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Hospitalized patients with hepatic insufficiency often suffer
from severe catabolic states and are in urgent need of nutri-
tional support during their acute illness. Protein intolerance,
however, remains a significant problem with respect to the pro-
vision of adequate nutrition, either enterally or parenterally.
The following report is an anecdotal series of 63 consecutive
patients in a large urban hospital treated prospectively with
nutritional support using a prototype high branched-chain
amino acid solution (FO80) given by technique of total par-
enteral nutrition by the subclavian or internal jugular route
with hypertonic dextrose. Sixty-three patients, of which 42 had
chronic liver disease (cirrhosis) with acute decompensation and
17 with acute hepatic injury as well as four with hepatorenal
syndrome, are the subject of this report. All required intrave-
nous nutritional support and were either intolerant to com-
mercially available parenteral nutrition solutions or were in
hepatic encephalopathy at the time they were initially seen. The
cirrhotic patients had been hospitalized for a mean of 14.5 + 1.9
days before therapy, had a mean bilirubin of 13 mg/100 ml,
and had been in coma for 4.8 + 0.7 days despite standard
therapy. Patients with acute hepatitis had been in the hospital
for 16.2 + 4.1 days before therapy, had a mean bilirubin of 25
mg/100 ml, and had been in coma 5.2 + 1.6 days before ther-
apy. Routine tests of liver function, blood chemistries, amino
acids, EEGs, and complex neurological testing including Reitan
trailmaking tests were used in the evaluation of these patients.
Up to 120 grams of synthetic amino acid solution with hyper-
tonic dextrose was tolerated in these patients with improvement
noted in encephalopathy of at least one grade in 87% of the
patients with cirrhosis and 75% of the patients with hepatitis.
Nitrogen balance was achieved when 75 to 80 grams of syn-
thetic amino acids were administered. Survival was 45% in the
cirrhotic group and 47% in the acute hepatitis group. Enceph-
alopathy appeared to correlate with individual amino acids dif-
ferentially in the various groups and with the ratio between the
aromatic and the branched-chain amino acids. Ammonia did
not correlate with either the degree of encephalopathy or im-
provement therefrom. In 24 patients therapy for hepatic en-
cephalopathy was limited to infusion of the branched-chain
enriched amino acid solution only, with wake-up in 66% of this
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group. The results strongly suggest that in protéin intolerant
patients requiring nutritional support, infusion with branched-
chain erriched amino acid solutions is well tolerated with either
no worseniiig of or improvement in hepatic encephalopathy
coincident with the achievement of nitrogen equilibrium and
adequate nutritional support.

UTRITIONAL SUPPORT has always been part of ther-

apy for patients with liver disease. The most crit-

ical component of nutritional therapy is the protein

component, especially since maintenance of lean body

mass is central to nutritional support. In patients with

liver disease, however, this often presents a problem

with hepatic insufficiency, intolerance to protein, and
resultant hepatic encephalopathy.

This report concerns itself with a prototype high
branched-chain amino acid solution that has been ex-
tensively tested in experimental animals' and in prelim-
inary fashion in man.? The theoretical basis for this
approach to hepatic encephalopathy, namely, normal-
ization of plasma amino acid pattern, has beer exten-
sively reviewed®> and need only be reviewed briefly
here. The “amino acid-neurotransmitter hypothesis™®
relates hepatic encephalopathy to an irfibalance of cen-
tral adrenergic and indoleamine neurotransmitters, sec-
ondary in turn to abnormal transport of aromatic amino
acid precursors of aminergic neurotransmitters to within
the brain.” Although ammonia, glutamine, and abnor-
malities in the blood-brain barrier itself contribute to
the mechanisms by which encephalopathy is presum-
ably produced, the abnormal plasma amino acid pat-
tern, increased aromatic amino acids, and decreased
branched-chain amino acids® '° favor the accumulation
of the toxic aromatic amino acids within the central
nervous system.

In infusing a branched-chain amino acid enriched
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(FOB80), 24% glucose parenteral nutrition solution, sev-
eral purposes are intended:

1. Decreased efflux of aromatic amino acids from mus-
cle by decreasing catabolism (11-13).

2. Normalization of plasma amino acid pattern by de-
creasing efflux of aromatic amino acids from muscle
and by incorporation of the aromatic amino acids within
muscle protein by protein synthesis with an appropriate
supply of protein and calories. Because fat calories may
not be utilized in patients with liver failure, dextrose
calories are to be preferred.

3. The branched-chain amino acids may have a regu-
latory rele in the control of muscle amino acid efflux.'*"®
Infusing BCAA decreases efflux of the aromatic amino
acids from skeletal muscle.

4. Since the neutral, aromatic, and branched-chain
amino acids all compete for entry across the blood-brain
barrier by a common carrier system,'® increasing BCAA
decreases penetration of aromatic amino acids.

Other investigators working in Japan'’ and Western
Europe'®'® have reported on their experiences with var-
ious branched-chain enriched amino acid solutions
given either peripherally or centrally with or without
hypertonic dextrose respectively. Without exception, all
reported beneficial effects in hepatic encephalopathy.
In one study, postmortem analysis of brain in patients
who awakened following BCAA therapy and suddenly
exsanguinated revealed correction of indoleamine de-
rangements.”

This report is an unselected anecdotal series of 63
patients with various liver diseases in a large urban
hospital who required parenteral nutritional support,
were in hepatic encephalopathy or were intolerant to
commercially available amino acid mixtures. Since this
is an uncontrolled trial in which consecutive patients
were treated at request of their primary physicians, the
only common thread is that they required nutritional
support. It is obviously impossible to speak of efficacy
of therapy with respect to survival as patients were not
randomized. (A randomized prospective double-blind
controlled trial is currently in progress.)

However, several points require comment:

1. In patients with severe liver disease large amounts
of amino acids were administered with either no wors-
ening or, in most cases, improvement in hepatic en-
cephalopathy.

2. Nitrogen balance was achieved in patients in whom
80 gm of amino acids could be administered daily.

3. In patients who received no other form of therapy
for hepatic coma, the administration of the branched-
chain amino acid mixture was associated with wake-up.
4. The results are promising enough to clearly call for
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a randomized prospective trial in which branched-chain
amino acids are randomized against standard therapy.

Materials and Methods

Sixty-three patients admitted to the Massachusetts
General Hospital from July 1976 to June 1978, man-
ifesting hepatic encephalopathy or coma at some time
during their hospital course, form the basis for this re-
port.

Criteria for inclusion in this study were the presence
of hepatic encephalopathy (HE) greater than Grade I
and/or the need for parenteral nutrition (PN) in pa-
tients with either acute or chronic liver disease and the
development of intolerance to commercially available
amino acid formulations. Patients were divided into
three groups based on the etiology of their liver disease.
Group I consisted of 42 patients with chronic liver dis-
ease and cirrhosis, in whom an acute insult such as
gastrointestinal bleeding, sepsis, or overdiuresis trig-
gered the development of acute onset hepatic enceph-
alopathy or coma. Group II consisted of 17 patients
with acute hepatitis with no history of previous liver
disease. In this group were included patients with viral
hepatitis, drug-induced hepatitis (halothahe), acute al-
coholic hepatitis, and hepatic decompensation of un-
known etiology (some of those being severely septic with
acute liver damage). Group III patients four patients
were suffering from the hepatorenal syndrome and will
be discussed separately because of the grave prognosis.
Diagnosis was based on history, physical exam, liver
biopsy (when possible), and autopsy. All patients re-
mained under the care of their primary physician with
the nutritional support team serving as a consultant.
Informed consent was obtained in all cases for this pro-
tocol which was reviewed by the Human Studies Com-
mittee of The Massachusetts General Hospital.

Patients with chronic cirrhosis (CC) and acute onset
hepatitis (AH) behave differently clinically, their plasma
amino acid pattern is different, and their treatment
modalities and clinical outcomes tend to be different.
Therefore, we will discuss these two groups separately.

Before and during treatment with FO80 the following
studies and determinations were performed: routine
clinical chemistry tests (BUN, glucose, electrolytes,
creatinine, calcium, phosphorus, magnesium), “liver
function” tests (total protein, albumin, globulin, bili-
rubin, SGOT, alkaline phosphatase), ammonia (venous
blood), plasma amino acids (AA), plasma octopamine
(OCT) and phenylethanolamine (PEA), prothrombin
time, partial thromboplastin time, platelet count, he-
moglobin, hematocrit, white blood count. Determina-
tions were performed before starting infusion with
FO80, daily for the first 3 days of treatment with FO80
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and every other day or twice weekly later on during
treatment. Electroencephalograms were performed on
a similar schedule.

Patients were evaluated daily by a member of the
hyperalimentation team, by a neurologist (JL), and by
a gastroenterologist (JD). All patients in this study were
seen and evaluated by the same physicians. Encepha-
lopathy grades followed the classification of Adams and
Foley.?' Reitan trailmaking tests*? were performed 1 to
2 times a week depending on the patient’s neurologic
status.

Total urinary nitrogen was determined daily by the
Kjeldahl method and nitrogen balances calculated.
Plasma amino acid determinations were carried out by
a Beckman MB-121 amino acid analyzer on the su-
pernatant of plasma rendered protein free by precipi-
tation with 5% sulfosalicylic acid.

Octopamine and phenylethanolamine were deter-
mined by a modification of the Molinoff technique.?
FOB80 was infused as a 4% amino acid solution (Table
1) containing 40 grams amino acids, 240 grams of dex-
trose, electrolytes, and vitamins in a total volume of
1000 ml through a catheter inserted into the subclavian
or internal jugular vein, the tip located in the superior
vena cava. Protocol for insertion of these lines, man-
agement, and maintenance of sepsis followed the same
guidelines used for any other form of central hyperal-
imentation in this hospital. Solutions were infused at
a constant rate over 24-hour periods. Infusions were
begun at a rate of 40 to 60 ml/hr depending primarily
on fluid and glucose tolerance and on renal function.
The infusion rate was increased by 10 to 20 ml/hr every
24 to 48 hours according to tolerance up to a maximum
of 3000 ml/day (120 grams of amino acids and 3000
calories/day).

In patients with impaired renal function a lower dose
of amino acids with a higher caloric density (2.2%
amino acid solution of FO80 mixed in 35% glucose)
was used.

Other treatment modalities commonly used in the
treatment of hepatic encephalopathy such as neomycin,
lactulose, cathartics, and the like were continued or
discontinued depending on the primary physician’s de-
cision. As the study progressed there was an increased
tendency to stop other modes of therapy when starting
FO80. Among this group of 63 patients there were 24
patients who were treated with FO80 only. This group
will be discussed separately.

All the clinical and laboratory data, liver function
tests, ammonia, amino acids, octopamine, phenyletha-
nolamine, nitrogen balances, electroencephalograms,
trail tests, amount of FOS80 infused, patient response,
outcome, and complications were stored on punch-
cards. Data was analyzed by a computer, using the
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TABLE 1. Composition of the Synthetic Amino Acid Formulation
FO80 Used in This Study (g/1000 ml Infused Solution)

L-Essentials

Isoleucine 4.50
Leucine 5.50
Lysine 3.05
Methionine 0.50
Phenylalanine 0.50
Threonine 2.25
Tryptophan 0.33
Valine 4.2

Nonessentials

L-Alanine 3.80
L-Arginine 3.00
L-Histidine 1.20
L-Proline 4.00
L-Serine 2.50
Glycine 4.50
L-Cysteine HCI-H,O >0.1
Dextrose 240
Total Nitrogen 5.6
Electrolytes As needed
Vitamins B,C,D,E A

Statistical Package for the Social Sciences (SPSS) for
condescriptive, frequency distributions, t test, Pearson
correlations, nonparametric correlations, regression
analysis, and cross-tables.

Results

Results will be discussed separately for the group of
patients with acute-on-chronic cirrhosis and encepha-
lopathy (42 patients) and patients with acute onset hep-
atitis and encephalopathy (17 patients). The very small
group of patients with the hepatorenal syndrome will
be mentioned whenever relevant (4 patients).

In the chronic cirrhosis (CC) group there were 62%
males and 38% females. Their mean age was 58.3 + 2
years, 60% of the group being in the 6th and 7th decade.
In the acute hepatitis group (AH) there were 59% males
and 41% females. They tended to be younger with a
mean age of 43.3 + 3.9 years, 70% being in the third,
fourth, and fifth decade of life (Fig. 1). The small he-
patorenal failure group consisted of 75% (three) males
and 25% (one) female, their mean age 52 + 14 years.

Hospital Stay Before Therapy with FO80

The CC group of patients was hospitalized for a mean
of 14.5 + 1.9 days and the AH group for 16.2 + 4.1
days before treatment with FO80 was initiated. Sixty
percent of patients with CC and 43% of patients with
AH were in the hospital for up to 2 weeks before start-
ing on FOB80. Seventeen percent and 25% respectively
were in the hospital for 3 weeks and 24% and 31%
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FIG. 1. Age distribution of patients with cirrhosis or hepatitis. Patients
with cirrhosis tend to form the larger group and are distributed with
most of the patients being in the 6th and 7th decade. The patients
with acute hepatitis, of which many have acute alcoholic hepatitis,
tend to be younger with most of the patients in their third, fourth,
and fifth decade.

respectively were hospitalized for more than 3 weeks
before starting on FO80.

Duration of Encephalopathy or Coma Before Starting
Treatment with FO80

In the CC group, 76% of the patients started treat-
ment with FO80 within 7 days of onset of encephalop-
athy or coma (mean 4.8 + 0.6 days), while in the AH
group 80% of the patients were started within a week
of coma onset (mean 5.2 + 1.6 days).

Period of Treatment with FO80

In the CC group of patients treatment with FO80
was carried out for 1 week in almost one third of the
patients, for 2 weeks in another third and for 3 weeks
in the last third (mean 13 = 1 days). In the AH group,
82% of the patients received FO80 for 4 to 14 days
(mean 13.2 + 3.8 days) (Fig. 2). The hepatorenal group
was treated with FO80 for a mean of 17.2 + 11.3 days.

FREUND AND OTHERS

Ann. Surg. « August 1982

Post-treatment with FO80 Hospital Stay

After starting treatment with FO80, 39% of patients
with CC and 41% of patients with AH stayed up to 2
weeks in the hospital, 39% and 24% respectively stayed
2 to 4 weeks, and 22% and 35% respectively stayed
longer than 4 weeks.

The CC Group had a mean post-FO80 hospital stay
of 23.6 + 3.8 days compared with a significantly longer
stay of 33.3 = 7.8 days in the AH group.

Clinical Improvement— Hepatic encephalopathy

Before treatment the encephalopathy grades of the
groups were distributed as follows:

CC AH
STAGE 1 13% 44%
STAGE 11 23% 11%
STAGE 111 37% 22%
STAGE IV 23% 22%

After three days of treatment 56% of the CC group
showed improvement, 26% did not change and 19%
worsened. For the AH group the equivalent figures were
25%, 63%, and 13% (Table 2).

Pretreatment and post-treatment (after approxi-
mately 3 days on FO80) mean amino acid values for

[_____] Cirrhosis (n=42)
50
- Hepatitis (n=17)
40 |
Q
b=}
o
(O] em—
£ 30
(7]
<
Qo
S 2t
k]
3
10
: '

-7 8-14 15-21 22—

DAYS ON FO80

F1G. 2. Duration of therapy with FO80. The number of days of treat-
ment for both patients with cirrhosis and hepatitis are given. Most
of the patients were treated for 2 to 3 weeks, particularly those patients
with cirhosis who required prolonged therapy generally following a
surgical catastrophe.
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TABLE 2. Initial Improvement in Encephalopathy in Response to
Treatment with FO80 (First 3 Days of Treatment with FOS80)

Per cent of Patients Improving

Cirrhosis Hepatitis
Within 24 hours 29% 25%
Within 24-48 hours 35% 42%
Within 48-72 hours 23% 8%
Total within 72 hours 56% 25%

the CC and AH groups are shown in Table 3. Pretreat-
ment blood chemistry, ammonia and liver function tests
appear in Table 4.

In the hepatorenal group, three out of four patients
improved by day 3 of treatment; one patient worsened.
Despite the improvement, there was a 75% mortality
in this small group, not unexpected.

Improvement in Electroencephalogram (EEG)

Only 43% of the CC group and 50% of the AH group
had a pretreatment EEG. In the CC Group, 14% had
mild, 18% moderate, and 7% severe abnormalities of
EEG. In the hepatitis group, 10% had normal EEG,
and 40% moderate to severe EEG changes. EEG im-
provement, judged by increasing frequency, disappear-
ance of theta frequency and triphasic waves, and by
increase in amplitude, occurred in 59% of the patients
with chronic cirrhosis and in 70% of patients with AH.
The improvement in EEG usually was slower than the
clinical improvement and patients reversing to Grade
0-1 encephalopathy still showed EEG signs of metabolic
encephalopathy.

Plasma Amino Acid Pattern in Chronic Cirrhosis and
Acute Hepatitis

Table 3 and Figure 3 show the amino acid patterns
for the CC and AH groups compared with normal. It
can be seen that levels of methionine phenylalanine,
tyrosine, aspartate, and glutamate were markedly in-
creased for the CC group, while the levels of the
branched-chain amino acids valine, leucine and isoleu-
cine were depressed.

The AH group had even more marked increases in
methionine, phenylalanine, tyrosine, and glutamate. In-
creases in lysine, glycine, and ornithine were also pres-
ent. The branched-chain amino acids valine, leucine,
and isoleucine were present at approximately normal
levels.

After 3 days of treatment the levels of some of the
amino acids in the CC group were altered to a more
normal level, noticeably aspartate, methionine, tyrosine,
serine, alanine, histidine, arginine, and also two of the
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branched-chain amino acids valine and leucine. Isoleu-
cine increased above the normal level (Fig. 4).

In the AH group 3 days of treatment with FO80
resulted in reduction in levels of methionine, phenyl-
alanine, tyrosine, aspartate, and asparginase occurred
while threonine, taurine and glycine increased (Fig. 5).

TABLE 3. Plasma Amino Acid Levels Before and After 3 Days
of Treatment with Hepatic Failure Fluid in Chronic
Cirrhosis and in Acute Hepatitis (nmol/ml)

Chronic Cirrhosis

Before Treatment After Treatment

N Mean S.D. N Mean S.D.
TAU 18 37.50 28.88 38 61.48 51.31
ASP 16 31.44 77.40 31 13.19 11.73
THR 20 92.25 48.31 38 173.54 117.84
SER 20 48.15 32.52 38 87.36 77.11
ASA 7 88.57 64.18 15 281.82 257.16
GLU 17 143.47 134.66 37 204.72 163.78
PRO 20 192.30 120.15 38 315.00 189.15
GLY 20 242.25 113.35 37 358.59 101.13
ALA 20 242.95 118.35 38 337.72 167.49
AAB 13 10.31 6.50 27 13.65 25.78
VAL 20 122.15 73.54 38 228.17 105.99
CYS 15 81.13 70.88 14 53.60 59.38
MET 20 67.45 41.89 37 47.16 89.58
CTH 16 14.19 9.09 31 20.71 17.30
ILE 20 36.85 17.95 37 80.25 41.64
LEU 20 71.45 34.05 38 123.65 55.56
TYR 20 70.35 35.86 37 54.46 42.19
PHE 20 90.50 43.26 38 84.37 71.09
ORN 18 61.67 59.01 37 94.79 49.26
LYS 20 160.40 69.12 38 212.19 96.62
HIS 20 54.00 21.08 38 72.20 37.21
ARG 20 54.25 32.71 38 83.38 53.21

Acute Hepatitis

Before Treatment After Treatment

N Mean S.D. N Mean S.D.
TAU 5 55.00 26.60 13 75.31 70.29
ASP 4 21.75 5.62 11 41.55 10.70
THR 5 168.80 112.65 13 280.92 245.68
SER 5 112.60 64.65 13 153.38 112.22
ASN 3 274.00 110.01 6 239.83 225.76
GLU 5 196.80 178.10 12 193.34 183.50
PRO 5 247.60 162.94 12 327.83 207.06
GLY 5 370.20 235.20 11 425.36 444.72
ALA 5 389.20 263.37 11 303.82 177.36
AAB 4 24.25 15.11 11 19.45 19.93
VAL 5 157.40 86.32 13 186.23 81.47
CYS 4 127.75 84.93 5 104.60 60.71
MET 5 206.40 132.62 13 135.31 156.34
CTH 4 24.50 13.18 12 37.50 34.87
ILE 5 64.60 32.66 13 81.31 38.33
LEU 5 101.60 55.03 13 104.77 44.39
TYR 5 157.40 124.07 13 117.31 135.54
PHE 5 168.60 99.37 13 116.23 106.06
ORN 5 86.00 49.08 13 90.69 56.10
LYS 5 316.80 204.42 12 340.25 218.54
HIS 5 68.80 42.49 13 121.00 128.97
ARG 5 99.80 77.44 13 148.54 128.50
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TABLE 4. Pretreatment Blood Chemistry, Ammonia and Liver
Function Test in a Group of Patients with Cirrhosis and
a Group with Hepatitis

FREUND AND OTHERS

Cirrhosis Hepatitis
N Mean S.D. N Mean S.D.
GLUC 16 166.63 88.33 7 139.14 61.94
BUN 22 37.59 38.22 8 45.13 30.10
CREAT 19 1.71 2.51 8 2.21 1.94
ALB 13 2.88 0.37 8 2.90 0.46
BILI 19 12.07 15.07 8 24.75 13.05
SGOT 15 196.33 390.17 5 567.80 757.84
ALKP 15 8.13 6.02 4 7.07 1.78
PT 19 123.26 16.61 8 143.75 31.27
NH3 7 116.00 40.66 3 245.33 64.93

B-hydroxyphenylethylamines

Octopamine (OCT) and phenylethanolamine (PEA)
levels were significantly elevated in both CC and AH
patients during encephalopathy and coma.

In the CC group mean OCT levels which were 7.6
+ 1.9 ng/ml (normal 0.7 + 0.04) during encephalopa-
thy and decreased to 2.5 + 2.3 ng/ml after 3 days treat-
ment with FO80.

Phenylethanolamine levels which were 8 + 3.8 ng/ml
(normal 2.6 + 0.14) during encephalopathy did not
change significantly after 3 days treatment and were
7.7 £ 4.1 ng/ml

In the AH group OCT levels were 4.8 + 0.7 during
encephalopathy and decreased to 3.1 + 0.6 after 3 days
of treatment with FO80. Insufficient data was available
on PEA levels in AH.
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Correlation Between Degree of Encephalopathy and
Plasma Amino Acid Levels

In the group of patients with CC a statistically sig-
nificant correlation was found between the grade of
encephalopathy and plasma levels of a-amino-butyric
acid (p < 0.01), cysteine (p < 0.02), citrulline (p < 0.05),
tyrosine (p < 0.02), phenylalanine (p < 0.01), and the
BCAA:AAA ratio between the branched-chain amino
acids (valine, leucine, isoleucine) to the aromatic amino
acids (tyrosine and phenylalanine) (p < 0.02).

Separating the group of CC into surviving and non-
surviving patients, the correlations between plasma
amino acids and degree of encephalopathy differed. The
surviving patients still showed statistically significant
correlations with a-amino-butyric acid, citrulline, ty-
rosine, and phenylalanine, but the correlation with cys-
teine was lost, and two new significant correlations
appeared with glutamate and asparginine. The
nonsurvivors lost most of the significant correlations
except for the one with cysteine and acquired a new
correlation with asparginine.

In the AH group different correlations between
plasma amino acids and degree of encephalopathy were
found. Statistically significant correlations were found
with aspartic acid (p < 0.005), asparginine (p < 0.01),
glutamate (p < 0.01), a-amino-butyric acid (p < 0.02),
valine (p < 0.005), isoleucine (p <0.01), leucine (p
< 0.003), methionine (p < 0.001), tyrosine (p < 0.02),
lysine (p < 0.02), and BCAA:AAA ratio (p < 0.002).
Again when dividing the group into surviving and non-
surviving patients, marked differences were apparant.

F1G. 3. Amino acid patterns in pa-
tients in the cirrhosis and hepatitis
groups. Note that as in patients
previously described, the patients
with cirrhosis tend to have eleva-
tions of methionine, phenylalanine,
tyrosine, glutamate, and aspartate.
Branched-chain amino acids are
reduced. The patients with acute
alcoholic hepatitis demonstrate a
diffuse hyperaminoacidemia with
methionine and phenylalanine being
the most elevated, in addition with
aspartate and glutamate.
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F1G. 4. Amino acid pattern in patients with cirrhosis before and after
therapy. Note that following therapy with FO80, there is a decrease
in methionine, as well as tyrosine and an increase in the branched-
chain amino acids valine, leucine, and isoleucine. In addition, arginine,
previously reduced slightly but not significantly returns to normal,
and ornithine becomes elevated.

The survivors maintained significant correlations with
aspartic acid, glutamate, and valine, and acquired new
correlations with taurine and phenylalanine. The non-
surviving patients maintained significant correlations
with a-amino-butyric acid, valine, leucine, methionine,
tyrosine, lysine, and the BCAA:AAA ratio and did not
acquire new correlations.

Correlation Between the Branched Chain Amino Acids
(Valine, Leucine and Isoleucine) to Aromatic Amino
Acids (Phenylalanine and Tyrosine) Ratio (BCAA:AAA)
and Treatment with FO80

The BCAA:AAA ratio has been useful in determin-
ing neurologic status and degree of encephalopathy in
chronic cirrhosis. Although arbitrary, this ratio takes
into account two major presumed factors in hepatic
encephalopathy, namely the increases in phenylalanine
and tyrosine leading to alterations in central neuro-
transmitters and the changes of the branched-chain
amino acids that are important in the competition for
the common transport system across the blood-brain
barrier and in decreasing muscle catabolism and efflux
of aromatic amino acids from muscle.

In the CC group the mean pretreatment BCAA:AAA
ratio was 1.61 + 0.11 and increased to 5.01 = 0.93 on
day 3 of treatment with FO80 (p < 0.001). When the
CC group was divided into survivors and nonsurvivors,
those surviving this episode of encephalopathy or coma
improved their ratio from 1.81 + 0.17 to 6.80 + 1.82
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(p <0.02), while the nonsurviving CC patients im-
proved from 1.45 + 0.14 to only 3.58 + 0.62 (p < 0.01).
In the AH group the mean pretreatment BCAA:AAA
ratio was 1.35 + 0.31 and did not change significantly
after 3 days of treatment with FO80 (1.51 + 0.35).

Blood Chemistry, Liver Function Tests, Blood Am-
monia, and Correlations with the Degree of Enceph-
alopathy

Pretreatment blood chemistry levels, liver function
tests, and ammonia levels in CC and AH are shown in
Table 4.

Statistically significant correlations were found to
exist in the surviving patients of the CC group between
the degree of encephalopathy and SGOT levels (p
< 0.05) and prothrombin time (p < 0.02).

In the nonsurviving cirrhotic patients in the degree
of encephalopathy was significantly related to glucose
levels (p < 0.05), BUN (p < 0.02), creatinine (p < 0.05),
bilirubin (p <0.05), and alkaline phosphatase (p
< 0.01).

In the hepatitis group, surviving patients had signif-
icant correlations between encephalopathy and glucose
(p <0.001), BUN (p<0.002), and creatinine (p
< 0.02), somewhat similar to the correlations in dying
cirrhotics.
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FIG. 5. Amino acid pattern before and after therapy in patients with
hepatitis. The marked elevations in plasma methionine and phenyl-
alanine are restored toward, but not to, normal. The same may be
said of tyrosine. Aspartate and glutamate do not change significantly.
Branched-chain amino acids, previously normal, stayed within normal

range.
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TABLE 5. Nitrogen Intake as FO80, Urinary Nitrogen and
Nitrogen Balance in Patients with Cirrhosis or Hepatitis
Treated with Infusions of FO80

Cirrhosis Hepatitis
FO80 nitrogen 9.61 1: 4.3 738 £ 3.0
Urinary nitrogen 10.22 + 5.17 7.93 + 3.1
Nitrogen balance —0.61 + 2.83 —0.55 £ 0.12

-In the nonsurviving hepatitis patients encephalopathy
was related significantly to creatinine (p < 0.005), bil-
irubin (p <0.005), ammonia (p <0.001), and pro-
thrombin time (p < 0.001).

Interestingly, in none of the groups except for the
group of dying hepatitis patients was ammonia well
correlated with the degree of encephalopathy. Further-
more, after 3 days of treatment with FO80 only minor
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changes in ammonia levels occurred. In the CC group
mean ammonia levels were 160 + 14 ug% pretreatment
and 173 + 22 ug% after 3 days of treatment. In the AH
group ammonia levels decreased from a pretreatment
value of 267 + 64 ug% to 206 + 9 ug% (p = NS).

Nitrogen Intake, Nitrogen Balance, and Caloric Intake

During their treatment period patients with CC re-
ceived a mean of 9.6 + 4.3 grams nitrogen and 1970
+ 57 calories per day. Patients with AH received a
mean 7.4 = 3.0 grams nitrogen and 1451 + 106 calories
per day (Table 5). Nitrogen balance was achieved when
75 to 80 g of amino acids were infused/24 hours with
a statistically significant linear correlation between ni-
trogen balance and daily intake of FO80 (Fig. 6).

When dividing the two groups into survivors and non-
survivors, no significant difference could be found in
nitrogen intake, urinary nitrogen, or nitrogen balances
between survivors and nonsurvivors within the two
groups.

Correlation Between the BCAA:AAA Ratio and the
Amounts of Nitrogen Infused as FO80 and Nitrogen
Balance

A significant correlation was found to exist between
the BCAA:AAA ratio and the amount of nitrogen in-
fused as FO80 and the nitrogen balance in both the CC
(p < 0.001) and the AH (p < 0.01) groups.

Complications

Complications related to parenteral nutrition were
quite common although not severe and never lethal.
Twenty-seven of the cirrhotic patients (64%) and 11 of
the hepatitis patients (65%) experienced blood sugar
levels above 200 mg% necessitating the use of more
insulin at some stages of their treatment with FOS80.
However, none of the patients developed hyperglycemic,
hyperosmolar nonketotic coma, and in no case was the
treatment discontinued because of glucose intolerance.

Ninety per cent of CC patients and 94% of the hep-
atitis group showed some electrolyte imbalance (elec-
trolytes out of normal range for 48 hours [24]), mainly
hyponatremia.

Five patients (12%) in the cirrhosis group suffered
an episode of catheter sepsis during treatment with
FO80. This is considerably higher as compared with the
2 to 3% infection rate in the authors’ General Hospital
population receiving parenteral nutrition.

Survival and Causes of Death

The survival rate in the cirrhosis and in the hepatitis
group was similar, 45% and 47% respectively. The sur-
vival rate in the hepatorenal group was only 25%.
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The main causes of death were liver failure and sep-
sis. Most patients died of a combination of two or more
of the factors and causes mentioned in Table 6, mainly
the combination of liver failure, renal failure and sepsis.

Treating Hepatic Encephalopathy with FO80 Alone

For 24 encephalopathic patients FO80 was the only
treatment modality for their encephalopathy. When the
results in this group are compared with the group re-
ceiving conventional treatment modalities for hepatic
encephalopathy as well, such as oral neomycin and/or
lactulose, response to treatment in both groups was sim-
ilar with the group getting FO80 alone, showing a 66%
improvement in encephalopathy and a 50% survival rate
compared with a 46% survival rate in patients receiving
FO80 and other treatment modalities. Even in retro-
spect there was no selection in the group recgiving FO80
alone.

Discussion

This report concerns an unselected group of patients
with severe liver disease in a large urban hospital. A
large percentage of patients with chronic cirrhosis who
entered the hospital did so because of variceal or other
types of gastrointestinal bleeding. Severe alcoholic hep-
atitis made up a good portion of the patients in the
alcoholic group. This was rather a sick group of pa-
tients. The long duration of hospitalization before con-
sultation for nutritional support, the comparatively long
duration of coma before FO80 therapy despite, in most
cases, standard treatment for hepatic coma, and the
liver chemistries clearly point to a severely ill group of
patients in whom nutritional support was required. The
pretreatment liver chemistries show a mean bilirubin
in the chronic cirrhosis hepatitis group of 13 mg/100
ml and in the acute hepatitis group of 25 mg/100 ml.
Albumin was 2.8 g/100 ml in the cirrhosis group and
2.9 in the hepatitis group despite albumin supplemen-
tation. Despite this there was a significant salvage in
each of the groups. One feature of the study is that the
patients remained on the service of the primary phy-
sician and most of the decisions concerning major treat-
ment modalities continued to be made by the patient’s
primary physician with a nutritional support team serv-
ing only in an advisory capacity. In this study nutri-
tional support using relatively large amounts of protein
was achieved despite hepatic coma, and in a significant
number of patients, nitrogen balance was achieved.
Despite this, improvement in encephalopathy was seen
in the majority of patients suggesting that this specially
designed solution was well tolerated in these protein
intolerant patients.

It could be argued that in this group of patients,
wake-up was a function of improvement in the liver
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TABLE 6. Causes of Death in 63 Patients with Cirrhosis,
Hepatitis, and Hepatorenal Syndrome

Cirrhosis Hepatitis
No. pts. (%) No. pts. (%)

Hepatic failure 10 (22) 6 (33)
Sepsis 9 (19) 3(17)
Respiratory failure 6 (13) 3(17)
Renal failure 6 (13) 2 (11)
Cardiovascular failure 6(13) 2(11)
Gastrointestinal bleeding 5(11) 1(5.5)
Hepatorenal syndrome 49 —

Irreversible coma — 1(5.5)

disease and had absolutely nothing to do with FO80
therapy. This is unlikely for several reasons.

1. Most of the patients had been in coma for five days,
despite standard therapy, and did not appear to be im-
proving.

2. Many of the patients had been in the hospital for
approximately 14 days and improvement in liver dis-
ease, should it occur spontaneously, is less likely after
this period of time.

3. Even after improvement with nutritional support,
most of the patients remained in the hospital for be-
tween 2 to 6 weeks.

Although it is impossible to state with certainty that
nutritional intervention was associated with wake-up
from hepatic encephalopathy, these factors make a
chance association less likely but do not rule it out.

If the controversial aspects of these studies are elim-
inated, such as etiology of hepatic encephalopathy, the
results can be said to show the following:

1. In a group of patients with severe liver disease, pro-
tein intolerance, and hepatic encephalopathy, signifi-
cant amounts (60-120 g/day) of intravenous amino
acids (normally contraindicated) were tolerated with
either no deterioration or improvement in hepatic en-
cephalopathy.

2. Nitrogen balance was achieved when between 75 and
80 g of amino acids/24 hours were administered with
hypertonic dextrose.

3. Improvement in encephalopathy occurred simulta-
neously with the administration of a branched-chain
enriched amino acid solution with hypertonic dextrose.
This improvement was evident on neurologic exami-
nation by three different observers, Reitan trailmaking
test, and objective improvement in EEGs.

4. Itis possible that survival was improved in this group
of patients from what one might ordinarily expect. Be-
cause the study was not prospectively randomized it is
not possible to claim that survival was due to nutritional

support.

What is the mechanism by which branched-chain
enriched amino acid solutions and hypertonic dextrose
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presumably operate in hepatic encephalopathy? We
believe that the patient with chronic liver disease begins
with “a sensitized brain” as proposed by Shenker,? with.
an abnormal plasma amino acid pattern with increased
aromatic amino acids, mildly decreased branched-chain
amino acids,'®??’ and a significant increase in plasma-
free tryptophan.?®?®*?* Ammonia may or may not be
elevated. This abnormal plasma amino acid pattern re-
sults in threshold disturbances in neurotransmission in-
cluding increased aromatic amino acids within the
brain, phenylalanine, tyrosine and tryptophan and their
aminergic by-products, the B-hydroxyphenylethyl-
amines, with decreased dopamine and norepinephrine,
and increased indoleamines. Such threshold manifes-
tations can be detected by careful neurologic exami-
nation in patients*>*! and in disturbances in behavior®>33
and/or circadian rhythm in experimental animals.**

When hepatic coma supervenes a variety of biochem-
ical events increase the neurotransmission abnormali-
ties in the central nervous system. Metabolic changes
leading to increased lipolysis****>3¢ and increased ca-
tabolism are perhaps mediated by increased glucagon.
This in turn contributes to elevation of the already el-
evated aromatic amino acids,"”**® but also a striking
increase in the plasma free tryptophan, making it more
available for penetration across the blood-brain barrier.
When and if ammonia is increased, it is “detoxified”
in the brain to glutamine which then is exchanged via
the L-transport system in an effort to normalize brain
glutamine.”” As glutamine leaves the brain it is ex-
changed for neutral amino acids, thus increasing the
penetration of the toxic aromatic amino acids and in-
creasing their amine by-products. This results in greatly
increased serotonin?*?®?° and 8-hydroxyphenylethanol-
amine, decreased dopamine, and decreased norepineph-
rine.

According to this hypothesis any therapy that de-
creased peripheral ammonia will, by decreasing brain
glutamine, decrease the penetration of the toxic aro-
matic amino acids across the blood-brain barrier.?

According to this hypothesis, therefore, the effect of
ammonia is indirect, mediated via changes in the central
nervous system amino acids and their neurotransmitter
by-products. It follows that if one prevents the forma-
tion of glutamine, the toxicity of ammonia is decreased.
This has been demonstrated in vivo using methionine
sulfoximine in mice®® and in vitro using isolated brain
capillary preparations.® In the latter situation, pre-
treatment of isolated brain capillaries, which prevents
synthesis of glutamine, abolished the increased trans-
port of amino acids secondary to incubation in high
ammonia media.*

The purpose of the FO80 therapy is several-fold. The
provision of hypertonic glucose and increased amounts
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of branched-chain amino acids presumably decrease
catabolism and proteolysis by providing exogenous cal-
ories. In addition hypertonic dextrose will decrease
plasma glucagon which the authors now feel is impor-
tant in initiating lipolysis, increasing plasma nonester-
ified fatty acids and liberating tryptophan from binding
sites on albumin, thus making it much more available
for entry into the central nervous system. The branched-
chain amino acids have recently been thought of as
having a regulatory role in efflux of amino acids from
peripheral muscle,'*!* which the authors believe to be
the peripheral source of aromatic amino acids in the
catabolic situation. In recent experiments when increas-
ing amounts of branched-chain amino acids are given,
the addition of hypertonic dextrose as opposed to low-
dose dextrose does not appear to increase glucose pro-
tein sparing significantly once an optimal amount of
branched-chain amino acids is given.*® Additionally, the
provision of glucose calories and amino acids should
increase protein synthesis thereby reducing levels of the
plasma aromatic amino acids and making them less
available for entry into the brain.

In addition to these peripheral effects of both the
branched-chain amino acids in decreasing catabolism
and promoting protein synthesis, increase in plasma
concentrations of the branched-chain amino acids will
also result in greater competition with the aromatic
amino acids for entry across the blood-brain barrier by
the common L-system carrier.'®

In these studies, a direct effect of FO80 therapy on
ammonia concentrations within the peripheral venous
blood was not seen. Samples were drawn on ice and
transported rapidly to the laboratory to minimize ar-
tifact. Nonetheless, statistically significant decreases in
ammonia were not obtained. It becomes increasingly
clear, however, that ammonia does not only arise from
the gut but that a large amount of ammonia is generated
by deamination of amino acids by muscle. The provision
of adequate calories and amino acids for protein syn-
thesis should decrease the efflux of ammonia from skel-
etal muscle.

Of all of the biochemical parameters that were mea-
sured in this study, only the plasma amino acids and
the plasma amino acid ratio in most patients appeared
to correlate with the clinical grade of encephalopathy.
The correlation is not exact, but on the basis of recent
work both from this and other laboratories and data
which .indicate exchange of amino acids for glutamine
across the blood-brain barrier one would not expect a
one-to-one correlation between a plasma amino acid
ratio and the concentration of various amino acids
within the central nervous system, as the CNS concen-
tration of amino acids is dependent on the activity of
the blood-brain barrier,® the concentration of ammonia,



Vol. 196 ¢ No. 2

plasma concentration of amino acids, and the concen-
tration of nonesterified fatty acids displacing trypto-
phan from albumin, which in turn are probably related
to release of glucagon and so forth. Thus, a simple ratio
would be expected to give an indication, but not the
total picture, of the status of amino acid transmitter
precursors within the CNS. Experiments in chronic
animal preparation in which chronic indwelling lateral
CSF ventricular cannulas monitored the progress of
hepatic encephalopathy compare such central nervous
system findings with plasma amino acid ratios confirm
this concept,**? since in those experiments it was con-
cluded that it was impossible to predict at a given time
what the central nervous system concentrations of
amino acids were from the plasma concentrations. In
these studies, as stated earlier, there was little or no
correlation between grade of encephalopathy and pe-
ripheral blood ammonia measured in a good clinical
laboratory under conditions in which animonias were
drawn on ice and delays were avoided before measure-
ment. It is not clear whether there would have been a
better correlation had arterial blood or a research tech-
nique for ammonia been used.

The results herein reported appear to support the
amino acid neurotransmitter hypothesis. Unexpected
confirmation of this hypothesis related hormone whose
control is partially dopaminergic in patients with liver
disease. Hyperprolactinemia has been reported both in
Reye’s Syndrome*® and in patients with cirrhosis and
hepatic encephalopathy,* thereby confirming abnor-
malities in central dopaminergic transmission in liver
disease.

It is difficult to say in these patients whether provision
of appropriate parenteral nutrition altered the clinical
course and resulted in increased survival. These are a
very sick group of patients, particularly those patients
with acute (alcoholic) hepatitis with a mean bilirubin
of 25 in whom an extremely high mortality can be ex-
pected. In previous studies of nutritional support in pa-
tients with other acute organ injuries such as renal fail-
ure,* it has been suggested that the appropriate type
of nutritional support may result in faster recovery from
a given insult and demonstrated improved survival if
proper nutrition is provided.

More recently, in a randomized prospective trial in
a far less sick group of patients with alcoholic hepatitis
without significant encephalopathy (bilirubin = 8 mg/
100 ml), increased survival was seen in the group with
aggressive nutritional support in this case being carried
out with chemically-defined diets.*® Thus, aggressive
nutritional support does seem to be associated with in-
creased survival in acute alcoholic hepatitis, as may
have occurred in this study.

These results are encouraging. In a disease whose
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course is varied it is clear that the only study that will
answer the question is a randomized prospective double-
blind trial, currently being carried out, in which nutri-
tional suppott with a branched-chain enriched amino
acid solution is randomized against a known form of
therapy such as neomycin.
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