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A prospective, randomized, double-blind trial of the nutritional
effects of branched chain modified amino acid solutions was
undertaken in 23 surgical patients within 24 hours of the onset
of major general surgery, polytrauma, or sepsis. The effects
were evaluated in the absence of abnormalities of oxygen trans-
port and perfusion in an isocaloric/isonitrogenous setting where
the major difference between the groups was the amount of
branched chain amino acids received. Both groups received bal-
anced parenteral nutrition with 1.5 gm/kg/day of amino acids,
30 calories/kg/day of glucose, and 7 calories/kg/day of fat. At
the end of the 7-day study interval, the group receiving the
branched chain enriched therapy at 0.7 gm/kg/day of branched
chain amino acids had improved nitrogen retention; an elevation
of their absolute lymphocyte count from 800 to 1800/mm3, a
reversal of anergy to recall skin test antigens in 60% of the
patients, and improved plasma transferrin levels (p < 0.03).
Nutritional support using the modified amino acid metabolic
support solutions has beneficial effects during the stress interval
that do not seem as achievable with current commercially avail-
able nutritional support regimens.

HE STRESS RESPONSE of major general surgery, poly-
trauma, and surgical sepsis is associated with negative

nitrogen balance, reduced total body protein synthesis,
increased proteolysis, and the suppression of immuno-
competence.'-7 Current nutritional support techniques
have made a limited impact on this response.8'3 With
the advent of the altered amino acid support solutions
that are modified in their amino acid content and enriched
with the branched chain amino acids leucine, isoleucine,
and valine, there have been claims made of improved
nitrogen retention by effects on protein synthesis and
proteolysis.'4 '9 Effects on immunocompetence and he-
patic protein synthesis have not been demonstrated.
The present study was designed as a prospective, ran-

domized, double-blind trial of the modified branched
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chain enriched amino acid solution's capacity to support
stress metabolism and its systemic consequences during
the human response to major general surgery and sepsis.

Materials and Methods

Twenty-three patients were enrolled in this prospective,
randomized, double-blind trial in a protocol approved
by the Human Investigations Committee ofthe University
of Minnesota Hospitals. All patients were entered with
written informed consent.

Patients who entered the study did not have diabetes
mellitus, were not receiving steroids or chemotherapy,
and were not receiving insulin. All patients were within
24 hours for major polytrauma or elective/emergency
general surgery. The group characteristics are summarized
in Table 1. Sepsis was defined as an anatomically doc-
umented source together with the presence of blood cul-
tures that grew gram-negative organisms. The sources of
infection were colon and small bowel anastamotic leaks
or perforations, acute cholangitis or gangrenous chole-
cystitis, or multilobe pneumonias. Systemic findings such
as fever, leukocytosis, and tachycardia were also present.
Major general surgical procedures included radical cys-
tectomy, renal artery stenosis or aortic aneurysm resec-
tions, gastrectomy, total colectomy or panproctocolec-
tomy, choledochojejunostomy, resection ofpelvic tumors,
and complex small bowel obstructions requiring proce-
dures greater than 5 hours duration with resection of
major quantities of small bowel. Most patients who en-
tered the study were moderately malnourished using the
criteria of clinical examination: a plasma transferrin of
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TABLE 1. Patient Characteristics

Control Group Branched Chain Amino Acid Group

At Entrance

Per cent male
Age (years)
Height (cm)
Weight (kg)
Per cent ideal body weight
Number patients
Per cent sepsis
Per cent elective

Allbumin (gm/dl)
Glucose (mg/dl)
Blood urea nitrogen (mg/dl)
Creatinine (mg/dl)
Lactate (mm/i)
Pyruvate (mm/i)
Lactate/pyruvate ratio
Bilirubin (mg/dl)
SGOT (U/I)
LDH (U/1)
AST (U/1)

Values X ± SD.

70
56 ± 13
170 ± 13
66 ± 10
100 ± 18

11
50
50

Day

0
3 ± 0.5

169 ± 40
30 ± 20
1.4 ± 0.7
1.9 ± 1
0.1 ± 0.05

17
3 ± 4

40 ± 25
429 ± 190
250 ± 190

7
2.4 ± 0.6
170 ± 70
29 ± 16
1.2 ± 0.6
1.2 ± 1

0.07 ± 0.04
18

4 ± 6
49 ± 44

410 ± 190
470 ± 250

0
3 ± 0.6

160 ± 50
20 ± 16
1.2 ± 0.6
1.5 ± 0.5

0.08 ± 0.06
18

3 ± 3
52 ± 36

480 ± 200
237 ± 160

less than 200 mg/dl, albumin of less than 3 gm/dl, and
an absolute lymphocyte count of less than 1000/mm3.

All patients were in the Surgical Intensive Care Unit.
As part of their postoperative support regimen, they had
optimized cardiac outputs to maintain an oxygen con-
sumption index ofgreater than 140 ml/m2 and had normal
lactate to pyruvate ratios. The absolute level of lactate
on entrance into the study was approximately 1700
,gmol/l. Thus, great care was taken to assure that there
was no perfusion deficit present such that the metabolic
study might proceed in the absence ofoxygen deprivation
effects. 1,8,9,14
The patient's care was given in accordance with sound

clinical practice. Nutritional support was begun as soon

as oxygen transport was stabilized in the postoperative
period. An isocaloric/isonitrogenous study was imple-
mented where the major nutritional difference between
the control and the branched chain amino acid group
was the quantity of branched chain amino acids admin-
istered. The patients were randomized in central phar-
macy using a list that was randomly derived by the com-
puter. The treatment group was unknown to patients or

to anyone involved in the patient's care. Beginning on

Day 0, the solutions were started and rapidly increased
to provide 30 glucose calories/kg/day; 7 fat calories/kg/
day; and 1.5 gm/kg/day of protein as amino acids. The
study continued for a full 7 days of support. The control
group received a commercial amino acid solution that
was approximately 24% branched chain amino acids. The

branched chain amino acid group (BCAA) received the
same commercial amino acid solution except that it was
enriched with branched chain amino acids such that the
branched chain concentration was now 45% and the ratio
of leucine, isoleucine, and valine was 1:4:7. Thus, the
total protein that the patients received was the same but
the BCAA group received approximately 0.7 gm/kg/day
of branched chain amino acids while the control group
received 0.36 gm/kg/day of branched chain amino acids.

Twenty-four-hour urines were collected daily for the
determination of total nitrogen excretion and for the de-
termination of 3-methylhistidine excretion. The presence

of 3-methylhistidine in the urine was used as an index
ofthe degree ofmuscle proteolysis that was occurring.'4"6
All patients had a glomerular filtration rate at entrance
into the study ofgreater than 25 ml/minute as determined
by 24-hour urinary creatinine clearance.

Eleven patients were randomized to the control group
and 12 patients were randomized in the BCAA group.
Upon entrance into the study and on Day 7, the following
laboratory tests were done: electrolytes, blood urea ni-
trogen and creatinine, prothrombin time, partial throm-
boplastin time, platelet count and fibrinogen, SGOT,
LDH, alkaline phosphatase, bilirubin, complete blood
count with differential, plasma albumin and transferrin,
and a plasma amino acid profile on heparinized arterial
blood. Skin tests were applied upon entrance to the study
and on Day 7. The skin test battery included intradermal
injections of mumps, candida, and second strength pu-

Vol. 199 - No. 3

65
54 ± 14
167 ± 9
70 ± 10

111 ± 14
12
60
40

Day

7
2.9 ± 0.7
130 ± 50
23 ± 19
0.9 ± 0.4
0.9 ± 0.4

0.05 ± 0.05
18

5 ± 6
46 ± 33
350 ± 100
393 ± 186



TABLE 2. Nutritional Input Data

Control Group Branched Chain Amino Acid Group

Day Day

0-1 3-4 6-7 0-1 3-4 6-7

Source amino acidp total
Gm/kg/day 1.0 ± 0.5 1.5 ± 0.3 1.5 ± 0.5 0.9 ± 0.4 1.4 ± 0.3 1.3 ± 0.4
Nitrogeningm/day 14±6 15±4 14±5 11±5 14±4 15±4

Glucose
Cal/Kg/Day 24±8 30±8 34±5 22±7 30±8 30± 11

Fat
Cal/kg/day 7 7 7 7 7 7
Number patients 11 11 11 12 12 12

Values X ± SD.

rified protein derivative (PPD). A positive response was approximately twice the branched chain amino acid load
the presence of 5 mm of induration at 48 to 72 hours as the control group. There were no significant differences
after application of this skin test. between the groups in the caloric or nitrogen inputs.

Statistical analysis was performed with a t-test, using There were no significant changes during the 7-day
appropriate corrections for sample size and variance where study interval in patient weight, coagulation factors, elec-
indicated. Inter- and intragroup differences were analyzed. trolytes, blood urea nitrogen (BUN), creatinine, and cre-
The nutritional input, urinary output, and plasma amino atinine clearance. The urinary excretion data are sum-
acid data were combined for data analysis purposes into mnarized in Table 3. Because ofthe severity ofthe patients'
Days 0 and 1, Days 3 and 4, and Days 6 and 7. illnesses, and the immediate postoperative period of the

evaluations, bowel movements were a rare occurrence.
Therefore, a factor of 1.5 gm/day was added to the urinary

Results nitrogen excretion in the calculation of the nitrogen bal-
All patients successfully completed the 7-day study in- ance. There was no statistical difference in the urinary

terval. As is summarized in Table 1, there were no dif- nitrogen excretion on the first day ofthe study. However,
ferences between the groups in age, sex, nutrition indices, by Day 7, the urinary nitrogen output in the BCAA group
laboratory tests, incidence of sepsis, or types of surgical was less than the control group at the p = 0.05 level. As
procedures. The nutritional input data are summarized the study progressed, 3-methylhistidine excretion declined
in Table 2. The patients received the same amount of in both groups, but there were no differences between
calories and fat irrespective of their group: 30 calories/ the groups. Both groups started in negative nitrogen bal-
kg glucose and 7 calories/kg fat. There were also no dif- ance. The BCAA group, however, showed an increased
ferences in the amino acid load with approximately 1.5 nitrogen retention and a progressively positive nitrogen
gm/kg/day being administered to each patient irrespective balance on Days 3 and 7 that was greater than the control
of the group.. Thus, the major nutritional difference be- group on Day 7 at the p < 0.03 level. Cumulative nitrogen
tween the groups is the amount ofbranched chain amino balance was also greater in the BCAA group (9 ± 3 vs.
acid that the groups received. The BCAA group received -2.5 ± 3.5, p < 0.03).

TABLE 3. Urinary Excretion

Control Group Branched Chain Amino Acid Group

Day Day

0-1 3-4 6-7 0-1 3-4 6-7

Total nitrogen (gm/day) 16 ± 8 15 ± 7 14 ± 4 12 ± 3 13 ±4 11 ± 3*
3-Methylhistidine (Am/day) 335 ± 180 233 ± 150 142 ± 86 256 ± 88 261 ± 168 188 ± 100
Nitrogen balance (gm/day) -2.0 ± 4 0.2 ± 4 -0,9 ± 6 0.6 ± 5 1.4 ± 6 5 ± 3t
Cumulative totalf -2.5 ± 3.5 9 ± 3t
Number of patients 11 11 11 12 12 12

Values X ± SD.
* Significant at p = 0.05.

t Significant at p < 0.03.
t Also includes Day 5 balance.
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TABLE 4. Plasma Amino Acid Data

Control Group Branched Chain Amino Acid Group

Day Day

0-1 3-4 6-7 0-1 3-4 6-7

Alanine 30 ± 16 38 ± 18 37 ± 17 29 ± 13 39 ± 17 38 ± 19
Isoleucine 5 ± 3 8 ± 4 10 ± 5 4 ± 2 21 ± 10 18 ± 12*
Leucine 9 ± 3 12 ± 4 9 ± 4 9 ± 2 10 ± 3 11± 2
Valine 19 ± 6 32 ± 13 30 ± 9 18 ± 5 56 ± 40 107 ± 80*
Phenylalanine 11 ± 3 10 ± 3 11 ± 3 9 ± 5 8 ± 2 10 ± 4
Tyrosine 5 ± 3 10 ± 3 5 ± 2 6 ± 3 5 ± 2 6 ± 2
Methionine 4 ± 3 5 ± 2 5 ± 2 3 ± 2 4 ± 2 4 ± 2
Glutamine 34± 11 38 ± 12 36± 11 39±9 38± 11 40± 14
Proline 15±6 26±8 30± 14 14±5 24±9 23± 11
Taurine 3 ± 1 5 ± 3 9 ± 15 4 ± 2 4 ± 2 5 ± 3

Values are Mm/100 ml plasma from arterial blood.

The plasma amino acid data are summarized in Table
4 and in Figure 1. The BCAA group evolved a profile
pattern that was significantly increased in total branched
chain amino acid and in the isoleucine and valine con-
centrations by Day 7 of the study. The remainder of the
amino acid profiles were not different between the groups.
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* Signifies p < 0.03 relative to control.

The liver function tests are summarized in Table 1.
There were no differences between the groups either at
entrance into the study or at any point during the study.
The nutritional effect data are also summarized in Table
5. The plasma transferrin levels were higher on Day 7 in
the BCAA group (p < 0.05) and there was a greater rise
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FIG. 1. Depicted are the plasma amino acids of the control and branched chain amino acid enriched groups relative
to overnight nonstressed fasting man. The dark inner circle represents the mean value for each variable (radians)
for nonstressed, overnight fasting man. Each ofthe dotted circles then represents the standard deviational diflerences
from this fasting nonstressed control. Plotted against this are the valuet on Day 7 from the control group and from
the branched chain enriched modified amino acid Group. This latter group has an elevation of the total branched
chain content and of the concentrations of isoleucine and valine. Otherwise, the amino acid patterns throughout
the course were typical of those of stressed surgical, polytrauma, and septic patients.
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TABLE 5. Branched Chain Amino Acid Effects

Branched Chain Amino
Control Group Acid Group

Day Day

0 7 0 7

Absolute
lymphocyte
count (No./
mm3) 900 ± 38 1200 ± 600 800 ± 500 1800 ± 250*

Per cent recall
skin test
positive 0 10 0 60t

Plasma transferrin
level (mg/dl) 182 ± 32 186 ± 21 173 ± 39 203 ± 46*

Change in plasma
transferrin from
day 0 (mg/dl) 4.6 ± 28 31 ± 46*

Number of
patients 11 12

* = p < 0.05.
t = p < 0.01.

from baseline in the BCAA group (p < 0.05). The absolute
lymphocyte counts demonstrated a rise in the BCAA
group at the p < 0.05 level. The control group had some
rise in the absolute lymphocyte count, but not of statistical
significance. All patients were anergic at the entrance to
the study. After Day 7 of the study, 60% of the BCAA
group were now reactive to at least one recall antigen
skin test; only one patient in the control group was now
positive (p < 0.01).

Discussion

This prospective, randomized, double-blind study of
the effects ofbranched chain enriched amino acid therapy
in a setting of isonitrogenous, isocaloric nutritional sup-
port demonstrated several beneficial effects in the BCAA
group. This group achieved better nitrogen retention and
positive nitrogen balance, improved plasma transferrin
levels, and demonstrated significant improvements in both
absolute lymphocyte count and skin test reactivity after
7 days of infusion.
The metabolic response to surgical stress and sepsis

runs a predictable course following the onset ofthat stress.
The effects on the metabolic machinery by the neuro-
humeral modulating system produce a predictable se-
quence of measurable events.3'5'910'2"3 Using a classifi-
cation that describes and characterizes these events, the
admission values would indicate that the current group
under study was a level 2 of4 stress (a moderate level).'2"14
Thus, a substantial quantity of stress was present in this
group of moderately malnourished patients at the time
of entrance into the study.
The endpoints of nutritional support regimens during

the stress response are to provide effective support of the

lean body mass, effective support of hepatic protein syn-

thesis, and, hopefully, to support immunocompetence.
Under these conditions, the use of standard nutritional
support to provide 150 nonprotein calories/kg/day and
1 gm ofprotein/kg/day has had disappointing results and
an increased incidence of pulmonary and liver compli-
cations.1'4'5'8'1013'14 Adjusting the nutritional support dur-
ing the stress phase such that it is more appropriate to
the stress response has minimized the complication
rate but has not improved the response rate substan-
tially.'0'12"18-2' This was achieved by providing approxi-
mately 2 gm/kg/day of amino acids and 35 nonprotein
calories/kg/day with approximately 30% to 40% of those
nonprotein calories as exogenous fat.
The inability of standard amino acid solutions and

nutritional support regimens to achieve these goals, and
a better understanding of the amino acid requirements
of stress both on an organ level and organism level has
led to the development of modified amino acid support
solutions.8'12'16"7'22 The principle modifications have been
the enrichment ofthe basic balanced amino acid solutions
with branched chain amino acids. This rationale was the
result of research demonstrating the increased oxidation
of branched chain amino acids under stress along with
an increased demand to meet hepatic protein synthe-
sis. 2 10 Thus, in the present study, the branched chain
amino acid levels do not rise until the last 2 days, probably
reflecting the change in stress level and reduction in the
"branched chain amino acid-sink" effect.

In experimental studies, the 'increased loads of leucine,
isoleucine, and valine have been shown to have a met-
abolic regulatory function with a promotion of protein
synthesis and a reduction of protein degradation.'6'17'22
In randomized, prospective, blinded trials in humans, the
nitrogen retention effect has been demonstrated.'4 With
a failure to reduce the excretion rate of 3-methylhistidine
in the urine, this effect on nitrogen retention was felt to
be from an increase in protein synthesis. The BCAA for-
mula used in this study was a 50% BCAA-enriched bal-
anced commercial amino acid solution with an equimolar
ratio ofthe BCAA. The nitrogen effect was probably better
than with the present solution as the patients in that study
were in better nitrogen retention by Day 3. As the amino
acid loads were comparable, this discrepancy may reflect
different levels of stress or an effect of a different ratio of
the BCAA.
To date, an effect on immunocompetence has not been

demonstrated,'4" 5 although there is experimental evidence
that deficiencies ofisoleucine and valine do affect immune
function.23'24 The depression ofimmune function follow-
ing the onset ofmajor general surgery and sepsis is a well-
described phenomenon.1,7,8,18,25,26 Indeed, a reduction in
absolute lymphocyte count and the presence of skin test
anergy are not only an integral part of this response but
are also associated with moderate levels of protein calorie
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malnutrition.6" 9-21'27'28 In the present study, whether the
initial reduction in absolute lymphocyte counts and the
presence of skin test anergy was due to the preexisting
malnutrition or the onset of stress is nonsolvable with
the current data. Since the patient type was identical in
both groups, the degree of metabolic stress was the same
at entrance into the study, and the major difference be-
tween the groups was the amount of branched chain
amino acids that one group received, the anergy reversal
and increase in absolute lymphocyte count would appear
to have been significantly impacted by the branched chain
amino acids.

In the studies of the nitrogen retention effect of the
branched chain amino acids, the dose required to achieve
this effect was at least 0.5 gm/kg/day. The dose that our
present group received of 0.7 gm/kg/day is well within
this therapeutic effect range. 15,16

Branched chain modified amino acid solutions are thus
capable of favorably impacting the patient's metabolic
response to stress. The solutions seem to induce nitrogen
retention, apparently resulting through a rebalancing of
protein kinetics in favor of protein synthesis. Perhaps the
improved plasma transferrin levels are also reflecting this
improved synthetic milieu.
A possible, previously unobserved effect ofthe solution

used in this study is on the support of immune function.
The precise origin of these effects is currently unknown.
How the branched chain amino acids would help to restore
lymphocyte count and skin test reactivity is also a matter
of conjecture. Possibilities would include: a local cellular
effect on protein synthesis or adenosine triphosphate
(ATP) production, a milieu effect following a "normal-
ization" ofthe plasma amino acid pattern, or a secondary
phenomenon following the systemic effects of the
branched chain. More detailed studies of the effects of
the modified branched chain enriched amino acid so-
lutions on the specifics of leukocyte cell and lymphocyte
function need to be undertaken.

Thus, nutritional support solutions will be available
that are specifically designed for use during the stress
response. Utilization of these solutions in nonstressed
patients seems to have no increased effect over current
commercial solutions and has an adverse-effect potential.
The need to monitor the level of stress and adjust the
kind of support solution becomes an integral part of nu-
tritional support during the stress interval. Whether these
metabolic support tools will impact on morbidity and
mortality and the subsequent occurrence of multiple sys-
tem organ failure in these groups of patients is currently
unknown, but under study.
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