failed to decrease between the sixth and the twelfth hours.
Administration of pyridoxine restored urea responses to normal

Two infaats on a pynidoxine-deficient diet plateaued m wesght. One de-
Zeloped convulsions which were promptly cured by pyridoxine The other

| h ic anemia which ded to pyridoxine with reticu-
locytosis after 72 hr , reaching a peak in four days, after which the red cell
count and hemoglobin rose to normal (184)

The chnical manifestations of pyridoxine deficiency find roots i the en-
2yme systems of which it forms 2 component part It has been demon-
strated that pyridovine is the coenzyme of enzyme systems that decarboxy-
late amino acids, racemize, transaminate, and deaminate them It is also a
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dren develop atrophy of the enzyme-secreting cells of the pancreas, and fatty
liver ensues as a consequence of what is virtually a dietary depancreatiza-
tion. The pancreas and other secretory organs respond to protein rich diets,
especially milk protein It is doubtful that any specific response has been
demonstrated to methionine, choline, vitamin By or folic acid (167). Desic-
cated stomach powder (ventriculin) was particularly beneficial {169).

Seeretian of hormones of the small intestine is more likely to fail in 1n-
fants than in adults, explaining the great difference between infants and
adults in the susceptibility of the pancreas to malnutrition. Fatty liverina
human subject was said to result from atrophy of the pancreas, which was
ascribed to surgical removal of the small intestine with resulting deficiency
of the intestinal hormones, secretin, and pancreozymin (170) The following

of eventsis d for the devel of liver cirrhosis Failure

of the hormonal secretions of the small intestine, failure of the external secre-
tions of the pancreas, fallure of proper digestion of proteins and release of
sulfur amino acids, fatty liver

Pregnancy predisposes women to liver injury, Demands by the fetus for
nutrients, or gastrointestinal disturbances, if associated with faulty diet.s.
produce a situation analogous to that in rats given diets marginal in caseif
or choline and then allowed to become pregnant. Gross fatty liver develops
After parturition the fat content returns to normal, explaining perhaps sy
diffuse hepatic fibrosis does not develop (95). The recently discavered role
of pyridoxine deficiency in pregnancy (discussed in another section) may be
associated with liver injury

Alcohol.~—In 1942, on the basis of existing information, 1t nas concluded
that alcohol could not be considered in any sense a food (171) Recent work
has altered this conclusion The ability to metabolize alcohol resides almost
exclusively 1n the hiver (172). The liver is capable of synthesizing fatty acids
and cholestero! from ethyl alcohol, thus metabolizing alcohol as a food prob-
ably via acetsc acid Almost the entire metabolic load of alcohol is thrown
upon the liver. The oxidation of alcohol 1s directly proportional to the dlfSE
up to a maxumum of about 3 gms per kilogram, after which if the dose isin-
creased the rate of oxidation decreases (173). Fasting markedly decreases the
rate of alcohol oxidation both n sitro and tn vivo, and this 1s tnterpreted as
resulting from loss of liver enzymes necessary for ouidation of alcohol. Rats
forced to consume alcohol decrease food intake by the number of calories
they consume as alcohol., so that total calaric intake is the same Their gros th
is the same, showing that alcohol ts used to promote grow th (174, 175) O
low protemn diets alcohol cannot spare protein (176) Liver imjury did not oc-
cur when alcobol was fed to rats i addition to an adequate dict (149, 174)

In the human betng alcobolism and airrhosis of the liver have long beet
associated The assumption first made, that alcohol acted by a direct tovic
action on the liver, was rendered uncertain by failure to produce cirrhosis m
animals on adeq diets by the ad n of alcohol. This fact,
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acids was demonstrated in human beings with results comparable to those
in rats, Pyridoxine-deficient subjects with dermatitis were cured of their skin
lesion with essential unsaturated fatty acids which, at the same time, were
without effect on glossitis and neuritis (190).

Studtes with rats revealed an mterrelauonsh:p of methmnlne with pyri-
dexine On pyrid deficient diets d growth at levels
normally supporting optimum growth (193). One af the effects of excess

ine is to a pyridoxine deficiency (194)

Diets high in protein increase pyndoxine requirements, presumably by
their content of sulfur containing amino acids (194) This is in sharp contrast
to pantothenic acid deficiency, in which high levels of either protein or methi-
onine are beneficial (195, 196).

Studies with rats showed that annbody responses to injection of anugens
were severely impai ids ' , as well as in defici of
folic acid or panto(hemc acld 197)

Mild rormocytic anemua in seven patients did not respond to pyridoxine,
indicating that the adult human like the rat is refractory to pyridoxine-
deficiency anemia, in contrast to the dog, prg, and human wfant who develop
marked microcytic anemia Pyndowine, when applied locally, healed skin
lesions The healing takes place only at the site of application (190). It must
therefore be absorbed and utilized by the skin

Observations on pynidoxine metabolism in pregnant women were made
by studying the xanthurentc acid excretion after tryptophane admimstration,
The average excretton of xanthurenic acid 1 14 normal women was 14 mg.;
in 100 uncomplicated cases of pregnancy, 195 mg ; and in 16 cases of toxemia
of . 285 mg, Admini of 25 mg of pyndoxine promptly re-
stored the xanthurenic acid excretion to normal (198) In studies on con-
tinued administration of pyridoxine it was found that 25 mg daily was
ineffective, 3 3 or 50 mg daily was not effective 1n all cases, while 10.0 mg
daily was fully eflective It was suggested that pregnant women be given
100 mg of pyridoxine daily to meet their increased requirement (198)

Further evidence of human pynidoxine deficiency appeared in the obser-
vation of convulsive seizures 1n infants subsisting on a processed milk for-
mula The convulsions were cured by pyridoxine administration (199, 200).
Other infants on this type of formula, assayed to contain about 0 18 mg of
pyridoune per liter, developed convulsions, and they were cured when given
an evaporated milk mixture containing 0 26 mg of pyridoxine per liter (201}
When a change from 0 26 mg /liter of pyridoxine to 0 18 mg /liter resultsin
convulstons, then the factor of safety is indeed low.

An electroencephalogram obtained during status epilepticus showed a
charactenstic convulsive pattern. About 1 min. after injection of 100 mg. of
pynidoxine, the electroencephalogram wmproved and, after 4 or 5 mun, re-
verted to a normal sleep record. The convulsions had ceased (200)

A striking finding in the pyridovine-deficrent rl‘lesus monkey, potentially




114 LEPKOVSKY AND BORSON

component part of enzyme systems that act as desulfhydrases and transsul-
furases, and it participates in some manner in the conversion of finoleic to
arachidonic acid (185, 186).

Growth hormone aggravates the manifestations of pyridoxine deficiency
(187), Pyridoxine-deficient rats showed morphologic changes in the adrenal
cortex, predominantly involving the zona fasciculata (188). Pyridowne-
deficient rats showed increased brain excitability with lowering of the electro-
shock threshold. Pyridoxine injection caused the threshold to rise, and glu-
tamic acid facilitated this process. It was concluded, "the maintenance of
normal transaminase activity is essential for those tests of normal bram ac-
tivity employed in this study™ (189),

Pyridoxine deficiency has been studied in human subjects using the pyn-
doxine antagonst, desoxypyridoxine (190). Of 50 patients, 34 developed
symptoms of pyridoxine deficiency. The results are in accord with the verse:
tility of pyridoxine in the number of metabelic processes in which it partici-
pates The signs that develop are those usually found in vitamin B complet
deficiency states.

Anorexia and drowsiness were the most common subjective sYﬂ'lP“’"“.‘7I
pyridoxine deficiency. Many patients developed moderate nausea and vomit-
ing. Some became lethargic, somnolent, and confused. Weight loss was com-
mon, probably because of Joss of appetite and decreased efficiency of food
utilization (191). Administration of pyridoxine, pyridoxal, or pyridoxamine
met with striking responses Within 12 hr the patients felt better, nause
di d, and appetite 1mp d Lesions di: d rapidly (190)7

Severe neuropathy occurred, simulating the neuritis of thiamin deficien-
cy; glossitis, stomatitis, and dermatitis simulated the lesions of nicotnc aad
deficiency. Seborrheic dermatitis of the nasolobial folds, buttocks, scrotufs
perineum, and facial lesions of cheilosis, angular stomatitis, and conjunctivi
tts, all described as char of riboflavin deficiency, occurred in the-
pynidoxtne-deficient subjects These lesions responded only to pyridoxin®
and to none of the other members of the vitamin B complex Convulsions
were not reported (190), suggesting a difference from the human infant that
does develop convulsions .

Biochemically, these pyridoxine-defictent subjects responded as antic-
pated from work with other animals, with increased excretion of xanthureni¢
acid after tryptophane administration, and elevated blood urea levels a.fl.ﬂ
the dl-alanine load tests Both returned to normal after pyridotne adminis:
tration (190).

Of particular interest was one patient with glossitis that did not respond
to nicotinamide, but did respond to cozymase within 24 to 48 hr This con
firmed work with animals that cozymase, though contaiming nicotrnamide s
a part, is synthesized not from nicotinarmde but from trypto
phane, and that pyridoxme is.essential in the process (192).

The interrelationship of pyridoxine to the essential unsaturated fatty




NUTRITION AND NUTRITIONAL DISEASE 117

fetus is not known Any nutritional disturbance which interferes with the
production of these hormones during the seventh to eleventh day of preg-
nancy restlts in fetal death and resorption. Four such nutritional disturb-
ances have been di ated; namely, defici of protein, pyridoxine,
thiamne, or potassium (212)

Prolein Deficiency—Pregnancy can be maintained in rats on a protein-
deficient diet by injection of estrone and progesterone {212, 213). Mainte-
nance of pregnancy in protein-deficient rats was possible by injection of pro-
gesterone alone (212, 213). The success, if estrone alone was used, depended
upon the level used Injection of 1 pg. maintained pregnancy in 60 per cent,
2pg daily in 80 per cent, 3 ug in 73 per cent, but 6 ug. daily did not maintain
pregnancy in protein-deficient rats at all (212, 213). Imbalance among hor-
mones appears to be of no less importance than imbalance in nutrients

Thtamine Deficrency —Pregnancy can be maintained in the thiamine-
deficient rat by a combination of estrone and progesterone. Progesterone
alone maintained pregnancy i 73 per cent, but estrone alone had fittle ef-
fect (214)

Pyrsdoxsne Deficiency —In pyndoxine-deficient rats resorption occurred
on the tenth and eleventh days A corbination of 1 ug of estrone and 4 mg.
of pi i d p. m 90 per cent of the rats, whereas
either one alone resulted in 90 per cent resorption The results clearly indicate
an inadequacy of secretion of ovarian hormones in pyndoxine deficiency
(215) The balance between progesterone and estrone was of decistve impor-
tance. When progesterone was maintained at 4 mg daily and the estrone in-
creased to 2 or 3 pg daily, pregnancy was maintamed in only one-third of
ll.xe rats, and when estrone was increased to 6 pug there were no fetal sur-
vivars,

Pyndoune deficiency causes dysfunction of both pituttary and ovary
This was d d by a series of i jous expertments using various
combinations of pituitary and gonadal hormones (216) There was no defi-
ciency of folticle-stimulating hormone since the anterior pitmitary of the
pyndoxine-deficient rat had about seven times as much of this hormone as
the normal rat Similarly the protein-deficient rat has about three times as
much follicle-stimulating hormone 1 its pituitary as does the normal (212).

Many n disturb do not arrest s0 vital to the fetus
that it dues, instead it survives with varying degrees of injury, to be born with
varous types of congenital anomalies The type and severity of the anomaly
depends upon the stress mmposed, the time during gestation m which 1t acts,
and to some extent on the type of nutritional disorder

The role of ional d in the production of congenital ab.

1 hasb hensively reviewed (206,216, 217). Excess vitamin
A has also been shown to produce congenital anomalies, in many respects
sumilar to those produced by a deficiency of vitamin A In addition, presuma-
bly due to the increased severity of the stress imposed, excess vitamin A fed
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of great importance in human nutrition, is the occurrence of arteriosclerosis
resembling that occurring in man (202). This important finding has now re-
ceived confirmation (203).

Except in pregnancy and in infancy, there are no defimte data on the
human requi for pyridoxine. In keys, the requi for maxi-
mum growth is about 80 pg. per kg. of body weight (204). If a similar figure
applies to man, a human x cighing 70 kg. needs about 5,0 mg. of pyridoxine
daily, which is considerably more than is contained in many diets regarded
as being good in protective factors. Since enriched flour does not include
pyridoxine, the margin of safety may be low in the United States

GRSTATION
Inadequate nutrition of the mother may prevent or arrest developmtﬂ{ﬂ'
protesses. In 1921 it was found that arresting fetal development at certat
precise times was accompanied by injury to the fetus. These have been
termed ‘““eritical moments."”

.« When an important organ 1s entering its initial rate of rapid prohferation, a sen-
ous interruption in the devel { processes by changes or anovid
often causes decided injury to this particular organ, while stight or na ift effectymay
be suffered by the embryo in general (205).

In rats, in which congenital abnormalities have beent studied most }l'
tensively, implantation occurs seven days after mating. A critical period
begins with implantation and ends on about the fifteenth day. The ac:'umu-
lating evidence confirms the postulates advanced in 192{ that the primary
action of all noxious agents s to intubit the rate of develapment, and the tyPe
of resulting deformity depends upon the developmental moment at t\hfch
the interruption occurs Congenital deformities may occur with defective
nutritton (206, 207), anoxia (208), or radiation damage (209), and thus 21¢
not completely specific

“During the critical period of fetal organogenests the placenta undergors
crucial differentiation™ (210) During this period the fetus depends upont the
mother for vital compounds latcr supphied by the placenta Two such coti
pounds vital to survival of the fetus in its early stages are estrone and pro-
gesterone Hypophysectomy before day 11 quickly terminates pregeancy
but not if performed after day 11 (211} If estrone and progesterone 21¢
denied to the fetus by either bypophysectomy or cophorectomy, between the
seventh and eleventh days, the fetus dies and is resorbed Administrathzn of
estrone and pr to the hypoph ized animal makes mainte
nance of pregnancy possible (211) After the sleventh day the placenta pre-
sumably takes over the role of the hypophysis and makes estrone and pro-
gesterone avalable to the fetus, either by direct formation of these com-
pounds or by praducing gonadotrophic hormones which stimulate the ovasy
to secrete them Whether estrone and progesterone act directly on the fetus,

1

or the 1 organism to produce ds essennal to the
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during the seventh to the tenth day of gestation produced severe brain in-
jury, namely haly, and hyd. halus (210). Simular brain injuries,
including anencephaly and a host of other congenital anomalies, were also
produced by the folic acid ist x-methyl p ic acid when
admimistered to rats on folic acid-deficient diets (218). The exacerbation of
congenital anomalies in nutritionally deficient rats by bolic inhibitors is
further illustrated in riboflavin-deficient rats Defects, predominantly skele-
tal, were observed in rats on riboflavin-deficient diets (206, 217), but when
the administration of the riboflavi i bol Iactoflavin imposed
an additional stress, widespread defects in the soft tissues were observed it
addition to skeletal damage (218).

These studies emphasize the importance of a satisfactory nutnitional state
of the mother in the earliest periods of pregnancy. The organogenesis of the
human embryo is practically finished ten weeks after conception, at a time
when the expectant mother is not accorded any special privileges, since nu-
tritional supplements are not 2s a rule given before the second half of preg:
nancy (206). The task of the pediatrician starts at the beginning of preg:
nancy and not at the end
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ALLERGY AND IMMUNOLOGY?

By RoBERT A. COOKE, JEANNE MONTGOMERY SMITH
AND JosePR T. SKAGGS
The Institute of Allergy, The Roosevelt Hospital, New York, N. Y.

INTRODUCTION

During the year ending July, 1954 there have been no outstanding events
such as the introduction a few years ago, of the antihistamine drugs and a
year or so later, the discovery of hormones, cortisone from the adrenal cor-
tex, and the anterior pituitary stimulant for the adrenal cortex known as
ACTH. These therapeutic agents have been studied carefully and evaluated
as to their uses, dosages, contraindications, and untoward effects One of the
more i lusions in | therapy is that these drugs may be
used over prolonged periods in proper maintenance doses. This is of great
benefit in certain cases in which the etiology is not known, e g, periarteritis
nodosa, and in others of known cause that do not yield te other forms of
treatment The original hope that the results from hormone use would throw
light upon still unknown basic factors operative 1n the production of antibody
and reaction of it with antigen in artificial and spontaneous sensitization of
man and animal has not materialized. Actually, hittle is known of just how
the hormones act to secure the obvious clinical improvement.

On the other hand, there has been continued study in the basic spheres of
immunology and allergy (hy: persensmvlty), and some advance has been
made along lines of the c h. These have
stimulated continuing interest in the quest for solutions of the many remain-
ing enigmas 1n the field For example, the existence and possible importance
of a proteolytic enzyme system as fundamental in the production of allergic

festations and of phylaxis in particular has received impetus from
the work and review by Burdon and other workers in the same field.

Another contribution that stimulates a review of the ideas on causes of
allergic disease 15 that of Rammelkamp who relates certain cases of nephntis
to the type 12 hemolytic streptococcus This association of disease with one
specific type of coccus 1s a good illustration of the difficulties of research and
how easily confused and conflicting results may be abtained since the ma-
terials we work with are so complex and but vaguely charactenzed. The roles
of infection in al]ergic diseases will be discussed as waI such other factors as
auto and 1so ion that may be fund I in clarifying the reac-
tions we believe may be manifestations of clinical allergy, with special em-
phasis on the more recent work.

We shall then turn attention to a group of diseases for which hypersensi-
tiveness has been suggested as a possible solution for their unknown patho-

195‘ The survey of the literature pertaining to this review was completed 1a July,
4,
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genesis. Only the immunological aspects wilt be considered in disseminated
lupus, the purpuras, and multiple sclerosis for there has been considerable re.
cent work on these diseases.

Another field in which there is r:cent actxvity is that of homografting of
tissues, because of the i t ions that may ulti Iy have
wide application in tissue and organ transplantation,

Finally, another field that will be reviewed is that of respiratary function
wh:ch though by no means new, is commandmg widespread interest among

jologists and cli d in allergy on account of its bearing on
asthma and emphysema resulting from allergies of the respiratory tract. It
must be admitted, houever, that perhaps the major stimulus to these studits
comes as a result of the increasing amount of intrathoracic surgery,

THE ALLERGIC PHENGMENA

Fnr purpcses of dxscuss:on the allergse phenomena will be divided into tso
hylactic shock and the Shwartzman phenomenot,
and a co“ectxon of local reacuons, !he separation between which is not al-
ways clear In add the C ive protein response and the
newly discovered protective serum protewn, praperdm, wiif be smentioned

Genreralized ang phylactic shock —Burdon (1) and others have become ton-
cerned with the function of the proteolytic enzyme systems of the blood. He
postulates that st 1s the activation of these enzymes that ss the basic factor
in the production of anaphylatis and that histamine is only one of the results
of this activation This tdea 15 not new, having been supported aver a long
period by Bronfenbrenner (2 to 6) However, Burdan's monograph has -
vived the interest, and he has restated the evidence, adding some of his od%
observations

In reviening the theories of the mechanizm of allergic responses he daes
not separate the generalized anaph) Jactse state from the Jocalized phenomena
on the grounds that the bamic process 55 probably the same for all allesgicre-
actions,

He presents three theories of allergy  The ceffular theory, in » hich 83 79~
toms are attributable to the release of preformed histamise, acetyleholine
hepann, and other metabohtes as a direct result of celf injury by annge?
comhmation wath the cell fived antibody The humoral theory, 1n which
anaphylatoun or serototn 15 thought 1o be released from the body fluds by
the antigen-antibody combimation Lastly, he presents the theory to which
he himsel subscribes and svhich he calls the protease activation theory. [n
the body fwids and m the tissues there are proteolyuc enzvmes and prectr-
sors of proteclytic eraymes exesting i balance wth antsproteotytsc factors
The protease activaton theory mamntaws that the antgen-antibody Teat
tion oceurring erther 10 the blood or locally 1n the tissues acts as a trigger
raechanism for the actrvation of these enzymes They in turn cause celf dam-
age rcleasmg histamine, acetylcholine, and other products, gning rise to

ic shock and probably to other allerpic mamfestanions He ary
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at considerable length against the importance of cellular fixation of antigen
because he feels strongly that anaphylactic shock may be produced when un-
attached antibody in the circulation or tocally reacts with antigen. The local-
ization of antibody will be discussed later so it will suffice to say that anti-
body often does remain in one place for a period of several weeks or months,
suggesting that it is either attached to or contained in cells. Evidence at
hand certainly does not prove that this is so, for antibody may simply not
be carried away. However, experience of such phenomena as antibody coat-
ing erythrocytes (as in Coombs test) lends wneight to the idea that surface
phenomena may have a role. The concept that cell-united-antibody is the
only antibody capable of reacting with antigen to cause cell damage is not
50 convincing a thesis that another cause of the damage such as proteolytic
activity might not be the explanation Whether antibody is attached or not,
the importance of localization and distribution of antibody in places where it
is most likely to cause i ions should not be minimized
To support the protease activation theory Burdon gives the following
positive evidence from his own work: () A sudden drop in the protease-in-
hibiting capacity of the blood usually shown at the time the symptoms of
hyl shock are beginning; () The p in the body fluids ef an
abnormally high concentration of protease inhibitor, regularly found when
an animal is refractory, () An increased titer of active bloed plasmin meas-
urable at the height of the shock; (d) Homelogous inhibitor-free proteolytic
serum which induces in guinea pigs, when injected intravenously, the char-
acteristic symptoms and gross pathology of anaphylactic shock
From the work of others, particularly the work of Rocha e Silva, he adds
iderable evid The following is a summary of some of the work he
cites: (a) Felberg & Kellaway (7) perfused lung with a proteolytic material
{tobra venom) and found that histamine was released in amounts compar-
able to those in anaphylactic shock. (5) Rocha e Silva e al. (8 to 19) com.-
pared the action of snake venoms, trypsin, and peptone with the reaction
to antigen and attributed the simslarity of their action to the liberation of
histamine and similar smooth muscle stmulating substances (c) The de-
velopment of the refractory state to antigen-antibody challenge after pep-
tone shock was noticed by various investigators. (¢) Rocha € Silva & Teixeria
found increased activity of the “plasma trypsin” after peptone shock. It was
decreased after hyposensitization with peptone. (¢) Scrogge & Jaques col-
laborating with Rocha e Sitva did further work 1n which the activation of
serum protease in peptone shock was studied. They showed an increase in
Proteolytic activity within 2 to 8 min. after mjection of peptone This ac-
tivity could be inhibited by soybean trypsin intubitor 11 vstro, and both the
symptoms of shock and the increased proteclytic activity could be reduced
by giving the animal this inhibitor intravenously before the peptone. (f)
When sensitized liver or lungs were perfused with Tyrode’s solution instead
of whole blood the addition of antigen or peptone released much smaller
amounts of histamine than when whole blood was used. (g) Unger & Mist




126 COOKE, SMITH AND SKAGGS

genesis. Only the immunological aspects will he considered in dysseminated
tupus, the purpuras, and multiple sclerosis for there has beent considerable re-
ceat work on these diseases,

Another field in which there is recent activity is that of homograiting of
tissues, because of the immunological implications that may ultimately have
wide application in tissue and organ transplantation.

Finally, another field that will be reviewed fs that of respisatosy function
which, though by no means new, is commandmg widespread interest among
physiologists and clini d in allergy on account of its beatingon
asthma and emphysema resulting from affergies of the respiratory tract. It
must be admitted, however, that pechaps the major stimulus to these studies
comes as a result of the increasing amount of intrathoracic surgery.

THE ALLERGIC PHENOMENA

For purpasesal d ion the allergic ph wilt tie divided into teo
generalized reactions anaphylactic shock and the Shwartzman phcnommon.
and a collection of local reactions, the separation between which is not 2l
ways clear In addition the C tive pratein response and the
newly drsmvered protective serum protein, properdin, will be mentioned

G 32 shock —Burdon (1) and others have berome con-
cerned with the function of the proteclytic enzyme systems of the bload He
postulates that it 55 the activation of these enzymes that is the bastc factor
in the production of anaphylaxss and that histamine is only one of the results
af this activation This 1dea 1s not new, baving been supported over 3 long
period by Bronfenbrenner (2 to 6) However, Burdon's monograph has re-
vived the mnterest, and he has restated the evidence, adding some of his own
observatsons.

In reviewing the theories of the mechanism of allergic responses he does
not separate the generahzed ana phy lactic state from the localized phenomena
on the grounds that the basic process s probably the same for alf allergic re-
actions,

He presents three thegries of allergy The cellular theory, 1 which symp-
toms ate attributable to the release of preformed histamine, acetylcholine:
heparm, and other metabolites as a direct result of cell myury by anugen
combination with the cell fived antibody The humoral theory, in which
anaphylatoxin or seroton 15 thought to be released from the body flids by
the antigen-antibody combimatnon Lastly, he presents the theory to which
e himself subscribes and which he calls the protease activatton theory In
the body fluids and in the tissues there are proteolytic enzymes and precur-
sors of proteolytic enzymes existing sn balance with antiproteotyuc factors
‘The protease theory that the 2 body reac-
tion occurrmg either m the bload ar locally in the tissues acts as a trigger
mechanism for the activation of these enzymes They m turn cause cell dam-
age releaming histamine, acetylchohme, and other products, grving tise to
anaphy lactic shock and probably to other allergic manifestations He argues
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Waksman & Bocking (26) have followed the fate of bovine gamma globu-
lin and of crystalline egg albumin using fluorescent antibody. They have
found that after intracutaneous injection in amimals the antigen 1s seen in the
histiocytes locally and in the regional lymph nodes. Considerable amounts
remain extracellular and are not phagecytosed by granulocytes although
these are present. Fl material (antig ibody) is also seen in
many lymphoid cells and in the tissue histocytes In passively sensitized ani-
mals and in animals actively sensitized with antigen and Freund’s adjuvant
the disappearance of the antigen from the skin and from the lymph nodes
is slowed. The role of lymphoid cells in tissue defense has been puzzling for
a long time. The presence of antigen within them both locally and in the
lymph nodes 1s interesting. Considerable evidence that the lymphocytes play
a major role in the formation of at least some antibodies has accumulated.
Chase (27) states that this is particularly true in the case of intracutaneous
moculation of antigen.

The delayed reactions in the skin have been of particular interest this
year hecause of further attempts to transfer this type of sensitivity, Chase
{28) has transferred antibodies to diphtheria toxin by ferring lympho-
cytes He has found that antibody appearing in the reciptent has the avidity
properties characteristic of the period in the immune response reached by
the donor at the time the cells were taken.? The immune response carries on
from there in the recipient in the same pattern as it would have done in the
donor. A later sumulating dose of toxoid will not produce an anamnestic re-
sponse in the recipient of the cells but instead only the normal response to
aninitial dose of toxoid This work suggests that once 2 generation of lympho-
cytes has been sent on its way to produce a certain antibody response 1t will
continue tn a distinct pattern The fact that this occurs even when the
tymphocytes are removed to a foreign milieu or carry it within themselves
is something that may well have clinical meaning. If one wishes to speculate
beyond known evidence, one could hope that in those conditions where 1tis
suspected that an antibody response is pathogenic some method of eliminat-
ing a generation of lymphocytes might prove successful in treatment if
further stimulation could be remaved or response inhibited

Chase (27) has also transferred sensitivity to certain chemicals by trans-
fernng lymphocytes Haxthausen (29) believes that he has transferred cu-
taneous sensttivity to certain metals 1n the human subject by intracutaneous
injection of lymphocytes from sensttive individuals, but he comments that
the mere transfer of tymphocytes causes local tissue reaction of sufficient de-
gree to make interpretation of s results difficult. Lawrence (30) has con-
tinued has experi ferri b sensitivity by int

t \Vhen'a large and a small dose of toxin are given intracutaneously to a rabbit, the
difference in the amount of antitowc serum required to counteract the two doses isa
measure of the avidity of the antitox:c serum being tested Normally this difference
1s greater at the beginning of the immune response and, as the response continues, 1t

becomes less because the antitoxn becomes more avid and is able to neutralize the
™, larger dose of toxm more easily

3y



128 COOKE, SMITH AND SKAGGS

(20) found that proteolytic enzyme precursars were changed to the actise
form in serum of sensitized animals by antigen. (k) Clifton {21) demon.
strated increased proteolytic activity in dogs within 2 min. of subletha)
shocking dose of antigen. On the contrary, Geiger (22) showed increased acti-
vation of plasminogen in the plasma of sensitized rabbits given antigen bup
he considered it unlikely that anaphylactic symptoms in rabbits could be at-
tributed wholly to this. Further, Mclntire ¢f l. (23) recently reports that he
was unable to demonstrate increased proteolytic activity in anaphylactic
shock in the rabbit.

All this adds up to a considerable amount of evidence in favor of a role
for proteolytic enzyme activation in the lized reaction of hylacti
shock, and further studies will be awaited with great interest.

Localized allergic phenomena—There is no real evidence as yet that the
proteolytic-antiproteolytic systems play a part in the localized phenomena
of affergy. Since such systems exist in the tissues (24, 25) as well as in the
blood, the extension of the theory to include them or at least some of them is
very tempting, There is obviously much work to be done.

Antibody localization and local allergic reactions are of great chnical im-
portance because so many of the clinical allergies probably fall inte this
group The inhalant allergies, the skin contact allergies, many food allergies,
and perhaps even the so-called intrinsic or infective cases all are reacting on
external or tnternal body surfaces whose normal function is to provide a
more or less selective barrier between the tissues and the outside world. In
these conditions circulating antibodies may be present in such quantity that
a very small injected dose of allergen will produce signs of generalized an-
aphylaxis but even so, in the clinical diseases, e g , hay fever, the barrier re-
tains its integrity, and signs of generalized reaction are very rare.

Comment is due on the subject of the specific as opposed to the non-

- - " 1. foot_alas ohe desensts

yrne out in

- 5 coustry.
While there are cross ious or p bly tigens which made
specific hyposensitization in the human being not completely specific, and
while there may be a degree of nonspecific desensitization, the latter does rot
appear to play a major role in the success of therapy It 1s not uncommon,
for exaruple, to treat ragw eed hay fever successfully by the perennial method
and have the same patient develop severe symptoms from grasses severat
years later while still receiving Jarge doses of ragneed It might be argued
that grasses are more potent antigens but the reverse sequence also oceurs

Skin-sensitizing antibody 8 human bload does not necessanly give rise
to the symptoms of respiratory allergy, and the resprratory tract may react
to only one of the two inhalant allergens apparently equal in terms of skin
tests in the same individual What determines whether hay fever will occur
or not is unknown, It is tempting to think of the reason as probably loeal m
nature and because of the fact just mentioned, probably both specific and

Jotal
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The use of adjuvants of the type used by Freund containing killed tu-
bercle baalli, falba or aquaphaore, and mineral oil, has continued to prove
very useful in producing autosensitization. Lipton & Freund (36) find that
myelitis can be produced in several animals using a single dose of central
nervous system tissue with this adjuvant. Chase (37) has successfully used
these adjuvants with certain simple chemicals such as picryl chloride intra-
peritoneally or intramuscularly and produced a dermatitic sensitivity to
these compounds when applied to the skin.

The Sk Sanarelli ph —This ph is observed in
a generalized form and in a local form, The local phenomenon is produced
by a local injection of bactenal filtrate (also other substances) followed 8 to
32 hr afterwards by a small intravenous dose of the same or unrelated ma-
terial. The result is a hemorrhagic necrosis caused by thrombosis and dis-
ruption of blood vessels at the site of the preparatory injection.

The general Shwartzman (38, 39) reaction 1s produced 1n the same way
except that the preparatory dose as well as the provocative injection is given
int ly The thrombosisand h hagic necrosts 1n this case is found
in the kidneys, lungs, liver, heart, etc. In pregnant rabbits and in anjmals
which have received large doses of cortisone the reaction may occur with the
provocanive dose only and without any previous preparatory dose.

The clinical interest in these reactions lies in the similarity of the lestons
produced by them to those of eclampsia and certain drug and antibiotic re-
actions (40). McKay ef al (41) feel that the bilateral cortical necrosis, liver
lesions, pituitary necrosis, and premature separation of the placenta may
all be ife ions of this ph Good & Thomas (42) report that
the reaction can be inhibited by heparinization of the animal before the pro-
vocative material is injected but not if heparin is given after provocation.

Other basic allergy problems—The other basic problems that remain to
be discussed concern the difference between the aflergic individual and the
normal. With a very incomplete knowledge of antibodies themselves and a
partial knowledge of where they come from we are confronted with questions
in which there are still far too many unknowns

The role of various cells in antibady production remains confused, with
the lymphocyte and the plasma cells favored as probably the most active
There are two studses reported on the production of antibodies m patients
with lymphomas, one by Larson & “Tomlinson (43) and another by Geller
(44). Tt appears that antibody p 1s d 1n acute leuk and
reduced in chronic lymphati ia and lymph Hodgkn's dis-
ease gives more variable results If antibody formation is connected with the
production of new tymphocytes, this fits m with the fmdmgs in acme \eu-
kemia and with the probability that both prod and
lymphocytes are markedly 1mparred 1n the chronic condition

Thorbecke & Keuning (45) have measured the antibody produced by
tissue cultures of spleen, liver, bone marrow, lymph nodes, and thymus from
animals immunized with paratyphoid B. They found that with this tech-
nique the spleen produced the most antibody. The bone marrow and lymph
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injection of buffy coat. He is able to transfer this type of sensitivity with 2
resulting skin reactivity not localized to the site of cell injection. Character-
istic tuberculin reactions can be elicited in the opposite arm for as long as
several months after the transfer. This does not appear to be the same phe-
nomenon as lymphocyte transfer because Chase had to use healthy living
cells and the resulting sensitivity was comparatively transient On the other
hand, Lawrence was able to obtain the same prolonged state of sensitivity
whether or niot the cells have first been digested with desoxyridosetuclease or
1ib 1 These diff are puzzling and serve to emphasize the
gaps in our knowledge.

Other tocal manifestations of allergy are thase produced in the labora-
tory by autosensitization. Some of the diseases in which it is thought that
this plays a part will be discussed elsew here, Korngold & Pressman (31, 32,
33) have developed a method of purifying autoantibodies They found at
first that they could obtain samples with increased specific localizing proper-
ties by adsorbing the antibody onto fractions of the homologous tissues, ie,
spleen, liver, kidney, etc., and then eluting the antibody. This worked quite
well, but they found that sf the material was first adsorbed into fractions of
other tissues and then removed and adsorbed into the homologaus tissue they
could produce samples whose specificity was very much greater, In this way
they have made preparations of anti-tumor antibodies that will localize al-
most entirely in tumor tissue as traced by radioactive jodine, The same at-
thors and associates have isolated from homogenates of kidney tissue sub-
stances with strong power to neutralize anti-kidney antibody. These they
believe are probably the substances responsible for localization in the kidn.c)’

Fitch ef o (34) have studied the localization and disposal of radioactive
iodine-marked typhoid vaccine in the spleen of the rat with spectal Iele!ent.t
to the effect of radiation They have found that the phagocytosis and distri-
bution of the vaceine is the same in normal, x-irradiated, and x-irradiated
with spleen shielding However, there is an increase in the red pulp that oo
curs in the normal animals and in the spleen-shielded ones whick does 20
occur in those whose spleens have been damaged by x-ray. R

Taking a broad viewpoint, the destruction of granulocytes by the anti-

gen-antibody reaction might belong 1n the category of local allergy because
of the specifiaty of the cell destruction, Attempts to observe lysis of the
granulocyte in this situation have inued Waksman (35) has observed
it in vitro with the combination of rabbut anti-bovine gamma globulin avd
its antigen. He states that the leucolytic power was moderately well corre-
Iated with the ability of this serum to passively sensitize human skin, br{l
not with its ability to produce anaphylaus in the guinea pig. Whether this
Iysis represents activation of local proteclytic enzyme systems or simply the
proteolytic activity that would be expected when cells, whose function is
Jigestion, are d d is not clear. Hi , it is of note that the cells
appear to be damaged because to date there has been much conflicting evi-
dence in attempts to usc leukocytolysss both 4 ritrs and in vivo to show the
presence of allergy.




ALLERGY AND IMMUNOLOGY 133

TABLE 1
CoMPARISON OF ANTIBODILS T0 RAGWEED POLLEN AND DrerTRERIA TOXIN

. Destroyed c 1
Passive ) a¢ 56C | Passive | COPPI | Anaphy- | Precipi-
Teansfer | gor | Acthus | ™ | hags | tation
Skn Sbr Freation
Ragweed
Skin Sensitiz-
ing o Yes No | Shght No 0
Blocking [} No ? Stight ? 0
Diphtheria
Nonprectpitat.
ng ++4 Yes. No Slight Yes ]
Precipitating 0 No Yes | Marked | Yes Yes

antigens governing the production of these different types of antibody in re-
sponse to a given stimulus will do much to increase our understanding of the
causes of allergy (54) The studies that have been mentioned in this section
represent such a small part of the research berng done in this field that they
are only offered as examples of the kind of work being done.

The role of heredity in human allergy is discussed at length m a entical
review by Ratner & Silberman (55) Their general conclusion 1s that the part
played by heredity 1n the majonity of cases 1s still not at all clear They quote
at length from the recent monograph by Schwartz (56), who found that
bronchial asthma was a genetic entity and that in this respect intrinsic
asthma and extrinsic asthma were indistinguishable The latter finding agrees
with earlier findings of other authors (57) Genetically related to asthma
were vasomotor rhinitis and probably cases of infantile eczema m which ;\
definite allergen was found Urticarta, angi otic edema,
allergy and contact dermatitis did not appear to be hereditanly related to
asthma. In hus study of 50 cases of baker’s asthma, Schwartz (56) felt that
the results did not warrant the conclusion that all cases of this type of
asthma were necessarily on an hereditary basis Ratner’s review concludes
that there 1s as yet no satisfactory demonstration that the ability to become
sensitized “within the scope of the antigen-antibody mechantsm” is ge-
netically controlled For instance, the cause of apparently hereditary suscep~
tibility may be inheritance of a susceptible respiratory tract The work of
Kuhns (48}, in which the antigen was enticely given by injection and 1 which
retention seemed to be different, apparently on a famihial basis, would be in-
teresting 1n this respect 1f it can be confirmed by other workers

Chase (37, 58) has found that heredity influences the production of sen-
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nades also produced it but less actively, and the thysmus and liver did not
produce any at afl,

Berglund (46) has d antibody production after a single dose of
typhoid H vaccine. He found that cortisone given daily, four days before
antigen injection, reduced the response while if it was given the third to the
sixth day when the titer was rising rapidly there was no effect. The same was
true from the seventh to the fifteenth day when titers were constant.

Inhibition of antibedy formation in the adult by very early or prenatal
doses of antigen {bovine albumin) in rabbits has been observed by Hanan &
Oyama (47). This inhibition has many possible implications, and it would
be interesting 1o know whether any detectable antibodies other than pretipi-
tins are formed as the tests done by Hanan were for precipiting and the
Arthus phenomenon

There are some recent interesting studies on the nature and production
of skin sensitizing antibodies Kuhns & Pappenheimer {48 to 51) have been
studying the antibody response to a booster dose of diphtheria taxoid in 2
group of medicol and dental students, In thewr Grst study of this group they
tried to correlate the occurrence of nonprecipitating skin sensitizing antibody
sith immediate skin reactions and with the allergic history of the subjects.
They found that there was a high degree of positive correlation between the
presence and quanuty of nonprecipitating antitoxin and the degree of skia
sensitivity of the immediate type They examined 131 previously immune
students before the booster dose Of the 59 of these giviag either perso?al or
family history of allergy, 60 per cent showed an immediate skin reaction {0
toxoid whereas among the 72 who denied all knowledge of allergic history
only 5 per cent showed such a reaction This striking difference between the
two groups was not found when the students were retested after the booster
dose This suggests that there may be a difference 1n retention of the non-
precipitating antibody over a long period of time in the allergic group rather
than a difference 1n antibody formation. L.

Kuhins then studied properties of the nonprecipitating skin sensitizing

itoxi it with the prec i formed in response
to diphthena toxosd, He found that the nonprecipitating antibody had many
of the properties of the skin sensitizing antibody formed in the spontaneous
polten sensitive patent The precipitating antitoxin also had some proper-
ties in common with the blocking antibody found in patients treated with
pollen extract.

The fact that two quite distinct antibodies are separable 1n various other
situations has been noted for a long time and is mentioned 1n early observa-
tions as long ago as 1929 by Cocke & Spatn (52), In 1951 Sherman ¢ q’
(53) studred the properties of nonprecipitaning antibody formed 1 rabbits in
sesponse to ovalbumin, The properties of this nonprecipitating antibody
swere also very similar to those 1n Kuhn’s more recent studies, [t is likely that
a better knowledge of the stimuh and conditions or the composition of the
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in localization is w€ll demonstrated in the work of Fazekas de St. Groth (62)
stedying with Burnet in Australia He was working on experimental influ.
enza in mice and found that, if he immunized them intraperitoneally and at
the same time caused a mild inflammation of the bronchi with any one of a
wide variety of substances, the amount of antnbody in bronchxal washings
was greatly increased and also the i ity to infection with
virus This increase lasted orly as long as the inflammation lasted. H we fit
the clinical allergies into these categories we find that many cases as well ag
those where the organisms act as antigens could be affected by infection in
other ways.

Here again there are many unknowns, but because of the experience that
the onset of allergic symptoms may be immediately preceded by acute in-
fectious disease and because the whole group of “intrinstc’” asthmas are in
some peculiar way linked with infection, a great deal of work is needed to
clarify these relationships

ific smmune —The C. 1 protein resp is a
nonspecific response which is attracting increased attention both as a practi-
cal clinical test and because of 1ts probable importance 1t immunology. The
name given to this substance refers to the fact that as a result of many non-
specsfic stimuli there appears in the blood a protein that reacts with the pneu-
mococcal somatic carbohydrate known as ““C."" This protein 15 produced rap-
idly after the onset of infections or within 24 hr. of the injection of a large
number of substances mcludmg foreign proteins, india ink, and a collection
of anti and ials In the case of infection the level of
Cereactive pmtem seems to parallel the degree of tissue damage rather as the
sedimentation rate does, but is more sensitive and probably more accurate.
Studies of 1ts use in rheumatic fever (63) suggest that this test may well re-
place the sedimentation rate as an index of activity. This protein is of interest
to the immunologist and allergist because it 1s one of the responses to many of
the things we do e i 1ty and th {ly. It may also have mean-
ing in connection with the immune response. There has been a suggestion
that it may be a percursor of antibody and necessary for its manufacture. In
support of this is the finding of Wood (64) that in rabbits the C<® reactive
Protemn response gives a geod indication of what the later precipitin response
of the same animal will be The same worker has studied the effect of the
various of Freund's adj on C-reactive protein response
He finds that aquaphor produces a marked rise, mineral oil a lesser one, and
killed tubercle bacilli none at all. This suggests that the various components
of this adjuvant may stlmulate sepame parts of the immune mechanism.

Another active sub has just been
described by Pillemer et ol (65) He calls thls new blood protein properdin and
states that 1t 1s found in the blood as a naturally occurning 1mmane sub-

* In the rabbit the protein reacts with a shghtly different carbohydrate also from
the pneumococcus and is deslgnated Cx reactive protein.
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sitivity to simple chemicals such as picryl chloride in guinea pigs He also
finds that it affects susceptibility to enhancement of sensitivity by Freund's
adjuvant. The two are not necessarily parallel in the same animal,

Having considered the part apparently played by heredity in the etiology
of human alletgy we are lead to a comparison with certain diseases that have
also shown hereditary tendencies such as tuberculosis, rh fever, and
nephritis. In these, although infectious agents were known, or in the latter
two cases suspected of being involved, there seemed to be either a hereditary
susceptibility to the organism or a hereditary tendency to react in a certain
peculiar fashion to the organism. In this regard it is of note that in the series
of cases described by Ratner the incidence of allergy in children was greater
when there was allergy in the family, but it was no greater when both sides
of the family were allergic than when only one side was so affected,

Rammelkamp and his associates (59) have found that among the very
large number of streptococcal infections that they studted, acute nephritis
was caused almost entirely by hemolytic streptococcus types 12 and 4, par-
ticularly the former Recently a similar study by Wilmers et al. (60) in Great
Brtain showed that type 12 was involved in more than 90 per cent of their
cases of nephritis

We know that infection plays a role in some forms of allergy, but we are
uncertain of the nature of that role Nephritis is then a condition in which
the immunological response to a certain specific type of streptococcus seems
to be involved. Looking back over the long pertod in which efforts were m@de
to prove the role of the strep serves to hasize how very confusing
such specificity can be when the bacteria with which we work are so often
only incompletely characterized.

We have very little knowledge of bacteria in therr relationship to
family For instance, although we know that after a streptococcal sore throat
the organism can be cultured for weeks or several months, we do not know
how long 1t may Jast within a family group We have even less knowledge ?f
many other bacteria including such prevalent orgamsms as the haemolytic
staphylococel, If families can carry certain flora asa group or if chmxlicz'll)’
infected carners in a family can act as a source of organisms, then differentia-
tion between infection and heredity may become very difficult Little can be
done about heredity in our present state of knowledge, but disease is another
matter, so the findings of Rammelkamp should sttmulate efforts to under-
stand the real role of infectton in allergy

The part that bactena (or virus) might play could be of different sorts
They might act as adjuvants to sensitization, or they could be antigens
themselves, They could stmply act as agents causing specific Iocalnzatmrf ‘ff
antibody 1a the shack organ There are many examples of all of these activi-
ties. For instance, Burkey (61) discovered that he could produce ragwee
allergy in rabbits with doses that normally would not sensitize if he gave
staphylococeus toxin at the same time Sensitivity to specific organisms is too
I known to require further comment. The role that infection might play

the

well
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connective tissue. In the expenmentally induced allergy in animals given
large doses of horse serum or almost any protein, severe vascular changes,
fibrinoid in character, are produced in a large percentage of animals It was
on such observations, with effects based upon a known cause, that Klinge
(68), Rich (70), and many others accepted the idea that fibrinoid changes of
the connective tissue indicated hypersensitivity.

The question, that may be properly asked, is—are these changes specific
and can there be no other conclusion than that changes in intermediate sub-
stance must be allergy? Klemperer (66) and his associates demurred at this
sweeping acceptance because:

first, our cltncal observations had nrot revealed any of the conventional symptoms
and laboratory findings of hypersensitivity, second, we were aware that local fibrinoid
connective tissue change was frequently observed in situations 1 which allergy could
definitely be ruled out and well-defined other causative factors be found such as en-
zyme action, etc. But beyond these reasons we felt that to accept the allergic hy-
pothesis meant only to explain an obscure structural alteration by an equally obscure
pathogenetic mechamism.

At this time, interest returned to the h lin bodies as a di ic cri-
terion, and in 1950 Klemperer et al. (71} reported these lesions in 32 of 35
cases and later Gueft & Laufer (72) in all of 17 consecutive cases.

About this time Hargraves et al (73) independently reported the dis-
cavery of the lupus erythematosus cell in the bone marrow of patients with
systemic lupus. A year later the “L.E " cells were found in the circulating
blood by Sundberg & Lick (74). These cells until recently had not been found
in any other so-called collagen disease; hence these appeared to bea pathog-
nomonic sign of lupus of great clinical value. Cytochemical studtes disclosed
the hematoxylin bodies as a protein derivative, and the same method of study
applied to the "L E "' cells of the bone marrow led to the conclusion that
they were 1dentical optically and cl y with the h hn bodies
(75). Haserick & Bortz (76) and Hargraves (77) then showed that the plas-
ma of patients with lupus will produce the characteristic lupus erythemato-
sus cells ¢ gitro from normat cells of bone marrow Further, Hasenick ef af
(78, 79) determined that this property of plasma lay 1n the electrophoretrcally
separated gamma globulin of the blood of patients with acute lupus, Such
globulin injected in rabbits developed a specific antibody which prevented
the 4u v1éro0 lupus erythematosus plasma phenomenom

While further studtes are needed and are going on, the present feeling is,
in the words of Klemperer (66), that “1t is suggesuve that the ﬁbnnoxd in
lupus specifically consists of the breal of 1
while fibrinoid 1 other diseases 15 a different protem " From further studles
on this subject it appears from the work of Kurnick ef a (80) that the lupus
erythematosus plasma factor acts to inactivate a desoxyribonuclease inhibi-
tor that is present normally in polynuclear leucocytes as reported by Hen-
stell ez gl (81). To quote Klemperer {66) “the lupus erythematosus factor
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1 s

stance. It acts only in 5} jon with and and
“‘participates in such diverse activities as the destruction of bacteria, the
neutralization of viruses and the tysis of certain red cells.” Human properdin
is an euglobulin. It does not appear to vary greatly in quantity from person
to person. The author and his colleagues have already done a great deal of
work towards identifying it as a separate entity with respect to other haowa
active components of the blood. They have also measured its presence in
several species. A finding of considerable interest is that the rat, which s
highly resistant to infection, has the highest titer of any species tested, and
the guinea pig, whose resistance is nototiously low, has the lowest. The other
animals tested and human beings fall in the order of their natural resistance
to discase. No doubt by the time of the next annual review much more will
be known about these i ): and their relationship to im-
munity,

IMMUNOLOGICAL ASPECTS OF CERTAIN DISEASES
DissexuNareED Lupus ERYTHENATOSUS

Although the term lupus erythematosus dates back to 1850 with Ca-
zenave's use of the term for the chronic cutaneons lesions described by Wilan
in 1809, it was Kaposi who adopted the term for the acute systemic disease
which he believed was basically the same as the chronic discaid form, a rela-
tionship not yet fully proven.

Continuing studies showed that the conspicuous pathologic feature wasa
fibrinoid degeneration of collagen fibers and alteration of the homogenots
ground substance, and as Klemperer (66) states “'the conclusion was rcachc_d
that sy ic lupus eryth was defined ically by a systemic

\ fon of the connective tissue, especially of its extracellular compo-
nents,"” Since simifar pathologic changes were observed in scleroderma and in
rheumatic fever, the term diffuse collagen disease was used by Klemperer ¢
ol, {67) without meaning to imply an :dentity of pathogenesis but meft\y
calling attention to the widespread alteration of connective tissue in various
and apparently usrelated discases

1t is necessary to justify a discussion of lupus in any review of subjects
pertaining to allergy and ths is found in the work of Klinge (68) who had
calfed attention earlier to the general connective tissue alterations in acute
shetsmatic fever as well as theymatoid arthritis, alteration which incladed
both fibrinoid degeneration of collagen and changes in the ground substatcte.
He, first, and then others (69, 70) following him regarded these fibrinoid con-
nective tissue changes as i of hy) ivity (or allergy)
Hence all and sundry diseases with such structural alterations, as scleso-
derma, dermatomyositis, perarteritis, serum disease, and others, indudm}
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Finally, Reinhardt & Waldron {86) and Shackman ef ol. {87) each re-
tatine di

ported on one patient with sympt i b d lupus in
whom “L.E.” cells were found in the blood.

It would be premature to say that these cases of abnormal reactions to
drugs are identical with sy ic lupus eryth: as it
anises, but it does raise the question whether “L.E.” cells can longer be con-
sidered pathognomenic of lupus It would also, for instance, be interesting to
know if the gamma globulin of these patients with drug reactions would,
when injected into rabbits, produce a specific antibody that would prevent
the lupus plasma phenomencn. Such cases will give impetus to the study of
the cause of lupus, but it should not be assumed without more evidence that
therr toxic states are identical with acute di: i d lupus eryth

Tre PURPURAS

The purpuras constitute a group of diseases of varying symptomatology
and of unknown origin if we except the relatively few cases of so-called “al-
lergic” purpuras attributable to foods or drugs Ackroyd (88) 1n a recent pa-
per gives two clinical classifications of the allergic purpuras. The first classifi-
cation is purpura associated with erythema, joint and visceral symptoms, the
Henoch-Schinlein syndrome ““Apart from a very small proportion of cases
which are due to foods and are truly allergic, the cause of the condition is un-
known and 1ts allergic origin entirely unproved " It seems indicated here to
state that even in the cases of foods an allergle mechanism has not yet been
shown for rarely do the allergens give immediate wheal-type reactions The
proof, in the absence of demonstrable antibody, rests entirely and solely
upon clinical trnal and error which is notoriously untrustworthy, unless
secured under identical conditions as to amount and time interval on three
separate trials. The second classification 1s true purpura, without exanthem-
mata and caused by infections or drugs. These are dealt with separately as
the mechanisms appear to be different

The conventional classification of purpura based on the presence or ab-
sence of thrombocytopenia seems no longer to hold or serve a purpose for as
Ackroyd (88) states “purpura due to drugs or infections may be either throm-
bocytopenic or athrombocytopenic, moreover the same drug or infection
may produce either type of purpura 1n different individuals ** Abnormal cap-
illary fragility 1s generally accepted as present mn all purpuras for with intact
vascular endothelium hemorrhage does not occur But there appears to be no
corr.elation between the extent of hemorrhage and the degree of thrombo-
penia for Ackroyd cites many reports showing “‘severe purpura with normal
l{latelet counts”~—and the converse “a low platelet count occurring in a pa-
tient wathout hemorrhagic symptoms "

Hovever, the frequent association of purpura and thrombocytopenia re-
quired an explanation that was first supplied in a paper by Bedson (89). It
s of great historical interest Among various experiments when he reduced
the platelet count 1n guinea pigs with antiplatelet serum, purpura occurred;
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penetrates the cell membrane (of Jeucocytes), reacts nith the inhibitor and
t?xu's. the normally present desoxyribonuclease is free to attack the chroma-
it

The most recent wark of Gueft & Laufer {72) reparted Bndings which per-
mitted an integration of the two hitherto unconnected histologic eriteria of
the basic tissue clanges in systemic lupus eryth the b vl
stained bodies, and the generalized fibrinoid connective tissue damage, and
further “the observation here recorded permits a separation of the fibrinod
alterations in systemic lupus from those which occur in other diseases, partic
ularly those associated with necrotizing artentes

It will not be amiss here to recall the discussion of the prateolytic activa-
tion theory of the allergic and anaphylactic reaction as discussed earlier 1
this review. It is quite in line with the developing concept that lupus s stseff
based upon the activity of a protease {desoxyribonuclease) and while it does
not establish an identity of the basic phenomena of hypersensitivity and
lapus, at least it scems to relate them to the point that both may be patho-
genetically based upon a disorder of the enzyme systems.

Winle these impartant studics on the mechanism have been going on,
there waa little advance on the “etiologic front" untd the report by Mooften
& Clask {82), 5ot yet confirmed, that “they have twice 1solated a virus from
a patient with systemic lupus esythematosus which was found capable of ze-
produang the ‘L £ * cefl phenomenon wn mtro A human volunteer {the pa-
tient's husband) injected repeatedly with the formalm-nactivated virus
developed a rinng titer of nentralizing antibody ‘This serum inhibited the
‘L.E * cell phenomenon when mixed with the patient's serum or virus ".Sutb
2 finding does not preclude the possibihity of jon as the ultimate
pathogenetic factor in which nfection directly or mdirectly plays 2 part:

In addition to this these are four recent publicauons in which syndromes
or findings at least sumilar to, if not identical v ith, hypus have been produced
by known agents, namely drogs.

Walsh & Zimmerman (83) showed the “L £ " phenomenon in three p2-
tients, all males, exhibiti illin hyp ity Dustan of ol (84)
record the e of ard h in 13 out of 139 patients under
prolonged treatment with hydralazine (Apresoline) In the summary they
state “a syndrome supervened, which, wn its milder phase, resembled rheuma-
toid arthntss and, 1n sts severer form, sumulated aspects of acute systeni
fupus erythematosus ™ "L E ™ cells were found in two of the five severe fer
brile cases The symptoms usually disappeared promptly upon withdrawal of
the drusg and m eight cases reappeared upon resuming therapy Erght of t}\t
13 patients were males In the next report, Perry & Schroeder (85), likewise
implicating hydralazene, state “Iate reactions to this active chemcal agent
were predicted, these have taken the form of collagen disease m all stages ¢!
severity " I anather place they state that “althaugh lupus erythematosus
{L.E } cells were found 1n the blood of only one patsent, in two other patiests
the disease closely d di inated lupus eryth »
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curs only in presence of complement which is not required for agglutination
alone. (f) A patch test of Sedormid to the unbroken skin produced a delayed
(48 hr.) petechial reaction that was specific for the sensitized patient. This
indicates action on the capillaries directly without mediation of platelet,

From these findings the author surmises that a Sedormid-platelet com-
bination acts as antigen to produce anti-platelet auto-anttbody. In the in
wtro system if complement be present, lysis occurs; without complement
there is agglutination without Iysis Since the same phenomena occur with
platelets of normal blood a marked affinity of this drug for platelet is as-
sumed to oceur in all patients given the drug, but it must be a compound
of low antigenicity as it stimulates the antibody only in those few whose sys-
tem, for unknown reasons, ts tuned to and responds to this stimulation. The
platelet antibody must also act to produce capillary damage, but a further
suggestion is offered to account for the capiilary fragility; namely, that Sedor-
mid may combine with endathehal cells to form antigen which, reacting with
antibody, produces the vascular leston of purpura Whether these findings
apply fully to the thrombocytopenia produced by un} causes or by oth-
er drugs is not now known, but agglutination to quinidine and quinine has
been shown (90, 91)

Lozner {92) discusses the importance of the spleen in idiopathic thrombo-
cytopenic purpura. There are two schools of thought regarding this. one,
that the spleen inhibits the formation of platelets, the other, that platelet
destruction 1s caused by the spleen Neither explanation is satisfactory for
they do not account for nor jthe 1mnad of sple-
mnectomy, Still more important is the fact that the recent studies ““have favored
the ewstence of a humoral substance, probably an antibody 1n the plasma "
Lozner (92) refers to the observations of Epstein et al (93} on the accur-
rence of thrombopenia 1n infants born of mothers with the disease It occur-
red in mmfants regardless of splenectomy 1n the mothers and in all cases was
transient. Lozner credits Evans (94) with being “probably the first to demon-
strate the presence of a platelet agglutinating factor” m these :diopathic pur-
puras This was brought out by Evans who reported on the occasional co-
existence of acquired hemolytic anemia and thrombopenic purpura and to the
positive anti-human globulin rabbit serum (Coombs) test using platelets in-
stead of erythrocytes mn thrombocytopenia of certain patients who were not
anemic. This 1s the first time 1 which the antiglobulin serum was apphed to
other than red blood cells

The} 1 1 mech

of thrombocytopenic purpura
have been further advanced by the work of Harnington et a (95) who noted
the prompt drop 1n the platelet count of most normal humans after transfu-
sion with blood or plasma from patients with thrombocytopenic purpura;
when Stefanani ef of {98) repeated this expertment by injections of plasma,
the normal recipients not only showed a drop m platelet but developed
purpura, as well as a change n the megakaryocytes

The experiment of Harrington (95) was reversed by Stefanani et af, (96)
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for this anti-serum not only reduced platelets but on section the capilfary
walls showed damaged endothelium. This latter was the important lesion.
These early experiments are noteworthy as showing antigenic refationship
between capillary endothelium and platelet and by the same token the mega-
karyocytes from which platelets are derived, Ackroyd (88) further calls at-
tention to the close resemblance of this syndrome of Bedson

to a condition in man, namely, thromborytopenic purpura due to hypersensitivity to
the drug sedermid (ally}-isopropyl-acetyhcarbamide) in which 1t has been shown that
there existy 1n the sera of patients who suffer from this form of hypersensitivity st
antibody, which in the preseace of sedormud, destroys platelets, and also damages the
vascylar endothelium

While Bedson's facts are undoubtedly correct one must remember the lack
of cotrelation betneen the amount of bleeding, i e., the degree of capillary
fragifity, and the Jowerng of platefets in some patients. Ackroyd explaing
this away as possibly showang vanations in the susceptibility of patient’s tis
sues But it is only an assumption that there may he tissue difference in t?_lc
various clinical purpuras with different infections and different drugs, it
one case a greater susceptibility of the platelet and megakaryocyte (thrombo
penia but no purpura} and another, more vascular damage (hemorrhage)
with normal ptatelet count.

Medical literature recards many drugs as causes of purpura. These have
been well assembled by Ackroyd {88) In some of the recent reports the in-
munological work has been extensive, notably the report by Ackroyd ot
sedormid, and by Larson (90) ard Hirsch & Dameshek (91) on quinidine
These will be discussed under the general heading of pathogenesis to follow.

Pothogenesis~—~In the typical nonthrombocy topemic purpuras, the Her
noch-Schonlein syndrome and the so-calfed purpura smplex, little or ne
progress has been made in defimtely piamng dow n the pathogenetic basis of
the etiology except for those few cases ascribed to foods or drugs in which
even the pressure test for fragility of capillanies is infrequently posttive an
in which the plateler count 1s normal or but shightly reduced

In the thromboeytop group i studies have contsibuted
findmgs af great mnterest We shall review first among recent noteworthy

ions the latest ilable by Ackroyd (88) who subjected a patient

with thrombopenic purpura butable to Sedormid {(2-(isopropyl-4 per-
tenoyl)urea] to exhanstive and critical analyses The following points were
brought out (a) Sedormud caused platelet agglutination and fysis with redue-
tion of platelets by 1 vitro test using the sensitive patient’s flusd blood (8)
In pafeo coagutation of patient’s whole blood with Sedormid shows lyas of
platelet during coagulation which oteurs 1n normal time but dlot retraction
is reduced {¢) Lysis of platelets by Sedormid reduced complement i 1he
blood of Sedormid-sensitive patients but ntot 1 normal blood {(d) Lysis of
platelet is caused by a factor in the senstave serum It acts xdenucal}y aft
Jatelets of normal or itized blood it of Sedormid (g) Lysis oc

P
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body formation. Morgan (105, 106) was the first to apply the term allergy
to the lesions produced in monkeys injected with emulsions of cord and ner-
vous tisswe and adjuvants while about the same time and independently
Kabat et al. (107, 108) reported the disseminated encephalomyelitis using
similar techniques. The lesions and symptoms thus far produced were all
acute and di; it d and could be produced in all Is using adju-
vants with brain, cord, or nerve emulsions but no other tissues (109). Ferraro
& Cazzulo (110) were able, using small doses of allergen, to create a condition
simulating the chronic state, Finally Freund ef al. (111) with a specially
grown mycobacterium were able to produce a chronic encephalomyelitis in
which lesions and symptoms closely resembled those of multiple sclerosis It
remained for Kabat ef al. (112) to close the remaining gap and demonstrate

it by the of ys with of their own
brain in adj They concluded that the antibodies systemically produced
eventually passed to the brain and produced perivascular lesions like those
found in multiple sclerosis.

But the study has been pursued further, using the techniques found suc-
cessful in the studies of glomulo-nephritis n which autosensitivity was estab-
lished Here the kidney lesion was produced by the inj of i
antiserum from a sensitive to a normal animal This has been tried by several
mvestigators (105, 111, 113, 114) using brain tissue, but thus far has failed
in the hands of all

What about some of the more direct evidences of sensitization as applied
i clinical allergy—Ifor example, the skin test? These tests have been done by
Kopeloff & Kopeloff (113) and by Lipton & Freund (113) and both have re-
ported them positive in 1 only under cond of b 1 stim-
uvlation. The skin test was negative to the homologous antigen, but an injec-
tion of brain emulsion did produce the cerebral reaction However, the most
recent skin test studies by Waksman & Morrison (116) showed not the im-
mediate urticarial wheal but a positive delayed tuberculin-type reaction w hich
they felt corresponded in activity to the intensity of the encephalomyelitis

In more recent work, Waksman & Adams (117) showed an interesting
selective activity of antigen on sensitized cells Rabbats injected with homolo-
Bous spinal cord antigen later gave responses of pentpheral nerve and spinal
cord as well as central nervous disease In contrast, the use of homologous
sciatic nerve antigen produced lesions of nerve and gangha while the rest of
the nervous system were unaffected The lesions of this expersmental allergic
neuritis resemble the encephalopathies 1n pathology, but chinically there is

strict localization of symp! i the neuritis or neuromitisof infec-

N

tious onigin

Passive transfer of sensitivaty has been tried both with serum and with
lymphocytes (by Chase’s method) but has not been successful as reported by
Kabat et al. (118). The explanation they offer is that failure 1s attributable to
antibody fixation by antigen in the donor's nervous tissue This is about
where the experimental study stands today and the chain of events that
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and Hirsch ef al. (97) who injected platelet rich bfood or platefet suspensions
into thrombopenic patients and observed rapid platelet disappearance espe-
clally in the acute cases. These observations make clear the reasons for
thrombopenia in the new-born babies of thrombopenic mothers originally
described by Epstein (93). The further studies of Harrington ef of (99} inds
cate that there are platelet types, probably three, roughly corresponding,
apparently, to the blood types. They make clear the differences that may
exist between lutinins and i tutini .

In spite of the extellence of the work being done the entire picture is not
yet clear and Harrington (99) sums up the work by saying that

the evidence suggests that the disease may not be a specific entity, but a syndrome
which may develop as a consequence of more than one abnormal mechanism , .. I
some, a deficiency of a factor ar factors necessary for platelet formation; in others,
to suppression of platelet production . . . and 1 others, to excessively rapid platelet
destruction,

As matters stand today the end is not yet in sight but the study isin fht
hands of competent investigators and is well along on the road to a solution
of the mechanisms involved, Taking a broad view of the vitimate answer, 08¢
might hazard the opinion that, as 1n lupus, an underlying defect in the en
zyme system might be to blame,

Murtiree ScLerosist

Among a number of diseases, the etiology of which 1s still unknown, mufti-
ple sclerosis is one that is being catefully studied to determine whether or 5ot
allergy might be implicated in the pathogenesis In other words, 1s there 2
sensitization factor to some extrinsic or intrinsic agent that accounts for the
lesions and therefore the symptoms characteristic of such a disease.

The possibility of allergy as a cause of the disseminated cerebral lesio
not a new idea, It seems to have begun n 1927 with the suggestion by G.fa_nl-
mann (100) that post. inal halius was a ph of sens{tltfl'
tion. There is a recent paper by Hurst (101) who experimented on rabbits l.ﬂ
an attempt to explain the paralytic accidents associated with anti-rabi¢
treatment In this study Hurst supports this opinion of Glanzmann as fal-
fows “The balance of evidence 15 in favor of an aflergic basis for the post:
vaccinal type of encephalius and for some of the paralytic accidents of anti”
rabic therapy in man and in the dog " In 1933 and 1935 Ravers and his asso
ciates (102, 103) made observations on monkeys injected with heterologaus
brain emulsion. Lesions of acute encephalitis with myelin destruction wer¢
praduced. A shift in the allergen from heterologous to homologous brain 115
sue was reported by Schwentker & Rivers (104); then followed other expest
ments using Freund adjuvants in an attempt to enhance the possible anti-

nis

«1 wish to acknowledge the opportunity afforded me by D, Samuel Prigal of
reading his ive and still ished h on Muluple Sclerosis.
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evidence of previous infection was indt d by the anti: lysin and an-
tistaphylolysin titers,

Although these studies are not conclusive it would seem that investiga-
tion on the basis of bacterial infection acting as an adjuvant or as the sensi-
tizing agent might be worthwhile in view of the synergistic effects of bacterial
products in the sti as first shown
by Burkey (124).

In conclusion it may be said that the i I work with iti-
zation and the production of isoantibodies comes nearer to offering proof of
a possible allergic factor in multiple sclerosis than do the clinical observations
which are meager and do not as yet afford any substantiating evidence for
altergy The work, however, should be continued for sooner or later the path-
ogenesis as well as the cause must be found.

of tosluggish

IMMUNOLOGICAL RESPONSES IN HOMOGRAFTING

In February, 1954, there was a two day conference m New Y ork City on
““The Relation of 1. logy to Tissue H ion" under the
auspices of the New York Academy of Sciences, Section of Biology. The pur-
pose of this was to discuss the extensive immunological studies that are un-
dernay here and abroad The incentive for this work is that tissue homograft-
ing as done now and in the past is completely unsatisfactory. In fact, the sur-
geons of today admut to the almost universal failure of tissue homografting.
An explanation for this is now actively being sought largely on the basis that
sloughing of the graft is induced by an immunological reaction by the host
agamnst the graft of skin of the same species On the other hand, autografting,
1¢, from one area to another part of the same body, is highly successful, as is
the grafting from one monozygous twin to another which is an autograft

One of the papers by Cooke (1252) discussed the evidences for develop-
ment of hypersensitivity in the host, but this 1s not meant to imply that the
tissue incompatibility resulting in the slough of the graft is necessarily attnib-
utable to allergy If allergy be present it might be a result rather than a cause

The facts indicating allergy are these {a) Every homograft appears to
live, and blood vessels start to grow, but after an average of 10 days evidences
of slough begin at the edges of the graft This is about the time necessary for
the development of antibody whether it be of the immediate wheal type or
the delayed tuberculin type allergy Itisstill a moat question as to what type
of antibody it could be, a precipatin, Iy sin, agglutin, or skin sensitizing (non-
precipitating) antibody or how it might be determmned Studies thus far have
failed to show any specific antibody for the homograft which is to be consid-
ered as a foreign protein If a primary graft is sloughed because of local {or
general) sensitivaty, then on the principle of Von Pirquet's accelerated reac-
tton, a second identical graft should begin to die much eatlier, by the second
or third day This 1s what Medawar (126) has found in the rabbit experi-
ments In man, second set grafts are not satisfactory largely as a result of
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would establish proof of allergy as the factor in demyelination as exhibited s
muttiple sclerosis is by no means complete,

There are reasons for hesitation in the acceptance of sensitization as the
answer to the cause of multiple sclerosis One is that no evidence has yet beea
produced that an individual can directly become sensitive to his own fiving
tissues, the so-called *horror intoxicus.” Again thereare ather processes that
will produce demyelination, e.g , anoxemia and various drugs such as barhi-
turates, lipolytic enzymes, and venufe thromboses, infections (bacterial or
viral), and hormonal and metabolic disorders, As Hurst (101) puts it: “Sur-
veying the whole field of demyelinating diseases of man and animals it seems
quite inconceivable that there can be a common basis for all.”

Kennedy (118) was first of the p tinicians and recogaized nee-
rologists who in 1936 contended that many patients with eatfy symptoms of
what had been diagnosed as muliple sclerosis »ere in reality allergic cn:elﬂ}*
alopathies, One of us (RAC) had the opportunity of carrying out an affergic
survey on a number of his patients. An important basis {or fiis thesiz vas the
familial background or personal histary of accepted allergy. In no case could
a positive diagnoss be made of a sensitization 10 any inhalant or food factor
that could conceivably be related to the neurological fesion. The onfy pOSSfMe

1 1ay in the ionofab ial altergy, and thisisa dlaglv
nosis usually arrived at by evelusion of ather causes and one for whick posi-
tive proof is rarely established 5

Jonez (120) is perhaps the magor exponent of an altergic factorin multiple
selerpsis, but his data are much too sketchy to be acceptable, and the results
of therapy on the basis of allergy are inconclusive when one consider_s the
variability in the course of multiple sclerosis as well as the uncettafaties of
diagnosis, especially tn the early stages Ehrentheil (121) ef of have recently
presented 2 paper on the “Role of Food Allergy in Maltple Sclerosis » These
authorsdepended upon the ophthalmic rather than the cutaneaus test oft the
ground that 1t was more reliable. The results with these two types of tvesll
showed little correlation, with an incidence of positive ophthatmic reactions
0 an extract of rye as high as 77 8 per cent However, with 69 per cent post-
tive 1 the control group, it would indicate an rrricative rather than an allec:
gic response, Using the trial and error method of feeding and withdrawitg
foods ta which the patient reacted, the results were inconclusive 2a that taf
patients were not under supervision and the tests were not carried o for 2
safficient length of time It would be a mistake to aceept these data without
confirmation from several sources

The fufluence of infections either viral or bacterial has recerved some at
tention Mention has already been made of the use of vaccine virus by Rivers
as an adjuvant, and more recently Jervss & Koprowska (122) used rabies virug
iz the production of encephahtis in mice Stortebecker (123) has discussed

taphylk s} and strep 1 infections as playing a part on the basis of
history of such infections preceding the onset of multiple sclerosis, and the
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immunological response, (b) that the antigenic properties of a tolerated graft
continues in being, and {c) that lymph nodes are one of the anatomical in-
struments of the host's reaction against homogralts.

Pressman’s p jon on “Tissue Locall Antibodies” (125d) dealt
with a subject that is of vital significance to an appreciation of the localized
clinical manifestations seen in many of the spontaneous allergies of man. In
regard to tissue transplantation, Pressman suggests that “there may be
formed bodies cytotoxic to the lant,” and bodies capable of
damaging the host's own tissue In any case an antibody must localize in a
particular tissue for it to be eytotoxic [or that tissue " Certain heterologously
{formed tissue antibodies were iodi d with radi ve todine. When in-
jected into the tissue donor-animal, these antibodies could be traced to the
tisstte for which they were specific. In certain instances *the localizing anti-
bodies closely paralleled the properties of the cytotoxic activity ™

These papers have been quoted at considerable length because they illus-
trate not only the excellence of the immunalogical work that is in progress in
a field of increasing importance but also for the implications that such basic
work carries for immunology 1n general and ultimately for some of the human
diseases, especially those of unknown pathogenesis

PULMONARY FUNCTION

Several recent studies on pulmonary function attest to the increasing in-
terest in the subject for clinicians as well as physiol The obj: of all
is to secure information on first, pulmonary ventilation, and second, gaseous
exchange, the two essential divisions of pulmonary function

According to Schiller & Lowell (130)

Tests of pulmanary funiction may be classified as follows 1 Measurement of lung
volume and 1ts subdivistons, 2 tests of breathing capacity, timed vital capacity and
maximum breathing capacity, 3 the distribution and “mrcing” of the respired gas
mthelung, 4 the arterial blood gases, S tests of over-all pulmonary function such as
the volume of oxygen removed per liter of air breathed and the saturatian rate

It is obvious that the accuracy of many of these tests depends on circu-
latory efficiency, the seventy of the disease, training and co-operation of the
Patient, and the element of fatigue; also the margm of error in duplicating
the tests is very high Comroe (131) states that “because of the variation in
valves, tubing, and spirometers, 1t is impossible to compare very closely the
data obtained in different laboratones "

It is clear then that while an exhaustive study of lung function may be
Recessary fur the evafuation of risk in cases where fung surgery is contem-
plated, many are too elal and it d and not necessary
to the clinician A few basic tests will act as diagnostic and prognostic aids
and permut one to follow the course of the disease (132, 133).

The clinician interested in allergic disease of the lower respiratory tract
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technical difficulty encountered at the site Hence this point cannot be set-
tled now in the human,

(¥) Eosinophilia is generally regarded as evidence of allergy. Brown &
McDowell {127) reported many eosinophils in the sloughing graft of a pa-
tient. The same findings are reported in animals, and McNichol (128) re-
corded a blood eosinophilia in a child. The most complete report to date is
that of Rogers et al. (129). They found an eosinophilia in both blood and
tissue in 10 consecutive cases. It subsides to “normal” levels as the last
vestiges of the homografts dermal pad sloughs away,” It does not occur in

fts from self or identical twins, thus indicating that such tissues are
not foreign protein

(¢} The tissue change at a homograft site consists of a rather suddencon-
clusion, that is, thrombosis or necrosis of the new vessels supplying the graft
This suggests an Arthus type lesion which admittedly is not common in man.
It is the analogy of the anaphylactic type of sensitization in which the only
cells directly afiected by the antigen-antibody reactron are involuntary mus-
cle and vascular endothelium. The graft necrosis results as circulation 1 in-
terfered with by exudate 1n tissue spaces and damage to vessel walls

That an allergic response accurs at the graft site appears to be indicated
but as yet there is no proof that it acts as a causatve factor in the skin slolfshr
and this cannot be done until the mechanism can be shown more conclusive-
ly, directly or indirectly.

Another paper presented at the conference was by Hardin & \\terd?r
(125b). An antigen of skin was injected in varying amounts into mice 1
order to “paralyze” the immune response of host animals receiving homohz-
gous skin grafts Over 50 per cent of the grafts permanently survived. T')us
would indicate the ingenious and successful use of prolonged desensitization
and by the same token tmplies that the homologous skin graft acts as a senst-
tizing antigen

The studies by Billingham et al (125¢) on “Acquired Tolerance of Tls?lle
Homografts” were of great interest in showing “an induced state of specific
non-reactivity to a substance normally antigenic.” We quote from the pre-
publication abstract of thetr paper as follows*

“Tolerance of homografts can be brought about by exposing a mouse or chicken
embryo to tissue antigens in the epoch of development before it 1s capable of immuno-
logical response I, for example, a CBA mouse 1n the 16th~17th day of foetal lfe 18
1noculated with tissue cells from an adult A-line donor, 1t fails to develop the capacity
to react agamst A-line tissue homografts transplanted to it later 1n Lfe Tolerance S
specific, for the tolerant CBA mouse does not lose 1ts capacity to react against homo-
grafts from a mouse belonging to a different strain, e g, AU

Further experiments showed that this tolerance could be abolished by graft-
ing regtonal lymph nodes of a normal CBA mouse into the tolerant CBA
host. The authors state that the results of their experiments give grounds fz,n‘
believing, (a) that tolerance 1s attributable to a primary failure of the host's
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really needs a few simple recordings that will help to differentiate and evafu-
ate the disability resulting from asthma, emphysema, interstitial fibrosis, and
parenchymat involvement. Most patients with chronic dyspnea will eventu-
ally come under his care and, since most of these are ambulatory, the tests
should be such that they may be frequently carried out and compared with
normal values as given by Myers (134) or Baldwin ¢f of, (135).

All authors seem to agree that vital capacity as recorded by the simple
spirometer has practical value of determining ventilatory capacity but with-
out regard to tung efficiency. Its value is enchanced by a tracing of the pa-
tient's breathing combined with time recording. Such studies were recorded
by Bachman ¢t al. (136). They noted the delay in expiration time in alt asth-
matics, as every clinician would expect, as welf as jts shortening after inhata-
tion of a nebulized epinephtine-type drug. This indicates the degree of rever-
sible bronchial obstruction as found in pure asthma, especially in young
adults. Delayed expiration after inhalation of bronchodilators would indicate
possible permanent bronchial obstruction, or lessening of lung elasticity asiv
emphysema, fibrosis, or extensive parenchymal diseases.

A recent paper by Cobb ef al (137) compared the radiographic chest
volume (RCV) as determined on routine postero-anterior and fateral ﬁ.lmi‘
taken at the end of full inspiration, with the total lung capacities obtained
by spirometry and an open circuit method of estimating functional residual
capacity. They state that
the closeness of correfation between radiological and gaseous methods of Tung ea*
pacity determination in the group possessing volumetrieally intact pulmonary tissee
was sufficient to suggest its soundness and feasibility 1n screening farge numher§ of
individuals for abrormal changes in puimonary compartment ratios by a combination
of simple sp y and radiclogical of routine chest x-1ays.

Tt correlated best in patients with emphysema etc., but was poot in diseast
with mass repl. of it P hyma This relatively easy pro-
cedure would be a boon to the clinician in determining the amount of resldtxaf
air in propartion to the vital capacity obtained by simple spirometer or\\l}"l
time recorded tracings of breattung before and after the relief of bronch!.ﬂ
constriction by means of injected or inspired epinephrine-type drugs In this
way the ible and tted ireeversible pul y changes could be fol-
lawed from time to time. This would afford the clinician a new wsight int
the progress, beneficial or otherwise, of the disease and the efficiency of treat:
ment

Most of the students of y physiology stress the rather intricate
procedure of the study of gas exchange For the clinician the estimation of
1 y as d ined by gaseous exch 3s not practical un

b
i1 and unless simple techniques are developed There is such a possibility it
the future through the use of an improved oximeter to record the oxygen sat-
uration of the blood by a sp . Al d Reyd: (139
have published thesr observations, and a paper by Franklin & Lowell (139
on the use of this meter 15 about to be published,
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NEOPLASTIC DISEASES (CANCER)!

By PROFESSOR ALEXANDER Happow
The Chester Bealty Research Institute, The Royal Cancer Hospital, London, England

INTRODUCTION

The original purpose of these Annual Reviews was to furnish a critical
analysis of the current and recent literature in a given field Yet not every
aspect can be scrutinized in detail, nor every paper receive individual men-
tion, Indeed, the mere abundance of data would effectively prevent it, and
in itself presents a growing problem, towards which there are two extreme
types of reaction. first, that of the happy researcher who is content to ignore
the original literature, and to rely upon others for his information; and sec-
ondly, the reaction of those whom the literature totally enslaves The more
philosophic approach 15 the middle way, allowing a conspectus of essential
detail without obscuring general trends, or hindering the synthesis towards
which we travel. S ' for the rationalisation of the Ii have
been put forward in the field of cancer research by Kennaway, and for science
generally by Bernal, among others Yet the wind bloneth where it listeth.
Perhaps the present system—or the lack of it—mirrors both the face of
nature and the unpredictability of research, and is not to be improved by
undue orgamization Qur best hope must still ke m unrestricted freedom and
variety of publication, while minimizing the attendant difficulties, unques-
tionably real, through periodic assessments of the kind which the Annual
Reviews afford

GENERAL WORKS

The 1aterval under review has seen the publication of numerous works
of great general interest, among which may perhaps be mentioned a second
edition of Wilhis's classic on The Spread of Tumours 1n the Human Body (1),
of his Pathology of Tumours (2), and of Greenstemn's Brochemustry of Cancer
(3), a revised edrtion of Woglom’s translation of Oberling's The Riddle of
Cancer (4), and a new book by Oberling in the series L'Aventr de la Science
(5) Homburger & Fishman’s Phystopathology of Cancer (6), even though it
Is not easy to digest, will be valued as a masstve compendium Cameron’s
Patkology of the Cell (7) shows a wide sweep, and should be read especially
for 1ts accounts of the cell theory and of the biology of transplantation and
regeneration A fresh venture is Advances tn Cancer Research (8), containing
authontative accounts of specialized aspects, notably wn relation to carcin-
ogenesis, not only by well-known names but by the new generation. Useful
$ymposia on fundamental cancer research, and on nutntional factors, have
been published in the Texas Reports on Biology and Medicine (9, 10).

! The survey of the Iiterature for this paper was completed 1n August, 1951
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region, which appears to be an essential feature of the carcinogenic molecule,
{29 to 36). An ind d critical isal and reinvestigation of the
French thesis has been provided by Coulson (37) in a form eminently read-
able even by the general scientist. In the meantime Pullman has extended
and modified the earlier conception in such a way as takes count of other
molecular features, and promises to yield a true picture of the properties
essential for carcinogenic action (38). Such considerations do not, of course,
in any way indicate the nature of the biological receptor towards which the
special reactivity properties of the carcinogen are directed or with which it
combines. For this purpose other methods must be used, as in the studies by
Heidelberger and his group of the i ion of labelled carcinogenic hydro-
carbons with tissue constituents (39}, and in particular of the structure of
protem bound compounds whlch may be isolated following the topical
dio-dib (40) These ds recall the
similar substances described by Miller (41) as produced in the course of azo-
dye carcinogenesis (see below), and this author has himself studied the for-
mation of protein-bound derivatives of 3,4-benzpyrene in the epidermal
fraction of mouse skin. The same and related carcinogens also form com-
plexes with purines and nucleic acids, a phenomenon which has been investi-
gated by Boyland and others (42, 43} and which may be significant in the
biological reaction
When individual carcinogens are applied simultaneously, their action may
either summate or exhibit mutual interference, in the latter case suggesting
some kind of competmon for the hypothencal receptor. Recent examples in-

clude an between 2. hrysene and melhy' holantt
(44) between 2-acety f and 1,2,5,6. fluorene (45), and an

of methslch on the mduction of hepatic can-
cer by ¥_methyl-4-dimett i b (46) (see also 47, 48).

Bmchemlcal and histological studies of the action of carcinogens on the
skin include of the i and di of
34-benzpyrene in the epithelum of mouse skin after a single application
(49), of the significance of the mouse hair eycle in epidermal carcinogenesis
(50, 51), and of mitotic actvity 1 relation to carcinogenesis in the rabbit
skin (52).

The possibility was suggested by Cook over 20 years ago that abnormali-
ties of steroid metabolism, of a kind which might readily occur under certain
pathological conditions, would lead to the (ormauon m the tissues of traces
of potent carci i bons such as methylcholanth and so
conceivably account for the of cancer * ly ” Although
no direct evidence has so far been adduced, the feasibihty of some such
reaction must always be borne in mind and three papers have appeared
which are of special interest in this conmection, namely, one by Inhoffen
on the relationship of the natural steroids to carcinogenic aromatic com-
pounds (53) and those by Fieser (54) and Bloch (53) on various aspects of
the chemistry and biochemistry of cholesterol and of its b synthesis.
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CArcixoGENELSIS

In the innumerable approaches to the cancer problem, that of the study
of carcinogenesis occupies a central place, It may well he that effective
prevention and control will anly be possible on the basis of a precise under-

ding of {2} the biological nature of malj; change and (b) jts expressios.
in chemical terms,

A short but excellent generat account, particularly usefuf for the nonspe-
cialist, is provided by Wolf (11}, while the principles underlying chemical
careinogenesis, so far as they are known, have been discussed by Truhaut
{12}, Druckrey (13), and Buu-Hol (14), among others. An interesting papes
by Nordling (15) submits a new theory on the cancer-inducing mechanism,
according to which cancer mortality rises with age by the seventh poner.
1t has been followed by a study by Armitage & Doli (16) of the agedistribu-
tion of cancer, also in relation to a multi-stage theory of carcinoxe"“if
Further papers have appeared in the series by Iversen & Adey (37, 18}, is
which an endeavour is made to apply a guantum hit theory to tumaur induc-
tion. Ingentous as mary such approaches undoubtedly are, it is obvious
that their value wholly depends upon the extent to which they are verifiable
in practice, or stimulate fresh experiment. Afong lines similar to those m_rhéf
suggested by Rondoni, Ambrose {19) has set forth various entropy considet-
ations in relation to i and the p le of mini entropy
production 1n biological systems generally has been further dealt with by
Spanner (20). 5

The writer is naturally intrigued by the simiarity of the
gradually being approached by his own group (21) to the opinton of the
Millers and the Madison school {22). The former have found that the essen-
tial change in malignancy, at least in the case of the biologicat atkylabog
agents referred to 1n detail later, may be a medification by genetic foss,
whereas the latter grotp on altogether different evidence, conclude that the
experimental productian of liver cancer may be brought about through the
gradual deletion of key proteins essential for the control of grawth on
The implications of such a conclusion are briefly discussed belaw Two
major contributions, by Furth (23) and by Hauschka & Levan (24, 25), hate
greatly Hlummated our knowledge of the progressive changes which may
aceur in the cancer cell itself, as it ds from ditioned to s
grawth, or from greater to lesser biological specificity

Carci ! e interdepend

hemical consti-

H - o
tution and carcinogenic activity has been discussed by Badger (26) and bY
Druckrey (27) To the former authar we also owe a major work on the struc-

ture and of the ds (28) Recent years have seen
an outstanding coatrebution by the French schoof of theoretical physits
especially the Daudels and the Pull through the appl of nave

smechanics to the study of the action of cancer-producing substances, it
particular, the development of a relation between such action and ‘h:
sactivating energy” of chemical additive H in the Hed "K'
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not be the viewpoint of many others, as for example Truhaut, who has
endeavoured to define the principles underlying the use of alimentary
colouring matters in a report to an expert committee of the adherent nations
of the Brussels Pact (72).

Carcinogenic Amines, with special reference to Cancer of the Bladder—~—
Numerous papers continue to explore the carcinogenic properties of 2
acetylaminofluorene (73, 74), and of the N-monomethyl and -dimethyl de-
rivatives of 2- ammoﬂuorene (75), and a specally mtcrestmg note records
the rapid prod o by si
tion of acetylaminofluorene and tannic acid (76) The carcinogenic action
of the aminostilbene series, described by the writer and his colleagues some
Years ago, has been further studied by Flson with reference to the variations
in the evpression of carcinogenic action which are imposed by high-protein
and low-protein diets (77) In what is in some ways an extension of the
earlier aminostilbene \\ork Walpole and nlhers have been successful in
dem ing the ic action oI' 4 henyl and its 3,2'-
dimethy) derivative (78) The carci of acetyl henyt is
mentioned by Sandin and others (79), although 1t had not been detected by
Rudali & Royer (80)

Recent work on the carcinogenic amines has largely centered round the
occupational inaidence of cancer of the bladder In England, a scheme of
research inaugurated by the Association of British Chemical Manufacturers
has involved a survey of tumours of the urinary bladder in workmen engaged
in the manufacture and use of dyestuff intermediates in the British chemical
industry, including the rubber industry, and has led to the official prescrip-
tion of the disease for purposes of national insurance (81, 82, 83) In associ-
ation with the same scheme, Bonser and others have carried out an experi-
mental investigation of bladder cancer and have been able to demonstrate,
by a technique described by Jull, the direct carcinogenic action upon the
mouse bladder mucosa of the @-naphthylamine metabolite 2-amino-1-
naphthol (84, 85) Ansing from the last observation, Clayson has developed
a working hyp(:thesls for the mode of action of carcinogenic amines, based
upon the i of inophenols more lly While
the hypothesis shll requires further test, it 1s clear that other factors, and
especially the method of excretion of such metabolites, may greatly modify
their action (86) Important recent observations are the induction of tumours
of the bladder 1n dogs after injection of 2-acetylaminofluorene and of 4-
aminodiphenyl (87, £8)

Carcinogemic  Alkylating Agents —Considerable advances have taken
Place 1n the past few years through the discovery of carcinogenic properties
1n various nitrogen mustards and related substances such as the dlepo“des,
polyethylenei and d 1 and n
of the fact that these compounds almost certainly act through a process of
biological alkylation (89) As a result we may claim to have at any rate
glimpsed, for the first time, the likely mechanism of action of one kind of
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Azo Dyestuffs~—Reference has already been made to the important con-
ibutions of the Madison school, tally the study of those combinations
which take place between the tumour-inducing azo dyestuffs and tissue
constituents in vivo, and their possible role in carcinogenesis (56, 57). A fong
seties of papers includes such tapics as the synthesis of “butter yellow”
tabelled with carbon-14 in the benzene rings (58), and the metabolism of
methylated amino azo dyes (59), and the main results of the rescarch have
been summarized by the Millers in a notable review (22) and in their Dit
Biochemie der Krebsentstehung in der Leber (60). The resultant hypothesis,
namely, that induction of malignant change may occur through the graduat
elimination of specific proteins essentiat for the normal regutation of grosth,
raises the question (as in the case of the postulated genetic loss brought
about by the alkylating careinogens (below)} of the chemical or enzymatic
nature of the proteins so deleted. In general, the oxidative enzyme systems
appear to be refatively deficient in induced hiver tumours as compared to
normal liver (although the activity of lactic acid dehydrogenase is normalli
on the other hand, the levels of certain phosphatases, nucleic acid depoly-
merases, cathepsins, desamidases, and nucleic acid desamunases, afe usually
about as high in liver tumours as in the normal organ.

The chemical c ion and brol ! activity of the azo carcinogens
have been compared by Badger & Lewis (61), and Weiler describes 1h'e
changes of serological specificity occurring i the liver during carcinogenesis
by butter yellow (62) The synergistic action of mixtures of certain hepatic
has been described by the Madison workers, and Griffin a2
mustard

el the

ecarch
others record the inhibition of azo dye carcinogenesis hy nitrogen

Carainogenesis by the azo dyes and related substances presents spectal
problems of a practical kind, on account of the widespread use of wany
such substances as colouring additives to food Nelson & Hagen have de-
scribed the production of fibrosarcomas n rats imyected with hrithant blue
FCF, light green SF yellow, and fast green FCF, although there was no reac
tion with other dyes including guinea green B, amaranth, erythrosine a‘nd
tartrazine (68) Officially, the toxicological aspect of food colours is being
studied by a Preservatives Sub-commuttee, Secretanat of the Food Stand-
ards and Bygene Division of the Briush Mimstry of Food, while 1n Ger-
many vatious reports and tecommendations have been 1ssued by the Kom-
mission zur Bearbertung des Lebensmittellarbstofiproblems of the Deutsd'le
Forschungsgemeinschaft (69, 70, 71). It 35 the writer's private opimon, 18
view of the virtual impracticability of adequate test of the host of sub-
stances involved and the wmpossibility of determiming their toxicological
effects in man with any precision, that the use of all such artificial and un-
necessary additions would best be discarded This 15 perbaps not regar.ded
as a constructive argument under modern conditions, and woutd rerrainly
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ties of numerous chemical agents already known, in the field of textile
hnology, to possess linking properties. At once it emerged that a
series of cross-linking diepovides was capable of producing biological effects
largely indistinguishable from those of the mustards (89) Independently,
the chemistry of the diepoxides had been i i d in the
ies of Canadian Industries Limited, Momreal Canada, and this,
with a ideration of the linkage hypothesis, led Hendry and
others to a study of their cytotoxic activity, with reference to a suggestion
by Rose that these substances might produce their effects, not essentially as
individual molecules, but rather as multireacting polymers (95) Asa further
example of cytotoxic activity of the nitrogen mustard type in a chemical
class already in industrial use as cross-linking agents, Hendry, Rose & Wal-
pole described similar properties in a series of methylolamides (96). Yet
another example developed from work which had been carried out by the
1.G. Hoechst Farbwerke and other groups in Germany dunng the late war,
on the application of polyfunctional agents to the treatment of rayon. Prom-
inent among these agents was the compound triethylenemelamine, now
known as TEM in its clinical use (see below), representative of a large class
of polyet imines with cross-linking ability and the capacity to effect a
great reduction in the swelling properties of both artificial and natural
fibres These German developments unquesticnably played a large part,
which has not been sufficiently acknowledged, in directing the attention of
several groups of workers to the polyethyleneimines as cross-linking agents
Iikely to manifest cytotoxic action. Lastly, as the outcome of a deliberate
synthetic programme intended to yield new types of bifunctional agents
wnh cytustanc properttes, Haddow & Tummus detected biological activity
1n vanous bers of a series bearing sulphonic
acid ester groups; namely, the aw-dimethanesulphonyloxyalkanes, of which
one, myleran, (1,4-dimethane sulphonyloxybutane) has proved of some
service, on account of its relatively preferential action on cells of the myeloid
series, in the treatment of chrome myelogenous leukaemia (97, and see
below).

Whatever the precise chemical mechanism of the action of the alkylating
carcinogens, it is highly likely that they combine with genetically determi-
nant material, or its precursors. An older view, put forward by the writer
20 years ago, depicted the primary step in chemical carcinogenesss as a char-
acteristic but then unspecified inhibition of the normal growth mechanism,
leading to the adaptive formation of a new cell vanant, released from the
inhibitory influence of the agent which provoked 1t The newer interpreta-
tion suggests that the essential step may be the inlubition of certain funda-
mental Drocesses of genetic synthes:s, followed by the generation of a new

g fibre or late (ct Ily, and hence Iy, modi-
ﬁed) in a kind of re- of genetsc ch under the
impress of chemical reaction by the carcinogen with the initial self-
duplicating unit. An important additional concept has also emerged, namely,
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chemical carcinogen at least. The discovery of carcinogenic activity in this
new class, in substances of relatively high reactivity, simple in structore,
and yet ossessing molecular features highly suggestive as to their mechs-
nism, has led to speedy progress and to a theory of action which has in
turn stimulated many later devel ts. Whether the proposed mechs-
nism is applicable to other carcinogens remains, of course, an apen question,
yet note must be taken of the astonishing general similarity of many of the
biological effects of the alks lating agents {for example, on the bone marrow,
gonads, and ia their Iefty and carci icity) and those pro-
duced by sonising radiations. This paroelism justifies the description of
these compounds as radiomimetic, even though there are undonbted dif-
ferences in the details of their action The investigations in this field by the
writer and his colleagues served once more to direct attention to the nucleus
as the passible primary site of carcinogenc action even though, in agreement
with Ludford (90, it appears that cells can undergo neoplastic transforma-
tion without ary alteration of nuclear structure that can be detected by
the present methods of microscopy.

In efforts to establish the optimal requirements for biclogical activity
in the mustards, 1t became clear that this 1s associated with the hatoatky!
side-chains exclusively, of which two at least are necessary. Seeking the

ion of this bif 1 or palyfunctional requirement, Goldatre,
Loveless & Ross suggested that the two groups might be needed to permit
the molecule to react at two different points, lying exther on a single surlace
or fibre, of on two contiguous fibres (31} Of the various possibilities, cross:
finkage between the constituent macromolecular fibres of the chromosome
itself was of particular interest when considered in the light of the groning
assumption that reaction of the mustard carcinogens might well take place
directly with genetic matersal Nevertheless, the cross-dinkage hypothesis,
which was first suggested as perhaps the simplest mterpretation of the facfs
then available, 15 row known to be unduly simple In the first place, st 18
exceptionally refractory to test Secondly, other possibilities are knows to
be equally likely, as, for i by witha or substralt
rather than with a genetic determiner divectly, Lastly, in zctual experence
listle direct evidence of cross-hnkage has so far been obtamned. From the
extensive work of Butler on the reaction between nitrogen mustards 20d
nuclesc acid, 1t would indeed appear that the effect of the agent may
depolymenzing rather than poly ing, since deoxyrib feic acid sole-
tions so treated are degraded, losing thew intrinssc viscosity, and breaking
down to molecular werghts which are markedly less than those of the origmal
material, (92, 93, 94} Nevertheless, the working hypothesis itsell remams
an endeavour to explam the polyfunctional requirement for the action of
the nitregen mustards 1 vipo, and there can be no doubt of the powerful
stimulus which 1t has exerted, or of the value of the nes findings which have
come about as the direct result

Among these, the first was the to the biological proper-
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could result in the uncontrolled synthesis of such substances, and so to
unimpeded growth. Such an interpretation is of course by no means novel,
and reference has already been made to the similar conclusion independently
reached by the Millers. Also, it may have a vital connection with the ab-
sence or slow appearance during embryclogical development of the oxidative
and catabolic enzymes concerned in the transformation of the purines, as a
feature characteristic of active growth and synthesis. It is obvious that the
possible role of enzyme deletion in carci is carries i as to
the means by which the process might ultimately be controlled: namely,
by a kind of enzyme substitution. That such a possibility is not wholly
theoretical is shown by various known examples of such substitution, which
have been ised by the writer elsewhere (89). It has also been possible
to demonstrate more recently {unpublished) an inhibiting action of xanthine
oxidase on the growth of breast cancer in mice, although the exact basis of
the effect is not as yet established Clearly the above views, that the action
of certain carcinogens may be a fairly direct one on the gene, and that tumour
production may be due to resultant modification or elimination of the gene-
or enzy diated ion of synthesis essential for cell division and
growth, permit us to envisage yet a further stage in the chemical or en-
zymatic means of reversal and control

Carcinogensc Action of Tonizing Radiations —Always of great interest in
1ts own nght, the induction of tumours by ionizing radiations has acquired
enhanced impartance, first 1n relation to the carcinogenicity of radiomimetic
chemical substances (above), and second, because of the increase in radration
hazards, whether real or potential, 1n peace or in war, The general topic
of ionizing radiations and cancer has been discussed by Brues (107) and the
histopathology of radiati by Furth & Upton (108), while the
initiation and development of cellular damage by ionizing radiation was the
subi'ect of L. H, Gray's Silvanus Thompson Memorial Lecture to the British
Institute of Radiology (109) Tumour production by thorotrast was the
theme of a special d at the Int ional Radiological Congress in
CopIenhagen in 1953,

hol descr!

n , have d of many tumour
types elicaited by 1onizing radiation the pituitary gland m mice (110, 111),
hepatic tumours in CBA mice with colloidal radio-gold (112), tumours in
rats following whole body radiation (113), and lymphoid tumors in non-
ma@med thymic gralts in thymectomized irradiated mice (114) The latent
carcinogenic action of beta-irradiation on mouse epidermis has been dis-
cussed by Shubik ef al., and the incidence and types of neoplasms in x-

rats following protection by post-irradi iosts by Finerty
(115, 116) A strange case, so far unique of its kind but possibly an omen, is
the occurrence of osteogenic sarcoma in a muskrat from an area of high
¢RVironmental radiostrontium (117). The general question of radiation-
induced sarcoma has been discussed by Jones (118), and individual tumours
reported include a solitary plasmacytoma in a mesothorium worker, and
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that the initial combination of the carcinogen with genetic material probably
occurs in the resting stage between successive mitoses (98), at a time v hen,
in certain plant ial at least, deoxyrit Jeic acid hesis appears to
be at a maximum (99}, Obviously it is tempting to suspect from this coindi-
dence in time that a carcit may act by at same stage in
nucfeic acid synthesis. Although the question is of course by no means de-
cided, there is much ather collateral evidence pointing to a similar concly-
sion, and Butler in particular has summarised the various effects and actions
of x radiation on the one hand, and the alkylating agents on the other,
upon the nucleotide chain and its process of duplication (100) A great
impetus in this field has been provided both by the new structare of deaxy-
ribonucleic acid, suggested by Watson & Crick, and by its genetic implica-
tions; it is not at all beyond the bounds of possibafity that carcinogenesis
may in fact be an interference with the complementarity of synthesis, based
upon deoxyribonucleic acid, which is an essential feature of the pew con~
figuration now proposed (101).

Almost as old as the experimental study of cancer is the question whether
the process of carcinogenesis should not be regarded as a special case of
biclogical mutation Strong has raised the question whether every mutagen
is a carcinogen, and every carcinogen a mutagen {102), While the matter

1

cannat as yet be decided qui ly, Bird has ined a number of
alkylating agents with results which show thar the association between
carck icity and icity may be closer here than in any othet

class, as might perhaps be expected from their marked radiomimetic QEIB‘“)’
(103}, The Fahmys have carsied out a cytogenetic analysis of the action of
various alkyl: g carcs in phila, with special ref 10 1.2
3,4-diepoxybutane and triethyl lamine The former is chat-
acterized by high potengy in the production of small deficiencies, with only
a small proportion of gross structural change Of special interest are cases
in which the bands at the deficiency locus show various “degrees of ’:i"‘
sence,”’ varying from defects i stamning properties to a complete eliminatiot
of the band The Fahmys suggest that these “partial expression” deficiencies
are the of 2 modi jon in the molecular pattern of the gene which
has prevented normal reproduction, the disabled gene reproducing itsell
pactially, erroneously, or not at alt The general conclusion is an jmportant
one, namely, that while x radiation induces chromosome breaks and gross
structural change, the radiomimetic mutagens and cascinogens tend rathet
to produce fewer breaks, and to interfere maily with the synthesis and 1¢
production of genetic material (104, 105, 106}

For some time the general biologl id has d that the
cancer cell represents a somatic mutation by loss, and the newer advances
would seem to enhance this probability, aithough not as yet conclusivelys
and to suggest that the deficiency 1s genetic or enzymie in nature. Jn par-
ticular, it is entwrely feasible that the loss of enzyme systems, normally

d in ing the synthesis of iaf to cel division,

s
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zanthracene, an effect which would appear to be peculiar to this particular
carcinogenic hydrocarbon (150)

Advances have also to be recorded in the experimental study of tumours
of the thyroid, the subject of reviews by van Dyke and by Morris (151,
152). Reference is made especially to the induction of thyroid cancer in rats
by radioactive iodine (153), and to the role of thiouracil and propylthiouracil,
in the inducti growth, and 1 bility of thyroid tumours of the
mouse (154, 155). Goit: induced ad lasia has also been
observed in rat thymus (156). So far as the function of the thyroid itself is
concerned, it is of much interest that the hepatoma-inducing action of

2-amino- and 2-acetylaminofl is inhibited by thyroid y {157).
Numerous papers refer to the induction of b - and thy ki
secreting transplantable tumours of the pituitary by “radiothyroidectomy ’
with fodine-131, their morph is, effects after 1 ion on the

pituitary body of the host, their initial dependence on the absence of the
thyroid gland, and later autonomy (158 to 162). There has also been de-
scribed the production of pituitary tumours in mice by chronic administra-
tion of a thiouracil derivative, and the role of chronic jodine deficiency as a
cause of neoplasia 1 the thyroid and pituitary of aged rats (163, 164).
Neoplasms of the pituitary gland 1n rats, and other tumours, have also
followed treatment with pituitary growth hormone (165) An important
function of the anterior hypophysis in influencing tissue response to car-
cinogens 1s ind; d by the inhibition of azo-dye i is in hypophy-
sectomised rats, and 1ts reversal by ACTH in synergy with other hormones
(166 to 169). Although hypophysectomy has also been claimed to inhibit
methy Icholanthrene carcinogenesis, the effect is not perhaps so marked or
reproducible, and the pituitary would not appear in fact to be essential for
the induction of tumours with benzpyrene (170, 171, 172).

Other Carcinogens—Among types of carcnogenic eflect other than those
already discussed, one of the most striking 1s the induction of sarcomas in
rodents by embedding various plastic films and fibres, as discovered by
Opge.nheimer and his co-workers (173, 174, 175). The latest results include
Ppositive responses with cellulose in the form of viscose rayon, and with
aylon, terylene, and tephlon (personal communication from Dr. B. S.
Oppenheimer) A fibrosarcoma has also been induced by embedding silk
flm—the first instance in which a tumonr has been caused by a natural
polymer. This phenomenon 1s not only of the greatest interest in atself but
Presents special problems as to whether the mechamsm of action involves
chemical means or, 1 view of the inert character of many of these sub-
stances, a more physical type of intecference It also has an obvious practical
:eanng in view of the widespread use of synthetic plastics in surgical prosthe-
is

. The unique effects of urethane (ethy! carbamate) continue to be studied
with special reference to the induction of y ad in mrce
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osteogenic sarcoma following x rays (119, 120). It is obvious that the biologi-
cal hazards of nuclear energy will present problems of increasing magnitude
in the fields of industrial medicine and public health administration (121 to
124). The public health aspects of atomic power development have recently
been discussed by Warren (125), and in Great Britain the Ministry of Labour
has issued a preliminary statement of precautions in the use of ionizing
radiations in industry (126), The general problem of leukemogenests by ioniz-
ing radiations has been studied by Furth & Upton (127) This includes
data based upon expertmental animal material at the Nevada atomic ex-
plosions The special problem of the i d incid, of leukaemia in the
human survivors of the Hiroshima and Nagasaki explosions is dealt with
by Black-Schaffer and others (128). All these matters give added value and
importance to the growing number of papers on the radium and radicisotope
deposition and retention in the human skeleton and other tissues {129 to
134).

- Carcinogenesis and Endocrinology.~—Numerous papers continue to testify
to the vital role of the endocrine system both in the inception of tumo}m
and in their subsequent growth. Only a few can be mentioned, and dl%cus.smn
on the specially valuable contributions of Huggins, with their applications
in practice, is reserved for the section on therapy below. Oestrogens and
Neoplasia is the subject of a book by Horning & Burrows (135), both of whom
have made many contributions to its study In this particular field perhaps
the most notable recent work is that of Kirkman & Bacon on oestrogen-
induced renal cancer in the male golden hamster (136, 137), a topic which
has also been extended by Horning & Whittick with specral reference to the
histogenesis of these remarkable tumours (138); clearly it will be of the ut-
most interest and importance if the reason for the species-specificity of the
phenomenon can be deciphered Bacon has also described tumours of the
epididymis 1n hamsters treated with diethylstulboestrol and testosterone
propionate (139), and more recently Kirkman and his colleagues have also
produced speaifically localized fibroma-like tumours in this same species by
the simultaneous administration of oestrogen and androgen (140). In the
clinical field, circumstantial evidence is accumulating to suggest mor
strongly than before that oestrogen therapy can on occasion be carcinogenic
in man (141, 142)

Some of the most mgentous contributions of the last few years on the
endocrinology of tumour tnduction have come from Muhlbock's laboratory
in Amsterdam, as for example his mnduction of mammary cancer n agent-ree
mice by repeated prtuitary implants (143, 144, 145), and his experiments ot
the origin of ovarian tumours by parabiosis in castrated males (146, 147,
148). It will be recalled that Bielschowsky & Hall described tumours of d’::
ovary produced by 2-acetyl f in intact female rats Jomeq in
parabiosis to gonadectomized htter-mates (149) In another connectior,
ovarian tumours have also been induced 1n mice by 9,10-dimethyl-1,2-ben-
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cases of cancer (see also 204) as well as their statistical presentation, while
third-year recovery and survival rates are recorded by the General Register
Office (205). Buckatzsch & Doll (206) have described an experimental factor
analysis of cancer mortality in England and Wales from 1921 to 1930, and
Stocks (207) the cancer death rates at different ages in England and Wales
from 1921 to 1950 in respect to the uterus, breast, and lung Other accounts
of special interest are Hamnett's Survey of Cancer in London (208} and Mec-
Kinlay’s report (209) of the mortality from cancer in Scotland and geo-

i iations in site incid In France, Denoix and his school
have studied both global and national cancer morhidity and mortality (210,
211). Similar data are provided from Denmark by Clemmesen & Nielsen
(212), while other papers (213, 214), discuss mortality trends. In connection
with the earlier work of Berman on primary carcinoma of the liver among
the Bantu mineworkers of the Witwatersrand, it is of much interest, and not
widely known, that there appears to be a high incidence of the same disease
among the lation of Haiti, although no published data are as yet avail-
able The Negro Republic of Haiti has a dark population of about three
millions, composed mainly of descendants of imported African Negro slaves
These are known to be the most conservative Negro communities, having
preserved their ancrent African customs and beliefs Similarly, the major part
of the population of Jamaica 1s of African extraction Recent publications
from Jamaica [Hill ez a! (215)] have described hepatic enlargement with
fibrosts and ascttes in young children, which the authors suspect to be of
tovie ongin, superi d on the preval Inutrition, and possibly due
to “bush tea”—an infusion of various unspecified plants The symptoms
described in the Jamaican children closely resemble the early changes seen
1n rats treated with Senecio alkaloids obtained from South Africa (in an ex-
tension of Schoental’s work referred to above) It seems possible that
Sentecto plants may be used mn “bush tea” and that they may be a causative
factor in the “serous hepatosis” of the Jamaican children, as well as in pri-
maty liver cancer in the adult population 1n Haits

ETi0L0GY oF CANCER oF THE LUNG

The continuing almost world-wide tncrease in the incidence of cancer of
the lung still presents one of the most urgent practical problems in the whole
of medicine, and has been the subject of special conferences at Chocorua and
Louvain (216, 217) Numerous papers deal with its causation from the as-
Dects of geography, occupation, pathology, and the smoking habit (218 to
228), perhaps the most comprehensive account being provided by Doll's
excelfent Milroy Lectures to the Royal College of Physicians of London
(229) In the first year or two foll the ind d d ions in
the United States and Britain of a statistical association between tobacco
smoking and lung cancer incidence, there was evident a marked reluctance
(partly on the grounds of proper scientific caution but also for human and
emotional reasons) to accept the most probable explanation, namely, that
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(176 to 182), and a newly recognized effect is the action of this substance
as an initiator of skin tumour formation in the mouse {183). For some time
the action of urethane has been suspected to concern the synthesis of purines,
pyrimidines, and nucleic acids. Indeed Rogers has studied the effect of sub-
stances, known to influence nucleic acid synthesis, upon the fnduction by
vrethane of pul v (184). The inhibition of nucleic acid syn-
thesis, especially with reference to the antieukaemic action of urethane,
has also been investigated by tracer methods {185, 136). In high concentra-
tions, urethane is a general enzyme poison, but McKinney (187) shoned it
to be a specific inhibitor of transmethylation reactions when present in fow
concentrations. For this reason it might also inhibit the transmethylation
process involved in the synthesis of thymine and so cause a focal deficiency
of this particular pyrimidine, .

Other instances of specific types of carcinogenesis include the production
of hepatic tumours by tannic acid (188, 189), and by prolonged feeding of
ethionine (190} or of the alkalowds of Senecio (191). Further evidence has
also been obtained of the carci icity of the sulpt ides (192). These
cases illustrate the wide range of chemical agents capable of inducing 2
careinogenic response. It is one of our main tasks to decide whether the ulti-
mate mechanism is fundamentally the same in all these cases, in spite of the
variety of initial causes by which the end-result can be evoked. ;

Apart from purely academic studies, the primary significance of carcino-
genic hazards in industry is reflected in reports of occupational skin cancer
(193, 194) with special reference to the newer synthetic liquid fuels and
petrofeum substitutes {195), and of the detection and isolation of poly«
nuclear hydrocarbons from petrol industrial eff) and SBWBK‘{(‘%'
197). Among motganic hazards of special interest are cancer of the lungin the
chromate producing industry, and occupational cancer in nickel refiners
(198, 199, 200).

StarisTICS AND DEMOGRAPHY

Recent years have witnessed a most fruitful application of statistical
techniques to cancer research, in many cases along the lines inspired and
still continued by Kennaway. Of this process the most dramatic outcomé
namely, the elucidation of the role of smoking in the causation of cancer of
the lung from sumerous Amencan and British reports which are mutually
confirmatory to an astonishing degree, will be discussed in more detail beloss
In addition, however, there are many recent compilations of great value, 2¢
for example the section on cancer of the Epidemiological and Vital Statistic
Report of the World Health Organization (201), a symposium on Geographi-
cal Pathology and the Demography of Cancer under the auspices of the
Council for the International Orgamization of Medical Sciences (202), and
the P dings of the { ional Confy on G hical Pathology
held at Washington in 1954, In England, the Report of an Expert Commilt®
tee on Health Statisties (203) includes information on the registration 0
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the development of mammary tumours has been known for some considerable
time, and is further illustrated by studies of the occurrence of such tumours
in agent-free pure lines (243, 244). In Maihlbock's view, the agent may
accelerate the appearance or increase the number of hy) perplasm: nodules in
the mammary tree without directly affecting their to

The rabbit papillomas and papilloma viruses have been reviewed by
Ginder (245), and the induction of the Shope papilloma in homologous trans-
plants of embryonic rat skin reported by Greene (246) The electron micros-
copy of rabbit papilloma has been investigated by Kabler and his colleagues,
with reference to the occurrence of crystalline plates {247, 248), and Bunting
describes a close-packed array of virus-hike particles within the cells of 2
human skin papitloma (249). Other interesting observations are of cutaneous
sarcoma-like lesions of the mouse caused by the agent of bovine papilloma,
and the laboratory transmission of the Shope fibroma in cottontail rabbits
by means of fleas and mosquitoes (250, 251). Smith and others have dis-
cussed the cause of the rabbit carcinomas derived from virus-induced papil-
lomas (252) In the writer’s own view the relationship 1s not a pnmary one,
and this agent again may be of the kind responsible for antecedent changes,
although not for malignant transformation itself,

Following upon his earlier studies of the so-called “vertical” transmission
of mouse mammary cancer and chicken lenkaemia, Gross has made a re-
markable discovery which, if fully confirmed, must have profound implica-
tions not only for animal pathology but possibly for human pathology as
well; namely, of a virus-like agent in mouse leukaemic and embryo tissue of
the AK ine (and in the testes and ovaries) capable of transmitting the disease
by way of extracts or filtrates to C;H mice less than 10 hr. old (253, 254,
255). The same procedure also induces salivary gland carcinomas (256, 257).
Some confirmation of the latter observation appears to have been obtained
by Law (258) and by Stewart (259), but clearly the phenomenon requires
extended i before 1ts rep can be fully assessed or its
nterpretation defined. Agam, it may well be that the agent is one affecting

ibility to the leuk Also, the writer has been
impressed with the possible relation of these results to the recent discovery
y ham and Med. of the induction of acquired tol in the

adult by pre-treatment of the embryo with relatively foreign cells
Studies continue to be made of the avian Ieukaemia viruses by electron
Py and pl ‘hemical methods, especially of the particles isolated
from the plasma of affected fowls {260 to 263) Some advance has also been
reported in the electron mrcroscopy of the Rous sarcoma and agent, and
have been obtained by Bernhard et al. (264), and
Bernhard & Oberling (265), and by Wyckoff (personal communication) The
whole problem of viruses in relation to cancer continues to present many
Pamdoxes and difficultres Yet all the facts must obviously be accounted for
in an eventual solution, and, in the writer's view, there1s n0 necessary anu-

thesis between the facts and those inter of ch
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the association is causal A valuable and more recent compilation of scientific
and professional opinion is given in a special number of the Medical World
(230), but even since that date it is obvious that opinion has hardened very
considerably; there is no longer any serious remaining doubt, even when all
possible allowance has been made for such factors 2s improved diagnosis
and alterations in the age structure of the population, that part of the re-
corded increased incidence is undoubtedly real, and that the cigarette habit
is responsible for a considerable fraction thereof. This consolidation of
opinion is based nat so much upon the demonstration of carcinogenic proper-
tiesin cigarette smoke and tar (231, 232)—which must still remain somewhat
inconelusive so far as lung cancer in man is concerned-—as upon the over-
whelming weight of Doll & Hill's “forward survey™ of the mortality of doc-
tors (233) and apparently of Hammond's similer survey in the United
States, of which only press reports are available at the moment of writing

Even although it may be regarded as proved that the smoking habat is
a potent determinant of cancer of the Iung, the mode of action 15 by no means
clear; many find it difficult to believe that increasing atmospheric pollum?ﬂ
plays no part, especially in view of the increased incidence of the disease i
urban as compared with rural areas (234). This difference may, however,
be showing some tendency to decrease. In addition to the earlier contriby-
tions of K y, at heric ination and i is has
recently been considered by Clemo (235) and by Kotin et al. (236 237,
the last in relation to aromatic hydrocarbons and other carcinogens in the
Los Angeles atmosph i i h

and in gasol i .

The whole subject is now under intensive investigation, notably with the
guidance of the Medical Research Council in Great Britain, and of the To-
bacco Industry Research Committee in the United States Elucidation may
rot, however, prove easy, and the need for research must not obscure the fact
that abolition of the cigarette (which the fatest data incriminate more sefi-
ously than the pipe or aigar, if not exclusively), would effect the greatest
step in cancer prevention avaitable to us today.

Tumour CAUSATION AND VIRUSES

While so much attention has been given to chemical carcinogens, the
continued presence of which 1s no longer required when once they bave
provoked the mali t jon, no less important are the so-calfed
tumour viruses, which in many cases appear to have an essential function
net only in the instigation of tumours but also 1n their subsequent growth.
Vigorous accounts of the more recent development of the virus hypothests
of cancer causanion have been given by Oberling (238) and by Oberling &
Guérin (239), and the field has been surveyed in detail in a symposium under
the auspices of the New York Academy of Sciences (240}

So far as concerns the agent for mammary cancer 1 mice, perhaps the
most interesting papers are those on its possible transference by the ma'k
(241, 242). The apparent lack of any strictly essential role of the agent in
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biotic inhibitor of amino acid synthesis, which it should be noted can be
regarded as an alkylating agent of un-ionized groups such as sulfhydryl.
‘While many studies have been made of its microbiology and mede of action,
the clinical application of azaserine requires further assessment and is not
perhaps too promising (286 to 291). Others are the antimetabolic dihydro-
triazines investigated by Farber ef ol (292, 293, 294} and Foley (295);
methyl-colehicine {Demecolcin-Ciba) in the treatment of chronic myeloge-
nous leukaemia [Moeschlin et al (296, 297)}; the radiation-protective agent
B-mercaptoethylamine in the chronic leukaemias [Bacq and others (298, 299,
300)], phenylbutazone (Butazolidine) (301); and various ali-esterase in-
hibitors (302).

Endocrine Therapy —The of cancer by orchit 3
and with oestrogens was perhaps the first substantial contribution to cancer
therapy other than by orthodox methods. In the hands of Huggins and his
school the whole question of the endocrine control of human cancer, by
steroid modification of the internal environment, has continued to develop,
especially with reference to the inhibition of mammary and prostatic cancer
by adrenalectomy (303 to 310) Although no final conclusions can as yet be
reached, the principles which govern this procedure, and the conditions
under which it may be expected to give benefit, both continue to clarify; it
would seem that the response of breast cancer to adrenalectomy is probably
greater in adenocarcinomata than in more undifferentiated types, in cases
which show longer intervals in the developing of metastases, and in those
with an increased oestrogen excretion (311, 312) Many mdependent papers
continue to appear upon the clinical results and their structural basis (313
to 317). Of closely related interest are descriptions of the influence upon
prostatic cancer, and other tumours, of pituitary x.irradiation or hypophy-
sectomy (318 to 321); while of ional undoubted in palliati
it seems doubtful whether either procedure can have any more than a strictly
ll'mited application The hormonal treatment of cancer of the breast con-
tinues to be evaluated, with reference also to the action of methylandrostene
diol, and to the effect of cortisone treatment on the urinary oestrogens in
postmenopausal women (322 to 329). Although of the highest potential im-
portance, the fundamental mechanism of action of oestrogens upen breast
cancer still eludes us

A Panel on the Haematological Applications of ACTH and Cortisone
has presented a second report to the British Medical Research Council (330)
.and further accounts have appeared of the influence of cortisone and ACTH
in the reticuloses and acute leukaemias of both children and adults (331 to
334) In the case of the acute feukaemias in patients over the age of 20, faurly

%e}neral experience seems to indicate the use of cortisone, not of the anti-
olics,

Two papers of exceptional interest repart the influence of thyroid hor-
mone on the growth of it 1 th h pituitary
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in terms of enzyme modification or loss, which have been briefly dealt with
abave.

CHEMICAL AND ENDOCRINE TREATMENT

General—~If the bulk of cancer therapy is still surgical or radiothera-
peutic, the limitation of these orthodox methods continues to be ever more
clearly defined. There has recently developed, particularly in Engfand, 2
much more critical attitude than heretofore on such questions previously
commonly accepted, as the value of early diagnosis in relation to treatment.
In many cases the argument is extreme or even heretical, but it cannot
nevertheless altogether be ignored (266, 267, 268). So far as radiother.apy
especially is concerned, its immediate past and future have been appra'nsed
by Wood (269) while Mayneord (270) and Brucer (271) have provided
valuable surveys of the clinical application of radioactive isotopes. There
appear to be same 70 radioisotopes with hall-lives between 12 hr. and 60
days which might be produced in sufficient amount to be useful from the
therapeutic standpoint. In practice, the number 1s nearer 25 or 30, while con-
tamination with long-lived activities, and competing reactions, tend to re-
duce the list still further While there would appear to be no question of the
value of such agents as radiophosphorus in the treatment of polycythaemis,
chronic myeloid leuk fa, and multiple myeloma, of radioiodi in'ﬂ‘)"
roid carcinoma, and of radiosodi and radiogold in other appl "
much further critical research is required So far the most significant appli-
cations of the radioisotopes have been in the field of biochemistry rather thgﬂ
of therapy. The very limitations of surgery and radiotherapy are the mait
stimulus to research, 1n the hope of developing a rational chemotherapy
based upon d ding of the carci ic process This stag?
is still far from attainment, but chemical agents which are of unquesnunc.d
clinical usefulness have meantime become available, even although l-hf“
appltcation is severely limited and must be subject, no less than for radio
therapy and surgery, to the most critical assessment This is specially so fof
single cases, in view of the exceptionally long individual survivals which
are not infrequently recorded in the chronic Jeukaemias, in breast cancef
and even in such ditions as malj 1. (272 to 275). .

Good general accounts of the basis and practice of chemotherapy i
cancer have recently been given by Burchenal (276), Truhaut (277), Pirwitz
(278), Stock (279), Rhoads (280), and Boyland (281), 1te special applicatio®
in the t of the mali tymph and has bfen
assessed by Rundles (282), Dubois-Ferrire (283), Moeschlin {284), and Lien-
Keng (285).

The agents in current use may be divided roughly into two classes’
those which have been too recently described to permit a final assessment;
and those whose usefulness and limitations are already moderately cleaf
‘The former include ine (0-di: 1-L-serine), a kable antl
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tent treatment, and of the role of the antifolics versus ACTH therapy, is
given in the dings of the Second Conl on folic acid antagonists
(360), while more recent papers deal with newer derivatives such as dichloro-

inopterin (361). As to mechanism of action, Sauberlich has described the
reversal of aminopterin toxicity in the rat with citrovorum factor, pteroyl-
glutamic acid (folacin), and related compounds (362), and Boyd & Delahaye
the lization of ami inanduced I ja with adenosi
phosphoric acid {(363) The ists 2,6-diami; ine and 8- i
operate by somewhat similar mechanisms, both being incorporated with
nucleic acids in the mouse (364, 365), in neither case however is their thera-
peutic action as marked, although according to Dietrich & Shapiro it can be
potentiated by a riboflavin analogue (366). In the last connexion, it may
be noted that acquired chemoresistance, w hich is a limiting factor in so many
examples of cancer chemotherapy at the moment, is believed by some to be
slower to develop in response to binations of inhibi than to the
same inhibitors singly; this opinion is not, however, by any means universal
‘The past two years have seen a vigorous investigation of one of the more
recent additions to the list of boli i namely, pi
purine, including studies of its effects upon animal tumours (367), its mech-
anism of action as revealed by microbiological studies (368, 369, 370), its
distribution and ncorporation with the tissues (371), and its clinical ef-
fects, especially upon the leukaemias 1n man (372) Although clintcal re-
sponses tend to be somewhat erratic and unpredietable in their incidence,
a proportion are dramatic in nature and can equal the best to be obtained
with any other agent or form of therapy A full assessment 15 to be found 1n
2 recent symposium of the New York Academy of Sciences (373).

Lastly may be noted an observation made at the Hospital for Sick
Children, Great Ormond Street, London, England, which if confirmed, will
Pe of much importance, namely, that administration of vitamin By, results
In tumour regression 1n a fair proportion of cases of neuroblastoma—
enormously more than could be accounted for by the recorded tendency
of such tumours occasionally to undergo regression spontaneously (374)
The influence of vitamin By, upon experimental animal tumours had already
been studied by the writer with essentially negative results, and its failure
to affect acute leukaemia has already been reported (375).

Oncolytic Action of Viruses—Following the earlier reports by Moore
and her colleagues, and others, of the inhibitory effects upon tissite cultures
and transplantable tumours of the Egypt virus 101, and the virus of Russian
Far East encephalitis (376 to 379), clinical studies (380) do not appear to
have offered any very substantial prospect of general application On the
other hand, the subject still remains of potential practtcal value—in additon
to being of intense theoretical interest—as 1s shown by accounts of the effect
of Semliki Forest virus on rabbit myxoma {381), the propagation of St.
Louts encephalitis virus m cells of the Ehrlich ascitic tumour (382), the
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tumours (335) and the successful treatment with thyroxine of metastatic
carcinoma of the thyroid (336).

Cylostatic Agents —Papers upon the clinical application of triethyl
enemelamine (TEM; above), and of other polyethyleneimines and related
cytostatic agents such as the triethylenephosphoramides, continue to appear
insuch bers as preclude their individual mention (337 to 347). Ingeneral,
TEM is capable of inducing d ic objective in selected cases
of lymphosatcoma, Hodgkin's disease, and chronic myeloid and lymphatic
leukaemia~—the last being exceptionally sensitive so that the very closest
clinical and haematological supervision is required. Responses in lympho-
sarcoma, reticufum-cell sarcoma, and mycosis fungoides are on the shale
less marked. In comparison with nitrogen mustard, TEM possesses the ad-
vantage of oral administration and moreover induces fewer side-reactions,
but it has the disadvantages of a narrower chemotherapentic range and
may produce bone-marrow depression which occurs later than with the
mustards, lasts longer, and may he irreversible. In spite of the limitations of
all substances of this general class so far examined, there is no question of
the value of further search, Individual recent examples include a bis {ethsl-
eneiminosulphonyl) propane (348), and an imine based upon benzuqm‘ﬂoflf
[Domagk ef al (349)], while the writer’s colleagues have prepared a sencs
of carboxylic derivatives of NN.di-2-chloroethylaniline (350) and varions
mustard derivatives of amino acids and peptides (351), certain of which are
of high activity and are under chnical trial Even so the limitations of this
approach are evident, and it may well be, as already suggested, that the r:§l
valve of such chemical agents Lies in their fundamental interest, the pursuit
of which may lead to fresh advances which wilf render obsolete their present-
day chemotherapeutic application Although it appears doubtful, for it
stance, whether the use of such cytotoxic agents has in fact led to any md-
terial change in prognosis, there may, however, be exceptions, as in the case
of the treatment of myel is with a combination of urethane aod 23
aromatic mustard (352), or of the application of myleran (1,4-dimethane-
sulfony loxybutane} 1 chronic my i (353, 354, above). In
a proportion of selected cases, even when radic-resistant, the last compoun
has yielded results which, in substantial clinical usefulness, are perhaps the
equal of any chemoth ic agent d thus far Although several
independent studies are beginning to appear, the basis of its relatively selec-
tive action against the myeloid series 1s still unknawn (355 to 358).

Metabohic Antagonists —After several years of careful clinical trial 3t 3
large number of centres, 1t would seem that the most favourable results s0
far observed in the treatment of acute lymphatic leukaemia and stem cell
leukaemia in childhood have been ob d with ami in and related
compounds, numerous cases baving been reported of remissions lasting over
one year, during which time many appear practically normal (359) A useful
discussion of the advantages and disadvantages of continued and intermit-
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on intracranial tumours (416, 417), congenital sarcoma (418), chronic
myelogenous leukaemia (419, 420), Hodgkin’s disease (421), cardiac tumours
{422), phaeochromocytoma (423), extra-adrenal tumours of the sympathetic
nervous system (424), and tumours of the ovary (425), testis (426), epididy-
mis (427), thyroid (428) and liver (429, 430). The radiotherapy of tumours
in children has been discussed by Phillips & Dargeon (431). From the above,
and for several reasons, it would appear highly desirable to establish the
true incidence of cancer in childhood, and to decide whether these papers
are published because of the essential rarity of the conditions they describe,
or whether they reflect a real increase

Referring especially to leukaemia, attention must be drawn to an excel-
lent account of the dynamics of haemopoiesis by Whitby (432), to Bessis's
Traité de cytologie sanguine (433), and to the survey by Gauld ef al. of over
600 cases between 1938 and 1951 (434). Multiple myeloma and the reticu-
loses have been the subject of clinico-pathological studies by Snapper ef al.
(435) and by Israels (436).

Of recent years, several papers have referred to a condition which, if

henticated, would ionably possess a wider theoretical significance,
namely, multiple primary, ly healig, cell carcino-
mata of the skin (437, 438) Itis therefore of importance that the relationship
to this condition of that known as molluscum contagiosum, or kerato-
acanthoma, has been made the subject of careful study by Fouracres &
Whittick (439, 440), leading to the conclusion that the so-called self-healing
epithel; are probably onl 11 and must therefore be denied
the significance which they otherwise might have had

Other contributions of evceptional merit are an excellent account of
malignant cachexia by Donovan (441), and a continuation of Handley &
Thackray's study of the invasion of the internal mammary lymph nodes in
cancer of the breast (442).

ENVOI

What is the present position in cancer research? After 25 years of experi-
ence, the wnter’s main impression 1s one of ceaseless change, and the period
under review is no exception While much of this change 1s of emphasis,
the intricacies of the subject must not be allowed to obscure the emergence
of real trends Although almost nfinitely complex in their detatled mamfesta-
tions, 1t 15 probable that the underlymg biological principles are of startling
simplicity In a recent lecture to the Royal Institution 1 London, Sir Law-
rence Bragg related how, after the discovery and application of x-ray analy-
S5, much of mineralogy could be written on the back of a postcard, the new
technique having revealed Nature’s unique methods for the construction of
an infinity of minerals Although the present case is not perhaps a parallel,
the latest suggestions as to nucleic acid structure do in fact suggest that
Nature may here also employ a unique code, with which to spell out an
infimity of diverse proteins, and that malignant change may indeed spring
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inhibition of the growth of the Ehslich carcinoma by the vieus of Neweastle
disease (383), and the destroction of tumour cells by the virus of Rift Valley
fever (384).

Crinicat aND CLINICO-PATROLOGICAL PavERs

From a great flood of papers in the clinical or clinfco-pathalogica! fields,
only a relatively few can be selected to jllustrate items of special interest
Thus contributions have been made to what may be called the concomitant
pathology of cancer, particularly intriguing examples being the assodis:
tions between th bophlebitis migrans and i of the body and tat
of the pancreas (385, 386), between carcinoma and provimal motor edrop
athy (387, 388, 389), and between bronchial 3 an hen
(390, 391). The description by Aird and his co-workers (392) of a relationship
between cancer of the stomach and the ABO biood groups has s!imula!r.d
much further work (393, 394, 395) While the importance of the subject i
obvious, especially from the aspect of cancer causation, a greater body of
data is required before jits generat or special significance can be fully as-
sessed, and the ing of these correlati plained N

In the field of diagnosis, important contributions bave been made i
Papanicolaon’s Aflas of Exfoliative Cytology (3963 and a Bibliography of lhe
Cytologse Dragnosss of Concer 1ssued by the U § Public Health Service (997)
A further useful application of these methods, in the control of D:cup'amna!
cancer of the bladder, is recorded by Crabbe (398) Cancer diagnostic tests
generally have been surveyed in a publication of the National ?ancfr
Institute (399), and Girdwood (4G0) has carried out studies on folic acid
excretion in relation to mahgnant disease, which might conceivably allow
a limited diagnostic apphication

The famihal aspect of cancer in man has been illustrated by accoun!
ultiple osteomas in a family group (401, of acute leukaemia in twins (40?,
403}, and of heredity i uterine cancer (404}, while Dukes has extended bis
well-known studies of famihal intestinal polyposis 1 a Hunterian Lectute {0
the Royat College of Surgeons of England (405, 406) Dukes and othess
have also d the kip to of the rectum and
colon of chronic ulcerative colitis (407, 408) .

A particularly sigatficant group of papers recounts snstances of remssion
in acute leukaemia in children, either spontaneously or followmg HC“SC
infectious disease (409, 410), and of spontaneous regression in Hodghit's
disease and prostatic carcinoma (413, 412) The whole guestion of the fP““'
taneous regression of neoplastic diseases in man has been surveyed in 3%
important contribution by Stewart (413)

A special feature of the period under review has been the unusua!l)'
Jarge number of papers dealing with malignant disease in childhood Aga
anly a fraction can be noted, but menuon may be made of Févre & Hu-
guenin’s book on Malformations tumornles ef fumeurs de Penfont (414): of
Bufkin & Davison on childheod cancer (415), and of individuatl contrbutions

ts of




CANCER 175

21, Ann. Repis. British Empire Cancer Compasgn (1951, 1952, 1953)

22. Miller, J. A, and Miller, E. C., Advances 1n Cancer Research, 1, 339 (1953)

23 Furth, J., Cancer Research, 13, 477 (1953)

24. Hauschka, T. 8, Trans. N. Y. Acad. Sci , 16, 64 (1953)

25. Hauschka, T. S, and Levan, A., Expll Celt Rescarch, 4, 457 (1953)

26 Badger, G, M , Advances in Cancer Research, 2, 73 (1954)

27, Druckrey, H , Arzneimittel- Forsch., 1, 383 (1951)

28 Badger, G, M., The Siructures and Reactions of the Aromatic Compounds (Cam-
bridge University Press, Cambridge, England, 456 pp, 1951)

29. Daudel, P, and Daudel, R, Biol AMe&d Paris, 39, 201 (1950)

30. Daudel, K, Cakiers phys , 17], No 44, 15 (1953)

31. Roux, M, and Daudel, R., Compt. rend , 236, 2241 (1933)

32 Pullman, A, J. ckim phys, 50, 548 (1953)

33 Pullman, A, Pullman, B., and Berthier, G , Compt rend , 236, 2067 (1953}

34. Pullman, A, Compt. rend., 236, 2318 (1953)

35, Pullman, A, Compt. rend , 236, 2508 (1953)

36 Pullman, A, Compt, rend , 237, 173 (1953)

37 Coulson, C. A., Advances sn Cancer Research, 1, 1 (1953)

38 Pullman, B, Advances Cancer Research, 3 {In press)

39, Wiest, W. G, and Heidelberger, C., Cancer Research, 13, 216, 250, 255 (1953)

40 Hadler, H. I, and Heidelberger, C , Proc Am Assoc. Cancer Research, 1, no 1,
22 (1953)

41 Muller, E. C., Cancer Research, 11, 100 (1951)

42. Booth, J., and Boyland, E , Brochwm. et Biophys. Acta, 12, 15 (1953)

43 Booth, ], Boyland, E ,and Orr, S F. D, J Chem Soc., 598 (1954)

44 Rudaly, G, Buu-Hot, N P, and Lacassagne, A , Compt rend , 236, 2020 (1953)

45 Hil, W T, Riegel, B, Shubik, P, Stanger, W , and Wartman, W B., Federation
Proc 13, 431 (1954)

Me(e:gh;m,R 1, McCaflerty, D E, and Jones, R S, Cancer Research, 13, 802
3)

Hill, W. T, Wartman, W B, Puzo, A, Shubik, P, Riegel, B, and Stanger,

D W, Proc Inst Med Chicago, 18, 351 (1951)

Sampey, J R, Ind. Med and Surg, 23, 159 (1954)

Norden, G., Acta Pathol Microbtol Scand , Suppl 96 (1953)

An?{;;;;n, E , and Engelbreth-Holm, J., Acta Pathol Microbol Scand , 32, 165

5. Borum, X , Acta Pathol Mtcrobol Scand , 34, 542 (1953)

52 Whiteley, H ], and Ghadzally, F N, J Pathol Bactersol , 64, 651 (1952)

S3. Inhoffen, H H., Progr Org Chem , 2, 131 (1953)

54, Fieser, L. F , Science, 119, 710 (1954)

35, Bloch, K, Harvey Lectures Ser 43, 68 (1952~53)

36, Miller, E C., and Mller, J. A., Cancer Research, 12, 547 (1952)

57 Brown,R R, Miller, ] A, and Miller, E C, Proc Am Assoc Cancer Research,
1,7 (1953

38 MacDonald, . C, Miller, J A, and Miller, E. C , Proc Am Assoc Cancer Re-
search, 1, 35 (1953)

59 Mueller, G C,and Miller, J A, J, Brol Chem , 202, 579 (1953)

60, Miller, E C, and Miller, ] A, Dse Brochemue der Krebsentstehung sn dev Leber
(Unger-Domrése, Berlin, Germany, 78 pp , 1952)

-

6

=

T

48
49
50



174 HADDOW

from a derangement of this essentially genetic process. Short of happy acd-
dent, the best prospects for the solution of the cancer problem would appear
to lie in fundamental biology. Whether it is most likely to be accomplished
by erstwhile methods, and how far the process is likely to be expedited by
an international extension of research such as is shortly to be considered by
UNESCO in collaboration with the World Health Organization, are matters
for future policy. But any who doubt the main thesis are well advised toread
Bashford's prophetic account, written in the early years of the century and
reproduced in the third Sesentific Report of the Imperial Cancer Research
Fund of which he was the first director, and to judge how much of what he
then forecast has meantime been accomplished, and how much remains to
be done.
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DISEASES OF THE NERVOUS SYSTEM!

By MacpovALp CRITCHLEY
The National Hospual for Nervous Diseases, Queen Square, Londen, Englond

INTRODUCTION

In writing an apper¢u of neurological studies made over the last few
years, one is faced with a difficult decision. The world’s literature has con-
tained in the last quinquennium works of two contrasting classes First there
is a larger group, made up of worthy contributions of a descriptive sort.
‘These comprise reports of clinical observations; new techniques and findings
in neurosurgery; experiences with drug therapy; neurophysiological spade-
work (with special reference to electrical methods); and lastly, the traditional
strategy of neurology, namely, clinico-pathalogical correlation. There has
been work of this sort in abundance, emitting from neurological clinics
throughout the world Perhaps the volume of output is on the whole disap-
pointing Possibly the nature of the work done falls short of the ideal, being
more a testimony to personal industry than to intellectual brillance. As a
contrast to this solid bulk of descriptive, representational material, there is
the other class of neurological contribution. This is much smaller 1n quantity.
It comprises those studies where known data, some of them perhaps so
familiar as to be commonplace, are taken, re-examined, and reorjentated.
Novel ways of critical thinking are adopted, rather than new techniques. The
result is an exercise in creative thought as well as in critical apprasal, and
speculative thinking rather than painstaking description becomes the aim.
To embark upon such a work 1s to run great hazards A descriptive piece
stands or falls by the detail and accuracy of the observations The dangers,
as well a5 the rewards, of speculative thought and intellectual judgment are
mucil greater, and he who treads the path of creative thinking must walk
warly,

Certain logical centres are i by reason of the lugh
quality of their researches today It would be mvidious perhaps to specify
but. it is difficult to avoid mentioning the steady stream of excellent work
Whgch 1s emerging from renascent Germany This particular type of neuro-
logical work s extremely difficult to evaluate and condense wathin such a
medtum as the Annual Review of Medicine, except as a bare catalogue of
excerpts. It is therefore deemed more worthwhile to concentrate upon the
fom.ler class of clinico-pathological studies, which mught be called the fact-
finding of traditional neurology

TusMoURs OF THE GLOMUS JUGULARE

Although “aberrant carotid body tumours” have been recogmsed for
years, otologists rather than neurologists have regarded them as lying within

! The survey of hiterature pertainng to this review was completed in June, 1954,
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their own province. Quite recently, and quite suddenly, the sitnation has
changed, and neurosurgeons wow realise that a new entity in the subject of
tumaurs of the glomus jugulare lies within their legitimate sphere Tha first
case of this kind was reported in New York by Rosenwasser (1), though in
retrospect it seems possible that the case recorded by Lubbers of Amsterdam
{2} was of this type Much of our present day anareness is attributable to
the work of Hooper of Melbourne, swho has drawn attention to syndrame
which is ini: of a bell ine angle tumour. A condition of
middle car deafness Boes on to nerve-deafness, and later includes 2 foss of
vestibular function With some abruptness a peripheral facial palsy then
develops on the same side as the deaf ear, followed a little later by some ob
jective sensary loss within the homolatesal trigeminal territory Then comes
a pulsatile tirnitus which may be audible to others as a cranial bruit. Little
or no headache occurs Skiagrams of the skuli may reveal an excavation of
the petrous bone

Within the last 12 months papers have appeared in Israel by Askenasy,
Eppenstein & Hercberger (3), 1n London at the bands of Hensan, Crawford
& Cavanagh (4), in Birmingham by Bickerstaf & Howell {5), and in Brussels
by Casbone, Martin & Branden {6). The twao British communications, nhich
were issued independenaly and vet almost simultaneously, form an interest-
ing contrast of two methods of approach to the same clinical topie.

The work of Lecompte (7) and of Guild (8, 9) has drawn attention to Ehf
anatomy of the subject A chemoreceptor system of structures Hes 1 assacie-
tion with the thorav, heart, and head and is made up of the carotid body {the
facgest of them), the aortic group of bodies, the glomus tympanicum, the
aurfeular bodes, and one or more little structures lying n the dome of the
jugular bulb The tast-named camprise the glomus jugulare [tis tobe found
near the ramus ty icus and the gl haryngeal nerve As a rule there
15 but one of these structures, a flattened ovoid body measuring about
85 mm by 025 mm Qccasjonally two or more smaller bodies are Pfesf’“
Sametimes one or ali are in the canal traasmitting the ramus tympanics
through the floor of the middle ear Each glomus consists of blaod \essels of
capilary or pre-capillary calibre with numerous epithetioid cells between (.he
vessels These are arranged 1 whorls or clusters { Zellballes) They are in:
vested by coll. tissue  Histol ¥ the structure resembles that of
the carotid body

Accarding to Magarey (10), the first to describe the glomus yugulare was
Valentin (11) in 1810, under the term gangliolum tympamcnm, and it vas
rediscavered a century fater by Guild (8) {whose latinity was at faalt whes
he spoke of a glomus “qugulans,” later corrected 10 “yugntare’™)

The histological term applied 1o these tumaurs has vaned Some have
spoken of won-chromagin paraganghomas, others of haemangeso-endothelo
mata; ar graniar-cell myoblastomate Carbose ef al {6} speaify that there are
three types of glomic tumaurs {2} those reproducing the normal structure f"
the glomus, (b) an adenornatous type with a preponderance of epithelioid
cells; and {c) an angeiomatous type, especially rich 1n capiflaries,
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Most of the case records of the clinical effects of tumours of this structure
in the i have been published by otological surgeons, but pathologists
and ne have also buted [R (1); Kipkie (12),
Lecompte, Sommers & Lathrop (13); Lattes & Waltner (14); Lundgren (15);
Berg (16); Poppen & Riemenschaeider (17); Terracol & Guerrier (18); Win-
ship & Louzan (19); Black (20); Capps (21)]. Approximately 100 cases are
now on record. The ages ol the patients have varied widely, the extremes
being 17 to 81 years, but the majority of them have been middle-aged.
Women seem to have been affected considerably more often than men, the
proportion being 4 or 5 to 1. (This preponderance contrasts with the case of
tumours of the carotid body where the incidence is approximately equal in
the two sexes). The length of the history has been comparatively great, in
some cases over 20 years. As regards the clinical picture, Bickerstaff & Howell
{5) have isolated four main types: (g) those with aural symptoms only; (5)
where aural symptoms were followed years later by signs of neurological in-
volvement; (c) cases in which nervous and aural symptoms developed to-
gether, and (d) cases where neurological features have antedated aural signs
These four groups may be considered separately

Aural symptoms only —This is the commonest experience. The picture is
made up of progressive deafness and a rushing or roaring tinmtus Less often
a discharge from the ear may occur, possibly offensive Vertigo and earache
are both rare Special note is made of bleeding from the ear after coughing,
sneezing or straining, or even on washing the ear. Inspection of the ear shows
a reddening, bulging, or pulsation in the postero-infertor portion of the drum.
[Magarey (10} has hucally described the aural i ions by saying
thatin the early stages the colour of the drum head is gun-metal blue, gradu-
ally changing to dark plum. Later a small, raised, strawberry-like area ap-
pears in the lower posterior segment of the drum, which may remain un-
changed for the next 12 to 18 months]. Tympanic puncture is followed by
profuse haemorrhage Later still a polyp may grow through the drum and
present itself at the external meatus Or the polyp may erode into the meatus
and %huw itself covered by squamous epitheltum Any form of surgical inter-
vention leads to much bleeding

A facial palsy, often sudden in onset, is the only neurological complica-
tion

N )

signs f aural sympt —In these cases an interval
of at least 10 years may separate the aural from the nervous manifestations.
Extenston of the growth in a caudal directton brings about an involvement of
the ninth, tenth, eleventh and twelfth crantal nerves (The syndrome of the
foramen lacerum posticum is particularly suggestive here ) The patients first
complain of difficulty in swallowing and of hoarseness By this time the facial
Terve, too, is probably paralysed Much more rarely are the fifth and sixth
cranial nerves implicated In one recorded patient, the tumour extended for-
wards and caused a is Signs of i d i ial pres-
sure are rare Involvement of the pyramidal tract is not common, but ataxia
may result from compression of the cerebellum The authors draw attention
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to two other characteriatic clinjeal findings. Sometimes the tutmour preseats
itself high in the neck, in front of and just below the tip of the mastoid proc-
ess, a9 a pulsatile lump which may transmita thrill to the lobe of the ear.
Secondly, a bruit may at times be audible over this mass; or, if no fump pre-
sents itself, over the mastoid, the temporal bone, or the cheek, X-tays of the
skul}, in such patients, may show erosion of the petrous bone, enfargement of
the jugnfar foramen and even thinning of the occipital bone. Carbone et of
(6) emphasized that the bony infiltration is not so much an osseous destruc-
tion, as a ““colonization” or invasion of the bone by the growth, analogous to
that occurring in cases of meningioma. Tt is believed that the epithefioid cells
pass by way of the Haversian canals to settle and profiferate within the bone
around the blood vessels which in their turn increase in number and in thick-
ness.

Simultaneous development of oural ond neurological signs—~—Such tumours
have probably arisen near the origin of the tympanic nerve, Here the course
is a more rapid one, and the brain-stem may become compressed.

Nervous manifestotions first.~Such cases form the smallest group.

‘The neurologist, in all these cases, will be impressed by the assoctation of
a haemorrhagic aural polyp with a unilateral paralysis of the lower group of
cranial nerves Angiography may assist diagnosis by revealing 3 diffuse
opacity of the region occupied by the tumour,

There are one or two other interesting clinical points which scem, how-
ever, to be exceptional There may be a familial incidence. Multiple tumours
of the chemoreceptor group may occur {Askenasy ef ol. {3)]. Rarely: "fsf"al

may develop [B ini (22)] Tranma may apparently precipitate
the development of new-growth formation {Terracol & Guerrier (157)‘

Radical surgery is not promising in cases of tumours of the glomus jugw
lare. Aural surgeans may no doubt be able to cope with patients belonfif€
within the first group In the last three groups, however, deep x-ray theraphs
perhaps combined with a ligation of the external carotid, ray be practised 88
a palliative measure

NExvovs CompLICATIONS oF ScRUB TYPHUS

Noad & Haymaker (23} have studied the neurological features of serub
typhus (tsutsugamushs fever) with special reference to the compheation of
deafness Although scrub typhus constituted 2t one time a dangerous fazard
of warfare in the Far East. it s unlikely to become, in peace-time at any 12t
an important source of ill-heatth In large measure, this favoucable chang®
arises from the duction of chi henicol {chl in}, which »a%
of course, not available during the war years, This study has beent pased
upon the medical recards of 130 Australian soldiers who had contratted
scrub typhus in New Guinea In the early stages of the disease, musculat
weakness or sensory symptoms (or both) occutred in 10 out of the 180 pa
tients (5 § per cent) These symptoms were Jooked upon as the effects of
{esians of the nerve yoots of trunks, The clinical manifestations couwtd not be
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regarded as very intense, and by 1949 the signs had cleared up in 9 out of the
10 patients. The tenth patient showed symmetrical wasting of the upper
trapezii, with winged scapulae, and it was possible that the scrub typhus was
not to be inculpated {Wolf seems to have seen two similar cases (24)]. During
the acute phases of scrub typhus, convulsive seizures were not rare, particu-
larly 1 patients who later died. In three patients the fits recurred after the
disease had cleared up From the total of 180 cases, 40 patients continued to

in of various psychological symptoms One patient was unusual in
that he developed a dementia, an epilepsy, and an extrapyramidal type of
motility-disorder. This was the only such case in the Noad-Haymaker series,
though Ripley (25) had previously mentioned this sequel also, as occurring
once in his 50 patients. Another patient showed a mental disorder which was
very reminiscent clinically of general paresis Convulsions had occurred on
the twenty-ninth day of the illness, and the patient also developed a grasping
phenomenon in the right hand, a dysphasia, and constant sucking move-
ments A third patient after scrub typhus passed into 2 hypomaniacal state
with headaches, giddiness, and wmtability. Yet a fourth pattent suffered a
transitory paranoia About one-third of 106 patients (38 per cent) com-
plained of what the medical officials dubbed a “post-typhus syndrome,” i e,
a combination of easy fatiguability, lack of energy and initiative, headache,
timidity, and breathlessness

Most attention was paid to the affections of hearing during and after an
attack of scrub typhus. Ripley noted deafness in 46 out of 50 patients during
the acute stages. Dame (26) noted aural symptoms (deafness, tinnitus, ear-
ache, vertigo) in half of his 50 patients during the first week and in three-
quarters during the second week of the illness Macaskill (27) had also called
attention to nerve deafness in scrub typhus Noad & Haymaker examined
the brains of 16 fatal cases of scrub typhus and in each 1nstance the auditory
nerves were specifically scrutinized Changes wathin the cochlear nuclei were
few and equivocal, By exclusion, therefore, the permanent type of deafness
was regarded as being due to irreversible changes in the internal ear or else in
that part of the eighth nerve which lies within the internal auditory meatus
Transjent disorders of hearing noticeable in the acute stages of the disease
may be a result of a relative circulatory failure (1schaemia) of the glial part
of the acoustic nerve

Noad & Haymalker’s article should be studied alongside the earlier and
detailed papers of Ripley (25), Reynes & Richard (28), Poinso (29), and
Ragiot & Delbove (30)

Ripley’s sertes comprised 50 service patients who contracted the disease
on Goodenough Island, near New Guinea Every patient had headache, and
all but 5, anorexia; 28 had nausea, 22 vomiting. The most frequent indica-
tions of neural involvement were deafness, 34; tinnitus, 26, bodily pains, 25;
Paln on movement of the eyes, 18; it of urine, 17; lar twitch-
ings, 17; impaired vision, 17, hiccup, 10; meningismus, 5; and urinary re-
tention, 3. Changes in the reflexes were found, either in the direction of
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diminution or exaltation. In a few patients there were also convulsions,
dysarthria, difficulty in swallowing, squints, pupillary inequality, inability
to protrude the tongue, and alterations in sensibility.

Unusual neurological sequelae oceurred in two or three. There was one
case of acute Parki ism (already joned), Another patient recorered
from coma to suffer intense dysaesthesiae in the legs with objective sensory
joss fasting some weeks Yet another patient developed burning feet and
numbness of the thigh,

In almost every patient, mental symptoms were present, These included
disorientation, 34; difficulty in concentration, 31; loss of memory, 30; de-
litium, 295 coma, 17; hallucinations, 17; delusions, 24, One patient hada
Korsakoff psychosis During the stage of convalescence, other psychological
features developed, e.g , Musions, feehings of unreality, apathy, 443 u states,
anxiety, irritability, and depression

Examination of the spinal fluid gave abnormal results in seven out of
eight cases, comprising a mild cefiufar and protein increase.

Autopsies were performed in 13 cases Oedema of the brain was found
three times, with flattening of the futions; congestion of the blood
vessels was also found at times, as well as leptomeningeal haemorrhaz'ﬂ
One case was studied in greater histological detail, and changes very tike
those of typhus were found.

Diageric NRURGPATRY

The early history of diabetic neuropathy can be traced back as far as
Rallo {31) and Marchal {de Calvi) (32). Recently the subject has been stud-
ied with care by Hirson, Feinmann & Wade (33) and by Martin (34). The
former group of authors found 57 examples of neural anomalies outof 2 series
of 100 diabetic outpatients, a proportion not very different from that ob-
served by Jordan (35), who encountered neurological changesin 45.3 per cent
of diabetics, with 2 § per cent cases with “real neuritis.” N

Hirson, Feinmann & Wade made a rather unusual clasufication
(a) hypergiycaemic neuropathues; (6) active neuropathies; and (¢} asympto:
matic neuropathies The first of these included acute states of pain and par-
aesthesiae, with but few abnormal signs, coming on with the onset of kyper
glycaemia, and being rapidly relieved by appropriate treatment The second
group comprised cases with diverse clinical features, where a tendency 80

p relapse and remi was The third group was made
up of cases with objective rather than subjective features, i.e., reduction 07
absence of tendon jerks, loss of vibratory sensibifity, and of deep press’®
sensation Pupillary changes were present at times The authors obnoysf)'
found difficulty in making a logical classification of the neural complication®
in diabetics, for any tevel of the nervous system may be affected Among the
neural manifestations the authors mention pain in the hmbs which is cramp”
like, twitching or burning, and worse at night; weakness and wasting of the

thus
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quadriceps femoris muscle on one side or both; painless gangrene; arthrop-
athies; retention of the urine, nocturnal diarrhoea; and cranial nerve palsies.
It is clear that such a miscellaneous collection of clinical features strains at-
tempts at classification The authors do not believe there is any good evi-
dence that the nervous complications are any fewer now than they were in
the pre-insulin days. They suggest that diabetes is a disease-complex in which
the metabolic disorder is only one i ion, with pathy i
not as a “‘complicatton” but as an integral part of a variable process There
is no good evidence, they say, that either arteriosclerosis or a vitamin By-de-
ficiency is a causal agent.

Martin's series comprised 150 cases, found in patients attending the
diabetic clinic of a London general teaching hospital. Peripheral nerve dis-
ease occurred at any time in the course of the metabolic disorder. The pa-
tients most prone to develop neurapathy were those mild diabetics who were
able to casry on in a state of therapeutic neglect, without disabling symptoms
or ketosis, for long enough to develop the various compheations Seventy per
cent of the patients were over the age of 50. Diabetic neuropathy was found
to be relatively uncommon in the 3 oungest age groups, though by no means
rare. There was a preponderance of male over female patients The author
considered carefully the neurological clinical picture. Always, the lower
limbs were more affected Early symptoms were often those of aching,
cramps, dysaesthesiae, and wi fally of the driceps) The pa-
tients found difficulty in getting up from a chair, in getting off and on buses
and trains, and 1n climbing stairs As a rule, by the time the patient sought
medical advice, physical signs were demonstrable. In 40 per cent of the cases,
the disability was regarded as being considerable, the pains being intense,
and the weakness marked, and accompanied by wasting and objective
sensory impairment In some instances, there was intractable diarrhoea and
also trophic lesions The most conspicuous complaint consisted tn pain a the
legs which is dull, burning, bursting, teartag, or stabbing in character Some-
times the skin of the legs was hypersensitive, and the patient was not able to
e.ndure the weight of the bedclothes Dysaesthestae were very frequent, par-
ticularly of a disagreeable sort, worse at mght No fewer than 20 patients
(1€,13 3 per cent) sought medical help because of trophic lestons Foot-drop
and other forms of parests, and also ataxia, were rare complaints,

On physical , the sign d in loss of the
ankle jerks (80 per cent), the knee jerks being unobtamable (on one side or
both) in about one-third In three-quarters of the series, disorders of super-
ficial sensibility were demonstrable. Vibration sense was lost in two-thirds,
and postural sensibility 1n the toes in nearly 28 per cent. Tenderness of the
muscles or of the tendo ackallis was not a reliable diagnostic test Paralysis of
the arm was seen only 3 times, as opposed to 12 instances where there was
partial or complete foot.drop Cranial nerve palsies were not common,
though perhaps more frequently encountered than in the general population
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‘This may perhaps be evidence of int ial vascular d ion and not
of cranial palyneuritis, Pupitiary anomaties were met with in 13 pavients ¢
per cent) and included sluggish or inactive responses to hght, True Argyll-
Robertson pupils were found in twa patients. Examination of the cerebro-
spinal fluid was carried out in only 26 patients from this sesies, and from
these, 10 fluids showed a protein level above 45 mg /100 ml, the highest
figure being 160. There did not seem to be any parallelism between the se-
Herity of the nerve involverment and the proteis level in the cerebrospinal
uid,

Qedema of the anhles oceurred in one-third of the patients It was com-
man to note anhidrosis of the feet, atrophy of the skin, and matformed ar
pigmented toenails. In 20 cases, tests of the efficiency of the vasomotor 2nd
sudomotor nerves to the legs were carried out, with evidence of impairment
in evesy ane. Two ty pes of response were found: in ane-hal there seemed 20
be a vasoconstrictor paralysis. In the other hali, the legs remained cold de-
spite heating of the trunk Recurrent attacks of nocturnal diatrhoea oc-
curred in 27 patients (18 per cent) Disturbed contral of the act of mictusi-
tion was met with in 12 cases Sexual impotence was found in 38 out of 70
male patients (54 per cent), same of the subjects being young adults. In a~l|
those with impotence, the bulbo-cavernosus reflex was absent. Neuropathic
foot lesions, including perforating ulcers, occurred in 18 patients Bone a?d
joint lesions occurred 1n 9 subjects (te, 6 per cent). Charcat arthropathies
were found to develop rapidly in some cases of diabetic neuropathy. R

Qut of the sertes of 150 cases, 50 patients (33 per cent) also shoved di
abetic rettnal discase with haemorrhages and exudates, It was consider_vd,
however, that retinal changes in diabetics are related mainly to the duratie
of the discase The ‘ of diabetsc heral nerve disease and thf: s0-
called Kimmelsuel-Wilson syndrome of nephropathy seemed to be co-incl-
dental Diabetic neuropathy, apparently, was mamly refated ta diabe'tic
neglect, whiler hy and nephropathy are d more clearly With
the duration of the disease

The auther went on 1o examine the views commonly held as to the aetiol-
ogy of drabetic neuropathy The three most popular conceptions comprist
the notion (a) that neuropathy 1s attributable to peripheral degenerative
vascular disease, (b} that st 1s the of 2 vitamune d ,and ()
that it is ducectly a result of a disordeved metabohsm Detatled reasons are
given in this article for the third of these hypotheses, namely that neuropathy
is to be associated with diabetes directly Nether ketosts nor coma seem 10
be dirertly related Though pralonged neglect of a state of diabetes i3 3 P
tent factor in the aeti of hy, so too, y, is the factor of
rapsd establishment of dabetsic control [the “insulin neunius” of Caravatt
(36)] The cases of two patients are quuted where rondiabetic hypergly-
caemia, due respectively to and to b ‘ Wwas 2ss0-
ciated with a peripheral neuropathy Martin concludes that nerve involve:
sment of some degree 18 very common in diabetics, the margin of salety being
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slender. Only by exercising care with a diabetic and insulin regime can the
diabetic escape from serious neuropathy.

Diabetic myelopathy has recently been studied by Garland & Taverner
{(37), who referred to relevant findings reported over 60 years ago by Bruns
(38). Their series was made up of five patients whose ages extended from 53
to 76 years All had diabetes of rather short duration, untreated with insulin.
‘The neurological picture comprised asymmetrical pain in the legs, weakness
and wasting of the muscles of the legs, and loss of knee and ankle jerks.
‘There was no objective sensory impairment. Examination of the cerebro-
spinal fluid showed a high protein content (34, 105, 109, 120, and 139 mg /
100 mlI ). The authors based their diagnosis of a spinal rather than a periph-
eral origin upon the frequent presence of extensor plantar responses, and
upon electromyographic changes which were characteristic of a myelopathy.

Arthropathies, painless in type, are well-known to occur in diabetic:
resembling the Charcot joints of patients with tabes and with syringomyelia.
Bailey & Root (39) have studied this particular complication, and out of a
population of about 20,000 diabetics they were able to collect 17 cases In
each instance, the arthropathy involved the foot. The earliest gross change,
according to these authors, consists in a thickening of the tarsal region
There is no increase in synovial fluid The swelling 1s painless, and without
any redness of the overlying skin, or heat, or any other evidence of inflamma-
tion Grad there develops a thick and def: d foot, with a tend-
ency towards eversion and external rotation and a flattening of the longitu-
dinal arch The skiagraphic appearance is very like that of a tabetic arthrop-
athy though the bony changes are more limited in their extent It is not
always easy to distinguish clinically or rad y the two conditi
In the tabetic cases there may occur an acute and temporarily paiaful in-
crease in fluid within the tarsal joints Formation of new bone is more char-
acteristic of the tabetic cases The authors did not consider that the diabetic
arthropathies were secondary to peripheral ischaemia Of their 17 cases, 14
showed other evid of pathy, a dition which they considered
to be of aetrological significance

Localized muscular atrophy —It is common knowledge that injections of
tnsulin may be followed by atrophic changes around the site of puncture.
LFss well known is the fact that sinular types of atrophy may occur in
diabetics who have not been recerving msulin at all Although rarely identi-
fied as such, this kind of atrophy has been known since the original observa-
tion of Bernard & Féré (40) Six of these cases have been described by Hirson
{41), alt in females, their ages ranging from 46 to 76. Unlike the condition
known aslocal panatrophy, the overlying skin was not affected 1n these cases.
The atrophy was found in unusual sites for injection purposes

NEUROLOGICAL COMPLICATIONS OF CARCINOMA
Thereisani i i

that p! d ions referable
to the central nervous system may develop in patients with inoperable can-
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cer, in the absence of any direct jnvolvement with metastases, They may
be divided into two main syndromes: namely, a picture of cercheliar atrophy
and, secondly, a polyneuritis.

The development of a variety of subacute cerebeflar degeneration in
cancerous patients seems to have frst been noted in an accidental fashion 25
it were, and it was many vears before the role of the associated cardpoma
was realized to be significant and not coincidental. Thus, some of the earfiest
cases were published merely as tes of a cerebellar atrophy of “delayed.”
“p ile,” or ohscure farmlial type. Only later did nesrologists mmble
to the conclusion that they were in the presence of a correlation, which,
however unexpected or mysterious, was none the less statistically signxﬁ?ﬂt
Priotsty would seem 1o belong to Lhermutte, perhaps the greatest of living
neurologists In 1922 he wrote a paper ypou astasia-abasia resulting from
atraphy of the cerebellar vermis in aged or elderly subjects (42). One of bis
patients was a man of 67 years who died from a carcinoma of the pancreas.
No aetiofogical relationshyp was clatmed here. Seven years fater Casper &)
wrote up the case of 2 woman with cancer of the breast who developed 2
chronic cerebellar syndrame. Next, in chronojogical arder, comes the pape’
written by Parker & Kernohan (44} dealing with the problem of chronic
atrophy of the Purkinge cells and read before the Chicago Neurological 5o
ciety. Their patient was a woman of 58 years who began to develop a pro-
gressive weakness of the 1imbs, loss in weight, and depression, 2 Sirtle less
than two years before Her condition deteriorated. She was regarded 5

fering from a progressi bellar degeneration, and her declne 32
ascribed to 2 large pelvic tumour and to actsve phihisis. She hives for a period
of 27 months fram the presumed date of anset of the neurological features
At autopsy a conditson of cerebelfar atrophy was found and, in aqunoki
there was 3 healed tuberculous lesion in the lungs, together with 2 bitarerdl
carcanoma of the ovaries with metastases in the hver and Jungs, and ”‘t,en.
sion to numerous fymphatic glands Then came Greenfield’s pager dealiss
with subacute spno-cerebellas atraphy in elderly patients (45) Two s
were described, both differing from the better known types of cerebeflar
degeneration which appear late ta hfe, namely, olive-ponto-cerebelisl
atrophy {Dejerine & André-Thomas {46)} and parenchymatous cortieal
cerebeliar atrophy [Marie, Farx & Alajouanine {47)] .

It 1s qute obvious, 15 retrospect, that these writers had erredin focussing
their atteation upon the dommant cerebellae preture, and, in an effioet ¥
affgn their cases with other of bellar degeneration of fate 37
pearance, they glossed over or ignored the concomstant carcinoma [ this
respect they seem badly to have missed the bus; that ss, if our presest day
ideas should turn aut to be 25 valid as they appear just now

A further paper by Greenfield, an collaboration with Brain & D
(48, gave the first explicit attempt to hink the two conditions of caresaom™?
and subacute cortical cerebellar degeneration Four eases were quoted ©
cerebellar disease occurning {airly rapidly in subjects past middle age, wbo

anie!
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succumbed at the end of periods varying from 7 months to 3} years Autopsy
revealed diffuse degeneration of the cerebellar cortex and, in three, degenera-
tion of one or more of the long tracts of the spinal cord also In these three
cases there was also cancer present, in the lung in two and in the ovary in the
third Among the clinical symptoms, the authors drew attention to the early
appearance of pain in the legs and of mental deterioration The cerebro-
spinal fluid showed excess of cells and protein in the three cases associated
with carctnoma In one of these a strong Lange reaction of paretic type was
also present The authors were at a loss to identify the mechanism which
links carcinoma (especially of the lung or of the ovary) with subacute cere-
bellar degeneration. There is no evidence of any specific alteration of bodily
metabolism. The authors were fully aware of the fact that the Purkinje cells
seem to be sensitive or vulnerable structures, liable to be implcated by vari-
ous toxic and infective agencies Later studises of this clinical association in-
clude the papers by Barraquer-Bordas & Lowenthal (49) and by Henson,
Russell & Witkinson (50).

The polyneuritic picture is anything but a simple one, and it is quite
possible that 2 number of clinical sub-types really exist. Heathfield & Wil-
liams (51) isolated a sensory neuropathy, a mixed sensort-motor neuropathy,
and a myopathy. Whether this classification errs by being too mutually ex-
clusive and too rigid, time will no doubt show

Parkes Weber & Hill (52) were among the first (if not indeed the actual
pioneers) to report a polyneuritis in association with carcinomatosis. The
patient was a man of 39 years who, while convalescent from pneumonia,
developed a peripheral neunitis. His condition steadily deteriorated, and he
died about a year after the original infection Post-mortem examination re-
vealed extensive malignant disease 1n both lungs, pancreas, suprarenals,
liver, kidneys, spleen, vertebral column, parotid gland, and the retroperi-
toneal lymph glands Examination of the spinal cord showed degeneration of
the posterior columns Unfortunately the peripheral nervous system was not
studied, but the authors deemed 1t safe to conclude from their clinical data
that a perrpheral neuropathy must have been present. The authors referred
to the belief that a polyneuritis might develop on the basis of a carcrnoma-
tous cachexia

Other papers have since appeared 1n which a clinical condition of poly-
neuntis (or peripheral neuropathy) has arisen 1n cancerous subjects [Lennox
& Prichard (53), Wyburn-Mason (54), Kremer & Pratt (55), Elkington (56);
Henson (57), Henson, Russell & (Vilkenson (50), Heathfield & Williams (51)]
From the evidence available it appears that the symptoms develop gradually
and progress slowly Remussions may occur Exammation shows sensory
3tavia, areflexia, and a radicular type of impatred sensibility Subjective
symptoms include pains, cramps and tenderness of the muscles, which may
be very intense Troublesome burning feelings 1 the feet are also present
!f the clinical mamfestations remain at this stage, we have the picture which
s often spoken of as “primary sensory neuropathy " The first case recorded
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clinically was shown at a medical society meeting by Kendall (58). Later
this patient died, and the pathological findings were studied in greatdetail,
with one other case, by Denny-Brown (59). [The same two patients and one
other have also been the subject of a paper by Wyburn-Mason (54), an un-
fortunate example of reiterated case reporting.] Both cases had a broncho-
genic carcinoma. The posterior columns of the spinal cord were degenerated,
as were the dorsal nerve roots. The muscles showed a considerable amount of
proliferation of connective tissue and sarcolemmal nuclej with swelling of
isolated fibers. Denny-Brown (59) regarded the process as a diffuse degenera-
tive one, affecting primarily dorsal root ganglion cells, together with a de-
generation of striped, voluntary, muscle fibre. The condition was not the
same as the nutritional ataxia met with in the victims of Japanese prioner
of war camps. Both the nervous degéneration and the muscular changes were
deemed to be consistent with a metabolic disorder (and resemble the effects
of deficiency of pantothenic acid in pigs).

Whether it is logical and correct to separate sharply the purely sensory
cases of a carcinomatous neuropathy from those of carcinomatous poly-
neuritis is debatable, In the literature they are very often distinguished, as
though they were two quite different disorders, It seems more likely upon
every ground, clinical as well as pathological, that every gradation should
occur between cases of neurological complications of cancer, where the pos-
terior columns, the dorsal root ganglia, the peripheral nerve-trunks and the
muscles are involved. [n some cases the brunt falls evenly upon all these
structures; in others the stress is yneven, X

The final group includes synd which are ini of a primary
disease of muscles themselves. Myasthenic and also myotonic-like symptoms
may be demonstrable. The wasting is proximal rather than distal 1n distribe-
tion The vexed question as to the nature of the lesions is not really goh:ed
even by a biopsy. Degenerative changes in the muscle are patchy. Striation
is lost; nuclei are increased in number. Walton (60) was inclined to regard
these histological changes as being those of a polymyositis, and in turn to
equate the “menopausal muscular dystrophy” of Shy & McEachern (61)
with a polymyositis Dermatomyositis with malignant disease has also been
recorded by Dostrovsky & Sagher (62) and McCombs & MacMahoP {63).

The question of causation of the logi yndromes in carcinos
tous patients is still uncertain A chance coincidence is unlikely It 1s possible
that a toxin produced by the cancer operates adversely upon the nervous
system. An alternative hypothesis implicates a virus. A nuttitional defect,
suspected in some of the earlier cases, now seems to be unlikely. It1s difficult,
however, to escape the suspicion that some biochemical anomaly might be
responsible. Deany-Brown (59) dered whether bronch i
might not produce 2 by-product (such perhaps as thiopanic acid. or phenyl
pantothenone) which would interfere with the biological conjugation of pan-

tothenic acid,
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InTRODUCTION

No major adv: ances in psych\alry occurred during the past year. How-
ever, a number of i id d ate gradual progress in
the field and carry the promise of even greater achievements Viewed overa
longer period than is covered by this review, the psychiatric literature shows
signs of a slow change towards more mature research and reporting. The de-
velopment of modern psychiatry was accompanied by luxuriant speculation
in which fancy so far outran the facts as to bring justified censure on the
specialty from other branches of medicine {1). Now, both from increased
wisdom and greater necessity, psychiatrists are applying themselves more
and more to the less exciting and more exacting labor of gathering facts

EXPERIMENTAL PSYcHOSES

Some recent developments in the experimental psychoses warrant a brief
survey of this subject For many years psychologists and psychiatrists have
known a number of substances capable of producing temporary psychoses
Mescaline, (derived onginally from the cactus Ankelonium Jewnis and later
synthesized}, has been known to have such pmpemes stoce the last century
Between 1925 and 1940 the At is was studied sively, es-
pecially in Germany and Great Bntam Bulbocapnine and kindred sub-
stances have likewise been known for many years to produce catatonic-like
phenomena in animals (2) In 1943, an alkaloid of the ergot group {d-lysergic
atid diethylamide tartrate) was accidentally found capable of inducing a
transient psychosis (3). This descovery further sumulated the study of the
expenimental psychoses Many detailed reports of the effect of mescaline and
d-iysergic acid on normal and schizophrenic subjects have since been pub-
lished (4 to 8)

A major difficulty in relating the experimental to the natural psychoses
lay in the fact that of all the substances known to produce psychoses arti-
ﬁmally, none was a naturally occurring substance of the human body. The

of a toxic sut or sub in the sera of sch i
pattents (9, 10) encouraged the search for a naturally occurring substance
capable of producmg psychoses In 1952, Osmond & Smythies (11) published

areview of the si ies between schizophrenia and the line psycho-
sis In this paper they drew attention to the smilarity between the structural
formula of e and that of epinephrine (Fig. 1) They lated that

a perversion of the metabolism of epinephrine might result in the production
* The survey of Literature pertaining to this review was completed n July, 1954,
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No major advances in psychiatry oceurred during the past year. How-
ever, a number of individual contrib d gradual progress in
the field and carry the promise of even greater achievements Viewed overa
longer period than is covered by this review, the psychiatric literature shows
signs of a slow change towards more mature research and reporting The de-

of modern psychiatry was ied by luxuriant speculation
in which fancy so far outran the facts as to bring justified censure on the
specialty from other branches of medicine {1). Now, both from inereased
wisdom and greater necessity, psychiatrists are applying themselves more
and more to the less exciting and more exacting labor of gathering facts.

EXPERIMENTAL PSYCHOSES

Some recent devel in the e it 1 psyche warrant a brief
survey of this subject For many years psychologists and psychiatrists have
known a number of substances capable of producing temporary psychoses
Mescaline, {derived originally from the cactus Ankelontum lewsnis and later
synthesized), has been known to have such properties since the last century.
Between 1925 and 1940 the mescaline psychosis was studied extensively, es-
pecially in Germany and Great Bntain Bulbocapnine and kindred sub-
stances have likewise been known for many years to produce catatonic-ltke
phenomena 1n animals (2). In 1943, an alkaloid of the ergot group {d-lysergic
acd diethylamide tartrate) was accidentally found capable of inducing a
transient psychosis (3) This discovery further sttmulated the study of the
experimental psychoses Many detailed reports of the effect of mescaline and
d-lysergic acid on normal and schizophrenic subjects have since been pub-
hished (4 to 8)

A‘?A major difficulty in relating the experimental to the natural psychoses
lay in the fact that of all the substances known to produce psychoses arti-
fieially, none was a naturally occurring substance of the human body. Th

of a toxic sub or 1n the sera of
patients (9, 10) encouraged the search for a naturally occurring substance
capable of producing psychoses In 1952, Osmond & Smythies (11) published

2 review of the similarities between sch and the hine psycho-
?ls In this paper they drew attention to the similarity between the structural
o

rraula of mescaline and that of epinephrine (Fig 1) They postulated that
2 perversion of the metabolism of epinephrine might result 1n the production
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phrenia may turn out to be a group of somewhat similar disorders having
different origins Some authors are already ealling for distinctions within
the group of schxzophremc like psychoses (13) It may be found that some
schizophrenic-like psychoses have a toxic origin, and others do not. In any
case, the study of the experimental psychoses has now come closer than ever
before to improving our understanding of the natural psychoses.

PSYCHOPATHOLOGY

Studies by Johnson and her colleagues (14, 15, 16) have contributed new
and useful insights into the problem of fixations in children and antisocial
behavior in children and adults Before describing their conclusions, atten-
tion should be drawn to their excellent method of study. They observed si-
multaneously (in therapy) both the child with the presenting symptoms and
one parent The parent and the child were treated by different therapists,
but the therapists collaborated in their treatments of the patients This
technique improved on the reconstruction at second-hand of the psychody-
namies of the parent from the study of the child. The authors report expe-
riences with this method extending over a period of 12 years The length of
the study, the evident carefulness with which it has been conducted, and the
special {eatures of the method, all evoke respect for the conclustons drawn
by these authors

From this study of the interaction of parents and children, Johnson and
her colleagues conclude that fixations and antisocial behavior tn children
express some uncontrolled impulse (often unconscious) in the parent The
parent usually covertly, rarely openly, encourages or condones the particular
fixation or antisocial behavior Thus the impulses of the parent find vicarious
expression in the behavior of the child. Treatment of the child is often useless
without treatment of the involved parent

Hitherto, antisoctal acting out in children and adults has often been
viewed (in the psych tytic school) as ing a need for b to
assuage an excessive sense of guilt According to this formulation, the child
wishes (usually unconsciously) to be punished in order to relieve s sense of
guilt. So he does something which will be detected and punished The sense
of guilt may be displaced from some other real or imagined offense with which
he has charged himself Johnson and her colleagues formulate antisocial be-
havior differently. They believe antisocial behavior arises only when there is
prompting from a parent. (The child may indeed facilitate his own detection
so that strong controls will be applied and prevent his doing anything worse )
In short, the child suffers not from an excessive conscience, but from a de-
fictent ore. And 1t 15 deficient, because the parent has lacked the strength to
direct the child firmly because of her (or his) own imperfect controls Some-
times such a chain of defective controls could be traced back through the
parents to the grandparents and thus observed in three ganeranons

Mowrer has stmilarly recently hasized the role of i
function in many neuroses (17).
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of a substance somewhat similar to mescaline and having its toxic properties,
Such a substance, they speculated, would be liberated in greater amouats
during stress and, if the amount were sufficient, might induce a psychosis
such as schizophrenia Working with this hypothesis, Hoffer, Osmond &
Smythies (12) have found that adrenochrome, an oxidation product of epi-
nephrine (Fig. 1), also produces psych in humans, Ad h isalmost
certainly, although not definitely, a naturally occurring substance of the
human body. It comes closer than any other drug thus far studied to fulfll-
ing the criteria of a toxic substance capable of producing schizophrenia
Many difficulties in this area remain. For one thing the experimental
psychoses resemble schizophrenia in some features, but not in all The ex-
perimental psych are ch ized, like schizophrenia, by fons in
perception, intellectron, and emotion without impairment of consciousness

cHy o
cityo \] cuz HO CHOH CHoR
cHy0 ity HO cn, o ciy

},‘H {

CHgO CH;
5 b, 3
Mescaline Eplnephrine Adrenochrome
Fre. 1. A ison of the formulae of 1

epwephrine, and adrenochrome.

However, disturbances of perception are in the foreground in the expert-
mental psychoses and disturbances of thinking (a major feature of schizo-
phrenia) are relatively mmor Visual illusions and hallucinations are a pron-
inent feature of the mescaline psychosis, but auditory hallucinations occur
much less frequently In contrast, in adult schizophrenia, auditory hatlucinia-
tions occur frequently and visual hallucinations rarely. Moreover, 50me sfh"
zophrenic patients have apparently been able to distinguish hallucinations
induced by mescaline from their “natural” hallucinations. Thts would sug-
gest different mechantsms in the experimental and natural psychoses 051 the
other hand, strict identity of ph between i | psychosis (12
a normal person) and schizophrenia should not be expected The normal per-
san in the thraes of an expertmental psychosis 1s fortified, unless (as happens
rarely) he loses insight, by the knowledge that his condition is temporary:
No such comforting thought solaces a patient as he first encounters the per-
ceptual distortions of schrzophrenia. Naturally he has a much greater anxiety
in such an experience To the primary action of a hypothetical toxin v’vould
then be added the secondary disorganization produced by the patient’s ré-
action to his changed perceptions (8)

Further research will undoubtedly clarify some of the differences betw'een
the experimental psychoses and schizophrenta What we now call schizo-
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He reiterates his conviction that the essence of psychoanalytic therapy is a
corrective emotional experience for the patient According to this view, in
childhood the patient undergoes certain thwarting or distorting experiences
with his parents. He adapts to life with his parents, but as he grows older, he
inappropriately carries these adaptations over into his behavior with other,
different persons. Such inappropriate behavior impairs his relations with
other people, bringing attendant disturbances of feelings and thought. When
the patient comes to the therapist, he at first continues to behave towards
the therapist as if the therapist were going to behave towards him as did his
parents The therapist, however, does not do this He adopts an interested,
constructive, and accepting attitude towards the patient The patient gradu-
ally learns to respond to the therapist with behavior appropriate to the
therapist’s behavior Eventually he completely discards the old patterns
which were useful and perhaps necessary with hus parents, but which are no
longer adaptive

In this paper Alexander pleads for 2 more receptive attitude towards in-
novations in psych Referring to the heated i d
by modifications which he and his colleagues tatraduced, he makes a memo-
rable rejoinder which deserves quotation,

Only time wall tell the practical usefulness of these variations One thing is certain. the
mere repetition of routine—and the rejection of new suggestions as a threat to the
purity of 1t lead enly to Further imp of
technique can come only from a jon of our ical premuses
and from relentless experimentation with technical modificattons

Three other books published during the period under review further

h: psychoth as a corrective }e i Rosen has
collected a group of previous articles on the psychotherapy of schrzophrenia
and reprinted them under the title of Direct Analysis (22) The structure of
the book (a collection of reprints) leaves the reader dissatisfied with the ab-
sence of a coherent presentatton of the author's views Nevertheless, his
fherapeutlc strategy 1s clear enough Rosen apparently attributes his success
in treating schizophresa to bis almost surgical boldness m confronting the
pattent with the symbolic meaning of his behavior This must play its part in
the eventual outcome. However, other features of Rosen's technique may be
equally important. For example, he devotes a great deal of time to his pa-
tients, often spending from 6 to 10 hr a day with one patient. Moreover, he
apparently approaches Ius patients with an intense and communicated af-
fec.(mn His relationships with patients seem to echo what Alexander de-
scribes in his work with neurotic patients

The same theme is repeated in The Roots of Psychotherapy by Whitaker &
Malu‘ne (23) These authors insist that psychotherapy is and should be an
¢motional experience for the therapist as well as for the patient They destroy
the stereotype of the psychatherapist as the detached and objective micros-
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THERAPY

Psychotherapy.—The first volume of Ernest Jones' The Life and Work of
Stgmund Frend appeared at the end of 1953 (18). No one could perform better
than Jones the difficult task of writing the “official” life of Freud. He is the
only living member of the original “committee’ which gathered around
Freud in the early years of this century. Not by age alone, but by ability and
experience, he is the dean of all psychoanalysts. In addition, Jones is, like
Freud himself, a literary craftsman of the first order. These assets have pro-
duced an authentic and a remarkably readable biography. It recounts with
great clarity the story of Freud's background, his intellectual growth, and
the development of his early psychological theories. But Freud is depicted
“wartsand all.” Fully led are the many obstacles in hisown p i
with which Freud contended. In his early life, he suffered from a wide va-
riety of phobias, depressions, anxiety attacks, and hypochondriacal pre-
occupations He exhibuted, but perhaps did not suffer from, powerful ambi-
tion, especially for originality of discovery. This exposition of Freud's strug-
gles with himself, which he never sought to conceal, may serve a double pur-
pose. Certainly the moral courage and integrity with which Freud finally
triumphed over both the vexations within himself and the hostility of the
professional world furnish splendid inspiration to our generation. At the
same time thaught{ul psychiatrists, reminded of Freud's background and of
his I imperfecti will also ber a basic principle of psytholr.:z)'
which Freud himself taught, but often forgot in evaluating his own theories
The principle is simply that “our way of looking at things is conduioned.hy
what we are” (19), And human frailties confer a frailty on human theories

As time has passed, Freud’s theories have been extensively criticized and
revised both within and without the psychoanalytic movement. An obser‘fef
cannot avoid notieing that different psychotherapists subscribing to quite
different theoties of psychotherapy, claim equally effective results We have
no grounds for believing that any are dishonest in their claims They may be
deluding themselves, but we are not entitled to believe that one group de-
ludes itself more than another. We can only conclude, therefore, that no
theory of psychotherapy has as yet adequately captared in words just what
the person undergoing psychotherapy experiences

‘That psychotherapy should be, however, a special kind of emotional ex-
perience, seems to be an optnion towards which recent writtngs on the sub-
ject converge For many years emphasis in psychotherapy has been placed,
at least in the literature of psychoanalysss, on the recovery of forgotien
memories and the achievement of verbalized insight as means towards re-
covery. This view has been gradually displaced by descriptions of pS)'fh"'
therapy as an educative or re-educative emotional experience for the patient.
Al and his iates have h this for some years (20). &
sample only of current writings on this subject can be considered here

Alexander has contributed a review of his theory of psychotherapy (21)
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with 19 “unimproved.” Unfortunately, his study included no control group.

and his coll ) d the results of treatment with
carbon dioxide therapy and with psychotherapy in two groups of comparable
patients. They observed more favorable results with psychotherapy alone
and found a large number of abreactions which were disturbing to the patient
and difficult for the therapist to handle. In this study, however, they did not
use the method recommended and found valuable by Meduna. From a de-
tailed review of cases reported in the literature, Frank (31) concluded that
carbon dioxide therapy “may be a useful adjunct to psychotherapy" and *is
capable of causing amelioration of some neurotic symptoms without the use
of concurrent psychotherapy.” Meduna (32) contributed a revised version of
the theory on which he bases the use of carbon dioxide therapy This theory
chiefly supposes the interruption by carbon dioxide of reverberating inhibi-
tory circuits in the central nervous system. Meduna offers a purely physio-
logical theory. He ignores the psychologic impact which giving a gas to the
point of unconsciousness must have on any patient. And there are many
other psychologic ingredients 1n this treatment, such as the repeated per-
sonal, even if brief, contacts with the therapist, the enthusiasm of the ther-
apist for the treatment, and his solicitude for the patient’s recovery. These
factors no less than the physiological effects, must be acknowledged in any
satisfactory theory of carbon dioxtde therapy.

The foregoing papers on carbon dioxide therapy permit no final state-
ment about its usefulness Much further study, especially with careful con-
trol, is needed. Almost certarnly, carbon dioxide does not have a specific
action 1n the psychoneuroses, as Meduna has claimed Equally certainly, it
does have some beneficial effect 1n many patients It does not seem rash to
predict that carbon dioxide therapy, even when the initial enthusiasm has
relaved, wall have some place in psychtatric treatment, Indeed 1t may be said
already to be established as a helpful aid to psychotherapy. Carbon dioxide
treatments can often permit a patient to abreact experiences or express feel-
ings more rapidly than he could do wrthout thts help. Patients who are hostile
to psychotherapy and receptive only to a physical therapy will often accept
carbon dioxide therapy (31). Then, through the abreactions induced, they
may be led to participate actively in psychotherapy. And finally, carbon
dicude therapy seems to have, 1 some patients, a definite capacity for re-
ducing the level of physical tension even in the absence of remembered
abreactron.

.Oﬂm pharmacologic therapres—The treatment of schizophrenia remains
quite inad Psychoth has d d value, but many factors
limit its applicability. It takes a great deal of time, and there are relatively
few practitioners Many patients obtain some psychotherapeutic benefit from
association with other patients and with the staff n the community of a
hospital Qthers, however, are cut off from even this assistance because their
excessive motor activity obliges the personnel of the hospital to restrain,
seclude, or sedate them. When any of these measures are applied, the pa-
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copist of the patient's dilemma, Rather the therapist is exhorted to share at
the appropriate time his own feelings and thoughts with the patient. The
importance of emotional participation by the therapist has been the subject
of other recent contributions (24, 25).

Still another exposition of the same principle is provided by the work of
Dr. Maxwell Jones and his associates at the Industrial Neurosis Unit of the
Belmont Hospital, London. Their methods are presented in The Therapeutic
Community (26). The title of this book expresses the aims of its authors The
patients of the program described, all of whom have severely disabling neuro-
ses or psychopathic personalities, live together with the staff in a commu-
nity within the larger hospital. Individual psychotherapy leading to verbalized
insight has a minor role in the program. Instead emphasis is placed on the
training (or acculturation) of the patient by the community. The communsty,
by virtue of the presence in 1t of the staff and of the senior pattents, is al-
ways healthier in its responses than the newly arrived patients. The latter,
as they interact with the other members of the community, gradually learn
and practice more mature responses first within the commumty and 'ﬂ}m
outside it. Emotional and corrective interaction occurs in day-to-day living
and in th ic group i jonal rehabilitation is stressed 1n
the program. There are opportunities for work at vatious manual trades The
patient, almost from his admission to the unit, is guided and counseled 50-
ward suitable employment at the time of his discharge. The program relies
much on the contribution to the community of nurses who are socia.ble an
kindly, but technically untrained. Thus a small number of psychiam_sts can
supervise the treatment of 2 much larger number of patients than is ordr
narily possible. The immediate results of this program have been excellent
Unfortunately, the published report gives follow-up studies extending only
six months after discharge.

Another noteworthy literary event of the period under review was the
publication of the first volumes of The Collected Works of C. G Jung The
first of the series, Psychology and Alchemy (27), was issued in 1953 Two
others have stnce followed and more will appear over the next few years
Jung's theories have hitherto been less well known in the United States than
those of Freud In Europe, on the other hand, Jung commands an equal ?f
greater respect than Freud, and his influence increases Hisrelattve neglectin
this country may be 1n part the result of the fact that many of his works have
been out of print or never translated. Now this deficiency is to be remedied
and students of Jung will have up to date editions of his work.

Carbon dioxsde therapy.—Since the appearance of Meduna’s book Carbon
Dioxide Therapy (28) in 1950, psychi have shown considerable interest
in this method of treatment Studies have been made by authors seeking to
confirm the favorable results reported by Meduna A number of such evalua-
tions were reported during the period of this review Moriarty reported
favorable results in combined psychotherapy and carbon dioxide !heraP'):
(29). He found 42 of 100 patients “much improved” and 39 “mproved,
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which again removes him from the opportunity for research. Kubie proposes
the formation of psychiatric research institutes in which research would be
conducted by qualified psychiatrists with little interference from other de-
mands for their services This suggestion, although meritorious, is a fantasy
not likely to be realized in the near future But Kubie's article provides a
timely and well-reasoned study of an urgent problem
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tent is even more isolated than before from the beneficial effects of contact
with other persons, Electro-shock therapy will reduce excessive motor ac-
tivity, but often at the cost of interfering with the patient’s memory and
other integrating functions. For these reasons psychiatrists would welcome
drugs which can reduce motor activity without interfering with memory ot
reducing the level of consciousness

Two such drugs are now being studied and may prove valuable them-
selves or the forerunners of the ideal drug. Reuwolfia serpentina has been
used in the Ayurvedic medicine of India for centuries. It has received ex-
tensive interest recently because of its hypotensive action and its use in the
treatment of hypertension. References to its use in various psy¢hiatric con-
ditions oceur in the Indian medical literature. Kline and his colleagues (33)
undertook an extensive and controlfed study of the sedative action of
Rauwolfia serpenting on psychotic patients in a hospital They found a d:.ﬁ-
nite sedative action, but concluded that since such effects were not invariz-
ble, much more study is needed to determine for which patients this drug
will be 2 useful sedative.

Chlorpr ine hydrochloride, after develop in France, h.as'bee'n
introduced in this continent and used to reduce excessive motor activity it
psychiatric patients (34, 35). This substance is a chlorinated phenod_mﬂﬂ&
It inhibits both sympathetic and parasympathetic activity, being P"f“a“’y
a ganglioplegic. It is also a sedative, but has a relatively greater action on
motor activity than on levels of consciousness It can therefore be use.d.“‘
excitable and hyperactive patients in whom it will reduce motor activity
with relatively little assoctated drowsiness or sleep. Further study of Aﬁ“s
drug also is needed, but the preliminary results of its use are encouraging

THE SUPPORT AND PLANNING oF RESEARCH

As mentioned in the introduction to this review, psychiatrists are showing
greater interest in organized research into the problems of the specialty.
Those who wish to do research frequently meet many difficulties b:fore. tbt‘Y
can carry out their intentions There is a serious shortage of funds avarlab.e
for psychiatric research and a shortage also of persons qualified to carty it
out Kubre (36) has reviewed the second aspect of the problem, the shortage
of trained research workers in psychiatry. The psychiatrist today must uft-
dergo a long persod of traming and maturation to qualify himself for the
difficuities of his specialty. During the period of training his creativity n'}i)’
be restricted by the demands of the training program and by the conflicting
interests of his superiors After he has completed his training, other factors
limit the opportunities for research. Organized (which means effecttve) re-

search requires much financial support Nowadays such support is hard(l!)" ;‘)7
- N . ' OIS . B . « G T e te wmadic
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DISEASES OF THE RESPIRATORY SYSTEM'?
INTERPRETATIONS OF TESTS OF FUNCTION

By RoxaLp V. CHRISTIE
London Unversity and St. Bartholomew's Hospulal, London, England
AND
Davip V. Bates .
St Bartholomew's Hospital, London, England N

INTRODUCTION i

The lungs are perfectly designed to fulfill their function of ensuring full
oxygenation of the blood and they achieve this by possession of the follow-
ing properties (@) The distensibility and elasticity of the lungs enables a
large volume of gas to be moved in and out of the alveoli at a rapid rate and
with minimal effort. () Gas drawn into the lungs 1s distributed almost evenly
to all alveol: and the blood perfusing the lungs goes equally to all parts.
{c) The alveolar membrane is so fine that gas diffusion through 1t is very
rapid (d) The very large alveolar surface {(ca 55sq m) and the relatively
small volume of blood contained within the alveolar capillaries (ca 60cc.)
ensures the saturation with oxygen of blood passing through the Iungs (e)
The pulmonary vascular bed can accommodate a considerable increase of
blood flow without a ding increase in pul 'y arterial pressure

It might be thought that such detailed knowledge of the attributes of
the normal lung would have led to the development of tests precise enough
to measure quantitively all the various disturbances of functron that occur
ta disease This 1s not the case One of the reasons for thus state of affairs
is the difficulty 1n assessing the normaltty of one function in the presence of
impairment of others Another is that the methods of 1nvestigatton are often
technically difficult to perform and until the mtroduction of rapid physical
methods of gas analysss, the tests of most value were often extremely time
consuming

Pulmonary function tests are concerned with the first three of the attri-
bute? of normal lung function detailed above, and may be conveniently

d under the following head {a) the h 1 of
breathing and the subduvisions of lung volume, (b) measurements of the uni-
formity of gas distribution within the lungs, (c) measurements of the efi-
ctency of haemo-respiratory exchange .

In this review, an attempt 1s made to assess the chinical value of seme of
these tests, although in our opinion their main value 1s in research In general,

+ The survey of literature pertaining to this review was completed 1 April, 1954
The following abbreviations arc used in this chapter ACTH {corticotropin),
MV.V (mawmal ventilatory volume)
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closed circuit methods are generally preferred to the open circuit nitrogen
technique, since they are quicker to perform, and the continuous respiratory
tracing enables a correction to be made easily for any error in the “switch
in point " Using a helium cucuxt Gnlson & Hugh-Jones (9) found the stand-
ard devi of dupt ions to be about 60 ¢c., and our ex-
perience has been slm:]ar to this. We have not found the larger variation
reported by Whitfield (10) There is no reason why the helium closed circuit
and the nitrogen washout methods should give different values (9), and the
explanation of some of the differences in the literature is probably to be found
1n the posture of the subject while the determination was being performed.
Although the functional residual capacity (FRC) is often increased strikingly
in emphysema, by itself it has no absolute diagnostic value, The balance of
forces that contro! the level of the FRC in any one subject 1s not yet easily
measurable in 2 quantitattve manner, and it is still difficult to assess pre-
cisely the meaning of changes in the FRC Although 1t characteristically
increases in the presence of bronchospasm, we have studied exceptions to
this rule There is no evidence that progressive clinical detertoration in

phy 1s closely paralleled by an i; FRC, though this many be
observed 1n some cases (2)

CoMPOSITE VENTILATORY INDICES

A number of indices of function based on ventilatory measurements have
been proposed, and some of these have been eredited with considerable value
1 diagnosis Most of the clatms that have been made for them, however, can
be shown to be fallacious 1n parttcular cases, and, in some nstances, when
detailed figures are given (11), 1t is evident that the index 1s unlkely to be
more sensitive than 1ts component parts The index

(M VV ~Resting M Vol )
MVV

X 100

has been introduced by Cournand and Richards as an index of dyspnoea,
Ornsten et gl (11) have proposed a variant of this in which the M V V. is
divided by the resttng minute volume In many conditions the resting
minute volume is not abnormal, however, and there seems little to be gained
from adding or substracting it from other measured volumes e agree nith
‘Comme {12) that these and similar indrces are of little value The effect of
Increasing age on ventilatory function 1s occastonally 1gnored and good dis-
crmnation has been clarmed for some indices between young normal sub-
sects aged about 20 years, and cases of emphysema 1n middle age (13)

The residual capacity e‘(pressed as a percentage of total lung volume has
been g Ily used in function This percentage is
found to be raised iderably in emphy since m this dition the
residual capacity 1s customarily increased and the vital capacity is reduced
Tt 15 usually increased i asthma for the same reason The fraction is often
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little attention has been paid to technical details, since many of these have
recently been described elsewhere (1) and usually individual authors have
described their ow n techniques in full.

THE MECHANICAL EFFICIENCY OF BREATHING AND
THE SUBDIVISIONS OF LUNG VOLUME
° Tue Virar Caracrry

This, the oldest and simplest of the tests of pulmonary function, is now
little used by itselfl as an indication of pull {isability The overlap
betneen normal and abnormal is considerable and usually abnormality is
clinically obvious before the vital capacity indicates a deviation from normat
values that {s unequivocal In our experience the vital capacity is not neces-
sarily related to disability in a variety of diseases, and in emphysema it
gives no indication of severity, nor js clinical deterjoration inevitably ac-
companied by a change in the vital capacity (2) Much work has been done
on the calculation of ventilatory indices from the record of a fast vital ca-
pacity measurement on a rapid kymograph (3, 4), and it scems fikely thatan
index based onr this procedure provides a fairly reliable indication of the
M V.V It is not yet clear whether it reveals information in any sense ad-
ditional to it. Lowell (5) has studied the rate of change of gas flow and
notes that this is very variable in patients with lung disease during the
course of a single expiration Bernstein {6) has recently critically reviened
the techmique of recording a fast expiration and produces evidence that
some of the alleged physiological variations in the reported tracings are
mechantcal artefacts

Tie Maxivar VENTILATORY VOLUME (M.V.V.)

Although this is a simple measurement, it 1s subject to error and vari-
ation for two reasons Firstly, the spirometer used to record the inspir?tur)'
tracing may interfere with the measurement by lag and overswing, as pointed
out by D'Silva & Mendel (7). and secondly, the performance of the fest
is said to be influenced by the respiratory rate at which it 1s performed 8
The first difficulty can be overcome by the use of a light weight spirometer
bell or by using Douglas bags The second 15 less easy to surmount and may
account for the wide day to day variation in ndividual subjects noted by
Comroe (1) An additional difficulty is that its performance does not exactlv
paraflel the ventilatory increase on maximal exercise, since at rest rm.xch
higher positive intrath p are developed than during exercist
Further, it is clear that the sefisation of exertiona! dyspnoea is not necessanly
directly linked with a reduction in the M V V Considerable care must there-
fore be exercised in the interpretation of the significance of this measurement

SUBDIVISIONS OF LuNG VOLUME

The determination of the functional residual capacity requires rather
more elaborate apparatus than the M.V V or vital capaaity. In Europe
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of this work is expended on the elastic resistance of the fungs and how much
on the viscous or nonelastic resistance (20 to 24)

The measurement of intrathoracic pressure is a slmp]e procedure; a fine
polythene tube is llowed and the intr 1 pressure which has
been shown to be the same as the intrapleural pressure, is recorded (25, 26).
From measurements of thts kind it appears that, on exercise, the limit of
respiratory effort is reached when with each breath the subject has to exert
aforce of about 40 cm of water on the Iungs in order to maintain ventilation
according to the demands of exercise (19). A patient with mitral stenosis or
emphysema who reaches his limit of respiratory effort when breathing 20
or 301 a min, may be exerting the same force on his lung as a normal indi-
vidual who is breathing 1001 a min, The reason for this is quite simple More
force is required to distend the lung, 1n the case of mitral stenosis, because
the lung is congested and rigid, and, in the case of emphysema, because there
is an increase in viscous or nonelastic resistance

If the thesis be accepted that patients with excessive dyspnoea on exer-
tion are short of breath because more force is required to distend the lung,
the way is clear to assess this symptom objectively by simultaneous measure-
ments of tidal air and intrathoracic pressure while the patient is exercising
This approach 1s, however, still in the experimental stage

MEASUREMENTS OF GAS DISTRIBUTION WITHIN
THE LUNGS

A number of different techniques have been described for the measure-
ment of the efficiency of gas mixing in the lung The first practicable clinical
method to be described was the mitrogen washout technique of Darling ef al,
{27) This p the ad ge of ssimplicity, but since no correction is
made for difference 1n Jung volume and mmute volume, this index is relatively
nsensitive to abnormal gas distribution, particularly in cases where hyper-

ventil; is d with a small I residual capacity This
limitation has been clearly recogmzed by some authors (28) but by others
it has been d ded. The ion of changing nitrogen

during a prolonged expiration provides a simple, rapid, and sensitive index
of impaired gas mixing (29, 30) but requires rapid gas analysis equipment for
its performance. In Europe closed circuit methods are generally used, and
indices of mixing derived from these circuits are quickly obtained and are
sensitive enough for routine clinical i mvesngatmn The method suffers from
the disad ge that some discri ion is lost as no correction 1s made
for the respiratory dead space, though this is not an important consideration
n most circumstances Another minor disadvantage is that the calculation
of the theroetical number of breaths for a given stage of equilibration is
dependent on the volume of the individual circwt used There is little doubt
that the breath by breath open circuit analysis perfected by Fowler and his
colleagues (31) is the most complete and precise method of measuring this
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raised in cases of thoracic deformity although in this condition the reduction
in the vital capacity is accompanied by a small residual capacity. It is
slightly increased in the presence of pulmonary congestion for the same
reasons. [t increases steadily with advancing years as a result of the progres-
sive reduction in vital capacity, and we have found values of over 50 per
cent in some elderly normal subjects who have no evidence whatever of jung
disease. Although it is true that in established emphysema, values below
50 per cent are rarely encountered, figures above 35 per cent cannat be tabea
to indicate the presence of emphysema, as has been assumed by some au-
thors (14). The influence of age on the index has been insufficiently appreci-
ated in some work in which young medical students are compared to middle-
aged coal miners (15). In general, it is our experience that the ventilatory
measurements that compose these indices are better considered sepa-
rately if confusion is to be avoided.

TrE AsSEsSMENT oF DySPNOEA

Numerous exercise tolerancetes ts have been designed to measure ever-
tional dyspnoea (16, 17) but whether these give a better assessment of dis-
ability than a careful analysis of the patient’s activities, is still 2 mat'ler.o!
opinion. The principal difficulty in the assessment of dyspnoea lies in its
definition. To some dyspnoea means the consciousness of the need for lufther
respiratory effort (18), a rather vague sensation which a normal induvidual
experiences on exercise when his metabolic rate has increased six- or sever-
fold and his minute volume respired has increased to about 40 I To others
the term dyspnoea means the sensation that the limit of respiratury.ﬂﬁon
has been reached (19), a sensation which a normal jndividual experiences
with a 10- to 15-fold increase in metabolic rate, when he is breathing about
100 or 120 1. of air 2 min Whatever definitron be adopted, dyspnoea rema{ﬂs
a subjective sensation and the final judgement as to its onset or severity
lies with the subject who 1s expenencing it. [ts assessment may (herefore‘be
profoundly influenced by the stamina of the subject as well as his reactio?
to the test and other factors

It has been clear for some time that further progress in the assessment of
dyspnoea will only be made when an objective measurement of the factors
responsible for this symptom 1s developed Recent mnvestigations on the
work performed by the respiratory musculature suggest that objective meas:
urements of the kind required may now be possible On inspiration the plﬂ{ra
or intrathoracic pressure becomes more negative, the fall in pressure be.ml
a direct measure of the force exerted on the lungs by the muscles of inspira-
tion If this pressure change and the tidal asr are measured slmul!aneousl.y
and are accurately recorded so that there I no significant time lag, it i
easy to calculate the amaunt of work which has to be done by the respiratory
muscles 1z order to distend the lungs. It is also possible to indicate how mud!
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of this work is on the elastic resi: of the lungs and how much
on the viscous or nonelastic resistance {20 to 24).

The measurement of 1ntrathoracic pressure is a simple procedure; a fine
polythene tube is swallowed and the i hageal pressure which has
been shown to be the same as the intrapleural pressure, is recorded (23, 26).
From measurements of this kind it appears that, on exercise, the limit of
respiratory eflort is reached when with each breath the subject has to exert
a force of about 40 cm of water on the lungs in order to maintain ventilation
according to the demands of exercise (19) A patient with mitral stenosis or
emphysema who reaches his limit of i y effort when breathing 20
or 30 1. a min. may be exerting the same force on his lung as a normel indi-
vidual who is breathing 1001. a min The reason for this is quite simple More
force is required to distend the lung, in the case of mitral stenosis, because
the lung is congested and rigid, and, in the case of emphysema, because there
is an increase in viscous or nonelastic resistance.

If the thesis be accepted that patients with excessive dyspnoea on exer-
tion are short of breath because more l'urce is required to dlstend the lung,
the way is clear to assess this symp ively by
ments of tidal air and intrathoracic pressure \\hlle the patient is exerctsing.
‘This approach 1s, however, still in the experimental stage

MEASUREMENTS OF GAS DISTRIBUTION WITHIN
THE LUNGS

A number of different techni have been described for the

ment of the efficiency of gas mixing in the lung The first practicable clinical
method to be described was the nitrogen washout technique of Darling et al.
{27) This the ad ge of i} . but smce no ion is
made for difference in lung volume and mimute volume, this index is relatively
msensmve to abnormal gas distribution, particularly in cases where hyper-

is fated with a small fi tonal residual capaaty. This
himitation has been clearly recognized by some authors (28) but by others
it has been disregarded The estimation of changing nitrogen concentration
dunng a prolonged expiration provides a simple, rapid, and sensitive index
of impaired gas mexing (29, 30) but requires rapid gas analysis equipment for
its performance. In Europe closed circuit methods are generally used, and
indices of mixing derived from these circuits are quickly obtained and are
sensitive enough for routine chmcal mvesugauon The method suffers from
the disad ge that some discri is fost as no correction is made
l"ur the respiratory dead space, though this 1s not an important consideration
in most circumstances Another minor disadvantage is that the calculation
of the theroetical number of breaths for a given stage of equilibration is
dependent on the volume of the individual circust used There is hittle doubt
that the breath by breath open circuit analysis perfected by Fowler and his
colleagues (31) is the most complete and precise method of measuring this
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aspect of fung function, but the fabour of the caleulation makes it unsuitable
for routine work.

Uneven gas distribution within the lungs is caused by a wide varisty of
conditions. The test is very scusitive to bronchospasm, and it has been
shown that it may be grossly abnormal in the absence of auscultatory evi-
dence of bronchospasm in the chest (32, 33). A recent study using Fasler's

hni (34) has indicated the difficulties of lating ab fity of
gas distribution into precise pathological terms. Uneven gas distribution is
not necessarily correlated with impairment of haemo-respiratory exchange,
since the first appears to be mainly tinked with mechanical factors, and the
second is dependent on the effici of gas exch in the lung or with the
efficiency with which the abnormal gas distribution has been met by local
vatiations in perfusion and diffusion within the lung

MEASUREMENTS OF THE EFFICIENCY OF HAEMO-
RESPIRATORY EXCHANGE

ArtErRIAL Oy TENSION

It has been realized for many years that the shape of the oxyhaemoglobin
dissociation curve makes vanation in oxygen tension a more sensitive mndex
of respiratory function than measurements of oxygen saturation. Only re-
cently, however, have methods of measusing gas tensions in the blood }veeﬂ
perfected Bjork et al (35) have measured the resting arterjal pOy in patients
with varying degrees of pulmonary tuberculosis, and they find a fowered
resting oxygen tension a useful guide to pulmonary reserve This contrsbution
contains some interesting correlations between the arterial pO, and the ver-
tilatory tests of function

THE “ALVEOLAR-ARTERIAL GRADIENT”

The pioneer work of Riley, Cournand & Richards (36, 37, 38) has Emf’}’
increased the value of measurements of arterial gas tension. If the quit®
reasonable assumption be made that i health as well as in disease, the €0
of the arterial blood is in equhbnam with the COy of the alveolar aif, then
the pressure of oxygen which should exist if a similar equilsbrium exss
with regard to O can be calculated from the over-all R Q The difference
between this “sdeal” onygen pressure and the O, tension actually fouad fn
the asterial blood 15 expressed as the “alveolar-arterial gradwent " This
gradient 1s increased 1n the presence of a defect of gas diffuston in the fung
alveoli, but is also mcreased if much of the pulmonary blood 18 fowitg
through underventilated areas

MEASUREMENTS OF TRE Dirrusing CaraciTy

Riley has further elaborated his techmgue of analysi of gas exchange by
stodying the function of the lungs using different concentrations of oxygtf:
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Using the shape of the oxyhaemoglobin dissociation curve, he is able to
separate effects resulting from gas diffusion abnormality from those because
of effective “shunts” of blood away from ventilated alveoli This strking
contribution enabled the oxygen diffusing capacity to be calculated Unfor-
tunately the method involves laborious gas analyses which demand a high
degree of skill, and this approach is only possible in a highly organized and
specially equipped laboratory

Attempts to obtain the same information by simpler methods have in-
volved the use of carbon monoxide, the gas used by Marie Krogh 1n 1915 for
the first determination of diffusing capacity. The fractional uptake of CO
has been used in the assessment of pulmonary function (39), but the value
of this measurement is much reduced by its sensttivity to the minute volume
respired

In an outstanding contnibution to this field, Filley (40) has used a method
of calculating the alveolar pCO from the artertal pCO; The rate of uptake
o[ CO is by i and from these figures the

Yover-all diffustng capaclty o[ cor can be calculated Filley has found that

the diffusing capacity increases on moderate exertion. On more severe exer-
tion there is no further increase in diffusing capacity A lification of this
method is to use a calculated value of the respiratory dead space, and thus
avoid the necessity of measuring the arterial pCO; (41) Recent work show-
ing the relative constancy of the respiratory dead space under different con.
ditions (42, 43, 44) and for different gases (45) seems to justify this proce-
dure, at least 1n adult subjects Further expertence will be required to show
whether the estimation of artertal pCOq 1s stnctly necessary

Present technigues of measuring the diffusing capacity, whether with
0; or CO, have demonstrated over-all diffusing capacity rmpairment
pulmonary infittrations of various kinds (46), in cases of emphysema (47),
and mm some patients with mitral stenosis (48) There are indications that
asthma is to be distinguished from emphysema principally by differences in
diffusion in the well-ventilated parts of the lung (32) Considerable care
must be exercised in the explanation of differences 1n this measurement 1n
terms of pathological change Apart from the influence of kinetic factors,
a fall mn diffusing capacity mught be attributable to loss of effective blood
surface area, reduction in pulmonary capillary bloed volume, or any factor
causing physical interference with gas transfer such as alseofar thickening,
or fluid between the capillary and the alveolar wall It 15 to be expected that
further work will clarify these factors tn a variety of clinical conditions

BRONCHOSPIROMETRY
Most of the tests described above could be applted to individual parts
of the lung by b ry, and 1t seems ble to hope that they

may prove of some va!ue to the thoracic surgeon, Gaensler (49) has recen(ly
reviewed fully the of b h

y from a ' ex-



218 CHRISTIE AND BATES

perience with the methed, but it is not yet possible to form any apinion of
the value of the investigation when applied to particular clinical problems
It is to be expected that tests involving an analysis of gas diffusion will in-
crease the value of the procedure.

THE VALUE OF FUNCTION TESTS

It will be realised that there are a considerable number of tests which
are used to demonstrate impairment of function, and their value can only
be established by making a large number of observations on normal indi-
viduals, on patients with emphysema and other discases, and by showing
either that they are iently discriminating to be of d ic value or

ufficiently accurate and istent to be of prognostic value. It 18 important
to realise that no single pulmonary function test can convey a full under-
standing of the defects of function in chronic lung disease. The status of
pulmonary function tests is comparable to that of tests of function in chmnfc
renal and hepatic disease Although no single test is diagnostic of hepatic
cirrhosis, that disease produces a pattern of abnormal function that can be
recognised by a suitable combination of tests In respiratory disorders
similar “patterns of dysfunction” can be recognised. A suggestion has been
made that a group of function tests might be combined together statistically
to increase their diagnostic significance (50), but at the moment there 3
insufficient information to enable this to be done.

DracNostic

Emphysema.—This disease produces a characteristic pattern of function
impairment, In severe cases, there 1s an increased functional residual ca-
pacity with a reduced vital capacity and gross tmpairment of M.V.V. There
is marked unevenness of gas distribution within the lungs and the over-al
diffusing capacity is found to be much reduced. The clinical diagnosis of
classical severe emphysema presents no difficulties In our expertence dag-
nostic dificulty arises particularly 1n four different circumstances

(a) Patients who have minjmal antecedent bronchitis. Certain pat
are seen 1n whom there is a clear history of progressive exertional dyspnoe2
with minimal antecedent bronchitis We have encountered a small number
of these patients in whom the onset of the disease has occurred in the‘ third
or early in the fourth decade of life In every case the demonstration of
gross abnormality 1n ventilatory, mixng, and diffusion indices has been of
considerable value in confirming the diagnosis

{b) A second group of cases are patients who are unreliable witnes
regard to the principal symptam of exertional dyspnoea Emphysema, It
common with any other organic disease, may be accompanied by a variety
of symp of evidently psy ic origin In such cases, objective €+
dence of abnormality furmshed particularly by the finding of 1mpaired §23

d of hanical change, is of great

jents

ses in

mixing and diff or witl




RESPIRATORY SYSTEM: FUNCTION TESTS 219

value. In these patients, objective tests of function not invelving the pa-
tients’ voluntary effort are of particular value.

{c) A third group of cases are the subjects in whom the presence of
emphysema is suspected in addition to other known disease. We have found
this differentiation particularly valuable in the presence of heart disease
or hypertension. In 2 number of cases in whom 2 clinical diagnosis of
emphysema seemed ltkely, the relative normality of the mixing efficiency
and diffusing capacity have indicated that pul y C ion alone was
present

(d) There is no doubt that many physicians regard the presence of a
barrel-shaped chest as synonymous with pulmonary emphysema, and little
doubt that this attitude has led to some of the discrepancies between clinical
dragnosis and post-mortem confirmation of the presence of emphysema {51).
In our experience the presence of a barrel-shaped chest, with absence of the
area of cardiac dullness and faint breath sounds, cannot be taken of itself
to indicate emphysema In such elderly patients, the residual capacity/total
lung volume ratio may also be at the upper limit of normal, and well above
the figure chosen by some authors to indicate the presence of emphysema
(14, 52). These subjects have no bronchitis and no dyspnoea and further
testing usually shows a normal index of intrapulmonary gas muxing and a
norrmal diffusing capacity for a subject of equivalent age.

ASSESSMENT

Function tests have been used in a number of conditions in which the
difficulty is not one of diagnoss, but of assessment of the severity of the
abnormality, This aspect of pulmonary function investigation is of particular
interest 1n asthma, chronic bronchitis, and pneumoconiosis, and recently
developed methods of have led to the use of respiratory tests
in the assessment of patients with heart disease, and of patients who are
candidates for major thoracic operations

Asthma —The disturbance of respiratory function 1n asthma, provided
this 1s uncomplicated by emphysema, 1s mainly ventilatory In general there
is a reduction of wital capacity and M V V., and the functional residual
capacity is uvsually increased Almost invariably there is considerable un-
evenness of gas distribution in the lung These tests of gas muxng are likely
to be sensitive indications of abnormality n this condition, and evidence
has been produced of abnormality 1n the absence
of auscultatory evidence of bronchospasm (32, 33) The diffusing capacity,
however, appears to be normal 1n asthma in contradistinction to emphysema,
2 finding that suggests that 1n asthma the well-ventilated parts of the lung
Ppossess a normal alveolar membrane and are well perfused.

It would seem necessary to retain a clear distinction between emphysema
and asthma when methods of treatment or functional disturbance are being
inv d. To refuse to subdi these condi beyond a general
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classification of “hyperinflation” is very likely to confuse the issuesinmolved.
A recent example of this (53} was the assessment of the effect of pneumo-
peritoneum on “‘emphysema” in which, of the six cases studied, three nere
women below the age of 26; *“irreversible” emphysema must be very rare
in women of this age.

Recent techniques of of the intr: t 1 and intra-
alveolar pressures have led to the direct caleulation of bronchial resistance
in asthma (54, 55, 56). Much work remains to be done on the asessment of
asthma and of bronchodilator drugs by these methods

Chronic bronchitis.~Although there are many studies of pulmonary func-
tion in the most common complication of chronic bronchitis, namely
emphysema, there are few studies on chronic bronchitis without emphysema
The clinical distinction between chronic bronchitis and emphysema rests
principally on the assessment of the severity and constancy of the exertional
dyspnoea In our experience, care must be taken in making a diagnosis of
emphysema when dysproea seems to be variable and closely linked to the
preseice of bronchospasm

1t 1s often difficult to assess a patient of this type when first seen since
the physical signs of emphysema are fiable (57), and radiological assess
ment may also be misteading (58). These patients often improve considerably
either spontaneously or with the assistance of bronchodilator drugs If any
number of them were to be included in a sertes of apparent cases of “emphy-
sema,” 1t might be wrongly concluded that a specific Jine of treatment was
beneficial 1n emphysema

1 cases of chranic bronchitis with dy spnoea attributable to bronchaspas®
or bronchiolar obstruction are pared to cases of blished emphy
it will be found that the only two tests of function that discriminate betw eef
these groups are the M.V 'V to a small extent, and the diffusing capadity of
Oz or of CO 1o a rather greater extent, It is not yet known whether t‘hese
changes are paralleled by a difference in the arterial oxygen or COz tensions.

From a functional standpoint, the most distmetive feature of emphy-
sema is the drop 1n over-all diffusing capacity that isalmaost mvariably found-
‘This impairment follows a period of progressive ventilatory disability

Preumoconsonts and Fibrosis—The status of pulmonary function tests
in the assessment of ppeumoconiosis 1s not yet clearly established. Some 0
the early work began with the assumption that the ressdual capaci(y/mfa‘
lung volume ratio was diagnostic of emphysema and this makes precisé
analysis of the results difficult. There is also evidence that the degree of
functional impairment as shown by some function tests is not closely related
to the radiological classification (59) It is to be expected that the compre-
hensive study of pulmonary function 1n coal mners’ pneumoconiosis, .shardY
to be published by the Medical Research Council, will throw some llg‘hf“"“
this difficult problem. Prel y work on the h of lung ve
suggests that the dyspnoea of pneumoconiosis may well be more ¢

Tosely
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correlated with physical changes within the lung than with radiological
change or change in single ventilatory tests The difficult problem of the
analysis of function in mi; cases of pul. y fibrosis has been
most ably discussed by Wright & Filley (28). They point out that fibresis
may disturb normal pulmonary function by six different mechanisms, and
that consequently the pattern of function disorder is often complex and
usually variable from case to case,

Heart Disease —The importance of physical changes in the lungs in
cases of mitral stenosis has been pointed out in an earlier section. A stage in
these studies has not yet been reached for the tests to be used in the routine
clinical evaluation of patients with heart disease, but the close relationships
between the patients’ p of dysp and the objective finding of
increased lung nigidity suggests that they may be so used in the future.

ADDENDUM

Apart from recent papers already mentioned, there have been a number

of ibutions to respi y physiology of clinical interest during the
past 18 months These include an analysis of the M.V.V and vital capacity
in children and adol (60). a description of an ingeni diological

hni for the of pul y circulation time (61) so far
used only in dogs, a description of a ! 1 method of ing the

respiratory surface of the lung (62); and several further contributions on the

1 y circul that are d by Denohlin (63) Bartels & Rode-
wald {(64) have buted a careful i of the *a—a gradient”
measured by different techniques and this paper should be read in conjunc-
tion with that of Filley (40) Bergan (65) has published a study on differen-
tial lung function 1n different body positions Banmster (66) has reported
on his greater ability to maintain athletic performance on 66 per cent O,
than 100 per cent O, Three contributions are concerned with methods for
the determination of functional residual capacity One (67) points out the
errors mherent 1n any single breath technique; in the second (68) five or
six slow breaths are used for equilibration This technique gives good results
on repeated testing of a normal subject, but one would expect it to be errone-
ous in many cases of lung disease The third paper advocates a radiological
technique for the determination of total lung volume, and the authors (69)
m their introduction state that methods commonly employed for determina-
tion of total lung capaaity are erther tedious or expensive, which has not
been our expenence Factors involved 1 the “breaking point of breath
holding” have been studied by Fowler (70) who demonstrates that neuro-
genic reflex factors are likely to be involved Several authors have studied
the effects on emphysema and asthma of bronchodilator agents (71), pneu-
moperitoneum (72), ACTH? (73), internuttent positive pressure breathing
(74), or physical exercises (75) Some of these agents are valuable in the
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relief of bronch but convincing evid of their efficiency in estab-
lished emphysema is lacking.
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CONTRAST METHODS IN DIAGNOSTIC
ROENTGENOLOGY?

By Benjamiy FELsSON
Umversty of Cincsnnale College of Medrcine, Cincinnaty, Qhio

The past year has brought forth few new discoveries in the field of drag-
nostic roentgenology. There has been, in general, a consolidation of earlier
advances, with emphasis placed on the finer details of roentgen interpreta-
tion The newer techni of g ination have been impi d and
extended so that many of the experimental methods of previous years have
now become staundard procedures in most x-ray departments

Since the review er’s own interests have, to a considerable degree, centered
abaut the subject of roentgen diagnosis through the use of contrast media,
and because this subject is intimately related to all phases of diagnostic
roentgenology, 1t has been selected as the topic for this review.

GENERAL REMARKS

Progress in the field of roentgen contrast visualization has followed on the

heels of technical ad in x-ray equi i e. Rapid sequence
roentgenography is essential for angiocardiography and certain other circu.
latory examinations, and apparatus suitable for this purpose has been de-
veloped. Swedish equipment is now available which permts the exposure of
roentgenograms at a rate of up to 10 per sec., simultanecusly in each of two
Planes at right angles to each other [Schonander, Fredzell & Busch (1)] The
reviewer has had the opportunity of personally examining same of the angio-
cardiographic films of Kjellberg, and of Wegelius & Lind (2), made with this
rapid film-changing equipment The quality of the films surpassed by far
those presently obtainable by motion picture methods (cinefluorography).
The finer anatomic and pathologic details were vividly protrayed. In tetral-
ogy of Fallot, for example, the pulmonary valve stenosis was beautifully
demonstrated, and the ventricular septal defect and overriding aorta were
clearly depicted Although the h is and exp L itas
now being marketed in the United States Rugler & Watson (3) and Mouquin
& Durand (4) have also developed rapid film-changing devices, but these
Operate at a shghtly Jower speed and in a single plane.
_ Progress in ths field has also depended to some extent on improvements
in the contrast media used Many serious and even fatal reactions to the pres-
entntravenous medta have occurred and the search for less noxtous agents
continues Sodium acetrizoate (Urokon) 1s now almost umversally accepted
as the safest of the intravenous preparations, but 1s still not wathout hazard,
s will be shown later

195‘4’““ survey of literature pertaining to this review was completed in August,

e
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The most important recent advances in this field have resulted from the
discovery of two new contrast agents: (a) propyliodone (Dionosil), an Eng-
lish product, which may replace fodtzed oil in bronchography, and (5) io-
dipamide (Biligeafin, Cholografin), developed in Germany, which provides a
method of intravenous cholangi hy hitherto ilable. These will be
discussed under appropriate headings.

CENTRAL NERvOUS SysTEM

Cerebral angiography —Present contrast media for cerebral angiography
are unquestionably & dous, i hemiplegia and even fatal accidents
are not uncommon following their use [Rowbotham ef al. (5)] Recently, so-
dm acetrizoate (Urokon) has been advocated for cerebral angiography
Gass & Jacobson (6), using only 5 cc of the 30 per cent solution per injection,
reported no death or permanent neurological sequelae among 200 carotid
arteriograms. However, Seaman & Schwartz (7) encountered 56 per cent
major reactions among 125 patients recetving this medium, and Lin and his
co-workers (8) reported one serious but transient reaction among 100 cases
In our own experience, entailing the use of two carotid injections of 12 cc.

each, we have witnessed the devel of permanent hemiplegia in 10f 16
cases in whom this drug was used Although sodium acetrizoate appears safer
for cerebral i phy than its pred , it must be classed as potenti-

ally dangerous. Ethyl diiodostearate (Angiopac) was used for cerebral an-
giography by Léger (9) 1n 1952, with promising results, but no follow up
report has been forthcoming.? There is still great need for an innocuous con-
trast medium for cerebral angiography .

Greater emphasis is being placed on the importance of the venagfﬂllh{c
phase of caroud angrography. This requires serial films at a rate of 2ppro%i-
mately one per second, and various types of plate-changers have been (]ie'
signed for this purpose. It 1s the reviewer's conviction that the‘smﬂe‘(‘m
arteriogram 15 inadequate for the study of cerebral space-consuming lesions,
since tumors in the parietal and occipital lobes and deep-seated masses near
the midline often fail to displace the arteries visible on the angiogram [Woed
(10)] Itisn just such cases that venography may be most helpful, since th;
venous drainage of the bramn 1s in a postertor direction and more deeply 3:
centrally situated than the divisions of the mternal carotid arteries In the
frontal view contralateral displacement of the internal cerebral vein may be
the only i hic clue to a sp: ing lesion In the lateral view
alteration of the so-talled venous angle, formed at the origin of the internal
cerebral vemn 1n the region of the Foramen of Monro, may be of matenal as-
sistance in localtzing a lesion [Johanson (11)] We have found the venogfﬂphjj
phase, usually best seen about three seconds after completion of the carosl
artery njection, an important aid n the interpretation of cerebral angio-
grams

2 Dodge, Ushlein & Grindlay (99), using ethy! duodostearate for cerebral angiog-
raphy in experimental ammals, found that dogs reacted very poorly to 1t, but cats
seemed to tolerate it well
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‘The hope that the vascular appearance of a brain tumor, as demonstrated
by cerebral angiography, might permit an accurate prediction of its histolo-
gic nature has not materialized. As Wickbom (12) and others have noted,
such tumors as gliobl: 1til ingie and certain types of
cerebral metastases often reveal abnormal vascular patterns which are fairly
characteristic. However, it is also true that the same tumors may fail to re-
veal such abnormalities, and that similar tumor circulation may be seen in
other neoplasms. Our experience would indicate that most cerebral tumors
show no “typical” patterns. It 1s, therefore, seldom possible to predict with
assurance the microscopic structure of a brain tumor from its angiographic
appearance.

The procedure of visualization of the basilar artery and its branches by
means of vertebral artery injection is gaining adherents despite the trouble-
some technical problems savolved. Two approaches have been utilized: cut-
down or percutaneous needling of the vertebral artery in the neck, and retro-
grade passage of an arterial catheter from the brachial artery into the sub-
clavian to the point of origin of the vertebral [Radner (13)] In a limited ex-
perience with both methods we have d difficulty in obtaining ade-
quate films and in 1nterpreting them Ve have found the catheter method too
time-consuming for practical purposes. \We soon realized that minor displace-
ment of the basilar artery and its branches could not be relied upon as a sign
of an expanding lesion in the posterior fossa because of the normal variation
in the course of these vessels from patient to patient and even from one side
to the other in the same pattent However, the Swedish neuroroentgenolo-

gists have shown that these di 1 are not ble Olsson (14)
has indicated the value of vertebral angiography in the diagnosis of acoustic
nerve tumor, di not only disp: of the branches of the

basilar artery but also abnormal circulation n the tumor itself. Olsson {15)
and Sjdgren (16) have collected a large series of cases and stressed advan-
tages of vertebral arteriography in the detection of postertor fossa lesions
Decker (17) found 26 cerebellar tumors among 150 vertebral angiograms and
believed that the vascular displacement in such cases was so distinctive that
the patients could be operated upon without ventriculography.

Venography of the skull and dural sinsues —Dural sinus venography by
direct injection of contrast medium through a trephine opening into the sagit-
tal sinus has proved of diagnostic value m sagittal sinus thrombosis. This
procedure is probably indicated n all cases of so-called “psendotumor”’ (in-
¢reased 1ntracranial pressure without tumor, obstruction, or other explana-
ti10n) since sagittal sinus thrombosts is sometimes the cause of this condition
) Fischgold et ol (18) modified the technique of dural sinus venography by
injecting the medium into the sagittal sinus 1n a counter-current direction.
The communications between the facial veins and the imtracranial venous
system were thus demonstrated Using another vanation i technique they
su.ccessfully opacified the fine venous chanrels in the falx and tentorium, but
this was associated with serious complications and the method was aban-
doned. Visualization of the diploic veins and their communications by direct
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injection of contrast medium into the bone marrow of the calvarium wasalso
accomplished by these authors,

Indications for the use of dural sinus venography seldom arise, but whea
they do we have found the information obtained to be well worth the small
effort entailed in performing this procedure.

Preumography~—Few important changes in the technique of pneumo-

phalography and ventricul hy have been advocated in recent years
Shapiro & Robinson (19) and Falk (20) have re-emphasized the value of per-
forming pneumoencephalography with small quantities of air, advocated
earlier by Robertson (21) and Lindgren (22). The air is injected mto the lum-
bar canal before the removal of spinal fluid so as to reduce the danger of
herniation of the brain stem into the cervical spinal canal in patients withm-
creased intracranial pressure. Wath the patient upright the head is positioned
50 that the air, rising from the lumbar canal, enters the fourth ventricle. This
method results in a more frequent and vivid portrayal of the aqueduct of
Sylvius and fourth ventricle, which are notoriously poorly visuahzed on
preumoencephalograms made by the conventional method of prior removal
of spinal flwd and replacement with large quantities of air.

So far, our with ¢ {led hal hy supports
the contention that this technique is a distinct improvement over other
methods and, in addition, is much less disturbing to the patient

CARDIORESPIRATORY SYSTEM
Ang graphy —It is g {ly conceded that sodium acetrizoa.le
(Urokon) is the safest contrast medium presently available for angincard.lo-
graphy. Dotter, Wetchler & Steinberg (23) had no serious reaction of fatality
among 450 angiocardiograms performed with this medium. It is, however,
not entirely without danger, as attested to by the fact that our only death
due to angiocardiography resulted from its use This fatality oceurred among
a group of 10 angiocardiograms performed with 50 cc of 70 per cent sodium
acetrizoate The patient was an ambulatory non-cyanatic female, aged 2%
who was later shown to have a large ventnicular septal defect. Cardiac arrest
ped ly after the i of the contrast medium, and the
patient died despite thoracotomy and cardiac massage
Mention has already been made of equipment now available for
fire” film-changing, with 6 to 10 ex per sec 1n two planes simultane-
ously This permits two angiographic series (e g anteroposterior and [ateral)
with a single injection, thus lowering the risks of the method. The mPId ex-
posure rate 1s of particular value 1n angiocardiography, as it reveals diagnos-
tic details heretofore impossible to detect
Another 1mp: in angi di h hni has been thc. n-
jection of the contrast substance through a catheter advanced into the ngljt
heart. This method was advocated by Davies and his co-workers (“)‘ i
preference to the conventional method of needle puncture of the antecubital

“raptd




DIAGNOSTIC ROENTGENOLOGY 229

vein, because the relatively smaller dilution of the contrast medium by blood
enhances the degree of 1 of the cardiac ch

The indications for angiocardiography in heart disease are becoming well-
established. In congenital lesions in which the differential diagnosis is not
clarified by clinical study or cardiac catheterization, angiocardiography may
be of great help in establishing the diagnosis and mn determining the feasi-
bility of surgical correction This is particularly true in cyanotic cases, e g.
tetralogy of Fallot, transposition of the great vessels, pulmonary stenosis
with septal defect, and tricuspid atresia On the other hand, in such non-
cyanotic conditions as pure septal defects, angiocardiography often fails to
visualize the shunt because it is directed from the left heart toward the right,
thus opposing the flow of the contrast medium In these cases cardiac cathe-
terization usually affords the desired information. In both coarctation of the
aorta and patent ductus arteriosus angiocardiography often fails to visualize
the leston adequately because of the considerable dilution of the medium dur-
ing its transit through the heart and lungs, before it reaches the site of the
anomaly.

In acquired di )} d gl d hy has been par-
ticularly useful in distinguishing between cardsac enlargement and pericardial
effusion. The thickness of the pericardial envelope about the heart can be
estimated on the frontal angiogram from the distance between the night bor-
der of the cardiopericardial stlhouette and the right border of the opacified
lumen of the right atrium. Allowing a few millimeters for atrial wall thick-
ness, the remainder 1s attributable to the pericardial sac and any fluid con-
tained within it.

The selection of patients for mitral valvul y has been li d by
the difficulty in determuning the presence of associated mitral msufficiency, a
relative contraindication to surgery at the present time Chnical, radiologi-
cal, and cardiac catheterization studies have as yet failed to resolve ths prob-
lem Zmnsser & Johnson (25) advocated angiocardiography for this purpose
They found that in pure mitral stenosis there was a prolonged and dense
opacification of the left atrium while 1n mitral insufficiency the left atrium
and ventricle showed approximately the same radiopacity Utilizing their
technique we have attempted this distinction by angiocardiography . six
cases In the single instance in which we made the diagnosis of mitral insuf-
ficzency by this method, no significant regurgitation was found at operation
However, further expenience will be necessary before the method can be
properly evaluated

Pulmonary angrography —The incidental d jon of at it
1n the put Y v during hy has led to the ex-
ploration of the po litres of pul y angiography The technique is
essentially the same as that of angtocardiography, but the purpose is to utilize

t.he vascular pattern of a pulmonary lesion as an aid 1n 1ts differential diagno-
sis,
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Schissel & Keil (26) and De Clercq and his co-workers {27} claim that this
procedure has particular merit in the di: is of br i i
revealing diminished vascularity within and distal to the primary tumor
mass. Steinberg & Dotter (28) confirmed these findings, but feel that unsup-
ported angiographic evidence should not be considered conclusive, since non-
neoplastic lesions may show similar changes. Schoenmackers & Vieten (25)
performed post-mortem pulmonary angiograms in 86 cases of tuberculosis,
silicosis, and bronchogenic carcinoma. They concluded that the similar ap-

pearance of the vascular tree in these three conditions precluded their
i ial di; i il h

phy.

Our personal experience with pulmonary angiography is limited In
several instances we have demonstrated extrinsic pressure defects on the
supetior vena cava which subsequently proved to be caused by metastatic
lymph nodes. For the present, at least, we would be reluctant to subject a
patient to surgery solely on the basis of the vascular pattern of a pulmonary
lesion, or to withhold operation because of evidence of lymph node compres-
sion of the vena cava.

Steiner & Goodwin (30) have utilized pulmonary angiography to study
active pulmonary hypertenston in patients with mitral stenosis. They found
that in cases of mitral stenosts with pulmonary hypertension the secondary,
tertiary, and smaller branches of the pulmonary arteries, especially in the
fower fobes, were of smaller catiber than in those without pulmonary hypet-
tension. Their findings were ventfied by pulmonary artery pressure studies
obtamed during cardiac catheterization,

Thoracw, aoriography —Injection of contrast medium through a cathe!?f
inserted in retrograde fashion from a peripheral artery into the thoracic
aorta provides the most consistent method available for adequate visuzhza-
tion of this structure The opaque medinm 18 injected at the actual site of
the lesion, thus avoiding dilution by the blood Jonsson, Brodén & Karnell
(31) used this method routmely rn mdividuals with coarctation of the zorta
or patent ductus arteriosus to demonstrate the pathologic anatomy and,
thereby, to guide the surgeon m planning the operative procedure

Our experi with this technique [Hel th, McGuire & Felson
(32)] indicates that its greatest value hies in differenttating aneurysm of the
aorta and great vessels from other medsastinal tumors While 1t is true that
coarctation and patent ductus can be beautifully demonstrated by this
means, we believe that the method is time-consuming and not without risk,
and is best reserved for those cases in which a diagnosis cannot be estab-
lished by simpler methods

As previously noted, vertebral angiography can be successfully perf(zrl:ﬂfd
by a modification of this techni but most neurosurgeons prefer to inject
the vertebral artery in the neck Stnularly, abdomunal arteriography can b¢
performed by the catheter method, but percutaneous injection of the ab-
dominal aorta is a simpler and sifer approach

By passing the catheter tip into the proximal ascending aorta the coro-
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nary arteries can be opacified rather consi; 1y [D1 Guglielmo & Guttadauro
{33)). Following experimental ligation of a coronary artery branch m dogs
we have been able to demonstrate the actual site of coronary occlusion by
this method [Helmsworth et al. (34)] However, we have had one fatality
among the 10 patients in whom coronary filling was attempted. Coronary
arteriography is a hazardous undertaking and we believe it should not be
performed in man until a safer contrast medium is available.

Drrect cardiac angiography —Direct injection of contrast medium into a
cardiac chamber in humans was reported by Niifiez and Ponsdomenech (35)
in 1951 They performed 45 cardiac injections in 30 patients without fatal
accident Cregg & Smith {36) recently injected the left ventricle in six
patients One developed ventricular fibnilation but survived after thoraco-
tomy and cardiac massage. The remainder showed no ill effects

Bronchography.—Todized poppyseed o1l (Lipiodol) has long been accepted
as the best available contrast medium for bronchography However, the one
serious objection to its use is 1ts persistent visibility on chest roentgenograms
made long after instillation, in many instances obscuring observations of the
natural course of the pulmonary disease Chiefly for this reason, the search
for a better contrast agent has led in the direction of rapidly absorbing
radiopaque media In recent years various water-soluble media have been de-
veloped for this purpose These have consisted of iodopyracet (Diodrast) or
related organic substances, in hypertonic aqueous solution made more viscid
by the addition of a cellulose derivative Although these water-soluble media
clear rapidly from the lung, they have introduced a new objectionable fea-
ture, that of bronchial irritation, They require more thorough and time-
consuming anesthesia, and even then many unsatisfactory bronchograms
result [Peck, Neerken & Salzman (37)].

Recently a new type of contrast medium for bronchography, propylio-
done, was developed in England [Tomich, Basil & Davis (38)] Tt differs from
other medra 1n that it is a suspension rather than a solution or an jodized
ot It1savailable in two forms, aqueous and oily. Don (39), Holden & Crone
(40), and Cummins & Silver (41) have reported that it clears raprdly from
the lungs, does not cause sigmificant bronchial irntation, and results in
brenchograms of excellent quality.

We have had the opportumty of performing bronchograms with oily
propyliodone * A comparison was made between the first 30 bronchograms
performed with this medium and an equal rumber of unselected todized oil
bronchograms The technical quality, patrent reaction, and clearance time
of the contrast medium from the lungs were carefully observed The techni-
cal quality of bronchial vistalization was found to be approximately equal
with the two media No untoward reaction which might be attnibuted to
either contrast medium was ed as an i diate or late 1)
tion, The most important advantage of propyhodone over the sodized oil

v ‘Eupphed through the courtesy of Picker X-ray Corporation, White Plains, New
orl
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was the rapidity with which it disappeared from the chest roentgenogram,
The average amount of clearing of propyliodone in 24 hours was about 90
per cent, and the lungs became completely clear within 72 hours As is well
known, the iodized oil often remained in the lungs for weeks or even months
logical fal was ilable in seven cases after propyhodene
bronch phy and no signi infl y reaction which could be re-
lated to the contrast medium was encountered.

In our experience oily propyliodone has all the essential attributes of both
iodized oil and water-soluble media without having their disadvantages. We
feel that this medium, or one simdar to it, will ultimately replace those cur-
rently used for bronchography [\Wisoff & Felson (42)}.

Path
Pat

GASTROINTESTINAL SYSTEM

Cholecystogra phy.—1lod ic acid (Tel ) has largely replaced
iodoalphionic acid (Priodax) as an oral medium for visualization of the gali
bladder. The early reports indicating denser gall bladder shadows and fever
side effects have been borne out by further experience [Bercovitz, Gillette
& White (43)]. Clear visualization of the normal cystic and common ducts
often occurs with jodopanoic acid However, when using ordinary dosge,
abnormalities in these ducts are seldom revealed because in such cases.!ht
gall bladder is also usually diseased and does not concentrate the medinm
sufficiently for opacification of the biliary tract.

Another new medium for chol hy, ethy! trii
(Teridax) does not produce the dense gall bladder shadows se
panoic acid It is excreted entirely in the urine and, therefore, roentgeno:
grams do not show the colonic residue of opague material encountered V\‘lﬁ‘

ic acid which lly interf with gall bladder visualization
[Shapiro (44): Weinberg (45)] Such interference oceurs so seldom that this
disadvantage of iodopanoic acid is counterbalanced by the roentgen evidence
that the patient took the medication, as attested by the opaque medmm i8
the colon. In the reviewer's apinion, 1odopanoic acid is the best all around
cholecystography medium

Cholangiography —Contrast visuahzation of the bile ducts has become 2
routine procedure during biliary surgery i a number of institutions. Sursl'car

foration of the duct the 1ncid of postoperati
complications, yet not infrequently it fails to reveal stones subsequ.end)’
shown to be present Operative cholangiography, by cutlining caleuli and
revealing the patency and caliber of the ducts, offers considerable help to the
surgeon in deaiding which cases require common duct exploration {Behrend
& Greenspan (46), Mehn (47)] In our experience with the method we have
found 1t of i ble value kes in inter ion are t, an
usually can be avoided by careful attention to details The films are not
always satisfactory because the portable x-ray equpment requires 2 pro-
longed exposure time. However, breathing and movement can usually be
controlled by the anesthetist Portable x-ray equipment with higher output

Iphionic acid
en with jodo-
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18 now available for operating room use, and produces films of better quality

The need for a cholangiographic method which permuts the diagnosis of
biliary tract disease before operation has led to some interesting develop-
ments Keil, Hegstrom & Zoeckler (48) performed cholangiography by in-
jecting contrast medium directly into the fundus of the gall bladder through
a peritoneoscope. Biliary tract abnormalities were found in 12 of 55 cases.
Banche & Muratori (49) used a simular technique Nurick, Patey & White-
side (50), utilizing a percutaneous approach, needled the liver until a bile
duct was entered, and then injected contrast medium One fatality occurred
among seven cases.

Recently Twiss and his co-workers (51) opacified the common duct in 23
of 31 post-cholecystectomy patients by the oral administration of a double
dose of iodopanoic acid. With this dosage the iodine content of the bile was
raised to such a level that unconcentrated bile could be visualized as it
traversed the common duct. They demonstrated dilatation of the common
duct in 10 patients, 9 of whom were suffering from “post-cholecystectomy
syndrome " We have had no personal experience with this technique of oral
cholangiography as yet, but it seems very promising

What may prove to be the most important contribution in this field in
recent years s the development of 1odtpamide. This drug was synthesized in
Germany as a contrast medium for intravenous cholangiography Its high
todine content (643 per cent) permits the demonstration of the hepatic
and common ducts without the need for concentratior of the bile by the gall
bladder

Early reports in the German hiterature indicate that common duct dilata-
tion and calcuh are readity demonstrated with this medium {Frommhold
(52), Hornykiewytsch & Stender (53), Huber & Stossel (54), Puschel (55);
Gaebel & Teschendorf (56)]. More recently, reports have appeared 1n Ameri-
can journals confirming 1ts value [Berk et a! (57), Orloff et al (58)]

We have had the opportunity of performing 23 intravenous cholangio-
grams with this new drug [Schiff, Young & Felson (59)]4 There were no
serious reactions following the injection of 20 to 60 cc , and only four patients
developed even minor symptoms In five of the 23 cases the biliary ducts
were not visible (in two of these jaundice presumably interfered with secre-
tion of the 1odipamide) In the remaining 18 patients duct visuahzation was
often faint, but st was almost always possible to recognize dilatation of the
ducts when this was present

In 11 of the 23 patients there was a history of cholecystectomy, yet in 9
of these the common duct was visble. In each 1t appeared normal in caliber
and the diagnoss of common duct obstruction could be excluded In the re-
marung 12 cases 3| y oral cholecy was with
sodopanore acd (Telepaque), and revealed a normal gall bladder in two in-

*Supplied through the courtesy of E R Squibb and Sons, 745 Fifth Avenue,
New York City
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stances and non-visualization in 10 Intravenous cholangiography was then
performed The two normal gall bladders and their ducts visualized well
In the 10 cases with 2 non-functioning gall bladder intravenous iodipamide
gave the following results non-filling in three; opacification of the ducts alone
in three; and visualization of the ducts and gall bladder in four In the latter
group the gall bladder shadows were not densely opacified, suggesting that
the concentrating function of these gall bladders was impaired. Radiol
gall stones, not seen on oral cholecy hy, were visualized in one instance
by the intravenous method.

In two of the patients intravenous hy proved p:
valuable. One gave a history of recurrent right upper guadrant symptoms
some years after chol y. Oral chol hy showed no visuali-
zation of the bliary tract. Intravenous cholangiography revealed a smalt
gall bladder shadow ( d cystic duct?) ining stones, and normal
hepatic and common ducts The findings were confirmed at operation The
second case showed mild jaundice, and a di is of hepatitis was made on
the basis of ltver function studies. Oral cholecystography showed no filling of
the biliary tract Intravenous cholangiography revealed a greatly dilated
common duct and a faint gall bladder shadow. At operatron 2 large common
duct stone was removed and the patient’s symptoms subsequently disap-
peared,

In our experience, intravenous cholangiography results in the dc]ﬂﬂﬂ'
stration of the biliary ducts in a high percentage of non-jaundiced patients
Perhaps its greatest benefits are obtained in the symptomatic cholecystec;
tomized patient, Theoretically, opacification of the ducts without filing ©
the gall bladder is indicative of cystic duct obstruction, but more evldenlcellf
required before this can be accepted as fact The method should definitely
not be considered a substitute for oral cholecystography, since the latter l:
highly accurate in the diagnosis of gall bladder disease. For the. prESl:f'};
iodipamide cholangiography should be reserved for those cases in #hiC
biliary tract abnormality is suspected but cannot be demonstrated by €on
ventional means

We believe that intravenous cholangiography is a safe and extremel. .
ful procedure Iodipamide is not, in our opinion, the entire answer t0 ‘t'
problem, since the denstty of the shadows produced by it leaves somethmgh“
be desired, especrally with regard to the demonstration of stones 'ﬂﬂd the
visnalization of the distal end of the common duct. However, its dnsc.owf)’
marks the first step toward the development of an 1deal medium for intra-
venous cholangiography

Hepatography, splenography, portal venography.—It has long been recos”
nized that contrast visualization of the liver and spleen would be useful it
the diagnosis of primary and metastatic mahgnant tumors and other d.seasei
of these organs In fact, for many years the intravenous injection of collosdal
thorium dioxide (Thorotrast) has been used successfully for this purpose:

y use-
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Unfortunately, the prolonged radioactivity of thorium has proved danger-
ous, and the procedure has been largely discarded.

Recently a new intravenous substance for this purpose has been in-
troduced. Ethyl diiodostearate (Angmpac). in colloidal suspensmn con-
taining particles about two microns in d gives 11
of the spleen about 15 minutes after injection, and fair visualization of the
liver four to six hours after injection, according to reports by Camerman
(60), Baronchelli & Rossi (61}, and Grossmann (62) The splenic opacifica-
tion lasts about five hours. O ly severe i usually
associated with pulmonary edema, follow the intravenous injection of the
suspension, possibly because of the small particles in the blood stream.
Tagliaferro & Zaccoce (63) have recommended the intra-arterial adminstra-
tion of the drug

Rigler, Olfelt & Krumbach (64) have success(ully opacnﬁed the Irver
and spleen by a ion of the hni of 1 ars hy
(see below) They injected relatively large ies of sodium
(Urokon) into the upper abdominal portion of the aorta, flooding the celiac
axis with the opaque medium. Films obtained four to eight seconds after the
injection revealed a fairly dense opacification of the liver and spleen In
hepatic cirrhosts the Jiver density was found to be reduced, and in metastatic
carcinoma radiolucent areas could be seen as filing defects within the
opacified liver.

We were able to demonstrate metastases 1 the hiver by this method in
one instance, and have also diagnosed a hemangioma (88) and a hepatoma
by filling the abnormal vessels in these tumors with contrast medium in-
jected into the abdominal aorta Bierman ef al (65) have had stmilar success
with catheter aortography (see below), directing the tip of the catheter into
the celiac axis.

Steinbach et al. (66) have injected contrast medium into the intrahepatic
portal venous system 1 10 patients following percutaneous needling of an
intrahepatic branch of the portal vewn Tori (67) has visualized the hepatic
veins in man by ijecting contrast medium through a catheter passed from
2n arm vein into the right auricle, and thence via the inferior vena cava into
the hepatic veins Some time ago we attempted hepatic vein filing in dogs
by a method similar to that of Tori Since each of the hepatic veins had to
be catheterized separately, the procedure was found to be tedious and only
partially successful Venography of the portal and hepatxc venous systems
by liver or by catheteri ical and hazardous

In the surgical treatment of bleedmg esophageal varices several types
of venous have been 1 and porto-
caval shunting procedures are the most widely used and each has its pro-
ponents. Obviously, in thrombosis or cavernous of the extra-
hepatic portion of the portal vein the portocaval anastomosis cannot be
performed Similarly, thrombosis of the splenic vemn would preclude the
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spleno-renal shunt. Furthermore, should the obstruction responsible for the
varicosities be proximal to the portal vein (e g. in the splenic vein), porto-
caval anastomosis will not lower the venous pressure In view of these facts,
opacification of the portal venous system with contrast medium injected
into a branch of the mesenteric or splenic vein during operation has been
recommended to demonstrate the site and extent of venous obstruction
This procedure may obviate tedious dissection, and help the surgeon decide
which type of shunt is indicated. Portal venography is rather simply per-
formed with the use of portable x-ray equipment [Hunt (68)].

However, the percutaneous injection of contrast medium into the sub-
stance of the spleen, first recommended by Abeatici & Campi (69), sup-
plies essentially the same information before operation The opague medium
immediately enters the splenic vein and passes rapidly into the portal vein
The sequelae of laceration of the spleen are minimized if the procedure 15
performed the morning of the aperation This technique is gaining in popu-
larity [Rousselot, Ruzicka & Doehner (70); Bahnson, Sloan, & Blalock
(71); Hallenbeck & Bruwer (72))

We have adopted the splenic approach (performed in the x-ray depart-
ment) in preference to operative portography because of the better quality
of the roentgenograms, the advantages of the rapid film-changer, and the
opportunity it offers the surgeon to plan his procedure in advance and to
make the incision on the appropriate side of the abdomen In a very small
series of cases”we have already encountered one instance of splenic h:mr'n“
rhage, and others have also recorded this complication {Walker, Middlen.uss
& Nanson (73)]. We believe the procedure is hazardous unless followed im*
mediately by operation.

GENITOURINARY SYSTEM

Intravenous urography —The use of 70 per cent sodium acetrizoate for
intravenous urography in place of the more dilute contrast media usually
injected for this purpose has resulted in 1mp: d i pyelograms,
according to Bohne & Christeson (74) and Nesbitt & Nesbitt (75). In addi-
tion to clearer visualization of the exeretory system, a generalized opacifica-
tion of the kidney (nephrogram) 1s obtainable if films are made a few secﬂf.lfls
after the rapid imjection of the concentrated medium, and this may outline
an avascular area, such as a renal cyst [Porporis ef al (76)]. However, reac
tions are more frequent with the concentrated medium, and we have recently
learned of two instances of sloughs in the antecubstal fossa following extra-
vasation of the medium {Rosenberg (77)] Accurate placement of effective
compression devices over the lower ureters, thus preventing the pafsaze.o
contrast-laden urine into the bladder, will rather consistently yield in-
travenous pyelograms of high quality even with the more dilute contrast
media. In the opinion of the reviewer the intravenous injectron of any of fhe
concentrated urological media presents a small but definite added risk which
should not be taken for routine intravenous pyelography.
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Extraperit l p phy~The injection of gas into the extraperi-
toneal tissue to demonstrate the roentgenology of the posterior abdominal
and pelvic viscera is called extraperitoneal pneumography. The gas (usually
air) may be injected either directly 1nto the perirenal soft tissues by per-
cutaneous needle puncture through the posterior abdominal wall or, as first
advocated by Rivas (78), by injection into the presacral space through the
perineum, the gas dissecting upward in the retroperitoneal soft tissues. By
using a larger quantity of gas, dissection may even extend into the mediasti-
num. The direct approach has fallen into disrepute because of a number of
fatalities resulting from gas embolism The presacral route is considered
safer because the site of injection is relatively avascular However, gas em-
bolism has been reported following presacral injection [Russ, Glenn &
Gianturco (79)]

Extraperitoneal insufflation is now being used rather frequently for out-
Lining mass lestons 1n the region of the kidneys and suprarenals, and for the
detection and study of other ab: lities in the ret: i 1 space
[Cadman & Tinckler (80), Hamm & Harlin (81), Renfer (82)]. It has been
suecessfully combined with body section roentgenography in the visualiza-
tion of the pancreas and of the thoracic mediastinal structures.

In a limited experience with the presacral method we have made an in-
correct diagnosts of adrenal tumor on two occasions From an earlier review
of over 100 insufflations performed in our institution by direct perirenal in-
jection, we believe the roentgenograms of the latter are easier to interpret.
We encountered only one serious reaction among these cases From present
indications it would appear that the presacral approach 1s the safer, and has
the added ad ge of bilateral visuals with a single ion Per-

haps the errors mentioned above will be avoided as our experience accumu-
lates

VASCULAR SysTEM

Venography —Vanous techni; for i 10n of the peripheral veins
and venae cavae have been utilized in the diagnosis and localization of
venous obstruction The usual site of mnjection of contrast medium has been
a vein below the suspected region of obstruction, although retrograde flow
has been utihized to determine the status of the valves m the vems of a lower
extremity. Recently, 1t has been found that mjection directly 1nto the bone
marrow is a safe, simple, and effective method of performing venography
Begg (83) has ded the foll 20 cc of ane of the
dilute aqueous contrast media is injected rapidly nto the bone marrow, ap-

priately centered Deing obtamed at the end of the in-
Jection Asin the case of splenic injection, the medium immediately enters
the verous channels dramming the mjection site For opactficatton of the thac
vews and inferior vena cava the injection 1s made into the greater trochanter.
The tibial tuberosity 15 used for visualization of the vems of the thigh, and
the lower tibia or fibula for the leg vemns The procedure offers intriguing
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possibilities for the visualization of the deep veins of the body, and il
almost surely find a permanent place in contrast visualization of the venous
system.

Transtumbar ariertography —Further experience with the direct injection
of concentrated contrast medium into the aorta by percutaneous translumbar
needle puncture continues to bear out the value of this procedure It has been
widely accepted as the method of choice in the diagnosis of renal tumor
masses and of vascular disease of the aorta and its branches [Creevy, Krum-
bach & Price (84): Lindgren (85); Shapiro (86)]-

In an experience with more than a thousand translumbar arteriograms
[Srmth et al. (87); Felson (88)] we have had only one fatahty attrbutable to
the method This was apparently the result of direct intraspinal njection
of the contrast medium by a surgeon performing his first aortic puncture

Jumbar arteri hy affords the urologist many opportunities to
gain important information difficult or impossible to obtain by other means
In ureteropelvic obstruction the presence of an anomalous renal artery can
usually be ascertained at operation However, arteriography informs the
surgeon, in advance, how much of the kidney is supplied by the anon}a}ous
vessel. He can then decide more readily whether the vessel should be divided
or a pyeloplasty performed instead

In horseshoe and other congenitally malposed or fused kidneys t !
supply varies from a single vessel supplying both kidneys to m'ulnple
anomalous vessels Since operation on these congenttally abnormal kidneys

he arteral

is often necessary, the ad information lied by abdominal arterog-
raphy will obviate accid 1 of lous arterses, and also pre-
horseshoe

vent the tragic consequences of higation of the only artery to a,
kidney. Arteriography can be decisive 1n the differential diagnosis betweet
congenital absence of a kidney and contracted or hypoplastic kidney.
Arteriography is of particular value in those cases of ureteral obstfucﬂon
in which retrograde and intravenous urography are unsuccessful in usu.ahz-
ing the excretory system. Since the amount of circulation in the kidney js an
important reflection of 1ts function and its ability to recover from pathalagld'
cal processes, the demonstration of adequate circulatron in the obstructe
nonfunctioning kidney indicates that the damage 1s not irreparable and that
alleviation of the ureteral obstruction 1s feastble Conversely, a kidney sha_W;l
by arteriography to have poor circulation should probably not be Teft behin
at the time of ureteral surgery )
The differenttation between hypernephroma and cyst of the kndnc')’
1s perhaps the most tmportant urological mdication for arteriography- we
have heen able to make this differentiatron consistently in more than 2
hundred cases by the use of this method Hypernephroma is recognized by
the abnormal tumor circulation within the neoplasm, while renal cyst i
identified by the absence of arterial filling in the region of the mass orby
separation of the renal artery branches 3
Translumbar arf hy 1s also ing great importance in the
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diagnosts and management of intrinste disease of the abdominal aorta and its
branches, 1n the light of the recent advances in arterial surgery [Bahnson
{89); Blakemore (90); Boyd (91); Jultan ¢f al. (92); Wylie (93}, Oudot &
Beaconsfield (94)]. That not all expansively pulsating abdominal masses
are caused by aneurysm was demonstrated in two of our cases subsequently
proved to have neoplasm. Artertography was normal in both instances.
Selection of the type of surgery (wiring, excision, grafting, etc ) and advance

planning of the operative pi dure are facilitated tf exact inf jon con-
cerning the location, origin, and length of an aneurysm is available, This in-
f fon can be be obtained b: lumbar arteri hy. Similarly, in
arteri fistula ar hy may be of iderable assistance to the

surgeon by delineating the vessels involved and the size and number of
communications

Thrombotic occlusion of the distal aorta (Leriche syndrome) is not an
uncommon condition, and surgery has given encouraging results in con-
trolling this disease, Translumbar arteriography has frequently been used
fot only to establish the diagnosts, but also to help the surgeon select and
plan the appropriate operative procedure [de Wolfe et al (95)] Arteriography
has also proved useful in the diagnosis and treatment of iliac and femoral
artery thromhosis.

Abdominal arteriography seldom provides information of value in the
diagnosis of the Goldblatt kidney since hypertension is rarely caused by
narrowsng of the matn renal artery C icted i ] artery b
are too small to be depicted by present techniques

Peripheral artersography —The demonstration of arterial disease in the
lower extremities by the injection of contrast medum via the femoral artery
has been helpful in the d is and of peripheral arterial
disease The site of artertal occlusion, the amount and dwection of the
collateral flow, and the status of the artersal wall proximal and distal to
the ocelusion are readily demonstrated by this method {Astle & Wallace-
Jones (96); Messent, Stemner, & Goodwin (97), Milanes et ol (98)]. This
knowledge enables the surgeon to select the cases in which operation is
feasible Although the danger of arterial spasm ewsts, complications are rare
and the value of the information obtamed appears 1o justify 1ts nse,
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DISEASES OF THE BONES AND JOINTS!

By Ronerr M STECHER
Department of Medsesne, Western Reserve University, School of
Medicine at City Hosputal, Cleveland Ohio

CorTISONE AND ACTH?

Any discussion of rheumatoid arthritis always brings up for consideration

cortisone and its derivatives. After nearly six years of experience the drug is
ized as a sub with effective th activities as well as a

potent agent for control of pain Despite all the dire promises formerly made,
cortisone properly used does not ablate adrenal activity or produce complete
diabetes If prescribed with reasonable caution psychoses, compression frac-
tures, rounded facies, buffalo hump, hirsutism, and high blood pressure
usually can be avoided. It has been shown that these drugs can be given un-
interruptedly for long periods with reasonable safety

‘The original recommendation of starting with 300, 200 and 100 mg. of
cortisone a day has been modified. Most physicians start now with 100 mg.
a day, reducing the dose as improvement occurs until a maintenance level is
reached, Since cortisone is not curative but must be continued for long pe-
riods the least effective dose is desirable It is thought by some to be better to
begin with 50 mg a day, increasing in increments of 12.5 mg until thera-
peutic levels are reached. It is well to remember that recent or active tuber-
culosts, true psychosis, osteoporosis, and severe hypertension are actual con-
traindications to the use of cortisone Mild diabetes does not contraindicate
its use

In along-term study of rheumatoid arthritis management with cortisone,
Copeman and co-workers (1) noted that 17 of 20 patients with severe pro-
longed and crippling arthritts were able to return to their occupations during
cortisone therapy. These patients were treated from 16 to 36 months, 14 of
them for two years or over, with ad i imp: The
daily maintenance dose vaned from 37.5 mg in two cases up to 100 mg. in
three others In this series the drug had to be stopped 1n one case because of
severe depression and hypertension Several patients developed gastric ulcer
which healed on medical treatment with shght reduction in dosage of corti-
sone. Treatment with cortisone requires constant medical observation of
blood pressure, weight, and urine for sugar, and the patients should be under
constant medical surveillance In properly selected cases it makes possible an
increased range of activities and a fuller enjoyment of life.

Hydrocortisone (17-hydroxycorticosterone) is stmilar to cortisone in
chemical composition, differmng from 1t only 1 having a hydroxyl radical
where cortisone has a ketone group at the eleventh carbon position in the

:The survey of hterature pertaining to this review was completed in June, 1954
The following abbreviation is used m this chapter, ACTH (corticotropin)
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steroid nucleus. The metabolic activities of the two steroids are qualita-
tively similar but quantitatively different, being from one and a half to two
times as great in hydrocortisone by different tests. Hydrocortisone is manu-
factured and supplied as a pure alcohol, hereinalter called hydrocortisone,
and as an ester, hydrocortisone acetate, These compounds differ in solu-
bility, absorption, and systemic effect, Hydrocortisone, the more soluble, is
readily absorbed by the gastrointestinal tract and is given by mouth The
acetate is fess readily soluble, is effective on local application, and is used for
intra-articular injections.

Hydrocortisone is more effective gram per gram than is cortisone, only
about two-thirds of the dose of hydrocortisone being necessary compared to
cortisone. Usually the toxic complications seem to be lessened on the same
therapeutic effect. Patients often can be switched from cortisone and dis-
agreeable or hazardous symptoms avoided [Boland (2)].

Hydrocortisone acetate is an effective drug used intra-articularly. It.s use
in this manner requires such small doses that toxic effects are entm.z\Y
avoided, It is used in patients with only one or two involved joints or with
one or two intractable joints not relieved with adequate doses of cortisone
Besides being effective in rheumatoid arthritis it is helpful in osteoarthritis,
gouty arthritis, acute traumatic arthritis, bursitis, and other diseases 1’.101'
lander, Brown & Jessar (3) have tabulated the results of 10,197 ir}tra~arucll'
lar injections into 17 different joints and cavities and listed the ffulures asan
average of only 14 per cent They listed 11 conditions in which this tre.asmeﬂf
was used with successes varying from 89 per cent in rheumatoid arthritis a'n;l
gout to 20 per cent 1n the shoulder-hand syndrome. The doses uscq \anc5
from 37 5 mg. in the hip, 25 mg in the knee, ankle, shoulder and wrist, to
to 6 mg. in smaller joints 3

The prolonged treatment of ankylosing spondylitis with ACTHh“;’,
reported by West & Newns (4). Six patients were treated for 18 months
two years All the patients had advanced severe disease and no longer ';
ceived benefit from aspirin, phenylbutazone, and deep x-ray t_hefﬂp)“ “\’
were severely incapacitated and unable to work. Treatment was mth.ACTH'
Acthar Gel and H. P Acthar Gel from 5 to 50 units a day Two patients d]e-
veloped high blood pressure. Five of the six had gratifying refief, being f‘b ©
to increase their ranges of activity and continue at work The authors beliere
that in really severe cases, who receive little benefit from x-ray thEM.P)'r pro-
longed adrenal stimulation 1s justified but that it should not be raised wf’
higher level or maintained for a longer period than is absolutely nmss“”:
They believe that ankylosing spondylitis is sufficiently different from rhem
toid arthritis to justify separate therapeutic trials as between adren.al stimu-
lation, hydrocortisone, and deep x-ray therapy, In none of the patients Wa°
there evidence that the disease progressed under therapy and, in one, se1€f®
osteoporosis was corrected, . b

The effect of adrenal stimulation by punfied ACTH Gel on patients Sit

h id arthritis and spondylitis was reported by West (5). He found
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that different levels of eflect were produced in different patients by the same
dosage He feels that in ACTH therapy the important factor 1s not the dose
given but the level to which the secretion of corticosteroids is raised Eosino-
phil counts and changes in electrolyte bolism are a good indication of
adrenal stimulation during the first few days. The best method of controlling
this therapy is by assay of urinary 17-ketogenic steroids He used a new
method described by Gibson & Norymberski (6).

Strenuous objection to the use of cortisone and ACTH in rheumatoid
arthntis has been raised by Duthie (7} on personal grounds after consider-
able experience. Because these drugs are not curative, because the disease
may progress under their use, because dreadful complications may occur with
prolonged use of full dosage, and because badly crippled patients with dis-
ease of long duration may not be helped, he feels their use is not justified He
allows their use, preferably ACTH, for rapidly progressing cases. He states
unequtvocally that

It is my personal opinion that i the light of our present knowledge and expenience,
there is no indication for the of id arthntis by the i ad-
ministration of ACTH or cortisone

‘The use of short courses of either hormone, but preferably ACTH, may be justi-
fied in severe and progressive cases where conservative measures have failed to con-
trol the disease process and when severe crippledom 1s likely The local use of hydro-
cortisone 1n the treatment of single Jomts is Jikely to be accepted as a useful method of
treatment, free from complications and giving worthwhle relief of symptoms in a sig-
nificant number.

Copeman (8} in the next article takes violent exception from the above
viewpoint and refutes Duthie’s arguments effectively. He points out quite
Justly that while the disease may progress under therapy 1t often does so
without therapy The indications for long term therapy include selected cases
whose structural damage does not preclude restoration of function to a use-
ful degree, cases in which conventional therapy has not been effective, and
contraindications do not ewist The dose must be regulated and the patient
should have competent medical supervision Under these circumstances
many patients work, enjoy hfe, and prosper reasonably well

It seems strange that there 1s still objection to ACTH and cortisone be-
cause the disease is not cured and medication must be continued The same
15 stall true without objections to the use of insulin 1n diabetes and vitamin
Bis n pernicious anemia. As a matter of fact, no practical method has ever
been offered to eliminate the necessity of eating three meals a day If the
drugs finally become ineffective the patients have had varying periods, so
far up to four years, of relief of pan, increased range of activity, loss of fa-
ugl{e« and a brightened outlook on life. Why do so many doctors frighten
patients about the possibility 1n the future of hypertension, diabetes, patho-
logical fractures, and a rounded face when they have painful, debilitating,
and disabling diseases such 2s rheumatoid arthrtis and spondylitis at the
present time? ACTH and cortisone are powerful drugs, but they can be and
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have been used successfully by many physicians with reasonable safety to
many patients,

A comparison of cortisone and aspirin in the treatment of early cases of
rheumatoid arthritis conducted by the joint committee of the Medical Re-
search Council and Nuffield Foundation on clinical trials of cortisone, ACTH
and other therapeutic measures in chronic rheumatic discases yielded sur-
prising results (9). This investigation was planned specifically to compare
the relative efficacy of cortisone and another drug, usually regarded as efi-
cacious in relieving symptoms and in improving the patients functiona!
capacity, and, secondly, to study the evolution of the rheumatoid process
during prolonged therapy with these different agents. It was agreed that the
patients chosen for this study were to be from 2 to 59 years of age, have had
polyarthritis of rheumatoid type aflecting at least four joints, with bilateral
involvement of either hands or feet, ankles, or wrists, and have had the dis-
ease at the time of entry to the trial for not less than three months nor more
than nine months The patients were treated in six different centers in Eng-
land, Scotland, and Wales and were divided into two groups as equally 28
possible according to sex and age Patients were assigned at random and
treated either with cortisone or aspirin. Treatment in each group was stand-
ardized for the first two weeks, cortisone being given in doses of 300 mg,
200 mg, and then 100 mg. daily for the first seven days followed by 50 mg
for seven days and aspirin grven 6 gm. daily for seven days, then 2 gm. daly
for seven days, After the second week, treatment was individualized Trtﬂt'
ment in both groups was stopped for a week at each observation period to
assess the patient’s condition without treatment and observe the progress of
the disease.

Observations on this group of 61 patients made one week, eight weeks
thirteen weeks, and approximately one year after the start of treatment re-
vealed that the two groups had run a closely parallel course in nearly f-lH re-
corded characteristics; namely, joint tenderness, range of movement in the
wrist, strength of grip, tests of dexterity of hand and foot, and clinical judge-
ments of the activity of the disease and of the patients functional capacity
The h lobin and blood sedi: rate were slightly more favorable
in the group treated with cortisone .

The physiological disposttion and fate of hydrocortisone and cortisone 1o
man and animal was discussed by Peterson et al (10). The biological hatf-
life or the time required for 50 per cent of intravenously administered non-
radioactive steroid (200 mg crystalline free or alcohol hydrocortisone, of
cortisone 1n 500 cc § per cent dextrose over a 30 min pertod) to disappear
from the plasma 1s shown in Table I.

Measurement of the excretion of infused tracer quantities (700 g5} of
radioactive CM hydrocortisone in normal subjects revealed that more .than
80 per cent of the dose is excreted in the urine in the first day, an additional
4 per cent during the next 4 days and the remainder is excreted in the f‘ecfs‘
Of the corticosteroids present in the urine, only 4 per cent of the radioactivity
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TABLE 1

TrE TiME REQUIRED FOR DISAPPEARANCE FROM THE PLASMA OF
50 PER CENT OF INTRAVENOUSLY ADMINISTERED STEROID

CORTISONE HYDROCORTISONE

Mean | Range | No.of || Mean | Range | No of
{min- | (min- Pa- (min- (mun- Pa-

utes) utes) tients utes) utes) tients
Normal subjects 62 54- 92 7 118 104-130 12
Rheumatoid Arthrites 54 35- 82 5 111 67-164 5
Liver Disease 82 52-112 6 358 160-800 8
Hyperthyroid 32 — 1 55 ~ 1

was recovered as ‘‘free’ steroid, 13 to 25 per cent was conjugated as glucuro-
nide, and an additional 15 to 25 per cent was hydrolyzed with boiling hydro-
chloric acd The quantity of radioactive steroid extracted from the urine
with organic solvent both before and after hydrolysis was only 40 to 60 per
cent of the total urinary radioactivity.

Studies on the metabolism of adrenal cortical steroids in the synovial
cavity in rheumatoad arthntis by McEwen, Wilson & Ziff (1) showed that
cortisone and hydrocortisone, both free alcohol and acetate, disappear rapidly
after intra-articular injection One-half hour after injection of 100 mg of
hydrocortisone (free alcohol) 78 per cent had disappeared. One hour after
1njection of 50 mg. of both hydrocortisone and cortisone acetate 86 per cent
had disappeared and three hours after injection of 100 mg. of both drugs
(free alcohol) 97 per cent had disappeared Evidence indicates that metabo-
!ltes are found in the joint The authors beheve that the locally-acting anti-
inflammatory agent may be one of these metabolites rather than compound
Fitself, or that a metabolite may share this activity with compound F.

The local anti-rheumatic effectiveness of higher esters and analogues of
hydracortisone was studied by Hollander et ¢l (12) Previous investigations
of the disappearance of hydrocortisone from the synovial fluid revealed the
absorption of the 1njected hormone by the cells of the synovral fluid and par-
ticularly by the lining cells of the synovial membranes The most significant
ffnding was that hydrocortisone acetate was absorbed and retained by the
lintng of the synovium without splitting the ester whereas unabsorbed hor-
mane 1n the joint fuid was rapsidly hydrotyzed and broken down. They as-
sumed that higher and less soluble esters of hydrocortisone would likewise be
absorbed unchanged by the synovial membrane and might have a longer
aatr-inflammatory effect Five such compounds were compared with hydro-
cortisone acetate, and the results were tabulated according to the duration
of relief, Allo-dihydro-F was distinctly 1inferior, 9-alpha-chloro-F, F-capry-
late, and F-benzoate were about equal, and F-butyl acetate was effective
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twice as long as compound F, Fubutyl acetate was superior to compound Fin
degree of improvement in 65 per cent of tases and in duration of improvement
in 59 per cent,

Bayles, Boland & Bunim (13) each independestly discussed 9-alpha-
fluorabydrocortisone It was described as several times to as much as 10
times as potent as hydrocortisone {{ree aleohol). It was definitely stated,
however, that this drug had salt retarmng properties; also, it produced
marked elevations in blood pressure. It » ould seem that this drug will be of
fittle therapeutic importance and is of interest only {rom an academic point
of view,

PHENYLBUTAZONE

Pheay it (Butaralidin) continues to arouse much cantroversy At
its introduction to the Amesican Rheumatism Association Meeting in New
York, April 20, 1954, men climbed the rostrum in droves to extoll its virtues
At the next meeting they scemed unable to say enough agaiast it. The con-
sengus today is that thys is a powesful and effectis e drug with great potentiah
ities of harm In a general discussion of the matter Hart (14) points out that
it has marked analgesic effects without being at all anti-inflammatery o
having any influence on adrenal actson It relieves the syrptoms of fibrositis,
ostecarthntis, gout, rieumatowd arthritis, periarthritis, ankylosing spondy-
litis, and other panful conditions of boues, ligaments, and joints

In rheumatod arthritis a high proportion of patients are relieved of
symptoms without showing evidence of ebjective smprovement Pamt a{!d
stiffness are often reduced but swethng 15 stightly if at all affected The reliel
in gout is prompt and dramatic, Ostecarthritts and ankylosing spondylitia
are also effectively relieved Phenylt causes a jon of sodiem
chioride and water so that edema may follow its use

Complications occur sn a high proportion of cases and neces:
continmance of the drug They have been reported m 20 to 40 per cmt.d
cases in different sertes They vary in sevesity from agranufocytoss with
death, exacerbation of peptic wlcers, thrombocytopensc purpura with bleed-
ing, to nausea and vomiting Since smafler doses have been used (20010 4
mg instead of 800 to 1200 mg per day), toucity has been reduced Hart
recommended limiting the dose to 200 mg once or tote daily and withfold-
ing the drug every &fth or seventh day

Currie, Peehles Brown & Wall {15) treated 429 cases of rheumatod 3t
thritis with phenylbutazone, some of them for as long as one year with
notably few complications Twenty showed side effects but only three had o
stop treatment The authors conclude that this agent aflords rapid and sub-
stantial refief i 2 large proportion of patiests with rheumatord arthntts,
with an apparent suppression of disease activity in many cases Almoss alt
cases relapse slawly on withdrawal of the drug They conmuder the drug e
markably free from serivus touc propertses

The relation between the towe and therapeutic effects and the blood

sitate the dis-
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fevels during phenylbutazone therapy was reported by Bruck et al. (16).
They studied 48 patients with rheumatoid arthritis as outpatients and four
patients were hospitalized for detailed short-term studies of blood, bowel,
and urinary excretion. All patients received phenylbutazone by mouth on
different dosages for a month. The average blood levels attained varied from
5.5 mg per 100 ml. on 200 mg. per day, 7 8 mg per 100 m! on 400 mg. per
day, 9.5 mg. per 100 ml. on 600 mg per day, and 12.8 mg per 100 ml on
1200 mg per day. The incidence of tovic symptems as well as the degree of
improvement varied directly with the blood level Among the patients 48 per
cent noted toxic effects These included, in decreasing order of frequency:
epigastric pain and vomiting, dry mouth, buceal ulceration, edema, urticaria,
diarchea, headache, purpura, and renal failure

A report on the long-time effect of phenylbutazone in rheumatoid ar-
thrstts was given by Steinbrocker ¢f al (17) at the New York Rheumatism
Association Meeting Sixty-nine per cent of 48 patients observed for as long
as two years had appreciable benefit One-half of them were still recerving
the drug at an average dose of 300 mg per day Seven of them had 1t for six
months to a year, 17 had 1t for over a year. Grade 2 response {American
Rheumatism Association system of rating) has been mamtained Nine pa-
tients stopped because they no longer needed 1t, suggesting that they were in
temporary remissions Nine patients were stopped because they noted no
benefit After six months of good tolerance, six patients were discontinued
because of severe toxicity Intolerance seemed to occur as frequently after
prolonged administration with the same frequency as it did in short time
trisls Two had vomiting and diarrhea; two had melena and hematemesis,
two patients had gastrointestinal hemorrhage six months after treatment was
stopped, one patient developed hypertension and another anemia, with
symptoms disappearing after the drug was stopped

Fifty cases of rheumatoid spondylitis were treated with phenylbutazone
for 2 to 12 months by Toone & Irby (18), of these 27 showed major improve-
ment, 8 showed mnor 1mp: , and 15 were idered failures Towue
reacttons occurred in 17, 1n 3 of whom the drug had to be discontinued The
average dosage schedule was 600 mg for three days followed by a main-
tenance dose of 100 to 400 mg A favorable response, 1f mamtained for two
months, will usually continue In nine cases phenylbutazone was considered
the treatment of choice.

The comparative effects of ACTH and phenylbutazone in rheumatoid
arthritis were reported by Mason (19) Both drugs were used consecutively
m six patients He found that they differed in their effects ACTH produced
a (a!'l in erythrocy te sedimentation rate, a nise 1n 17-ketosterord and gluco-
corticoid excretion, and a diminution in the joint sweling Phenylbutazone
was not shown to have had any eflect on erythrocyte sedimentation rate,
did not alter conststently 17-ketosteroid and glucocorticoid excretion, and
had no effect on joint swelling Both drugs seemed to have roughly the same
effect on subjective symptoms as well as on function tests
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Kidd, Bayce & Freyberg (20) conducted studies on Butapyrin {2 mixture

of pheny and ami; rine) and phenylt inrh ar-
thritis, rheumatoid spond;litis, and gout. Since the therapeutic effects nere
equal but toxic symptoms occurred much more frequently with Butapysin
{68 per cent compared to 26.7 per cent with phenylbutazone), the first drug
was discontinued. The effects in rheumatoid arthritis were equal to those
described elsewhere. The effect in gout was dramatic, however, because it
produced rapid and excelent chinical imp: ment in a high of
patients with acute gouty arthntis. It also reduced plasma usic acid fevels,
apparently without increasing uric acid excretion. This the authors believe
to be a unique effect worthy of further study in an attempt to recognize the
fundamental metabolic defect in this disease.

Death from phenylbutazone has been ascribed to agranulocytosis Ose
death due to hypersensitivity has been described by 0'Brien & Storey (21}
It oceurred in a 73-year-old man with rhewnatoid arthritis nho took phenyl-
butazene 200 mg. twice daily for five weeks, His face then began to suell, bis
eyes watered, and his mouth hecame very dry and sore He drank more
fluids and noted his urine was scanty and reddish brown. He became short
of breath, drowsy, and complained of tinging He died suddenly four days
after entering the hospital Autopsy showed polyartesitis nodosa, hyper-
sensitivity, angiitis, and granul lesions throughout many organs and
tissue

Gour

An excellent review of the moders conrepts of gout has recently been pre-
sented by Gutman (22} Primary gout 1s shown to be a constitutional heredi-
tary disease associated with abnormalities of uric acd metabolism About
one-fourth of the relatives of gouty patients have abnormally high fevels of
blood or sesutm uric acrd This 15 attributable 1n part to ncreased production
of endogenous uric acid Twe gouty subjects were shown to produce uric ac
at three times the normal rate by means of labelled N glycine Secondary
gout depends upon high aric acid production in connection with diseases such
as polycy themia and the lenkemuas .

The metabolism of purines and uric acid production 13 clearly explained
and the role of the kidney is discussed It is strange that 90 per cent of urate
fittered through the glomeruli should be resorbed by the tubules, a'rate of
resorption comparable to that of essential electrols teg nnd metabolites I'n,
terference with tubular resorption is a f penciple of
therapy

Three effective agents are avatable for contro} of acute gouty attacks.
colchicine, ACTH, and phenslbutazone Colchicine 15 given orally in doses
of 0.5 to 10 mg every 2 to 4 hr until the attack subsides or diarches.
nausea, or vomiting occurs A substantial proportion of gouty patientscan
not tolerate peutic doses of colch ACTH js effectsve in mostacute
gouty attacks Doses of 50 to 200 mg are injected imtrally and daily doses
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of 50 to 100 mg continued for several days Thereafter doses are tapered off
and small doses of colchicine (1 to 2 mg. a day) are started. If ACTH is
stopped too suddenly, another attack is liable to occur. Phenylbutazone in
daily oral doses of 0.6 to 0 8 gm usually gives rapid relief. Toxic effects occur
but are usually not serious for the short times needed in gout.

Gouty attacks seem to be inhibited by low purine diet. Chronic topha-
ceous gout is prevented or relieved by probenecid (Benemid).

The effects of uncosuric drugs on uric acid excretion were discussed by
Gutman et al, {23). Probenecid in 10 gm daily oral dose increases urinary
urate output by 50 per cent with corresponding falls in serum urate levels.
Phenylbutazone has a uricosuric effect only on blood levels over 10 mg per
cent After intravenous injection (12 to 27 mg/K) the ratio of the clearance
of water to that of inulin rose within 2 hr to a 3-fold peak and uricosuria
lasted 24 hr. Renal effects of salicylate are complex. Plasma salicylate levels
of less than 5 mg per cent lower urate excretion® levels above 12 mg per cent
cause a 3}-fold nise of urate excretion of short duration. In oral dosages
best tolerated clinically, probenecid 1s the most potent and selective urico-
suric agent examined.

Studies on the effect of probenecid on gout reported by Mason (24)
showed an effective lowering of blood urate level and an excretion of urate so
great as to defy explanation The calculated loss of uric acid from plasma,
estimating the latter as 5 per cent of body weight, averaged 149 mg in five
days The excess appearing 1 the urine was 2,136 mg It seems hikely that
the excess was absorbed from tophi since these discrepancies became less
marked on larger experiments, when equilibrium was reached Five of seven
patients had acute attacks of gout occurring after blood levels had been re-
duced, at times to normal

RHEUMATOID ARTHRITIS

Certain unusual clinical details of rheumatoid arthntis have been re-
ported Fistulous rheumatism (25) occurs about jotats which are the sites of
severe bone destruction and bone absorption, resulting 1n the extrusion of
bone fragments There 1s often thick yellow pus due to tnfection with
Staphylococcus pyogenes

Finger contractions (26), though very common tn advanced cases of
rlhneuma(md arthritis, were seen in three cases as the only evidence of the
disease. The tendons showed typical changes of rtheumatoid arthritis Two
of the three cases were greatly helped by conservative treatment and two
others were improved by operatton

Heel lesions associated with sub-Achilles bursitis which eroded the os
calcis and finally obliterated the bursa, and erosion of the plantar surface of
the os caless by fibrinoi ing tissue, closely bling a rh id
nodule, were described as occurring in 19 cases by Bywaters @n

'A striking case of rh id arthritis is d bed by J line (28)
This woman who suffered a nght-sided hemuplegia of uncertain origin and
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who never had proper use of her right arm or leg was seen at 52 to have well-
marked advanced rheumatoid arthritis with Hexion deformity and enlarge-
ment of the metacarpo-phatangeal joints and marked ulnar deviation of all
the fingers. The radiograph shows desteuction of the distal ends of the meta-
carpal bones Photographs and radiograph of the right hand are completely
normal The oceurrence of Heberden's nodes on the sound side, the hem-
plegic side being spared, had been previously reported.

OSTEOARTHRITIS

Perhaps it is fair to say that something new has been added to our know!-
edge of ostecarthritis. Harrison, Schajowicz & Trueta {29) have studied the
nature and evolution of the disease in the hip Their investigation is based
on 91 post-mortem exammnations of the hip, 45 femoral beads removed at
operation, and radiographs of 80 selected pattents suffering from estecar-
thritis of the tup and who were followed for several years. This matersal was
studied by dissection and macros: pic exa i di hy, histology,
and investigation of the vascular pattern of the ostecarthritic femoraf bead

The plan of the acetabulum indicates at ance that the joiat cartiiage of
the head of the femar 15 divided into two parts, one of which 1s weight-bear-
ing, called the pressuse area, and the other nonweight-bearing or nonpressre
area Diflerentiation between pressure and nonpressure areas is shown by the
main trabecular systems of the cancelious bone of the head A band of
trabeculae running through the lower part of the femoral neck from the
corticalis below to the articular surface takes the shape of a column, the
upper part of which spreads out tike a fan to support the pressure avea Before
maturtty the band 1s lost at the epiphysea! lne because trabeculation of the
epiphysis 13 diffuse and unorganized .

The beginmag of the osteoarthritic process takes place in the articy m;
cartilage. This 1s followed by osteophy te formatton, fattening of the femora
head, eburnation, necrosts, sclerasts, eyst formation, and extrusion of the
head The early changes in the cartilage usually startin the nonpressure ared:
Wear and tear has always been crted as the maimn cause of osteoarthritis
The findiags of these workers indicate that lack of pressuse 15 more deleter
ous than pressure The term “aging” is applied to these cartilage changes,
but they occur 1n the second decade and are not invariably more extensive at
great age. The necesstty for use and compression of cartslage to ma:'nm?
carztage health has been stressed  The authors have described a series Of
vessels immedsately beneath the cartilage Pumping action on these vessels
aids cartilage nutrruon

Cartilage degeacration s sndicated by calesfication Calcified areas ar€
invaded by blood vessels and bone marrow Osteophy tes are any new boﬂt'
with marrow formed from calcified cartilage They are not restricted to 18V
bone growing only at the periphery I the blood vessels of the osteophyed
arise from synovial tissues they are called extracapsular \ascufanization
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0 hytes in medial areas arise from vessels pene-
trating from the subchondral area or i 1 ization. Osteo-
phytes are always limited to nonweight-bearing areas. They are attempts to
* revitalize d ing cartilage, a d ion most 1y attributabl
to malnutnition caused by lack of alternating pressure. They occur most
commonly about the corona of the head, about the fovea, and spread about
the medial and lower surfaces of the head Osteophytes containing red bone
marrow may cover original cartilage, accounting for the mass of bone often
seen on the lower aspect of the head.

In the pressure areas the cartilage wears thinner and thinner, the trabecu-
lae beneath become fractured and necrotic, the joint space is decreased or
disappears, the head is flattened, and the joint surfaces become condensed
and more than normally radiopaque. Cysts of varying size and usually
multeple are invariably found in ostecarthntis. They are limited to pressure
areas. If studied adequately, they are found always to open into the joint
surface They are filled with connective tissue and fibrinoid cartilage and are
surrounded by necrotic bone They seem to be attrabutable to infarction re-
sulting from pressure and collapse The head of the osteoarthritic femur is
shown to have an excessively rich blood supply and to be hyperemic Itis
thought that the pain of this disease 1s due to hyperemia, demineralization,
weakening, and {racture of the trabeculations.

While in the course of this study, the authors felt the need for more exact
information about the circulation of the head of the normal femur. In a study
published earlier by Trueta & Harrison (30), they found that the blood sup-
Ply to the epiphysis enters the head superiorly and posterosuperiorly through
two to six lateral epiphyseal arteries which are sprral in form for a short dis-
tance after entry, The medial epiphyseal arteries enter the head through the
fovea via the lizamentum teres and anastomose with the lateral epiphyseal
arteries. The main flow of the epiphyseal arteries 1s 1nto the epiphysis and
toward the joint surface The outflow to the metaphysis is small. Superior
metaphyseal arteries branch from the same stem as superior epiphyseal ar-
teries, enter the superior aspect of the neck some distance from the margin of
the articular cartilage, and have a straight course down into the bone About
a quarter of the way across they turn superomedially toward the site previ-
ously occupred by the epiphyseal plate. The inferior metaphyseal arteries
enter the bone close to the edge of the cartilage and distrsbute therr branches
through the metaphysis There is free inside both the epiphysis
and the metaphysis as well as between the two areas They noted no evidence
of a nutrient artery from the femur, There is no appreciable diminution in
blood supply of the head of the femur as age advances.

The marrow of the epiphysis is fatty marrow and the blocd supply is by
tonventional capillartes. In the metaphysis the bone marrow 15 red and there
are numerous sinusoids here instead of capillaies They emphasize the oc-
currence of a rich blood supply to the cartilage by capillaries piercing the
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behondral plate, This indi that cartilage probably is more dependent
upon blood supply and has a more active metabolism than has been sus-
pected heretofore.

Another new and jnteresting concept of osteoarthritis has been presented
concerning Heberden’s nodes. The lusions seem to have been arrived at
independently by workers in Finland and in Italy, Peltola (31) in Helsinki
and Roversi & Mars (32) in Milan both report the finding of exostosis 1n the
cervical vertebrae so placed as to press upon branches of the cervical plexus
Such abnormalities are very common in people with Heberden’s nodes and
their distribution corresponds to the distribution of finger involvement.
They have not been found in a control serfes without Heberden's nodes The
present reviewer has found similar conditions in the few cases he has checked.
The findings are surprising because an intense and prolonged famiharity with
Heberden's nodes has not h, fore r led any evid of airculatory,
sensory, motor, or trophic disturbances in the fingers before or during the
development of these evostoses, It is interesting to note that Heberden's
nodes have failed to result in hands in which there 1s interference with the
nerve supply, be this attributable to upper motor neuron lesion asin a stroke,
to lower motor neuron lesion as in anterior poliomyelitis, or to perspheral
nerve lesion after severance of the nerve. In the instances cited Heberden's
nodes were seen in the other hand with normal nerve supply

The Robert Jones lecture of 1952 given by George Perkins and entitled
“Rest and Movement” (33) is enough to gladden the heart and warm the
soul of any rheumatologist. He demonstrates qute clearly that prolonxed
rest is the enemy of joint movement and that splinting may be necessary for
short periods of inflammation, but that it is not necessary nor desirable when
muscle spasm will hold bones in alignment. He cites a man with a fracture of
the mid portion of the femur treated with plating and cast. After 10 months
rest in the cast and shortly after starting to walk the plate broke and dfe
fracture was found to be ununited He then started walking in a plastic
cylinder. Union occurred 10 weeks later, and treatment was stopped. The
posnt to be emphasized is that the patient never regained more than 15 de-
grees of motion of his formerly normal knee thereafter It has seemed to the
author that much good orthopedic surgery in patients with rheumat‘md ar-
thritis is wasted by unnecessary and prolonged immobilization of yoints re-
sulting in adhesions, demineralization of bone, and muscle atrophy with re-
sultant prolonged or permanent disability.
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LABORATORY AIDS TO DIAGNOSIS
AND THERAPY?!

By Harrvy SoBOTEA AND JULtus J. CARR
The Mount Sinas Hosputal, New York, N.Y.

MeTHODOLOGY OF CLINICAL CHEMISTRY

Clinical Chemistry is a branch of analytical chemistry devoted to the
application of analytical techniques to biological systems on the molecular
level as aids to diagnosis, prognosis, and treatment Its operations may be
divided into three parts. (¢) isolation of the substance sought from interfering
materials, (b) reaction of the substance with a suitable reagent, and {¢) meas-

urement of a product of the reactxon. In a few instances when no apprecxable
"

are tic determi of urea, d -
tion of blllrubm) or when the substance can be measured directly (photo-
metric di it of h fobin, falling drop techni for serum pro-

tem) etther one of the first two steps may not be required.

Fi , the most t: ton in an analy tical method
cnnslsts in thelsolauon of the compaund to be analyzed. This is particularly
evident in the di ployed 1n the hydrolysis and extrac-
tion of urinary keto-steroids and estrogens, 1n wet ashmg and extraction of
biological matenals for heavy metal analysis, and in extraction, enzymatic
dephasphorylation, chromatographic adsorption, and elution, required for
the det ion of th The i e of such d rather
than disinterest in the results, hampers the more frequent analysis of the
substancesin question As an outstanding Mustration, sodium and potassium
determinations have but recently become a routine procedure after the de-
velopment of the flame ph as a practical lat y i

Preliminary 1solation is necessary only when interfering substances are
expected to be present. Although values obtained with Volhard's chlonde
method will also include bromide and 1odide, only traces of these ions occur
normally 1n biological fluids and may, thus. be ignored Again, since no in-
terferences are in the reaction for serum blirubin,
this pracedure is performed directly without prior preparation of the sample
The necessary degree of preliminary isolation of the mgredient to be meas-
ured depends upon the specifiaty of the reagent employed mn the second
step of the analysis. Thus, since urease acts spectfically on urea, this com-
pound may be determmed m blood directly However, because ammonia is
the product of urease activity which 1s usually measured, urea m ammonia-
contaming fluids must be d after preli y removal of
or by correction for 1ts quantity as found by separate analysts.

195;The survey of literature pertaimng to this review was completed i August,
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Apart from considerations of convenience, simplicity, and sensitivity, a
satisfactory knowledge of reaction mechanism and a stoichiometric yield of
a measurable product are desirable and reassuring. Examples for well under-
stood stoichiometric reactions are the titration of chloride fon with silver
nitrate or of oxalate jon with permanganate. More frequently, ane or both
criteria are not attained. Nevertheless, under properly controlled conditions,
equally useful and valid data may be obtained. Reducing reactions for sugar
are not usually stoichiometric, just the same, reliable values may be derived
by comparisan with known concentrations of sugar. The Liebermann-Bur-
chard color reaction for cholesterol is better known by name than by mech-
anism, yet its useful for the determination of chol 1 is not impawred
merely because practical application has preceded our ability to interpretits
mechanism,

The final measuring step requires
Amongst these techniques, spectrophotometry, particularly in the visible
range, has become the most widely used by virtue of the conventence, speed,
and accuracy with which low concentrations of substance, commonly occur-
ring in biological fluids, may be measured. Constituents of blood and urine,
minor in concentration, but not necessarily in importance, are often amen-
able to photometric analysis by application of sufficiently sensitive color re-
actions Titrimetric procedures are usually employed when greater aceuracy
is required or when a measurable chromogenic system is not conveniently
available. Gravimetric methods of analysis, employed in the early years of
clinical chemistry, usually requiring excessive quantities of test matfn.a’:
have been mostly abandoned The gravimetric method for total.serum hp{ds
in petroleum ether extracts is still widely used, but a color reaction for lipids
has been recently introduced [Swahn (89)] The systems of gasometry {“‘d
manometry, developed by Van Slyke and his school, have enriched fhmcal
chemistry with a wide variety of exact techmques The most convenient of
these for routine clinical studies include methods for the determination of
content and capacity of carbon dioxide and oxygen The recently introduced
Kopp-Natelson micromodification of the Van Slyke manometric apparatus
requires only 0.03 ml of the sample. eal

In the sections to follow some newer analytical developments of clinica!
interest will be presented.

s Tired i

\J3 instr

INORGANIC SERUM CONSTITUENTS

Chelating agents —Biochemical hterature 1s replete with early applica-
tions of the principle of chelation in an essentially empirical way Gerh.afdts
test for acetoacetic acid with ferric chlonde, the isolation of amino .acxds as
heavy metal complexes, the biuret reaction of proteins with an atkaline cop-
per reagent, and Fehling’s solution for the detection of reducing carbohy-
drates, are a few examples for the early application of chelates and chelation
reactions. The requirement for certain metal ions in some enzyme systems i3
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attributable to their ability to bind both enzyme and substrate into a che-
lated structure [Martel & Calvin {58)]. In recent years, increasing applica-
tion of chelati: ? lleling the idation of the essential mech-
anism involved, has iderably simplified certain di particularly
the examination of metals present in low or trace concentrations.

A chelate is a complex between a metal ion and an organic compound,
but differs from simple complexes, such as [Ag(NHp]*, [HgL]~, {[Fe(CN)*,
etc. i that the non-metallic higand is polyfunctional, i e. it contains two or
more groups which react with the metal jont. The resulting structure, con-
taining one or mare rings, ts usually mare stable than related linear com-
plexes Ethylene-diamine copper,

CH—NH,_ ’NH{—CH, H

H—NH,  NH—CH,

a bicyclic analog of [Cu{NH,)JJ**, is an example of a relatively stable chelate
Five-membered and six-membered rings are the most stable, although four-
membered rings are occasionally formed The chelating agent donates one or
more electron pairs which it then shares with the metal ion All but the most
stable metal chelates require an alkaline medium for their formation. Except
for aminopol lic 2cids, salicylaldehyde and a few other compounds
which combine to some extent with alkali metals, chelating agents react ex-
clusively with polyvalent metal 1ons The only common doror atoms in che-
lating agents are the electronegative atoms nitrogen, oxygen and sulfur. The
early development of the theory of chelation 15 largely credited to Werner,
Ley and Pfeifler; a recent survey of the subject has been prepared by Martel
& Calvin (58).

Caletum —Calcium may be determined in serum by titration with di-
sodium ethylenediaminetetracetate which effectively chelates calcium ion in
alkaline medium (pH about 10) {Schwartzenbach et al. (78, 79, 80)]. In the
presence of certain chelating dyes, such as Enochrome black T or ammonium
purpurate, the end point of the titration 1s signalized by a color change which

the of calcium-Erioch black T or calcium-pur-
purate chelate to the d dye A purpurate the
advantage of specificity for calcium in the presence of magnesium Titration
methods employing this reagent have been reported [Elliot (21), Greenblatt
& Hartman (34)] The attractive simpleity of the method is tmpaired by
the difficulty of obtatning 2 sufficiently sharp color change at the end point
This disadvantage has been partly eliminated by Kibrick ef al (45) and
by Fales (23) who follow the course of titration photometrcally. Fales’
method appears to offer particular promise Eriochrome black T, as employed
by Sobel & Hanok (82), produces a sharp end point, but as this dye also
chelates with i ion for the ium content of the sam-
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ple is necessary, This metal may be readily determined by the photometsic
method of Orange & Rhein (66) in which Titan yellow serves as a chromogenic
chelating agent for magnesium without calcium interfering.

Heary meials —A widely employed, exceptionally reactive, chelating
agent, diphenylthiocarbazone, dithizone for short, (CoHs'NH-NH CS N:
N-C¢Hs) combines with a large number of polyvalent metal ions, including
those of iron, cobalt, copper, manganese, zine, lead, mercury, bismuth, and
cadmiun. Advaatage is taken of differences in stability of these camplexes for
separation of specific metals by controlling the hydrogen jon concentration
At a given pH the various metal jons differ in their ability to form dithizo-
nate chelates, Thus, mercury and copper react even in strongly acid sohibon
whereas moderately alkaline conditions are required for lead Factors limit-
ing more extensive application of dithizone to procedures in clinical chemss-
try are (a) the laborious preparation of the sample often necessary before
treatment with dithizone, and (3) the relative ease of contamination of the
minute quaatities of metals which are usually to be measured.

The role of copper in metabolic processes has recently become the subject
of considerable interest, particularly in relation to the syndrome of hepato-
lenticular deg tion. A simple and method for ing COppec
which employs sodium drethyldithiocarb has been reported recently
[Gubler et ol (35)] This method, which requires only 10 ml of blo?d or
plasma, should be of value in clnical studies of Wilson’s disease, whith is
characterized by a positive copper balance As the copper excretion through
the feces is greatly reduced in this condrtion, even an increased urinary out-
put cannot compensate for 1t A very specific and even more sensitive reagent
for copper is bis-cyclohexanoneoxalyl hydrazone [Nilsson (65}

Of the many sensitive chromogenic chelating agents which have been
used for the deter: of iron 1n biolegical jals, the most important
are o-phenanthrolme [Saywell et al, (76)), 2,2'-bipyridy! [Jackson (42}; Moss
et ol (62)], thioglycolic acid [Koenig et al. (47)], and catechol [Pereira (€8)]
Recently two new hydroxy-phenathrolines have been suggested {Hate et dl.

(36)).

ACETONE AND ACETOACETIC ACID

of sufficient ac-
in the menage-
shed procedures
re-

The need for a method of analysis of ketone compounds
curacy and conveni for routine lab y i
ment of ketosis haslong been recognized Of the various publ
for their determination, none has heretofore been properly suited to the .
quirements of the average clinical laboratory The method of Greenberg
Lester (33) has probably been used most widely desprte 1ts lack of conven:
jence A method which should bring the determination of ketone compounds
within the scope of cltmical 1aboratortes is the elegant and stmple m:crwd‘{f“'
ston technique of Nadeau (63), who utilized Behre's salicylaldehy de reaction
for acetane (6). A similar method has been reported by Bahner {3)- With
Nadeau’s procedure, which requires no special equipment, the sum of ace-
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tone and acetoacetic acid may be determined in 0 2 ml of blood in one hour.
B-hydroxybutyric acid is not determined. Acetone and acetoacetic acid,
contained in 2 measured specimen of 0 2 ml., are allowed to diffuse by evap-
oration from a smal! piece of filter paper suspended in a flask into an alkaline
solution of salicylaldehy de at 50-55° C. The absorbance of the red condensa-

tron product, salicylid, etone, is d at 520 mp Readings are pro-
portional to the concentration of acetone A minimum of processing insures
against loss of acetone by volatih ‘This technique has been developed

into a simple, roughly quantitative bedside method which can be completed
wrthin 10 minutes after withdrawal of a few drops of fingertip or venous blood
{Carr & Demeny {13)] The reagent has been found to be more sensitive and
speafic than packaged preparations which are suitable for serum only and
cannot be used with whole blood

PENTOSURIA

The appearance of sugars other than hexoses in the urine requires atten-
tion as the finding of reducing sugar in the urine may be erroneously inter-
preted and treated as diabetes A reducing carbohydrate with seven carbon
atoms occurs 1n some variettes of avocado pears and will be excreted un-
changed in the urine, it may eastly be differentrated from glucose by 1ts non-
fermentability and 1ts specific optical rotation which is +2°

More frequently, five-carbon sugars occur 1n the urtne which are reducing,
but not fermentable, and give specific pentose tests, the most popular being
the Bial test with orcinol and concentrated hydrochlonic acid Pentoses ap-
pear in the urine after the ingestion of fruits rich in pentose (cherries, prunes,
plums, etc ) and have also been recorded after the administration of certam
drugs and alkaloids such as arudop: and morphine, where the
pentose ts supposedly derived from the glucummc acid elaborated for detoxi-
fication of the drug Equally harmless 1s the occurrence of pentose in heredi-
tary 1d an error in boltsm which makes its appear-
ance m c}uldhood when 1t should be recogmzed and distinguished from true
diabetes mellitus The mode of 1ts nhentance has been studied by Lasker
¢t al (49) Contrary to earlier reports, in which it may have been confused
with alimentary pentosuna, the pentose in these cases i1s L-xyloketose (L-
xylulose) [Levene & La Forge (51)] In common with other keto sugars, 1t
reduces Fehling’s and similar alkaline copper solutions mote readily and at
lower temperatures than aldoses, reduction starting upon standing at room
temperature or on mild heating

Recently, another type of pentosuna has been reported as 2 symptom in
Patients suffering from progressive muscular dystrophy and related condr-
tions such as dystrophia and
congemita [Mimot et ol (61), Orr & Mmot (67) Drew & Selving (20}] In such
cases one has observed a chromic unnary excretton of a reducing pentose
which forms p-nib with phenylhydrazi Urine s successively

treated with a yeast suspension (for the removal of fermentable sugars),
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Lloyd’s reagent (creatine, creatinine, and uric acid) and mercuric nitrate
(glycuronates and polyphenols), To the resulting filtrate is then added a solu-
tion of phenylhydrazine. Osazone is detected by microscopy of the precipi-
tate and, if possible, by melting point determination (156-158°).

This pentosuria is usually on such a low level that it escapes detection by
the Yy sugar it The 1ib may also be derived {rowe
arabinose or ribulose (desoxyribose does not form osazones), but it is most
likely that it originates from ribose, which is widely distributed in nbonucleic
acid and 1ts ts, the ribonucleotides. These compounds can yield
ribose upon hydrolysis in the course of the dystrophic process in the muscular
cytoplasm. The recently discovered role of ribose as an intermediate in gen-
eral carbohydrate metabolism should not be disregarded in this connection
Some evidence for the presence of ribose phosphate, an intermediate break-
down product, has been obtained in these urines The analysis of urine f'or
ribose and ribose phosphate may turn out to be of interest for the differentia-
tion of muscular dystrophies from diseases with similar symptoms, but of
neurogenic origin, and for the evaluation of the clinical state and the effect
of therapeutic measures,

SERUM BILIRUBIN
hange

Few methods employed 1n clinical chemistry have undergone less o
in basic principle since their introduction than the Van den Bergh test for the
determination of serum bilirubim, which is an adaptation of Ehrlick’s reac-
tion with diazotized sulfanilic acid. The modification of Malloy & Evely
(57) eliminates the loss of bilirubin which occurred with older procedures and
permits quantitation of direct as well as ndirect bilirubin Dxaz.oﬂzed P
1f has been described 3s 8
[Free & Free
Jable in tablet

nitroaniline, stabilized as the p n
new coupling agent for the determmation of bilirubin in urine
(27); Sobotka et al (86)] 1tis referred to as “'bilazo™ and is avail
form under the name Ictotest

Accurate standardizatton is perhaps the greatest difficulty in the co]on;ﬂ-
etry of the Van den Bergh test Not only is bilirubin quite expensive forf
routine employment, but we have found commercial preparations to vary as
much as 20 per cent 1n regard to purity Thus, 2 need exists for 2 umfom;-
dependable product as a primary standard Crystalline bihrubin, obtamebie
from Armour and Co , appears to be satisfactory for standardization; it %23
found to be identical in purity with a preparation isolated from human feces,
following oral admini: of antibiotics [Lowry, B ier & Watson
(56)] ne
Even with the purest of standards, owing to a systematic error i t
present calculating procedure, recorded values for biltrubin are to¢ Tow
[Carr & Demeny (13)] Because the absorbance of the azobilirubin must be
corrected for non-spectfic absorptton, arising from other sources in the seruﬁ
(other pigments, occasional turbrdity), a serum blank reading is subtracte
routinely from the azobilirubin reading of the corresponding serum. Unda-
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zotized bilirubin in the serum blank, particularly when present in high con-
centrations, will contribute to the blank reading. As the reading of the serum
blank is subtracted from the reading of the diazotized sample, a similar cor-
rection should be applied to the standard itself, i e the reading of an undi-
azotized standard solution of bilirubin should be subtracted from the reading
of 1ts diazoti: t No correction for this error has been applied up
to the present The validity of the above conclusions is apparent from the
simple treatment which folfows If A=concentration of azobilirubin, B=
concentration of undiazotized bilirubin, X =concentration of all other ab-
sorbing substances present, D =absorbance (optical density), then n drazo-
tized serum (A+X) is present and in untreated serum (B+X) The difference
between the absorbances of both solutions is then

Dusx~D@yxy=Dy+Dx—Da—~Dx=Di~Ds

The standard absorbance, which is ly employed in calculations, is
simply Da This value must be corrected by subtracting Dy (absorbance of
undiazotized bilirubin) from Dj in the case of the standard If this correc-
tion is not made, an error results proportronal to Da; the percentage error 1s
100 Dp/(Ds—~Dp) It vartes with the concentration of bilirubin from S to 11
per cent Therefore, an average correction of 8 per cent should be added
to the values computed without correction, or the undiazotized standard
must be [requently checked and the value subtracted from that of the diazo-
tized standard

KETOSTEROIDS

The ketosteroids of urine, commonly referred to as 17-keto-steroids, neu-
tral 17-ketosteroids, also as urinary and have become i ingly
important to the clintcian 1n the diagnosis and treatment of a considerable
mumbes of conditions whuch are characterized by sbnormally high or low
excretions of these substances Because ketosteroids are elaborated by the
at“lrenal cortex, the testes, and possibly the ovary, all under regulation by the
pntu'xtary glaud, diseases of any of these organs usually result in abnormat ex-
cretion of ketosteroids
The normal values for adult men range from 10 to 20 mg in 24 hours,
for adult women during therr reproductive period, regardless of the phase of
the menstrual cycle, slightly lower, say from 5 to 15 mg Children up to three
Years of age excrete no ketosteroids, up to esght years the upper normal limit
1s2mg, up to 12 years 5 mg, and dunng puberty 5 to 10 mg The values
in the female are normal or mod; 1y d hed
. Hypofunction of the adrenal cortex in Addison’s disease, of the anterior
Pituitary lobe in Simmond’s disease, in pituitary dwarfism, and in adeno-
hy pophyseal tumors, of the thyroid gland in myxedema, and of the gonads in
Some instances, is associated with low urmary ketosteroid excretion, ranging
frm:n 2ero in some cases of Addison’s disease 1n women and 1n panhypopitui-
tarism, to low normal values tn cases of hypothyroidism, Low values may
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also occur in primarily non-endocrine Sisorders in which the relation to testic-
uiar or adrenocortical function is not apparent, Such findmgs must therefore
be evaluated cntically [Fraser et al. {26)). Moderately fow vatues are often
found in chronic disease and during the course of acute finesses, including the
commion cold, the anenzias, anorexia nervosa, mahgnancy, also in malnutd-
fion and after marked physical faugue Itis suggested that dimmished values
in these cases may be a reflection of reduced adrenocortical function [Canta:
ron & Trumper (11}

Conversely, mereased excretion of fetostercids is assoviated with kyper
funcuen of the adrenal cortex Cushing’s syndrome, which may be 8 cotse
quence of hyperplasia or tumors of the adrenal cortex of pituitary fasophil-
ism, may be associated with ketosteroid exeretions varying from normat of
slightly elevated levels in the majority of cases 0 values as bigh as 75 ™8
per day The adrenogenitat syndrome is characterized by consistently highe
fetosteroid excretion which sncludes a wide range between slightly increased
values to the extremely high figure of 830 g Jday recorded 1% the £3s¢ ofa
three-year-old gitl with adrenal carcinoma {Engstrom et al I}

Although urinary feetosteroid levels are normally determined as the sam
of the carbonyl compounds after extraction with a surtable solvent the ev
cretion levels of some of the constituent sterords have also been rmeﬂvsuffd
Dobriner ¢ of (18) found that the major portion of the ketosteroids in 107
mal urine consists of androsterone. etiocholanone, n.hydrowandrosrerayev
and 11-keto-etiocholanoue The excretion of 11-oeygenated corticosteroios
is markedly increased Cushing’s syndrome {Talbot et al (90} .

Ketosteroids may be detersmmed by biotogical assay of by chemica!
meons The most accurate method for bioassay of androgen 15 b:\_scd upor
stimutation of comb growth the capon after topscal admimstration of o
eracts of the test matenal to the comib for & number of days [Long (53)] Bio-
assay methods are difficult, expensive, and tune consumMIsg: Chescal meth
ods for ketostesoids yield Tagher values thaa roassay for androgens, but
provide more complete \nformation as they include the excretion of all ket
sterotds withont regard to differences 1 biological activity

Unnary ketosteronds oocur as \water soluble conjugates.
ghucuromdes and suliates, which must be Iy drolyzed before
sterosds may be extracted with organic solvents ‘This 18 achieved by B¢
{Dingemanse et af {16). Langstroth et ol {34}, Peterson etal (§9)ereBL”
smatic hydrolysis [Bitman & Cohen (7), Buehler 41 (9), Kinselta et! 48
“The enzyme preparations aceded for hydrolysis of these conjugates 3¢ not
generally available for applicauon ‘o routine chnscal use Aad ydrolysi®
ust therefore be employed despite the fact that destruction of Kketosteroids
is known to occur {Catlow ¢ af (10}, Dsngemanse & Laquess (17, Talbot
us of. (91)]. Conditions of acd hydrolysis must be carefully conteolied
order to munimize sach losses After hydrolyss, the free etosteroids 7
extracted by 2 smtable solvent such as ether, ethyl acetate, toluene, €aF i
etrachlonde, of chioroform  Andregens are then separated from estrogent

prnapally 8
the free keto-
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and other acidic substances by treatment with aqueous alkali, which forms
water-soluble salts with the latter group of compounds. For most accurate
work, ketones are then separated {rom interfering substances with Girard's
reagent The purified extract is subjected to colorimetric analysis

A notable simplification 1n the techmique of extraction and removal of in-
terfering substances prior to analysis has been made by Drekter et al. (19)
This technique is well adapted to the average clinical laboratory where sim-
pliaty, ience, and adaptability to serial ination are di
needs The method employs a conveniently small aliquot of urine, 10 ml.,
and requires no special apparatus for extraction Shaking an ethylene di-
chlonde (CH,Cl CH:C)) extract with pellets of sodium hydroxide accom-
plishes removal of phenols, acids, and interfering pigments. The need for read-
ing the final color at more than one wavelength, followed by

t i i is ehminated According to the authors, a Girard
separation is not required when purification 1s effected in the manner de-
scribed.

Colori; ic d fon of ids is most ly accom-
plished by the Zimmermann reaction (100) or one of its several madifications
[Holtorff & Koch (41)] Crtical studies of factors which imfluence results in
this determination have been reported [Nathanson & Walson (64), Beher &
Gaebler (5)] The color reaction 1s sensitive to hght to reagent concentration,
and to time and temperature of devel 's m-dinitrot
zene reagent 1s by no means specific for 17-kemstemxds Not only will 1t
react with steroids containing carbonyl groups at carbon atoms 3 and 20,
but it will also produce color reactions under proper conditions with a large
number of carbonyl compounds which contain CH; CO- or —CH, CO-
groups {Carr (12)), including substances such as acetone, creatinine, and
estrogens Indeed, Zimmermann’s reaction 1s but an 1solated example of a
very general reaction which takes place between aromatic mtro compounds
and carbony! compounds, containing Iabile hydrogen atoms, in the presence
of a base A degree of specificity 15 achieved through preliminary extraction
procedures and by reading 1 a narrow wave band at 500 mp where 17-keto-
steroids exhibit maximum absorption while 3-ketosteroids absorb only
slightly A colonmetric method for the de of dehy
sterone and 17-ketosteroids with an anthrone reagent has been recently pro-
posed by Graf (31)

SERUM PROTEINS

The serum proteins are amongst the most important subjects n clinical
chemistry The determination of their totat quantity s accomplished by
well-standardized methods, but the evaluation of the relative shares of
albumin and globulin and the computation of the albumn. globulin quotient
deserve a few remarks here.

These two large groups of protesns were onginally defined by solubility
eriteria and are separated one from another in practice by their precipitabil-
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ity with certain salts, The most convenient method for their separation is
the precipitation of the globulins by half-saturation with ammonium sulfate
which may be followed by any one of a number of analytical procedures The
presence of ammomium jon precludes the determination of nitrogen by the
Kjeldahl method or by Nessler’s reagent. The quantitation of the total pro-
tein and of the albumin after ium sulfate precipi is often carried
out by Wu's colorimetric tyrosine method (97), using the reagent of Fohn
and Ciocalteu. The tyrosine factors are based on the tyrosine plus trypto-
phane content of protein fractions from normal subjects (72). They fluctuate
considerably for various modifications of the method and, what is worse,
deviate from norsmal even with one and the same modification 1a thase
very diseases where the determination of the albumin:globuln ratio is of
greatest clinical interest; namely, in nephrosis and related edematous con-
ditions with total protein values below 6 per cent and inversion of the all'>u~
min:globulin quotient. Here, the tyrosine factor of the globulin fraction is-
creases from 16 to 20, whereas the tyrosine factor of the albumin fraction
decreases from 21 to 18. In other words, the tyrosme content of globuha
seems to decrease, that of the albumin to increase Similar pathological fuc-
tuations in the amino acid composition of serum protein have been observed
for cystine by Tuchman & Sobotka (92). The protem in pathologigl urime,
generally considered as albumin, shows even greater deviattons in .xts com-
position from serum albumim, with the sulfur content approaching zero
[Grabfield & Prescott {30)] N

In order to enable the analyst to use the Kjeldahl, Nessler, or biuret
methods, separation of albumn from globulin must be accomplished by salts
other than ammonium sulfate The use of sodum sulfate has some dxs'ad'
vantages due to the considerable temperature gradient of its safurauon
This obstacle may be overcome by the use of an equimalecular mixture of
sodium sulfate with sulfate, r ded by Halliburton (37)-
or by sodium sulfite. Amongst these various alternatives the authors preler
the separation by sodium slfite and the colorimetric biuret reaction 0ne
should be aware of the fact that in some of these separations the -globulia
stays in solution with the albumin ited

As will be shown further below, diagnosis often requires a more detﬂ} e
analysis of the proteins. For preparative purposes further separation into
subfractions may be achieved by the combined salt-alcohol preciptation
methods at low temperatures, developed in Edwin J Cohn's laboratory, o
by specific precipitation reactions worked out by the same school ‘The latter
methods permut the subfi of alb as well as globul

Zone electrophoresis—A general technique for protesns suitable
alytical ends is electrophoresss, particularly paper electrophoresis
boundary electrophorests consists in the application of an electnc ¢
a solution held in the shape of a column 1n a cylindncal tube, in prac
performance usually U-shaped The vanous species of solute migrate _«'tl vary-
ing speeds, which are a function of their electric charge For technical rea-

for an-
Moving
yrrent 0
ical
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sons, electrophoresis 1s carried out at low temperature near the point of
maximum density of water. The results of the original procedure of Tiselius,
referred to as *moving boundary electrophoresis,” may be rendered by sev-
eral methods They consist in ph hicall ding the boundaries or
refractive index gradients by means of schlieren-optical methods; these
lend themselves to the eventual plammetric evaluation of the amount of the
individual fractions. As these methods are too complex for routine diagnostic
purposes, we shall not dwell on them further.

Paper electrophoresis is much better suited for routine examinations as
the amount of protein required is much smaller and the technique less in-
volved. In paper electrophoresis the proteins do not migrate through free
solvent, but, as indicated by the name, along a strip of filter paper imbibed
with buffer These stnips may be placed etther in a horizontal position or
folded astride a horizontal glass rod in such 2 manner that they form an angle
of ca 20° with the vertical, In the latter method, a small volume of the pro-
temn solution is placed on the apex of the paper strip and migration towards
the positive and negative pole proceeds downwards Both limbs of the strip
dip into parallel troughs containing electrodes of stainless steel, platinum, or
carbon The horizontal strip method employs an analogous arrangement.,
Either system must be kept enclosed in a suitable chamber to avoid evapora-
uon of the solvent The chamber may be topped by a slanted roof to prevent
the dripping of condensed water and to induce 1t to drain down the sides of
theroof Same experimenters fill this chamber with an inert gas, the high heat
conductance of which helps to maintain the temperature constant [McDon-
ald (59); McDonald et al (60}]. In another modification the horizontal paper
strip 1s placed between two strips of glass or plastic {Kunkel (48)]

The D C. supplied to the electrodes is usually from 200 to 500 volts
and the amount from 0 1 to 30 milliamperes, depending on the width of
the paper strip Precautions necessary for work with high voltage should
be taken The emptrical selection of the characteristics of the current and
the details of dimension of the paper strip and of the sample will deter-
mine the speed and degree of separation and elimnate or reduce “trail-
ing.” To prevent changes of the pH on the paper strp by electrolytic phe-
nomena at the electrodes, the latter are separated from the ends of the paper
strsp by a series of baffles to lengthen the path of diffusion, or by walls with
perforations to minimize disturbances

In contrast to moving boundary electrophoresis, the much smaller
Quantities of protein used 1n paper electrophorests permit complete separa-
tion of the various protein fractions into zones—hence the alternative desig-
nation “zone electrophorests " To render them visible and evaluate them
quantitatively, the strips are dried and stained Bromophenol blue, while sat-
1sfactory with the elution method, 1s not recommended for photometry {both

to be discussed below) because of its mstability when exposed to the atmos-
phere. Amidoblack 10 B [Grassmann et a? (32)] and particularly Azocarmm
B [Pluckthun & Gotting (70)] are most suitable for staining. The strips may
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be heated to coagulate the stained protein and thus to fix it on the paper,
and treated with alcohol for the same purpose and also to wash out any ex-
cess dye. Naphthalene black [Flynn & de Mayo (25)), although a useful dye,
has the disadvantage that it cannot be completely washed out. The subse-
quent evaluation of the colored spots is based on the premise that equal
amounts of the various protein fractions combine with, or adsorb, the same
amount of dyc This assumption is a priori unhkely and was shown to bein-
correct in the case of Bromophenol blue, which gives a color deeper by 60 pet
cent with albumin than with gamma globulin; this effect 1s reported to be
ligible for Amidoblack. Different of a single protein fraction,
adsorbed on the same area of paper, will not necessarily react with propor-
tional amounts of dye or, at least, not follow Beer's Law [Crook efal s
This error is largest for the copious albumin fraction for which Crook ¢ al
apply a graphical correction of the photometric recording. The greater
chromogenicity of this protein, referred to above, may partly compensate
for this error For practical purposes, when the method is expected to yield
comparative values, and, in particular, to distinguish pathological deviations
from the normal pattern, one may be satisfied with the reproduability of the
results since the errors from these sources will be constant; but we shall do
well in keeping them in mind, especially when we wish to compare the values
with data obtained by other methods ual
the

The stained paper strips may be evaluated by cutting out the in.d.lvi
zones, extracting them with an ap solvent and coloti
resulting dye solutions {Cremer & Tiselius (14)]. Grassmann e o (3?)
d ibility of ph izing the paper directly, This 1
small area ©
be rendered
which

rated the p
usually done by measuring the transmission of light in a given
the strip. Most authors agree that the paper should previously
translucent by drenching 1t with mineral oil or bromonaphthalene,
approach the refractive index of paper and thus reduce its background 35
sorption. The absorption values at regular intervals along the path ?f electror
phoresis are then plotted on graph paper, yielding a curve which in Sener;
duplicates the electropherogram obtained by the moving boundary med'wh-
it shows the same peaks for the individual protein fractions, height and wndtd
indicating the quantity and umformity of each fraction, But en¢ shoul
never lose sight of the entirely different ongin and physical sigmficance of the
curves obtained by these two methods

‘The number of fractions, separable by moving boundary as weII' as by
zone electrophoresis, 1s limited. Both albumins and globulins comprice nu-
merous individual species of enzymes and other proteins with known f‘nd un-
known physiological functions, whose behavior 1n electrophoresis is over
shadowed by major components, Thus, a factor of uncertainty regarding the
absolute q itative luation of el h is results cannot yet b¢
eliminated This does not mpair the comparative value of results, but it
contrsbutes to the discrepancies between moving boundary and zone efectro

phoresis.
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Recently has been and is b
available, which replaces the manual recording of the absorption data by
scanning devices that automatically draw the absorption curve within a few
minutes. The apparatus devised by Latner (50), manufactured by the Ameri-
can Instrument Company, uses the reflected instead of the transmitted beam
of light. The relative merits of these alternatives and the selection of the
proper dimensions for the slit go beyond the scope of this discussion; they
have been ably treated by Crook ef al. (15)

The final step which converts the ical picture into is
carried out by planimetry of the area below each spike. The question of how
the overlap of the tails of adjacent peaks should be rigorously treated has
been discussed by Crook et al (15), Longsworth (55), and others. The simple
dropping of perpendicular lines from the bottom of the troughs of the curve
15 sufficiently aceurate for clinical purposes The Analytrol of the Special In-
strument Company automatizes this final step too by integrating the areas
below the curve., The resulting relative data may then be used in conjunction
with the separately determined, absolute total protein content to calculate
the absolute amounts of the individual serum protemn fractions

Various ab lities in serum el have been observed in
a number of pathological conditions [Longsworth ef al. (55); Stern & Reiner
(87); Sobotka (84)] In lupus erythematosus a decrease in the albumin oc-
curs, together with an increase of the ar and y-globulin fractions; the y-
globulm tends to revert to normal during administratton of cortisone and
ACTH, while the e-globulin 15 not affected by treatment [Reiner (71); Boas
& Reiner (8)]. In multiple myeloma a varety of abnormalities 1s found which
suggests classification of the cases in a-type, 8-type, y-type, and multiple
peaks type [Rewner & Stern (73)] Other typical deviattons appear in Hodg-
kin's disease [Rottino et al (75)], nephrosts, miections, and other diseases.
We had the opportunity to detect a very high A/G quotient in a child, 20
years ago, before electrophoresis had become available Subsequent checks
by electrophoresis indicated that the patient completely lacks the y-globulin
fraction which contains most of the antibodies [Stern & Rener (87)]. Sur-
prisingly enough, the girl has passed uneventfully through the usual number
of children’s diseases [Schick & Greenbaum (77)). This hypogammaglobuline-
mia syndrome has since been recognized 1n a number of cases

The g simpl and auwr of paper esis
ynll create 1n the forseeable future a bedy of pathological observations which
in therr turn promise to widen the field of application of this technique 1n
chnical medscine,

L

pop: —Paper elect: has a further advantage over mov-
ing boundary electrophorests in clintcal chemustry, as it enables one to
determine quantitatively the lipoid portions of the several serum proteins
BY'running a second paper strip parallel to the first one, but by drying and
stan:ung 1t with a lipophilic dye, one obtamns 2 graph of the protein-bound
lipoid which may be correlated, spot for spot, with strips stained for protein.
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be heated to coagulate the staired protein and thus to fix it on the papes,
and treated with alcohol for the same purpose and also to wash out any ex-
cess dye. Naphthalene black (Flynn & de Mayo (25)], although a useful dye,
has the disadvantage that it cannot be completely washed out, The subse-
quent evaluation of the calored spots is based on the premise that egual
amounts of the various protein fractions combine with, er adsorb, the same
amount of dye. This assumption is a priori unlikely and was shown ta bern-
correct in the case of Bromophenol blue, which gives a colos deeper by 60 pes
cent with afbumin than with gamma globuhin, this effect is reported to be
ligible for Amidoblack, Different of a single protein fraction,
adsorbed on the same area of paper, will not necessarily react with propor-
tional amounts of dye or, at feast, not follow Beer's Law [Crook ef ol {19}
This error is largest for the copious albumin fraction for which Crook ¢t o
apply a graphical correction of the photometric recording, The greater
chromogenicity of this protein, referred to above, may partly compensate
for this esvor, For practical purposes, when the method is expected to 3t
comparative values, and, in partiwular, to distinguish pathologscal deviations
from the normal pattern, one may be satisfied with the reproducibility of the
resufts since the errors fram these sources will be constant; but weshall do
well in keeping them 1 mind, especially when we wish to compate the values
with data obtamed by other methods. P
The stained paper strips may be evaluated by cutting out the ,rtdf‘;dua
zones, extracting them with an appi solvent and colat: the
resulting dye solutions {Cremer & Tuseltus (14)] Grassmann ¢ al ‘(32)
d ated the possibibity of ph rinng the paper directly. This ﬂf
usually done by measuniag the transmission of light in a given smalt afea(;
the strip Most authors agree that the paper should previously be rendt{eh
translucent by drenching 1t with mineral ofl or bromenaphthalene, nhx;
approach the refractive index of paper and thus reduce its backgronnd
sorption. The absorption values at regular intervals along the path ?f e(ectm;
phoresis are then plotted on graph paper, yielding a curve which in geners!

. 5 dary methad,
the el h by the moving boundasy TS

shoutd
the

g
it shows the same peaks for the mdividual protein fractions, height an
indicating the quantity and uniformuty of each fraction Hat one
never lose sight of the entirely different ongin and physical significance of
curves obtamed by these two methods.

The number of fractions, separable by moving boundary a b
zome electrophoresis, 1s linuted Both alburmins and globuling cowprise
merous individual species of enzymes and other protems with knovt'n and un
known physiofogecal functions, whose behaviar i electraphoresis 1 over
shadowed by major components Thus, a factor of uncertamnty regarding ‘)‘:

beolute q 1 of electroph results cannot yet D
climmated This does not impawe the comparative value of results, but it
contnbutes to the discrepancies bets een moving bosndary and zose electso-

phoresss

s well as by
-
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is unlikely, as its position is nearer to the 8-globulin, whereas fibrinogen ap-
proaches the v-fraction

Quantitatively more important appears to be the fraction X (or V),
travelling faster than albumin and amounting to 3 to 17 per cent of the total
protein It may be a i ing a polysacchand
[Bauer et al (4)]. This point awaits further investigation along the lines indi-
cated by Levin & Ludwig (52), who have studied the paper electrophoresis
of mucoproteins in synovial fluid and umbilical cord An ultrafast fraction,
X [Hoch & Chanutin {40)], has been separated in a few instances from frac-
tion X; it may be correlated with convulsive states in the patient.

Crotce aNp Ecoxouy oF METRODS

The usefulness of the Clinical Chemistry Laboratory depends on the judi-
cious choice of the items requested by the physictans According to the pres-
ent state of know ledge the amount of information obtainable from the chemi-
callaboratory varies widely amongst the various branches of medicine As the
liver may well be compared to a chemical factory, no wonder that chemical
tests for hepatic disease play a prominent part 1a blood chemistry. The items
on Government hospitals’ request slips are actually grouped as “Urine,”
“Blood Chemistry,” “Liver Function Tests " The indiscriminate perform-
ance of the latter as symbolized by the expression “Battery of Liver Tests”
involves much unnecessary duplication. Some of these tests are indicative of
regurgitation of bile mto the blood stream (total cholesterol, bilirubin or
icterus index, phosph ), the choll i ester d i the
esterifying function of the liver The galactose tolerance test was found par-
ticularly sensitive to a dysfunction in arsenical and other tovic hepatitides.
The crease of amino acid nitrogen in the serum at the expense of urea and
the excessive excretion of tyrosine and other amino acids in the urine are
indicative of a severe disruption of the deaminzing mechanism. Relatively
small increases of urea, coupled with severe azotemic symptoms, should be

1 d with a serum inine d ination, which will give 2 more
correct picture of the degree of uremia These conditions will be observed in
severe simuttaneous hepatic and renal disease, also 1 cases of potsoning The
majority of “Hiver tests” are “globulin stability tests” Differential signifi-
cance has been attributed to the discrepancies between the thymol turbidity
test and the cephalin 1 test [Reinhold (74)], especially the Welt-
mann test enjoys great and i ity in Europe [W &
Wunderly (98)], In general all these tests mdicate abnosmalities in the serum
globulin fractions One may expect electrophoresis, if carried out serially, to
furnish a scientific rationale for the outcome of these tests and possibly to
supplant them altogether

We favor the concept that hepatic and renal disease express themselves
by alteration of the globulin picture as far as blood proteins are concerned
There are other groups of disease, less circumscnibed, which affect primarily
the serum albumin the malignancies, the rheumatic diseases, and the febnile
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The heaviest Yipoid spots are found at the same distances as the a- and f-
globulins and some at the position of the albumin. In the interpretation of
these results one presupposes {a) that the various Lipoids have the same stam-
ing power, and (8) that the ipoprotein complexes da not dissociate duting
electrophoresis. Neither assumption is correct and thus the results obtasmed
are subject to similar criticisms as the protein results There ase also some
non-protesn-bound hipcids either originally {ree or liberated in the process
which, because of their clectraneutrahty, stay at the point where the serust
was oniginally applied to the paper.

The relative amounts of lipoid, associated with thea- and the f-fraction,
vary from enc speaies to another. The repeated feeding of cholesterel in-
creases the g-hipogtobulms and thus lowers the o/8-lipoglobulin quotieat It
is the B-fraction which 15 enhanced is the hipemias of diabetes, nephrosis, 20d
in particutar atherosclerosis Its determination may serve as & chn} for
therapy and as a measure for experimental regimens ‘such as the administrs-
tion of cortisone, ACTH, hyaluronidase, and heparia [Adlersberg ¢ od, (851

Electrophoresss of cerebrospinal find —~The total protein content of not-
smat cerebrosprmal fluid is ca. 30 mg /108 mi This is 1/200 to 17300 that of
serum and sts relative distribution amongst atbumin, au-, ar 8- and y-glabt-
tin paratlels in general that of serum so closely as to confirm ¢that CSF {eere
b inat fluid) 1s a physiofogical of serum, Oaly in those patho-
logical condtions, \where the protem content of CSF is essentially rassed, has
it been possible to analyze 1t by moving boundary efectrophorests The more
recent tor of microet b hods has made pcssnble.!}\e‘
electrophoresis of the protesn from practically avattable volumes of spina
fluid 1n every case Most electrophoretic imestigations of C5F lme'bm
done in Germany and Sweden Some of them were carsied out with the mt:-
ferometric electrophores:s method, but most of the work was perrormed y
paper clectrophoresis "

"FThe protes patterns af CSF in seurclogical conditions, where they wov
be d to show signi seviations from normal, may be £ro¥ as
follows (a) [n a great many conditions the findings remain nosmal, (3} 10
infectinus disease, particularty 1n memngitis of vanous etiotogy, the products
of tovie bacterial metabalistn become promnent, {c} in demyehnatttg dhsease
such as multiple scl and 1 yphilis, protesn fractions of neumzef“;
origin may be expected toncrease [Wallensus (95)} The y-globuhs was Iﬂu:)(
increased in the cerebrospinal fimd multiple sclerosis {Valk 2 al.(9h‘
yabr ezl (99)] Whether the simultaneous increase of this fraction It ‘h’
bload serum is secondary and due to permeation from the CSF fnto the
serum, remains undeaded

Two protein fractions of unesplored origim and sigmificance have be!
tocted fn CSF by electrophoresis {Kabat eval (43), Fisk ¢f al (24)fand 527
to occur in every normal CSF The one, designated “7*" makesits appearafc®
between the 8- and Y-globulm peaks It comprises 2 few per cent only of the
total proteins, 1ts dentity with the bnmogen (“¢") of the blood plasma

en de-
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out by chemists. Moreover, the taking, preservation, and transportation of
blood samples is also of importance for pathological chemistry in the strict
sense, wh a more letely ipped lab v has to perform tests
on material obtained from a smaller institution or from a distant location

To estimate and to evaluate the amount of work done, or to be done, 1n a
laboratory, it is necessary to survey the quantity and nature of the labor
involved in individual tests. A mere enumeration of requests by sample or by
item will give most misleading results and lead to invalid comparisons Each
test may be classified ding to (¢) duration until d, (b) amount
of labor, (¢} for serial perf; , and (d) technical difficulty.

(a) The duration of a test from the receipt of the specimen to the render-
ing of the result is of particular importance in cases of emergency. The rapid
determination of blood sugar in suspected hypogly cemia, of calcium ia con-
vulsive states, of sodium and ium during i infusi are
casesin point Since large deviations from normal values may occur in these
instances, rapidity will be the foremost guiding principle in selection of
the method Itis of course desirable to use the same method for emergencies
and for the general routine The use of rapid methods in daily routine will
make it possible to render reports the same day that the specimens have been
obtained Since the blood is usually obtained before breakfast, the analysis
may be finished in time to report for the evening rounds. The practice of un-
derstaffed hospitals to “do blood chemistries” every other day enly should
be discouraged

(8) Attending and resident staff should be made aware of the amount of
tabor 1nvolved in individual tests compared to their relative diagnostic sig-
nificance The determination of the albumin/globulin quotient or a detailed
protein analysis by paper electrophoresis require a multiple amount of labor
in comparison to a total protein determination, the latter may be sufficient
for the repeated checkups in hypoproteinema, once the albumin/globulin
ratio or protein distnbution have become known Or some of the simpler
globulim stability tests will offer as much information on the clinical progress
of hepatic disease as 2 laborious serum phosphatase test or a difficult and ex-
pensive cholesterol ester analysis -

(c} Any test that may be performed serially will save much time and
labor Assume a test consists of the successive operations , 1, 0, p, and g
Assume n is a centnfuge run and p a heating period on the steam bath. These
steps may be carried out simultaneously for dozens of specimens, relieving
the techmean during the mtervening time for other tests. Obviously, the
test on a single specrmen will take for completion almost as much time and
disproportionally more labor than a series The determmations of sugar by
l}:e Folis-Wu method, of urea by urease, and of cholesterol by the Bloor-
Knudson method, fall 1nto this group, where the greatest part of the time is
taken up by operations which require Lttle supervision and may be
“bunched " One may add to this group the flamephotometric determination
of sodtum and potassium, where present day equipment requires a “‘warm-
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infections, also pregnancy. Because of the more lirmited knowledge in this
field some “albumin stability tests'* have been mistaken for cancer tests
We take a dim view of their usefulness. If tested on a population consisting
of normat and of cancer patients, they often wil yield promising sesults
While they offer no sharp differentiation, they will (a) erther take in all the
malignant cases Plus 2 number of “false positives,” if small deviations from
normal are considered, (5) or, if more rigorously interpreted, they will show
up malignancies, but miss 3 eertain proportion of “false negatives * But if
tested on non-selected material they will fail, exactly where a differentisl
diagnosis of cancer is most needed [Sobotka 833

Among these tests wo should like to mention the heat coagulation test as
developed by Glass {28}, who soon recognized that the test was a measuse
for “severity of disease, A test proposed by Harkness (38) feads to a coefi-
cient which is a function of the aIbumiu/globulin/ﬁbrinogen ratio This coef-
ficient, while of no particular iagnostic value, is fikewise a good prograstic
indicator for the severity of the disease. Experimental work on seram afbu-
min in health and disease, on 1ts affimty for certain dyes [Westphal & Gedigh
{96)] and its content of, and saturation wath, fatty acids [Sher & Sobotka
(81): Adlersberg of al (85)} will possibly ltead to useful developments.

Score AND Funcrion o THE CLINICAL CREMISTRY LABORATORY

The great majority of Clinical Chemistry Laboratories are operating
within the framewark of hospieal or as ind 1ab i to serie
the individual practitioner Hosprtals for chrome disease such as geﬂafﬂ‘;
and mental disease and tuberculosis institutions will require fewer chemical
analyses per bed than Hhospitals for acute disease h
The great merease dunng the recent past in service, rendered by the
chemical faboratory in diagnosis, management, and control of therapeutic
measures, makes it imperative for any large hosprtal to place ats chemstsy
Iaboratory under the supervision of 2 qualified chemist, preferably on t}"l'
doctorate level who is also a diplomate of the American Board of Chn.xu
Chemistry This board strives for the same high standards as the Vﬁ“:&"
National Boards for medical specralties Any hosprtal of over X(}O.b 3
should have technicians specralizing n chemustry at a rate of one technican
for every 75 or at most 100 beds {¢f Keller (44)} resand
A few large routine laboratories are operated by insurance companies an
big industnal corporations for evaluating the health of applicaats and for a’;l'
nual checkups on large groups of essentially healthy employees They ‘”d
limit themselves to refatively few stems and will select methods which fen g
themselves to seral analysis The choice of technique wall be influenced by
special situations the blood may have to be obtamned by capdlary, puncture
in the field, a small volume of blood may have to be protected against deh};
dration and preserved for transmission by mail \Whie these problems an
therr correlation with fogous, 1 probl mh fogy an
radiology ase the concern of Public Health, the techmiques have to be worked
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ing-up period” of one-half hour regardless of the number of specimens to be
anatyzed. On the other hand, the determination of carbon diaxide or ovygen
in the Van Slyke apparatus requires the undivided attention of an operator
throughout every single run. Other d inati e.g. phosph or
keto-steroids, fall betneen these extremes

New analytical problems are created by the progress of dlinfeal medicine
which brings new blood constitvents to the fore. Moreover, the desice 10
reduce the required blood volumes increases the demand for technicat mesicu-
lousniess. While these trends appesr to be retarding factors in 3 technical
sense, improy in technique and app as well as development of
new analytical principles should be directed towards serialization Beﬁde's
their economic value, serial determinations facilitate checking of the techai-
cal personnel by the frequent running of duplicates and of specimens with
known amounts.

Recent Books

A number of treatises which have appeased since 1052 l_'!a\e‘been -
cluded in the bibliography Varley (93) covers clinical iochemistry ina well
organized book, which leaves the choice of several methods fo the op.erat:r
and supphes valuable interpretations, Stenart & Dunlop (88) emphasize the
clinician’s viewpoint The first volume of a series “Standard Methofk'c:l
Clinical Chemistry,” published by the Amercan Association of Clm]x‘ v
Chemists (2), describes selected methods which have been counteschecke
in at least two faboratories. Abelin (1) describes special methads of recz’“
vintage; Hilter (39) gives a well-batanced selection of meth?ds A fev_';! ;C
tailed monographic chapters on subjects of dlinico-chemical interest B f
found in the first volume of Methads of Brochewncal fnalysis (29). The too

iy 3]
proteins form the subject of 3 monograph by Wahrmann & Wanderly 69
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ANTIHYPERTENSIVE DRUGS!
By F. HORACE SMIRE
Department of Medicine, Olago Untoersity Medical School, Dunedin, New Zealand

d ) Lo

While low calorte diets, salt of mental or
physical strain and sedation continue to be preferred for mild cases of hyper-
tension, there are indications that, even for the early cases, newer drugs and
combinations of drugs may come to be used 1n the hope of postponing de-
terioration.

There stilt remain differences of optnion about the importance of reducing
the blood pressure in hypertensive diseases. Some hesitate, for they regard
high blood pressure as a compensatory process by which tissue nutrition is
secured in the presence of contracted blood vessels Perhaps the view most
widely held today is that blood pressure reduction is desirable, but that to
take this far 1s to render the patient more susceptible to cerebral accidents
and to coronary d 3 and , with the sut at present
available, to risk toxicity or to render the patient uncomfortable by side
effects The clinical improvements which have followed effective hypotensive
therapy do not support the view that high blood pressure serves ordinarily
as a compensatory process; but occasionally reduction of the blood pressure
to normal causes symptoms of cerebral or coronary ischemia which, however,
may be dispersed 1n a few minutes by re-elevation of the blood pressure level.

There is evidence that high blood pressure and the associated vasocon-
striction, once they have reached a sufficient degree and lasted long enough,
become intermediate causes responsible for the climcal manifestations which
are associated with all hypertensive diseases (1).

In such diseases as nephritis, Cushing’s syndrome, aortic coarctation,

heoch toma, pyel hritis, and toxemua, the primary
pathology may give rise, not only to a raised blood pressure, but also to
chnseal fe fons which are ch istic of the pnimary disorders In
essential hypertension, however, the primary pathologies do not, apparentty,
give rise to easily izable clinical i apart from the hyper-
tenston, It is as though the primary pathologies responsible for essential
hypertension are quite innocuous except 1n so far as they elevate the blood
Pressure. While hypertenston 1s a physical sign of a number of distinct dis-
orders, 1t is also a cause, an intermediate but essential step tn the develop-
ment of sy logy, of objective clinical manif and of certain
Paﬁ.hblogical changes It ts consistent with such a hypothests to reduce and
maintain the blood pressure as near to normal as is practicable with the ob-
Jects of preventing further pathology and allowing recovery from reversible
ma.mfestau'ons secondary to the raised blood pressure There is now strong
evidence that the use of hypotensive drugs, if maintained in such a way as to

* The survey of literature pertaining to this review was completed in May, 1954.
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secure a sufficient degree of blood pressure reduction for a sufficient part of
the 24-hour day, teads 10 a coasiderable amelioration, often to the disap-
pearance, of the varions reversible elinical manifestations which we describe
as hypertensive, This disappearance does not depend upon the nature of the
original pathological process which led to the high blood pressure, nor to an
important extent upon the means used to reduce the blood pressure so long
as, in the particylar patient concerned, they are effective The improvement
in hypertensive manifestations oceurs equally in essentiaf hyperteasion, post
pregnancy torxemia hypertension, in the hypertension of Cushing's syndeome,
in nephritis of various kinds, and in the hypertension associated with renal
infections, stone, ete

The elinical conditions which may arise as the result of high blood pressure
are: headache, tlack , giddiness, breathl cardiac asthma, general
congestive faiture, papilledema, retinal edemna, soft and hard retinal exa-
dates, retinal hemorrhages, changes in retinal arteries, angina, encephxﬂ?‘
pathic attacks, and increased susceptibifity to major cerebral accidents Itis
usually possible before uadertaking treatment to mdicate which manifesta-
tions are almost certainly hypertensive, and to paint to those which are
likely to be relieved by lowering the blood pressure For example, with con-
gestive heart failure, if the patient 1s over 70 and has only moderate hypes-
tension benefit 1 uncertain; but if the patient is comparatively young and
the blood pressure very high, it is nsuat for the patient’s activity to be re-
stored by blood pressure reduction without recourse to digitalis or other
measures.

This review is concerned printipalty with drugs suitable in clinteal prac-
tice for inducing substantial blood pressure reductions, Hence thers is em~
phasis on methontum ds and on the b of
salts and rauwotfia alkafoids

Trrocyavares

It is generally recognized that the hypotenstve action of thiocyanates is
inconstant and associated with toxic effects such as yoint pans, hYPG(h}"“’d'
ism, skin rashes, and toxic psychosts In some instances small falls m'thE
basal blood pressure aceur [Alstad (2)} Subjective impravemeﬂts.(l‘”"f"’
larly of headache, have been reported Hoobler & Dantas (3), in their review
of drug treatments in hypertension, indicate that thiocyanates have proved
only a little bettes than placebos The drug has now been superseded

DinENaMINg Anp Dipexzviine .

Dib, (N,N-dibenzyl-8.chi oethylamine hydrochlonde) and di-
benzyline (N~phenovynsupmp3l~\'»benz)Ivﬁ-chlurcethylamine hydra:h.h-
ride) are peripherat adrenolytic and sympatholytic substances Dsbenamine
is altogether too toxic for d admunistrats b ine has found
usefu! clinical employ ment 1n antagonizing blood pressure crises in panenss
with pheochromatytoma [Alien ef of (4)} The blood pressure falls from this
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substance, given orally, do not occur in all hypertensive patients, nor are
they always of substantial degree [Bakke & Williams (5); Moser ¢t al. (6)]
Qur 1mpression has been that the substance is too inconstant in action to be
of value in the routine treatment of hypertension

VERATRUM ALKALOIDS

The veratrum alkaloids are potent hypotensive agents [Doyle & Smirk
(7), Goldman & Frierson (8); Meilman & Krayer (9); Stearns & Ellis (10)},
reducing the blood pressure even of severe hypertensives to normal or to
hypotensive levels, largely irrespective of the primary cause. The fall of
bleod pressure is associated with bradycardia Unfortunately hypotensive
doses 1nduce toxic effects, mainly vomiting, with great frequency

As the result of animal experiments, vomiting has been ascribed to a di-
rect effect on vomiting centers [Marsh, Herring & Howard (11); Swiss (12)]
This site of action is opposed by Borison & Fairbanks (13) who found, even
1n chronic experiments, that interruption of the vagus nerve above the nodose
ganglion prevented veratrum emesis of cats The results of Swiss (12) are of
chinrcal interest In dogs he studied the relationship between the hypotensive
and emetic doses of many pure derivatives and mixed alkaloidal preparations
of veratrum Equally hypotensive doses were equally likely to produce
emests, irrespective of the preparation or derivative. This.is a discouraging
result A new derivative with a wider gap between the hypotenstve and the
emetic dose may yet be found, but the expectation of success seems now to
be smaller, More new veratrum derivatives are possible, for there is an
amorphous materral from plant sources which is hypotensive and contains
unidentified substances Synthetic derivatives may be made by forming new
esters without interfering much with the basic steroid structure of the sub-
stances Such synthetic bodies as have been prepared, mainly from inactive
alkaloids, have not as yet exhibited useful properties,

The chief toxic manifestations 11 man are nausea, vomiting, retrosternal
discomfort, salivation, general misery, tingling, and paresthetic sensations
514) Except for the last two manifestations there is less toxicity by the
Intravenous than by the oral route for equal hypotensive action. Sometimes
with protoveratrine, in addition to bradycardia, there may be premature
systoles and onr occasion other arrhythmias [Meilman & Krayer (9, 15)].
Elek, McNair & Grffith (16), using veratrone, observed partial and complete
heart block Desprte the dramatic and alarming character of the toxic symp-
toms, death is said to be of great rarity When, however, digitalis and
Vveratrum preparations have been used concurrently death has occurred in
association with a Stokes-Adams syndrome (10) Hoobler and co-workers
(17)_ find protoveratrine rather less toxic than mixed alkaloid preparations in
equi-hypotensive doses, but meticulous dosage control is still required.
Furt_hermore. the gap between the hypotensive and toxic doses narrows with
continued ad n of veratrum alkaloids [Doyle & Smirk (7); Mills
& Moyer (18), Smirk & Chapman (14}, Wilkins (19)] Using neogermitrine
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we were unable to maintain large blood pressure falls either orally or by in-
jection because of prohibitive toxicity (7); but small falls of blood presstire
such as 30/18 might have been maintained.

‘There appear to be no striking differences in the therapeutic efficiency of
atkavervir (Veriloid), Anatensol, Vertavis or ptre neogermitrine or proto-
veratrine All agree that they are among the most powerful hypotensive and
emetic substances known. In most patients, however, the hypotensive
activity of subemetic doses is initially of modest degree and in the course of
several months falls off until, in many patients, the action is little more than
that of a placebo At first about one in five of our patients looked as though
they would mai a good fall indefinitely, but within two years most of
them gave up. We feel protoveratrine has a very slight advantage over other
veratrum products

ERGOT ALKALOIDS

The dihydrogenated ergot alkaloids, dihydroergocornine, dihydroergo-
cristine, and dihydroergokryptine, and a mixture of them (Hydergine), have
been widely used in Europe as hypotensive agents [Hadorn (20); Kappert
(21); Odenthal (22); Schimert & Zickgraf (23)]. Many authors [Belle e al.
(24); Bechgaard & Paulsen (25); Gibbs (26); Sutton et al. (27)) have beea
unimpressed by the magnitude of the blood pressure falls induced by these
substances.

Konzett & Rothlin (28) have done much to clarify further the complex
action of the dihydr { ergot alkaloids. The alkaloids stimulate di-
rectly the plain muscle of blood vessels but, in the whole animal, this action
is overcome by a combination of two effects The less important effect {5 2
sy mpatholytic-adrenclytic action at sympathetic endings and the more im-
portant an inlbition of nervous centres also leading to decrease of s}’mvd'
thetic vascular tone. The latter action is largely medullary for, while it pec
sists after decerebration, 1t 1s abolished in the spial animal

Blood pressure reduction in man may follow oral administration,
jections are more effective [Bello et al (24), Bluntschli & Goetz (29)] 1t has
been stated that drug toleration develops [Moister ef al. (30)] The blood
pressure fall is greater m essential than in renal hypertension [Lasch 3]
and 1s more conspieuous from high than from low instial levels [Kappert 0l
With large doses given parenterally postural faintness may occur
associates (32)) .

The impression 1s that dihydrogenated ergot alkaloids, in the doses ordi-
narily employed, do not often maintain adequate blood pressure falls and
should not be relied upon in severe hypertension

but in-

[Freis and

1-HYDRAZINOPETHAALAZINE
In animal experiments 1-hydrazinophthalazine exhibits a number of dt_'"f
actions which could explain its hypotensive effect, but it is uncertain whic
actions determine the fall of blood pressure in hypertensive patients Taylon
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Page & Corcoran (33) report that 1-hydrazinophthalazine neutralizes the
action of a pressor substance which is released from the central nervous sys-
tem when the central end of the cut vagus nerve is stimulated. Schroeder (34)
suggests that 1t may act in hypertension by abolishing the action of pheren-
tasin (which he states is the only pressor substance consistently found in
hypertensive blood) and i in. P y some other hanism ac-
counts for its action 1n normotension. A direct action on the central nervous
system has been held responsible for the blood pressure fall by Craver and
associates (35, 36). A partial adrenolytic action has been suggested on the
ai heil

basis of smaller to of h ad of pheil
after 1-hydrazinophthalazine has been given {Freis & Finnerty (37); Walker
et al. (38)). Others point to the hi: inic effects of 1-hydrazinophthalazi

apparently the result of its capacity to antagonize histaminase {Meier et al.
(39)]. The strong histamine-like reactions which occur in patients after in-
jected or oral 1-hydrazinophth are 1 by the admini i
of antihi; inic sub {Haflk hiel & Lindauer (40); Schroeder (41);
Taylor et al (42)], and the depressor action is also diminished (43).

Blood pressure falls after 1ntravenous tnjections begin tn approximately
10 min (37); after oral administration 1n 20 to 30 min (44). To decrease side
effects it has been recommended that the dose given should be mcreased
gradually [Johnson, Freis & Schnaper (44), Wald, Fierro & Keeton (45)] It
is claimed that with repeated admnustration side effects grow less (40, 42).
In our experi using 1-hydrazinophthalazine alone in an end to
secure blood pressure falls to near normal, patients were made most misera-
ble, and we found, as others have done, that patients on this drug were un-
able to persist with the admimstration of the substance

METHONIUM SALTS

Of the many methonium salts which have now been synthesized and
tested ph , tho ds are of practical :mportance The
use of hexamethonium in the treatment of high blood pressure was described
by Restall & Smirk (46) Pentapyrrohdinium, which has been used more
recently for the same purpose [Smirk (47, 48), Maxwell & Campbell (49)], is
clearly the better drug and likely to displace hexamethonium.

The methonium compounds have the great advantage that in upright
Postures the blood pressure can be safely reduced to normotensive levels or
below in about 98 per cent of hypertenstve subjects Because they induce
Ppostural hypotension, however, the dose is critical and close supervision
fmust be marntamed. Postural hypotension and the occurrence of side effects
attnbutable to parasympathetic blockade are the main disadvantages of
fhfse drugs since, as many authors are now agreed, the object of treatment is

e (51), Smirk &

5 ‘ “hou & de Elio
\*%) and of Paton & Zaimis (55, 56) showed that methonium halides blockade
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autonomic ganglia. Studies on the peripheral circulation and blood pressure
in normal and hypertensive individuals were made by Arnrold & Rosesheim
(57), who demonstrated that the blood pressure fell in the lying posture, but
toa greater extent when the patient was standing The application of positive
pressure to the external body surface counteracts this fall (58). Anincreasein
the toe blood flow was observed plethysmographically [Arnold, Goetz &
Rosenheim (59)], and Burt & Graham (60) found the increase in skin tem-
perature was greater in the lower than in the upper limbs, The venous
pressure also faffs {Kelley, Freis & Higgins (61); Restall & Smirk (46)]
After hexamethonium the blood pressure falls are much increased and
may be varied at will by the application of negative pressure to the external
body surface below nipple level {Restall & Smirk (58)] Saunders (62) found
thay, after small doses of h honinm, the application of an adjustabl
negative pressure to the legs makes it practicable to maintain and control

hypotension, The procedure greatly lessens bleeding in neurosurgical opera-
: e * - =8-and as cmnn g tha naoative pressure

- mpathetic ce-

flexes are less active. For example, the rises of blood pressure foflowing the
Valsalva experiment and after rapid tilt back from the vertical to the honr-
zontal posture are lost, and there is a decrease in the reaction to the ¢old
pressar test.

Pentapyrrolidininm —Pentapyrrolidinium  resembles a
closely, but has a longer period of action and has at least five times .lhe ac-
tivity of hexamethonium in animals [Wien & Mason (65, 66}] and in m;ﬂ
{Freis (50); Frets et ol (67); Maxwell & Campbell (49); Smick (47, 48)], ¢ i
exact relationship depending on the degree of drug tolerance am'i the m'ultv
administration. Its claim to iority over he: fhonium is that it can
be given successfully by mouth in almost all patients dom

General remarks on the applied pharmacology of methonium compounes .
Postural hypotension occurs after giving methonium salts, the b}oﬂd ll’,':k
sure fall being greatest when the patient is standing and comparatively it .
fall occurs in the lying posture with the doses which are safe for raml]’:e
treatment. This explains why it {s essentral in methonium trcatmez:r 10 mzs).
use of posture in order to enhance the falls of blood pressure {Kuhn (GA;
McMichael (51), Restall & Smirk (46); Rosenheim (69), Smirk (48, 70)) g
night the patient should sit, as in a cardiac bed, or firmly propped up a;. h
degrees by pillows or with the head of the bed raised an blocks 16 in hig!
(46 521.

hexamethonium

: . ke
first, later twice weekly 1n conlormity with a scheme Wil tusw

maintenance of blood pressure rednction (48, 70)
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With the methonium compounds available at present the dose is critical
[Hayden (72, 75), Mackey & Shaw (76); Snurk (77); Smirk & Alstad (52)]
Ten per cent above the correct dose is likely to cause postural faintness, and
10 per cent too little an inadequate fall of blood pressure, This involves a
much greater degree of accuracy than is customary with dosage schemes, and
for parenteral use tuberculin syringes graduated n 0.01 m! are necessary for
the best results [Hayden (72); Smirk (70)].

Turner (78), who used hexamethonium orally, found the results rather
unsatisfactory. Subsequent work has confirmed that, with hexamethontum
salts, the effects obtained depend to an important extent on the details of
the régime used, including the route of i 8

he route of i for hexamethonium is now pre-
ferred by many authors [Doyle (79); Freis (80}; Kilpatrick & Smirk (81);
McMichael (§1); Morrison (82); Restall & Smirk (46); Rosenheim (69);
Smirk & Alstad (52)]. A “retard” preparation may be used in which 10 or
20 per cent hexamethonium bromide 1s dissolved in polyvinyl pyrrolidone
20 per cent, to which 1 in 2000 to 1 in 200 ephedrine hydrochloride has been
added (83),

Given orally, hexamethonium bromide 1s probably absorbed better than
the bitartrate [Harmgton (84)], but 1t should not be employed because of the
risk of bromism [Holt & Litchfield (85), Locket et al (86), Rosenheim (87)].
With equal doses of hexamethonium ion the chloride had a slightly stronger
effect than the bitartrate [Doyle (88)] Unfortunately, after drug toleration
has developed, oral use of the bromide, the bitartrate or the chloride often
fails to maintain adequate blood pressure falls except with prohibitive toxic
reactions Failure to maintain adequate control over blood pressure levels
was observed in 75 per cent of our patients on oral hexamethonium (81).

In the majority of patients oral hexamethonium should be replaced by
oral pentapy dinium which usually to be well tolerated orally,
even after drug toleration has developed. Dosage, however, is critical It is
necessary, for example, to employ two sizes of tablets, convement dosage
forms being 2 200 mg tablet and a flat 40 mg tablet divisible into four parts,
or 20 mg divisible into two parts The larger size tablets should not be di-
vided as this involves too much dosage inaccuracy In order to obtain re-
producible effects the dose should be given at a regular interval of half an
hour before meals

. Pentapyrrolidinium may be given by injection, a most useful preparation
being a 5 per cent solution dissolved 1n 20 per cent polyvinyl pyrrolidone in
which 0.5 per cent ephed hydrochlonide has been to delay ab-
sorption further (48, 70) Parenteral admunistration is employed in the few
cases where alimentary side effects such as constipation, diarrhea, or great
Baseous distenston do not improve with continued admimstration The
Parenteral route should be used in severe hypertensive heart failure or ma-
lignant hypertension where the blood pressure must be controlled rapidly
As 2 rule it is desirable with twice-daily dosage at 12-hour intervals to ad-
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minister a small oral supplementary dose about midday, which usually can
be done without alimentary trouble even in the few patients who have had
to transfer to parenteral administration.

Initial doses of methoninum preparations and the increments by whick they
may be raised —The initial doses of various drugs and preparations used
should be small, and it is best to raise the dose frequently by small incre-
ments. A suitable scheme is set out in Table I. For patients over 70 the imtial
doses and increments in the table should be divided by three, In patients with
severe salt restriction or who have had a sympathectomy the doses should be
divided by two

TABLE 1
INrTIAL DOSES AND DOSAGE INCREMENTS OF METHONIUM COMPOUNDS

Dose may be
Imtial dose raised by d’:&":;:f:ﬂd
tme) increments of ’(m s Avenage
(mg} o duration
siguicant
Ay As As action
As | meth. As meth- As | meth. [ (hour)
sl | omum | salt onmm | salt | onwm
1on on 1on
Pentapyrroldimum hitartrate
oral 20 89 20 89 1400 | 623 8124
Pentapyrrotidinium bitartrate
“retard” subcutaneous 3 13¢f0s-15 {02206 | 1o 23| s124
Hexametbonium bromide
*“retard" subcutaneous 20 | 112 510 |28-5¢ |1200] 672 35
Hezamethomum bromide sim-
pleaqueous subcutancous 15 Ext 5 28 1200 | 672 23
Hexamethonum ehloride sm- e
ple aqueous subcutaneous 12 88 4 29 bt
Hexamethonjum bitartrate
oral 187 | 761 187 761 | 9000 | 3663 24
Hexamethonum chlonde oral | 125 | 92 § 125 925 — -4

The dose is increased daly until there 1s an adequate effect, as judged by

3 to 6-hour control tests or by the presence of mild hypotensive symptoms %
the standing posture Alternatively, when the patient is under observation in
hospital, an increment may be added to each dose administered until 2
definite effect is obtained, this will usually mean three increments daily with
nium and two increments daily with the slow-acting or oral prepa-
timme ealA s son Ttk aal Ancan o crnnlamantary dnse may be
tisto

’ « that

hexametho
- B

level which leads to mild yet unequivocal hypotensive symptoms in the
standing posture Exceptionally the final dose, when drug toleration has bees
established, may be 20 or 30 times the recommended starting dose

Means used to discover and control the trough blood pressure {standing) —
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Blood pressures taken in the standing and sitting postures at 30-minute
intervals throughout the day provide the best check on the effect of a régime,
and by small dose adjustments the blood pressure (standing) in the trough
of the blood pressure fall can be brought down to the region of 120 systolic,
with a diastolic often in the region of 90.

Casual blood pressures taken at outpatient visits are most deceptive
[Alam & Smirk (89); Ayman & Goldshine (90); Frets (50); Smirk (48, 70)]
During hypotensive treatment with methonium salts the blood pressure is
ordinanly very labile, and patients whose blood pressures fall even to hypo-
tension at home or during special clinic tests may exhibit intermediate or
even high levels at a busy outpatient clinic (50, 70). From the level of such
casual blood pressures one cannot decide readily whether dosage tncreases
should be adxised. The response of the blood pressure to a dose may be de-
termined by tests of several hours’ duration in hospital (69, 91) or 11 a special
clinic (48, 72) or by home blood pressures (50, 90); most of our patients have
had as many as 20 all-day tests Doctors in private practice may arrange
days when several hypertensive patients attend for tests, blood pressures
being measured by doctor or nurse. One trained person manages eight pa-
tients simultaneously.

Where no facilities exist for control tests it is far better to regulate blood
pressures by the of hyp ive symptoms (48, 70} Blurred
vision, dry moath, and other mild side effects should not be allowed to limrt
blood pressure contro! but an attempt is made to lessen these 1n other ways.
‘The prnciple of control 1n terms of the occurrence of symptoms can be made
the same for all methonium salts, whether given orally or parenterally. In
the Public Hospital, Dunedin, New Zealand, the initial dose of the drug is
administered as set out in Table I. The dose is raised daily by the proper
lncremen( (Table 1) until such time as the patient notices the appearance of

p such as 1n the standing posture The cor-
rect dose is one dose-increment below the dose which causes faintness in the
erect posture, It 1s most important that mimeographed instructions are given
to all patients (70) The main difficulty thh control by symptoms only is

that, in a few patients, even derabl few pre-
momtory symptums and the patient faints unexpected!y
y of patsents for h —In general 1t is agreed

that methomum treatment 1s more applicable in severe hypertension than in
muld cases [Freis (92), Harington & Rosenheim (71); Kuhn (68); Palmer
(93)) The following guides are satisfactory in gemeral* (a) Casual blood
pressures over 230/120 or basal pressures over 175/100 are usually sufficient
ind:cations for treatment even 1n a symptomless patient (70) (b) Congestive
heart faiture, cardiac asthma or breathlessness hypertensive headaches and
encephalapathic or dizzy attacks are i ions for &
Roseaheim (71), Palmer (93), Smirk & Alstad (52)] Relief fmm such symp-
toms need not be denied the elderly, but initial doses are less (70) and over
80 years they are about one-fourth of the usual for middle-aged adults
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(¢} Renal disease is no contraindication [Campbell et af (94), Harington &
Rosenheim (71); Hayden (75); Palmer (93); Smirk & Alstad (52)) and 1n fact
assists control over blood pressure levels by delaying drug excretion, but it
must be ascertained that the blood pressure reduction does not lead ta nitro-
gen retention, Actually it rarely does (d) Diplomatically and possibly for
better reasons it is wiser to wait six weeks after a coronary or cerebral
thrombosis before undertaking treatment. Hypotension should be avoided,
and for such patients a trough blood pressure of 140 systolic in the standing
posture may be sufficient reduction .

Effect on clinical mamfestations —Improvements in the chnical man-
festations of hypertension have been reported, such as decrease or loss of
papilledema, retinal edema, retinal exudates, and hemorrhages [Campbell,
Graham & Maxwell (94); Harington & Rosenheim (71); Moyer, Mxl]er.&
Ford (95); Murphy (96), Palmer (93); Restall & Smirk (46); Rosenheim
(69); Smirk (48, 70, 97); Smirk & Alstad (52)] Such changes as disappear-
ance of congestive heart failure and cardiac asthma, lessening of breathless-
ness, spmetimes decrease in heart size, and improvement in the electro-
cardiographic picture, have been described by Doyle (79), Harington &
Rosenheim (71), Kelley, Higgins & Freis (98), McMichael (51), Moyen
Miller & Ford (95), Palmer (93), Rich & Holubitsky (73), Rosenhetm (69,
Saville (99), Smurk (48, 70, 77, 97), and Smirk & Alstad (52). Improveme?ls
1n the angina of hypertensive patients have been described [Doylesf Kil-
patrick (100), Moyer et al (95), Rgnnow-Jessen & Bech (101), Sm":k.&
Alstad (52)] Di of headaches, of dizzi and of the rep
of encephalopathic attacks have also been reported [Campbell ¢f o/ 94
Harington & Rosenheim (71); McMichael (51); Moyer ef ol (95); Palmer
(93); Rich & Holubitsky (73); Saville (99); Smirk (48, 70, 77); Smirk &
Alstad (52). .

The consistency with which such improvements have been observe
varies In general, with hexamethonium salts those who are prepared to em-
ploy parenteral therapy and use the effect of posture to increase be_)od pres-
sure falls have reported a high incidence of objective and subjective improve-
ment [Hayden (72), Hanngton & Rosenherm (71), McMichael (5;)-
McQueen & Trewin (102), Mornson (82), Palmer (93), Restall & Smirk (¥ )
Rosenheim (69); Smirk (97), Smirk & Alstad (52); Smirk & Chapman (WL
‘Where case series have been treated on oral therapy only the results reporte!
are usually indifferent or poor [Freis & Finnerty (91), Harington & Rosen-
heim (71), Kilpatrick & Smirk (81), Locket et af (86); Mackey & Shaw (76)]-
McQueen & Trewin (102), Turner (78)] Somewhat better results with Dfﬂl
therapy have been reported by Campbell & Robertson (103), Moyer et of
(95), and Rich & Holubitsky (73) . "

Pentapyrrolidintum has not been widely used as yet. Effective bloos
pressure reduction can be secured by oral dosage in almost all pam;lt]s
[Freis (50); Freis et al (67), Maxwelt & Campbell (49); Smirk (48, 70, 97)
The clinical improvements are of the same kind as with hexamethonum
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salts by repeated injection. The impression has been gained that, with better
control over blood pressure levels, improvement is accelerated.

Reports on the outlook as regards mortality mainly concern patients with
malignant hypertension because there has not been time for a satisfactory
evaluation of results in the less severe groups. In our clinic and that of the
Postgraduate Medical School, Hammersmith, London, it is thought there
has been an important extension of life in malignant hypertension [McMi-
chael (104); Smirk (70, 97)] An improvement has been noted in the crude
figures for Grades I, I1 and I1I hypertensives for whtch no statistical signifi-
cance is claimed.

In certain particular instances it is likely that the patient’s life has been
prolonged, in that patrents with advanced congestive heart failure or with
severe grades of cardiac asthma have been restored to activity by the use of
methonium salts 1n the absence of digitalis, mersalyl, salt-free diet or any
other similar form of treatment

Stde effects of methonsum treatment —Side effects can always be elimi-
nated, and unfortunately often are, by dose reductions which reduce active
drugs to a placebo status On effective methonium therapy 1t is generally
agreed that most patients have a few side effects The side effects occur both
wit! 1 and oral admiristration, but ali y upsets are more
prominent with the latter

The most frequent side effects are blurred vision, constipation, diarrhea,
dry mouth and loss of appetite, glossitis and sore mouth, vomiting, urinary
retention or delay in bladder emptying, diminution 1n limdo and potentia
Side effects do not affect all patients equally , for example, dry mouth may be
present without blurred vision, or blurred wviston without dry mouth With
excessive dosage, constipation may progress to paralytic ileus [Bourne &
Hosford (105); Lyons & Lord (106), Mackey & Shaw (107), Thomas &
Williams (108)] Occastonally there 1s an unexpected and prolonged hypo-
tension, usually as a result of delayed absorption of an overdose In general,
side effects tend to dimimish spontaneously as treatment continues [Rgnnow-
Jessen & Bech (101), Smuck (77)]

Parasympathetic sumulants have been used for dry mouth, loss of appe-
tite, constipation, and blurred vision [Freis and co-workers (92, 109, 110;
Smirk (70)] Suitable oral doses are prlocarpine 2 mg , carbachol 0 25 mg , or
neostigmine 15 mg Blurred vision 1s best helped by having an extra pair of
glasses, refraction being adjusted to the change n the eyes brought about by
the methonium compounds Eye drops of 1/32 or 1/16 per cent of physo-
stigmune have been helpful

Constipation 15 a common complaimt and is met by the regular daily ad-
mtstration of the lowesr. eﬂ’ecnve dose of whatever laxattve the patient
finds suitable Pentapy 1s less than hexa-

methonium {Freis (50); Frets et al (67), Maxwell & Campbell (49); Smirk
(48, 70)], and in a few patients increases the number of bowel actions

Diminution in libido and potentia has been described [Freis (50); Frets
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et al. (67); Moyer et al. (111); Smirk (70)). This is more frequent after the
age of 50. To minimize the symptom a rgserpine-pentapyrrolidinium combi-
nation, pentapyrrolidinium or hexamethonium are to be preferred in that
order, Intercourse may be timed to coincide with minimum drug action.

Injection of 100 ug. of vitamin By usually disperses glossitis and sore
mouth completely (112). Urinary retention is seldom encountered to an im-
portant degree except in the early stages of treatment or when there is al-
ready some interference with micturition, as from prostatic enlargement ora
neurological lesion. In such cases it is desirable to relieve obstruction, if
necessary, surgically.

RESERPINE

Reserpine is an active hypotensive principle of Ranuwolfi serpentina. The
presence of hypotensive activity in Rauwolfia preparations was described by
Bhatia (113), Vakil (114), and Chakravarty and associates (115), and be-
came well known through the work of Wilkins & Judson (116) A claica!
study of reserpine with placebo controls was made by Loffler ¢t al. (117) A
mild hypotensive action followed doses of 0 75 to 1.5 mg. Side effects were
usually mild, consisting of a sense of fatigue, mild mental depression, 2
heavy lax feeling in the limb muscles, slowing of the heart rate, and nasal
congestion

When reserpine is given in doses of 2 to 4 mg. at a single dose, or as muc.h
as 9 mg. in the course of a day, considerable falls 1 blood pressure occur it
many hypertensives [Doyle & Smirk (118)] Such blood pressure falls de\.'elop
within four or five hours and are not confined to the mild and labile patlefﬂ!
but occur in malignant hypertension and grade IIT types with fixed high
basal pressures With such doses blood pressure falls have been as great 3
138/76 on occasion 30/20 or more 1n 19 out of 20 patients, and exceeded
60/30 in 12 out of 20 patients Lattle or no postural hypotension was found

These large doses are unsuitable for routine treatment as they produce
such striking side effects as gross facial flushing, nasal and conjunctival con-
gestion with stuffiness of the nose There may be sleepiness, mental depres
sion, Ily mental i; nausea, vomiting, and
diarrhea .

Mild labile hypertensives may respond well to small doses [Hensler 119
Witkins & Judson (116)]

CouBINATIONS OF DRUGS

The present tendency 1s to use combtnations of various active drugs with
the objects of improving the blood pressure fall and lessening the side effects
Freis (80) referred to the fon of 1-hydr hthalazine and par
enteral hexamethonium. Good results with the combination of hexametho-
nium and 1-hydrazinophthalazine have been reported by Johnson, Frets
Schnaper (44), Schroeder (34), and Schroeder & Morrow (120), The expe-
rience of Grimson ef al. (121) and of Khan (122) was unfavourable. Moyer
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and co-workers (111) found the combination helpful for a time but after one
year Moyer (123) reported that good results had not been maintained. Our
results (43) have been discouraging.

Reports by Morrow, Schroeder & Perry (124) of defayed toxricity with the

1 of conditi bling d d lupus eryth and
rheumatoid arthritis suggest to us that the drug should not be used for long
periods. Such important side effects are likely to occur even more frequently
with continued administration

It would be well to abandon the long-term use of 1-hydrazinophthalazine
alone and in binati The inttial d forts, the risk of collagen dis-
orders and perhaps of blood dyscrasias [Kaufman (125)] hardly warrant its
prolonged use in hypertension.

Witkins (126), a pioneer in this field, has used reserpine with I-hydrazin-
ophthalazine or veratrum derivatives and on occasion a combination of
several drugs He claims improved control over blood pressure levels Joiner
& Kauntze (127) find the combination of a R J ion and vera-
trum offers no distinctive advantage. The results of giving reserpine and
alkavervir (Venloid) in combination were simlar in our experience.

Recently trrals have been made of the combrnation of reserpine with
pentapy rrolidinium [Smirk, Doyle & McQueen (128, 129)] This so far has
been the most promising hypotensive agency. In all of 40 patients equally
good control over blood pressures was obtained using a reduced dose of
peotapyrrolidinium or hexamethonium and side effects are usually decreased
The peaks of blood pressure in between doses of methonium salts were usu-
ally much reduced, so that a more consistently low range of blood pressures
isachieved Freis (50) usesa tablet ining reserpine, pentapyrrolidini:
1-hydrazinophthalazine, and neostigmine, We prefer to keep the ingredients
of a combination separate

There is little doubt that methods are now available which in careful
hands allow of more substantial blood pressure reduction in hypertensives
than has been practicable hitherto It remains to be seen if the clinical im-
Provements reported on less adequate régimes will be surpassed and if the
stage is set for p i 1n early sy cases
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age of 50. To minimize the symptom a reserpine-pentapyrrolidinium combi-
nation, pentapyrrolidinium or h honjum are to be preferred in that
order, Intercourse may be timed to coincide with minimum drug action.

Injection of 100 ug. of vitamin By, usually disperses glossitis and sore
mouth completely (112). Urinary retention is seldom encountered to anim-
portant degree except in the early stages of treatment or when there is al-
ready some interference with micturition, as from prostatic enlargement ora
neurological lesion. In such cases it is desirable to relieve obstruction, i
necessary, surgically.

RESERPINE

Reserpine is an active hypotensive principle of Rauwolfia serpentina The
presence of hypotensive activity in Rauwolfia preparations was described by
Bhatia (113), Vakil (114), and Chakravarty and associates {115), and be-
came well known through the work of Witkins & Judson (116) A clinicat
study of reserpine with placebo controls was made by Loffler ef of (117).4
mild hypotensive action followed doses of 0.75 to 1.5 mg. Side eﬁect§ were
usually mild, consisting of a sense of fatigue, mild mental depression, 2
heavy lax feeling in the limb muscles, slowing of the heart rate, and nasal
congestion

When reserpine is given in doses of 2 to 4 mg at a single dose, or as mu¢
as 9 mg. in the course of a day, considerable falls in blood pressure occur it
many hypertenstves [Doyle & Smirk (118)]. Such blood pressure falls de\:e\OP
withn four or five hours and are not confined to the mild and labile patients
but occur in malignant hypertension and grade III types with ficed high
basal pressures With such doses blood pressure fails have been as great as
138/76 on occasion 30/20 or more in 19 out of 20 patients, and exceeded
60/30 in 12 out of 20 patieats Little or no postural hypotension was found.

These large doses are unsuitable for routine treatment as they product
such striking side effects as gross facial flushing, nasal and conjunctival con-
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The present tendency 1s to use combinations of various active drugs with
the objects of improving the blood pressure fall and lessening the stde effects:
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TOXICOLOGY* (ISOLATION, IDENTIFICATION
AND DETERMINATION OF POISONS)

By Paur L. Kirx
School of Criminology, Untrersity of California, Berkeley, California

Toxicology is a broad and poorly defined field that combines and over-
laps several basic sciences. It ranges from a specialty within pharmacology
through forensic medicine to the pure chemistry of poison isolation and
wdentification. It is practiced by ch physiologists, phar logi:
physicians, and others, almost at random Its scope is constantly expanded
by the introduction of newer synthetic materials of economic importance
(1) whose touaity is of concern to all who may be exposed Commercial
processes have increased in hazard as they were expanded Ar poltution has
now become a major problem in many regions (2 to 7) Pestiades, weed
killers, radioactive products of atomic research (8), and many other sub-
stances must now be added to all of the newer drugs, cosmetics, and food
additives that originally were the subject of the major portion of nonmedico-
legal toxicology (9 to 14)

Every material, including normal physiological constituents, may be
toxic under certain circumstances The large number of unusual materials to
which persons are at times exposed, forces the tovicologist to determine the
degree of hazard with any and all types of chemical constituents New prod-
ucts will continue to be tested by personnel whose main nterest s in their
economic value rather than in physiologicat eflects This approach may often
fail in protection of the public. Both industrial laboratories and government
agencies created as a check on irresponsible manufacture and sale of new
products face serious problems in recruiting properly trained personnel, Few
universities in this country offer broad and thorough toxicology training, and
the number of well-recognized toxscologists is so small that a university
would find 1t difficult to recruwit an adequate staff to offer such a program.
The medical profession lacks specific training in the practice of toxicology,
f.md practical considerations prohibit the ordinary physician from attempt-
ing ad, of possible poisoning in his patients Research by

N ized it 1s simularly restnicted By comparison
with most active sciences, very little high grade research is being done within
!h? profession, though great strides in very restricted aspects of the field are
being made m some industrial, govi and other fab i

As broad as are the pharmacological and clinical aspects of toxicology,
all ?[ them finally rest on chemical methods by which the poison or 1ts meta-
bolic products is 1solated, 1dentified, and determined in blood or other fluids,
excreta, or tissues. This chemical approach is the chief basis of practical
tovicology and applies alike to the pharmacological study of toxic agents and

! The survey of the li pertaiming to

wa in July, 1954,
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marily with analysis of plant extracts or drugs, and was at times extended to
the study of antthistaminics or other atkaline compounds of pharmaceutical
interest (35). Such analytical studies have been performed with the ion-
exchange resin IRA-400 (36) and Dowex 2 (37). Duolite C-10 and several
other resins were extensively studied for alkaloid separation by Buchi &

Furrer (38). Th ical studies of i hange equilibria with alkaloids were
made by Saunders & Srivastava (39), while Achor & Geiling (40) recently
utilized i h h for itative isolation of labelled mor-

phine from plants grown in presence of radioactive materials Perhaps the
most direct application to practical toxicology was made by Levi & Farmilo
{41) who made ic studies of the determination of ics through
ion-exchange.

As yet, no systematic approach to the general application of ion-exchange
resins to poison separation has been described It would appear that with
suitable arrangements to provide for removal of gross contaminants such as
protein, fixed structures, and insoluble suspended material such as is common
in toxicological samples, the 1on-exchange method might be adapted to sup-
“plant or at least supplement the Stas and Otto separation It might even be
letely isolating mndividual poisons,

Adsorption and column partstion chromatography —Adsorption of plant
pigments from solution on an insoluble adsorbent was the basis of the first
chromatography, and differential adsorption was also apparently the first
form that was applied to alkalords and possibly other poisons Partitron
chromatography 1n a column 1n which the solid serves primanly to immobi-
lize a liquid phase is a more recent procedure but one whose technique is re-
lated closely to that of adsorption

The fact that adsorption methods may be applied to a wide variety of
matersals gives adsorption chromatography a unique value with some non-
ionic materials that are not readily 1solated by partition methods Thus,
hydracarbons and refated materials from petroleum and coal tar (42) may
often be isolated by use of adsorbents. When netther ion-exchange or parti-
tion methods are suitable, adsorption chromatography may often be em-
ployed advantageously

Adsorption methods have actually been widely employed in isolation of
materrals of towcological significance, some of them of unusual character
(43) The opium alkaloids particularly have been subjects of considerable
mtel:est, being separated usually on alumina columns {44, 45, 46) and on
Florisil (synthetic magnesium silicate) (47) Other alkalords have also been
found susceptible to the same isolation technrque (48 to 53). Decalso (54) and
bentomte (55) have been smilarly employed for complex mixtures of alka-
loids. The separation of hyoscine and scopolamine (56) and of strychnine and
brucine (57) on kieselguhr has been reported. Fischer & Iwanoff (58) made
an extenstve study of the adsorption of 115 substances including atkaloids,
local anaesthetics, sedatives, plant extracts, and other materials on eight
solid adsorbents and with six solvents as early as 1943. The bearing of their

uccessful in
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to the determination of cause of death or injury as in homicide investigation
The latter phase of toxicology is still concerned more with the older conven-
tional poisons, but at present often invelves newer and less commos ma-
terials as well. Its methodology is partially obsclete, and a serious deficiency
of trained personnel exists.

In line with the most critical function of the ical toxicologist, this
review is restricted to consideration of methadology in the isolation, identif-
cation, and determination of bath old and newer toxic agents. It is hoped to
indicate some main hnes of future research and some directions in which
chemical toxicology must inevitably move in its future development Phar-
macological aspects of the field will nat be discussed. Several reviews and
general articles covering various aspects of toxicology are aailable (15 to 19)

Isoratroy or Poisoxs
igations must ordsnarily be the
res

The first step of most toxicological in
isolation of possibly toxic agents Historically, and to a farge extent at p
ent, some modification of the classical diferential extraction method of S.tzs
and Otto bhas been the most significant tool for organic poisons Itis applied
to tissues, blood, urine, and possibly toxic mixtures alike, which has affowed
itto its t position Fund fiy, this ancient rr‘xethﬂd
is nonspecific and subject to interference by extraneous matenals Itisslow
and limited in application so that it does not separate many volatile potsons
and peutral arganic substances Only two maan groups, vz, basic mak.:nah
and neutral and acidic materals may be separated cleanly. Overa period of
time, numerous modifications to produce further group separati
prove the technique have been described (20, 2

Modern methods of chr fy, i h and ef toresis.
eg on paper, have introduced into other comparable fields the ability t0
make very clean, complete separations of nearly all types of materials, both
similar and divergent in chemcal properties, and including volatile compo:
nents. Chromatography has recerved conswderable attention in pharmaceuti
cal analysis {22, 23), for example, in study of sulfonamides (24 to ) and
sympatk ics (28) Paper el hores larly has been apglied 16
drugs (29, 30) Routine applications wn towcology are still largely unes
ploited
Separation by son-gxchonge~DBoth group and wmdrvidual separations &r¢
possible on columns of jon-exchange materials, and they ray be adapted 0
small as well as to large amounts of material (31} All those substances ﬂwdt
form rons under attamable ftti such as toids, barbiturates, a7
acidic or basic industrial products, are suitable for separatio:
thus means Only the alkalords seem to have received active study.

Early work 1n separating plant bases and related matenals by means of
jon-exchangers wasseported by Mukherjee ez ol (32, 33) Similar reports by
Jindra & Pohorsky (34) followed shortly This early work, as well a8 mos.t
that followed it even withan the last two or thres years, was coneerned pri®

ons ar im-

ar
5 or isclation bY
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were extensively studied to separate, identify, and determine them. Other
alkaloidal groups for which reports of paper chromatographic isolation or
determination are available include the coca alkaloids (83), the quinine
alkaloids (84) the tropane alkaloids (85), the strychnine alkaloids (50), and
the solanum alkaloids (86). Of more direct interest to the toxicologist are
pethaps the opium atkaloids (87, 88, 89) and in general the narcotics which
have received some systematic study as a group by paper chromatography
{90).

Alkaloids have been separated and determined in a vantety of admixtures
(9110 96) Perhaps the most i ic work in this direction has
been that of Macheboeuf ¢f al (97 to 101). Schute (102 to 105) has also re-
ported a variety of studies of similar character. Jatzkewitz (106) reported
procedures for determining vartous alkaloids and synthetic drugs utilizing
paper ct hi ion after ing the fals from urine.

Alkaloids present fewer problems than some other groups of poisonous
materials such as the glucosides which have been extensively studied, both
for detecting new members of the group (107), and for the successful separa-
tion, identification, and determination of indrvidual compounds (108 ta 119).
Barbiturates are much more commonly encountered because of their exten-
stve use for suicide. St ion and individual i ion by paper chro-
matography has been shown to be quite effective (120 to 123). Pesticides and
industrial products of interest present a broad and difficult problem which
may often yield to paper chromatography, and almost invariably to some
form of chromatographic technique In addition to isolation, identification
may also result from this approach Some illustrations of the possibilities are
shown in the study of phenolic compounds (124, 125), analgesics and anti-
pyretics (126), and aldrin and dieldrin (127)

5 The direct utilization of paper in has been
discussed by Vitte (68) and 1ts applications to routine narcotic analysis by
Dobre & Kusafuka (90). Walker (70) was a proneer 1n this country m calling
attention to the possibilities of this yersatile techmique in toxicology as ap-
plied to Jaw enforcement.

In additton to the limitation of small sample size, paper chromatography
requires id; Ti) y fractis to avoid an overly complex
Pattern and also presents the difficulty of choosing a proper set of solvents.
Two-dimensi hnique will assist in mul systems, and jon-
exchange or adsorption ch hy as a preli y fractionation tech-
nique might be expected to solve the preliminary fractionation problem
Contimued research to elucidate these problems as well as choice of solvents
?nd detectron methods for the separated components is expected to modern-
ize the practice of toxicology in the laboratory

Zone electrophorests ~~Electrophoresis, ordinarily performed on filter
Paper sheets as a support, is a technique somewhat newer but having much
::;,mmmmf with paper ch hy from a tech dpoint. Instead

4 by means of ility as in partition
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investigation on toxicological practice was discussed along with practical ap-
plications Charonnat & Ormancey (59) report a study of the effect of alcoho!
strength on the adsorption and elution of alkaloids from alumina, bentonite,
and animal charcoal (Norite)

Column partition chromatography is carried out by treating an “inert”
supporting solid such as starch, cellulose powder, kieselguhr, silica gel, etc.
with a solvent or solvent mixture which saturates it and charging a column
with the saturated material. After adding the sample, a different and im-
miscible solvent or mixture is added to develop the chromatogram, acting by
differential distribution of the sample between the two rmmiscible solvents,
Fundamentally, this approach is no different from that of paper chromatog-
raphy. It does have, for the toxicologist, the enormous adyantage that large
amounts of the material in question can be treated as compared with the
small samples necessary for paper chromatography. This advantage is par-
tially offset by the necessity of a longer and considerably more complex pro-
cedure with columns as compared with paper. A column loaded with cellulose
pawder is just a large paper chromatography unit, but one capable of sepi-
rating a large sample with different technique of application, and particu-
larly of detection of the separated zones. .

Actual application of column partition chromatographic technique in
practical toxicology appears to be infrequent, However, various types o

ds of possible logical interest have been isolated by this
method Ny and with iderable success, usingavarietyvf sup-
porting solds and solvents As illustration, a number of alkaloids have been
isclated, separated, or determined (60) from solenaceous drugs (61), Punice
granatim (62), and Treplerygsum wildfordss (63). Glucosides have been iso-
lated on a cellulose column (64) and phenols on silicic acid {63) Useful appli-
cations to the determination of DDT (1,1,1-trichloro-2,2-bis(p-chlore-
phenyl)-ethane) and hexachlorocyclohexane have been made (66, 67)-

Paper chromatography —lsolation by solvent partition on paper has re-
ceived more attention by toxicologists than have other chromatographic
procedures (68, 69, 70). This may have resulted from the wndespl’ea‘:I uses of
this techni in related sci fields bined with the relative sim*
plicity of the method It serves both to separate small amounts of tovic agents
and to make preliminary identification of them The small sample siz¢
necessary may be a limitation because 1t 15 limited to the order of 2 milligram
This also may be a great advantage at times, and larger amounts cat be

separated on a column if necessary ab
The possibilities inherent in paper chr hy are well i e s{
its extensive use in separating ds of toxicol intere:

mmon poisons

or groups, such as alkaloids, which are closely related to co "l
a

Plant materials have often been fractionated in this manner to define
separate the alkalowds contained 1n them (71, 72). Studies on the ta'bactﬂ
alkaloids (73, 74, 75) have been used to 1solate as many as ten alkaloids or
transformation products from this one source (76) Ergot alkalosds (17 0 £2)



TOXICOLOGY ‘ 301

definite methods such as color tests, growth of characteristic crystals, and
special chemical tests such as the Gutzeit method for arsenic.

Animal experimentation, often adopted, may indicate the mere presence
of a toxic agent which is often in doubt. Sometimes, the symptoms are indica-
tive of the poison present, and very occasionally, they may serve as proof of
the individual poison. In general, recourse is taken to a variety of older identi-
fication techniques. A number of newer procedures for identification of
poisonous agents have received much recent attention. These include ultra-
violet and infrared adscrpnometry and x-ray diffraction, both of which are

rather wide in their and special techni of limited
application. Included as major methods for presumpuve identification must
be paper ch hy and horesis along with the less useful

column chromatographic methods.

Chromatographic and electrophoretic methods—When the support is paper,
separation by solvents or the electric current leads to a series of spots, bands,
or areas, each of which contains one, or a very few components of the mixture
separated. [dentification of the nature of this materiat or materials is estab-
Lished (a) by its movement on the paper relative to that of the solvent as

d with known run identically (the Ry value), () by chemi-
cal tests of the material in the spot or area, and (¢) by absorptiometric scan-
ning methods. Sources of error in these procedures arise chiefly from the
possibility that two or more matenals may show the same behavior under

the ditions used. Such i often require cauﬁrmauon by inde-
pendent methods before bexng idered final. Ab is
performed primanly for ive determination, and is limited by the

absorption of the paper itself.

3 Itis evident that location and identification of a spot or area on the paper
1s 2 portion of both paper hy and horesis, which may
allow great saving of time as compared with independent approaches to
idenufication.

Column chromatographic methods also are useful for identification by
comparison of the questioned sample with known matenals eluted from the
column and for quantitative analysis The method is more laborious, and
Tequires more equipment and time, but is very suitable for some unusual
types of material as discussed earler.

A number of general references and reviews are available (128, 129, 130,
151, 152, 153) in which are discussed identification as well as separation
methods by the vanous chromatogmphxe and paper electrophoretic tech-
mques Ad are available for nearly all of the
inorganic (154, 155, 156) as well as many of the organic materals of tovico-
lomml mterest (131)

of light ion in the visible wave
]"‘Eths of the 5pec(n.|m have long been famliar to the toxicologist as a means
of determi of colored Is or those that can be made
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chromatography, jonic constituents are separated by differential mobility
in an electric field, Nonionic constituents are not affected, and negative jons
move in a direction appasite to that for positive ions. Virtually nothing seems
to have been done with this immensely useful and simple technique in the
direct field of practical toxicology, though its apparent uses are extremely
intriguing. The early emphasis on isolation of proteins and enzymes from
blood serum and other sources (128 to 131) was undoubtedly attributable to
the limited ability of paper chromatography to make such separations Al
though there are applications to nonprotei i (129,
130), only a few have been made to drugs (29, 30) and few if any to pﬂfsvfﬂ
specifically, except to the extent of inclusion of numerous metalic poisons in
general systems (132). Alkaloids, barbiturates, and all of those industrial
poisons that are inherently acidic or basic, alontg with all the drugs in the
same categories should be readily separated by electrophoretic methods
Paper electrophoresis appears to offer one of the very best possibilities for
isolation and preliminary identification of virtually every type of toxicagent
of interest to the toxicologist, aside from a few neutral organic comoounds.
Tt is an unfortunate fact that little of this research appears to be under way
in any of the toxicological Iaboratonies, though electrodialysis for separation
of groups of poisons has been described (133), .
Countercurrent distribution —This 1nteresting technigue {134, 135, 1_36) I
a refined differential stepwise extraction, the fundamental basis of which is
very similar to that of partition chromatography but capable of supplgmm"
ing the results of that technique (137). It is far more complex in its instru-
mentation and operation than 1s partition chromatography, and it has conse-
fuently been used little or not at all 1 roytine toxicological faboratories.
While it is a very significant tool because of 1ts utilization in industrial an'd
research toxicotogy, in routine laboratories, 1t is not likely to compete seri-
ously with the simpler techniques discussed above. It has been apphed re-
cently to tobacco (76) and a number of other alkaloidal systems (138 W.“z)'
aromatic amines (143), cardiac glycosides (144, 145), numercus annbiotics
(137, 146 to 149), and other types of materials of less direct interest to the
toxicologist Excellent reviews of this subject are available (136, 150}

IDENTIFICATION AND DETERMINATION OF PolsoNs
3 1ab y is the

The secand phase of most probf of the toxicol s
identification of a posson, usually after 1t has been isolated in more or ;5
pure state Progress in this phase of toxicology has been greater than' in ¢t ;
relatively more difficult and critical 1solation process The success or (a.xlureb
an identification is fargely d dent on the effi of the isolation in most
instances The fact that most samples are not isolated pure, but are contai-
nated to a greater or fess extent, often invalidates the simple and‘deﬂn}fl:
procedures such as physical constant determination, on which m?st identil :
cations depend, The toxicologist has accordingly come ta rely chiefly on lés
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(174), and the barbiturates (175 to 178). It should not be overlooked that
most drugs in common use, including those used in doping of race horses, and
alarge proportion of the newer pesticides have characteristic ultraviolet ab-
sorption In fact, this is one of the very best available techniques for detec-
tion and d i of these ds (179). The use of ultraviolet ab-
sorption in toxicology is not new, having been used by many practicing labo-
ratories Brackett & Bradford (165) were able to assemble 69 references on
this subject.

Infrared absorptiometry is far less well-known in toxicology than is ultra-

violet, largely because of its later devel asa ical techni and
partially because of the high cost of the infrared spectrometer Inlrared radia-
tion is absorbed by i lecular vibrati h istic of the various
types of bonding in the molecule, e.g , carbonyl, hydroxyl, etc. groups absorb
at different ch: istic wave lengths Examination of an entire absorption
spectrum in the infrared range allows identification and determination of
the ined. An important Ii of the technique s the
desirability of using organic solvents rather than water, but in toxicology
only a few fi toxic ials are insoluble in suitable organic sol-
veats Applicati in gy are d by a limited amount of
investigation with alkaloids (76, 180), a direct study of its use in toxicology
1 identification of barbiturates (181), analysis of mixtures of phenols and
cresols (182), analysis of ointments for atropine and scopolamine salts (183),
and wide application in the general orgame chemustry field in elucidating the
nature and structure of ds Direct toxicological applications in the
dentification of an unk ifreeze taken in d quantity, and of
oil of wintergreen in fatal quantities are on record A few crime detection
Iabar3tories regularly employ infrared spectroscopy for difficult and unusual
organic identifications,

X-ray dyffraction —Rapid strides are being made in identification and to
alesser extent, ive de ination of certain p s by
means of x-ray diffraction of powder samples which give characteristic dif-
fraction patterns and yield very positive 1dentifications of the crystals in the
sample, The instruments are in successful operatton m a number of routine
lab?ratories (184). Limited hterature references bearing directly on toxico-
logical problems relate largely to id ion of the barb (183,
186) Application to this group as well as narcotics and drugs (187) and to
pharmaceuticals (188) have been described The general field of x-ray diffrac-
tion mn both the inorganic and organic field 1s very broad and comprehensive,
but will not be included here
Mascellaneous teckmques —In the category of quantitative determination
0X1C matenals a number of newer techniques are beginning to affect the
::M;lce of toxicolog.y One of the better established of these, pol hy,
be:n een employed in a few lab ies for derable time but has not

widely used Polarographic determmnation of alkaloids has been ex-

of t
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to form colored products This use is expanding constantly and is the main.
stay of most laboratories for quantitative analysis, with a marked favorable
tendency to adopt the spectroph {or the Some recent
procedures of this type have been published for the determination of atropine
(157}, yohimbine (158}, alkaloids precipitable with silicotungstic acid (159)
and alkaloids in general (160), cardiac glycosides (161), carbon monoxide
hemoglobin (162), barbiturates (163), and other materials.

As a qualitative procedure for identification of poisons, absorptiometry
in the ultraviolet, and more recently in the infrared regions of the spectrum,
have developed following the general availability of adequate instruments
‘These procedures may also be used for quantitative determination, but are
beginning to find their greatest value in proof of identity of the poison, n hich
is often of greater consequence than a knowledge of how much is present

Ultraviolet absorptiometry has received wide adoption in tovicolegical
lab ies for both qualitative and itative purposes. Basically, vltra-
violet absorptiometry is valuable because radiation in the wave lengths be
tween 200 and 400 my is absorbed by certain groupings oaly, i e, those it
which resonance accurs Most such groups are in aromatic or heterocycl¢
compounds, though this is not exclusively true. Because a very large propor
tion of toxit organic matenals, drugs, and narcotics contain such resonating
steuctures, ultraviolet absorption 1s useful throughout a wide variety of types

of compound. The character of the absorption spectrum, € g, Iocad'on of
ing structure present in the

tr; tance minima, identifies only the r
material, so that 1n many instances it will not distinguish individual com-
pounds but only a group of compounds with similar structures, €€, barbi-
turates, or morphine-type alkaloids, When the resonating structure Is th_ﬂf'
acteristic of one compound only, as frequently happens, the dentification
wmay be final. Some groups of similar structure, ¢ g., barbiturates, show raﬂ‘g
alterations in absorption with changes in the pH, which allowed Abernethy

Siminofl (164) to distinguish between 17 different barbiturates, PmPably the
most extensive collection of ultraviolet absorption spectra available for
toxicological purposes has been made by Brackett & Dradford (165) who
employ an unconventionat and very effective method of plotting transmit-
tante data to smphfy identifications, Their technique makes possible the
correct qualitative and quantitative analysis with smaller quantities than
have ordinarily been conssdered practical, though the quantities are still far
greater than those that have been successfully used in analyzing other types
of material with proper microabsorption cells and the Beckman DU spectr®”

photometer (166) o -
Recent studies from a standpoint primarily of identification include S:S
logically important alkaloids as strychnine and brucine (167, )

cocaine (169, 170), and heroine muxed with procaine (171), as well as bar-
biturates (172) Quantitative analysis based on ultraviolet‘absurp!lon P‘m
also been reported for quinine and strychnine (173), marphine and codeine
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tensively investigated (189, 190, 191), and recent work is available on thal.
lium determination (192) and on barblturates (193), Txuﬂ:rt (194) has sum-
marized applications of pol hy in toxicological analysis
Non-aqueous titration, ordinarily in acetic acid, has been effective in the
determination of barbiturates {195, 196) and weak bases including alkaloids
(197, 198, 199). Application to ics and alkaloids has been discussed by
Levi, Qestreicher & Farmilo (200). Masui & Ishidate (201, 202) have de-
seribed a further refinement, i.e., high frequency titration, much used in cer-
tain other analytical fields. Several new or improved reagents have hem
introduced of which sodium phenylborate for d ion and d
tion of afkaloids and nitrogen-containing drugs is perhaps of outstanding
interest (203, 204),




TOXICOLOGY 307

75. Tso, T. C., and Jefirey, R. N , Arch Biochem, and Biophys , 43, 269 (1953)

76 Willaman, J. J., Ind. Eng. Chem , 44, 270 (1952)

- Dtfaman A et Toe am ace naen

: . and Pharmacol , 1,

802 (1949)

80 Carless, ] E, J. Pharm and Pharmacol , 5, 883 (1953)

81 Tanaka, K ,and Sugawa, T, J Pharm Soc, Japan, 72,616 (1952)

82, Tyler, V E., Jr, and Schwarting, A. E, J Aw. Pharm. Assoc., S Ed, 41,
354 (1952)

83, Klementschitz, WV, and Mathes, P, Scaentia Pharm , 20, 65 (1952)

84 de Moerloose, P., Mededel Viaam, Chem. Ver., 15, 13 (1953)

85, Drey,R N A ,and Foster,G E , J. Pharm and Pharmacol , 5, 839 (1953)

86 Jentzsch, K., Seientia Pharm., 20, 216 (1952)

87 Borke, M.L,and Kirch, E R, J Am Pharm. Assoc , Ser. Ed , 42, 627 (1953)

83, Salvesen, B , and Paulsen, A , Nedd, Norsk Farm Selskap, 15, 33 (1953)

89 Svendsen,A B.,Dansk Tidsskr, Farm 26,125 (1952}

90 Dobre, M S, and Kusafuka, S, J. Crsminal Law, Cramsnol Pohice Ser, 44, 247
(1953)

91, Macci6, I, Rev farm (Buemos Asres), 92, 107 (1950)

92 Mesnard, P., and Boussemart, E , Bull frav soc. pharm Bordeouz, 88, 175
1951)

93 Kraft, D, Pharmiaste, 8, 251 (1953)

94 Romerke, A , Pharmazie, T, 496 (1952)

95 Gore, D. N, and Adshead, ] M, J Pharm and Pharmacol , 4, 803 (1952)

96 Castille, P., Pharm Weekblad, 89, 1 (1954)

97 Munser, R, and Macheboeuf, M , Bull. soc chem brol , 31, 1141 (1949)

98 Munier, R , and Macheboeuf, M , Compt rend , 230, 1127 (1950)

99 Munter, R., Macheboeuf, M , and Cherrier, N , Bull soc chim bl , 33, 1919
(1951)

100 Aliouf, R., and Macheboeuf, M , Bull soc chim biol , 34, 215 (1952)

101, Munier, R, and Macheboeuf, M , Bull soc chim biol , 32, 192 (1950)

102 Schute, ] B, Pharm Weekdlad, 86, 201 (1951}

103 Schute, | B, Chem Weekblad, 49, 301 (1953)

104 Schute, ] B, Mededel Viaam, Chem Ver, 15, 1 (1953)

105 Schute, ] B, Nature, 171, 839 (1953)

106 Jatzkewntz, H , Hoppe-Seyler's Z physsol Chem , 292, 94 (1953)

307, Jeasen, K B, Acta Pharmacol. Tovicol , 9, 275 (1953)

308. Jensen, K. B, Acta Pharmacol Toxcol , 9, 99 (1953)

109 Lawday, D, Nature, 170, 415 (1952)

110. Okada, M, Yamada, A , and Kometans, K., J Pharm. Soc Japan, 72,930 (1952)

111, Heftmann, E, and Levant, A J , J Brol. Chem , 194, 703 (1052)

112, Gunzel, C , and Weiss, F , . anal Chent , 140, 89 (1953)

113, Bn(xglsej,)ﬂn Rugby, G, and Sharma, S N, J Pharm and Pharmacol , 5, 816

4 Silberman, H , and Thorp, R H, J. Pharm and Pharmacal , 5, 438 (1953)

115, Habermana, E, Muller, W, and Schreglmann, A , Arsnesmsttel-Forsch , 3, 30

(1953)
116 Jensen, K B, Acta Phormacol Towscol , 8, 110 (1952)



306 KIRK_

36 Baggesgaard-Rasmtussen, H., Fuchs, D., and Lundberg, L, J. Pharm, and
Pharmacol., 4, 566 (1952)

37. Gundersen, F. 0., Heiz, R., and Klevstrand, R., J. Pharm. and Phormacal, 5,
608 (953}

38. Btichi, J., and Furser, F , Arznermittel- Forsch , 3, 1 (1953)

39, Saunders, L., and Srivastava, R. 8., J. Chem. Soc., Zi11 (1952)

40. Achor, L. B, and Geiting, £ M. K., Anal, Chem., 26, 1061 (1954)

41, Levi, L., and Farmilo, C. G, Can. J. Chem., 30, 793 (1952)

42. Eatel, 8, Ruof, C. H , and Howard, H, C., Anal, Chem., 25, 616 (1953), Eby,

L. T, Anal Chem., 25, 1057 (1953}
Bergdoll, M. S, Lavin, G., Surgalla, M, J., and Dack, G. M., Science, 116,653
(1252}

44 Bohme, H., and Strohecker, R., drzneimsttel-Forsck , 3, 236 (1953}

45. McElhany, G. C, DeLaMater, G., and Rands, R. D, dnal Chent, 26, 819
(1954}

46. Sapara, V., Casopis Ceskeho Lekdrnictea, 63, 293 (1950)

47. Stolman, A., and Stewart, C P., Analyst, 74, 536 (1949)

48 Kebrle, J , Schrnd, H , and Karrer, P, fefo. Ciim dets, 36, 1384 (195}

49. Reimers, F., Gottlieb, K. R., and Christensen, V. A, Quarl, J. Pharm and Phar-
macol., 20, 9% (1947)

50 Jaminet, £, J pharm. Belg., 8, 339 (1953)

51. Schotman, A J. H., Pharm. Weekblad, 88, 769 (1953)

52. Fischer, R,, and Frank, H., Scientia Pharm , 16, 38 (1948)

53 Fischer, R ,and Buchegger, E., Pharm Zentralalie, 89, 185 (1950}

54, Berggren, A, and Bjorhng, C. O, J. Pharm ond Pharmacal , 5, 615 (195

e fova, A P

4

@

ss. T.F, and Ki R. A, Zhar, Prikod

K, 23, 927 (1950)

56 Schill, G ,and Agren, A , Svensk, Farm Tidskr , 56,55 (1952)

§7. Tensen, K. B., and Svendsen, A, B, Pharm. Acta Hely., 25, 31 {1950)

58. Fischer, R., and Iwanoff, W., Arck Pharns, 281, 361 (1913} "

59, Charonnat, R , and Ormancey, ] , Proc 1ithIntern Congr Purc and Ah
Chen , IT, 387 (Londan, England, July, 1947}

60. Beroza, N, Anal, Ckem , 22, 1507 (1950) 22

61. Evans, W C, and Partndge, M. \V, Quart J Pharm and Pharmotol, 2h
126, (1948), J Pharm and Pharmacol , 4, 769, 779 (1952)

62, Chilton, ], and Partridge, M W., J Pharm and Phormacol, 2 184 (1950}

63. Beroza, M, J Am Chem Soc 75,2136 (1953)

64 Schultz, O E,and Gmelin, R , Arznesmuttel-Forsch , 2, 568 (1952)

- = TN T R o, 25, 1388 (1959)

[ . t(Paris), 36(3), 285 (1951)

. (1952)
69. O'Dea, A E, and Liss, M, New Englond J Med , 249, 566 (1953)
70. Walker, | T, New England J Med , 242, 22 (1950)
1. de Moerloose, B, Pharm Tuydschr Belg , 29, 117 (1952) . 10
72 \ibaut, J P, Beyerman, H.C, and Enthaven, P H , Rec tran, chim. 79 162
(1958)
73 Werle, E., and Koch, § , Noinrwsssenschaflen, 38, 333 (1951)
74. Torter, W. L., Naghski, J , and Eusner, A, Arch Brochem , 24, 461 (1949



TOXICOLOGY 309

153. Samuelson, 0., Ton Exch in Analytical Chemistry (John Wiley & Sons, Inc.,
New York, N. Y., 291 pp , 1953)

154 Pollard, F. H , and McOmie, J. F. W., Chromatographic Methods of Inorganic
Analysis (Academic Press, Inc , New York, N. Y., 192 pp , 1953)

155 Smith, 0. C , Inorgansc Chromatography (D. Van Nostrand Co., Inc., New York,
N. Y. 134 pp., 1953)

156 Ohara, E , and Nagai, H , J. Chem. Soc. Japan, Pure Chem Sect ,73, 924 (1952)

157, Romewke, A , Pharm, Zentralkalle, 91, 80 (1952)

158. Koliek, ., Z. anal. Chem , 140, 186 (1953)

159 Ghezzi, G, Ann chim. (Rome), 43, 48 (1953)

160 Alays, S, Okus, S, and Motohashi, N., J. Pkarm, Soc. Japan, 74, 209 (1954)

161. Hassall, C. H , and Lipman, A. E , Analyst, 78, 126 (1953)

162 van Kampen, E J , and Klouwen, H , Ned. Tudjschr. Geneesk., 98, 161 (1951)

163 Schenkel, S., Schwartz, H., and Posnick, D., Exptl. Med and Surg., 11, 54 (1953)

164 Abernethy, R J., and Siminoff, R., Abstracts Am. Chen, Soc., 123rd Meeting
(Los Angeles, Calif., March, 1953)

165 Brackett, ] W., Jr., and Bradford, L. W., Abstracts Am. Chem Soc., 123rd Meet-
ing (Los Angeles, Calif , March, 1953)

166 Kirk, P. L , Quantlative Ultramicroanalysis (John Wiley & Sons, Inc., New York,
N.Y., 310 pp , 1950)

167. Demoen, P, and Janssen, P., J pharm. Belge , 7, 80 (1952)

168 Kay, S, and Hoff, E.C, J Criminal Law, Crsminol., Police Scr., 43, 246 {1953)

169. Ampuero, F. M, Rev fac. farm y. bioguim , Usw nacl. mayor San Marcos
(Lyma, Peru), 13, 43 (1951)

170. Ampuero, F. M , and Echea, M. J , Rev fac. farm. y. bioguins. Unte nacl. mayor
San Marcos (Lima, Pers), 14, 7 (1952)

17L. Tani, T, To, M., and Koga, S., Science and Crime Detechion (Japan), 6, 133 (1953)

172, Simonin, Métais, and Weil, Ann méd legale, crimunol , police scx , med. soctale, et
toxical , 32, 372 (1952)

173 Bbattacharyya, R N, and Ganguly, A K, J Pharm. and Pharmacol , 6, 191
(1954)

174 Clark, W. A, and McBay, A. ], J. Am Pharm. Assoc, Ses Ed, 43, 39 (1953)

1S Wright, J T., J Forensic Med, 1, 175 (91549)

176 Mattson, L N., J Am Pharm Assoc, Sci. Ed., 43, 22 (1954)

177 Brodie,B B, Burns,J J, Mark, L C, Lief, P A, Bernstein, E , and Papper,
E M., J Pharmacol Expil. Therap , 109, 26 (1953)

178 Goldbaum, L R , Anal Chem , 24, 1603 (1952)

179. Gunther, F. A., and Blinn, R. C, Agr and Food Chem , 1, 325 (1953)

180. Marion, L., Ramsay, D. A , and Jones, R N, J Am Chem Soc 73, 305 (1951)

181 Umberger, C. J, and Adams, G , Anal Chem , 24, 1309 (1952)

182, Auméras, M., Minangoy, R., Boanot, L, and Laugrost, B , Bull. soc chims
France, 924 (1953)

183. Washburn, W. M, 7 Am Pharm. dssoc, St Ed, 41, 602 {1952)

184, Pinker, R H, Ann. Western Med. Surg , 6, 595 (1952)

185. Huang, T., Acta Pharm Intern, 2, 43, 95, 289 (1950), Dansk Tudskr Farm,
Suppl 1, 1 (1953)

18 Hansen, J, and Jerslev, V , Dansk Tudskr Farm ,27, 261 (1933), Hewz, R., and
Jeslev, B, Dansk Tudskr Farm 28, 11 (1954)




308

17,
118,
119,
120,
121,
122,
123,
128,
125,
126.
127,
128,

129,
130.

13

132,
133,
134,
135,

136
137.

138,

13

k=3

13

140,
141,
142,
143.

144
145
146

147.

148.
149.
150

151,
182,

KIRK

Frerejacque, M., and Durgeat, M., Compt, rend., 236, 410 (1933)

Bliss, C. A, and Ramstad, E., J. Am. Pharm. Assoc » Ses, Ed , 42, 348 (1953)

Vastagh, G., and Tuzeon, J,, Pharm. Zentralkalle, 92, 406 {1953)

Wickstrom, A., and Salvesen, S,, J. Pkatm. and Pharmarol,, 4, 98 (1952)

Grieg, A., Nature, 170, 845 (1952)

Allgén, L. G,, Stensk. Farm. Tidskr., 57, 188 (1953)

Algeri, E. J., and Walker, J. T., Am. J. Cltn  Pathol., 22, 37 (1952)

Barton, G. M, Evans, R. S., and Gardner, J. A. F., Nalure, 170, 249 (1952)

Evans, R. A,, Parr, W. H., and Evans, W, C., Nalure, 164, 674 (1949)

Jermstad, A, and Waaler, T, Dansk, Tidsksr. Farm,, 26, 205 (1952)

Mitchell, L. C., and Patterson, W. 1., J. Assoc. Offic. Agr, Chemists, 36, 553 (1953)

Balston, J. N., and Talbot, B. E., Gutde to Filter Paper and Cellulose Powder
Chromatography (H. Reeve Angel and Co., Ltd, London, England and W.
and R. Balston, Ltd , Maidstone, England, 145 pp,, 1952)

Kirk, P. L., and Duggan, E. L., Anal. Chem , 26, 163 (1954}

McDonald, H, [., Bibliography of El ion tn Stabthzed lytes (Pre-
cision Scientific Ca., Chicago, I, 9 pp , 1953)

. Block, R. |, LeStrange, R , and Zweig, G , Paper Chramatograpny. A Laboralery

Manual (Academic Press, Inc., New York, N. Y, 195 pp , 1953)

Lederer, M , and Ward, F. L., Anal Chim. Acta, 6, 355 (1952)

Molle, L , Ann.s0c roy.scs méd, et nat Bruxelles, 5,9 (1952)

Craig, L. C , and Post, 0., Anal, Chem,, 21, 500 (1919)

Craig, L. C., Hausmann, W, Ahrens, E. H, Jr, and Harfenist, E. J, 4nel.
Chem , 23, 1236 (1951)

Craig, L. C, Anal. Chem., 26, 110 (1954) 5

Craig, L. C., Gregory, ] D, and Barry, G. T., Cold Spring Harbor Sympesic

Quant Biol , 14, 24 (1950)

Kichs, M W, Arous, R, Draper, M D, Keller, F., Koster, S, Malesh, W,
and Petracek, F ], J. Am, Chem. Soc , 74, 5107 (1952)

Klohs, M. W, Keller, F., Koster, $, and Malesh, W., J Am. Chem. Soc, T4
1871 (1952)

Papineau-Couture, G., and Burley, R A., Aral Chem , 24,1918 (1952)

Napoli, J A., and Schmall, M, Anal. Chem., 23, 1893 (1951}

Stoll, A, and Seebeck, E , Hely Chim. Acta, 36, 1571 (1953)

Schneider, H. G, Bener, G M , and Strong, F. M., Arch, Biockem. and Biophyss
37, 147 (1952)

Hemmings, A. W., 4nalyst, 76, 117 (1951)

Techesche, R , and Brathge, K. H, Chem. Ber., 85, 1042 (1952)

Kavanagh, F, Hervey, A., and Robbins, W J., Proc Natl Acad. Sci. U530
570 (1951), 38, 555 (1952)

Doery, H. M, Gardrer, J. F , Burton, H. 5 , and Abraham, E. P., Anfibutics &
Chematherapy, 1, 409 (1951)

Burton, H. S, and Abraham, E P, Biockem J (London), 50, 168 (1951)

Fried, J., and Stavely, H E, J Am Chem Soc., 74, 5461 (1952)

Craig, L C., Anal Chem , 24, 66 (1952)

Stran, H H,, Sato T.R.,and Engelke, J., Anal Chens , 26,90 (1954)

Lederer, E, and Lederer, M, Chromatography (Elsevier Press, Houston, Tex:
460 pp , 1953)



TOXICOLOGY 309

153, Samuelson, O , Ton Exchangers w Analytical Chemistry (John Wiley & Sons, Inc,
New York, N. Y., 291 pp , 1953)

154, Pollard, F. H , and McOmie, J. F. W., Chromatographic Methods of Inorgansc
Analysis (Academic Press, Inc., New York, N Y., 192 pp , 1953)

155, Smith, 0. C., Inorgansc Chromatography (D Van Nostrand Co , Inc., New York,
N.Y.13ipp, 1953)

156, Ohara, E , and Nagai, H., J, Chem. Soc Japan, Pure Chem Sect ,73, 924 (1952)

157, Romeike, A , Pharm Zentralkalle, 91, 80 (1952)

158, KolSek, J., Z. anal Chem , 140, 186 (1953)

159, Ghezzi, G , Ann chym. (Rome), 43, 48 (1953)

160, Akiya, S, Okui, S, and Motohashi, N, J Pharm. Soc Japan, 74, 209 (1954)

161, Hassall, C. H , and Lipman, A, E , Analyst, 78, 126 (1953)

162, van Kampen, E. J., and Klouwen, H , Ned. Tudyschr. Geneesk., 98, 161 (1954)

163, Schenkel, S, Schwartz, H , and Posnick, D , Exptl. Med and Surg , 11, 54 (1953)

164, Abernethy, R. J, and Stminoff, R , Abstracts Am, Chem Soc, 123rd Meclng
(Los Angeles, Cahf , March, 1953)

165, Brackett, J. W., Jr., and Bradford, L, W., Abstracts Am Chem Soc , 123rd Meet-
éng (Los Angeles, Cali., March, 1953)

166 Kirk, P, L , Quantitatioe Ultramscroanalysis (John Waley & Sons, Inc , New York,
N.Y., 310 pp , 1950)

167, Demoen, P., and Janssen, P., J pharm Belge ,7, 80 (1952)

168 Kay,S,and Hoff, E C,J Crsminal Law, Crsmwnol , Police Sci , 43, 246 (1953)

169 Ampuero, F. M, Rev fac. farm 3 bioguim , Unw. macl mayor San Marcos
(Lema, Peru), 13, 43 (1951)

170 Ampuero, F. M , and Echea, M ], Rev. fac. farm. y biogum Unsy nacl mayor
San Marcos (Luma, Peru), 14, 7 (1952)

171 Tam, I, 1o, M, and Koga, S , Sctence and Crime Detection (Japan), 6, 133 (1953)

172, Simomin, Métais, and Weil, Ann med lgale, crimnol , police sct , méd socuale, et
toxwcol , 32, 372 (1952)

173 Bhattacharyya, R. N, and Ganguly, A K, J Phorm and Pharntacol, 6, 191
(1954)

174 Clark, W. A, and McBay, A J . J Am Phorm Assoc, Ses Ed, 43, 39 (1959)

175 Wright, ] T, Forensic Med , 1, 175 (9154)

176 Mattson, L N, J Am Pharm Assoc, Scr Ed, 43, 22 (1954)

177 Brodie, B B, Burns, J J, Mark, L C, Lief, P A, Bernstein, E, and Papper,
E M, J Phormacol Exptl Therap , 109, 26 (1953)

178 Goldbaum, L R, Anal Chem , 24, 1604 (1952)

179 Guather, F A, and Bnn, R C, Agr and Food Chem , 1, 325 (1953)

180. Marion, L, Ramsay, D. A, and Jones, R N, J Am Chem Soc, 73, 305 (1951)

181, Umberger, C. J, and Adams, G , Anal Chems , 24, 1300 (1952)

182. Auméras, M., Minangoy, R , Bonnot, L , and Laugrost, B, Bull soc chim
France, 924 (1953)

183, Washburn, W. H, J Am, Pharm. Assoc, Scs Ed, 41, 602 (1952)

184, Pinker, R, H., dnn Western Med. Surg , 6, 595 (1952)

185. Huang, 'T., Acta Pharm Intern, 2, 43, 95, 289 (1951), Dansk Tidskr Farm ,
Suppl 1, 1 (1953}

186 Hansen, J , and Jerslev, V., Dansk Tudskr. Farm , 27, 261 (1953), Heiz, R , and
Jerslev, B, Dansk Tudskr, Farm , 28, 11 (1954)



310
187,

188,
189,

190,
191,
192,
193,

194,
195.
196.
197,
198.
199,
200.

201.
202.
203.
204,

KIRK

Bradford, M., and Barbarino, J. J., J, Crsminal Law, Criminol. Polsce Sti. 4,
525 (1953)

Kern, S, F., Anal. Chem., 23, 731 (1953}

Dérobert, L., Truffert, L., and Le Breton, R., Ann. méd, légale, crimsnol., pohce
sci. med, sociale et foxscol , 31, 47 (1951)

Kirkpatrick, H. F. W., Quart, J. Pharm and Pharmacol , 19, 8 (1946)

Hobza, J., and Santavy, F., Casopis Ceskeho Lekdrnicina, 62, 86 (1919)

Merville, R., Dequidt, J., and Masse, L., Bull. soc. pharm, Lille, 27 (1951}

Koryta, J., and Zuman, P., Collection Caechoslov Chem. Communs, 18 197
(1953)

Truffert, L., Ann. fals. et fraudes, 44, 29 (1951}

and Yanowski, L. K., Anal. Chem., 26, 614 (1954)

w J. Pharm. Soc Japan, 74, 101 (1954}

Markunas, P. C., and Riddick, J. A., Anal. Chem , 23, 337 (1951)

Fritz, ], S, and Fulda, M. O, Anal, Chem , 25, 1837 (1953)

Ekeblad, P., J. Pharm and Pharmacol., 4, 636 (1952)

Levi, L, Oestreicher, P. M , and Farmilo, C. G , Bull, Nercotics, U. N. Dept
Social Affairs, 5, (1), 15 (1953)

Masui, M., J. Pharm, Soc. Japan, 73, 1011 (1953)

Ishidate, M , and Masui, M, 7 Pharm., Soc. Japan. 73, 867 (195%)

Fischer, R., and Karawia, M. 8, Mkrochim Acta, 366 (1953)

Schultz, 0. E., and Mayer, G., Deut Apoth, Ztg , 92, 358 (1952)




RECENT ADVANCES IN OPHTHALMOLOGY*

By Avsox E. BRALEY
State Umwersily of Iowa College of Medicine, Ioua City, Iowa

It is not the intent of this presentation to cover the entire subject of
ophthalmology. I will attempt to present the more important recent ad-

vances in the d of ophthalmic d is and t

LIDS AND PERIORBITA
INJURIES

Painstaking examination 1s one of the most important factors in all
traumatic injuries around the eye. It is of the utmost importance to estimate
the patient's vision on first ion, even aftera trivial injury
While the injury to the lids or the periorbita may be perfectly obvious, one
should not forget that injuries to deeper structures may also be associated.

Burns of the face and eyelids may occur from gasoline or gas explosions
Lehey (1) stresses that the ophthalmologist should not fail to treat the shock
which js invariably present following burns of the face and eyehds Most
burns are first and second degree, although a number of third and fourth
degree burns are seen The area should be covered with a sterile dressing and
blebs should not be broken Most physicians feel that boric acid ointments
should be avoided because of their toxicity.

A pressure dressing 1s of considerable value in the immediate treatment.
I have found that porous, plastic-coated, absorbent, sterile dressings are of
value After the dressing has been applied, a stockinette is fit over the entire
face Openings are made in the stockinette for the mouth and the nose. If
bath eyelids are mvolved, the lids should be closed over the eyeball and the
stockinette placed over the entire area

When the burns occur in an area from a direct fame, there may be ex-
tensive destruction in deeper structures Since 1t takes weeks for the slough
1o occur in such instances, full thickness graits may be used to replace the
area that will most likely slough The area 1s removed and a full thickness
graft sutured to normal skin

 Schofeild (2) agrees with most of this treatment but feels that immediate
skin covering should be provided with spht thickness graft, and every effort
ihould be made to cover the raw Iid surfaces completely, He prefers the

epithehal outlay grafts” in which the graft ts much larger than would be
considered necessary to cover the defect He reports 144 cases, 14 were sec-
ond-degree burns, 80 were second- and third-degree burns, and 50 were
third-degree burns, The majority were due to gasoline fires and explosions

”5‘4'”” survey of the hterature pertaining to this review was conctuded jn June,
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Delayed plastic surgery requires considerable ingenuity. Foster (3) and
others favor a pedicle flap taken from the temporal area to repair the lids
Scheie (4), Spaeth (5), and others prefer the free grafts. Both techniqueshave
advantages and disadvantages. I have found that when large grafts are used
particularly for the upper lid, that the graft should be very large by compar:-
son to the defect that needs to be fifled.

Lacerations of the lids and periorbita should be taken care of almost as
soon after the injury as possible, certainly within the first few days Ttis bet-
ter to wait for the repair of the upper lid, particularly, for about 24 hr, it
necessary, in order to have the repair satisfactory and meticulously done.
No tissue should be lost and the edges should be brought in apposition so
that contracture will be minimal. Tarsorrhaphy may be of considerable help
in repairing such injuries. .

Fractures of the bones that form the walls of the orbit require special
consideration. It is my opinion that open reduction of these fractures shovld
be done at the earliest possible convenience

INFECTIONS

Thygeson (6) classifies the infectious dermatoses as follows- () the pyo
dermas, (b) discases of the sebaceous glands, (¢) the eczema group of detma-
toses, (d) dermatoses due to photosensitivity, and {¢) the dermatomycoses
Thygeson says that staphylococci and streptococei are associated with
many of these infections It is interesting to note that Halbe‘r!. and ¢co-
workers (72) have shown that many of these organisms are antibiotic pro-
ducers and may play a role {n controlling the infection The roles of other
organisms besides the staphylococci and streptococed are not entirely |{nder-
stood in Iid nfections There is little doubt that pityrosporum ovale isfre-
quently associated with staphylococei on the lid. Thygeson feels Shat Pity-
rosporum ovale is frequently associated with seborrheic blepharitts :ﬂw&
geson has also stressed that seborrheic blepharitis is frequently assocme'
with seborrhea of the scalp and the scalp should therefore be treated as wel
as the blepharitis

Hordeola and chalazia are likenise complications of staphylococeal
fections of the lid border. The hordealum, or stye, is an acute furunculo: A
of the glands of Zeis or of Moll, situated in the hd and snmetimes_thF hair
foflicle. They are frequently caused by the Staphylococcus aureus Pain in tb¢
lid is a freq ly distressing ptom, 1n contradistinction to ch.ﬂazmn.
where there is little or no pain The patient may be relieved considerably :)
opening the stye Attempts should be made to prevent the spread of the
infection to adjacent glands or lash follicles, After opening a hordeolum of
the lid, it is usually wise to use one of the antibiotics The choice of the antl-
biotics has been covered by Braley {7b) 1 feel that at the present time carbo-
mycin (Magnamycin) is probably the drug of choice to use on the hd to l;)’
to prevent spread of staphylococeal infection The second choce is pmbdh.!
bacitracin, and penicillin may be used locally in the {form of an ointment i

in-
518
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the office, but penicillin should never be given to the patient. When Pity-
rosporum ovale is present, it is probably wise to use one of the ammoniated
mercury preparations, or selenium disulfide may be used with care.
The mechanism for the production of ch whichis ani:
in the meibomian glands of the {id, is not understood Chalazia are com-
monly associated with chronic blepharitis and chrenic conjunctivitis There
have been many interesting theories presented of recent years, particularly
one by Vidal & Weil (8) in which they claim that a lipid secretion combines
with the infection to produce the disorder. This oily secretion in the meibo-
mian gland is changed and becomes a paraffin-like secretion which tends to
block the necks of the glands, producing the chalazia The chalazion is a
inful, although fortable, swelling in the id, Occasionally these
chalazia will disappear spontaneously, However, when they become red and
auldly inflamed, as they sometimes do, they must be opened and the contents
removed The chalazion must be curetted very carefully and all of the granu-
lation tissue removed from the inside. If this is not done the chalazion will
promptly recur.

ALLERGIES

Allergies which occur in the conjunctiva, the lids, and, as will be seen
later, also in the cornea, and probably in the deeper structures of the eye
may be classified into three groups.

() Immediate or anaphylactic states, the response of which is edema,
and is produced chiefly by inhalants; (5) Contactants, the response of which
is almost always edema or eczematoid reaction, or both; (c) Bacterial hyper-
sensitivittes in which the primary response is that of eczema Bacterfal
hypersensitivities frequently go hand-m-hand with bacterial infections of the
Iids and conjunctiva Clinically, the added symptom of severe itching may be
helpful,

N.early every case of hay fever or similar inhalant allergy has a counter-
part in the conjunctiva and on the lids The response of the lids 1s predomi-
nantly that of edema The edema of the lids may be acute and disappear rap-
idly in a short period of tzme or it may become chronic and have the appear-
ance of an elephantiass of the lids.

Contactants around the lids are most important. Swinny (9) thinks that
the pertorbital region is a frequent site of contact dermatitis He feels that
the history of the contactant is the most impartant, whereas contact testing
may be of ittle help, The dermatitis 1s most commonly an eczematoid type
of reaction Cosmetics, of course, play a major role so that 85 per cent of
Swinny's cases occurred in females and only 15 per cent in males Cream-
base shampoos and local lotions also form an important group of contactants.

A.ll allergies of the lids require careful history taking and examination,
Particttatly of scrapings and smears from the lid border and conjunctiva
in order to arnve at a diagnasis. While cortisone and hydrocertisone may
reduce the inflammation, this does not remave the cause of the lesion I have
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found that careful history taking aided by contact testing may give some
leads as to further active desensitization. This is best exemplified by the
report of a patient. Mrs. E. S. was a 22-year-old young Jady who had had a
chronic blepharitis with acute exacerbations since early childhood A pure
culture of Staphylococcus aureus was obtained from the crusts on the hd
Smears from the lids at that time showed a predominance of polymorpho-
nuclear leukocytes with the staphylococcus and epithelial debris The re-
sponse to local carbomycin was Ilent and the blepharitis was letel
controlled by the weekly applications of this antibiotic, Late in the spring,
however, she developed a marked recurrence of the blepharitis, this time
with more itching and more edema of the hds Smears from the lid border
showed a predominance of eosinophils, both of which findings suggesled‘aﬂ
added allergy. No staphylococct could be found in the lid. Contact testing
demonstrated 2 moderate sensitivity to dust, A desensitizing program was
started and the response was excellent.

The physician should always be alert while treating either infections
or allergies of the lid for the development of a new superimposed allergy or
infection, either of which may occur during the course of treatment.

MucocuTaNEOUs OCULAR SYNDROME

The volume of literature which has been built up in the past two years
on this confusing subject may be divided thus (a) papers dealing with the
etiology of this group of diseases, best exemplified by the so-called Stevel.u-
Johnson syndrome, supporting either allergic or infectious concepts; (‘b) clin-
ical papers dividing the syndrome into two groups, those occurring<pnrrlxanly
on the lid (typical Stevens-Johnson disease), and those occurring primarily o
the conjunctiva, such as pemphigus or some forms of erythema H}“]“fm'm’

Agostos and co-workers (10) 1n an excellent review of the entire subject
of the mucocutaneous syndrome state that the theory of allergic etiology 15
the most tempting. They feel that drugs and bacterial products may be the
sensitizing agent There is no doubt that there are many cases reporteﬂ! m
which sul des and icillins are the ners agents Thereis 2
large group of authors who feel that the mucocutaneous ocular syndr.ome 18
infectious (11 to 16) Cavarra & Bjetti feel that this entire group of diseases
is attributable to viruses At least one disease, so-called Behget's disease,
which 1s a relapsing iridocyclitis with mucocutaneous lesion, has been sho\yﬂ
to be a virus disease Sezer (17) claims to have isolated a virus from the ¥it-
real and subretinal material of three patients The virus grew on a preparcd
chorio-all it t of the loping hen’s egg and pmdu.ced a typ-
ical encephalitis in mice. When the virus was injected into rabbits, 1t pro-
duced an experimental disease similar to the human disease Neufrahzmz
antibodies and complement fixation tests were demonstrated. This work,
however, has not been substantiated by other authors. el

Virus Diseases of the Lids —There are a number of typical or atypicd
viruses which involve the lids, conjunctiva, and cornea, and many, such as
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molluscum contagiosum, involve the lids primarily and secondarily in-
volve the cornea and conjunctiva

al or verruca are among
the commonest virus lesions to involve the lid, and are frequently 1n or near
the citia line. When molluscum contagiosum involves the lid or the hid border,
it is usually a single lesion which is pearly-white and sometimes tends to be
umbilicated. They are ordinarily single tumors in contrast to the verruca or
the infectious papillomas which may occur 1a any part of the skin of the lids
These are frequently numerous and are scattered from the lid border to the
brow and on the lower lid down onto the cheek.

Acaidental vacemnal infections are particularly prone to occur durtng
periods when many people are vaccinated against smallpox. Sedan and co-
workers (18) had an opportunity to study several cases of accidental vac-
ctnal infection While accrdental infection 1s not common, they found 19
cases among 850,000 people who were vaccinated Of the 19 cases, nine in-
volved the hds, six involved the cornmea, three involved the extra-ocular
muscles, and one had an iridocychitis Accidental vaccinal infection may oc-
cur at any time even though the patient has been revaccinated a number of
times Givner (19) wishes to hasize the fi to-eye inati
which may occur. In my i most acci vaceinal infections have
occurred from pustules on other persons or when the patient is inoculated
ina place which he may be able to reach

Herpes zoster ophthalmicus is a well-known virus disease involving the
lid as 2 part of the inflammation of the first division of the trigeminal nerve
The primary inflammation appears to be in the gasserian ganglion with
secondary involvement of the skin of the ids As will be subsequently noted,
not enly the skin of the lids 1s involved but also the conjunctiva aand the
cornea and, many times, the deeper structures of the eye This virus disease
is not well understood Strong (20) and Cavarra & Bietti (16) recently re-
viewed the literature There seems to be a close relationship between herpes

zoster and varicella {chick ) but this rel ip 1s also not under-
stood

TUMORS OF THE EYELIDS

There are many tumors of the eyelrds but one of the commonest is so-
called xanthelasma, Wolff (21) feels that the region of the tnner side of the
eyelids have a special character of the skin and therefore are more suscep-
tible to the presence of sebaceous cells which are likely to multipty and pro-
duce the yellow masses called xanthelasma The hair follicles are few in num-
berin this region and since the sebaceous cells are present they grow in sheets
rather than producing glands

Of course, of the other benign tumors, sebaceous and sudoriferous cysts
and mithum are common Gronvall (22) reviewed 375 cases of cysts which
occurred around the eyelids. Most of them were sebaceous cysts and oc-
curred most commonly in elderly people
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Epitheliomas of the eyelids are common, It is generally agreed that the
so-called basal-cell epithelioma occurs predominantly on the lower lid and
at the inner canthus, while the squamous-cel) epithelioma occurs predomi-
nantly on the upper lid. There are authorities who feel that x-ray and irradia-
tion therapy is the treatment of choice. There are others who feel that the
epitheliomas are amenable to surgery, Wakeley (23) and Ginsberg (24) used
both surgery and irradiation in treatment of epitheliomas. Epithelioma of
the inner canthus is the most difficult to treat since it may spread to either
the upper or lower lid and invade along the inner canthus and the caruncle
toward the orbit,

LACRIMAL APPARATUS

The lacrimal apparatus consists of the lacrimal gland, the puncta, canalic-
uli, lacrimal sac, and the nasolacrimal duct.

Tears~Tears are a watery fluid which are present in the conjunctival
sac and are a product of the facrimal gland, the accessory lacrimal gland,
the meibomian glands, and the mucous glands of the conjunctiva. DeRn:'llh
(25) examined 827 persons and determined that the lacrimal secretion dim-
inishes with age and begins to fall off sometime between the ages of 20 and
50 years. He concludes that the normal amount of lacrimal secretion for
a particular eye 1s that which allows the eye to function without discomfert.
He also showed that there was a tremendous variation in the amount of
lacrimation in a gven individual.

The enzyme lysozyme is present in fairfy high concentration in tears.
Smofens, Leopold & Parker (26) believe that lysozyme originates either it the
lacrimal gland or from the bactenal flora of the conjunctiva. Regan (27) de
termined the lysozme content of human tears She found a variation of plus
or minus 33 per cent of the mean lysozyme content of normal jndividuals. In
spite of a considerable amount of research reported on lysozyme, no reason
has yet been found for its presence although many suggestions have b'etr\
made that it may help to control the number of bactersa in the coniunc(gva‘

Tearing, or epiphara, is a common complaint and has Leen the subject
of a good deal of invesngation Recently, Vouters (28) discussed epiphol:ﬁ
associated with a normal nasolacrimal apparatus. He feels that sympathetic
and parasympathetic fibers may stimulate the gland and produce epl.phofz'
He says that psychic factors play an important partin epiphora and maintains
that the control of epiphora should be done on a physiological basis

The absence of tears may be either congenital or acquired. Rifey 29
d d 33 cases of ital absence of tears. This syndrome, which
occurs 1n children of Jewish extraction, consists of defective lacrimatio.n, ex-
cessive perspiration, abnormal drooling, emotional instablity, blotching of
the skin, and motor incoordination. The absence of tears may cause cornesl
ulceration.

Sjbgren (30) and Coverdale (31) have di d the ital absenceln(
lacrimation in the past few years. Sjégren teports that there is a wide vari?-
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tion in the time babies develop tears; sometimes the baby never does de-
velop tears.

The Schirmer test is the most generally used for determining the tear
function While thisis a rather crude test, consisting of placing a narrow strip
of filter paper in the conjunctiva near the inner puncta and timing the absorp-
tion of tears by this filter paper, deRoetth (25) believes that it 1s still the best
test, Others, such as Hudelo & Mergier (32), prefer to use strips of cigarette
peper instead of filter paper,

The acquired variety of absence of tears is known as keratoconjunctivitis
sicca or Syogren’s syndrome. This syndrome consists of dry eyes, dry mouth,
rheumatism of the extremities, and chronic indigestion Morgan & Raven
{33) have hasized the lar sy Since the lack of tears is
only one part of the disease, they have discussed five possible factors. ()
The endocrine theory as to the cause of the disease, since it is commonest 1
females who have peculiar physical characteristics, (b) Avitaminosts, since
these individuals seem to be chronically ill and show some suggestions of
pell like skin changes; {¢) Chronic infection There has been much dis-
cussion in the past regarding bacteria and bacterial toxins producing the
disease How ever, in many studies no bacterial or viral agent has been found;
(d) The neurotropic factor Sjogren feels that neurogenic disturbances are
almost always associated with the disease Morgan & Raven, however, are
not convinced; (¢) Heredity This may be a factor since mndividuals with
rheumatoid arthritis and other rheumatoid diseases also have a low tear
function and frequently have a dry mouth

The major clmical findings of the disease are arthritis of the hands and
feet, deyness of the skin and mucous absence of i
and an atrophic tongue The dryness of the vagina and loss of hair, particu-
larly 1n the region of the vulva, may suggest hypothyroidism The dental
changes are many times advanced, and some of the younger patients may
have lost nearly all of their teeth In the digestive tract, achlorhydria and
achloryha are important findings 1 have not been able to find hydrochleric
2cid in the stomach even after the use of histamme Constipation is also
troublesome and the patient's gastric crises are simular to those which occur
with pernicious anemia The blood changes of Syogren’s disease are variable
Some have a macrocytic hypochromic anemia. Low blood pressure 1s the
l’u}e‘ Morgan & Raven (33) have also stressed the mental changes that occur
Wwith these patients, in which they sometimes have epileptic fits 1 have been
impressed with the fact that the mental changes come on periodically.

Treatment of the absence of tears, whether it 1s congenital or acquired,
18 most difficult. I have found that the congemtal cases, particularly those
described by Riley and called familial autonomic dysfunction, are prone to
develop corneal ulcers unless preventtve measures are taken I have found
that %id adhesions or tarsorrhaphy 1s the treatment of choice. The cornea
should be watched very closely and, if any suggestion of changes occur, lid
adhesions or tarsorrhaphy should be put in at once In the case of Sjogren’s
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d.isease. or keratoconjunctivitis sicca, closing of the puncta with cautery has
given some help. The physician should be sure of the diagnosis of kerato-
conjunctivitis sicca before recommending closure of the puncta

DISEASES OF THE COLLECTING APPARATUS

The collecting apparatus of the nasolacrimal system consists of the two
puncta and canaliculi, the lacrimal sac, and the nasolacrimal duct It has
been estimated by Cassady (34) and also by Cowan (35) that 73 per cent of
the lumina of the nasolacrimal duct are not open at birth. Nordlow & Ven-
nerholm (36) claim the percentage to be 67 per cent. Most ophthalmologists
favor probing of the nasclacrimal duct early in infancy in order to cure the

bl iph Many times infections occur during the first three to
four months of life, and probing is certainly indicated. The above authors
report that probing is successful 86 to 95 per cent of the time.

Atresia of the lacrimal puncta is not nearly as common. However, it did
occur in 4 of 100 cases (36). From my own experience, this is not actually an
atresia of the lacrimal puncta Rather the skin of the lid appears to grow over
the surface of the puncta The lacrimal puncta may be found just under the
surface of this epithelial layer.

Diseases of the licult are
one of the organisms of the actinomycosis group become lodged in the sac-
cules normally found in the canaliculi, This actinomycete continues to grow
and may become calcified so that the canalicuh develop what is known asa
concretion Infections may be due to other organisms but it is most likely that
the canaliculi become infected by dust, which carries organisms that b‘ccome
lodged in the canaliculi. Although it is not a common feature of the dl§ease-
the wall of the canaliculus may be invaded [Moore (37)] While expression o
the concretion may be sufficient to rid the canaliculus of this infection, MQOYC
thinks that the canaliculi should be curretted in order to get out all possible
organisms,

Atresia of the canalicult may occur either as a developmental anumél.')’
or be acquired folloning infl The treatment is not wholly satis-
factory although Henderson (38) published a number of cases in which poly-
ethylene tubes were introduced 1nto the canaliculi for periods of from 30 to 46
days. Following their removal many of these canaliculi remained patent
Veirs (39) used nylon rods while other authors used surgical procedures to
make new openings into the conjunctival sac near the mner canthus. Al
though some authors (38, 39) report highly gratifying results, these proce-
dures have not been too successful 1n my hands. The canaliculi and other
openings tend to close after a period of time .

‘The lacrimal sac is subject to a chronic inflammation, panicularly in
middle-aged women. This chronmic dacryocystitis is apparently caused by @
partial or complete obstruction of the nasolacrimal duct. Rammondo {40}
tried to explain the cause of the chronic dacryocystitis on the basis of de-
creased endocrine function. Stnce it was so common in middle-aged womed

s a y in origin in which
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who were going through the menopause, he tried to use estrogens but with-
out effect. Garzino (41) claims that older people have more inflammatory
reaction in and around the sac This produces sclerosis and scar formation.
The common findings are that older people have this added glandular dys-
function with an increase in the prevalence of bactersa in the conjunctiva.
The presence of this chronic inflammation may be explained by the fact that
older people tend to have more bacteria in their conjunctiva than do young-
sters, possibly because of the decrease in the tear function.

Since chronic dacryocystitis is so common in middle-aged people and
since it is due to the obstruction of the nasolacrimal duct, many procedures
have been devised for cure of the condition. The procedures may roughly be
divided into four groups- (a) The probing of the nasolacrimal duct, either
alone or combined with the insertion of polyethylene or some similar sub-
stances, the simplest procedure; (b} the anastamosis of the sac to the nasal
mucous membrane through the lacrimal bone; (¢} the canalization of the
nasolacrimal canal combined with a polyethylene sphnt; (d) intranasal pro-
cedures devised to combine the sac and the nose Summerskill (42) has re-
ported extensively on the insertion of tubes into the nasolacrimal duct. He
states that tubes carefully inserted will cure a farge number of the cases ol
dacr itis. He feels that idi hic dacryocystitis has a definite heredi-
tary tendency and is probably due to a faulty development of the bony
canal. When the polyethylene tube inserted in the nasolacrimal duct does
not function properly, he then resorts to surgery to make a new opening be-
tween the nasal mucous membrane and medial wall of the sac. The Dupuy-
Dutems dure is probably the This procedure has been sub-
jected to i Severali ious methods of lizati
have been devised. DeJean (43) prepared a pyramidal-shaped tube of acrylic
resin which he placed 1n the nasolacrimal canal The canal is entarged by this
procedure and the acrylic resin wedged between the sac and the nose.

CONJUNCTIVA

.. The conjunctiva 15 2 mucous surface which lines the inner side of the
lids and covers the eyeball to the cornea It is reflected upward and inferiorly
toform the upper and the lower fornix It can be divided ito the tarsal con-
Junetiva, the retrotarsal conjunctiva, the fornrx, and the bulbar conjunctiva.
Each of these areasis subject to different types of insults

The normal conjunctiva vartes from birth to old age. In the newborn the

mayor portion of the epithelium of the palpebral conjunctiva consists of a
low col or iti cubaidal under which is a loose
Connective tissue in which there are 2 few collections of adenord tissue The
bulbar conjunctiva consists largely of a low stratified squamous epithelium
u.nder which isa very loose areolar tisse with very little adenoid tissue From
birth to adolescence the eprthelium tends to become thicker and changes to
a transitional epithelium but the most striking feature is the increase in the
adenoid tissue. This increase in adenoid tissue may at times present itself as
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a folliculosis in which there are rows of folficles on the pafpebral conjunctiva,
These follicles are ordinarily clear and transparent As the conjunctiva be-
comes more adult, the stratified squamous epithelium on the bulbar con-
junctiva becomes thicker and the palpebral conjunctiva tends to become a
stratified squamons epithefium, This change in the conjunctiva varies tre-
mendonsly from area to area in the world. In areas where individuals are
exposed to 2 considerable amount of dust there is more stratified squamous
epithelium in the conjunctiva, In more humid areas the conjunctiva tends ta
remain thinner and more transparent. The normal bacteria of the conjunc-
tiva also vary widely. Many ophthalmologists feel that the conjunctiva is
normally sterile but may become contaminated by organisms that are on
the lid margins and on the skin of the lid. In an urban population from 75 to
80 per cent of the people will have some organisms in their conjunctiva. Ina
rural population this percentage rarely reaches 50 per cent. The micrococcus
or staphylococeus is found most commonty, as reported by Gibson (44). He
found the micrococcus in 62 per centof the conjunctivae, Corynebacierium
xerose is considered by many authors as a rormal inhabitant of }he;on-
junctiva, while other authors feel that its presence in the conjunctiva isan
indication of a vitamin A defici . [t was first di d in a patient with
xerophthalmia. Gibson found bacillus xerosis in about 30 per cent. In our
experience Corynebacterium xeross is present in less than 10 per cent of the
population. 1t is interesting to note that the more recent publications indi-
cate that the preumacoccus, the diplobacillus, and the streptococcus, which
used to be idered as narmal inhabita of the conjunctiva, are afmost non-
existent in present-day cuitures of normal conjunctiva. Hatbert and co-
workers {7a) have shown that many of these normal inhabitants of fhe con-
junctiva are antibiotic producers, The role of organisms in the conjunctiva
in stimulating adenoid tissue formation and changing the character of the
conjunctiva has never been appreciated. There is no doubt that the number
of bacteria 1n the conjunctiva increases with the age of the patient.

Of recent years there has been considerable controversy in r:igard to the
prophylaxis of ophthalmia um. Since 1 inf of the
conjunctiva and cornea have almost entirely disappeared, many ﬂ“m";’
would like to substitute the Credé treatment for the new born baby Mallek,
Spahn & Mallek (45) compared the neonatal use of silver nitrate and peni-
cillin in a total of 2161 births They believe that pencillin 1s2 safe subsﬂtut;
for silver nitrate and that a method of administration should be se!ec't‘!
which reguires minimal handling of the infant’s ids, O'Brien (46) says ¥ :‘
ophthalmia of the newborn is the commonest form of neonatal sepsis: the
incidence of conjunctivitis in infants varying from 1 to 6 per ceat. Therels
little doubt in my mund that some modification of the Credé treatment

shonld be snstituted

Acute CoNJUNCTIVITIS
Infl ~—Acute , or pinkeye, 1s prevaleat through-
out the entire world. It may or may not occur in epidemics The inflamma-
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tion may be produced by bacteria or by viruses. The response of the con-
junctiva to most bacterial infections is a2 papillary hypertrophy while that
attributable to viruses is, for the most part, follicular. Of the acute bacterial
infections of the conjunctiva, the {Dipl iae)

the Koch-Weeks bacillus (Hemophilus aegyptia), and the influenza bacillus
{Hemophilus influenzae) are the most important organisms. Tostevin (47)
stated that acute bacterial conjunctivitis has a duration of from five to ten
days On culture he found the Koch-Weeks bacillus and the pneumococcus
the most common. He stated that the gonococtus was so rare as not to
be worthy of mention.

In some parts of the world, however, severe epidemics of gonorrheal
conjunctivitis do occur This is one of the chief causes of blindness in North
Africa Rals (48) states that in some areas this may be combined with an
acute conjunctivitis produced by the Koch-Weeks bacillus Hugonot (49)
and Toulant and co-workers (50) think that the Koch-Weeks bacillus is a
more important cause of the purulent conjunctivitis of North Africa. Both,
however, are easily prevented or treated by local antibiotics The authors

{48, 49, 50) feel that chlortetracycline or streptomycin are the most effec-
tive,

In my experience the staphylococcus may produce an acute conmjunc-
tivitis. However, it is more commonly associated with a chronic conjunc-
tvitis Of the viruses that produce an acute conjunctivitis, the virus of
epidemic keratoconjunctivitis appears to be the most important. Sporadic
epidemics of this disease have occurred throughout the world The disease
usually begins with edema of the conjunctiva and lids, developing into an
acute follicular conjunctivitis followed by a preauricular lymphadenopathy.
The disease usually subsides in from 21 to 48 days. At the present there is

d controversy ding the cause of the disease. While a virus
has been 1solated by Sanders (51), this work has not been completely sub-
stantrated, athough Sezer (52) may have isolated the virus from scrapings
from the conjunctiva. Further work is necessary before the etiology can be
definitely determined

N_e'wmxtlz's disease —This is another interesting form of virus acute con-
Junctivitis. Newcastle's disease of the conjunctiva occurs in many cases
where there is direct contact with chickens The drsease runs a course of from
14 10 21 days. The virus is a long, slender virus which has been demonstrated
from the conjunctiva by a number of authors (53 t0 57)

. Tm:hama.—Trachoma, which must be considered as a virus disease, may
.mher be acute or chronic The volume of world-wide literature on trachoma
Is enormous (58). It may begun either insidiously or acutely. Smce it has a
wide variety of forms, MacCallan (58) has divided trachoma into four
groups The World Health Organization’s expert on trach met
m G.encva n March, 1952, to study trachoma and recommend therapy for
eradication of the disease. They recognized the wide variation in results of
ltl;‘erapy as wgll as i.n recognition of the disease It is widely recognized that
¢ sulfonamides given by mouth will usually control the disease, although
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even here some individuals feel that sulfonamides only control the secondary
infection, The expert committee on trachoma feel that the sulfonamides, if
given in proper dosage, are effective in the disease. They recognize, however,
that for mass therapy chlortetracycline or oxytetracycline should better be
used because of the dangers of the sulfonamides given by mouth for long
periods of time, Until an absolutely certain diagnostic procedure for the
diagnosis of trachoma can be obtained, there will continue to be controversy
regarding the treatment of this disease throughout the world. There is no
doubt of its devastating effect on the vision of individuals. In my opinion
medical therapy is the most reliable. The surgical treatment should be re-
served for the entropion, the trichiasis, and the shrinkage of the conjunctiva,
which are common complications of the disease. X

An acute conyunctivitis that is related to trachoma, in that it has.m-
clusion bodies in the conj iva, is inclusion conj ivitis. This i
disease occurs in the new born but also may be gotten in swimming pools
since it is a virus that may be found in the cervix of the female and the
urethra of the male. This virus characteristically produces a follicular.con-
junctivitis. Ormsby and co-workers (59) have found that there is little differ-
ence in the recovery rates between sulfanilamide, chlortetracycline, and
oxytetracycline There are many unusual forms of conjunctivitis reported
in the literature (58).

Allergic compunctivatis~Since the conjunctiva is exposed to inhalants,
contactants, and bacteria, 1t is not surprising that allergies occur. These
allergies may take several forms. They may be divided into several groupsi
those produced by inhal and those produced by b:actena
and bacterial toxins, the atopic type, and a group of unknown allerl‘c‘ con-
junctivitis This latter group is best exemphfied by so-called vernal con)‘{“c’
tivitis, the conjunctivins which begins in childhood asa disease o{ the spring,
summer, and autumn [t preduces a severe conjunctival reaction in the form
of large cobblestone papillae.

The acute allergic ivitis produced by inhal isan diat
response. Pollen, dust, dander, feathers, and food produce tl’!li conl“"‘;‘
tivitis, It is associated with a milky discharge from the conjunctiva, and the
conjunctival surface is pale and covered with fine papillae. Hanser and ;&:
workers (60, 61) have shown that eosinophils are a promtnent feature of this
disease and the number of eosinophils will increase as the symptoms 12~
crease, . .

The allergic derma junctivitis, which is i d with
an eczematord dermatitis of the skin of the lid, is usually a delaye'd allergic
response produced by such important allergens as locally applied 'dr.uif
{atropine, scopolamine), cosmetics, and wearing apparel. In con\radjsﬂﬂ
tion to the acute allergic conjunctivitis, the conjunctiva in this type is “’;‘"
ally red and inflamed Eosinophils may or may not be appare.nt in (n:
scrapings. Theodore (62) thinks that ocular drug intolerances are u‘np.orta“
in the development of drug allergies Many of these drugs act as irritants,
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particularly if they deteriorate in solution, and their degenerative products
act as adjuvants in sensitizing the conjunctiva If the drug irritant can be
recognized early enough, sometimes a drug allergy can be prevented. This is
particularly true if the drugs are carefully compounded.

Chrenic allergic conj itis ts usually idered to be of two types:
the atopic, which has been described by Hogan (63), and the delayed bac-
tersal type. This latter group may show an allergic response to bacteria,
fungi, and possibly viruses The atopic allergic conjunctivitis is so typical,
Hogan states, that the entity deserves 2 specific title of atopic kerato-
conjunctivitis. The atopic individual is sensitized during infancy. It is an
immediate reaction to the ing agent The conjunctivitis is iated
with burning and mucord secretion Remissions and evacerbations are com-
mon Secondary infections with staphyloccocei occur.

The bacterial, or delayed type of allergic conjunctivatis, has been more
difficult to evaluate The outstanding example of the bacterial allergy is
phlyetenular keratoconjunctivitis The volume of literature on phlycten-
vlar conjunctivitis is enormous (64 to 67) Thygeson (68) has shown that
phlyctenular keratoconjunctivitis is almost enttrely an allergy to tuberculo-
protein, He states that on rare occasions there may be an allergy either to
bacterial, viral, or fungous infections. Numerous authors feel that the
preumococcus and Koch-Weeks comjunctivitis may have an associated
phlyctenular allergy. Thygeson (68) says that these two organisms are very
low sensitizers and it may be that these organisms act as a trigger mechamsm
to produce the ization to the tuber He has also demon-
strated that the staphylococcus 1s capable of producing a phlyctenular-
type lesion in the eye The great majority of cases, however, are certainly
produced by tuberculoprotern

Unusual forms of conjunctitss —Parnaud’s conjunctivitis has always
been of interest to ophth since 1t rep! a 1t
type of inflammation of the conjunctiva assoctated with lymphadenopathy
Recently, numerous references have been made to a so-called cat-scratch
fever which may or may not be associated with a conjunctivitts (69 to 73).
‘This disease has been called benign infecttous lymphoreticulosis and it has
been~ suggested that it is a virus disease An antigen was prepared by
Daniels & MacMurray (69) from a lymph node The antigen gave positive re-
actions in patients with the disease Ridley & Smith (74), however, isolated
the le!;tothrk from one of the suppurative preauricular lymph nodes The
Organism was similar to the one isolated by Verhoff & King several years
ago. However, it did not ferment sugars as readily Cassady & Culbertson
(35) presented an excellent review of the hterature, including four cases,
all of whom were sensitive to Dantels' and MacMurray’s cat-scratch fever

antigen. Since that time Cassady has had an opportunity (personal com-
;nummnon) to test many of the patients who had typical leptothrix in-

,;C"?“ and found that they too were sensittve to the antigen prepared by
aniels & MacMurray Since the {eptothrix 15 a dafficult organism to grow,
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it is certainly possible that cat-seratch fever and leptothrix sculoglandular
syndrome are one and the same disease. They certainly are clinically iden-
tical. The leptothriv described by Ridley & Smith and also by Verhoff &
King are frequent inhabitants of the fur and mouth of cats.

CORNEA

Anatomically, the cornea consists of the epithelium, Bowman's mem-
brane, the corneal stroma, Descemet’s membrane, and the endothelium. Dis-
eases of the cornea may be classified as hereditary, developmental discases,
infections, allergies, and d ions. The volume of literature on discases
of the cornea is enormous (76),

Guild, Walsh & Hoover (77}, Kennedy (78), and others have reported on
the demonstration of cystine crystals in the cornea, Since this is an fnbo{ll
error in metabolism and is hereditary, the cystine crystals are deposnsed‘ in
the cornea as well as in other organs, The metabolic block in cystinuria 183
faifure in the oxidation of cysteine to a sulfate. This causes its precursor,
cystine, to accumulate in body fluids The cystine erystals accumulatein the
conjunctiva and in the cornea and may be seen with the slit lamp micro-
scope.

One of the most important problems for experimental work that has been
done in the recent years has been on corneal transparency. Research t:n tl:xe
problem of carneal transparency has taken several angles. Teng & Katin
{79} have demonstrated the presence of a fine basement membran,c, dfs;
tinguishable from Bowman’s membrane, which is between the epithelis
layers and Bowman’s membrane It varies in thickness and width fram on¢-
third the thick of Bowman's b to iderably less. This m‘:"
brane may have something to do with the epithelium sticking tightly to the
strama One approach to the transparency of the cornea has been the pres-
ence of corneal mucoid. There has been a considerable difference bctwe:‘n
the corneal mucoid of fish and that of mammalia since the fish cornea swels
ruch less in water than does the mammalian cornea (76). Autell & Holmgrzﬂ
(80), using metachromatic staimng, demonstrated that the collagen fibers o
the cornea absorbed 2 good deal of metachromatic substance Theé"m
nounced capacity of the swelling of the cornea in water, \vhn:h. had. ’hc
demonstrated by them before, is a characteristic which chiefly resides it 'he
stroma of the cornea, These authors feel that the mucoid content citve
collagen fibers of the stroma absorb the water, Smelser & Ozanics (81) ’e!
demonstrated that a corneal haze develops after the wearing of contact 12!:;“
This haze increases the corneal thickness, which s present 1n the stroma. ¥

authors demonstrated that the glycogen stores of the cornea were fap! hl’
exhausted when contact lenses were worn, and that this may produce tn-
swelling. They feel that when the glycogen reserve is exhansted, water c“
ters the cornea more rapidly than 1t can be removed Bock & Mﬂu"““m
(82) by an ingenious experiment showed that diffusion across the _Cor“”m
and from the aqueous of substances vital to this tissue are essential to
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survival of the stromal cells. They feel that osmotic forces act through the
epithelium and endothelium as semipermeable membranes, but that they
are not solely responsible for keeping the cornea clear, Potts (83) feels that
the present accepted theories of corneal dehydration should be revised. He
states that the epithelium of the cornea is relatively impermeable to most
substances while the endothellum is, relatively, permeable to salt. The
aqueous supplies much of the nutrition to the cornea All of these experi-
ments would indicate that much further work is necesssary in order to decide
how the cornea remains clear. There is no doubt that the corneal mucoid and
the detergesence of the corneal stroma are important factors in maintaining
the transparency.

Thygeson (84), Gundersen (76), and Braley (85) feel that there has
been an increase in the number of cases of herpes corneae in the United States
since World War II. Herpes corneae has not been a severe disease Thygeson
(84) 2nd Gundersen (76) say that, prior to the advent of cortisone, corneal
petforation was an unheard of complication of herpes corneae and hypopyon
was exceedingly rare Both warn against the use of cortisone or hydrocort:-
sone in the treatment of herpes corneae. In personal communications be-
tween these two authors, they state that cortisone and hydrocortisone may
gielp to cause the development of herpes corneae Gunderson (76) says that,
in spite of the fact that herpetic patients often feel more comfortable while
taking cortisone and that a few isolated favorable reports have appeated,
only harm can be expected from its widespread use The best form of therapy
still seems to be the removal of the corneal epithelium and the cauterization
with 3} per cent tincture of iodme

. Central ulcers —At the present time central ulcers of the cornea are very
likely to be caused by Psewdomonas aeruginosa This common saprophyte
produces a devastating ulcer of the cornea The organism sometimes gains
access to the cornea following an abrasion or the removal of a corneal foreign
body, or it may be introduced into the eye from soil or from contaminated
solution Diagnosis is sometimes difficult unless immediate smears and cul-
tures are made from the cornea. There have been a number of cases of pyo-
Cyaneus ulcers of the cornea which have been produced by the use of con-
taminated cortisone and fluorescein solution Unless the eye is treated within
the first 24 hr., it may be lost The treatment depends upon sensitivity tests,
although polymyxin B, chi icol, and 1n appear to be the
most valuable antibiotics Of the chemoth ic agents the sulf d
ar€ sometimes more effective than the antibiotics Eareckson, Miller & Long
(86) report a case in which the diagnosts of the corneal infection was Psendo-
;Mno: eeruginose and treated with polymyxin B and varidase The authors

e]el that the combination of the two is better than the use of polvmyxin B
alene. They are of the optnion that the thick mucopurulent materal, which
;S Present i the cornea, prevents effective antibiotic action and that varidase
S a tool to remove the fibrin and pus Klein & Millwood {87) contend that
PYocyaneus infections of the cornea are better controlied by the use of gelatin
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disks impregnated with streptomycin. They recommend the early use of
these impregnated caps and disks in first-aid stations of industejal plants
as an effective preventive of an infection following traumatic injuries to
the cornea. | have always used local 74 per cent gantrisin as an ointment or
as a drop in the eye in an effort to prevent this dangerous infection,

Thygeson, Hogan, & Kimura (88) have reviewed the role of cortisone in
bacteral as well as non-bacterial keratitis They have reported an extensive
review of the literature Both cortisone and hydrocortisone have great value
in ocular diseases arising from all types of allergies. This is particularly true
of bacterial allergies. Cortisone and hydrocortisone are effective therapy,
according to these authors, in cases of phly losis, in granyl
uveitis, and in margina! infiltrations or ulcers of the cornea. These hormones
are also extremely cffective in most types of rosacea keratitis Drews, Barton
& Mikkelsen (89) present an excellent review of a study which extended from
1944 to 1950, in which 90 patients were treated for acute interstitial kera-
titis. During this period penicillin alone or in combination with arsenicals and
bismuth had no significant effect on the course of interstitial keratitis They
report, however, 18 patients who were given hourly instillations of 2} pet cent
cortisone drops in the eye while they were being treated with penicillin intra-

larly. Pain and pt hobia were relieved within three to four days

and, in all but two cases, there was clearing of the cornea. A final vision of
20/20 or better was obtained 1n 26 of the 29 eyes treated, Three patients ev-
perienced a recurrence after cortisone was discontinued; however, each re-
sponded as soon as cortisone treatment was resumed.

The literature on keratoplasties of the cornca occupies a very large por-
tion of the ophthalmic literature In spite of this relatively few c:ises gf
corneal transplant have been done in the entire world. The resul(.s in this
period over previous periods reported have not shown a strikir}g\lmpm""
ment. Lamellar k 1 has pied a more ble position

1Vith the increased interest in collagen diseases, the fibrous coats of the
eye, the sclera and the cornea, show similar changes. Polyarteritls _"°d°sa'
erythema nodosa, and scleratomalacia are all of interest. Goar & Smith (_90‘)
presented two interestng histological cases. They describe polyartcnlxj
nodosa of the eye as a focal degenerative inflammatory disease of th'e 5"{"
and medium sized artertes charactenized by a peculiar type of hyaline-like
necrosis which is called fibrinoid degeneration. Around these areas the cefls
show active acute inflammation The changes occur in the vessels of the
sclera, the choroid, and occasionally in the retinal, ailiary, and vessels of the
extra-ocular muscles Kartka (91), Bochringer (92), and Francois (93) have
stressed the collagen nature of all of these diseases and have described the
necrosis and sequestration of the sclera with the associated necrosis. Rheu-
matoid arthritis may be an associated disease

THE LENS

Whale there has been a considerable amount of work done on the fens and
the lens structure, very little new has been added in the past several yeart-
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The pubhcation in Science (94) of the non-surgical treatment of cataracts
which received wide notice in the lay press, was unfortunate The alleged
beneficial effect on of p 1 injection of a pi of fish
lens protein caused widespread interest, but the report of the subcommittee
of the National R h Council luded that no ad evidence was
available to show that the fish lens protein had any effect The committee
suggested that no further investigation of this treatment should be con-
ducted because of its past proven ineflectiveness and because it was poten-
tially dangerous to the patient {95) Although periodically non-surgical treat-
ments for cataracts are bound to appear, to date there is no proof of any
beneficial effect.

The Ridley lens (96) has aroused a considerable amount of attention, not
only i this country but in Europe. This i ious and it i
consists of replacing the cataract with an ntraocular, clear, acrylic resin,
plastic lens. Numerous successful operattons have been reported by a num-
ber of authors (97) Most authors, however, urge caution and some have

cited dangers of ive infection, later dislocation, and foreign body
reaction,

Research on 1 has d over a period of many
Years so that the carbohydrate cataracts have been studied as extensively
as have those of the alloxan diabetic The gal were

reported by Patz (98) and Steiner (99). Both have studied the galactose
cataracts extensively in children The galactose cataracts are reversible until
the opacities become h Imp: is often kable on a mulk-
free diet which may result in complete recession of the cataract while the
lens remain clear. Crarg & Maddox (100) showed that feeding high galactose
diets to rats produced cataracts in from 9 to 20 days

Radsati have d the attention of many physicians.
Alter & Leinfelder (101), studying the effects on rabbts’ lenses, demon-
strated that the lens could be shielded and cataracts prevented with a low
dosage wrradiation, provided the equatorral region of the lens could be pro-
tected. Ham (102) deseribed cataracts caused by the cyclotron, the atom
bomb, and accidental nuclear reaction cataracts in humans, and has pub-
lished an extensive review of the hiterature

DISEASE OF THE UVEAL TRACT

. .The uveal tract is the vascular coat of the eye It consists of the iris, the
ciliary body, and the choroid The mesh work of the iris angle, which forms
the drainage system that covers the sclerat furrow between the cornea and
sclera in front of Schlemm’s canal, may be considered as part of this uveal
structure, There has been considerable mterest in some of the congenital or
developmental anomalies of the iris and chamber angle A good deal of this
lnt?resg !'Aas been aroused by Barkan (103) Barkan has demonstrated to his
satisfaction that, because of the glaucoma in congenital anirdia, there is a
P"E.ls‘tent embryonic tissue in the angle which pulls the rudimentary root of
theiris toward the line of Schwalbe, thus sealing off the angle from the cham-
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ber, He feels thata similar process is the cause of typical congenital glaucoma.
We (104, 105) fee! that this is not a persisent embryonic tissue that pulls the
iris forward in either congenital glaucoma or in aniridia but rather a failure
of the opening of the chamber angle due to incomplete cleavage between the
portions of the uveal tissue that makes up the chamber angle. Barkan's (103)
treatment of the condition is an attempt to open the chamber angle by goniot-
omy and appears to be the preferred treatment.

Of recent years there have been a number of studies conducted on choroid-
eremia which has been recently reviewed by Sorsby and co-workers (106).
In males the condition is progressive and, while the patients are born »ith
pigment, it slowly disappears from the choroid In females, although the
ophthalmoscopic changes are marked, there are no subjective symptoms
and there is no progression of the disease. An affected male will have a mother
who shows the carrier state. Since women carriers can be identified the condi-
tion can be diagnosed by the study of only two generations The authorsnish
to change the name from choroideremia to progressive choroidal atrophy. A
large number of families have been studied in the United States and Cana.da
of recent years, and this important disease has aroused considerably more 12
terest than has retinitis pigmentosa, which is know n to be hereditary.

The volume of literature on diseases of the uveal tract has been ade-
quately covered by Hogan (107) and Calhoun (108). L

The most interesting inflammatory disease of the uveal tract studled.m
recent years is toxoplasmosis. In the past it was believed that this interestiog
chorio-retinal lesion occurred only “in utero” but the findings of Ho'gan,
Thygeson & Kimura (109} have changed this view Busacca and associates
(110), Wegmann & Gut (111) and Koke (112) have confirmed that tox®
plasmosis may produce a chorioretinopathy 1 the adult. White the toxo-
plasmic antigen and complement-fixation tests are not entirely accurate,
methylene blue dye test is the most reliable test for toxoplasmosis Busaccd
and associates (110) reported 28 § per cent positive results in adalt patients
with active chorioretinitis, whereas, when the same test was performed on
controlled patients without chorioretinitis, he found only 3 per cent pos;‘
tives At the recent meeting of the Assoctation for Research in OPM,"’],"‘“ -
ogy in San Francisco, considerable more evidence was presented to indicat¢
that adult infection does occur o5 of

5 B hthalmiac —Evid to support the two theories O
sympathetic ophthalmia are still being presented. Collins (113) has continued
his work, using adjuvants combined with uveal pigment The adjuvants M;’;
aquaphor, liquid petrolatum, and heat-killed tubercle bacilli This work,"",o‘.’
suggest that sympathetic ophthalmia 1 due to a bacterial hypersensitivity
or a sensitivity to uveal pigment in which bacterial substances act as £h¢
adjuvant

Schreck (114), however, believes that the chicken represents a natural res-
ervoir for a virus which is the cause of sy mpathetic ophthalmia. Sf:hfed‘ 8
work has been substantiated by Redslob (115} They claim that this ultra-

the
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microscopic virus has an affinity for uveal tissue but travels from the first
eye along the retinal vessels to the chiasm and then up the second optic
nerve toinvolve the second eye In a recent panel discussion of virus diseases,
several virologists were of the opinion that since no one except Redslob had
been able to substantiate Schreck’s work and he used the same type of
chickens, it was the majority opinion that Schreck and Redslob were stim-
vlating a latent virus in the chicken.

There are numerous reports in the literature regarding the excellent
effects of cortisone and hydrocortisone on sympathetic ophthalmia. No doubt
the inflammation can be decreased by the use of ACTH or cortisone when
given either intramuscularly, intravenously, or by mouth, but I have not
been favorably impressed with its ability to prevent complete loss of sight
once the disease is definitely established.

GLAUCOMA

The glaucomas may be divided into the primary glaucoma, in which
there is no apparent cause for the development of the elevated intraocular
pressure, and the secondary glaucomas, where there appears to be some cause
for the gl C ital gl has been previ di: d under
uveal tract.

The present ion of the primary gl. be divided into two
large groups the nmarrow angle glaucoma and the wide angle glaucoma.
Scheie (116) and Haas (117) have covered the literature on glaucoma com-
pletely and have d a very il ion of the disease, in-
cluding the diagnosis, the medical management, and the surgical manage-
ment.

Little has been added in recent years to the medical therapy of glaucoma.
The usual miotics are still useful 1n treating glaucoma. It has been shown by
t phy studies that gl is y a disease in which the
elevation in the intraocular pressure 1s due to 2 partial obstruction of the out-
flow at the chamber angle Pilocarpine and the other miotics seem to in-
crease this outflow of aqueous from the anterior chamber.

Becker (118), how ever, has presented the most nteresting theories in re-
#ard to glaucoma By the giving of Diamox (Acetazoleamide), Becker was
able to reduce i lar pressure derably Diamox is a id,
which 1nhibits carbonic anhydrase and effectively decreases the intraocular
pressure  Subsequent studies have shown that it probably reduces the
flow of agueous into the eye Pressures can be remarkably reduced in from
601090 min with a maximum effect in from 3 to 4 hr after an initial dose of
500 01000 mg In some 1nstances the pressure was over 60 before Diamov,
reduced to 25-27 after its administration Pattents have been marmntained on

"amox for six months 1 have found that it reduces the pressure in
most cases of glaucoma although an occasional case may not respond favor-
:EK The side effects are marked diuresis and, after a period of time, di-

€ Is praminent. The diarrhea sometimes can be controlled by reducing
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ber, He feels that a similar process is the cause of typical congenital glaucoma
We (104, 105) fee) that this is not 2 persisent embryonic tissue that pulls the
iris forward in either congenital glaucoma or in aniridia but rather a failure
of the opening of the chamber angle due to i lete cleavage between the
portions of the uveal tissue that makes up the chamber angle. Barkan's (103)
treatment of the condition is an attempt ta open the chamber angle by goniot-
omy and appears to be the preferred treatment.

Of recent years there have been a number of studies conducted or choroid-
eremia which has been recently reviewed by Sorsby and co-workers (106).
In males the condition is progressive and, while the patients are bora with
pigment, it slowly disappears from the choroid. In females, although the
ophthalmoscopic changes are marked, there are no subjective symptoms
and there is no progression of the disease. An affected male will havea mathe.r
who shows the carrier state, Since women carriers can be identified the condi-
tion can be diagnosed by the study of only two generations. The authors wish
to change the name from choroideremia to progressive choroidal atrophy. A
large number of families have been studied in the United States and Cana'da
of recent years, and this important disease has aroused considerably more in-
terest than has retinitis pigmentosa, which is known to be hereditary.

The volume of literature on diseases of the uveal tract has been ade-
quately covered by Hogan (107) and Calhoun (108). .

The most interesting inflammatory disease of the uveal tract !flldle'-'{ ®
recent years is toxoplasmosis. In the past it was believed that this interesting
chorio-retinal lesion occurred only “in utero” but the findings of Hogan
Thygeson & Kimura (109) have changed this view. Busacca and associates
(110}, Wegmann & Gut (111) and Kake (112) have confirmed that to%0-
plasmosis may produce a chorioretinopathy in the adult, While the to‘:-
plasmic antigen and complement-fixation tests are not entirely ac'curate. the
methylene blue dye test 1s the most reliable test for toxoplasmosts Dus:acﬂ
and associates (110} reported 28 5 per cent positive results in adult patients
with active charioretinitis, whereas, when the same test was performed 0
controlled patients without chorioretinitis, he found only 3 per cent "“;‘
tives At the recent meeting of the Association for Research in Opht‘hal"“’ -
ogy in San Francisco, iderable more evidence was p a to indiate
that adult infection does occur ios of

Sympatheti hthalmia.—Evid, to support the two theories ‘:i
sympathetic ophthalmia are still being presented Collins (113) has commutc
his wark, using adjuvants combined with uveal pigment The 6121)“"’"‘5 “‘;i
aquaphar, liquid petrolatum, and heat-killed tubercle bactlli. This work.“"’l."
suggest that sympathetic ophthalnua 1s due to a bacterial hypersensitr Z
or a sensitivity to uveal pigment in which bacterial substances act as ¢

adjuvant. -
Schreck (114), however, believes that the chicken represents 2 natyral o

ervoir for a virus which is the cause of sympathetic ophthalmia. Sshrelc a-

work has been substantiated by Redslob (115). They claim that this ulty
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of control at which the disease has been maintained. Hypertensive retinop-
2thy and other diseases of the retina are reviewed extensively in the refer-
ences given.

DEeTacEMENT OF THE RETINA

The prognosis regarding detachment of the retina following surgical
therapy has improved so much of recent years that it is worthy of mention.
The sy fum on retinal detach at the American Academy of Oph-
thalmology and Otolaryngology gives a concise and umform opinion of the
present day information on this important ocular disease (125). Surgical
diathermy in the region of the break in the retina appears to be the best form
of treatment. Pischel (126} and others (127) emphasize the importance of
localization and accurately closing the break in the retina at the time of
surgery. The is of retinal detach has imps d stnce the im-
fortance of careful surgery and surgical treatment was stressed by Arruga

127)

NEUROMUSCULAR OPHTHALMOLOGY

The association of the extra-ocular muscles and binocular vision is of
enormous interest to all ophth logists The sy ium on bi:

blished in 1953 the bined opinion of six leaders in this
specialized field (128). All parts of the world are beginning to show a con-
siderable agreement on the best methods of treatment of strabismus. In
spite of a close agreement on treatment, very little is understood regarding
its basic etiology.

LITERATURE CITED

1 Lehey, B. D, Am J. Ophthalmol , 35, 1077 (1952)

2. Schofeild, A L, Brat J Plastic Surg , 7, 67-91 (1954)

3. Foster, ] , Med J Australia, 1L, 551 (1952)

4 Schewe, H. G, dm J Ophthalmat , 35, 1096 (1952)

5 Spaeth,E B, Am J Ophthalmol , 35, 1091 (1952)

6 Thygeson, P, Trans Am Acad. Ophthalmol. Otolaryngol , 56, 737 (1952)

7a Halbert, § P., Swick, L, Sonn, C , and Locatcher-Khorazo, D , Arch Oph-
thalmol (Chicaga), 51, 7 (1954)

7 Braley, A, E., Princaples and Praciice of Antibiotsc Therapy, 625 (Medical En-

| cyclopedia, Ine., New York, N. Y., 699 pp 1954)

8 Vidal, P, and Wei, B, Aun oculust, (Parss), 185, 778 (1952)

9 Swinny, B, dun Allergy, 9, 174 (1951)

10 Agostos, W. N., Reeves, N., Shanks, E. D , Jr , and Sydenstrecker, V. P., New
Engl. 7, Med , 246, 217 (1952)

P‘n!chett, J.H,Jr ,and Austin, A C, J. Med. Assoc Georgia, 40, 314-76 (1951)

Venturi, G, Boll oculist, 31, 21 (1952)

Hauge, H,, Nord. Med »48, 1481 (1052)

Pereyra, L, Grorn. stal. oftatmol , 4, 132 (1951)

Contino, ¥, Riv stal tracoma, 4, § (1952)

1
12
13
14
15



330 BRALEY

the dosage of Diamox, While there isa great deat of variationin the method of
administration, I give an initial dose of 500 to 1000 mg, This is followed by
125 to 250 mg. every 4 hr. for the first 24 hr. Then the dosage of Diamoxis
decreased as indicated.

DISEASES OF THE RETINA AND OPTIC NERVE

Maumenee (119) and Wagener (120) have reviewed the recent literature
on diseases of the optic nerve in a complete fashjon.

Of recent Y ears retrolental fibroplasia has held the spotlight in ophthal-
mology. Since its original description by Terry (119) in 1942, a tolume of
literature has accumulated on this important disease. The disease is usually
fot present at birth but develops a short time after birth. The single most
important factor was expressed by Duggart (121). He states that, “The nci-
dence of t ! fibroplasia is inversely proportional to the bn’rlhwexgbt.”
One out of seven premature babies with a birth weight of 3 b or tess will
have retrolental fibroplasia. One out of 16 with a birth weight of 4} ib. or fess
wilt have the disease In spite of the volume of literature, the etiology, except
for prematurity, is not known, Many authors have incriminated oxy gen con-
centrations as a factor Mote research will be necessaty before the final deci
sion can be made. o

Of recent years ophthalmologists have made fundamental conm'buuon!
to the pathological nature of the vascufar degenerative lesions of .dxabelfs,
‘The method of injecting the entire retinal vascular tree with spec'nal stains
has contributed significantly to our knowledge. The majority of patierts ’”’Vh
diabetic retinopathy, and particularly those with micro-aneurysms, have
been shown to have Kimmelstiel-Wilson's disease of the kidney at autopsy.
There is a marked similarity between the capillary aneurysmal dﬂ:lxtauoﬂs
of the retinal vessels and the changes that occur in the glomeruli of t{‘lt
kidney. In the past few years, Becker (122} and Frredenwald {123) have made
important contributions to the understanding of the vascular degencrame{
fesion. They noted that diabetic patients during pregnancy, tn the absencedo'
hypertension, developed retinopathy which usually disappeared a.fter ?c
livery. This suggested an endogenous increase in the adrenocatticotropt
hormone. Becker (122), therefore, made rabbits diabetic with. alloxan an
gave them injections of corticotropin. An ophthalmoscopic pxc(u’rc rfsem;
bling early diabetic retinopathy was found in these animals Examination @
flat preparations of the retina revealed many capiilary aneurysms. ant
these studies 1t would seem that the corticotropins have some part to play
in the devel of the reti) hy of diab: o

The argument concerning the control of diabetics still continues b)u it is
the opinion of Wagener (120) that the absolute management of the dmb;ﬂ;
probably will prevent retinopathy Although some authors, such as Cor:n
(124), state that the young diabetic who survives 20 yr is likely to hay )
severe form of diabetic retinopathy with loss of vision, regardless of the leve:
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PEDIATRICS'*3

BY RusseLL J. BLATTNER AxD FLorENCE M. HEYs
Department of Pediatrics, Baylor University College of Medcsne, Houston, Texas

INTRODUCTION

In covering subject matter as broad as that of Pediatrics, it is far from
easy to give full credit to current advances in so diverse a field, and it is
difficult, if not i ible, to gni: it which by further de-
velopments or more conclusive investigations, will be revealed ultimately
as of unusual significance. The task was undertaken realizing full well that
the material selected and the opinions exp d will not be idered
authoritative Choice of subject, therefore, has been determined by the in-
terests of the authors and their departmental associates, and has been in-
fluenced by medical confreres. While much will have been omutted, what has
been included has seemed of particular interest to the group

- PRrOBLEMS OF TRE NEWBORN INFANT

During the neonatal period many physiologic adjustments are required
of the newborn infant. A better basic understanding of the attendant prob-
lems has led to more intelligent care of well infants, and to more satisfactory
diagnosis and treatment of those showing signs of disease.

Retrolental  Fibrop -——This dition, more descriptively termed
retinopathy of premature infants, is directly related to the degree of pre-
maturity. Prevention of this serious disease entity is of great importance, and
within the past few years information concerning 1ts etiology has been ac-
cumulating TIn a recent di ion of oxyg in relation to
fibroplasia, the condition was attributed to excessive oxygen supply to the
premature infant in the neonatal period (1, 2) Other factors prabably in-
ﬂue}lcing the onset and severity of the disease have been suggested on the
basis of careful studies: excessive warmth and humidity, electrolyte shifts,
and enzyme derangements In one group studied, premature infants, four
Pounds or under, were placed alternately in high and low oxygen concentra-
ton Of 36 infants in the high oxygen group 22 (or 61 per cent) showed
retinal vascular change, and eight (or 22 per cent) irreversible cicatricial
Tetmopathy, Of 28 comparable nfants in the low oxygen group only two

OF seven per cent) showed vascular changes, and neither developed per-

:The suevey of hiterature pertaining to this review was completed 1n July, 195¢
PASThe following abbreviations were used 1n this chapter ACTH (corticotropin},
(para-aminosalicyclic acid); AHG (antihemophilic globulin), PTC (plasma
thromboplastn , PTA (plasma )k dent)
* The authors take pleasure yn ack ing the of the
Pediatric departmental members, more pasticularly, C W Daeschner, M. M Des-
mond, H. K, Hou, D, G McNamara, F M Taylor, and A P Willamson
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infant is well recognized, their use under individual circumstances to be
luated largely by the pediatrician in charge.

Er is Fetalis Allrsbutable to ABO-Iy ility —Jaundi
appearing in an infant during the first 24 hr. of life can almost invariably be
accounted for on the basis of erythroblastosis fetalis. While much has been
written concerning this general subject, erythroblastosis as a result of in-

compatibilities in the ABO-series is not yet completely understood. The

relative importance of ABO- itnlity in the production of erythro-
blastosis is indicated in a recent survey of 2624 births, showing 14 instances
of Rh i ibility and 19 i of ABO ibility (8). For all
practical purposes, the di is of ABO-erythrobl is can be made, in

the absence of manifest infection, if there is a major blood group difference
between the mother and infant, by a negative Coombs test, by evidence of
clinical jaundice 1n the first 24 hr. of hfe, and by a serum bilirubin level of
more than 10 mg per 100 cc. The dsease affects first-born infants with about
the same frequency as those in later position in the sibship. At the present
time the criteria for therapy in ABO-esythroblastosis are the same as those
recogmzed for difficulties attributable to Rh incompatibilities.

Neonatal Tetany —Hy lcemic tetany n two ly-born sib-
lings has been reported recently which was associated with hyperparathy-
roidism tn the mother (9). Clinical mamfestations of tetany which were
unusually severe and persistent 1n these two infants led to the discovery
of hyperparathyroidism in the mother. In the first chuld tetany persisted
through the twenty-first day of life, antitetanic therapy could be terminated
on the twenty-sixth day, and the patient was discharged in good general
condition with no evidence of further difficulty. In the second child con-
vulsions persisted steadily for the first 11 days of hfe By the twenty-seventh
day all antitetanic therapy could be discontinued, and the child remained
m good condition. On the basis of these observations in the children, the
mother was subjected to careful medical investigation Subsequently a
parathyroid adenoma was removed surgically with favorable results.

Postmaturity—An infant delivered after a gestational period of more than
300 days 1s considered postmature by the majority of physicians. Post-
matunity, the incid of which is appi tely 5 per cent, or one in 20
pregnancies, ranks second only to prematurity as a cause of fetal and
peonatal mortatity, Among 2178 women included in a statistical study,
Prematunty accounted for 36 per cent of the perinatal deaths and post-
maturity for 30 per cent where the mcidence of neonatal death was approxi-
mately 15 per cent (10) Postmaturity seems to be a hazard umque to
Pumigravida, and it has been stated, on the basts of available records, that

3 per cent of primigravida, whose peniod of gestation lasted 300 days or
longer, did not become pregnant again during the followig 10 years

The clinical findings of the postmature syndrome may be divided mto
thee general groups, depending upon the degree of placental dysfunction
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manent damage. From such studies, retrolental fibroplasia would seem to be
related significantly to excessive oxygen administration, with the general
conclusion that its control may be possible by “severely Timiting oxygen
administration in premature infants™ (2), Pertinent statistics presented at
the May, 1954 meeting of the American Pediatric Society indicated that the
prevalence of premature retinopathy js two to three times as great inlarge
well-staffed hospitals where oxygen is more readily available for routine
use (3). If, as has been suggested, the fetus is accustomed gradnally during
pregnancy to a decreasing axygen supply, the unphysiologic fluctuavions in
oxygen levels to which the pr ly-born infant is subjected might welt
have a deleterious effect.

In one study the pattern of growth and development of the eye was fol-
lowed in a large series of small, premature infants, 320 over the period from
April, 1950 to January, 1953 (4} The fundi were classified as immature,
transitional, and mature, Of the 320 premature infants fullowed, 86 de-
veloped retinopathy, of whom 38 had massive retinal edema with d:!:!c)'xed
retina and malignant hemorrhages, From this study the general conclusioo
wasg drawn that there are critical petiods of development in the eye when
vatious factors might allow retrolental fifroplasia to oceuy, and thfxt the
immature eye of the small premature is undergoing a tritical petiod of
differentiation in an extra-uterine environment. .

Further investigation is necessary for an evaluation of the varions points
of view with respect to retinopathy of the prematuse infant. As the result
of a recent study i Scandinavia the recommendation was made that oxyges
be resorted to only in pronounced asphyxia, and only uuder close super
vision, and that withdrawal from oxygen should be gradual in order to avoid
sudden changes in tension (5). )

Water Loss in the Newborn Infant—Controlled studies concetned with
the effects of supersaturated atmospheres (mists) npon the economy of body
water 10 newborn infants have ind d that such of the
atmosphere reduces insensible water loss, particnlarly thﬂt'lmm the lungs
(6, 7). The minimum daily water [oss from the fungs in resting newbo;; -
fants was caleutated to be from 6.4 to 12 3gm per kg, of body weight “‘“{ “c“
average loss of 8 6 gm. per kg lnsensible water losy from the body su;ﬂ :
was unaflected by must, whereas that from the lungs was reducrq by.a 0“(
80 per cent Solutions containing spreading agents as a source of mist did no!
seem to enhance the effect of the vapor

Phvsiolagic h

My in nfants without

: P -
otat in’mke for the first 70 hr of life was not noted in those kept in n:slti
While hemocancentration in normal infants has not seemet‘{ m‘be aue'n’ t(
by obvious physical signs, its avoidance by the use of mist is of zhmc:r
interest, particularly as appiied to very small or sick infants where lm;ig(e
of aspiration makes feeding extremely difficult for the first few days of N m
The value of mists in the of i y of the newbo!
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The well-known congenital defects of the heart and other parts of the vascular
system, digestive tract, as well as the numerous developmental arrests in various
parts of the body, remind the observer of the great loss in ability that the race suffers
as a result of fanlty development. These defects in construction must be considered
a disease which causes death of about 23 per cent of the human race before or shortly
after the time of birth, and handicaps a certain proportion of the survivors through-
out their hves, We carefully study and use all known precautions to protect ourselves
against postnatal fections and diseases, and much interest and time is given to
combatting the causes, yet httle is said and scarcely anything done towards control
of devels or the hygienic of the developing individual,

The magnitude of this problem of congenital malformations and birth
injuries in surviving newborn infants is reflected by statistical studies under-
taken in some of the larger cities which have indicated an over-all incidence
of 9 t0 10 per thousand live births for congenital defects and 2 to 3 per thou-
sand for birth injuries (13) The socral, economic, and medical aspects of the
care of this Jarge group of defective children emphasize the importance of
continued research into the causes and possible prevention

The rubelta problem and the possible role of other infections diseases in
the mother, especially during the first trimester of pregnancy, have received
considerable attention in recent years (14). In the case of rubella, surveys in
Australia indicated an incidence of four abnormal to one normal child, if the
drsease occurred in the first trimester of pregnancy. Incidence in the United
States based on pooled statistical studies seems to be of the order of 17 per
cent; statistics in the British Isles show a comparable incidence It is of in-
terest from the dpoint of lity to viral i that an in-
creased incidence of rubella itself has been reported for pregnant women in
Ehe first trimester over that observed in later stages of pregnancy Ewvidence
1s aceumulating that the fetus may suffer damage from a virus infection in
the mother which clinically passes completely unnoticed It 15 well known
d’flt symptoms of rubella may be mild and variable; cases of rubella without
skin manifestation have been reported, and such persons are capable of
transferring the disease to other susceptible individuals (15). Material for
study of the micropathology of congenital defects in human subjects is not
2bundant. A few such studies, however, have been possible; detailed patho-
Togic findings were recorded 1n several cases of congenital dealness attribut-
able to rubella. The malformation 1s thought to be of the sacculocochlear
type, consisting of marked changes 1n the stria vasculans with resultant
collapse of the cochlear duct and saceulus, incomplete development of the
tectontal membrane and of the organ of Cortr. In pathogenesis this defect
resembles an hereditary defect seen in certam varieties of dogs (16)

The possibility of fetal damage by virus mfection which gives mild or no
l‘-lxmcal.manifestaﬁons in the mother has been discussed in connection with
ol:her Virus diseases, A previous review by Schick emphasized the danger to
the _fetus when immune or partially immune mothers are exposed to variola.
Varicella was reported recently in newborn twin infants whose mother ex-




338 BLATTNER AND HEYS

In the first stage, the infant’s skin shows the efiects of loss of vernis, is dry,
cracked, parchment-tike, or peeling, but is not stained by meconjum The
infant may appear malnourished, or even iated, with an oM or woried
fook, reflecting failure of the placenta to provide proper nutrition, Howeves,
in this stage the infant is usually open-eyed and alert and as a rule survives
The second stage of the postmaturity syndrome shows the effects of more
extensive placental degeneration, function in this stage being reduced to the
point of producing fetal distress attributable to anoxia, with the hiberation
of large g ities of ium into the iatic fluid The amniotic fluid,
the infant’s skin, the umbilical cord, and the placental membranes are
meconium stained. About one-third of these postmature infants die, In the
third stage of postmaturity, the infant js assumed to have passed through
the first two stages in utero and to have experienced intra-uterine anova for
days, or perhaps weeks, befare birth. The majority of these infants die in
utero. In babies who are five-born at this stage the green bile staining of the
mecontum has changed to a yellow discoloration The infant's nails and skin
are stained a bright yeliow, and the cord shows a dirty yellow, or yellowish-
green calor. About 15 per cent of these third-stage babies die within a few
hours to a few days following birth. One such infant who succumbed'ont
hour after delivery showed signs of meconium pneumonitis. Autopsy ﬁndmg!
in another w hio died at erght days of age, revealed bilateral patchy atefectasis
and marked emphysema As a rule, the various degrees and stages of pla-
cental dysfunction are readily recognizable by the clinical findings in the
infant at birth 3

The problem of postmaturity has been emphasized also by recent physio-
logic studies during gestation which indicate that the supply of veyger
in a clinically normal pregnancy falls gradually up to the 40th week, and
declines vapidly thereafter (11). In consequence, all fetuses have a fow
oxygen supply and practically no reserve by the forty-third week. Ft}lﬁ”
with a supply already deficient are likely to experience oxygen Jeficiency
during labor In a review of 11,051 deliveries covering the period from 1948
to 1952, it was apparent that obstetric death was three times as high 2t
43 weeks as at 40 weeks, and that increase m stillbirths accounts for this
difference In many of these, exact assignment as to the cause was not pos-
sible except to a general category of fetal distress. The ‘hazards of ?05(‘
maturity include not only risk of fetal loss, but serious damage to sueviving
infants with possible untoward sequelae.

CONGENITAL MALFORMATIONS
ol and climeians alike have § for many years (he}t me
main mechanisms are mvolyed in abnormal development intnnsic aﬂ;
normalities of germimal origin and those abnormalities which are Pmd“h
by external influences upon essentially normal ova As early as 1909 the

following commentary appeared 1n the hterature (12).
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(24). Fetal loss from resoeption and abortion was as high as 90 per cent in
treated animals

The fality of ionizing in e ani-
mals has been verified by recent investigations (25, 26, 27). Incidence of
speaific abnormality was high when exposure occurred during periods of
major organogenesis Primitive differentiating cells of the mammalhan ner-
vous system seem particularly vulnerable. In some stages of embryonic
development a certain amount of damage repair was possible, provided total
radiation dose was not too great

Possible damage to the fetus by hormone therapy in the mother, espe-
cially early in . has been i d and some evid: has been
recorded: three possible chinical instances, and in studies on experimental
animals (28, 29) Likewise, the effects of unusual environmental factors such
as high-altitude hypoxia are under discussion as possible sources of fetal
damage In some areas the occurrence of certain cardiovascular anomalies,
meluding patent ductus arteriosus and persistent interatrial communica-
tions, is thought to be correlated statistically with high-altitude environmént
of the mother during pregnancy (30).

That the importance of thts problem of fetal damage and the subsequent
care of defective children is becoming more apparent is evidenced by the
extensive investigative studies in progress in this field

d 1

ToxopLasMosIS

Tosoplasma gondss, identified as early as 1908, is considered an obligate
intracel} the exact ¢l of which 15 still 1n question.
In smears it appears as a crescent-shaped organism, about 3 by 5 mecrons in
size, showing a small, centrally located, chromatin body In fixed histologic
sections the parasite appears smaller, more round in contour, and in addition
to single forms, cyst-like aggregates are seen ing i tulas mul-
uiplication Various species of animals and birds 1n nature are believed to be
infected. pigeons, rats, mice, rabbits, sheep, cats, and dogs

Toxopl as a2 human 1nf was first recognized in 1939 with
the isolation of Toxoplasma gondu from infants showing a granulomatous
encephalomyelitis, the agent bemg established 1n laboratory rabbits and
mice About the same time human strains and naturally-occurring ammal
strains were shown to be identical morphologically, bielogically, and 1m-
munologically. Human infection is wide-spread geographically as shown by
case incidence and by antibody studies North, Ceatral, and South America,
Europe, Australia While transmission by vector 1 a possibility, 1solatton of
the orgamism from the excreta of infected animals and birds suggests transfer
to man by direct contact or contamination of food

Human tovoplasmosis may be manifested 1n a number of ways a fetal
°f congenital form in which encephalomyelrtis and chortoretsntis are promi-
nent features with organisms demonstrated i both brain and ocular lesions;
an acute encephahtis in children, a short febrile 1llness 1n adults character-
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perienced a mild varicelliform type of rash the day before delivery (I7).
Likewise, western equine halomyelitis was identified as the cause of
iliness in twins; the mother recalled in retrospect having received numerous
mosquito bites about ten days previous to delivery, as well as suffering from
severe headache and malaise two to three days before detivery (18) In this
particular case, however, preeclampsia may have been responsible for pas-
sage of the disease to the twin fetuses. Little is known concerning the
mechanism of virus passage across placental barriers. Pertinent to this sub-
ject was a recent discussion of viremia in clinical variola and observations on
the congenitally acquired disease, which suggest that infection of the fetus
in utero through the placental circulation occurs at about the time of onset
of Maess in the mother (19). In those instances jn which illness began in the
mother before delivery, eruption occurred in the infant within ten days after
birth.
The question as to whether vaccination for smallpox is advisable early
in pregnancy has been the subject of recent comment, a case of severe con-
genital generalized vaceinia having been reported in a hydropic prematute
infant whose mother experienced a marked primary reaction ta vaconation
toward the close of the first trimester of pregnancy (20). Statistics coflected
in the area of this observation showed that among 34 women \'accin?ted
between the fourth and twelfth weeks of pregnancy there were 10 abortions,
5 sullbirths, and one congenital abnormality However, in connection with
the vaccination of an estimated 80 per cent of the citizens of New York City
during 1947, no increased incidence was observed in congenital malforma-
tions, still births, or infant deaths among the vaccinated women (21} In
experimental studies being carried out in swine, vaceination of Ereg.nan!
sows with attenuated hog cholera virus resulted in miscarriages, snll?lrlhs-
and mafformations without producing detectable signs of illness it the
sow (22) .
Virus disease in the mother, whether subclinical or definitely manifest,
is unpredictable ir its effect upon the fetus, incidence of damage to the fetus
15 variable, and the possible factors which might permit or enfmnce damage
to the offspring are not understood Attempts to approach this problem e‘;
i It i fo le, the experi | production @
P are in p 4 P N o5
developmental defects in the chick by exposing the embryo aE varjous stag¢ s
ta Newcastle disease virus, an infectious agent to which ch:ckens'are sus-
ceptible (23) A high percentage of gross defects may result, depending ”Pm:
the concentration of virus suspension used, the degree of direct accessibility
of susceptible structures to the virus, and the stage of development of the
embryo at the time of mfection .
Nutntional disturbances, deficiencies, or 1mbalance, as possible sources
of teratism, have been investigated extensively at recent years ir} expert-
mental animals. A mild hypervitaminasis A in rats, especially early in 839‘?‘
tion, has Leen shown to give nise to ital \it haly, ‘lft‘
palate, macroglossia, shortened mandible and maxiila, and gross eye defects
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HEART DISEASE 1N CHILDREN

Emphasis continues to be placed on the diagnosis and treatment of heart
disease 1n infants and children, stimulated by the development of improved
diagnostic methods and more effective therapeutic measures, and by the
phenomenal advances made in the treatment of patients with cardiac con-
ditions amenable to surgery.

Detaled study of many children with signs and symptoms of heart in-
volyement has revealed that in addition to rheumatic and congenital heart
disease, which constitute the two most important cardiac categories in the
pediatric age group, a small but very interesting group has been recog-
nized which is designated as primary myocardial disease (42) These patients
have certain findings in common di ly, absence of , elec-
trocardiographic abnormalties, and normal blood pressure, In careful studies
reported recently on 45 such patients, all mfants and children, the heart
showed ch istic enl. on hic examination, with
globular silhouette and often with evidence of left ventricular hypertrophy.
El di indi i dial damage. In congestive failure
which occurred in many of these patients, response to digitalis therapy was
remarkably favorable. It was striking that this group of patients with pri-
mary myocardial disease showed unusual sensitivity to digitalis not only
with respect to clinical response but also in the development of toxic signs
attributable to the drug,

In 26 of these patients who came to autopsy, the following pathologic
processes were observed: glycogen storage disease of the heart (3 patients);
aberrant left coronary artery (1 patient), medral necrosis of coronary ar-

teries (2 patients); idiopathi dutis (10 ; and subendocardial
sclerosis (10 patients). Ante mortem differentiation of the particular process
g for indivi clinical i ions proved difficult. However,

certain features characterizing each type of pnimary myocarditis were con-
sidered helpful in diff ial di is Di ishing features of glycog

storage disease with heart involvement included age of symptoms between
.t\m and six months, never beyond 18 months; history of a similar disorder
in a sibling, absence of congestive failure in the presence of marked cardio-
megaly; and skeletal muscle biopsy showing high glycogen content. Aberrant
Teft Cofonary artery as a cause of primary myocarditis was suggested by
onset between the ages of two and stx months, tachycardia, respiratory dis-
tress, cyanosis, and profuse perspiration during “attacks,” especially with
feedings, often symptom free between “attacks”, absence of congestive
failure, and x-ray evidence of bulging prominence in the region of the left
ventricle Medial necrosis of coronary arteries was suspected in patients
who presented evidence of disease especrally g the ludneys,
With onset at less than three months of age, associated congenital abnormal-
ities and absence of congestive fatlure. In idiopathic myocarditis, first re-
Ported in a chuld as early as 1901, salient features included age of onset
!yoﬂd_ six months, hikelihood of this form of heart disease increasing mark-
edly with onset beyond one year of age, presence of abnormal heart sounds;
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ized by an etypical p ia and a 1 rash which chnically
may simulate diseases of the spotted fever group; and a latent infection,
usually asymptomatic, A glandular form has been described with recovery
of the organism from an excised axillary gland (31). Recently attention has ~
been drawn to the associstion between a febrile illness in children, an out-
standing feature of which was lymphadenopathy, and positive serologic
tests for toxoplasmosis {32), These children were seen commonly in the out-

patient department suffering from plained fever and fized
tymphadenitis, accompanied in some instances by a rash and splenomegaly.
Lab y findings included signi leukocytosis with increased poly-

morph tears, and negative Paul-Bunuell tests, One such child of five
years showed marked rise in titer of antibody to toxoplasma, and jrom bis
blood and saliva tosoplasma organisms were isolated by animal and em-
bryonated egg inoculation, French workers have described a similar entity
with recovery of toxoplasma from thraat smears, and suggest possible entry
by bucco-pharyngeal route (33).

* Specific tests of diagnostic vatue include neutrafization skin test on rab-
bits, complement fixanon antibody detection, and the dye or slide nevtrahza-
tion test (34) Neutralizing antibodies appear early in acute toxoplasmosis
and may persist for years; complement-fixing antibodies appear somewhat
Iater and decline more rapidly. Laboratory methods of isclation ind‘udc
intraperitoneal inoculation of mice and guinea pigs, rabbit-skin inoculation,
use of the embryonated egg and, more recently, of tissue cultuse {35, 36,
37). An antigen, tovaplasmin, derived from mouse peritgneal fuid or g
Buid, is available for skin testing

No satisfactory treatment for tozopl. is has been developed In gen-
eral antibiotics have not proved effective. Therapy with suifonasmides,

promising in early experimental studies in mice, failed to eradicate inf:zcuon,
- A B L

. d that

. . atanial
drugs, particularly diaminopyrimidines, such as Darapnm '(a<v-th‘?'°'
phenyi-2,4-diami; hyl pyrimidine), and the sulf ides in combx?s-
tion Mave been employed experimentally with some svecess. Extensive
) studies of i 1 )} is in mice have shown the

combination of Daraprim and sulfadiazine superior to either drug alone
Clinical application 1n human infection has not been evaluated {38). .

Prognosis in congenstal toxoplasmosss is uniformly poor. ln' aArtcen’
re than 100 cases sequelae were listed in arder of incidencet
cerebral calcification, psy: retardation, hydrocephaly

or i phaly, and Issve disorders (39, 40) In this series of pallt’:l‘:l
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the role of the domestic cat in its transmission seems to have been estab-
lished (48). Recognized as early as 1930 by French physicians and by several
observers in the United States, the disease as an entity has been brought to
general attention comparatively recently. The nomenclature has included
cat scratch or cat bite fever, cat-claw disease, and benign inoculation
{ymphoreticulosis. While the etiologic agent has not been identified exactly,
it is thought to be a virus of the psittacosis Iymphogranuloma venereum
group. Attempts to isolate bacterial and mycotic agents from suppurative
Iymph node material have been consistently unsuccessful Transfer of the
disease to monkeys and to human vol has been accomplished. Stained
sectrons of primary skin lesions and involved lymph nodes from both man
and monkeys show large numbers of intracellular and extracellular granule-
Like bodses similar in e to the el v bodies ch istic of
psittacosis (49).

The disease is probably world-wide in distribution, cases having been
reported from Great Britain, United States, India, Japan, Switzerland, and
France. Antigenic skin-test studies performed cooperatively indicate that
the disease is very similar or identical :n this country, in Britain, and parts

of Europe. On the basis of similarity in the type of el y body, possible
relationship between the etiologic agent of cat scratch fever and that of
feline itis has been d. The fectious agent ible for

thelatter is related antigenically to the psittacosis ly mphogranuloma viruses.
However, cats as a rule show no evidence of illness associated with their
2bility to transfer the agent to human subjects and have no reaction to the
intradermal injectton of its antigen, so that their role is considered a passive
one. Other means of transfer have been recorded, by scratches from thorns,
pasture fences, infection of minor abrasions on the hands of abattoir workers,
suggesting that the agent may be widespread 1n animal and possibly in
vegetable life.

Evamination of jnvolved lymph nodes has revealed only nonspecific
morphologec changes which have been classified mto distinct phases: {2} an
“elementary” phase of simple hyperplasta, (b) an “accentuated” phase in
which, in addition to hyperplasia, areas of ealy cellular necrosis stain as
acdophilic masses; and (c) the “ultimate” stage in which the lymph node
architecture is displaced by muluple areas with central necrosis and by
cireumseribed foci of epithelioid cells and scattered giant cells of the Lang-
hans type (pseudotubercles) The final stage corresponds to the chnical stage
when the enlarged node becomes fluctuant (50)

‘."hde clncal if fons may vary i y, as a rule, the pre-
senting picture is one of malaise, low grade fever, and unexplamed local
adenopathy The patient may not appear acutely or chronically 1ll; however,
the size of the involved lymph node, or nodes, is often striking. The history
0 most instances will reveal association with cats, with or without the recol
lection of a specific abrasion. The incubation period is variable, being from
10 40 30 days from the date of probable inocul In one vol subject
minimal regional adenopathy began in about eight days; the nodes enlarged
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evidence of congestive cardiac failure with good response to digitalis thes-
apy, The clinical if ions of subendocardial sclerosis were considered
so similar to those of idiopathic myocarditis as to be indistinguishable.
The possible use of steroid therapy in rheumatic fever and rheumatic
carditis has been the subject of considerable discussion in recent months
‘The response of patients with rheumatic fever to steroid therapy has been
difficult to evaluate since the natural history of this disease is so variable
and the severity of any single attack is usually impossible to predict. In
some cases favarable response to the administration of steroids early in the
patient’s clinical course, or in first attack of carditis, has suggested that
the course of active carditis might be altered by decreasing both the severity
and duration of the attack, and that in reducing the severity of acute ex-
acerbations, steroids might also be useful even in patients with chronic
rheumatic carditis (43, 44, 45). This important subject 1s, however, still con-
troversial, The problem is expressed in concise terms in recent editorsal com-
ments:
We do not believe that at present it (steroid therapy) should be used except in hos-
pitals where the patients can be closely observed, studied, and followed wth the
purpose of throwing further Light on 1ts value, or lack of value 1 preventing perma-
nent cardiac damage (46).

Stress contintes to be placed on prevention of rheumatic fever, and vari-
ous therapeutic regimens have been employed The three antibiotics, penical-
lin, chlortetracycline (aureomycin), and oxytetracycline (terramycin), seem
to be equally effective in controlling the symptoms and signs of acute strep-
tococcal tonsilitis and pharyngitis However, the effect of antibiotics on
acute rheumatic fever and acute glomerunlonephritis remains to be.deter-
mined In a controlled series of 2034 patients with exudative tonsillitis, of
pharyngitis, chlortetracycline therapy rapidly reduced the incidence of

hemolytic streptococcus carrier state, and antibody prodqu'icn dec(easedra:
2 s Samy Vee e o

Evidence has been accumulating which indicates that eradxfauon o ln.\;

infecting orgamsm, especially group A streptococes, 18 of great importance lt

rheumatic fever is to be prevented Treatment of streptococcal sore throa!

should be inttiated as early as posstble after the onset of dlness
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INFECTIOUS DISEASE IN CHILDREN

Cot Scratck Fever (Bensgn Inoculation Lympharetsculosis)—Cat seratch
fever has come to be recognized as a relatively common disease of mas, an
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some cases, fibrosis has resulted in persistent enlargement. No specific
therapeutic measures are known to be of definite benefit. Chlortetracycline
has appeared to shorten the febrile course in some instances; in others the
regression of nodes has seemed more rapid during therapy with either oxy-

line or chl henicol. Further i is needed for evaluation
of their th ic effectt . ional drai by iration will
hasten resolution of fluctuant nodes, but this procedure carries the risk of a
draining sinus; these apparently heal in time leaving a minor scar.

Infectious Mononucleosss—Infectious mononucleosis is a common dis-
ease (55), occurring in epidemies in children between the ages of two and
ten years, with a peak incidence among children five to six years of age.
Rare in infants under six months, it has been recorded in epidemic form in
children from the ages of six months to two years. The common occurrence
and protean manifestations of this disease make it a diagnostic possibility
to be considered in all conditions p ing themselves as throat infecti
colds, influenza-like disease, and the common contagious diseases. The in-
cubation period is considered to be about 11 days Consistent clinical mani-
festations are marked malaise, sore throat, and fever, which may continue
for a matter of weeks, Enlargement of lymph nodes, which may become
apparent very early or later in the clinical course, is marked and usually
occurs in ch. istic sequence. Spl ly is common and may persist
for months. Skin rashes have been observed which simulate the common
exanthemata. Essential laboratory findings are the characteristic changes in
the monocytes in the peripheral blood and a positive heterophile antibody
test. The latter usually becomes positive during the first week following
onset, and remains positive for a varying peniod of time In some instances
the rise of agglutinins is slow, giving an initial negative reaction. Modifica-
tions of the Paul-Bunnell heterophile test have increased its specificity as a
diagnostic test. False positive Wassermann reacttons may be obtained in this
disease The infectious agent is i d to be viral in nature;
bloed from patients in the acute phase has produced similar disease when
injected into monkeys and rabbits (56, 57).

Therapy is supportive and ific, the of
being sull in question (58). Prognosss, in general, is good, even in the pro-
fonged or more severe cases. The convalescent penod, however, is usually

longed, ially in adults, weakness and easy fatigability may persist.
Fatalities have occurred as a result of ruptured spleen, Recent reports have
emphasized the more serious manifestations, complications, and possible
sequelae (S5, 59 to 67) These have included extensive liver involvement con-
fusing the diagnosis with that of infectious hepatins, acute pericarditis and
{n\olvement of the heart; hemolytic anemia, severe central nervous system
involvement, with coma, and personality changes, which was, in onen-
stance, followed by a temporary convulsive disorder: pleural effusion with
vossible fnfiltration of the pleura by mononuclear cells and lymphocytes,
follicular conjunctivitis with periorbital edema, and, 1n some instances,
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progressively, becoming fluctuant in about 20 days. At the height of the
Iymph node response a skin papule appeared at the site of the primary
intradermal inoculation and persisted for several days.

The foregoing sequence observed in a human subject infected experi-
mentally appears to be characteristic of the patient infected naturally; at
the time that medical advice is sought there is usually an exacerbation of
redness and swelling at the site where a primary lesion is in the process of
healing. This Jesion tends to heal slowly, and may resemble an insect bite,
a small furuncle, or a scab following simple trauma. The nodes are those
which drain the area where the jnitial lesion occurred, commonly the epi-
trachlear, axillary, submandibular, cervical, or inguinal ones The skin over-
lying enlarged nodes may show some redness, but more often it is normal
in appearance. Individual fymph nodes may be batd or solt and vary in
diameter from 1 to § cm.; on aspiration a purulent fiuid may be obtained
from which no bacteria can be cultured. Unusval efinical manifestations have
included cervical adenitis, thought to be attributable to inhalation or aspira-
tion of the etiologic agent; a cervical form with negative cervical nodes, but
having a der mass in the sup 1 notch; transient pulmonary
infiltration in patients with a history of cat scratch wha showed typical
clinical manifestations of cat scratch fever; an oculoglandufar form of the
disease associated with conjunctivitie (Parinaud's conjunctivitis), and
cervical adenopathy (51} Central nervous system manifestations have been
recorded, and way be severe, lostmg in one instance for about four days,
with coma for a period of 48 hr. {52, 53). One child in whom a diag'n?Sls of
cat scratch fever was made had an osseous lesion (ilium) in addition to
cervical lymphadenopathy. Histologic changes in the excised node and in
the soft tissues adj to the lved bone were ¢ bl B

While the usual lat y studies are fing, moderate feuko-
cytosts with slight shilt to the left has been observed. Agglutination tests
for Pasteurella tniarensis, Brucella abortus and melutensss, and the hetesophile
antibody test {or inf teosis are ly negative Though
some patients may show a low titer of antibody to lygranum antiges by
complement fixation test, the intradermal Frei test for tymphogranuloma
(lygranum antigen) is negative Patients with cat scratch f_ever show con-
sistently a positive skin reaction from the intradermal injection of the antxt;
gen prepared (Fre: procedure) from pus obtained from an mvolv:ed fymp]
node of & known case. However, the intensity of the skin reaction vanes
considerably in the individual case.

The cat scrateh synd is most 1y confused with simple ‘21?.
enic adenitis, but must be differentiated alse from tuberculous adenitis,
jons, and lympho-

y in some instances
may be accompanied by erythema nodosum-like lesions on other. areas of
the body. Prognosis is uniformly good, the enlarged nodes regressing SPOIH'
taneously in ane to three months after reaching their peak enlargement. In

g P
tularemia, Hodgkin's disease, lymphoma, fungous infect
i} The ch 15uc 1 hadeniti
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viral agent, ordinarily localized in certain tissues, becomes generalized.
Similar cytopathogenic agents have been 1solated from eruptive lesions in
varicella and in herpes zoster, both have been propagated in human tissue
cufture and give rise to the same type of eosinophilic i lear inclusi
body.

The virus of herpes simplex may produce serious, often fatal, generalized
disease, especially in young children; necropsy studies have been reported
with extensive findings in brain, liver, diaphragm, lungs, and with rounded
necrotic foci in the mesentery (72) Virus has been recovered from tissues
of the liver and other visceral organs by means of mouse or embryonated egg

lation, Typical i )| Tush are observed in the cells of
necropsy specimens and of tissues from the inoculated animals

Pertussis —Although vaccines for the prevention of whooping cough
have been used for many years there is no suitable standard of potency for
these vaccines (73). Stimson has estimated that only about 85 per cent of
those injected with vaccine experience complete protection (74). The first
standard of required potency for pertussis vaccine became effective January
31, 1949, A potency analysis of large numbers of pertussis vaccine aliquots
demonstrated cleatly the fallacy of dependence upon numbers of bacteria as
a measure of the dose for human immunization purposes As a result, the
method of estimating potency was changed from bacterial evaluation to an
evaluation of the total human immunizing dose, irrespective of the number
of bactena per dose

‘The reference pertussis vaccine, Lot No 4, which had been used 1n the protection
test of each lot of vaccine under consideration, was recently adopted as the United
States standard. According to the best mformation available, the total dose of a
vaceine equivalent in potency to that of 96,000 million bacteria of the standard would
be adequate to afford significant protection to a child To this number of bactena
of the standard was assigned arbitranly a value of 12 protectrve umits (73)

In with this standardization, the mouse protectton test was used
as an index of potency, and the protective antigenic unit was developed. The
}?otency of all newly-prepared whooping cough vaccines must be expressed
in terms of antigenic units, the total dose of any preparation bemg 12 unmts
In this manner pertussis vaccines can be standardized and their potency ex-
pressed regardless of the number of bactena present 1n the preparation
Such standardization by protection tests should reduce the wide differ-
€nces in immumity observed when vaccines are standardized on the basis of
bacterial numbers, and probahly by d. of dosage, would
reduce the incidence of reactions Since ro specific chemotherapy or anti-
fnoric preparation effective against Hemophtlus perfussts has been forthcom-
ing, active immumization against this disease 15 of great importance
Tuberculosis—In this field the past several years have been marked by
concerted efforts to evaluate the therapeutic effects of various combinations
of drugs (75, 76) Under the direction of the Public Health Service a co-opera-
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severe optic neuritis. A recent report deals with 2 patient suffering from
infectious mononucleosis who showed severe liver jnvolvement, azotema,
thrombocytopenia, and toxic course, in whom striking improvement accom-
panied the use of ACTH. How ever, the routine use of ACTH or cortisone it
uncomplicated cases of the disease is not recommended (68).

Cytomegalic Inclusion Disease (Salivary Gland Virus).—Inclusion disease
of the parond is very simifar to salivary gland disease of animats. In several
species of rodents the presence of greatly enlarged ceils containing intra-
nuclear, and, in some i ntracytoplasmic inclusions is known to be
associated with a transmissible, species-specific viral agent. Intranuclear
inclusions resembling those described 1n the salivary glands of rodents have
been observed in the salivary glands of 10 to 30 per cent of autopstes per-
formed on infants and young children, irrespective of the cause of death.
In recent years cytomegalic inclusion disease has been recognized as a clinical
entity, seen predominantly in young infants, bus encountered occasionally
in older children and adults. It is a systemic disease characterized by the
presence of inclusion bodies in enlarged cells of many viscera. Aﬂ'e'cted cells
may be epithelial or mesenchyma); varions organ systems may bE"“""“'Ed
It has been suggested that the clinical manifestations vary according to the
organ system most extensively involved, implying for example that one {Orm
might be predominantly respiratory, another renal, adrenal, bepatobiliary,
gastro-intestinal, hematolagic, cerebral, etc. .

The most constant clinical pattern associated with the disease occurs it
the newborn period, and the mamifestations observed are those of 2 Pl""d
dyscrasia, liver damage, or both (69). Hepatomegaly, splenomegaly, jaun-
dite, antrmia, thrombocytopenia, and purpura may be observed Heart an
thymic involiement has been reported, cerebral calusfication may be P"b’e'
ent, and there may be evidence of severe cerebral damage Conditions to

differentiated in diagnosis of the disease in infants include septicemia, ery::;
roblastosis, congemtal syphilis, and )} In some ins
di; is has been blished by d of ch istic mclusion

bodies in cells of urinary sediment In ofder children, mam'{est.xsmnjI mtr)h
widely, but in most instances the predominant symptoms are afs(xc13t? wii
nterstitial pneumonitis or enterocohitis No effective themm{ is kno}\;n.ﬂi ©

‘The infectious agent responsible for eytomegalic disease is consider .
be a virus similar to that isolated from the salivary glands of am!m; "
Hawever, transfer of the human disease agent to experimental anymals | :s
not been accomphished to date It is of considerable interest that the vnru(
of mouse salivary gland disease has been grown suceessfully in mouse 1iss

e {70)

wh'\li;w‘ﬂi)dvglc agents of tno other wirus diseases, varicella ar}t? he(;;;:s’
zoster, associated with identifiable inclusion bodues, have been cu[mzte m’\
means of tissue culture Recently wisteral involvement was .repom; m e
snteresting case of generalized herpes zoster (71), empha'slzmg tl ;,’“hz
variation in clinical mantifestation associated with any condition  whic
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with pulmonary tuberculosis who had received no previous antimicrobial
therapy were eligible for this second study.

Progress reports of this second planned investigation have appeared from
time to time. The first series comprised a total of 335 patients Of these, 78
were treated with isoniazid, 3 mg. per kg. body weight, plus streptomycin;
64 with isoniazid, 3 mg. per kg body weight, plus PAS; 73 with isoniazid,
10 mg per kg. body weight, plus streptomycin; 63 with isoniazid, 10 mg. per
kg., plus PAS; and 57 with isoniazid, 10 mg. per kg, plus streptomytin, plus
PAS Careful bacteriologic smear studies on sputum spectmens indicated
definite decline in percentage positive for all regimens, from a range of 71 to
89 per cent positive at the beginning of the study to one of 9 to 21 per cent
positive at the end of the tuentieth week. Na significant differences were ob-
served among the five regimen groups, the decline in positive specimens being
about comparable

Objective changes 1n the chest x-rays were of interest in that the propor-
tion of patients showing moderate or marked roentgenographic improvement
1mereased steadily on all regimens throughout the 20-week pertod, by the end
of which 62 to 68 per cent of the patients show ed significant roentgenographic
improvement Thus, also on the basis of chest findings, all five therapeutic
regimens appeared to be effective in bringing about improvement

Toxic manifestations to 1soniazid were noted in nine patients, all receiv-
g 10mg of the drug per kg of body werght Symptoms of penrpheral neun-
is appeared between the forty-second and minety-fifth days of treatment,
or, on the average, at about 65 days Among the mne, three were able to con-
tinue as planned; 1n two, 1t was necessary to reduce the dosage, and in four,
1saniazid had to be disconunued entirely Subsequently all nine patients so
a.ﬂected by the drug improved and were completely free of toxic manifesta.
tion:

The following trends seemed apparent from the co-operative studies (a)
Isoniazid and PAS were as effective as isomazid plus streptomycin, () all

three antitubercul drugs in bination were no more effective than
erther isoniazid and streptomycin, or lsoﬂlalld and PAS, (o) there has been
no evidence thus far that the th of

with increasing dosage Tovcity to isomazid (1sonicotmic acid hydrazide)
Was not observed, as a rule, 10 patients recerving 3 mg per kg, but among
those receiving 10 mg per kg., about one in ten developed peripheral neuri-
tis. In about one-third of those so affected, this mamifestation was so severe
s 1o preclude further use of isontazid.

Inaddition to penpheral neuritis more severe toxic manifestations are be-
ng reported, and extensive studies are 1n progress in various laboratories
which concern the effect of |somaz|d on metabolic processes (77 to 80). Clini-
cally the administration of vita pt particularly By, has seemed
to reduce to“:lty, Several od1er denvatwes of 1sonicotmic acid have been

¢ id, rsomazid Ro-2-4969, ete.),
some of which have proved too muc for general use.




350 BLATTNER AND HEYS

tive investigation has been carried out, the purpose of which was a study of

the el'ﬁcacy.o( streptomycin par: inosalicylic acid (PAS) and promizole ®
(.a sulfone) in the treatment of miliary tuberculosis and tuberculous meningi-
tis. A number of th ic schedules was employed in the treatment of 32

children with miliary tuberculosis, and 93 infants and children with tubercu-
lous meningitis Follow-up studies on the 26 surviving children in the miliary
group revealed that all 26 were alive on the last recorded date, two to four
years from the first day of treatment, and show ed no signs of miliary disease
Of 24 patients who had been observed to be in good condition at the end of
one year of treatment, 20 continued to do well. Four subsequently developed
other types of tuberculosis: spinal, pulmonary, renaf, and meningeal; but
had no evidence of miliary invol . Of the group with tuberculous men-
ingitis, 42 patients (45 per cent) survived the first year, 24 with no serious
sequelae. Follow-up studies of these survivors over a period of two to four
years from initiation of chemotherapy revealed that 12 were living but had
gross residuals, one patient could not be traced, and 26 were fiving without
ignifi lae from the ingeal infecti
The addition of isoniazid acid hydrazide) to the medical
armamentarium against tuberculosis gave impetus to the cooperative studies.
Physicians in 22 hospitals located in various sections of the country haie
been engaged in the most recent evaluation effort. The first report of the
more recent studies was based on observations made on 1500 patients who
were treated for 40 weeks on several therapeutic regimens. The results indi-
cated that, under the fled conditi btaining, “isoniazid alone was
pproxi 1y equal to streptomyain plus PAS,? while the combination of
isoniazid plus streptomycin was slightly superior to both" (75). Although
significantly fewer patients continued to produce sputum positive for tuber-
cle bacilli, in those patients who did continue to produce positive sputum, the
acid-fast organisms were almost invariably drug-resistant to streptomycit
when streptomycin and PAS were administered, to isoniazid when this d.ruz
was the only therapeutic agent employed, and to both Stmptﬂ{r}}'dn a.nd,lsf-
niaz . . o l'
ing .o
Hov . . . . e
incipal antituberculosis drugs, streptomycin, and isoniazid, prompiea e
investigating groups to study the effectiveness of isoniazid in combman.on
with PAS, and that of a combination of all three, isomazid, streptomyci,
and PAS :
Accordingly, the protocol for the second large-scale study, adopted in
e e LN qiagid (3 mg per kg.) plus strep-
S, (c) Isoniazid (10 mg. per hg-)
X kg ) plus PAS, and (¢) Isoniand
er k lus streptomycin and PAS
(mst:rxep;:umygil ':vas gnvefn in dosages of 1 gm twice a week, PAS, 10 to 12
g, darly; and isoniazid in doses of 3 or 10 mg. per kg. daily. Only patients
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exposure to tuberculosts, admission of a child to a tuberculosis hospital
should be discouraged until the diagnosis can be verified (84).

HemoPHILIA

Recent developments have shown that prolonged coagulation time may
indicate deficiency in any of several substances necessary for thromboplastin
activity (85 to 88). In consequence the concept of hemophilia as a readily
definable clmical entity has undergone modification It has been suggested
that kemarrhagic conditions of this type be classified tentatively as follow sz
(¢} b hilia A, defect in antih hilic globulin (AHG), thromboplas-
tinogen, plasma thromboplastin factor; (b) hemophilia B, defect in plasma
thromboplastin component (PTC), called Christmas disease from the name
of a patient, and (c) hemophilta C, defect in plasma thromboplastin ante-
cedent (PTA) All three conditions are charactenzed by bleeding tendenctes
externally and into tissues, and in some cases by hemarthrosis following mini-
mal or no trauma As a rule, coagulation time is prolonged while bleeding
tume and prothrombin time are within normal limits These disturbances
cannot be differentiated sclely by the character of the bleeding

H hilra A, classic h hilia, is inherited as a sex-linked recessive,
Typucally clinical manifestations occur in the affected male progeny, and the
trait 1s carried as an inapparent genetic character by the heterozygous female
{carrier). Rarely, the condition may occur 1n {females who are homozygous
The true hemophiliac is unable to produce AHG? in adequate quantity Clini-
cal mamfestations may be evident in very early life as bleeding from cord or
following cirg ision, or the condition may not be app until the child
15 old enough to experience trauma, loss of teeth, etc Hemarthrosis with at-
tendant sequelae is a characteristic finding, and may appear as soon as the
wnfant begins to walk Bleeding in hemophilia may involve the viscera ar the
central nervous system Prothrombin time and bleeding time are normal
while the th i ion test reveals a & of anti
philic globulin with madequate activity of thromboplastn The diagnosis is
verified by the so-called mixing tests, vanous combinations of fresh normal
blood, or plasma, and known hemophilic blood, or plasma, as indicated

Families have been recorded 1n whom a mald form of true hemophilia oc-
cutred, apparently caused by partial lack of AHG In general, however, the
hemophiliac lives in constant danger of serious disabihty or death Trauma
1s to be avorded so far as is possible, surgical procedures undertaken only un-
der controlled circumstances Famly adjustments are necessary

Fresh whole blood, or plasma, 15 essential in the treatment of acute hem-
orrhage. Since a smalt amount of AHG 1s usually sufficient, infusion of blood
or plasma may be given slowly 1n order to allow tume for effectiveness. If pre-
pared and kept frozen under ideal conditions, fresh frozen plasma is effective,
and may be kept for considerable periods An antihemophilic plasma is now
available in dried form for use n travel, in emergencies 1n 1solated areas, etc
Preliminary accounts have appeared recently describing the use of bovine
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The success of isoniazid therapy in the prevention of complications in
primary tuberculosis in children, particularly smeningitis, constitutes one of
the major advances in the treatment of the disease (81, 82), In an attempt to
initiate treatment as early as possible, immediate therapy with isonazid
alone, or in bination, has been r ded for recent tuberculin con-
verters, whether children or adults, especially among those highly exposed,

The world-wide distaabution of tuberculosis is well-known, and the prob-
fem is being emphasized in many areas (83), Primary tuberculosis among in-
fants and children js under investigation in the vicinity of Nairobi, Africa,
where presumably the population has not experienced exposure to the acid-
fast bacillus and is relatively susceptible At the time of recent seports, 1149
children had been tested with intracutaneous tuberculin using 0.1 cc. of 1
to 1000 old tuberculin, and followed by 0.1 cc of 1:100 in negative reactors.
In this series, 131 (or 1 per cent) were postive reactors. Thirty-one patients
showed false negative tuberculin tests; ali of this group had rapidly progres-
sive disease and all dted within ten days following admission to the hospttal,
Deaths and age distribution in the active cases are reported for this survey:
16 patients under 1 year of age, 7 deaths, 21 patients between the ages of 1
and 2 years, 16 deaths, 22 patients between 2 and 3 years, 10 deaths; 14 pa-
tients between 3 and 4 years, § deaths; 20 patients between 4 and 6 years, 7
deaths; 15 patients between 6 to 8 years, 3 deaths, and 8, patients 5 to 10
years of age, 4 deaths, In those patients wha succurthed to the disease, death
usually occurred within three months from the ttme of the first noted symp-

L lous i Tubercul hial p

tom referable to
was a common finding in the Alrican children, beng the principal cause of
death in 29 of 47 tuberculous children wha came to autapsy The mortality
rate among children with tuberculosis 10 this area is extremely high, especial-
ly in those under three years of age. The onset of tuberculous brorchial pneu-
monia followed by rapid deterioration suggests that this African population
has very little resistance to the orgamsm

Bronchial mvolvement by tuberculous hilar nodes as a complication of
primary tuberculosis has been emphasized recently in this country [£2)]
Bronchiectasis wn later life which may result from such involvement, was
avoided in some by prompt & k ic removal of the obstruct-
ing granuloma and by the use of antibiotics Recent emphasis has }Ieen
placed, fikenise, on the mmportance of thorough history and carefut differ-
ential dizgnosis since chronic nontuberculous nfections of the lungs may
imulate tuk is 1n sy mp logy and roen hic appearas
Since nonpathogeme acid-fast bacili may be ingested with food anc} dj'lnk-
the finding of acd-fast organssms in the gastric contents does not in itsell

constitute evidence of tuberculosts With few exceptions, a persistently nega-
 ~ tuberculo-

*pulmonary
charge was
vord risk of
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general, hemorrhagnc manilestations are mild; they may appear in very early
Iife, depending on In childhood and later life, bleeding from
relatively minor trauma, following loss of teeth or minor surgery, may be
considerable Hemarthrosis is not a ct istic finding. In h hali;
clotting time may be prol d fon test shows de-
ficieney in utilization of prothrombin; and mixed blood tests show that plas-
ma from C-patients corrects deficiencies in plasma of either A or B patients.
While the bleeding tendency is less marked in hemophilia-C, treatment may
be urgent 1n order to prevent continued loss Since PTA is a relatively stable
factor, stored or banked blood or plasma may be adequate for control of the
hemorrhagic tendencies.

While in alf three types, normal plasma or blood ts the chief means of cor-
rective therapy, di iation of these h hagic diath is still im-
portant from the standpoints of diagnosis, therapy, and prognosis (94). Hos-
pital laboratories are now setting up procedures routtnely which will aid in

the ition of these defici h lab ies are at
identification and evaluation of the various clotting factors by means of elec-
h studies. I ing fund: 1 studies are being carried out in

the dog which have served to clarify some of the mystery surrounding these
hemorrhagic diatheses, particularly with reference to genetic factors and the
dynamics of the various clotting mechantsms (95, 96).
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antihemophilic globulin in the treatment of hemophilia, To date, however,
the substance has not been released for general use because of its antigenic
potentialities (89).

The development in the blood of hemophilic patients of anticoagulant
substances presents a serious therapentic problem which is being observed
with increasing frequency, especially following repeated transfusion (90},
Cortisone and ACTH have been used in an attempt to diminish the activity
of the circulating anticoagulant against AHG, and in some hands such treat-
ment does scem to have resulted in better therapeutic effect in plasma trans-
{fusions. Such observations concerning the development of anticoagulant sub-
stances emphasize the importance of protective measures and local hemostat-
ic measures wherever possible, surgical closure of even superficial wounds,
powdered thrombin, or other topical hemostatics, judicious Jocal pressure,
etc.

Control and treatment of hemarthrosis is of great importance il serious
crippling is to be aveided. Following controt of the hemorrhage, acute joint
conditions have been treated with some success by the use of hyaluronidase,
known to decrease viscosity, increase permeability, and hasten the absorp~
tion of blood from the joint (91). Cautlous local therapy by heat, pressuse,
passive exercise, massage, and the like, is employed, as indicated in the indi-
vidual case. In last analysis, each case, or episode, must be individualized,
and the care of the hemophiliac depends largely upon the judgment of the
physician in charge. -

Hemophitia B, Christmas disease, described as resulting from an inability
to form PTC.? 15 also considered a sex-linked recessive factor, thought lo'bc
located genetically at a different x.chromosomal Jocus from that to which
true hemophilia 15 teferable. Apparently its ocetirrence in females has not
been recorded to date, Preliminary statisucal studies suggest that about 20
per cent of known hemophiliacs may be suffering from the B-type, Clinically
these two hemorrhagic diatheses are difficult to differentiate, and in both the
wide range of severnity of symptoms includes bleeding into tissues and Cnpl‘
pling joint manifestations Mild episodes may accur in both types. Tests revea
that both conditions are characterized by inad activatio "{‘thf"mb:'
plastin, and special laboratory procedures are required for identifying 1 :
particular deficiency The distinction may be made, however, by the fa:
that the B-plasma corrects sn vifro the coagulation defect of A-Phsma W}u e
therapy n hemophilia-B 15 essentially similar to that in classic hemophilia.
one important difference facilitates therapy, the fact that PTC is compara-
tively stable in stored, banked plasma, or blaod, so that the fresh whole
blood or plasma required for the true hemophiliac is not needed for the pa-
tient suffering from the B-type (92)

Hemophiha-C, inability to form adequate PTA? is Jiki
disease, thought to be inherited as a M 1 1 #
not sex-linked, affecting potentially both males and females. Three recordet
patients were members of the same family, two females, one male (93}, In

ewise a familial
dominant, i€,
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ENDOCRINOLOGY*?

(RELATIONSHIPS BETWEEN THE ENDOCRINE AND
NEervous SYSTEMS)

By Eaton M. MacKay
Research Division, Southern Comfort Corporation, St. Louis, Missours

Endocrinology pervades all areas of physiology and medicine The endo-
crine system serves as an adjunct to the nervous system which is the chief
integrating and regulati ism of the body functions While the ner-
vous system carries out its function by the transmission of impulses along
fibers, the endocrine organs and tissues secrete humoral agents which reach
their targets by way of the vascular system Whereas the nervous system
acts to integrate the functions of tissue masses, organs and the body as a
umit, the endocrine system is primarily concerned with integration of the
metabolic processes of tissues and cells and 1n general finds its sites of action
at the cellular level.

The review of detailed, often unrelated contributions in the arbitranly

d field of end logy has been well-covered during recent
yearsin other volumes of Annual Revtews (1-8). An effort has been made here
to limit the discussion to three aspects of the subject, namely, the influence
Ofl!he endocrine system upon the nervous system, the control of the endo-
<rine system by the nervous system, and the question of stress and adapta-
tion as it relates to these two integrating mechanisms. This means that in re-
Viewng subjects rather than the Literature of a calendar year the literature
cited is not all recent.

INFLUENCE oF THE ENDOCRINE SYSTEM ON THE NERVOUS SYSTEM

Although the endocrine system is an adjunct of the nervous system in the
regulation of the body functions, hormones or lack of hormones have a
marked influence on the nervous system This influence may be actuated
through changes produced in the internal environment (e g, anoda, in-
creased oxygen concentration, blood sugar level, etc.) or as a result of varia-
tons in cell metabolism, 1 e , at the enzyme level, So far httle is known of the
last and most Likely possibility In support of this there 1s much evidence for
the action on cells outside of the nervous system Examples are the mfluence
of corticoids on the enzymes of carbohydrate metabolism {9) and the effect
of steroids on tissue oxidation (10). It has been proposed (11) that thyroid
hormones might regulate metabohc rates by varying the efficiency with
which cellular axdations are coupled with phosphorylations (12).

Most of our present ledge about endocrine i on the nervous
system has to do with the cerebral cortex and to a less degree with the brain

:The survey of literature ining to this luded in October 1954,
Address: 120 South Lasky Drive, Beverly Hills, California. -
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The thyrotropic hormone (TSH) of the anterior pitustary is not the cause
but an exophthalmic produci; b (EPS) has been demonstrated in
the plasma of patients with exophthalmos (28 to 31) and has been isolated
from extracts of the anterior pituitary.

If the production of the thyrofd hormone is reduced below the require-
ment of the body, characteristic phenomena, which are known as hypothy-
roidism, myxedema, and ini: result, These drti may result
from primary fatlure of the thyroid gland or be secondary to inadequate stim-
ulation from the thyrotropic hormone of the anterior pituitary. In any case
the lack of hormone has a profound effect upon the nervous system In chil-
dren there is marked mental retardation and in adults sluggishness. Myxe-
dema is claimed to be one of the most important causes of organic psychoses
(32) The reduced excitability is not himited to the cerebral cortex but is
found in all functions of the nervous sy stem (32, 33)

Parathyrords —Hypoparathyroidism affects the nervous system primarily
because of low concentration of 10nized caleium in the plasma (34, 35, 36).
Tetany is the most common finding but epileptic attacks, mental retardation,
psychiatric disturbances, d cerebell y and electro-
encephalographic abnormalities occur (37, 38). Hypoparathyroidism has
even presented itself as a dementia (39) )

The clinical mamfestations of the neural effect of hyperparathyroidism
are those of hypercalcemia It leads to hypotonia, fassitude, a sense of mental
depression, and, when marked, to vonmting, dizziness, and coma (40).

Pancreatrc islets —The typical action of insulin on the nervous system 1s
found when there is an excess and hypoglycemia results. Since the brain de-
_pends on glucose as a source of energy, 1t 1s profoundly affected Convulsions

(used for psychiatric therapy) and eventually cerebral edema or even per-
manent brain damage may occur (41)
. In the diabetic there is a relative deficrency of insulin possibly, in some
Instances, because of an excess of the hormone glucagon which arises from
the alpha cells of the pancreatic 1slets (42, 43, 44). Glucose utilization 15 in-
terfered with and, smee all nerve cells depend on 1t for energy, the occurrence
of neuritis in the uncontrolled dabetic 1s not surprising (45, 46) Autonomic
pevropathy simulating sympathectomy has even been described as a com-
plication of diabetes mellitus (47).

Adrenal medulia —Epinephrine and norepinephrine are secreted by the
adrenal medull, which 1s actually 2 huge spectalized sympathetic nerve
ganglnon Inadult man epinephri d A dullary activity
1sstmulated by sympathetic nerve impulses The first action of epinephrine
discharge on the nervous system is that of remforcing sympathetic stimult
_(5408). Subsequently it reduces sympathetic sumul: by ganglion blockade (49,

y51)‘and of the bility of the hypothal (52, 53) Even-
tually it inhibits the release of epuephrine by the adrenal medulla itself (54)
There s little doubt but that the effect of epinephrine 1s & drect one

Adrenal cortex—The hormones of the adrenal cortex directly or mdirectly
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stem. As for the spinal and peripheral nerves there is as yet a paucity of in.
formation.

Thyroid —The classical example of the influence of the endocrine system,
ie., the thyroid hormone, is seen in hyperthyroidism and hypethyroidism
Hyperthyroidism affects all of the cells in the body but has the most startling
effect on the nervous system The typical clinical picture is quoted from
Levitt:

“The central nervous system is unstable and there are exaggerated emotional
responses and tremor. Undue haste, anxiety and insomnia are associated with a
rapid flow of thoughts and excited dreams Nervous breakdowns are frequent Psy-
chosis may be of a true type, occasionally culminating in halluctnations, mania and
melancholia The sympathetic nervous system shows characteristic vasomotor in-
stability. Hot flushes are frequent. The alimentary system is affected by ncreased
peristalsis or even diarrhea' (13).

Whether the thyroid hormone acts directly on the nerve cells o indirectly
by way of its influence on other tissues1s a point which requires further eluct-
dation. Asher & Flack (14) showed long ago that this hormone increases the
susceptibility of nervous tissue to epinephrime The effect of the thyroid
hormone on cerebral cortex activity 1s well-known An excess increases the
alpha frequency of the electroencephalogram, Moreover, tn hypothyroidism
as well as hyperthyroidism the alpha frequency is related to the metabolic
rate (15, 16) The sensitivity of the brain to anoxia is increased in hyper-
th dism (17), The i ification of conditioned reflexes by excess thyroid
hormone (18, 19), the ncreased sensitivity of the light reflex (20), and the
augmented response of the centers of the sympathetic nervous system (21)
show that the excitability of all parts of the nervous system is raised

The mode of action of the thyrotd effect on any cell, nerve or otherwise,
is uncertain Many inv have tried to d te an effect of the
thyrotd on tissue slices ¢n v1fro without success. Thyrowne 1s usually chosen
for such studies and it 1s possible that this compound 1s not the final active
principle of the thyrotd (22, 23) and only in the intact organtsm does normal
degradation take place

Recently Lardy & Maley (12) have shown thyroid effects on the metab-
olism of 1solated Iiver cell mitochondria Although the hormone does exert
a direct effect 1n all the tissues of the body there is much old evidence, fargely’
clinical, that the main effect takes place 1n the hypothalamus (24) Action of
the thyroid hormone on the nervous usstes of the brain has been interpreted
as being due to a nise in brain metabolism Data on this pont are controver-
sial (25} Sensenbach ef a! (26) have shown that cerebral blood flow 1s in-
creased in hyperthyroidism aud reduced in thyroid deficiency but the rate of
glucose and oxygen consumption is unaltered in either case. 5

Exophthalmos is charactersstic of many cases of hyperthyroidism. The
mechantsm has long baffled investigators (27) The thyroid hormone is not
h has not been d ted.

directly responsible and a neural
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Hypopituitary coma has since been discussed by others (77 to 82). Whit-
taker & Whitehead (83) have recently described two cases and Caughey &
Garrod (84) hase described a variety of factors precipitating disturbances of

i itari i of i vary from
mild fon, and impaired b to stupor and pro-
found coma, It is not known whether the disturbances are due to connections
the piteitary may normally have with the thalamus, hypothalamus and the
reticular area of the mid-brain or are due to metabolic changes in these ner-
vous tissues resulting from endocrine defitiencies which are directly a result
of the lack of anterior pituitary hormones or secondarily from the loss of the
effect of the secretions of other endocrine glands which are dependent on the
pituitary. The last possibility appears to be the most likely and all cases of
hypopituitarism have failure of adrenal cortex function. Surgery of the pitui-
tary gland, hemorrhage into this organ, infections, hypoglycemia, hypersen-
sitivity to drugs and anesthesia, sodium depletion, water retention, cerebral
anoua, and hypothermia may all precipitate disturbances of consciousness
in such patients

Many of the disturb d bed under defi or hyperfunction of
the adrenal cortex occur with similar disturbances of the anterior pituitary.
The pitvitary hormone ACTH when given in excessive doses also mimics
most of the effects of pathological doses of cortisone

Posterior pituitary—There is no good evidence that the hormone {or
hormones) of this neuroendocrine gland act on any part of the nervous sys-
tfm Used in excess these hormone preparations may produce water intoxica-
'-!on and the symptoms which accompany it. Posterior pituitary hypofunc-
tion leads to diabetes insipidus with excessive loss of water through the kid-
neys and a tremendous thirst. Water restriction leads to severe dehydration
and manic behavior as in any such desiccation

Oraries —Like the steroid hormones of the adrenal cortex no direct influ-
ence~ of the estrogens and progestin has been demonstrated on nerve cells
Chinically the effects on the nervous system are quite marked. We have ex-

in hypopi m. Dist

amples in the d lons often g the high h titer preced-
ing the onset of menstruation, disturbances of the high nerve centers during
Pregnancy, the signs and symp of the and the d ef-

fect upon the mind of estrogen therapy used for cancer of the prostate in the
male Whether the female sex hormones act directly upon the cells of the
TETVOUS system or produce changes secondary to alterations 1n the tissue
mihet must await further study.

Testes ~—Androgens have a striking effect on the ailing male with failing
gonadal function The improved functioning of the cerebral cortex comes
about by an unknown mechanism which may have little to do with a direct
Interaction between the androgen and nerve cells

CQNTROL OF THE ENDOCRINE SYSTEM BY THE NERvVOUS SYSTEM
The influence of the hormones of the endocrine system upon the nervous
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affect oceusrences in the nervous system, This has long been evident in the
changes incident to the adrenai insufficiency of Addison’s disease and the
hyperactivity of the cortex in Cushing’s syndrome. In recent years the
neural effects of the administration of adrenal cortex extracts and the syn-
thetic hormones such as desoxycorticosterone, cortisane, hydrocortisone,
etc. have been emphasized.

In hypofunction of the adrenal cor tex the nervous manifestations may be
quite vague. Drowsiness often ies the p ive weak and at
times the patient js restfess and irritable but there is nothing characteristic
about these symptoms. Hyperfuniction of this gland commonty leads to men-
tal depression and psychoses have been observed which closely resemble
cither the d ion phase of depressive psychosis or involutiona
melancholia (55). Euphoria, mental elation, depression, irritability, restless-
ness, and insomnia are found in patients undergoing cortisone or ACTH
therapy, and the oceurrence of severe mental disturbances including psy-
choses in some patients when taking farge doses of cortisone or ACTH over
extended periods of time is not uncommon (56 to 62). Many patients with
adrenal tumor have psychoses, and psychiatric disturbances often acmmp%ﬂ}’
hyperplasia of the adrenal {63). The hypoadrenalism of many Addi
cases may also be accompanied by psychesis (64), Desoxycorticosterone has
an anticonvulsant action in refation to idiopathic epileptic seizures (58, 61.7,
65) Hoagland has summarized much of his data and that of others from this
viewpoint in an excellent review (66}

fn most patients with adrenal hypofunction abnormalities are found 10
the el hal i ding oscillations slower than normal shythm

(particularly in the frontal areas), absence or decreased number of beta
i il (67) The slowing in fre-

waves, and § d ity to hyper .
quency of the electroencephalogram is restored by cortisane (68, 63) a.nd the
fatter cven increases the frequency of the alpha rhythm in patients without
hypoadrenalism (70). The convuistve threshold of the brasm is Jowered after
adrenalectomy but is restored to normal by desoxycorticosterone or sodm'fi
chioride (71). When admmnistered in excess to the normal anmmal, desoxy-
corti raises the fst hold and the effect may be counter-
acted by cortisone (72, 73} There is an excellent review (74) swhich evaluates
the mfluence of the adrenal cortex hormones o electrolytes and fluds m':he
body (also see 66). Woodbury reviews the effect of hormones on bran excita-
bility and electrolytes {75} .

There is lsttle evidence to indscate that the adrenal cortex harmones dv
rectly affect the nervous system It seams hkely that the changes are dx_xe to
altered electrolytes, blood sugar, etc , leading to modifications 1 the eaviren-
ment of the nerve cells

Anterior prtwrtary —There are many wndications that a
pituitary s ial for the mai of 5
count of hypopituitarism Simmonds (76) described a patient who waa s

ject to attacks of unconsciousness.

normal active

in an early 2¢
ub-
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fails to occur after spt y (108) or ad: \! y (109) Hemor-
rhage, anoxia, asphyxia, hypoglycemia, various drugs, muscular exercise,
and even the complex pracesses associated with emotion by direct or reflex
action on the central nervous system lead to the release of the adrenal medul-
lary hormone (110).

Anterior pituitary or adenohypophysis.——There are at least six different
antenor pituitary hormones, namely, the pituitary interstitial-cell-sttmulat-
ing hormone (ICSH), follicle stimulating hormene (FSH), adrenocortico-
tropic hormone I (ACTH 1), adrenocorticotropic hormone I1 (ACTH 1),
thyroid stimulating hormone, (TSH), and pituitary growth hormone (PGH),
(111, 112) The release of these h by the ad, ypophysis is gov-
erned by three different mechanisms which may be unified in their ultimate
end action. Anterior pituitary secretion is controlled to some extent by a
“feed-back” action of the hormones of the other endocrine glands (gonads,
thyroid, and adrenal cortex) which depend on 1t for their normal integrity
(113, 114). It 15 because of this mechanism that these endocrine glands atro-
phy in hypopituitarism due to complete destruction of the adenohypophysis
(115) At present it 13 uncertan whether the hormones of the adrenal cortex,
gonads, and thyroid act directly on the anterior pituitary to govern the re-
lease of the hormones which control these glands or function via neural stim-
uh (86, 116) However, the maintenance of the adrenal cortex 1n the absence
of yypothalamic influences would indicate that one endocrine balance may
be integrated in the pitutary itself (117).

A second and probably secondary factor in the regulation of the secretion
of the hormones of the anterior pituitary is the effect of epinephrine which is
secreted by the adrenal medulla in response to activity of the sympathetic
nervous system. It has been shown to cause the secretion of one of the adre-
Rocorticotropre hormones There has been some question as to whether epi-
“eph.rme is a stimulator of the anterior pituitary in man (118, 119, 120) as
!t1sin lower animals However, adrenal stimulation has been demonstrated
by the infusion of epinephrine into the human and the fact that this s fol-
lowed by a period of blockade (121} is what might be expected from the
known actions of epinephrine (49-53). Furthermore, epnephrime effects the
release of ACTH in a primate (122} In spite of all the evidence in the rat
(124, p 318-26) that eprephrine may act directly on pituitary tissue to
cause: the release of ACTH, it seems clear that the integrity of the hypothala-
s IS ecessary 1n a primate (122) Here at least the action of epmephrine
::nﬂ;e anterior pituitary 1s via a neural route. There s an alternative to the
ntp;:i*:n that epinephrine may act directly on the piturtary tissue Epi-

lood andm"ght cause a .Imvermg of the adrenocortical hormone level in the
qny g tissues and this decreased concentratton would act upon the pitut-
bt t}? cguse hormone release, 2 mechanism that is well-recogmz.ed X.n any
sy :h Ypothalamus would be involved for it 1s as a result of stimuli from

Pathetic centers in this part of the brain that epmephrime 1s secreted by
the adrenal medylta

With the possible exception of the maintenance of its dependent endo-
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systes is for the most part a general one while the action of the nervous sys-
tem on the endocrine organs is more specific. The nervous system actually
exerts a large measure of control over the endocrine systenr,

Posterior prtwstary or neurohypophysis —The role of nervous impulses in
the secretion of hormones is probably greater for the posterior pituitary than
for any other endocrine tissue {85 10 88). Excitation of the gland can result
from emotional stress, Hemoconceatration, physical exercise, and a variety
of noxious drugs have the same effect (89). It is not certain whether the anti-
divretic and oxytocic principles are ore or multipte hormones The control
of the secretory activity of the neuracytes in the posterior pituitary is sbol.
ished by cutting the pitustary stalk, intercuption of the fiber tracts leading
from the supraoptic and paraventricular nuclei of the hypothalamus, or
destruction of these nuclei Not only is no antidiuretic hormone secreted but
the amount in the gland is rapidly diminished

Of considerable interest is the manner by which nervous stimuli from the
hypothal reach the ior pitwitary. It may be by orthodox nene
fiber transmission (90), through a neurohormone or via neurosecretions
The latter appear to serve as vehicles for hormones but neurosecretions and
horntones are niot identical (91, 92, 93). The Scharrers (94) have preseated
evidence that nearosecretary cells i the hypothal actually
the hormones which are then carried down the stalk fo the posterior lobe
where they are stored. Support of this view 15 provided by other nesl) re-
ported data, chiefly h k i, refative to etory activity is the

ptic and the par: far hypothalamic nucles (95, 96) and the
hypothalamo-hypophyseal system (97-100)

Adrenel medulls —It has already been pointed out that this endocnine
gland is actually an lized sy hene nerve ganghon Al
though there are stimult which cause the denervated adrenal medulla to re-
Iease its hormone {chiefly epinephrine). the quantity set free is small anq of
fittle consequence in comparnson with the amount of epinephrine entesing
the blood stream when stimub: reach 1t via the £y mpathetic nervous system
Cannon (101) showed long ago that the chief function of the adren;l.n.\eduﬂﬂ
was the adjustinent of the rate of epiephrine secretton to z';ondmons of
emergency after which it ulimately quiets sympathetic stimuli (49, 50, sh
and the excitahility of centers m the hypothalamus (52, 33) 5

The of epmephsine ss regulated by centers in the
hypothal and medullz ob! a, the spmal centers playing a subordi-
nate role Stumulation of the postero-fateral hypothalamic area mduces 3
secretion of epinephrne (102, 103) An even greater nflucnce must be at-
tributed to the medulla oblongata (104) The spmal sympathetic centess caf
be exaited directly ar reflexly to induce epmephrine secretion (105-107).

Cannon and hus school (101) established the fact that a vanety of condr-
tions call forth the ion of epineph As an uple, cold increases
the blood sugar by a central disch which i the
adrenal medulla The released epinephrine acts 1n the liver to cause the fu’tdv
mation of glucose from glycogen This secretion of epinephrine due to co!
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rotropic hormones, one of which regulates hyperplasia of the thyroid and is
under hypothalamic control and a second involved with the function of the
gland which is related only to the anterior pituitary,

Werner (140) has summarized the evidence that hyperthyroidism in man
(Graves’ disease) is not dute to an excess of thyroid-stimulating hormone re-
leased by the anterior pituitary but rather that the normal reaprocal rela-
tion between the pituitary and the thyroid appears to be distupted with the
thyroid assuming {unctional autanomy., Granting the existence of Greer's
thyroid hy tasia h it is i ing to late on what a dis-
turbance in hypothalamic function which gave a hypersecretion of this hor-
mone might lead to.

Ovaries and testes —The gonads of both sexes are maintained anatomically
and regulated functionally by the anterior pituitary (141, 142) The follicle-
sumulating hormone (FSH) causes germinal cell production and maturation,
ie, follicle maturation in the ovaries and germinal epithelizm maintenance
and sperm.maturation in the testes The luteinizing hormone (LH) or inter-
guﬁa! cell-stimulating hormone (ICSH) causes corpus luteum development
in the ovaries and Leydig cell development in the testes. The lactogenic or

Iuteotropic hormone (LTH) is ble for I ion at the ion of
Pregnancy and is necessary for the stimulation of the functional activity of
the corpus luteurn which probably prod and This

third gonadatropm (LTH) has no established action in the male. The two
gonadotropins, FSH and LH or ICSH, govern secretion of estrogens by the
thecal and granulosa cells of the corpus luteum of the ovares and androgens
!’Y the Leydig eells of the testes. The FSH also stimulates spermatogenesis
in the testes The secretron of the several tropns by the anterior piturtary is
regulated by the effect on it of the hormanes (estrogens, progesterone, andro-
gefis, etc.) produced in the dependent glands E unlike any of the
other hormones which are secreted via an anterior pitwtary teopin, have the
Power, in high doses at least, to inhib:t not only gonadotropin seeretion but
also secretion of the growth h the thyroid hormone
and one of the adrenocorti ins Estrogensare ible for the growth
and development of the internal and external female genital organs (143). In
addition along with progesterone they cause the cyclic changes evinced by
mMenstruation, lead to development of the breasts and secondary sex charac-
teristics, and play a large part in alterations of body functions during preg-
naney Their decrease or absence underlies the onset of the menopause The
male sex hormone sets i motion the bodily changes known as puberty, the

::m““a'":e of sexual function 1n the adult, and has definite metabolic ac-
ns

ie Ec‘:dr;nce for the control of the gonads by the cent'ral nervous systesm,
h“;mh“:cal or reflex stimuh reaching the anterior pituitary by way of t‘he
direct :| AMUS, 15 very meager for man, However there 1s a large bulk of in-
ob inical evidence for central nervous system control It 1s a common

servation that emotional upsets or nervous disorders frequently affect
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crine glands at 2 routine level, the secretion of hormones by the anterior pi-
tuitary is under the control of the central nervous system {113, 114, 122,123,
124) The mediator of stimult from the hypothatamic region to the anterior
pituitary is stifl 2 matter of confecture At present it is assumed that the ef.
fect is through a neurohormone which passes to the pituitary by its portal
circulation (125, 126).

There is considerable clinical evidance that both the control of release,
and the origin within the gland, of the various anterior pituitary hormonesis
highly individualized. In hypopsturtasism due fo PosE partum necrosis there
may be specific hormone failuce as well s 2 general decrease in all of the hor-
mones (127, 128) Hubble (128) dwides hypopituitarism iate psychogenic,
autritional, and genetic types. The first two groups have widely vary ing hor-
mone lacks The genstic group mcludes those instances in which a develop-
mental defect causes a deficiency or absence of one of the anterior pituitary
hermones Examples jnclnde hy dotropic hy dism (129}, hypo-
thyrotropic hypothyroidism (130, 131}, dwarfism (128, 132}, and hypogdf‘b
nocorticotropie Addison’s disease (133) The sodium retaining corticoid
{electrocortin or aldosterone) of the adrenal cortex is apparently not undes
the control of the anterior pituitary {134),

Adrenal cortex —~The adrenal cartex has ao nerve supply but the secre-
tion of hormanes (except the sodwm-retaming corticoid) by this gland is so
dependent upon the antesior pituitary that the strong control of the latter
by the central nervous system indirectly places the adrenal cortex hormones
under the same control. B

Thyroid —The thyrod gland is richly supplied with both sympathetic
and parasympathetic nerve fibres They apparently have vasomotor fune-
tions and are not true secretory nerves but may influence the functions of xl}e
follicular cells by altering their blaod supply The real contx:o? o[’ :h.e lﬁ}’w‘g
gland by the central nervous system 1s by way of the anterior pxt'mtar}' an'
the thyroid-stimulating hormone which it secretes This hormane s essentia
for the structural and functiona! integnity of the thyro gland. The secre-
tion of the thyroid-stumulating hormone is only partially dep?ndent on the
hypothatamus For the most part secretion by the anterior pnu'xtar);‘ 3 ::c
pendent on the concentration of the hormone i the plasma to which t e "
bears an inverse relation. That there is some regulation of the fecretnan ;
the thyroid-stimulating hormone by the centrat nervous system is sh?r-‘nI y
the reduced thy roid activity and farlure of exposure to cold to ncrease it a II:
complete transection of the pitustary stalk (135) The ufaual changcslm tc-
basophil cells of the anterior pitustary which follow thysoidectomy fad to o -
cur if transection of the stalk precedes remaval of the thyroid (136} G"’h'c
(137} found that hypothatamic lesions between the aptic chiasma aljg ¢ .
infundibulum prevented the hyperplastic response to goitrogens bu‘t did nof
intetfere with the elevation of the thyroid-serum iodide concentration ratio
‘This exi: of hypothalamic sites ! sn thyroid has b;t"
confirmed {138). This has led Greer (139) to conclude that there are two thy-
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the part of the organism to maintain homeostasis (161). This may be a stimu-
fus zrising from some internal source in the body with no immediate relation
to the external envi or one of the i ble stimuli to which the
organsm is continuously exposed in its environment. As a matter of fact ife
is 2 continuous succession of stresses and multiple stresses. Some of them are
desirable and many are obnoxious to the organism. The body has many ways
of dealing with them. Most of the adjustments to the stimuli which ne call
stress are brought about through the action of the central nervous system
and the endocrine system. A large part of the activities of the latter are con-
trolled by the nervous system.

Adjustments made to stress by the may lead to
When this occurs exposure to further stress of the same kind may be more
easily dealt with by the body, i e., the repeated stimul: finally require less or
na adjustment, and hittle or no action on the part of the nervous system or
endocrine system is required or carried out.

Although other physiologists had some conception of the reaction of the
body to stress Claude Bernard (162) was the first to state the essentrals of the
process Cannon (48) enlarged this concept as an “Organization for Physio-
Togical Homeostasis " At that time he stressed the functions of the divisions
of the antonomic nervous system such as the “sympathico.adrenal” and the
“\ago-insular"™ influences. Elsenhere Cannon (163), referring to the auto-
nomic nervous System, summarized its function as follows: *“The most general
descriptive statement which can be made regarding the service of the auto-
Romic system is that jts prime function s the maintenance of stability or
Bomeostasis in the fuid matrix of the organism.” In later years the auto-
nomic nervous sy stem was more or less placed in limbo as far as stress was
concerned. Selye (164) managed to push the adrenal cortex-pituitary gland

telationship into the position of explaining all facets of stress. Quoting Cleg-
horn (165):

d

Because the adrenal cortex has lent itself in recent years to mtensive study there
s been a tendeacy to think of the body s sn amumated adrenal gland, an attitude
vhch ecei e ust admonishiment from Loeh (166) a the 1949 meetra of the Assocr-
- for Research in Nervous and Mental Discases on Life Stress and Bodily Dis-

;t s 80w possible, since the neural control of the anterior hypophysis via the
16, thalamus has been so clearly demonstrated (90, 125, 148, 167, 168,
- 0 consider again the reaction to stress i its proper ight—primanly a
rzlso;;m:e of the central nervous system, partzcularly the antonomic drvisions.
;n ificatron of Insulin secretion by parasympathetic mnervation of the pan-
inuis' control of epinephrine and hri by sy v
omey oo™ Of the adrenal medulla and control of the seerction of the hor-
has bao i U Reurohypophysis by nerve mpulses from the hypothalamus
cent, <1 outhined eastier. Neurchumoral control of the adenchypophy sis by
7210 the hypothalamus and secondary control by troptc hormones of
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ovarian function, often resulting in functional disturbances of the menstrual
cycle Sterility in the femaleis frequently associated with nervous disease and
psychic upsets. Brain lesions or tumors iavolving the region of the third ven.
tricle and the hypothalamas have been found to be associated with preco-
cious puberty (144). Disturbances of the nervous system, both functional
and organic, can interfere with hbido and potency (145). Psychoneuroses
often influence sex activity in a way which resembles the changes found in
the relatively rare syndrome, the male climacteric (146).

Ovulation is definitely influenced by the nervous system via the anterior
pituitary (124, p 307-8). A recent study stresses newrogenic activation of
the piteitary in ovulation {147) Harris (148) believes that neurohumoral
transmission accounts for the effect of neural centers on the anterior pitui-
tary i regulating ovulation. Markee and his collaborators {149-152) hare
presented interesting evidence in this field

Parcreas —Yasulin, which disposes of sugar, is secreted by the endocrine
tissue of the pancreas Since insulin secretion depends on the blood glucose
concentration, such nervous control of the adremaf cortex or other tissues
which yield hormones affecting the blood sugar level wil give a measure of
vesy indirect comtral of insulsn secretion by the pancreas. Fibers of the right
vagus nerve innervate the istets of Langerhans in the paucreas which secrete
wmsulin Stimalation of this nerve leads to msulin secretion. Hypoglytemia

causes snsulin iou if the thal and bypothal. are inra.ct x,
P 292-03). The presence of the cerebral cortex is unnecessary Anovia, Sold
fever, hi: ine, etc, fate both the sy hetic and p: P

nervous systems, the first releasing epineplirine and cavsing by pergb'ce\'?la
while the latter stimulates the islet cells durectly, causing them to release fu-
sulin The hyperglycemia usually trizmphs but m the absence of the adrena}
medulla hypoglycemia results (153 to 157)

Tar CeNTRAL NERVOUS SYSTEN AND THE ENDOGRINE SySTEM A3
THEY AFFECT STRESS AND ADAFTATION

“Although neather the central nervous system nor the endocrine glands
are essential for the Life of the individual cell or organ, they are essental for
those changes in the reaction velocittes of the mtracellular enzyme sAy’fm;
which enable the orgamism to grow and develop and to adjust readily ans
rapdly to 1 vici: des The h whereby neﬂ’;‘;s
and humoral factors regulate intracellular activities remain unknown <me-
though st 13 possible that both sy stems may act directly on spe.Clﬁc enbz? g
systems, there is much to suggest (158, 150) that they act priacipatly ¥ 1n‘
fluencing the permussis eness or responsts eness of the cell to its own 'envxro -
ment Many examples suggest that the reaction to any stimalus, beAu nezm;s
fogical or hormonal, 1s dependent upon the state of the celis w hich in tu’n.l :
d d by the i betueen the effects of neural im

he effects of hormones™ (160)
pulsse:r:sr;dh;siueen defined as any stmulus which requires an adjustment ot
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petate, a feeling of general well-being and normal fertility (P. Ehrlich cited
in 180). Complete, but not partial, acclimatization prod a bal. d state
of b is (181) Acclimati: to chronic exp to low oxygen ten-
sion {182, 183} is much more complete than that to intermittent exposures
(184 to 187) Whether intermittent stress is actually detrimental is open to
question (188-193)

Adaptation to chronic hypoxia is brought about by increased ventilation
of the fungs originating in respiratory centers of the meduila of the brain, an
increase of the oxygen content of the blood because of polycythemia, and a

dously i d vascularization of many tissues (180). The mech-
anism of the adaptation is of course complex. Hypoda changes the acid-base
balance {194) via its effect on the expired air 2nd kidneys and this in turn
acts on the respiratory ceater in the brain, The origin of the polycythemia is
not known but could be via the hypothalamus—anterior pitutary—(thy-
roid and gonads) {195). Just how the increased vascularization is brought
about is unknown but it could well be due to locat cell reactions based on
ovygen need versus supply. The adrenal cortex apparently plays little part
in adaptation to hypoua except perhaps in the early stage when the carbo-
hydrate demands of the organism are being adjusted (180) Even here it has
been pointed out (196) that the adrenal cortex may not induce the changes
in carbohyd: boli: h istic of hypoxia, but rather that the
changes may be initiated by tissues whose functional activity requires the
presence of the cortical hormone.
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the adrenal cortex, thyroid and gonads are now weff accepted, The chief in.
tegration of the acti of the ism in resp to stress is certainly
within the central nervous system although much of the actson may be car-
sied out by the sympathetic division of the autonemic nervous system and
the secretions of the endoctine glands under nervous control,

Adrencl cortex.—~The hormones of the adrenal cortex are important end
results of the reaction of the nervous system to stress. Adcenat cortical bor-
Mone is necessary but not responsible for the metabohic tesponse to stress
{170}, Ingle (172} believes that adrenaf cortex hotmone suppotts a vatiety
of metabolic and other reactions which are primarily determined by the needs
of the tissues and are designed to mak h is R 10 stress
can occur in the face of a controlled and constant supply of cortical hormone
{172). This is of course contrary to the former widely held view that response
to stress Is non-speesie, Conn and his co-workers (173) have showa that
stressor agents are capable of exerting some specific eflects on man. Cleghorn
{165} has found that the responses to pressot drugs and sympathetic nerve

imulation ate impaired by ad H y. Goldatein & Levine {174} have
not only demonstrated that the adrenal corticords are necessary for nor-
epinephrine vasocanstriction but that eosinopenia and fat mobilization are
effects involving ph at the peripheral site of action They
believe that many adjustments to stress involve this cooperative action at
the levet of responding tissues and that the anterior pituitary stim.ula.uon of
the adrenal cortex is a dary physiologi geration of cortx'cmd sup-
ply. It is further suggested that the corticoids sustain tissue reactivity to the
epinephrines and pratect tissue integrity i responding to elevated levels of
epinephrine exhibition. Beyond this, st is proposed that herghteaed auto
nomic adjustments occur in stress and are paratleled by increased l})'pcahalr
mic-adenchypophysts-adrenal cortex activity in providing addx?mnﬂf fter-
ods for support and ior of tissues r ding to the ep A
In this connection the influence of ACTH and epinephrine on t'a'st!nz fevels
of ecsinophls, biood glucose, and 17-hydroxycorticosteroids is quite dufferent

5).
“7}2»1:9!;0»01 siress —Cannon's early work {101) on stress was targely Cfm"
cerned with emotional sumul Subsequent workers tended to use physical
and chemical stmuli These are useful but jn man at least psychosomatic
refationships are probably much more unportant As witness of thes 18 Duib
bar's hercutean review (176) of over 4700 papers on “Emotions and Bodéoy
Changes” which have appeared since 1910 Recent studies in thiy feld (160,
161, 177, 178, 179) have tended to deal rather exclusively witl adrenal cortex
but her survey emphasizes the need for giving attention to the pranary 25

of the problem .
wc;‘dapzouni-—i\ thoroughly studsed exampfe of adaptation to one lfxnd of
repeated or continuous stress is acclimatization to low owygen tr:»nsmn, ::
hypoxia (180) The critersa for full adaptation 1n this case are mamtmfaﬂ i
of growth 1 the young, maintenance of nutritson in the adule, no foss of ap

St
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DISEASES OF THE URINARY SYSTEM (SURGICAL)

(DracnosTIC AND OPERATIVE TECHNIQUES FOR
THE URINARY SySTEM)

By Etuer Berr
Elmer Belt Urologic Group, Los Angeles, California

In surgery, as in other fields of science, new concepts are created by new
procedures Advance depends upon the introduction and the progress of new
techniques, which increase our dragnostic acumen, lower mortality and
morbidity rates, and produce more satisfactory end results A few of these
innovations are considered here.

Experiments in the perfusion of living ergans and tissues with blood cir-
culated by a pu! hanical gradually led to a better under-
standing of the internal environment of the body (1) Failure of the proper
[unctioning of the kidney, which bears the greatest responsibility for main-
taining this internal atts best ioning level, tt life
Vividialysis (2) was i duced to substi for the work of the kidney and
1o restore the proper balance of chemicals within the internal environment
of the body. Peritoneal lavage (3), intestinal lavage, and artificial diffiusion
through a cellophane membrane, the so-called artificial kidney (4, 5, 6), all
have merited and teceived close attention. Each has been used to help re-
store function through the removal from the body of towic substances which
would readily have been cleared by normal renal action In very carefully
selected cases restoration of function has been most frequently accomphished
by the artificial kidney However, with this instrument there are dangers
from overhydration, from heparin poisoming with resulting hemorrhage, and
from the washing out of essential substances along with the undesirable ones.

TRANSPLANTATION

Better adapted to a surgeon’s idea of things is renal homotransplantation
(7) In dogs the duration of functional survival of such homotransplants of
kidneys is about five days with an upper limit of about three weeks Itisgen-
erally thought that antibodies, created in the host by substances in the trans-
planted organ, close the vessels running mto the transplant and cause its
death and elimination from the recipient’s body. In man the only successful
homotransplants excepting corneal transplants have been from the body of
one identscal twin to the other. A recent clinical experiment has renewed in-
terest 1n the fascinating possibility of renal homotransplantation in man. In
a case report by Gustave ] Dammin and his associates (7), functional sur-
vival in renal homotransplantation is described as having lasted almost siv
months Quoting from their own abstract

‘The patient, G W , was a 26-year-old physician with terminal chronic glomerulone-
Phatis The homotransplant, from an adult patient who died during a cardiac opera-
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cas clearly be demonstrated. In renaf tumors this pattern is altered in a very
characteristic way, Nodules are revealed n which there are irregulazly dis.
tributed masses of vessels., Within some of these nodular areas there are
poorly-defined blurs ing areas of extr ion, Cysts, on the other
band, appear as rou ud, clear, avascular spaces from which the blood vessels
bave been pushed aside by the accumulated fluid which fills the cyst. Twelve
per cent of such cysts are associated with malignancies deeply placed in the
base of the cyst jtseif. Aortography cannot be evpected to reveal such areas
of mali . B bining aor phy wi i air filation one
more step toward the preoperative diagnoss of renal lesions is accom plished,

Expecience with the use of an exploring needle in making anrtograms and
in obtaining deep tissue biopsies has brought closer the solution of 2 similarl y
difficult problem, that of the completely obstructed ureter Ureteral obstruc.
tions, famliar to the wrologist, may arise from stone, tumor, inflammatory
strictures, operative injuries to the ureter, or pressure upon the ureter from
without, If complete oceluston has oceurred, intravenous pyelography may
shaw 510 excretion of the dye 1ato the renal pelvis Retrograde pyelography
may also be impossible because the blocked ureter may not permit the up-
¥ard progress from bladder to kidney of either the ureteral catheter or of in-
Jected Prelographic medium, even though the medium 1s injected under
Pressure. The exact degree of ureteral and renal pelvis dilatation abave the

a'solmian for problerss of this type has been estabhished (10). The introduc.
‘f“ of along, large-gauge needle inta the renal pelvis directly from the out-
side through the skin and muscles of the back ss not diffiealt After the proper
Placing of the needle into the renal pelvis it is easily possible to pass a plastic
tube Ento the renal pelvis through such a wide-gauge needle This effects a
temporary neph y and permits of function to the blocked
kidney fy aliowing the constant escape of urine through the plastic tube

uch a tube may be left in place for months The satroduction of a pyelo-

obstruction, allowing a ready aud accurate dagnons to be made in what
would otherwise be an obscure prablem. The designation “‘percutaneous,

needle punceure, g lography™ to distinguish this dure from
retrograde pyel graphy” and from s pyelography,” terms al.
ready i use, has been introduced by Casey & Goodwin {12) to desersbe this
pre re of py el phy fram above g d by means of a needic in-

serted through the skin and muscles of the back 1nta the kidney peleis,

Svrcreas, TeCHNQUES
Close between abdami and uralogists in the
vorlong out and application of newly devised techniques of bowel and
ureteral surgery has resutted 11 the successful use of 1solated lengths of fleum
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tion, was inserted into a polyethylene sac and placed subcutaneously into the thigh
with vascular gnastomoses to the femoral vessels and with a cutaneous ureteral cri-
fice. Signif function on the nij h ive day and for five
months the homotransplant excreted between 1,500 to 2,000 ml. of wrine per day.
During this period, the patient’s condition improved and the blood urea nitrogen
dropped to 33 mg. per cent from an immediate postoperative level of 244 mg. per cent.
The blood pressure remained elevated (220/140), congestive failure appeared, and
the patient expired six months postoperatively.

Postmortem, the transplanted kidney weighed 340 grams, Vascular anastomoses
were intact and endothelialized The ureter was slightly dilated and angulated, There
was no pyelonephritis. The host epidermis had grown over the cutaneaus portion of
the ureter. The ureter was well vascularized and its smooth muscle intact. No cellular
reaction was observed at the ic junctions of host and plaat tissues,
Since the other donor kidney was ially normal, the d ferosis
with luminal narrowing observed in the smaller branches of the renal artery of the
transplant must have developed during its tenure in the recipient.

Microscopically, the glomeruli were normal except for moderate basement mem-
brane thickening There was advanced atrophy of the tubules particularly in the
cortex. However, some tubules appeared normal or hypertrophied. There was ad-
vanced i itial edema and mod ymphocytic infiltration with some mono-
nuclear cells showing pyroninophilia.

‘The long survival and morphologic changes observed suggest considerable com-
patibility of recipient and donor tissues and suggest that ultimate failure of th.: trans-
plant resulted from vascular and circulatory changes related to hypertension and
decompensation
This history-making experiment should greatly stimulate every worker in-
terested 1n the field of homotransplantation and survival through renal
transplants.

DraGNosTic METHODS

A technical achievement attained through the combination of precise
surgical proced. and llent x-ray technique is seen in t.hf results ac-
complished by combined aartography (8) and reerperiEone.al air insufilation
There is 2 newly-devised method for the presacral injection of 01.)’geﬂ'f‘3f
retroperitoneal pneumography (9) in which the needle, through which air is
to be introduced, is passed into the loose areolar tissue between the rectum
and sacrum. In this method the air travels from that point up\va.rd to find
its place within the retroperitoneal spaces around the kidney T}u? met:mi
is proving to be less disturbing to the patient as well as more efficient ¢ a:
the earlier method of injecting ret: i Ily-placed air or oxygeo throus!
a needle which is passed through the skin into the penrenal fossa from c:
point just above the iliac crest. It has as yet broughf. about "o x-epor;l
fatalities. With these methods as well as with the aid ?f laml}zograt:)1 Y,
tumors of the adrenal have been localized and the difficult diagnostic pro ’elm
of differentiating between cysts of the kidney which defum:n Ehe_pyelogra'p’lt
picture and tumors which produce closely similar deformities in the pye ‘:
gram has been solved, By means of aortography the normal vascular patten
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which has previously been detached from the bladder, freed and directed
medially behind the sigmoid, Through the newly-made channel in the howel
wall the ureter is pulled into the bowef lumen. Delfino Gallo {19) of Mexico,
nho was the first to describe this method, also suggests splitting half a
centimeter of the terminal end of the ureter and turning back a cuff of yreter
This cuff he feels creates a valse and prevents reflux of gas and bowe! con-
teat through the useteral lumen upward into the renal pelvis The turned.
back mucosal edge of the cuff is attached to the bowel mueosa by means of
Interrupted sutures of fine catgut The opposite ureter s similarly implanted

he bowel is securely closed The abdomen may thers be closed without
drainage. The yse of this method has geeatly shortened the hospital stay of

the bowel alsy prevents angulation of the ureter on its way o the new site
within the bowel tumen The “French cuff” of Delfino Gaflo also lesseng
those {zte complications which result from ureterat reflux of bowel content
into the rena} pelvis

The altered body chermstry resulting from the use of the bowel as a
receptacle for urine has heen the subject of intensive study Early studies
22) revealed the fact that transplantation of the treters into the smalf bowet
variably produced urema The small bowel was shown to be capable of
absarbing anything which the kidreys could exgrete Selective absorption
of some of the constiruents of the urine from the large bow ef was also seen to
follgw ureterosxgmoidoskc\m)' Because of the altered chemcal composition
of the bload this syndrome became known as “reabsorpuve hyperchiaremic
acidosis™ {23). Women seesn to be troubled fess by this complication than
are men Children are best able to adust to the altered physislogy engen.
dered by uretero-intestinal transplantation
. Recent experimenta studies an the proper adjustment of faod and fuid
Intake tend 1o show WAY 0 prevent unfavorable resbsorption from the
bowel, The iritagion brought about by the outpourmg of utine mto the

sorbed Thus, jow concentration and moderate acidity of the excreted urine
promote reabsorption which produces hyperchloremic acidosts and elevation
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{13 to 16) which are substituted for ureters Jost through damage or disease
By this method internal drainage into the bladder is provided for the kidney,
thus avoiding the many disadvantages of external fistulous drainage through
an opening upon the skin,

The production of urinary receptacles for transplanted ureters has pre-
sented an ever-recurring challenge to the resourceful urologist. Transplanta-
tion of the ureters is required in removal of the bladder for vesical carcinoma
and for injuries to the bladder resulting from postirradiation damage which
shrinks the bladder, producing a very panful cystitis. Such changes oceur
in the course of treatment of recurrent cancer of the cervix. It is also ocea-
sionally necessary to remove the ureters from the bladder because of con-
genital deformities of the Jower urinary tract. Among the current solutions
for the problem of what to do with ureters removed from their normal post-
tion fs a recently devised operation by which a urinary cloaca is produced
from a short distal segment of 2 loop colostomy (17). This method has proven
to be very useful, especially for those patients in whom severe postoperative
irradiation cellulitis has followed dary infe and sloughing of the
intestinal mucosa and in whom vesicovaginal fstulas and vesicorectat
fistulas have formed This condition necessitates the diversion of the urinary
and fecal streams followed by complete pelvic exenteration. To receive the
ureters in such a pattent a short, distal segment of a Joop colostomy closed
at 1ts distal end is used, Such a tube of bowel is not traversed by feces. The
ureters entering it are not subjected to the back pressure of fluids and in-
testinal gases as they are when transplanted into the closed bowel, and t}x.e
proximal end of the loop which opens on to the abdominal wall comes to Ji¢
close beside the distal end of the colostomy opening which drains the Jarge
bowel. The double colostomy opening is readily covered by a Rutzen b'ag.
This arrangement does not have the disadvantages produced by minglicg
unine and fecal output Consequently, constant fecal sorling which products
the foul odar so often d with a “wet col " 15 avorded. !

Progress in bowel sterihzation (18) has continued, With present technics
the large bowel which has been properly prepared may now be opened with-
out fear of peritonitis Accordingly 1n the most recently devised method of
ureteral transplantation into the sigmoid (19), the bowel is opened along the
anterior taenia and, through this wide-open aperture made in the wall of the
sigmoid, the inside of the bowel 1s as clearly visualized as 1s the inside of the
bladder in 2 cystotomy (20) The mucosa on the postenior surface of the
sigmoid 15 then lifted from the muscularis at a site chosen for th'e tr.aﬂslﬂ?“t
by means of a wheal produced by injecting 1:10,000 epinephrine in snlm.c
through a needle which pierces the mucosa (21), The elevated mucos: is
incised at this point and a hemostat 1s passed beneath its surface VWith
this instrument a tunnel 1s created by burrowing the hemostat between
rancasa and musculans for a distance of 1 Scm The hemostatll's then turned
laterally, piercing the muscularis of the sigmoid behind the per! toneal attath-
ment, The hemostat is opened It seizes the distal cut off end of the uceter
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the roof of the future urethra is present, a roof which lies along the ventral
surface of the penis. In the succeeding days this epithelial tissue will profifer-
ate rapidly over the raw surfaces which roof it and will form in the recesses
beneath the outer skin a completely intact circular tube or urethra. This
urethra, however, stops at the base of the penis. The new urethra will never
extend onto the glans penis. The operation is easy to perform and accom.
plishes in one step results which are often not obtained by previous methods
inhmany operative sessions It has caught the attention of surgeons every-
where,

‘The principle upon which this hypospadias operation is based, the ready
prokiferation of the urethral epithelium, became the basis for an operation
devised for the surgical cure of urethrat strictures (27) In this new open
operation for urethral strictures known as ““the burted strip technique™ the
urethra is opened throughout its length, exposing the entire urethra from a
point well central to the most proximal of the urethral strictures all the way
to the external urinary meatus The penile skin of the undersurface of the
penis is now united to the cut edge of the urethral mucosa down each side of
the shaft of the penis along the full length of the newly opened penis. The
urethra now lies widely open When healing is complete along its entire
length and all edema has disappeared, a wide strip of the urethral mucosa
which previously formed the urethral roof and now is open and exposed on
the under surface of the pents is outlined by incisions running along its full
length just as was done in the hypospadias operation described above The
edges of the skin which approximate this urethral roof on each side are under-
cut. Their raw approximating surfaces are apposed and pinned together with
steel wire held in place by double stops, a bead and a crimped-on aluminum
tube, over the urethral strip along the full length of the pemis The skin edges
are then carefully and y approxil d By proliferation the mucosa
which forms the roof of the urethra grows over the raw surfaces which now
cover it, thus forming a new unstrictured urethra of wide caliber along the
fultlength of the penis. This urethra, however, stops at the glans penss which,
asin the ion {or hy dras, 1t does not This dure is
done to remove the necessity of a life-long senes of urethral dilatations, It
thus warrants the short period of hospitalization and confinement made
necessary in each of its two steps
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of the blood urea. To the urologist, used to urging the forcing of fuids to
promote better excretion, this scems paradoxical, but it has been shown
that for patients whose nreters expel their urine into the sigmoid, better
levels of jon can be ebtained by following a regimen which will keep
the urine both concentrated and alkaline in reaction. Reabsorption hyper-
chloremic acidosis may be avoided by observing this simple rule.

it is regrettable that, because of the brevity of this review, there is not
opportunity for full descriptions of new surgical approaches to the kdney.
Intratracheal intubation in anesthesia now permits transthoracic nephrec-
tomies In some cases in which Jarge renal tumors are to be removed and in
which extensive lymph node dissection may be needed the transthoracic
route is desirable. The transabdominal transperitoneal approach and the
transabdominal retroperitoneal approach each permit the exposure of the
pedicle without moving the kidney from its bed, which is a desicable feature
in neph y for renal mali ies Finally, there is the Nagamatsu (25)
dorsolumbar approach which mobilizes the lower costal cage. In, this method
small segments of rib are removed from the twelfth, eleventh, and tenth ribs
near their attachment to the spine. Thus freed from thesr posterior attach-
ment these ribs may be elevated like a Venetian blind giving an excellent
approach to the kidney or to the adrenal. This approach is especially “”de'd
when an leural retr { exp to the kidney is desired as is
the case where the renal pedicleis short, the kidney is high, orahuge calculous
pyonephrosis is to be removed.

Hypospadias.—A plastic operation for the repair of hypospadias hAns been
presented which can be accomplished simply and in one step (26). !‘ is based
upon the tendency of the Tike epithetium of the underside of the
penis to grow pralifically in covering a defect. An incision extending from th_e
abnormal urethral hypospadias opening distally to the edge of the gl:ans penis
is made skin-deep on each side of the strip of urethra on the under side of the
pents, This staip, lying along the shaft of the penis, is feft flat and intact, un-
touched On each side of it the skin edges are deeply undercut and Lfted
upward The undermining and kiftung extends also to the skin over .che ab-
normal hypospadias opening at the base of the penis To ease tenston in clos-
ing these flaps across the ventral surface of the penis a longitudinal easemt;l\'
incision, completely through the skin, is made atong the full fength of the
dorsum of the penis. The denuded raw surfaces of the skin flaps now ap-
proximated on the ventral surface of the penis are brought, raw surface to
raw surface, over the still attached strip of penile skin, now comp!etely
hidden beneath their apposing surfaces. These apposing surfaces are pinned
together with a series of steel wire sutures which pass through them 'm‘(‘j‘
side to ide and are held Lightly in apposition by the pressure of a bea
against the skin on each side The bead in turn is kept {rom stipping bi a3
section of a small alumiaum tube which 15 crimped onto the suture Jﬁust ol
yand each bead. The skin edges are then very carefully sutured inte Ane :{J-
pasition with a row of minute stiiches Thus, at the end of the operation, euly
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V.S troops i Korea.

10 “The Sequetar of Epid t bagic Fever,” Giles, R R, et al
(10 other authors, including Sheedy), dm J Med, 16, 629-38 (1959), 17
teferences. A careful summary of the complications and causes of death,

11, “The Pathology of Thurty-mne Fata} Cases of Epidemic Hemorrhagie
Fever," Lykes, R J, Am J Med, 16, 639-50 (1954), 14 references.

12 “Viral Hepatttts,” Neefe, ] R, Am J Med, 16, 710-28 (1954), 89
references An excellent survey of the problems and progress made in the
study of thus disease duning the past few years

13. “Diphtheria,” Nasditch, M. ], and Bower, A G, Am J. Med, 17,

? Most of the tmportant reviews which appoared between January f and Qctober §
1954 ace fisted here
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ADDENDUM

After this review was prepared, the following two important works on
renal homot ] ion became availabl
1. Miller, B, F, The Problem of Kidney Transplontation in Bradley, S E, Ed,
Renal Function: Trans 5th Conf , Oct. 14, 15 and 16, 1953, Princeton, N. J»
(Josiah Macy, Jr. Foundation, New York, N. Y., 218 pp , 1954)
2 Hume, D. M., Mernll, J P, Miller, B F,and Thorn, G W, J. Clin Invest., 34

327-382 (1953)

21,
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Poliomy ehitis,” Ward, R., dm, J. Med. Sci., 227, 56571 (1954}, 28 refer-
entes. A concise authoritative summary,

» “Host-Parasite Relationships in Visus and Rickettsial Disease: Ap-
proaches to Therapy,” Blattner, R. J., and Heys, F. M., Postgrad. Med., 16,
210-81 {£54), 11 references. A brief graphic eutline.

10. “The Ecology of Mosquito Borne Viruses,” Ekfund, C. M., Ann. Rev.
Mierebial,, 7, 339-60 (1954), 114 references

11 “Food Paisoning,* Dack, G M, Ann. Ree Microbiol, T, 32738
{1953), 63 references.

12 "Microbiology of Water and Sewage,” Henkelekian, H, Ann. Rev
Mieyobiol , 7, 461-72 (1953), 01 references

DiSEASES OF THE GASTROINTESTINAL TRACT

1 "The Digestive System,” Gregory, R. A., Ann Rev Physiol, 16,
$55-74 (1954), 118 references

2. “Action of Insulin Hypoglycemia on Motor and Secretory Functions
of the Digentive Tract,” Bachsach, W H, Fhyno! Revs, 33, 566-92 (1953),
149 references Physiological and climcal

3. “The Early Care of the Actte Abdomen in Adults,” Woodward, E. R.,
Med. Chin. N Amter., 1054, 115-41, S references. An autline of the practical
aspecty

4 “Diaph ic Hernia,” Wi b, S, 44 Internal Med., 6,
301-29 (1954), 49 refesences A umely review of a formerly much averlocked
tondrtfon,

S “Diagnosis and A of Acute inal Obstruction,"
Besne, C. J., aud Payne, ] H. Surg Chn North Amer , 140318 (1954), §
references, A review of the fundamental mechaatsms and. their susgical man-
agement.

6 “Esophageal Stenosss Caused by Peptic Esophagitis or Ulceration,™
Benedict, E, B., and Gillespie, ] E O'N, New Engt J. Med, 250, 642-51
(1954), 70 referances A thataugh review of the subject and literature.

7. “Reconstruction of the Qesophagus,”™ Mustard, R A, Surg Clin
N;rlb Amer , 979-95 (1954), 26 references A detailed review of current pro-
tedures

8, “Cardiospasm,” Holt, C. J , dm J. Med Sci, 228, 218-25 (1954), 31
references A brief review of the subject and its history

9 “The Peptic Ulcer Indwidual,” Wretmark, G, Acte Psychiol. et
Newral Scand, Suppl. No. 84, 1-183 (1953), 214 references A review of the
Biterature {olfowed by an analysis of the auther's data

10. “Acute Massive Hemorrhage in Peptic: Uleer,” Marshall, §. F., Surg.
Clin. North Amer , T01-10 (1958), 32 references. A review of the hteratore
tempered by the author's experience.

11. “The Treatment of Perforated Peptic Ulcer by Primary Gastric Re-
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229-43 (1954), 48 references. A study of 1400 cases observed in Los Angeles
over a ten-year period.

14. “Syphilis,” B H., Schamberg, I. L., Nicholas, L., and
Katzenstein, L., Arch. Internal Med., 93, 571-628, 742-80 (1954), 385 refer-
ences. A review of the literature from July, 1952 to July, 1953.

15. “Histoplasmosis: A Statistical Morphologic Study,” Schulz, D. M,
Am. J. Clin. Pathol., 24, 11-26 (1954), 56 references. A review of the ana-
tomic distribution of lesions, the frequency of a primary complex, and the
occurrence of a typical vascular lesion.

16. “The Pathog is of Infecti M leosis,”” Hunt, J. 5, Am
J. Med. Sci., 228, 83-96 (1954), 68 references A review based on the vien-
point that this ailment may be a disease of hypersensitivity.

17. “Multiplication of Influenza Virus in the Entodermal Cells of the
Allantais of the Chick Emhryo,” Henle, W., Advances n Virus Research, 1,
141-227 (1953), 158 references. Experimental virology.

18. Purification and Properties of Animal Viruses,” Sharp, D. G,, 4d-
vances in Virus Research, 1, 277-313 (1954), 170 references. Experimental
virology.

19. “The Properties of Bacteriophages,” Advances in Virus Research, 1,
1-38 (1953), 124 references. Experimental virology.

Pusric HeaLTH

1. “Public Health as a Demographic Influence,” Gordon, I. E., Am. J.
Med. Sct., 227, 326-57 (1954), 70 references. The increase in world popufa-
tion in relation to the food supply is carefully studied.

2. “Maternal and Child Health,” Schmidt, W. M., New Engl. J. Med.,
250, 106-13 (1954), 45 references. A review of recent advances in the field.

3. “The Influence of Maternal Age on Immunity of Offspring: Some
General Considerations,” Treflers, H. P., Ann. N. Y. Acad. Sci , 5T, 584-96
(1954), 42 references. )

4, “The Effects of the Age of the Moather on the Sex Ratio at Birth in
Japan,” Takahashy, E., Ann. N Y. Acad. Sci., 57, 53150 (1954), 10 refer-
ences. A survey of vital statistics for the period 1937-1943.

5. “Hemorrhagic Fever. 1. Epidemiology,” Marshall, I. H., 4. J. Trop.
1ed. Hyg., 3, 587-600 (1954), 19 references An authoritative summary of
information.

6. “Hemorrhagic Fever, II. Prevention,” Dews, 5. C., and Marsh.all.
1, H., Am. J. Trop. Med. Hyg, 3, 601-7 (1954), 2 references. A practical

rogram is outlined,
® % “The Status of Immunization in 1954, Love, J., Abaul, J F.
Margileth, A, and Martelle, R. R, Med. Clin. N. Amer., 1493-1534 (.1954),
92 references An excellent review, chiefly concerned with changes in the
feld which have taken place during the past four years

8. The Present Status of Gamma Globulin in the Prevention of Paralytic
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(1954}, 18 references A brief discussion of a disease entity which should be
better known,

27, "Appendicitis—A Résumé,’ Moote, W. J., Medizine Hlustrated, 8,
557-68 (1954), 29 references A cntical brief summary of alt aspects of thig
subject

28. "Inguinopectineal Hernias—A Classification and Correlation,”
Burton, C. C, Inters, Abstr, Surg , 97, 417-31 (1953), 24 refecences A com-
posite classification of bernias of the abdomino-pectsneal trigonum is pre-
semsed

29 “Studies in Ulcerative Colints,” Engel, G L, Am J. Med, 16, 416~
33 (1954), 58 re!cxencca A reuew of the nature of the somatic process and

e adequacy of p hyp

30, up, ive and P ive D of Pauents with
Lesions of the Colon and Rectum, Scarhorough, R. A, Surg. Clin Nosth
Amer., 1419-34 (1959), 9 references A clinical outhine of the general prin.
ciples invcivt:d.

31 g tonic R of Non-reducible I jon,”" Nygaard
K. K., dm. J. Surg , 87, 580603 (1954), 24 references A discussion of the
operative procedures in adults

32, “Polyps of the Colon and Rectum,” Ruder, ] A., Kursner, J. B,
Maeller, § C, and Falmer, W. L, dm J Med, 16, 5535~64 (1954), 41
references A study of their incrdence and relation to careinoma.

33, “Proctology,” Haydes, E P, New Eng{ F 3:d, 25%, 304-10(1954),
41 references. A review of selected articles in the more recent literature,

34 “Qffice Proced: m P b " M G, and Malow, L,
P ﬂgllmd AMed, 16, 343-58 (1954), ne rel’erences A plctonal review of the
subgect

35. *"The Surgery of the Congenital Abnomalies of the Midlhne Ventral
Abdanuaal Wall,” Paul, M, Ann Roy Colt Surg England (London), 13,
313-34 {1953, 25 refecences

36. *Primary Ingumat Hernioplasty,” Palumbo, L T, Faul, R E, and
Mighall, § I, Surg Clin. North Amer , S67-79 (1934), 20 references A study
of 2 new sertes of 1375 cases

37 “Free Chyle in the Acute Abd . lled Chyle Peri )
Intern Abstr Surg, 98, 209-20 {1954), 137 references A review of alf cases
ta the fiterature

3% ““The Mechanism of Asaites,” Hyatt, R £, and Smsth, ] R, Am J.
Med , 16, 43448 {1954), 130 references A physiclogic appraisal

39 “Abdominal Surgery,” Welch, C E, New Engl. J Med , 250, 56-70
1953), 142 referentes Recent contributions are summanzed

40 *“La Physiopathologte de 2a IDisarchée,” Bouckaert, § J . and Leusen,
Y, Ade Gastro-Enteral (belg }, Y7, 309-21 (1954) 13 references A critical
summary of the subject.

41 “Au Sujet de quelques Aspects de 1'Equilibre vitaminjque, nutri-
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section,” Moore, H. C., Harkins, H. G, and Merendino, K. A., Intern.
Abstr, Surg , 98, 105-123 (1954), 107 references A critical consideration.

12. “Gastroscopy,” Deutsch, E., New Engl. J. Med., 250, 46876 (1954),
39 references, An excellent critical résumé of all aspects of this subject.

13, “Gastritis: A Revaluation,” Palmer, E. D., Medicine, 33, 199-290
(1952), 271 references, A review of the literature and specimens from 1500 pa-
tients.

14. “Gastrectomy with Replacement,” Henley, F. A., Ann. Roy Coll
Surg. England (London), 13, 140-60 (1953), 17 refetences. Recent advances
in method are briefly outlined,

15. “Esophagoduod; y, Total G. y and the Post Gastrec-
tomy Syndrome,” Smith, C. A., Surg. Clin. North Amer., 457-71 (1953), 47
references

16. "The Evolution of Gastrojejunostomy,” Watson, J. R, Inlern Abstr.
Surg., 98, 521-32 (1954), 75 references. An historical survey.

17. *“Physiology of the Liver,”” Wakim, K. G., Am. J. Med, 16, 256-7L
(1954}, 102 references. A comprehensive summary of current knowledge.

18 “Liver Disea Morphologic Consid, * Popper, H,, Am. J.
Afed., 16, 98-117 (1954), 142 references. Recent developments in the mor-
phology of hepatic disorders are reviewed.

19. “Cirrhosis of the Liver,” Davidson, C. 8., Am. J Med,, 16, 863-73
(1954), 54 ref id of certain h ical and general aspects
of this disease with special attention to jaundice, portal hypertension, and
hepatic coma,

20 “Biliary Tract Disease,” Farmer, D. A, Med. Chn. N. Amier,, 1403~
17 (1954), 28 references. A review of diagnosis and treatment.

21, “Chronic Idiopathic Jaundice with Unidentified Pigment in Laver
Cells,” Dubin, I. N., and Johnson, F B., Medicine, 33, 155-87 (1954), 46
references A detailed study of a new climco-pathologie entity with a report
of 12 cases.

22. “A Review of 500 Biliary Tract Operations,” Flannery, W E, dm.
J. Surg., 87, 754-60 (1954), 10 references A review of personal data

23 “Sarcoidosis-Hepatic Involvement,” Branson, ] H, and Park, J. H,
Ann, Internal Med , 40, 11145 (1954), 130 references A review of all rele-
vant literature

24, “Pancreatitis, Medical Aspects,” Farrar. J. T., Med. Clin N .Amer .
13931402 (1954), 33 references A practical summary of diagnosis and
therapy. N

25, “Surgical Considerations of Pancreattc Cyst with Particular Refer-
ence to Internal Drainage,” Mahafley, J. H., Haynes, B W, Jr., and De-
bakey, M. E, Postgrad. Med., 16, 259~69 (1954), 42 references A complete

vey of the literature
surz:es,y “Crohn's Disease,” Armstrong, J. R, Medicine Iiustrated, 8, 98-102




ANNOTATED LIST OF REVIEWS 391

9. “Cardiovascular Diseases," Schaaf, R, S., Arch, Infernal Aed., 93,
25493, 497-563 (1954), 571 references, A most practical review of the signifi-
cant publications in the feld from July, 1949, to July, 1952

10, “Cardiovascular Reactivity.' Page, 1. H.. and McCubbin, J. W,
Cerculation Research, 2, 395-96 (1954}, no references.

11, “Aortre Arch Syadromes,” Ross, R. S, and McKusick, V. A., Arch,
Tuternal Med , 92, 0140 (1954}, 168 references A review based on 100
cases of diminished o absent pulses in arteries arising {rom the arch of the
aorta,

12, “Chemoreflexes from the Heart and Lungs,” Dawes, G 5, 2nd Cam-
roe, . H., Jr, Physiol Revs, 34, 167-208 (1954), 148 refercnces, An analysis
of the mechanisms responsible for the action of chemical substances which
cause a fall of blood pressure and heart rate,

13 “The Syndrome of Cough Syncope,” Kerr, A, and Deshes, V. [,
Ann {sfernal Bed., 39, 3240-53 {1954), 78 references. A clinical entity which
is a syndrome and not a disease and which 18 described largely in foreign and
(;bscure Journals is reviewed in an excellent manner. §t should be better

NOWR.

1& “The Diagnosis of Cardsac Disturb of Emoti Origin,”
Stevemson, 1., Med. Clin. N Amer, 153545 {1954), 11 references, A short
discussion of 2 subject of much basic importance,

15, “The Anoxerma Test," Stewart, H.J , and Carr, H. A, Am. Heort J.,
48, 293-322 (1954), 110 references The present status of the test and the
tuzzent hiterature reviewed

16, “An Evaluation of the Term ‘Coronary Insufficiency’,” Schetf, D.,
iifd Colbey, M., Am Heart 7, 47, 928-34 (1934), 22 rderenc:a‘ A useful
eritique

1%, “The Etology of Cardiac Enlasgement in Coronary Occlusion,
Hypertension, and Coronary Artery Disease,” Master, A. M , A, Heart J , ,
47, 321~29 (1954), 40 references A review based on 60D patients in the
suthot's expenence

18, “Aneurysm of the Heart,” Schiichter, J., Hellersten, H K., and
Ratz, L. N, Meducine, 33, 43-86 {1054), 283 references A correlative study
of 102 proved cases

18 5 {5-Hyd * Page, ] M, Phynol Revs, 34,
563-38 (1954), 157 references A complete review of the literature dealing
v;ﬂh all that is known about this compound which is formed when blood
<lots

20. “The Cardiac Arrhythmias,” Kennamer, R., and Prinzmetal, M.,
New Engl. 5. 324, 250, SO0, 562-73 {1954), 224 references A thorough
and considered review of the subject Suitable for cardiclopsts but particn-
lasly internists.

21, “The Theoretical and Expenmental Bases of the Fromtal Plane
Veatricutar Gradient and Its Spatial Counterpart,” Ssmonson, B, Schmmts,
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tionnel et Electrolytique av cours de certaines Affections du Tube digestif
s'accompagnant de Diarthée,” Cloquet, J., DeBusscher, G., and Van Steen-
huyse, F., dcta Gastro-Enterol. (bely.), 17, 323~54 (1954), 137 references. A
survey of the relevant literature.

42, “L'examen coprologique dans les diarrhées chroniques\," Crismer, R,
Fradasinn D and Tawbosooou v 44 o = e e

P T T L ey ey wenu s weathées
subaigues or chroniques,” Buttiaux, R., Acte Gastro-Enterol. (belg), 17,
409-25 (1954), 67 references. A critical summary.

44, “Etude radiologique du tractus intestinal dans les diarrhées chro-
niques,” van Lerberghe, R., and Meuris, M., Acta Gastro-Enterol. (belg.), 17,
428~45 (1954), 71 references. A good review of the subject,

45. “Therapeutique Interne,” Rahier, C., Acta Gastra-Enterol. (belg.), 17,
448-68 (1954), 81 references. A conservative review of diarrhea therapy.

46. “Psychothérapie dans la diarchée,” DeBussches, J., Acts Gestro-
Enterol. (belg.}, 17, 469~87 (1954), 43 references. An excellent discussion of
the subject.

47. *“Quelques propos chirugicaux en marge des rapports sur la diar-
rhée,” Cahen, J, Acta Gastro-Enterol. (belz.), 17, 489-514 (1954), 94 refer-
ences. The subject is well-covered,

DiszASES OF THE CARDIOVASCULAR SYSTEM

1. "Heart,” Soulié, P., Ann. Rev. Physiol., 16, 24368 (1954), 314 refer-
ences
2. “The Metabolism of the Human Heart in Vivo,” Bing, R. J., J. Mt
Sinai Hosp. N. Y., 20, 100~17 (1953), 45 references An excellent summary of
this investigator’s well-known work. N

3. “Effect of Circulatory States on Determinations of Blood Volume,
Gregersen, M. L., Am. J. Med., 15, 785-89 (1953), 27 references. A summary
for the clinical investigator.

4 “Circulatory Adjustments to Pregnancy,” Burwell, C. S, Bull Johns
Hopkins Hosp , 95, 115-29 (1954), 25 relerences, A broad lecture survey.

5. "Heart Disease in Pregnancy,” Bergman, P., and Sj¥sted, T, Acta
Obstet. Gynecol. Scand , 33, 117-61 (1954), 123 references The data in the
hterature along with extensive Swedish experience is carefully analyzed.

6. “The Management of Heart Disease in Pregnant Women,” Burwell,
C. S, Bull. Johns Hopkins Hosp , 95, 130-43 (1954), 18 references A con-
servative review of the subject

7. “Cardiac Emergencies,” Gilbert, R P, Med. Clin. N. Amer., 7-28
(1954), 27 references. A complete useable summary of the clinical aspects.

8. #Ubersicht der neuren kardiologischen Literatur,” Grabner, G., Wren.
Z.inn, Med , 35, 325-57 (1954), 607 references. A short survey of the cardiol-
ogy literature for the first three months of the year.
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36. “Artesfal Angiography in the Diagnosis, Pragnosis and Treatment
of Occlusive Vascular Disease,” Drattl, E., Pratt, G. H., and Rousselat,
L. M., Bull. N. ¥, Acad. Med., 36, 132-31 (1954), 18 references A review
designed to steess the segmental characteristic of the peripheraf artenal dis-
eases and the useful of angiography in their esaluation.

37, “Aneurysms: General Considerations,” deTakats, G., and Pirani,
C. L, Angiclogy, 5, 173-208 (1954}, 66 references. A review of the general
problem of aneurysms.

38 “Some Vaseular Effects of Surgical Sympathectomy,” Duff, R. 8,
Am. J. Physical Med., 33, 109-17 (1954}, 35 references. A most readable
survey of the Literature

39, “Lumbar Sympatk in the T of Peripheral Vascolar
Disease,” Palurabo, L. T., Quirin, L. ¥, and Conkfiag, R. W., Postgrad
35ed., 15, 142-49 (1958), no references

40 “Peripheral Vascular Diseases,” Menende, C V., and Linton, R R,
New Engt J. Med,, 251, 382-93, 432-38 (1954), 333 references. Advances in
the field since 1949, are surveyed

41 “Sympathetic Vasodifator Outflow,” Uvnis, B, Physiol, Revs, 34,
608~18 (1954}, 45 references. An excellent summary.

42, “Basic Mechanisms of Hemostasis,” Stefamnh, M, Bull. ¥, ¥ Acad.
Med, 30, 239-77 {1954}, 71 references An excellent affort to harmonize the
contributions of the past decade.

13. “Thromboembolic Acadents,” Julan, O €, and Dye, W. 8, ed.
Chin N. Amer , 1946 (1954}, no references

44 “Vepous Thrombosis and Thromb holism,” Madden, § L., dm
. Surg , 87, 909-16 (1954}, 12 refecences. A brief review of the surgical as-
pects

15, A Critical Evaluation of the Problem of Thromboembofism,” De-
Hakey, M. E, Intern Abstr Surg, 98, 1-27 (1934), 447 references A com-
slete survey of alf aspects of the subject.

46, “Renal Function in Congestive Heart Failure,” Youmans, W. B,
Ann. Internat Med , 41, 13946 {1954}, 21 references. A very short review of
the subject

47. “Primary Thrombosis of the Internal Carotsd Artery,” Ochs, L,
Sensenbach, W., and Madison, L, 4m J Med, 17, 3714-82 (1954), 3T refer-
ences. A review based on seven new €ases.

43 “Bactenal Endocardutis,” Newman, W., Tomres, J M, and Guck,
LR, Am. 7. Med , 16, §35-42 (195%), 27 references An acalysis of $2 cases

49. “Embolic Mycotic Aneurysms, A Compliatian of Bactesial Endo-
<arditis,” Shnider, B. { , and Cotsonas, N § ., 4m J Med , 16, 246-53 (1954}
39 references A tabulation and analysis of the cases reported since 1923

5?‘ “Cysrent Concepts and Surgrcal Techaiques w Cardiovascular Suc-
fe5y,” Nabatoff, R. A., Intern. Abstr. Surg , 97, 521-36 (1853),99 references
The Yiterature fram Janvary, 1951, to October, 1952, 15 surveyed.
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0. H., Dahl, J., Fry, D., and Bakken, E, E., Am. Heart J,, 47, 122-53 (1954},
40 references.

22. “Spatial Vectorcardi hy,"” Grish A, Ad Interngl
Aed., 6, 91131 (1954), 97 references.

23. “The Medical Management of Arterial Hypertension,” Metiman, E,
New Engl. J. Med., 248, 894-902, 936~43 (1953), 222 references. The use of
dietary salt restriction and the various currently available hypotensive drugs
is well-reviewed.

24. “Management of Hypertensive Disease,” Corcoran, A. C., Dusta,
H. P., Taylor, R. D., and Page, I. H., Am. J. Med., 17, 383-94 (1954), 16
references. An excellent critical discussion.

25. “Pathogenesis of Essential Hypertension,” Wakerlin, G. E., Arch.
Internal Med., 92, 889-96 (1953), 22 references. A working hypothesis is out-
lined.

26. “The Present Status of Surgery for Portal Hypertension,” Rousselot,
L. M., Am. J. Med., 16, 874-77 (1954), 24 references. Primarily concerned
with the problem of upper intestinal hemorrhage in this disease

27. “Hypertension in Pregnancy,” Tenney, B., New Engl. J. Med , 249,
1108-15 (1953), 4 references. A short summary.

28. “Treatment of Hypertension,” Hoobler, S W., Am. J. Med, 17,
259-70 (1954}, 35 references. A lucid consideration of present methods.

29. *Lipoproteins, Coronary Heart Disease, and Atherosclerasis,” Gol-
man, J. W., Glazier, F., Tamplin, A , Strisower, B., and DeLalla, O , Physiol.
Revs., 34, 589-607 (1954), 33 references. A detailed consideration of the role
of diastolic hypertension and serum lipoproteins in the development of
coronary disease.

30. “Atherosclerosis; A Problem in Newer Public Health,” Keys, .A-,
J. ML Sinai Hosp. N. Y., 20, 118-39 (1954), 44 references An intercsting
discussion of this problem from an unusual point of view. 5

31. “Surgical Treatment of Hypertension,” Motrissey, D M, Medicine
Ilustrated, 8, 161-63 (1954), 43 references, A short summary which at-

justi ical therapy.
tem;)zt‘s ‘t‘l;’,vusluiy sur.gxc:: A,em?y T E. 7. ift S‘.”?’.
Hosp N. Y., 21, 49-61 (1954), 60 references A very interesting concept I8
summarized .

33, “Peripheral Circulation,” Barcroft, H, Ann. Rev. Physiok, 16,
21542 (1954), 341 references.

34, “The Effect of the Emotions on the Peripheral Circulation,” Burch,
G.E,and Ray, E T, 4m J. Med. St , 227, 94101 (1954), 76 referefnce&
A timely review which should be of interest to physicians who treat patients
rather than diseases

35. “Management of Arterial Hypertension,” Schroeder, H. A, Atn I
Med, 17, 540-61 (1954), 34 references Control particularly by drugs is ¥
viewed in some detail.
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Payne, F. L, Am J. Med. Sci , 226, 674-87 (1953), 56 references. A review
of the modern approach to this problem.

DisEASES OF THE RETICULOENDOTHELIAL SYSTEM AND HEMATOLOGY

1. “Blood Volume in Health and Disease,” Berson, S. A., Bull N. Y.
Acad Med., 30, 750-76 (1954), 128 references. A short cltntcal summary.

2. “The White Blood Cells in Health and Disease,” Doan, C. A, Bull
N. Y. Acad. Med , 30, 415-28 (1954), 59 references An interesting summary
of the newer knowledge

3 “Present Concepts of the Structure of the Mammalian Red Cell,"”
Ponder, E, Blood, 9, 227-35 (1954), 38 references A review of the subject.

4. “The Stimulus for Erythropoiesis,” Root, W. S, J M. Sinas Hosp
N ¥.,20, 331-38 (1954), 39 references A concise summary.

5 "Current Problems in Blood Transfuston,” Vegel, P, Bull. N ¥
Acad Med , 30, 657-74 (1954), 84 ref Shor of the d
are highhghted.

6 “Liste de Publications Récentes pouvant étre consultées i la Biblio-
thique du Centre de Transfusion Sanguine,” 9, 13947, 254-62, 424-41
(1954). A bibliography (672 references) of recent publicattons bearing on the
problems of blood transfusion.

7. “Newer Knowledge of Human Blood Factors,” Roseafield, R. E.,
and Vogel, P., J. Mt Sinai Hosp N Y, 20, 89-99 (1953), 63 references
Newer concepts of the blood group systems are briefly outlned.

8 “A Decade of Progress in the Rh Blood-Group System,” Jones, A R,
Diamond, L. K., and Allen F. H , Jr, New Engl. J Med, 250, 283-88, 324
30 (1954), 41 references A fine review of the detailed information regarding
the genetics and logy which has lated dunng the past decade
relattve to this subject

9. “Climical Implications of Plasma Fractionation,” Schemberg, I. H,
Bull N. Y., Acad Med , 30, 73549 (1954), 68 references The relation of

placmn £.

" 1 of Bile Pigment,” London, I. M,
B : 4), 51 references A somewhat tech-
nical review of special interest
11. “Physiology and Pathology of Blood Coagulation,” Koller, F.,
A;la Haematol, 12, 40-79 (1954), 315 references A review using abstracted
Tofaranman A8 ol 1 10 he
" Jaques, L B., Ann Rev. Physsol.,
13 “Polycythemia Vera—Its Course and Treatment. Relation to
Myeloid Metaplasia and Leukemia,” Wasserman, L R., Bull N ¥ Aced
Med., 30, 343-75 (1954), 53 references A thorough analysis of our present
knowledge of this disease
14 “Hemophila,” Brinkhous, K. M, Bull N ¥ Acad Med, 30, 325-
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DISEASES OF THE URINARY SYSTEM

1. “The Kidney," Berliner, R. W., Ann. Rev, Physiol., 16, 269-304 (1954),
334 references.

2. “The Control of the Excretion of Water,” Lewis, A. A. G., Ann. Roy.
Coll, Surg. England (London), 13, 36-54 (1953), 49 references A brief dlinical
summary.

3. “The Role of the Kidneys in the Regulation of Acid-Base Metabo-
lism,"” Gilman, A., and Brazeau, P., Am. J. Med., 18, 765-70 (1953), 8 refer-
ences. A brief simple outline of current knowledge.

4. “Sodium Secretion by the Mammalian Kidney,” Selkurt, E. E.,
Physiol. Revs., 34, 287-333 (1954), 409 references. A complete review of the
subject. Physiology.

5. “The Modern Conception of Bright’s Disease,” Enticknap, J. B,
Medicine Hlustrated, 8, 349-56 (1954), 35 references. A point of view largely
determined by the British literature.

6. “Renal Tubular Failure of Shock and Nephritis,” Van Slyke, D. D.,
Ann, Internal Med., 41, 709-38 (1954), 64 references. The topic is covered
in a beautiful manner which is easily read and authoritative.

7. “Dialysis in Treatment of Uremia,” Kolff, W. J., Arch. Internal Med,
94, 142-60 (1954), 77 references, A critical evaluation of the artificial kidney
and peritoneal lavage.

8. “The Role of the Artificial Kidney in the Treatment of Uremia,”
Morales, P. A., Gordon, S. G., Pinck, B. D., and Hotchkiss, R. §, Ss7g
Clin, North Amer., 423-40 (1954), 27 references. Recent literature and the
author’s experience is reviewed.

9. “Les Probl de la T 1 ion Renale,” Antoine, B, and
Ducrot, H., J. & Urologie, 60, 289-329 (1954), 234 references. A review of all
aspects of the subject.

10. “Hydronephrosis,” Prather, G. C., New Engl. J. Med., 250, 944‘.52
(1954), 43 references. A review of the ic, physiologic, diagnost
and surgical aspects of the subject. .

11, “Diagnosis and Surgical Management of Obstructive Uropathy ia
Chils L . i R A
230~ 1 Coro ‘ - L

1+ L N . . .
Clin. N. Amer., 1461-74 (1954), 25 references Cavses and remedial meastres
are well-discussed.

13. “Nephrocalcinosis- A Review,” Mortensen, J. D., and Baggenstoss,
A H, Am J. Clin. Patkol., 24, 45-63 (1954), 84 references. A clinical review.

14, “Ureterocele, its Etiology, Pathogenesis and Diagnosis,” Wershub,
L. P., and Kirwin, T. J., Am. J. Surg., 88, 317-27 (1954), 44 references. A

careful review of the literature.
15. “Stress Urinary Incontinence in the Female," Mikuta, J- J. and

+
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28. “Hy idase der S: flen und ilitit," Ploberger, U, Z.
Vitamin-Hormon-u. Fermentforsch , 6, 64-71 (1958}, 59 references The litera-
ture of recent years is summarized.

29, “Physiological Significance of Lymph Drainage of the Serous Cavi-
ges and Lungs,” Courtice, F. C., and Simmonds, W, .. Physiol. Revs , 34,
41948 (1954), 166 references, & review of our understanding of Iymphatic
sbsorption from serous cavities and the {unctional significance of the pul-
monary lymphatics

30 “Die Glykol und A mente der Leukozyten,” Bruckel,
K W., and fe, W., Z. Vil Hormon-u Fer forsch., 6, S0~63
{1954), 82 references. A review of the lterature.

31. “Die Fibrinolyse in der Kimik,” Schoud, J, Wien. Z. ann. Med,
35, 83-06 {1954), 152 references A concise summary of the lizerature

Nutririox axp NutairioNan Diseases

1. “Energy Metabolism,” DuBows, E F, dnn. Rev Fhysol , 16, 125-34
(1954}, 96 references

2 “Nutrition,” Phillips, . H., and Constaat, M A, Ann. Rev. Brockem ,
23, 319-44 {1954}, 198 references

3. “Nutrition in Clinical Medicine,” Van Tuaflie, T. B., Mayer, I, and
S}UE, F. J., New Engl. J. Med., 250, 199-210 (1954), 98 references A suc-
cinct review of the current status of fields 1n which there is new knowledge.

4. “Vitamin C Requirement of Human Adults,” Bartley, 1., Krebs,
H. A, and O'Brien, J. R. P,, Med Research Couneil Brit, Spec Rept. Ser,
No 280, 1-179 (1953}, 99 references An extensive study

5. "Fat-Soluble Vitamins,” Quasfe, M. L, Ann Rev. Biochem . 23, 21544
(1954), 299 references.

6. “Water-Soluble Vitamins,” Smuth, E. L, Cheldeln, V. H., and Kind,
T.B,Ann Rew Biochem , 25, 235-318 (1954}, 531 references

7. “Diagnesis of Malnutrstion in Mar,” Thomson, & M, and Duncan,
9 L, Nutrition Abstr & Revs , 28, 1-18 (1954), 111 references A eritical ve-
view of a complex area

8. *Annual Review of Laterature on Fats, Otls and Soaps, Physiology
and Buochemistey,” Paskur, M. M, J Am O Chemusts’ Soc, 30, 228-32
{1933), 186 references A bref but complete summary

9. “Body Fat in Adult Man,” Keys, A, and Brozek, J, Phyadl Rev,
33, 245-325 {1953), 298 ref A lete review of the li and
the subject Most useful for reference purposss

10, “Genetic, Traumatic and Environmental Factors i the Etiology of
Obesity,” Mayer, J., Physiol. Reos, 33, 472-508 (1953), 256 references A
broad discussion of the factors producing obesity

11, “Obesity,” Walker, H. C., drck Internal Med, 93, 95166 (1954),
78 ref A review of the ications and sequelae

12, *“Nutritionat Factors and Liver Discases," Swarz, K, ef al, Ann.
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41 (1954), 3D references. A concise, somewhat general, but complete con-
sideration of the subject.

15. “Hemophilia and Hemophilia-like Diseases Caused by Deficiencies
in Plasma Thromboplastin Factors,” Rosenthal, R, L., 4m. J., Ued, 17,
57-69 (1954), 31 references. The place of the factors—anti-hemophilic globu-

lin, plasma thromb p and thromb o
is well-reviewed.
16, “S; ium on Hemophilia,” D. hek, W., ¢t al. (11 other au-

Y
thors), Blood, 9, 244-93 (1954), 163 references A collection of ten papers
presenting very different points of view.

17. “Reticuloendotheliosis,” Klemperer, P., Bull N. Y. Aced. Med, 30,
526-37 (1954), 10 references A review of a group of heterogeneous maladies
with a {airly successful effort to integrate them,

18 “The Lymphomas and Leukemias,” Rosenthal, N, Bull N. V.
Acad. Med., 30, 583600 (1954), 34 references A brief discussion of the vari-
ous aspects of these diseases based in part on an analysis of some 600 patients.

19. “The Treatment of Leukemia,” Burchenal, J. H., Bull. N. Y. Acad
Med., 30, 429-47 (1954), 38 references A review of the praciical aspects of
the problem

20. “The Hereditary Anemias,” Watson, R J, Ball. N. V. Acad. Med,
30, 106-21 (1954}, 27 references, A first-rate summary of the subject.

21, “Vitamin Biz and Megaloblastic Anemia: Recent Studies,” Sacks,
M. S., Ann. Internal Med , 40, 375-80 (1954), 29 references. A very brief but
complete review of recent studies,

22. “Drug-Induced Hypoplastic Anemias and Related Syndromes,”
Osgood, E. E., dnn. Infernal Med., 39, 1173-88 (1953), 59 references. A
concise review of current concepts of the diagnosis and therapy of hypc!plastxc
anemias and the closely related diti erythrocytic, g locytic, an:
thromboeytic hypoplasia 5

23. “Anemias in Infancy and Childhood: Diag ic and Tt
Considerations,” Smith, C. H., Bull. N. ¥. Acad. Med, 30, 155-83 (1954},
33 veferences. A most useful outline of clinical interest with wide application
in the field of adult medicine as well as pediatrics.

24, “Thrombotic Thrombocytopenic Purpura,” Singer, K., Advances
Internal Med , 6, 195-234 (1954), 127 references. An aiiment which is occur-
ring or being di: 1 with i ing freqs )

25. “The Thrombacytopenic Purpuras,” Lozner, E. L., Bull. N. Y. Aced.
Med., 30, 184-94 (1954), 31 references. The differential, pathogenesis, and
treatment of these diseases is summanzed in an excellent manner.

26. “The L. E. Cell Phenomenon," Hargraves, M. M., Adrances I{xltmﬂl
Med., 6, 133-60 (1954), 54 references An excellent review of an all-impor-
tant method for the study of systemic Jupus erythematosis

27, “The Mechanism of Glucocorticoid Eosmopenia,” Esselher, A F.
Jeanneret, R. L., and Morandi, L, Blood, 9, 531-49 (1954), 58 references

An analytical review.
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13. “Summary of Known Metabolic Functions of Nicotinic Acid, Ribo-
flavin and Vitamin By,” Snell, E E., Physiol, Revs., 33, 509-24 (1953), 109
references Biochemical,

14 “Metabolic Functions of Pantothenic Acid,” Novelli, G. D, Physiol.
Reos 33, 52543 (1953), 100 references. Biochemical.

15 “Metabolic Functions of Thiamine and Lipoic Acid,” Read, L. J.,
Phystol. Revs , 33, 544-59 (1953), 64 references. Biochemical.

16 “Metabolic Functions of Biotin," Lardy, H. A., and Peanasky, R.,
Physiol. Reos 33, 560-65 (1953), 31 references. Biochemical

17 “Some Ab ities of Vitamin By Metabolism in Human Beings,”
Vilter, R W., Biehl, J. P., Mueller, J. F., and Briedman, B. 1, Federation
Proc., 13, 776-79 (1954), 34 references. A very short survey of recent litera-
ture.

18. “Physiclogie, Pathologie und Biochemischer Wirk hani:
der By-Vitamine,” Heinrich, H. C., and Lahann, H, Z. Vitamin-Hormon-u
Fermentforsch , 6, 126-200 {1954), 222 references This is the first section,
1¢, Physiology, of a larger review and covers the literature intensively.

19 “Recent Studies of Intrinsic Factor and the Utilization of Radio-
active Vitamin B,,” Schilling, R F., Federation Proc, 13, 769-15 (1954),
52 references, A provocative review of the literature

20 “Porphyria,” Watson, C. J, Advances in Internal Med, 6, 235-99
(1959), 164 references An excellent review of all phases of the subject.

21 “The Gonadal Function in Male Diabetics,” Bergqvist, N, Acta
Endocrinal, 15, Suppl. 18, 1-20 (1954), 36 references The hterature and
excellent new data is analyzed.

22 “Hepatomegaly and Drabetes Mellitus,” Goodman, J. L, Ann
Internal, Med., 30, 1077-87 (1953), 43 references A critical summary of a
targe series of patients.

2. “Emergency Complications of Diabetes Mellitus,” Goldinger, J M.,
Mml{. Clin N Apmer., 183-97 (1954), 4 references Standard procedures are
outlined

24. “Biochemical Aspects of Atherosclerosis,” Gould, R G, J 4m
Gensatrics Soc, 10, 640-49 (1954), 38 references A brief summary of the
Tecent literatuse.

25 “Uric Actd: Its Role in Biological Processes and the Influence upon it
of Physiological, Pathological and Pharmacological Agents,” Bishop, C.,
ad Talbott, . H, Phormacol. Revs., 5, 231-73 (1953), 372 references A

orough review of muor clinical interest,

26. “Gout, Rosenberg, E F, J. Am Geriatrics Soc , 2, 229-39 (1954),
Ireferencre A creemmnmr PR R TR P

v 1al Med,

2 “History of the Use of Colchicum and Related Medicines in Gout,”
Hartung, E. F., Ann, Rhewmatsc Discases, 13, 190-200 (1954), 126 references
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N. Y. Acad. Sci., 57, 615-961 (1954), 715 references. A symposium composed
of 36 papers by 63 authors.

13. “Nutritional Effects of Antibiotics,” Jukes, T. H., and Williams,
W. L., Pharmacol. Revs., 5, 381-420 (1953), 220 references A summary of
current knowledge primarily in the field of fow! and animal feeding but ia-
cluding the sparse data available for man.

14. “Antibiotics in Animal Nutrition," Stokstad, E. L. R., Physiol. Revs,
34, 25-51 (1954), 232 references. Of interest here because of the possible
transfer of information to human nutrition.

15. “Role of Wheat and Wheat Products in Human Nutrition,” Heg-
sted, D, M, Trulson, M. F., and Stare, F. J., Physiol. Revs, 34, 221-58
(1954), 193 references A consideration of the more important literature.

DisEasEs OF METABOLISM

1. “Considerations Concerning the Pathways of Synthesis in Living
Matter,” Krebs, H. A, Bull. Johns Hopkins Hosp., 95, 19-33 (1954), 31
references. A very general survey.

2. “Intermediary Metabolism,” Villee, C. A., New Engl. J. Med., 251,
21-28, 64-70 (1954), 124 references. A good review of some of the recent
changes in concepts of the pathways of intermediary metabolism

. ““Bil ! Oxidations,” Anfi C. B, and Kielley, W. W., 4nn
Rev. Biockem., 23, 17-54 (1954), 205 references

4. "Water and Electrolyte Metabolism,” Mannery, F. J., Physiol. R:.Nu
34, 334-417 (1954), 629 references, A very complete summary of chemical
morphology of the mammal.

5 “Mineral Metabolism (Animal),” Davis, G K., Ann. Rev Biochem,
23, 459-80 (1954), 248 references.

6 "Iron Metabolism,” Granick, S., Bull. N. Y. Acad. Med., 30, 81-1():5
(1954), 51 references, Generally a linical review of the ft fons of vari-
ous iron compounds in the organism and the general metabolism of jron.

7. “Proteolytic Enzymes,” Desnuelle, P, Ann. Rev. Biockem , 23,
5§5-78 (1954), 152 references.

8. “Nonoxidative and Nonproteolytic Enzymes,” Kalckar, H. M , and
Klenow, H., Ann Rev. Brochem , 23, 527-86 (1954), 334 reference.s.

9. “Carbohydrate Metabolism,” Weinhouse, S, Ann. Rev. Biochem 23,
125-76 (1954), 264 references

10. ‘(‘Curr)ent Concepts of the Action of Insulin,” Stadie, W. C , Physiol.
Revs, 34, 52-100 (1954), 107 references. A summarizing of the more recent
d for the physiologist and bolic expert. o

11. “Chnical Effects of Analogs of Folic Acid, Purines, Pyrimidines,
and Amino Acids,” Burchenal, ] H, Federation Proc., 13, 760-68 (1954),93
references. An interesting venture into a field of great potential importafnce-

12. “Metabolic Studies on Histidine, Histamine, and Related Imida-
zoles,” Tabor, H., Pharmacol. Revs , 6, 299-343 (1954), 413 references The

literature is completely covered.

Rinlaot,
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389430 {1953), 11} references. A sumsmary of its developmental course
comparative anatomy, and possible physiologic functions.

16 “Electrolyte Disturbances in Adrenal Diseases,” tnowiton, A fn
Am T, Med., 15, T71-76 (1953, 3 references. A clear, short summarny of the
current situation

17, *The Parathyroids,” Bartter, F- C. Ann Rec Physiol, 16, 42044
{1953), 117 references.

18, *Thyroid H and lodine Metabolism,” Roche, J.. and Michet
R, Ann. Rey Biockem , 23, 481-500 {1954), 205 references

19, “Progressive Exophthalmos,”” Waff: H. C., Ann Roy Colt Sur-
geons Engl, 15, 1-24 (£954), 38 references A frst-hand review of a sult in-
completely understood sign

20, “Radicactive Iodine in Hyperthyroidism,” Nelson, T. §., Raiman.
R 1., and Clark, D. E., Med Clhin. N Amer., 355-59 (1959), five referentes
An optimistic summary.

ALLERGY

1. “Miscellancous Review of Aliergy.” Halpin, L. 1., Ann dllerty 1z,
299-350 (1954), 157 references. A review 'of articles selected from the titera-
ture of 1953,

2. “Pediatric Allergy,” Rataer, B , Ann Allerey, 12, 198-228 (1954), 93
refesestces A critical review of the 1953 literature,

2. "Freatment of Allergic Emergenuies,’” Talmage, D W, Med Clin.
N Amer, 8313 (1954), 12 references. A summary which might prove usefal
to any physican.

4 “Afiergy in Infancy and Childhood,” Busrage, W S, Burgin, L. B,
Wang, D. M. K., and trwin, ] W., Med Chn N dmers 125579 (1934).
25 references An outline of current methods of treatment.

$. “Hay Fever,” Kaplan, M. A, Ehthich, N J., and Aaronson AL,
Ann. Allergy, 12, 92120 (1954), 219 references. & complete review of the
terature for 1952,

6 “Piromen in Allergy,” Randolph, T- G . Med Chm. N Amer, 561~
568 (1954), 37 references, Evidence favoring the ponspecific usefulagss of this
{ever-producing compound.

7. “Ad tical H in Inf and Immumty,” Kass, EH,
and Finland, M. Ann. Rev. Mfwrabrel, 7 36158 (1953), 313 references

8, “The 1 logicat Resp PR tz, ¥, Ann Reo Aferobiol,
7, 389414 (1953), 252 references.

NEorPLASTIC DISEASES

1., “Chemical Constitution and Carcinogenic Actvity,” Badger, G M,
Advances sn Cancer Research, 2y 73127 (1954), 113 references. Chemical
pharmacology.
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h on the ly unsolved

An 11 historical review with
problems in its action.

29. “B lidin in the T: of Gout,” Steinbocker, 0., Nt d
D, H,, and Ehrlich, M., Med, Clin. N. Amer., 611-24 (1954), 58 references.

A critical evaluation and ison with other therap agents

ENDOCRINOLOGY

1. “Growth,” Sontag, L. W., and Garn, S, M., Ann. Rev. Physicl, 16,
37-50 (1954), 105 references.

2. “Variations in Human Body-Build,” Lindegird, B., Adla Psychiat e
Neurol. Scand., Suppl. 86, 1-163 (1953), 113 references. The literature and 2
collection of Norwegian data is analyzed.

3. “Physiol 1 Mechani in Devel " Spratt, N. T, Jr,
Physiol. Revs., 34, 1-24 (1954}, 210 references. Highly specialized.

4. “Secular Change in the Height of British Adults,” Boyne, A, W.,
Nutrition Abstr, & Revs., 24, 25569 (1954), 34 references. A detailed study.

5. “Recent Trends in the Biochemistry of the Steroid Hormones,"
Lieberman, 5., and Teich, S., Pharmacol. Revs., 5, 285-380 (1953), 569 refer-
ences A broad survey of all aspects of the subject.

6. “Bioassay of Steroid Hormones,” Dorfman, R. 1., Physiol. Revs, 34
138-66 (1954), 200 references. A critical summary for the pharmacologist.

7. “The Extrogenital Effects of Estrogen,” Fisher, J. J., Obstet Gynecol
Survey, 9, 479-94 (1954), 177 references A review of the literature which in-
cludes a large proportion of experimental animal work.

8. “Steroid Hormones in Geriatrics,” Jones, E. A, J. Am. Geratrics Soc.,
2, 86-95 (1954), 31 references A brief survey of the clinical literature

9. “Biochemistry of Hormones (Restricted to Pituitary and Adrenal
Interrelationship),” Stack-Dunne, M. P, and Young, F. G., Ann. Rev
Btochem., 23, 405-36 (1954), 215 references.

10 “Thymectomy in the Treatment of Myasthenia Gravis," Bergh,
N. P., Acta Chsr. Scand , Suppl 173, 1-62 (1953), 79 references. A criticat
study of the literature and much new data.

11. “*Histologic Study of the Anterior Pituitary Gland,” Landing, B. H,
Laboratory Investigation, 3, 348-68 (1954), 129 references A compilation of
histological procedures which have been used

12. “The Pituitary-Adrenal System.” Pincus, G., and Elmadjian, F.
Ann Rev Physiol, 16, 403~28 (1954), 240 references L

13 “Phagocytosis and the Hypophysis-Adrenocortical System,"* Timiras,
P. S., Acta Endocrsnol , 11, Suppl 2, 13~118 (1954), 300 references A review
of the literature included along with much new data 5

14. “Genesis of the Adrenocortical Secretion,” Hechter, O, and Pincus,
G., Physiol. Revs, 34, 459-96 (1954), 162 references. A review of the bio-
synthesis of adrenal cortex steroids .

15 “The Fetal Zone of the Adrenal Gland,” Lanman, J. T., Medscine, 32,
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19. “Cancer of the Thyroid,” Ravdin, I, S., and Johnston, C. §, Am. J.
Med Sex, 227, 201~13 {1954), 101 relerences The current status of the sub-
Ject 5 well-summarized,

20 “Primary Retroperitoneal Tumors,” Pack, G. T., and Tabak, E J.,
Surg, Gynecol. Obstet., 99, 209-31, 313-41 (1934), 261 references A study of
120 cases observed over a 26-year period.

2. "laeid of Cared and Secondary O following Sub-
total Prostatectomy in 617 Patients,” McDonald, B. F., and Coburn, W. P,,
J. Am. Gersatries Soc., 2, 524-28 (1954), 26 references. A review of the
Siterature and an analysis of the operation in the patients of the authors

22 "On the Excretion of Androgens ir Carcinoma of the Prostate,”
Franksson, G B, and Plantin, L O, Acta Endocrinal , 15, Suppl 17, 1-33
{1954), 1B references. New data and the literature are considered 2t length

23. “Lymphatic Leukemia. An Analysts of Frequency Distnbution and
Mortality at the Umiversity of Calfornia Hospital, 1013-1047,” Shumkin,
M. B Luda, E. L., Oppermann, K C, and Mettier, S R, dnn, Internal
Med, 39, 1254-66 (1953) 22 sreferences A statistical analysis of a farge
hﬁdy of data

24 “Triethylene Met: in the T h and Leu-
kemias,"” Karnofsky, D, AMed Cha N Amer, 541—54 ( 1954}, 40 references
A very fair evaluztion of a relatively new therapeuuc agent

25 “The Treatment of Chronic Leukemia,” Lawrence, J. H, Med.
Chn, K. dmer., 525-40 (1954), 23 references. Another review which stresses
one particular type of therapy X-ray 1s still pretty good

26 *“Adrenalectomy for Hormone Dependent Cancers Breast and
Prostate,” Cade, §, 4nn Roy Coit Surgeons Engl, 15, T1~107 (1954), 35
references A short survey of the current situation

27 “Eadocrine Methods of Treatment of Cancer of the Breast,” Hug-
gias, C., J Nat Cancer Inst, 15, 1-13 (1954), 48 references A bref but
complete survey of the subject

28. “An fon of A 1 wn Man, P logical Changes
and the Effect on Advanced Neoplastic Disease,” Randall, H. T, Bull. N. V.
Arad Med, 30, 278-301 (1954), 38 references A seview of an impertant
Study.

Drseagss of t8E NERVOUS SystEy

1 “Generad N hyswotogy (Bioet Aspects),” Thermarn, B, G,
Progr Neurol Psychiat,9, 16-39 (1954}, 243 references

2 “Neuro-Anatomy,” Crosby, E. €, and Woodburne, R, T, Progr
Neurol. Psychiat . 9, 1-15 (1954), 86 references.

3 “The Autonomic Nervous System,” Ruching, C A, and Kuntz, A4,
Progr Neurol. Psychsat , 9, 326~55 (1954), 356 references

4. “Reginal Physiology of the Nervous System,” Ruese, W, and Hoff,
E C., Progr Neurol Psychtat,9, 40~57 (1954), 57 references
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. 2. “Carci is and Tumaor Path is, Berenblum, 1., Advances
n Cancer Research, 2, 129-75 {1954), 479 references. Pathological.

3. "Genetic Studies in Experimental Cancer,” Law, L. W., Aduances tn
Cancer Research, 2, 281-352 (1954), 289 refy Experi 1 pathol

4. “The Role of Viruses in the Production of Cancer,” Oberling, C., and
Guerin, M., Adsances 1n Canter Research, 2, 353423 (1958), 495 references
Experimental oncology.

5. “Survival and Preservation of Tumors in the Frozen State,” Craigie,
J. Advancer 1n Concer Research, 2, 197-228 (1954), 77 references Expen-
mental pathology

6 “Energy and Nitrogen Metabohism in Cancer," Fenniger, L. D, and
glider, G B, Advances 11 Cancer Research, 2, 229~53 {1954), 119 references.

tnical

7. “Biochemistry of Cancer,” Guffin, A C., Ann. Rev. Biochem, 23,
345-80 (1954), 294 references.

8 “Experimental Cancer Chemotherapy,” Stock, C. C., Adrances
Cancer Research, 2, 42592 (1954}, 506 referenves. Chemical pharmacolog).

9 “Some Aspects of the Gastric Cancer Problem,” Marshall, 8. F , and
Warren, K. W., J Am. Gersatrics Soc., 2, 377-85 (1954), 20 references. A re-
view of the pessimistic aspects of this mlment.

10 “Exioliative Cytology,” Ullelder, H , New Engl. J Med , 250, 913-13
(1954), 20 refereaces. Emphaszes the posstbilities of this method

11. “Diagnosis of Cancer of Internal Organs by Papanicolaou Technic,”
Graham, R M, Adnances tn Internal Med , 6, 59-90 (1954), 84 references. A
critical survey

12. “The Treatment of Cancer of the Uterine Cervix,” Twombly, G ?L
Surg Clin North Amer , 303~2Z (1954), 44 references A cutical evaluation
of various methods

13 “Leiomyoma of the Esophagus,” Lewis, B., and Maxfield, R G,
Surg Gynecol Obstel., 99, 105-28 (1954), 82 references A review of the
literature.

14, “Primary Cascsnoma of the Duodenum,” Sidvis, R. 5, Am J Surg.
88, 63344 (1954), 168 seferences, A succinct review of the literature.

15 “Cancer of the G  Tract,'” Leadbetter, W F, N””,E"‘l
J. Med, 251, $19-27, 56271 (1954), 97 references A realistic appraisal of
por present knowledge

< he Present Challenge," Delarne, N C.
Surg Clin North Amer , 91130 (1954), 22 references Statistical evidence 13
reviewed, o

17 “The Rask of Developing Lung Cancer and Its Relationship 50
Smoking.” Cutler, S ], and Loveland, D. B, J o Cancer Inst, 15

201-11 (1954), 20 references A statistical review of already available data.
18. “The T of M ic C: " Lemon, H M, Med

Chn N Amer, 1283-99 (1954}, 41 references A number of usefut tech-
aiques are vell-reviewed.
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28. “Pseudotumor Cerebr,” Wagener, H. P., dut. J, Med. Sei., 227,
214-25 (1954), 42 references. A critical survey of choked disk occurring with-
out a brain tumor.

26. “The Treatment of Craniocerebral Injuries,” Evaas, J. P., and Mc-
Lavrin, R. L., Surg. Clin North Amer., 1077-93 (2954}, 9 references. A clin-
ical summary of the practical aspects.

27. “Coma Mechanisms,” Fazekas, J. F, and Bcssman, A N Am. I,
Med , 15, 804-12 (1953), 27 ref A pl of the
cerebral metabolie disturbanees which are pmbabiy the basis of coma

28, “Cerebral Trauma and Traumatic Infection of the Central Nervous
System,” Wyeis, H. T., Progr. Neurol $Fsychict, 9, 337-47 (1954}, 64 refer-
ences.

9. "Development and Use of Helmets as a Means of Protection against
Cranjocerebral Injury,” Stendahl, A , and Courville, C. B., Bull. Los Angeles
Neurolog. Soc, 19, 1~21, 47-65 (1954), 27 references An historical review
deahing with the prehistoric peoples of Mexico and the nations of antiguity.

30, “The Problem of Cerebral Palsy,” Courville, C B , Bull. Los Angeles
Neurolog. Soc., 18, 157-88 (1953) 40 references A brief review af the problem.

31. “Cerebral Angi hy i the D of I 1 Lesious,”
Sugar, O, Swg Clin Avrlh Amtr . 1051—75 {1934}, 20 references. A
simple, lucid of this d;

32, “Cerebral Vaseular Disorders,” Brain, R., dnn. Internal Mcd., 41,
675-81 (1954), na references. A brief statistical survey.

33. “Cerebral Vascular Diseases,”” Wright, I S, and MeDewitt, E,
Ann. Internal Med , 41, 682-98 (1954), 12 references A short review of the
subject thh speaal reference to the use of anticoagulants w therapy.

34 Cerebral Ar osis,” Fisher, M., J. Am. Geriatrics
Joe, 2, 1—18 (1954), 24 references A hughly critical survey of the problem
based on 1500 specumens examined by the author.

35. “Cerebral Anoxia and Convulsive Disorders,” Courville, C B, and
Nielsen, J. M, Bull Los Angeles Neurolog. Soc, 18, 59~73 (1953), 50 refer-
ences A revien of oxygen want asa fa.ctor ia the causation of epilepsy

k1 " McCutchan, G. R,
Am J Med. 17, 528-32 (1954), 19 references A short survey of the Hterature
and a new seres of 21 cases

37, “Present Concepts in the Treatment of Puruleat Meningitis,” Haa-
bery, § W, Neurology, 4, 301~16 (1954), 75 relerences. Changes which have
taken piace during the past 10 years

38 “Cercbral Abscess—the Present Postuon,” Tutton, G K., 4nn Roy.
Coll Surgeons Enpgl, 13, 281~311 (19533), 31 references A raview based
targely on personal data

39 “The Treatment of Hydrocepbalus,” Matson, D. D, Surg Clin.
North Amer , 1021-35 {1054}, 31 references Current protedures, which are 1n
large measure due to the author, are well-discussed.
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5. Higher Functions of the Nervous System,” Malmo, R. B., Ann Ren.
Physiol., 16, 371~90 (1954), 160 references.

6. "Intellectual Function of the Temporal Lobes,” Milaer, B., Psychol.
Bull, 51, 42-62 (1954), 111 references. A review of the literature dealing
with animal work as well as with man,

7. “Visceral Functions of the Nervous System,” von Euler, U. S, Ann.
Rev. Physiol., 16, 349~70 (1954), 209 references

8. “Somatic Functions of the Central Nervous Systems,” Brookhart,
J. M., Ann. Rev. Physiol., 16, 325-48 (1954), 273 references.

9. “Vascular System,” Walker, A. E., and Faeth, W. H., Progr. Neurol
Psychiat., 9, 367-81 (1954), 106 references.

10. *Neuro-Endocrine Relationships,” Goldstein, M. S, and Levine,
R., Progr. Neurol. Psychiat , 9, 256-59 (1954), 17 references.

11, “Neuropathology,” Ferraro, A., and Roisin, L., Progr. Neurcl
Psychiat., 9, 58-73 (1954), 66 references.

12. “Otoneurology,” Perfman, H. B., and Lindsay, J. R., Progr Neurol
Psychial., 9, 189-98 (1954), 32 references,

13. “Clinical Neurology,” Yaskin, J. C, and Rupp, C., Progr. Newrol.
Psychiat., 9, 107-88 (1954), 330 references.

14, “Neurology,” Jordan, W. K, and Merritt, H. H, New Engl. J. Med,
250, 153-65 (1954), 101 references A discussion of recent studies primanly
concerned with understanding the normal functions of the nervous system.

15. “Electroencephalography,” Brazier, M. A, Progr. Neuro! Piythial,
0, 260-82 (1954), 200 references

16. “Brain Tumors,” Uiklein, A, Schreiner, L, and Angulo-Rivero, P,
Progr. Neurol. Psychiat , 9, 348-66 (1954), 111 references,

17. “Radiology of the Skulland Central Nervous System,” Young, B R.
Scanlan, R. L., and Funch, R. B., Progr Neurol Psychiat, 9, 305-19 {1954},
61 references.

18. “Psychosurgery,” Freeman, WV, Progr, Neurol Psychiat, 9, 382-90
(1954), 52 references. .

19, “Epilepsy,” Berry, R G, and Forster, F M, Progr. Neurol. Psychial,
9, 199-213 (1954), 1135 references .

20 “Pediatric Neurology,” Baird, H. W, 111, Progr. Neurol Psychist,
0, 214-25 (1954), 77 references

21 “Surgery of the Spinal Cord and Column,
Psychigt., 9, 325-36 (1954), 44 references. 3

yZZ. “Ce:'ebms;:mal Fluid,” Spiegel-Adolf, M., Progr Nenrol, Psychiat,

83-304 (1954), 222 references )

% 2233- Sune(:ermi)nams of the Critical Flicker-Fusion Threshold,” Landis, C.
Physiol Revs , 34, 259-86 (1954), 76 references. A very technical review.

24. “Psychological Consequences of Brain Lesions and .'\blzwcn_a‘;l
Klebanoff, S G., Singer, J L., and Wilensky, H, Psychol Bull .51¢ 1
(1954), 307 references The literature since 1941 is carefully scrutinized.

» Scott, M., Progr. Neurol.
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55 "The Drug Therapy of Parkinson’s Syndrome” Drake, F. R,
Am. J. Med Sci, 228, 97-111 {1954}, 79 references An excellest, compre-
hensive review,

$6. “Some Uncommon Acute Neurological Disorders,’ S,
Med. Clin, N, Amer., 167~82 (1954}, 26 r:lerences A useful review to have
in the Kterature.

57 “Effects of Extrancous Poisons on the Nervous System,” Courvifle,
C. B, and Myers, R. Q., Bulf Los Angeles Neurolog Soc , 19, 22-28, 66-95
gl?&&), B3 references. A short review of the general problem and of thealco-

018

38, “The Role of Caleium Jous in Neural Provesses,” Brink, F., Phar-
macol Revs, 6, 243-98 (1954), 181 An exvellent halling of
often neglected information.

" S bt

Psyenotooy

1. "Psychology,” Lindsley, 3. B., Progr. Neurol, Psychiat, 9, 391-416
{1954}, 145 references.

2 “Clinical Psychology,” Beliak, L., and Brower, D, Progr. Newrol,
Psychml 9, 334-66 (1954), 51 references

3. “Physiologic Paychology of Neurosis," Altschule, M D, New Engh
J. Mcd » 251, 47683 (1954), 163 references A brief review in a much-needed
area,

4, “A Review. Psychologscal Responses to ACTH, Corpsone and Re-
lated Steroid Substances," Drake, F. R., Am, J. Med. Sci., 227, 226-39
{4954, 40 references A careful review of the subject and the pertinent htera-
Lute.

3. “Recent Studses of Sumpie Reactson Time,” Teichner, W. H., Psychol
Budl, 51, 128-49 {1954), 163 references An assessment of the present seien-
fific status of the topic based on the literature of the past 20 years,

6 “The Theary of Decssion Making,” Edwards, W., Peyckal. Bull., 5%,
380-417 (1934), 209 references A review of the theoretical and expersmental
hiterature,

7. “Rating Scales and Check Lists for the Evatuation of Peychopathol-
ogy," Lorr, M., Peyckol Bull, 51, 13927 {1954), 31 seferences A boef ex.
amnation of those which have appeared during the past decade.

8. "The Leaderfess Graup Discussion,” Bass, B M, Psychol. Ball, 51,
46502 (1954}, 72 references A review of vanous phases of the subject

9 “The Cntical Intident Technigue,” Flanagan, John C., Paychol Bull,
51, 327-58 (1954), 74 references Review of 10 years experience.

PsyCuiaTry

1. “Mentatl Hygene,” Freed, H, Proge Newrol Psychiat, 9, 473-80
{1954), 64 references

2 “Clinscat Psychiatry,” Camn, A J., Semraq, E, V, and Solomoen, B, £,
Propr. Neurol. Psycheat, 9, 417-72 {1954), 310 refervaces.
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40, “Aphasias in Children,” Karlin, 1. W, dm. J. Diteases Children,
87, 752-67 (1954}, 19 references. A review of the subject,

41, “Injusies of the Spinal Cord,” Freeman, L. W., Surg. Clin. North
Amer., 1131-46 (1958), 12 references. Various aspects of interest to the sur.
gean are discussed.

42, “Recent Methods of Management of Spinal Cord and Cauda Equina
Injuries,” Boshes, B., and Tigay, E. L., Newrology, 4, 690-704 (1954), 17
references A comparative study of Waorld War 11 and Korean War expe-
riences.

43. “Spinal Neurinoma,” Broager, B., Actg Psychsat. et Neuro). Scand,,
Suppl. 85, 1-241 {1953), 229 references A clinjcal study of 44 cases with 2
good discussion of the relevant literature,

44, “Excitation and Conduction in Peripheral Nerves,” van Muralt,
A., Ann Rev, Physiol., 16, 305-24 (1954), 172 references

45. “Saltatory Conduction in Nerve,” Stampfli, R., Physiol. Reus., 34,
101~12 (1954), 56 references. A critical review of the structure and function
of myelinated nerve fibres,

46. "Peripheral Nerve Surgery,” Woodhall, B., Progr. Neurol Psyckial,
9, 32024 (1954), 21 references

47, “Pertpheral Nerve Injucy,” Woodhall, B., Surg. Clin. North Aﬂm:.
1147-65 (1954), 3 refe . Fund 1 pr isites for surgical repair
are discussed in an engagiog manner.

48. “The Dingnosis and Treatment of Peripheral Neuropathy,” Perlo,
V. P, Med. Clin. N. Amer, 1325-38 (1954), 28 references, An excellent but
simple summary.

49, "Surgical Treatment of Trigeminal Neuralgia in the Older Age
Groups,” Dodge, H. W., Jr, and Love, J. G, J Am. Geriat. Soc, 2, 467-79
(1954}, 27 rel A present-day luation of the therapy. .

50 “Non-Chromaflin Paraganglioma in the Temporal Bare,” Riggs,
C. D., and Tamari, M J, Am. J Med Ser., 227, 43743 (1954), 28 refer-
ences A summary of alt reported cases.

51. “Surgery of the Sympathetic Nervous System,” Julian, O C., 5’.472
Chn. North Amer , 1573-88 (1954), 19 references, A shart sumemary of cliaical
procedures of today )

§2 “Some Unsolved Problems in the Surgery of the Sympathetic Nerv-
ous System,” Ross, ] P, Ann. Roy. Coll. Surgeons Engl., 13, 356-68 (1953),
9 relerences, A brief chinical review.

53, “The Status of Multiple Sclerasis,” Bailey, P., Wainerdi, H R, and
37 ather authors, Ann. N. V. Acad. Se., 58, 541-719 (1954), 4270 re!erenfti
A symposium of 21 papers which covers every facet of the disease in whic]
there is current interest.

§4. "“Myasthenia Gravis,” Viets, H
14145 (1954), 87 referesces A review of the literature from
until the end of 1953.

R., New Engl. J Med , 251, 97-105,
midyear 1951
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$5. “The Drug Therapy of Parkinson’s Syndrome,” Drake, F. R
Am. I, Med. Sci , 228, 97-111 (1954}, 79 references. An excellent, compre-
hensive review.

§6. “Some Uncommon Acute Neurologicat Disorders,” Schulman, S.,
Wed. Clin. N. Amer , 167-82 (1954), 26 seferences. A useful review to have
in the literature.

57, “Effects of Extraneous Poisons on the Nervous System,” Courville,
C. B, and Myers, R. O., Bull. Loz Angeles Neurolog. Socu 19, 22-28, 66-95
§1954). 83 references. A short review of the general problem and of thealco-

ols.

53. "The Role of Caldum lons in Neural Processes,” Brink, F., Phar-
mozel. Reex, 6, 233-98 {1954), 181 ferences An flent halting of
olten neglerted information

PSYCHOLOGY

1. “Psschology,” Lindstey, D B., Proge. Neurol, Payekist.. 9, 391-416
(1934), 14 references.

2, *Clinical Psychology,” Bellak, L., asd Brower, D., Progr Newrol.
Prychiat, 9, S54-66 (1954), 51 references

3. “Physiologic Psychology of Neurosie,” Altschute, M D New Engl
S Med, 251, 476-83 (1954), 163 references ‘A bryef review in a much-needed
arez,

3, “A Review: Psychological Responses to ACTH, Cortisone and Re-
lated Steroid Substances,” Drake, F. R dm. 7. Med. Ser, 227, 226-29
(1959), 40 references. A careful review of the subsject and the pertment Litera-
ture.

£, “Recent Studies of Simple Reaction Time.” Teichner, W H., Psychol.
Bull, 51, 12849 (1959), 163 seferences. An assessment of the present scien-
tific status of the tope based on the hterature of the past 20 years

6. “The Theory of Deaision Malkaog,” Edwards, W Paychol, Bull,, 51,
330-417 (1954), 200 references A review of the theosetical and experimental
uterature.

7. “Rating Scales and Check Lists {or the Evaluation of Psy chopathol-
ogy,” Lorr, M., Paychol. Bull, $1, 119-27 (1954}, 31 references A bref ex-
amination of those which have appeared during the past decade

8. "The Leaderless Group Discussion,” Bass, B M, Psychol. Budl, 51,
465-92 (1954). 72 references. A yeview of vanous phases of the subject.

9. *The Cntical Inadens Techaique,” Flanagan, Jehn C, Pyychol. Bull,
51, 327-58 (1954), 74 references. Review of 10 years expenence

PSYCRIATRY

4 “Mentat Hygiene” Freed, H. Propr Keursl Poychiet, 9, 475-80

{1934), 64 seferences.

2. “Clinical Prychiatey.” Camn, A.J . Semead, E. V., and Solomon, . C,
Progr Neurol Paythsot., 9, 417-72 (1954), 31Q references.
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3. “Forensic Psychiatry,” Overholser, W.,, Progr. Neurol. Psychiat, 9,
481-84 (1954), 38 references.

4. “Criminal Psychopathology,” Maughs, 5. B., Progr. Nearal. Psyckiat,
9, 485-93 (1954), 15 references

S. “Child Psychiatry,” Duto, S, and Rabinovitch, R. D, Progr Neurol
Psychiat , 9, 494~506 (1954), 47 refecences.

6. "The Neuroses,” Masserman, J. H., Berkwits, G., and Pauncz, A,
Progr. Neurol Psychial., 9, 507~24 (1954), 128 references.

7. “Alcohohism,” Allen, E. V., and Prout, C. 'T., Pragr Neurol. Fsythiot,
9, 535-33 (1954), 36 references

8. “Psychosomatic Medicine,” Weiss, E, Saul, L. J., and Lyons, J. \V,,
Progy. Neurol, Psychiat., 9, 534-41 (1954), {2 references.

9. “Physiodynamic Therapy (Shock Therapy),” Wilcox, P. H., and Wil-
cox, K. W, Progr Neurol. Psychiat, 9, 581-605 (1954), 158 references

10. “Group Psychotherapy,” Slavsan, S. R., Hallowitz, E., and Rosen-
thal, L, Progr. Neurol, Psychiat , 9, 567-83 (1954), 86 references

11, “Psychoanalysis,” Frank, R. L., and Kanzer, M. Progr. Neurol
Psychiat., 9, 542-53 (1954), 49 references

12. “Psychiatric Nursing and Occupational Therapy,” Bennett, A, E,
and Engle, B., Progr. Neurol Psychiat., 9, 606~20 (1954), 85 references

13. *The Recognition and Management of Psychiatric Emergencies,”
Lipton, M. A, Med Clin N Amer, 143-66 (1954), 15 references. The clini-
cal and legal problems are well-discussed.

14. “Headaches and Life Stress," Stenback, A, Acta Psychiat. et Neurol.
Scand., Suppl 92, 1-143 (1954), 100 references. A psychosomatic study of
headaches based on a large group of patients and in a less degree the per-
tinent literature.

15 "Psychotic and Neurotic Illnesses in Twins,” Slater, E, Med, Re-
search Council Brat., Spec. Rept Ser 278, 1-385(1953), 64 references. Asum-
mary of an extensive study made in England.

16. “O jeat EJ hock Therapy in Psychoses,” Alexander, L., Med.
Clin. N dmer., 1363-78 (1954), 25 references. A short but detailed review.

17. “The Toxic Psychoses and Allied States,” Cohen, S, Am. J Med.,
15, 813-28 (1953), 86 references A concise review of the subject

18 “The Modification of Convulsion Therapy by Muscle-Relavant
Drugs,” Montagu, | D., Acla Psychiat. et Neurol. Scand., Supp}. 87, 1'3.3
(1953), 385 references An llent review of the [ bearing on this
subject.

19. “Lobotomy in Mental Disease—Indications and Results,” Green-
blatt, M., and Sclomon, H. C., Med. Clin. N. Amer, 1379-91 (1954), 36
references, A critical evaluation of this procedure

Dtseases or TRE SKIN

1. “Growth of the Haur,” Chase, H B, Physiol Revs, 34, 113-2§ (1954),
78 references. An excellent review of the growth of the individual hair.
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1. “Sawme Physiclogical Asperts of Joinws in Haafi2 and Disewse.” Sefle,
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referemees. Az exmellent review of the sabject
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9. “Dupuytren’s Contracture,” Conway, H., Am, 7. Surg., 87, 101-19
(1954), 75 references. A thorough survey of the literature along with the
author's experience in 79 cases.

10 “Seal Finger,” Candolin, Y., Acta Chir. Scand., Suppl. 177, 3-51
(1953}, 71 references. A study of an infection as it accurs in the Gulis of the
Raltic Sea.

11. “*Ankylosing Spondylitis: A Survey,” Hart, F, D., Ann Rheumatic
Diseases, 13, 186-8% (1954), 63 references, A short but informative sum-
mary.

12. “The Shoulder-Hand Synd " Steinbocher, O., Friedman, H. H.,
and Lapm, L., Posigrad, Med, 16, 47-57 (1954), no references A graphic
outline,

13. “Review of Rheumatic Diseases,” Waine, H., Arch, Internal Med.,
93, 121-61 (1954), 269 references An 11 ge of the devell
over recent years.

Diseases oF THE REPRODUCTIVE SYSTEM

1. “Reproduction,” Leathem, J. H., Ann. Rev. Physiol, 16, 445-66
(1954), 349 references

2. “The Chemical Composition of the Human Ovarian Oocyte,” Hed-
berg, E., Aele Endocrinol. 14, Suppl 15, 1~89 (1954), 133 references A se-
view of the literature and much new data.

3. “Chronic Gonadotrophin and Qestrogens in the Human Placenta,”
Diczfalusy, E., 4cta Endocrinal., 12, Suppl. 12, 9-175 (1954), 275 references.

4 “Steroid Interaction in the Metabolism of the Reproductive Target
Organs,” Roberts, S, and Szego, C.M., Physiol. Revs, 33, 593-629 (1953)
475 references Physiological,

5. “The Gonadal Function in Female Diabetes,” Bergquist, N, dcfe
Endocrinol., 15, Suppl. 19, 3-20 (1954), 56 references A study of the author's
own data

6 ‘“The Neurchypophysis in Pregnancy,” Hendricks, C H., 0{:;[:1
Gynecol, Surpey, 9, 323~341 (1954), 58 references A review of the condition
and of the Literature

7. “Coarctation of the Aorta and Pregnancy,” Pritchard, J A, Obstet
Gynecol. Survey, 8, T715~91 (1953), 67 relerences A review of cases reported
in the literature .

8. “Spontaneous Rupture of the Apparently Normal Uterus During
Pregnancy: A Review.” Felmus, L B, Pedowitz, P., and Nassberg, S.
Obstet. Gynecol. Survey, 8, 15512 (1953), 110 references An analysis of 116

cases in the literature.

9. “Taxemia in Pregnancy,” Chesley, L C, Am. J. Med, Sts., 227, 683~
99 (1954), 125 references A critical review of this disease entity

10. “Placenta Praevia,” Westgren, A, Acta Obstet Gynecol Scand .\ 33
29-49 (1954), 29 references. A study of 350 cases seen in Stockholm,
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1L “The Bracht Maneuver,” Plentf, A. A, and Stone, R. E., Obstet.
Gyneeol Survey, 8, 313-25 (1953), 30 references. A critical survey of 2 well-
known maneuver used in breech deliveries.

12 “Ten Years” Cawsarean Sections in Denmark, 1941 to 1950 with
Special Reference to Indications and Maternal Martatity., Brandstrup, E |
and Schou, P., Acte Obstet. Gynecol Scand., 33, 115 {1053), 4 references

13 *The Obstetrical Status of the Dolichopellic-Anthropoid Pelvis,”
Molumphy, P. E, Kishore, N, and Thoms, H,, Obste, Gynecol Surrey, 8,
615-54 (1953}, 84 references. A seview of the nature and occurrence of pelves
elongated in the anterv-posterior axis.

14. “Dysmencrrhes, Its Cavses and Treatment,” Parsons, L., Med, Clin.
X, Amer., 1919-35 (1954}, 58 references A review of the Literature concerned
with therapy of this condition,

15, “Femals Genital Tuberculosis,” Schaefer, G., Obster. Gynecol. Surcey,
B, 461501 {1953}, 254 ceferences. A resiew of the literature past and present.

Pavsicar AGEXTS a¥D TratMa

L. “Care of the Automobile Crash Vietim," Reynolds. J T. Med Clin.
¥, dmer, 15-94 (1954}, noreferences An interesting summary of procedures
which in these days may tonfront any medical maa.

2. “Some Physiologic Conuderations of the Therapeutic Action of Ultra-
sonics,” Kobak, D., Am J. Physical 3ed, 33, 21-30 {1954), 44 relerences.
A mnsxd:ﬁuon of current 2nd ofd literature

3. “Clinical Observations in the Use of Ultrasound,” fones, A C, Am
J. I’byn'ml Med, 33, 46-53 (1933). 18 references. Ultrasound therapy is
evaluated 1y a friendly manner

4. Ultrasomies and Muscle Disease,” G<rsten. G, Am J Physieal Med.,
33,, 68-14 (1934), 52 ref A revien

§ “Basic Riological Effects of Ultrasonic Enecgy,” Fischer, E., dnm. J
Phytical 3ed , 33, 174-88 (1934), 167 references A broad review of the basic
information.

Drseases oF TRE EYE, EAR aANp THROAY

1 “Eye Emergencies,” Newell, F W, Med Clin. N Amer., 225-240
{1934), 2 references. A practical summary with wide usefulness.

2. “Retrolentat Fibroplasa,” Hepaer, \W R., Am J. Direases Children,
B8, 356-61 (1954}, 31 references The present status of the disease

3. “Steabismus,” Wheeler, M C, drch Ophthalmal Chiczgo. 52, 134~
62 {1954), 91 referenres. The world hitesature for 1953 is covered.

4 “The Osbit,” Devoe. A G, drch. Ophthalmel Chscego, 52, 463-89
{1954), 306 references A review of the hiterature for 1953

5 “Heanng,” Ades, H. W, Ann. Rev Phynol, 18, 391402 (1954), 39
relerences

§ “Audilogy,” Satalofl, J, and Belasco, §, Arck Otolaryngel., 60, 80
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9. “Dupuytren’s Contracture,” Conway, H., Am J, Surg., 87, 101-19
(1958), 75 references, A thoraugh survey of the literature along with the
author's experience in 79 cases.

10. “Seal Finger," Candolin, Y., Acte Chir. Scand., Suppl. 177, 3-51
(1953), 71 references A study of an infection as it oceurs in the Gulfs of the
Baltic Sea.

11. “Ankylosing Spondylitis: A Survey,” Hart, F. D., dnn. Rheumoiic
Diseases, 13, 186-89 (1954), 63 references. A short but informative sum-
mary,

12. *The Shoulder-Hand Syndrome,” Steinbocher, O., Friedman, H, H,
and Lapin, L., Posigrad. Med., 16, 47~57 (1954), no references. A graphic
outline.

13. “Review of Rheumatic Diseases,” \Vaine, H., drck. Internal Med,
93, 121-61 (1954), 269 references. An excellent coverage of the developments
over recent years

DisEASES OF THE REPRODUCTIVE SYSTEM

1, “Reproduction,” Leathem, J. H, Ann. Rev Physiol., 16, 445-66
(1954), 349 references.

2. ““The Chemical Composition of the Human Ovanan Oocyte,"” Hed-
berg, E, Acle Endocrinol. 14, Suppl. 15, 1-89 (1954), 133 references. A re-
view of the literature and much new data

3. “Chronic Gonadotrophin and Oestrogens in the Human Placenta,”
Diczfalusy, E., Acta Endocrinol., 12, Suppl. 12, 9-175 (1954), 275 references

4 “Steroid Interaction in the Metabolism of the Reproductive Target
Organs,” Roberts, S., and Szego, C M, Physiol. Revs, 33, 593-629 (1953)
475 references Physiological

5. “The Gonadal Function in Female Diabetes,” Bergquist, N., 4cia
Endocrinol , 15, Suppl. 19, 3-20 (1954), 56 references A study of the author’s
own data.

6 “The Neurohypophysis in Pregnancy,” Hendricks, C H, 0?{1514
Gynecol. Survey, 9, 323-341 (1954), 58 references A review of the condition
and of the literature.

7. “Coarctation of the Aorta and Pregnancy,” Pritchard, J. A, Obstel.
Gynecol Survey, 8, 71591 (1953), 67 references A review of cases reported
wn the literature, .

8, “Spontaneous Rupture of the Apparently Normal Uterus During
Pregnancy: A Review,” Felmus, L. B, Pedowitz, P., and Nassberg, s,
Obstet. Gynecol, Survey, 8, 155-72 (1953), 110 references An analysis of 116
cases in the literature.

9. “Toxemia in Pregnancy,” Chesley, L. C., Am J Med. Sci., 227, 683~
99 (1954), 125 references A critical review of this disease entity.

10, “Piacenta Praevia,” Westgren, A., Acta Obstet Gynecol. Scand s 3%
79-49 (1954), 29 references A study of 350 cases seen in Stockholm,
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Bed., 16, 565-73 (1954), 28 relerences. A highly critical and much-needed
discussion.

11. “Biopsy Studies of the Liver and Kidney,” Iversen, P, Bigrueboe,
M., and h,ramp. N B., Adrances Internal Med., 6, 161-94 (l954)' 118 refer-
ences. A of the di: ic value of the p

12 “Chemical Screering Methods for the Diagnosis of Pheochromo-
cytoma,” Gledenberg, M., Serlin, I, Edwards, T., and Rappert, M. M,
Am. J. Med , 16, 310-2T (1954}, 31 references A utilitarian comparison of
available methods.

13 “Regitine and Bencdaine in the Di is of Pheoach ~toma,”
Sofler, A, Med. Chin N. Amer., 375-384 (1954), 19 references A critical re-
view of the test

14, “Evaluation of the 'Cortisone Test' As a Diagnostic Aid in Dsffer-
entiating Adrenat Hyperplasia from Adrenal Neoplasia,” Jader, I. W, Gold,
3. ¥ and Wallace, E Z, Am J. Med, 16, 34045 (1954), 34 references A
very useful comparison

15, “Quantitative Evaluation of Primary Adrenal Cortical Deficieney
in Man," Hills, A. G, Webster, G. D., Jr, Rosenthal, O, Dohan, F. C,,
Richardson, E M., Aintel, H. A, and Jeflers, W. A, J. 4m Med, 16, 328~

30{1954), 27 A detated d ion of the best lable methods
RADIOLOGY AND RADIOACTIVITY
1. “Biochemical Consid { Distribution,” Kyker, G C., Am J

Med. Sci,, 227, 572-89 (1954, 77 referencts The basts of distribution of
’admacuve vompounds in the body

2. “Radiation Effects on Mammahan System,” Patt, H M., d4nn Rev.
Physof , 16, $1-80 (1954}, 307 references

3 “Protection from Roentgen Rays,” Morgan, R H, dm J Med Sei,
226, 578-86 (1953), 28 references A briefl summary of the subject

4 “Modification of Radiatwn Ingury,” Javobson, L O, Bull N V.
Acad. Med, 30, 675-92 (1954) Recent evperimental contrtbutions are
briefly surveyed.

5. “lomzng Radations and Cancer,” Brues, A, M., Advanzex 1 Cancer
R¢:mrc7|. 2, 177-95 (1954), 94 refe i)

6 “Mutagens,” chland E, Pharmacol. Revs, 6, 345 64 (1954), 145

references, A review of the i of by icals which, hke
the sumslar field of radiobictogy, is only 23 d with man

TuERAPEUTICS AND ToXicoLogy

1. “Ethics and Practice of Placebo Therapy,™ Lestie, A, Am J. Med,
16, 855-62 (1054), 21 references An excellent discusston of a troublesome
subject,

2 “Ihuscoveries in Therapestics,” Gaddum, ] H., J Pherm end
Prarmacol. 6, 497-312 {1954}, 33 references An historical review
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l;; (1954), 129 references Summaries of the literature for 1950, 1951, and
2.

7. *Neural Mechani: of Audition,” Galambos, R., Physiol. Revs , 34,
497528 (1954), 172 references. An attempt to assemble the matera! relevant
to the question of how we hear tones

8. “Otitis Media and Complications,” Dysart, B. R., Are. J. Med. Sci.,
226, 623-34 (1953), 45 references. Summarization of the preceding year's
hiterature.

9 *“The Paranasal Sinuses,” Salinger, S., Arch Otolaryngol, 60, 203-40
1954), 129 references A survey of the literature for 1952,

10. “Introduction to the C ive Anatomy of the Nose and Para-
nasal Sinuses,” Negus, V. E. Ann. Roy. Coll. Surgeons Engl,, 15, 141-13
(1954), 56 references An interesting review with some bearing on this part
of the anatomy in man

LABARATORY AIDS TO DIAGNOSS aND THERAPY

1 “Phase Microscopy 1950-1954,” Richards, O W, Serence, 120, 631-
39 (1954), 205 references An analytic summary of publications in this field
during the past four years.

2 “Recent Devel in the Technique of Electrophoresis,” Wiede-
mana, E., Intern Arck Allergy Applied Immunot, 5, 1~22 (1954), 25 refer-
ences A short critical survey.

3. “Clinical applications of Biochemistry,” Wootton, I. D. P., Milne,
M. D, and King, E J., Aun. Rev. Biockem., 23, 437~58 (1954), 179 references.

4 “Symposium on Azotemia," MacFate, R. P., Cohn, C., Eichelbesger,
L., and Cooper, J. A. D., Am. J. Clin. Patkal., 24, 511-71 (1954), 199 refer-
ences A tharough discussion of the origin and fate of the nitrogen compounds
involved as well as detailed id. of methods for their

5 “Iron Deposits in the Body and Their Pathologic Significance”
Strassman, G S., dm. J. Clun. Patkol., 24, 453-71 (1954}, 238 references
A discussion of the pathologic importance of iren demonstrated by histe-
chemical methods i human tissues

6. “Postoperative Electrolyte Disturbances,” Chassin, J. L, Surg, Cln.
N. Amer , 323-42 (1954), 7 references. A clinical approach which scems better
than the usual attitude based on theoretrcal chemistry,

7. “The Determuation of Insulin in Blood,” Willebrands, A. F, and
Groan, J., ddvances Internal Med , 6, 331~51 (1954), 51 references

8 “Acid Phosphatases,” Walker, B. 5, Lemon, H. M , Davison, MM,
and Schwartz, M K., Am J Clin Pathol., 24, 807-37 (1954), 205 references
A review of all phases of the subject. "

8, “The Clnical Significance of Measurements of Protein-Bound Iodine,
Sunderman, F. W, and Sunderman, F W., Jr., 4m J Clin Pathol., 24
885-902 (1954), 144 references A complete résumé of the subject.

10 “The Meaning of Liver Function Tests,” Hauger, F. M., Am. J.
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15~41 (1954), 143 ref. The inf fon in the i is thoroughly
covered .
18 “The Role of -Norepinephrine in the T of Shock,” Sokolofl,

L, King, B D, and Wechsler, R. L., 3fed. Clin N. Amer. 499514 (1951},
41 references A timely, mtmai summar)

19 “Drugs and Porphy * Weatherall, M., Pharmacol,
Rers, 6, 133-58 (1934), 207 re(crencrs A ted'm\cal srvey of zhe field suited
to the clinjcal pharmacologist.

20. “Hetrazan fa Ascariasis,” Loughhn, E. H., and Muitin, W. G., dfed
L, N, Amer, 591~97 (1954), 13 references A short summazy of available
data on this drog

21, “Some Aspects of the Clinical Use of Nitrogen Mustards,” Klopp,
C. T, aad Bateman, J. C., ddeances sn Cancer Researck, 2, 255-79 (1954), 95
references. Clinical pharmacalogy

22 “Newer Preparations of Mercurial Diuretics in Coagestive Heart
Fallure,” Stroud, W. D, and \Vagncr. J. A, Aled. Ciin N. Amer, 43135
{1954}, 4 ref A good di: for the 1 user

23 “Cation Exchange in Congestive Heart Failyre,” Orgam, E S, Med.
Clin. N. Amer 419-30 (1954), 48 references Aaother survey of 2 type of
therapy which stll has to gamn wide usage.

24 “The Distribution in the Body and Metabolism Fate of Barbitu~
sates,”” Raventos, § . J. Pharm. and Pharmacol , 6, 217-35 (1954), 65 sefer-
ences. Pharmacological

25, “On Some Physiological Aspects of Histamine,” Feldberg, W, 7.
thm and Pharmacol 6, 281-301 (1954), 52 references An excelfent sum-
ma

26 “Cholinesterases and the Mode of Action of Some Antscholnester-
ases,” Davies, D R, J. Pharm and Pkermacol | 6, 1~26 (1934}, 102 refer-
ences Chemical pharmacology

27 “Les Amunes Derives de fa Phenothiazine,” Viaud, P, J Pherm
and Phormacol , 6, 361~89 (1954), 269 references. A thorough review {in
French) of the broad range of pharmacological compounds in this group.

28 "Mephyton (Emuls:ﬁed Vitamin K) in the Treatmeat of Excessive

ia," Stagwell, R, and Ware, A G,
l[ed Chn N Amer 41317 (1954), 13 references. A short summary of the
use of a very important sew product.

29. “Pharmacology of the Ceatral Nervons System,” Marazzi, A §.,
Hart, E R, Penness, B H, and Peacock, 3 M., Jr, Progr Neuwrol, and
Psyrinar, 9, 74-106 (1954), 180 references

30. “The Deug Therapy of Epilepsy,” Peclstein, M. A, Aed Chin, N.
Amer, 473-84 (1954), 32 refereaces A review with special reference to the
newer drugs

3t “Some Physical Mechanisms in Narcosis,” Mullins, L. J, Chem.
Revs , 34, 289-346 {1954}, 47 seferences A hughly technicat review for the
chemical pharmacologist




414 MAcKAY AND MacKkAY

3. “Drug Resistance,” Eagle, H., Ann. N.Y. Acad Sei., 59, 243-58
I(1954), 25 references A review of some aspects of this highly compler prob-
em.

4. “A Review of Local Anaesthetics,” Gray, T. C, and Geddes, 1. C.,
J. Pharm. and Pharmacol., 6, 89~114 (1954), 246 references An excelfent con-
sideration of all phases of the subject.

5. "“Metabolite Antagonists,” Roblin, R. O, Jr, Ann. Rev. Biochem , 23,
501-26 (1954), 190 references

6. “Ehrlich’s Side-Chain Theory in the Light of Present Immunology,”
Vitebsky, E., Ann, N.Y. Acad. Sci., 59, 168-81 (1954), 45 references A
very entertaining recapitulation.

7. “Diphtheria Toxin and Antitoxin,” Pope, C. G., Intern. Arch Allergy
Apphed Immunol., 5, 115-40 (1954), 121 references. A short review of prog-
ress since the work of Ehrlich,

8. “Neuromuscular and Ganglionic Block,” Gray, T. C., Ann. Roy. Coll.
Surgeons Engl., 13, 85-98 (1953), 32 references A readable review of one of
the most important functions in the body

9. “Recent Developments in the Treatment of Hypertension,” Freis,
E. D, Med. Clin N Amer, 363~374 (1954), no references The author
briefly summarizes his own wide experience.

10. “Pharmacology of Antihypertensive Drugs,” Green, H. D., Am J.
fed., 17, 70-83 (1954), 74 references. A brief survey of the clinical pharma-
cology of antihypertensive drugs of current interest

11 “Reserpine (Serpasil) and other Alkaloids of Rauwolfia Serpentina:
Chemistry, Pharmacology and Clinical Application,” 33 authors, Ann

e af % mnnarg

N Y dec

12 % - ns,
E.M.V,. . . ew
for the physiologist and phar i}

13 “Anticholinergic Drugs in G ! Disease,” McDonough,

F E, and Hammond, ] B, Med. Clin N. Amer, 459-T1 (1954), 9 refer-
ences A summary of the currently popular drugs in this field One may be
sure that there will be more next year!?

14. “The Administration of Water and Electrolytes During the Post-
Operative Period,” LeQuesne, L. P., Ann Roy. Coll. Surgeons Engl, 13,
207-35 (1953), 17 references An excellent survey of the subject.

15 “The Acid-Base Disturbance in Salicylate lnm“cations,:
R. B,, Medicine, 33, 1-13 (1954), 34 r A cntical e
hypernea and related changes .

16 “Current Concepts in Digstalis Therapy,” Lown, B, and Levine,
S A, New Engl J Med, 250, 771-79, 819-32, 86674 (1954), 140 references
An excellent review of all aspects of the subject.

17. “The Bebavior and Fate of Digitoxin m the Experimental Angmal
and Man,” Friedman, M, St. George, S, and Bine, R., Jr, Medictne, 33,

* Sinder,
of the
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47, “The Use of Drugs in the Treatment of Bacteria! Endocarditis,”
Friedberg, C. K., Med, Clin. N. Amer.. 385-97 £1954), 15 references. All

ibilities are given fair il

43. “Treatment of Bacterial Endocarditis,”” Finfand, M., New Engl. J.
Aled, 250, 372-83, 419-28 {1954}, 247 refereaces. A critical evaluation of
sclected aspects of treatment.

49 *“The Therapy of Typhoid Fever,” Woodward, T. E., Smadel, J. E,
and Parker, R, T., Med Chn. N. Amer,, S77-90 (1954), 33 references A
Rood discussion of the treatment of an ailment fortunately rare for the most
of us.

50. “ACTH and Cortisone 1n the Treatment of Bronchial Asthma,”
Brown, E A, Med. Clhin, N Amser , 449-57 (1938}, no references A realistic
evaluation

51 “Hydrocortisone Olntment in Der fogical Therapy,” Sulzh
M. B,, and Witten, V. H., Med. Clin. N Amer, 321-36 (1054), 12 references
A short summary of recent reports

52 “Oral Hydrocortisone in the Treatment of Rheumatoid Arthritis,”
Boland, & W, Med Clin N Amer, 33747 (1954), 27 references A well
handled review.

§3 “Intra-articular Hydrocortisone 19 the Management of Rheumatic
Diseases,” Hoflander, J. L, Brown, E M, and Jessar, R, &, Med. Ciin N,
Amer , 349-57 (1954), 1 reference A good summary of a tively topic

54 “The Use of Cortd in, Cortisone and Hyd: 1 General
Surgery,” Gatante, M., Rukes, M, Forsham, P. ¥, and Bell, H G, Surg
Chr North dmer., 1201-18 {1354), 24 references A chnical summary,

35. “Experimental Methods Used 1 Detersmmng Chronic Toxicity,”
Barnes, J. M, and Denz, ¥ A, Pharmacol Revx, 6, 191-242 (1954), 320
referenices A very critical review of the subject

86, “Poisonings,” Roth, L J, Med Clin N dmer, 199-223 (1954), 38
references An excellent summary to have at hand

57 “Acute Methy! Alcohol Posoning A Review Based on Expersences
in an Outbreak of 323 Cases,”” Beanett, I L, Jr, Cary, ¥ H., Mitchell, G
L., Jr, and Cooper, M, N, Medicsne, 32, 43163 {1953}, 117 references,

58 “Mushroom Potsoming A Review of the Literature znd Report of
Two Cases Caused by 8 Previously Undescribed Species,” Grossman, C, M,
and Malbin, B, dnn Internal Med, 40, 249-59 (1954), 40 references. &
good seview of the literature.

PEDIATRICS

1 “The Impurtance of Trypsin m Infancy and Chifdhood,” Guilbert,
P.\W, and Welman, [ J, 4m J Med Ser, 226, 638707 (1953), 166 refer-
ences A review of the basic considerations 10 be folloned next year by a re-
view of the chmeal implications

2 “The Impartance of Tsypsin 1 Infancy and Childhood Clinical Con-
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32. “Antabuse in Alcoholism,” Macdonald, J. M., and Ebaugh, F. G,
Med. Clin. N. Amer., 515-24 (1954), 11 references A severely eritical evalua-
tion which has been sorely needed

33. “The Drug Therapy of Parkinson’s Syndrome,” Edwards, J. C.,
Med. Clin. N. Amer., 485~98 (1934), 20 references New compounds with
considerable promise are carefully evaluated.

34 “Mechanisms of Antibacterial Action,” Umbreit, W. V., Phormacol.
Revs, 5, 275-84 (1953), 99 references A provocative consideration of the
clinically useful antibiotics.

35 “Antibiotics,” Heilman, F. R., Ann. Rev Microbiol., 7, 219-44 (1953),
261 references.

36 “Bacteriostatic Action of the K Vitamins,” Sumonnet, H,, Am. J
Med Sci., 227, T00-9 (1954), 73 references. A consideration chiefly relating
to the tubercle bacillus,

37. "Evolution of Chemotherapy in Tuberculosis,” Malley, G., Arch
Internal Med., 93, 967-76 (1954), 45 references An historical survey.

38. “Chemotherapy of Tuberculosis," Riley, E A, Am. J. Med. Sci,
226, 55277 (1953), 128 references, A review of the recent domestic litera-
ture.

39. "The Wider Aspects of the Chemotherapy of Tuberculosis,” Brown-
tee, G., Pharmacol, Revs, 5, 421-50 (1953), 174 references A highly eriticat
review designed for the microbiologist and tuberculosis specialist.

40, “Isoni ic Acid Hydrozide C ds in the Therapy of Pul-
monary Tuberculosis,” Meade, G M., and Coates, E. O., Med Clin. N.
Amer., 437448 (1954), 21 references A critical review of a relatively few
therapy which came close to being "a flash in the pan.”

41. “Current Status of Antimicrobial Therapy in Genitourinary Tuber-
culosis,” Faulkner, J. W., Carr, D. T., and Emmett, J. L, Infern Absir. Surg,

98, 41726 (1954), 42 referen 1 and personal experience is sum-
marized
42, “Ch herapy of Bacterial Infections,” S R. J., Ann. N.

Y. Acad. Scr , 59, 227-42 (1954), 45 references A brief summary of the pres-
ent status of this field

43 “Chemotherapy of Spirochetal Infections,” Kolmer, J. A_,, A.M'
N Y. Acad Med , 59, 214-26 (1954), 72 references A review of the historical
development and current status of the subject .

44, ““The Chemotherapy of Tryp Inf; " % C. }’-
Ann N ¥ Acod Med., 59, 198-213 (1954), 73 references, A general review
and discussion of the subject.

45. “Sulfone Therapy of Leprosy,” Cheng, ¥ T., Wolcott, R R, and
Doull, J. A., Med. Clin. N, Amer , 599-610 (1954), 30 references An over-all
wvaluation of this therapeutic agent. .
¢ a4u6. “Erythromycin m Infections Diseases,” Herrefl, W E. Med. Clin.
N. Amer, 56915 (1954), 11 references. An evaluation of one of the new

antibiotics.
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DISEASES OF THE RESPIRATORY SVSTEM

1. “Respiration,” Comroe, J. H,, Ann Rev Phystol , 16, 135-54 (1954),
228 references

2 “The Work of Breathing,” Otis, A. B, Physiol Revs, 34, 449-58
{1954), 23 references A bref review of a physiological nature

3 “The Mechanics of Pulmonary Ventilation 1n Normal Subjects and 1a
Patients with Emphysema,” Fry, D L, Ebert, R V, Stead, W W, and
Brown, C. C., Am J Med, 16, 80-97 (1954), 29 references

4 “Physiological Effects of Hyperventilation,” Brown, E B, Jr, Phy:
stol Revs , 33, 445-71 (1953), 275 references Physiological

5 “Respiratory Tract Emergencies,” Barclay, M. F, and Barclay, W
R, Med Chin N. Amer., 47-62 (1954), 21 references A practical outhne for
the medical practitioner,

“Hyaline-like Memt A d with Diseases of the Newborn
Lungs A Review of the Literature,” Tran-Dinh-de, and Anderson, G W,
Obstet Gynecol. Survey, 8, 1-44 (1953), 265 references A very critical review
of the hterature

7 “Chylothorax,” Braunwald, E, and Uhr, J W, J Mt Sinar Hosp
N Y., 21, 62-79 (1954), 70 references A review centering around a well-
studied case

8 A Clintcal Consideratton of Abscesses and Cavities of the Lung,"”
Amberson, ] B, Bull Johns Hopkins Hosp , 94, 227-37 (1954), 10 refer-
ences A lecture review covering the subject in a broad manner

9 “The Evolution of Pulmonary Tuberculosis and Its Behavior under
Treatment,” Amberson, ] B, Bull Johns Hophins Hosp , 94, 337-47 (1954),
3 references The general problems are briefly considered

10 “Current Concepts 1n the Treatment of Pulmonary Tuberculosis,”
Smith, W M, and Haas, R B, Posigrad Med , 16, 201-8 (1954), 52 refer-
ences An extremely brief summary of the present status of this topic

11 “Acid-Fast Bacteria,” Bloch, H, Ann Rev Microbiol, 7, 1946
(1953), 218 references

MIsCELLANEOUS REVIEWS

1 “Bibliography of Human Genetics,” Phelps, V. R., Am. J. Human
Genelics, 6, 365-70 (1954), 106 references A list of references of interest to
students of Human Genetics

2 “Plastic Surgery Facal Injuries,” Cannon B and Murray, J. E,
New Engl J Med, 250, 17-23 (1954), 17 references A summary of current
concepts of treating facial mjuries

3 “Oral Surgery,” Thoma, K H, New Engl J Med , 250, 603-7 (1954),
26 references A brief summary of current status of the field

4 “The Biochemistry of Muscle,” M ts, W F H M, Ann. Rev.
Biochem , 23, 381-404 (1954), 336 references
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siderations,” Guilbert, P, W., and Barbero, G. " . J.
672-82 (1954), 86 references Jo Am. 3. 3ed S, 28,

3, “PJa{:t Proteins in Child Feeding,” Dean, R. F. A, Med. Research
Counail Brit,, Spec. Rept. Ser. 279, 1163 (1953), 408 references, A review
of the literature prefacing a broad study.

4. “Neonatal Jaundice and Kernicterus,” Black-Schaffer, B , Kambe, S,
Furuta, M., and Moloney, W. C, Am J. Diseases Children, 87, 731-5t
(.1954), 50 references A critical evaluation of data bearing on the pathogene-
sis of kernicterus

5. “The Birth of Congenitally Malformed Children in Relation to Ma-
ternal Age,” Murphy, D P, Ann. N. Y. Acad. Sci., 57, 503-6 (1954), 1
reference, A brief analysis of a single series of 600.

6. “The Problem of Mongolism,” Ingalls, T. H., Ann. N. V. Acad. Scs.,
57, 551-57 (1954}, 27 references. An excellent critical review of the problem

7. “Mongolian Idiocy (Mongohism) and Maternal Age,” Penrose, L. S,
Ann. N. ¥, Acad. Sc, 57, 494-502 (1954), 35 references A thorough revien
of the relation of this grow th abnormality to the mother’s age,

8 “Treatment of Migraine in Children,” Friedman, A, P., Neurology, 4,
157-60 (1954), 9 references A review based on a study of 100 patients over
a six-year period

9 “Migraine in Pediatric Practice,” Glaser, J , Am. J. Diseases Chil-
dren, 88, 92-98 (1954), 29 references. A review with special reference to mi-
graine of allergic origin

10. “Diaphragmatic Hermia in Infancy and Childhood,” Thomson, S.
A., Surg. Clin. Novth Amer, 997-1005 (1954), 6 references. A short clinical
résumé,

11. “Present Status of Cardiovascular Surgery 1n Infancy and Chitd-
hood,” Mustard, W. T, and Sirek, A, Surg. Chn North Amer, 903-10
(1954), 5 references A brief survey of the experience in Toronto.

ANESTHESIA

1. “Anesthesiology,” Papper, E. M., and Ngai, S. H., New Engt J.
Med, 250, 990-96, 1036-41 (1958), 236 references A critical suminary of
studies made in recent years which have increased the knowledge of the
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