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IT HAS LONG BEEN a clinical aphorism
that patients with hepatic disease do not
tolerate hemorrhage well. Presumably this
has been based on the common observation
that bleeding esophageal varices is one of
the recognized factors in precipitating
"hepatic coma."
The exact mechanism of the series of

events which so commonly attend bleeding
from esophageal varices has never been
well clarified, although the role of the liver
in shock has been the subject of great in-
terest and extensive investigations for many
years. The problem is too complex and con-
troversial to review in detail in this report.
Obviously a decrease in effective blood flow
to the liver may result in varying degrees
of temporary hepatocellular dysfunction
and long-standing anoxia may result in cel-
lular death in the liver as elsewhere. How-
ever, studies on the effect of experimentally
produced massive hemorrhage on hepatic
function in normal dogs showed that a
definite but only relatively slight impair-
ment of hepatic function was produced by
massive acute hemorrhage.3 Frank7 has
studied in some detail the various effects
of shock on the liver and concluded that
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"the development of overt hepatic insuffi-
ciency as a consequence of shock and its
persistence as the cause of death after re-
covery from shock must be a rare clinical
experience." It would seem therefore un-
likely that permanent hepatocellular dam-
age alone would account for the frequency
of the occurrence of "hepatic coma" in
patients with bleeding esophageal varices.
The problems attendant upon bleeding

esophageal varices are in the process of re-
view at this hospital.' One aspect of these
data is particularly pertinent to the prob-
lems which have been studied in this paper.
During one ten-year period there were 118
patients who had portal hypertension and
who entered the Massachusetts General
Hospital with massive gastro-intestinal
bleeding: the total number of episodes
was 179. In this group there were 68
deaths and it is of interest to evaluate, if
possible, the cause of death. In only 18 of
the patients who died could the death be
directly attributable to exsanguination.
Twelve patients died of causes not related
directly to hepatic function. The particular
fact which is relevant to the studies re-
ported herein is that 38 patients died in
coma without having demonstrated at any-
time a severe degree of shock or evidence
of uncontrollable and exsanguinating hem-
orrhage. This again points out the fact that
blood loss alone does not account for the
high mortality in this disease and that it
seems very unlikely that permanent hepato-
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TABLE I. Normal Dogs. The effects of blood in the gastro intestinal tract

NH3-N Levels (-y %) B.U.N. Levels (mg. %)
Amount of Blood
(divided doses at Time Time Time Time
hourly intervals) Initial Peak Hours Final Hours Initial Peak Hours Final Hours Comment

500 ml. (2 doses) 45 100 2 65 3.5 9.5 39 5 39 5 Normal dog
500 ml. (2 doses) 60 160 3 65 10 9 40.7 6 21 13 Normal dog
500 ml. (2 doses) 55 90 7 70 9 9.8 33.8 7 19.2 13 Normal dog

(see Fig. 1).

cellular damage could account for these
deaths in so-called "hepatic coma."

This leads to consideration of another
factor involved in portal hypertension
which has been assuming increasing prom-
inence in recent years. This is the role
which absorbed substances from the gas-
tro-intestinal tract, circumventing the liver
through spontaneously developed portal
systemic shunts, may play in the develop-
ment of the syndrome of so-called "hepatic
coma." The phenomenon of absorption of
nitrogenous materials from the gastro-in-
testinal tract in the presence of gastro-
intestinal hemorrhage which was described
in 1934 by Sanguinetti,21 has been studied
extensively by Harkins and his associ-
ates.' 3 11 12 These investigators defined
and studied the entity of so-called "alimen-
tary azotemia" which is now a well-recog-
nized accompaniment of massive gastro-
intestinal bleeding from any source. In a
normal individual this absorptive phenom-
enon results in an innocuous azotemia but
in a patient who has a portal-bed block and
has developed spontaneous portal-systemic
shunts around the liver, the absorption of
nitrogenous materials from the gastro-in-
testinal tract may have serious conse-
quences. The syndrome of intolerance to
nitrogenous materials introduced into the
gastro-intestinal tract of a patient with cir-
rhosis of the liver has been described by
Davidson and his colleagues9 17 in this
country and by Stahl and his associates 20, 22
in France. Studies from this laboratory have
described this phenomenon in a patient

with a surgically constructed Eck fistula
in the presence of a normal liver and have
related the ensuing central nervous system
symptoms to toxic levels of ammonia in
the peripheral blood.14 Similar studies car-
ried out on dogs with Eck fistulas have
demonstrated that "meat intoxication" in
the Eck fistula dog which was initially de-
scribed by Pavlov 10 in 1883 is in fact am-
monia intoxication.18 Subsequent studies
from this hospital have shown that am-
monia intoxication is far from a rare clin-
ical entity and may occur in patients with
either surgically constructed portal-systemic
shunts or in patients in whom a portal-bed
block has led to the development of spon-
taneous portal systemic collaterals.19' 15, 16
In a number of these patients the pre-
cipitating factor in the development of am-
monia intoxication has been the sudden
massive hemorrhage from esophageal var-
ices so commonly seen in patients with por-
tal-bed block.

It is the purpose of this communication
to report a series of experimental and clin-
ical studies designed to clarify the role of
massive gastro-intestinal hemorrhage in
precipitating so-called "hepatic coma."

PART I-EXPERIMENTAL

Methods: Ten experiments were carried
out on five healthy adult mongrel dogs in
whom Eck fistulas had been constructed
from one to 20 months prior to the experi-
ments.
Normal adult mongrel dogs on which

three experiments were done were used as
controls.
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FIG. 1. Normal dog. The biochemical effects of blood in the gastro-intestinal tract.

Normal animals were given the stand-
ard meat feedings of the animal farm. The
dogs with Eck fistulas were fed on a diet
of milk and meal which had been regulated
over the past three years in such a way

that "meat intoxication" would not develop.
In all but one instance, the dogs were

fasted for 24 hours prior to the experiment.
The blood which was introduced into the

gastro-intestinal tracts of the animals was

drawn from lots which had been discarded
for any one of a number of reasons by the
blood bank of the Massachusetts General
Hospital. The blood was introduced into
the gastro-intestinal tract by an inlying gas-

tric tube.
During experiments on these animals

blood ammonia levels and blood urea nitro-
gen levels were determined at hourly in-
tervals until both had returned to near the
initial values or, in one case, until the ex-

periment was concluded by the death of
the animal.
Both the ammonia and blood urea con-

centrations were determined on peripheral
venous blood. The ammonia determinations
were done by a previously reported modifi-
cation 14 of the microdiffusion technic de-
scribed by Conway5 and the blood urea

nitrogen by a similar technic also described
by Conway 4 in which the blood is mixed
with urease prior to diffusion.

Results: Results of these experiments are

shown in Tables I and II and in Figures
1 to 4.

In the normal dog there was a sharp rise
in the blood urea nitrogen following the
introduction of blood into the gastro-intes-
tinal tract (Table I), (Fig. 1); these results
were quite consistent with the studies done
by Harkins and his associates in their in-
vestigations on the syndrome of alimentary
azotemia.2 3,11,12 In these animals however
there was no appreciable change in the
blood ammonia levels during the course of
the experiments.
The Eck fistula animal showed a dis-

tinctly different response following the in-
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troduction of blood into the gastro-intestinal
tract. There was a consistent and distinct
rise in the blood urea nitrogen although
this was considerably less than in the nor-
mal animals; again this reproduces the re-
sults described by Harkins et al.12 The sig-
nificant part of these experiments was dem-
onstrated in the blood ammonia levels in
the Eck fistula dogs which, in contrast to
the normal animals, showed elevations to
a range between 400 and 900 micrograms
per cent, depending to some extent on the
amount of blood which had been intro-
duced (Table II), (Fig. 2). In the initial
experiments these elevations, while strik-
ing, were not high enough or sustained
enough to induce the central nervous sys-
tem symptoms which had been produced
by forced-feeding of meat in studying the
syndrome of "meat intoxication." Therefore
it was decided to increase the amount of
blood in order to ascertain if a syndrome
similar to "meat intoxication" could be pro-
duced. In dog number 19 a total amount of
blood of 500 ml. was given via the gastric
tube in three doses; this was sufficient to
produce a level of 675 micrograms per cent
of ammonia nitrogen and was accompanied
by the typical symptoms of "meat intoxica-
tion" which in this case consisted of ataxia,
amaurosis and lethargy which lasted about
three hours. In dog 21 the amount of blood
given was pushed to a total of 2700 ml.
given in eight divided doses; this experi-
ment was unsatisfactory, however, inas-
much as the dog vomited after each at-
tempt to introduce blood and never de-
veloped central nervous system symptoms
and never reached an ammonia level higher
than 298 micrograms per cent. In Dog No.
29 however, a total of 3,350 ml. of blood
was given in ten doses over a period of 32
hours. The results of this experiment are
shown in detail in Figure 3 and demon-
strate quite clearly that not only can severe
central nervous system symptoms be in-
duced by the introduction of blood into the
gastro-intestinal tract but that death can
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FIG. 2. Eck fistula dog. The biochemical

eventuate from this type of nitrogenous
pool in the presence of an Eck fistula. At
the time of death the blood ammonia level
had reached almost 1,200 micrograms per

cent. This experiment was carried to its
ultimate conclusion because it was felt im-
portant to demonstrate that not only neuro-

logical symptoms and coma but actual
death could result from nothing more than
the introduction of blood into the gastro-
intestinal tract in an animal who is in other-
wise good condition except for the presence

of a previously constructed Eck fistula. In
the fourth experiment on Dog No. 19, 5
Gm. of sodium glutamate were given pa-

enterally during the phase of absorption
of blood when the blood ammonia level
was rising. There was a sharp fall in the
blood ammonia level followed by a rise
again when the parenteral glutamate was

discontinued (Fig. 4).
The implications of these experiments

will be discussed in connection with the
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effects of blood in the gastro-intestinal tract.

results of clinical studies on patients with
bleeding esophageal varices.

PART II-CLINICAL

Methods: Studies were carried out on 18
patients who entered the Massachusetts
General Hospital during the years 1953,
1954 and 1955 with severe bleeding from
esophageal varices and varying degrees of
disturbance in the function of the central
nervous system. This group does not repre-

sent the total experience over this period
of time nor was there any common de-
nominator for selection. Obviously in a

random study such as this there is no ra-

tionale for attempting a controlled series
so that the present study consists solely of
observations of certain clinical and bio-
chemical changes which occur in patients
with bleeding esophageal varices and at-
tendant central nervous system symptoms.

In those 18 patients who had bleeding
esophageal varices and concomitant central
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FIG. 3. Eck fistula dog. The effect of large amounts of blood in the gastro-intestinal tract in

inducing ammonia intoxication, coma and death.

nervous system symptoms the degree of

neurological abnormality was graded ac-

cording to a previously described system 14

in which one represents mild confusion and

disorientation, two and three represent in-

creasing degrees of abnormality, up to

category four which comprises deep coma.

Determinations of blood ammonia levels

in peripheral venous blood were done by
a previously reported modification 14 of the

microdiffusion technic described by Con-

way.5

Res-ults: A tabulated summary of the sig-
nificant clinical and biochemical observa-

tions in these 18 patients is given in Table

MI. This table represents a summation of

the entire study and will have to be broken

down further in order to point out the sig-

nificance of the observations.

In Figure 5 a diagrammatic correlation

is made between the highest level of blood

ammonia nitrogen observed in each indi-

vidual patient a'nd the degree of neurologi-
cal abnormality observed clinically. Also

in this figure the survivors and deaths have

been represented and in addition, the pa-

tients who died have been described as

dying either from "hepatic coma" or from

some other cause. Further explanation of

this distinction is in order. When a patient

is classffied as dying from "hepatic coma"

it is meant that there was no other demon-

strable cause of death beyond the deep
coma attendant upon the bleeding from
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FIG. 4. Eck fistula dog. The effect of L-glutamic acid on the biochemical changes induced by
blood in the gastro-intestinal tract.

esophageal varices. If there is any other
obvious cause of death such as exsanguina-
tion from uncontrollable hemorrhage or

some postoperative complication the pa-

tient was classified as dying from a cause

other than "hepatic coma." In the group of
12 patients who died following or during
the hemorrhage from esophageal varices
four died with no cause of death other
than "hepatic coma." Three patients died
because of uncontrollable exsanguinating
hemorrhage. Three patients died as the
result of complications attributable to op-

erations designed to control the massive
gastro-intestinal bleeding. In the remaining
two patients who died, autopsy showed
that mesenteric thrombosis was the actual
direct cause of death.

In Figure 5 it is interesting to note the
very good correlation between the degree
of central nervous systems observed in
these patients and the blood ammonia

level. It is also significant that all four pa-
tients who died of "hepatic coma" had am-

monia levels of well over 300 micrograms
per cent. It is probably also of significance
that all the patients who had levels of over

300 micrograms per cent and were classified
as category four in the degree of central
nervous system symptoms died during their
hospital admission. While the authors have
classified "hepatic coma" as the cause of
death in only four of the patients in this
particular block, nonetheless a careful study
of Table III will show that the syndrome
of "hepatic coma" was undoubtedly a con-
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FIG. 5. Diagranmmlatic correlation of ammilonia levels. central nervouis svstem
mortality in 18 patients Nith b)leeding esoplhageal v-arices.

tril)uting cauise in many of the other dealths.
The six patients who survived ouit of the
18 stuldiedl, all demonstrated less severe

(legrees of central nervous system abnor-

mialitv and all of them had maximt-i am-

imlonlia levels uinider 300 microgr-amiis.
Peirlhaps the implications of this par-

ticullar study canl be best deemonstrated 1)
the followving abbreviated case histories
anid accompanying diagrammatic figtur-es of
their hospital couirse, neuirologic abnormal-

ities, anMd associated biochemical changes.

CASE REPORTS

Case 1. (Admlitted oIn September 23, 19.53 and
(lied oI October 10, 1953.) The patient (I. K.-
Unit No. 811106() weIas a 47-year-old male ith
kno-wnI cirrlhosis of the liver who entered the hos-
pit,al because of lhem-latem iesis. Balloon tamponade
wNas instituited andl the bleeding w,vas controlled, but
th'e patient became increasingly drowsy and lapsed
into (leep comila. The tube was deflated after 48
hIouIIrs aindl there appeared to he somile slighlt im-
provemnent, but fuirther hemiiorrlhage occurred and
despite control of the bleeding witlh balloon tam-

svyptoms aiid

ponade the patient again lapsecl into (leep coma.
The blood ammilonia level reache(d 331 gaimma per

cent and the patient died ( Fig. 6). Autopsy re-

vealed severe portal cirrlhosis, esophageal varices
wvith ulceraction and hemlorrh.age and mulltiple pul-
miioinarv e m-iboli.

Colmmiiienlt: It is interestiing th'at at no timne did
this patient showv evidence of exsancguinating hem-

orrlhage but he nonetheless lapsecl into (leep comiia

and died despite the fact that the lhemnorrlhage was

adeq(ulately controllel.
Case 2. (Admitted oIn July 6, 1953 and dis-

clharged on July 28, 1953.) The patient (H. P.-
Unit No. 817385) entered the hospital because of
hemiiateimiesis and melena in the 24 houirs prior to
admiiission. Fifteen years before admllission the
diagnosis of cirrhosis of the liver hald been estab-
lished. On the day followving adm-nission trans-
thoracic ligation of esophageal varices wras carried
out because gastro-intestinal bleeding continuied.
Just prior to operation hiis mental stattus was de-
scribed as impaired and following operation he
lapsed into a deep stupor Nith an elevation of the
ammonia level to 214 microgramiis per cent. Vith
no further treatmneint beyond control of hemor-

rhage, the ammilonia level fell rapidly to normal
and the patient concoimitantly recovered from the
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Fic. 6. Alcoholic cirrhosis with bleeding esopha-
geal varices. (Case #1-I. K.)

stuipor and was discharged after an uneventful
convalescence (Fig. 7).

Commlenit: This case represents mild ammionia
intoxication which spontaneously cleared when
bleeding was controlled.

Case 3. (Admitted on October 25, 1953 and
died on October 27, 1953.) The patient (S. T.-
Unit No. 828879) was a 47-year-old female with
known alcoholic cirrhosis. In the evening before
admission she vomited a "pint of blood" and in the
moming her hulsband noticed that she was drowsy
and arranged for hospital adimission. In the suc-

ceeding 6 hours she becamiie increasingly drowsy,
then maniacal, and finally lapsed into deep coma.
On admission the ammonia was 518 micrograms
per cent. Bleeding was easily cointrolled by means

of balloon tamiiponade, but despite this, patient
remained in deep coma until death which occurred
about 48 hours after admission (Fig. 8).

REHA'M AND RIDDELL Annals of SurgerySeptember 1956

Comment: It is interesting to note that the use
of L-glutamic acid as a sodium salt was associated
with a rapid fall in ammonia levels. The fact that
there was no clinical improvement and that death
ensued very shortly after admission suggests that
this syndrome of ammonia intoxication may be
irreversible despite control of the peripheral blood
levels.

Case 4. (Admitted on April 16, 1953, and dis-
charged on IMay 2, 1953. The patient (L. D.-
Unit No. 808056) was a 42-year-old male who
w,vas known to be a chronic alcoholic. Twenty-four
hours prior to admission he passed a stool con-
taining gross blood and had been found in coma
by a relative 6 houirs before admiiission. On admis-
sion to the hospital he was unresponsive to all but
extremely painful stimuli. There was evidence of
continued slow bleeding which was controlled by
balloon tampoinade. Ammonia level of admission
wvas 485 gamma per cent. Very shortly after the
bleeding was controlled and the ammonia level re-
turned almost to normal levels and this was at-
tended by a slower but steady improvement in his
mental status. When he wvas able to take oral feed-
ings, a high protein intake wras instituted but am-
monia level rose again and w,as attended by a
deterioration of his mental status. When protein
feedings were withdrawn an(l then re-instituted on
a restricted level of 50 Gm. daily, his mental status
returned to normal and be w.as discharged after an
uneventful convalescence (Fig. 9).

Commnent: This case illuistrates the fact that
any nitrogenous pool in the gastro-intestinal tract
whether it is blood or a high protein intake may
induce the syndrome of ammonia intoxication.

Case 11. (Admitted on September 7, 1953 and
died on September 19, 1953). The patient (NI. NI.
-Unit No. 823575) was a 52-year-old female who
had recovered uneventfully from an attack of in-
fectious hepatitis 2 years prior to admission. One
year thereafter she hald a transient episode of gas-
tro-intestinal bleeding when she vomited blood and
passed tarry stools but did not seek medical aid.
Two days before admiiission she vomited a large
amount of blood and balloon tamponade Nas in-
stituited at an outside hospital. She was then trans-
ferred to the Mlassachusetts General Hospital at
which time slhe was in a stuiporous state responding
only to painfuil stimiuli. Blood ammonia level on
entry was 252 mnicrogramiis per cent. Treatment
witlh parenteral sodiumii gluitamiiate was started and
the ammonia level fell rapidly to near normal. The
patient's mental status improved over the following
four days and the gastric and esophageal balloons
were deflated. Further hemiiorrhage occurred so im-
mediate transthoracic ligation of esophageal varices
was carried out. The patient died subsequently of
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FIG. 7. Alcoholic cirrhosis with bleeding esophageal varices. (Case #2-H. P.)

a postoperative complication unrelated to the pres-
ent problem (Fig. 10).

Comment: This is another example of am-
monia intoxication which occurred after gastro-
intestinal bleeding from esophageal varices and
which improved rapidly when the bleeding was
controlled. It also was interesting to note that be-
cause of the early surgical attack on the second
episode of gastro-intestinal hemorrhage there was
no appreciable elevation of blood ammonia and
no severe deterioration in mental status.

Case 17. (Admitted on March 18, 1954 and
died on March 25, 1954.) The patient (E. B.-
Unit No. 768591) was a 73-year-old female who
entered because of hematemesis. There was no his-
tory of alcoholism but hepatosplenomegaly and the
typical clinical and laboratory findings of cirrhosis
were discovered. Because of continued bleeding,
balloon tamponade was instituted but the patient
lapsed rapidly into deep coma. Ammonia level was
recorded at 654 micrograms per cent and treat-
ment with sodium glutamate was started. With 24
hours the ammonia levels had fallen dramatically
and from this point on there was continued slow
but steady improvement in her mental status so
that she became increasingly responsive although
she never returned to normal. Esophageal and gas-
tric balloons were deflated and tube feedings

started. On the eighth hospital day however the
patient had a sudden massive exsanguinating up-
per gastro-intestinal hemorrhage and expired within
an hour.

Comment: It was interesting that all the at-
tending physicians felt that this woman was in
terminal coma but that steady improvement oc-
curred when bleeding was controlled and ammonia
levels had returned to near normal levels, perhaps
influenced by the treatment with sodium glutamate.
Death occurred rapidly after the second hemor-
rhage and on this occasion was attributed to
exsanguination.

DISCUSSION

In the clinical and experimental studies
reported, evidence has been presented
which indicates that, in the presence of
spontaneous or surgically constructed por-
tal-systemic shunts, the introduction of
blood into the gastro-intestinal tract is ac-
companied by striking elevations in the
level of peripheral blood ammonia. If the
elevations in blood ammonia are sufficiently
high, central nervous system symptoms ap-
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FIG. 8. Alcoholic cirrhosis with bleeding eso-
phageal varices. Coma and death ensued despite
treatment with sodium glutamate. (Case #3-
S. T.)

pear which range from mild confusion and
disorientation to deep coma. Frequently
the symptoms are reversible but the clini-
cal syndrome may terminate fatally.

In the animal experiments it is particu-
larly significant that the hyperammoniaemia
did not parallel the "alimentary azotemia."
The normal animals demonstrated the ex-

pected rise in blood urea nitrogen but
blood ammonia levels remained normal.
In the Eck fistula dogs however, there was

a much less significant rise in blood urea

nitrogen but a consistent and striking hy-
perammoniaemia. As in the studies on the
etiology of "meat intoxication" in the Eck
fistula dog which were previously reported
from this laboratory, central nervous sys-

tem symptoms may appear if the level of
blood ammonia is sufficiently high. It is
particularly significant that a dog with
an Eck fistula of long standing who is in
excellent general health may die solely
from the effects of blood introduced into
the gastro-intestinal tract.
The clinical studies in this report are

not as clear-cut as the animal experiments
for a number of reasons: (1) The biochem-
ical abnormalities were of necessity ob-
servations carried out during the course of
an acute and variable disease process rather
than during planned experimental pro-
cedures. (2) The degree of portal-systemic
shunting in the patients was quite variable.
(3) There was a variable degree of hepato-
cellular damage which introduced the mul-
tiple problems associated with disordered
metabolism in the liver. (4) Hemorrhage
from esophageal varices invariably causes

some decrease in the effective circulat-
ing blood volume which obviously was

not consistent throughout the 18 patients
studied.

Despite all these variables, however, all
the patients studied showed striking eleva-
tions in the peripheral blood ammonia and
the degree of elevation correlated reason-

ably well with the severity of the central
nervous system symptoms.*
The rationale of these observations is

fairly clear. Both in the dog and in man it
has been shown that the portal vein con-

sistently contains a large amount of am-

monia nitrogen which fluctuates with the
amount of nitrogenous material taken into
the gastro-intestinal tract.8' 15 From the evi-

* This biochemical abnormality and the at-
tendant clinical syndrome is by no means demon-
strable in all patients with bleeding esophageal
varices because of the number of factors described
which are involved in the pathogenesis.
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FiG. 9. Alcoholic cirrhosis with bleeding esophageal varices. The relationship of hemorrhage or
protein intake with ammonia levels and central nervous system symptoms. (Case #4-L. D.)

dence available it vould appear that this
ammoinia nitrogen is derived from the ac-

tion of amino acid oxidase and urease on

ingested protein and other nitrogenous sub-
stances; these enzymes are apparently de-
rived from the intestinal micro-organisms.6
Normally, this ammonia is synthesized to
urea in the liver which thus formns a pro-

tective barrier against the accumtulation of
toxic levels of ammonia in the systemic cir-
culation. In the presence of spontaneous
or surgically constructed portal-systemic
shuints, howTever, channels exist whereby
this ammonia derived from enzymatic
breakdown of nitrogenous material can by-

pass the liver and cause abnormal eleva-
tions of ammonia nitrogen in the peripheral
blood. The fact that there is a lesser degree
in elevation of blood urea nitrogen in the
Eck fistula dog than in the normal animal
Nwould suggest that this shunting of portal
blood around the liver interferes with the
normal rate of urea synthesis.

It is apparent from these observations
that the introduction of blood into the
gastro-intestinal tract in the presence of
portal-systemic shunts may cause both hy-
perammoniaemia and central nervous svs-

tem symptoms. These studies alone do not
establish a cause and effect relationship but
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FIG. 10. Alcoholic cirrhosis with bleeding eso-
phageal varices. Recovery from coma after control
of hemorrhage and treatment with sodium gluta-
mate. (Case #11-M. M.)

previous studies in animals and in man 14
15, 16, 1S, 19 have demonstrated the fact that
ammonia intoxication does exist. The anal-
ogy seems clear enough to warrant the as-
sumption that this particular metabolic ab-
normality may well be a serious tlhreat to
patients with bleeding esophageal varices
and, under these circumstances, is probably
the cause of most of the episodes of so-
called "hepatic coma."

It should be made clear that the authors
do not feel that ammonia intoxication is the
only or even the predominant feature of all
cases of "hepatic coma." It is apparent that
the "coma" associated with terminal hepatic
decompensation is a much more compli-
cated metabolic problem than the reversi-
ble syndrome dependent on the absorption
of nitrogenous material from the gastro-in-
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FIG. 11. Post-necrotic cirrhosis with bleeding
esophageal varices. Subsequent to control of hem-
orrhage and treatment with sodium glutamate,
ammonia level fill and recovery from coma began.
A sudden massive recurrent hemorrhage was al-
most immediately fatal. (Case #17-E. B.)

testinal tract in the presence of portal-
svstemic shunts.

In this report, no attempt has been made
to discuss at any length the use of L-
glutamic acid. This amino-acid will bring
about a reduction in abnormally elevated
levels of blood ammonia and is a valuable
adjunct in the treatment of ammonia in-
toxication or, if one prefers to be less
specific, in the treatment of exogenous
hepatic encephalopathy. The clinical and
biochemical effects of L-glutamic acid in
the treatment of "hepatic coma" have been
discussed in a previous publication 16 and
need not be repeated here.
These studies and observations form the

background for a suggested program in the
management of bleeding esophageal var-
ices: (1) Control of hemorrhage. Even
though there is no apparent threat of ex-
sanguination, it is imperative to prevent
the accumulation of a nitrogenous pool in
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the gastro-intestinal tract. This may be ac-
complished initially by balloon tamponade
and when stabilization has been achieved
by transfusions, by direct transthoracic
ligation of the varices. (2) Elimination of
the source of absorbed ammonia. By cathar-
sis and enemas most of the blood can be
removed. (3) Antibiotics. By depressing
the bacterial count in the gastro-intestinal
tract, the sources of urease and amino-acid
oxidase can be controlled. (4) L-glutamic
acid has proved to be a valuable adjunct to
therapy, and may be given orally or par-
enterally in the glutamate form as indi,
vidual circumstances demand.

Since the completion of these studies, an
excellent report on portal hypertension has
appeared in which Welch and his asso-
ciates 23 have reached similar conclusions
on the clinical management of bleeding
esophageal varices.

SUMMARY AND CONCLUSIONS

1. A clinical and experimental study is
reported relating to some biochemical ab-
normalities associated with the introduction
of blood into the gastro-intestinal tract in
the presence of spontaneous or surgically
constructed portal-systemic shunts.

2. Central nervous system symptoms have
accompanied these biochemical abnormal-
ities and it is suggested that the syndrome
of "hepatic coma" so commonly seen in pa-
tients with bleeding esophageal varices is,
in fact, due to ammonia intoxication.

3. Based on these observations, a pro-
gram for the management of bleeding
esophageal varices has been outlined.
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DISCUSSION.-DR. C. STUART WELCH, Albany,
New York: Again Dr. McDermott is to be con-
gratulated for the excellent work he has done in
this field of the investigation of ammonia metab-
olism in patients with liver disease.

I would like to show, in two slides, some of our
experiments along the same line and some of our
experiences with clinical cases.

(Slide) This shows that in Eck fistula dogs we
have found the same rise in blood ammonia when
blood has been fed to these animals. This rise
does not occur in milk and mash fed dogs as in-
dicated by the low values for blood ammonia.

(Slide) Here we have some figures on pa-
tients. We have now studied some 36 patients who
have had gastro-intestinal bleeding with severe
liver disease. The point I would like to make,
corroborating Dr. McDermott's work, is that the
high mortality in patients bleeding from varices
occurs in the patients who have an elevated blood
ammonia.

As you can see, only five of 20 survived when
the ammonia was elevated, in contrast to ten sur-
vivals out of 16 when there was no elevation of
blood ammonia. So, the coma which ensues and
the ammonia intoxication are very significant in
the causation of death.

Another important point is shown here. Nine
patients died with continuing hemorrhage and
coma. Therefore, it is very important that the
bleeding be stopped.

The last point is that no patients in our series
died in coma after hemorrhage was stopped, show-
ing again the extremely important significance of
bleeding and continued bleeding and blood in the
intestinal tract.

DR. CHAMP LYONS, Birmingham, Alabama: It
is a great privilege to acknowledge the very real
help Dr. McDermott has been to Dr. Tom Patton
and myself in similar studies. We are in complete
accord with his conclusions.

I arise to ask one question. We have been con-
cerned about the role of bacterial production of
urease in the gastro-intestinal tract as a contribut-
ing factor to the ammonemia. We have been un-
able to demonstrate the presence of such bacterial
enzymes, but the intestinal tract does have a great
deal of intracellular urease. The question of anti-
biotic therapy in these patients hinges a good deal,
I think, upon whether or not such enzymes have
been demonstrated.

DR. BEN EISEMAN, Denver, Colorado: Our clin-
ical experience has been very similar to that re-
ported by Dr. McDermott. Of 57 patients in
hepatic coma in our current series, 12 have had
massive gastro-intestinal hemorrhage at the onset
of their coma. In all of these cases the blood am-
monia levels were elevated, and in 10 patients we
feel that the ammonia load resulting from absorp-
tion of blood within the intestinal tract probably
precipitated coma.

In our experience cases of hepatic coma pre-
cipitated by exogenously administered ammonia
salts usually have a good prognosis; however, this
has not been our experience in patients thrown into
hepatic coma following massive gastro-intestinal
bleeding. Indeed, as a group their prognosis is
among the worst and although the administration
of sodium glutamate to these people will tem-
porarily lower the blood ammonia levels following
its discontinuance we have found little change.
For this reason our practice is to employ a slow
infusion over a 24 hour period.

We have recently completed experimental
studies on the effect of hemorrhage on ammonia
metabolism-that is extra corporeal hemorrhage
not bleeding into the intestinal tract. Following
bleeding the portal blood ammonia concentration
is markedly elevated, but simultaneous portal blood
flow measurements indicate that this is merely a
reflection of decreased blood flow and that there is
no increased endogenous production of ammonia


