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The role of protein nutrition in the convales-
cence of surgical patients has been emphasized by
many authors during the past 15 years, and much
of this work has recently been ably reviewed by
Lund (1). The observations of Cuthbertson (2),
confirmed by Howard and his co-workers (3),
that fractures of long bones resulted in a marked
negative nitrogen balance which could not be over-

come by substantial increases in the protein intake,
raised certain questions regarding the possible ef-
fects on nitrogen requirements and nitrogen bal-
ance of extensive surgical operations. It seemed
important to know how soon after operation a

positive nitrogen balance could be re-established,
and what levels of nitrogen and caloric intake
would be required to accomplish this.

Many of the previous concepts of the protein nu-

trition of surgical patients have been based on

changes which were found in the serum protein
concentration at different periods. It is generally
acknowledged that the use of such data may lead
to erroneous conclusions, but they have continued
to be used by many investigators chiefly because
of the difficulties in carrying out the more inform-
ing balance studies. In this project, additional
technical aid made it possible for us to carry out
both types of study. Our results indicate that the
serum protein concentration may, at times, in-
crease in spite of a negative nitrogen balance dur-
ing the period of study.

It has also been possible to compare the effec-
tiveness of whole protein with various preparations

The work described in this paper was done under a

contract, recommended by the Committee on Medical
Research between the Office of Scientific Research and
Development and the University of Pennsylvania.

of hydrolyzed protein in the maintenance of the
patient's nutrition after an operation on the gastro-
intestinal tract.

PROCEDURE

In selecting patients, we gave preference to young adult
males, but we did not limit the study to this group. The
patients selected had usually undergone an extensive sur-
gical operation, and usually one which interfered, at least
to some extent, with the ability to eat. Thus, preference
was given to patients who had had a gastric resection,
and to neurosurgical patients who had had a craniotomy
or craniectomy. The latter group will be considered in
more detail in a separate paper, but the entire series is
presented in Table I.

In the gastric cases, Abbott-Rawson tubes were fre-
quently placed at operation either according to the oro-
jejunal method of Stengel and Ravdin (4) or according
to the gastro-jejunal method of Bisgard (5). In the
craniotomy cases, Levine tubes were often passed into the
stomach. Some patients in both groups were fed by
mouth.

The various types of feeding used may be listed as
follows:

1. Food from a metabolic kitchen, either in the form
of a liquid, soft or full hospital diet.

2. Amigen (enzymatic digest of casein and pancreas).2
3. Amigen and hospital diet.
4. Lactalbumin hydrolysate.3
5. Gastrostomy mixture prepared in the following pro-

portions:
Skim milk ............ 500 ml.
Skim milk powder ........ 50 grams
Cottage cheese ............ 50 grams
Soybean flour ............ 50 grams
Egg ..... ....... 1

Preparation of feedings.
The desired amount of Amigen was dissolved in water

and either glucose, starch or Dextrimaltose added to make

2Amigen powder (Mead Johnson & Co.).
3 Wyeth and Co.
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up the predetermined number of calories. In some pa-
tients the Amigen was given in water, and additional cal-
ories were furnished by a glucose solution given intra-
venously. The volume of solution given by mouth or
tube was approximately 200 ml. at a single feeding, and
the frequency of feeding was varied so as to provide the
total amount of nitrogen and the calories desired in any
24-hour period. Usually 200 ml. were given every 2 to 3
hours. Lactalbumin hydrolysate was administered in the
same manner as Amigen. The gastrostomy mixture was

prepared in the laboratory, and carbohydrate was added
to provide the desired number of calories.

In the early part of the work the patients were studied
for 10 days postoperatively. It became apparent that the
usual negative nitrogen balance found following operation
became a positive balance as the patients began to eat
larger quantities of food. In the latter part of our work,
therefore, we limited our nitrogen balance studies to the
first 5 days of the postoperative period.

Methods of administration.
When food was given by mouth, it was offered at

regular hours, and records were kept of the food actually
ingested. When the patient was on a constant intake,
the portions not eaten at the regular meal hour, or equiva-
lent substitutes, were offered between meals.

When the patient was fed by tube, the feeding was

administered by the drip method. Small portions (usu-
ally 200 ml.) were given at intervals of 2 to 3 hours
throughout the day. When the gastrostomy mixture was

too thick to run by gravity through small tubes, the feed-
ings were injected slowly into the tube by syringe.

Collection of specimens.
All urine was collected under toluene for 24-hour pe-

riods throughout the period of study, and sent to the
laboratory where volume measurements were made.

Feces were collected in many, but not in all cases;

but when they were, the patient was given carmine by
mouth at the beginning of the study and at the end of
5 days. Feces were collected as 24-hour specimens from
the day of appearance of the first carmine up to and
including the day of appearance of the second carmine.

Vomitus was collected and analyzed for total nitrogen.
Material obtained by suction drainage was carefully col-
lected and analyzed.

Methods of analysis.
All total nitrogen determinations were done by a semi-

micro Kjeldahl method (6a and b) and nonprotein nitro-
gen by a colorimetric method using Nessler's reagent (7).

Samples of Amigen, of lactalbumin hydrolysate, and of
the gastrostomy mixture were analyzed for nitrogen.
Food furnished as "Hospital Diet" was not analyzed in
the laboratory, but values as given in standard diet tables
were used (8a and b). Urine was usually diluted 1: 50
or 1: 100, plasma 1: 10, and appropriate samples taken
for analysis. Feces were thoroughly mixed by mechanical

stirring in acidified water, and an appropriate sample
taken for analysis.

Hematocrit readings were determined in Sanford-
Magath tubes, using heparin as the anticoagulant.

RESULTS

Nitrogen balance.
Table I shows the results of studies on 55 pa-

tients fed by mouth or tube. The results are ar-
ranged in order of an increasing nitrogen intake.
It is evident that:

1. Thirty-seven (67 per cent) of the 55 patients
were in negative nitrogen balance for the first 5
postoperative days; 5 were in equilibrium,4 and 13
were in positive nitrogen balance.

2. Of 18 in equilibrium or in positive nitrogen
balance, 12 fell in the group receiving 0.3 gram of
nitrogen per kgm., and 30 calories per kgm. or
more daily.

3. Of 18 getting 0.3 gram of nitrogen or over, 12
were in positive nitrogen balance; 6 were in nega-
tive nitrogen balance. Of these 6, 3 were on
low caloric intakes.

Type of operation.
Most of the patients studied fell into two groups,

(1) gastric and (2) cranial operation. Dividing
the patients into these 2 groups failed to show any
gross difference in the results of feeding on nitro-
gen balance; i.e., in both groups, most of the pa-
tients who were in balance received 0.3 gram of
nitrogen and 30 calories per kgm. daily, or over.

Age and sex.
No correlation was found between age or sex of

patients and their ability to attain nitrogen equil-
ibrium with comparable nitrogen and caloric in-
take.

Nitrogen losses in feces.
There was considerable variation between pa-

tients in the amount of nitrogen excreted in the
feces. Table II gives figures for the range of ex-
cretion and average of a number of patients
grouped according to the method of feeding.
Those patients who were fed by tube into the
jejunum showed the greatest average loss of ni-

4 If the patient had a daily average nitrogen balance of
- 1.0 to 0.0, he was considered to be in nitrogen equi-
librium.
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TABLE I

Nitrogen Nitrogen output Nitrogen
per intake S day period balance

Patient Operation Diet Cal.
N per per Total

Drain- Vo Total Daffykgm. kgm. N 5 Urine Feces Dri-Vmi- TotalToa Dil
daily rr days age tus 5 days aver.

Rankin resect.
Gastric resect.
Gastric resect.
Expl. lap.
Gastro-enterost.
Gastric resect.
Gastric resect.
Craniotomy
Gastric resect.
Gastric resect.
Gastric resect.
Craniotomy
Gastric resect.
Craniotomy
Craniotomy
Craniotomy
Gastric resect.
Craniotomy
Thyroidectomy
Craniotomy
Expl. lapar.
Craniectomy
Craniotomy
Craniotomy
Gastric resect.
Gastric resect.
Gastric resect.
Expl. lapar.
Gastric resect.
Gastro-enterost.
Gastric resect.
Craniotomy
Craniotomy
Craniotomy
Craniotomy
Ca. esophagus
Gastrostomy
Pit. explor.
Gastric resect.
Craniotomy.
Cranioplasty
Gastric resect.
Craniotomy
Craniotomy
Gastro-enterost.
Gastric resect.
Gastro-enterost.
Gastric resect.
Gastrectomy
Gastrectomy
Gastro-enterost.
Expl. lapar.
Craniotomy
Gastric resect.
Gastro-enterost.

Glucose+hosp.
Glucose+hosp.
Hospital
Glucose+hosp.
Hospital
Glucose+hosp.
Hospital
Hospital
Gastrostomy mix.
Hospital
Hospital
Hospital
Hospital
Hospital
Gastrostomy mix.
Hospital
Hospital
Hospital
Hospital
Hospital
Hospital
Glucose+hosp.
Hospital
P. K. gastrost.
Hospital
Hospital
Hospital
Amigen+hosp.
Amigen
Amigen
Hospital
P. K. gastrost.
Gastrostomy mix.
Amigen+hosp.
Amigen .
Gastrostomy mix.
Gastrostomy mix.
Amigen+hosp.
Lactalbumin
Lactalbumin
Amigen+hosp.
Amigen
Amigen
Amigen
Lactalbumin
Lactalbumin
Gastrostomy mix.
Amigen
Gastrostomy mix.
Amigen
Amigen
Amigen+hosp.
Amigen
Amigen
Gastrostomy mix.

rams
0.03
0.03
0.03
0.03
0.04
0.05
0.08
0.09
0.09
0.09
0.10
0.10
0.13
0.13
0.14
0.14
0.14
0.14
0.15
0.15
0.17
0.17
0.17
0.18
0.18
0.18
0.18
0.19
0.19
0.20
0.21
0.22
0.22
0.24
0.27
0.27
0.28
0.30
0.30
0.30
0.30
0.30
0.30
0.30
0.30
0.30
0.34
0.39
0.39
0.46
0.46
0.47
0.58
0.59
0.63

2
9

11
14
20
15
13
24
9

30
14
18
19
21
20
22
22
24
25
27
19
21
29
19
21
23
30
25
22
22
21
20
31
31
26
32
31
30
31
32
33
33
34
34
36
37
34
21
32
32
35
46
16
11
35

grams
10.8

9.7
8.0

10.9
8.5

12.1
28.3
33.3
26.7
24.5
36.1
34.7
42.0
57.2
41.2
40.7
64.0
47.1
46.6
55.6
32.1
45.3
34.3
77.9
72.5
42.9
50.0
53.0
57.1
54.3
91.0
60.8
51.0
77.6
78.7
58.5
64.5

109.5
87.0
99.0
88.2
75.0
59.7

100.0
70.5
98.0
73.6

123.2
98.8

137.8
117.6
106.0
150.6
180.0
160.0

grams
41.1
32.3
45.6
55.4
26.7
31.4
69.3
89.3
64.5
34.3
69.8
73.2
62.3
68.3
64.9
69.7

108.3
49.2
45.5
63.1
26.4
83.8
33.7

120.0
142.7

37.3
57.2
57.0
44.6
51.2

114.7
131.8

72.2
99.2
56.9
55.3
56.2

101.9
68.0

113.0
70.1
55.5
74.5
76.2
41.1
63.8
41.9

106.8
57.5
65.1

102.5
78.2

162.6
163.3
105.2

grams
5.0*
4.0
4.0
0.7
4.0
3.0
7.5
1.5

16.0
5.0*
5.0*
5.0*
3.5
5.0*
2.0
3.5
5.0*
7.5
2.0
6.0
5.0
5.0*
1.5
5.9
9.5
6.0

17.5
7.0

16.5$
16.5$

3.6
1.7

25.0
5.5
7.ot
6.2

16.5$
4.0

14.4
7.0t
7.0
9.5
0.1
0.5
7.5

20.5
8.9

22.8
30.0
10.0

9.0
6.0

20.0
25.0
25.0

grams
1.3
3.7
4.7
0.9
1.8
8.3
2.5

1.0
0
0
0
1.0
0
0.5
0
0.5
0
0
0
0
0
0.2
0
0
1.3
0.1
1.3
3.4
6.6

14.5
0
0.7
1.4
0
0
0
0.3

17.3
0
0
4.6
0.4
0
5.5
6.8

18.0
7.4
4.5

55.5
8.0
0
0
6.5
4.6

grams
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0.1
0
0
0.1
0
0
0
0
0
0
0
0
0
0
1.6
0
0
0
0
1.4
0
0
0
0
0
0
0
0
4.7
0
0
0
0.3
0
0
0
0.2
0
0
0

grams grams
47.5
40.0
54.3
57.0
32.5
42.7
79.3
90.8
81.5
39.3
74.8
78.2
66.8
73.3
68.9
73.3

113.8
56.7
47.6
69.1
31.4
90.8
35.4

125.9
152.2
44.6
74.8
65.3
64.5
75.9

132.8
133.5
97.9

106.1
65.3
61.3
72.7

106.2
99.7

120.0
77.1
69.6
75.0
81.4
54.1
91.1
68.8

137.3
92.0

130.6
119.5

84.4
182.6
194.8
134.8

-36.7
-30.3
-46.3
-36.1
-24.0
-30.6
-51.0
-57.5
-54.8
-14.8
-38.7
-43.5
-24.8
-16.1
-27.7
-32.6
-49.8
- 9.6
- 1.0
-13.5
+ 0.7
-45.5
- 1.1
-48.0
-79.7
- 1.7
-24.8
-12.3
- 7.4
-21.6
-41.8
-62.7
-46.9
-28.5
+13.4
- 2.8
- 8.2
+ 3.3
-12.7
-21.0
+11.1
+ 5.4
-15.3
+18.6
+16.4
+10.4
+ 4.8
-14.1
+ 6.8
+ 7.2
- 1.9
+21.6
-32.6
-14.8
+25.2

grams
- 7.3
- 6.0
- 9.3
- 7.2
- 4.8
- 6.1
-10.2
-11.5
-10.9
- 2.9
- 7.7
- 8.7
- 4.9
- 3.2
- 5.5
- 6.5
- 9.9
- 1.9
- 0.2
- 2.7
+ 0.1
- 9.1
- 0.2
- 9.6
-15.9
- 0.3
- 4.9
- 2.4
- 1.6
- 4.3
- 8.3
-10.5
- 9.3
- 5.7
+ 2.6
- 0.5
- 1.6
+ 0.6
- 2.5
- 4.2
+ 2.2
+ 1.0
- 3.0
+ 3.7
+ 3.2
+ 2.0
+ 0.9
-* 2.9
+ 1.3
+ 1.4
- 0.3
+ 4.3
- 6.5
- 2.9
+ 5.0

Co.
Ca.
Fa.
Fri.
Fe.
Ha.
Le.
Ri.
Or.
Ro.
Ei.
Cot.
Wa.
Sm.
Ho.
Jo.
Th.
Rob.
Lu.
Wo.
Ham.
Fes.
wi.
Bu.
Brad.
Ma.
De.
War.
Ga.§
Mc.
Mar.
Len.
Fu.
Th.T.
Be.
Sc.
Po.
Do.
Fo.
Sm.E.
Br.
Cl.
Cu.
Ga.
Ch.
Ba.
To.
Ar.
Smi.
Bra.
St.
Ro.
No.
LO.
Bru.

* Theoretical amount of 5.0 grams of nitrogen added to output for 5 days for fecal nitrogen not determined.
t Theoretical amount of 7.0 grams of nitrogen added to output for 5 days for fecal nitrogen not determined.
t Theoretical amount of 16.5 grams of nitrogen added to output for 5 days for fecal nitrogen not determined.
§ Jejunal feeding.

-

I I I
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TABLE II

Fecal nitrogen

Daily nitrogen output

Type of feeding | of

painsMaxi- Mini- Ma
mum mum Ma

grams grams grams

By mouth- 18 1.5 0.1 1.0
Hospital diet

By tube into stomach- 12 25.0 0.1 1.4
Hydrolyzed protein
or hydrolyzed pro-
tein plus hospital diet

By tube into jejunum- 13 25.0 6.2 3.3
Hydrolyzed protein
or whole protein as
liquid feeding

trogen in the feces, and likewise the greatest vari-
ation in fecal nitrogen excretion was found in those
fed by tube, into either the stomach or jejunum.
The mean figures given in Table II were used in
calculating balances in the cases where fecal nitro-
gen was not actually determined. The meanvalues
for excretion of fecal nitrogen when food is given
by mouth or by tube into the stomach agree with
those given by Reifenstein, Albright and Wells
(9).

Plasma proteins.

Because of the close relationship between hypo-
proteinemia and certain postoperative surgical
complications (10 to 12), we were interested in
studying the plasma protein concentration of surg-
ical patients on various dietary regimes, but found
that there was no significant correlation between
the food intake and changes in plasma protein
concentration, nor between nitrogen balance and
changes in plasma protein concentration in this
series of patients.

DISCUSSION

From the results obtained, it is apparent that
surgical patients after-operation require a larger
intake of nitrogen to maintain positive nitrogen
balance than has been recommended for normal
individuals. Sherman (13) gives figures of 0.1
gram of nitrogen per kgm., and approximately 35
calories per kgm. for 1 normal individual. Rose
and MacLeod (14) in a study of 4 normal active
women found that 0.5 gram of protein (0.08 gram

of nitrogen), and approximately 40 calories per

kgm. daily, were sufficient. Mueller, Fickas and
Cox (15), using an Amigen supplement to a
basal diet, were able to produce considerable
diminution in the amount of negative nitrogen
balance in 4 normal men, and even to get positive
balance in 2, giving 0.1 gram of nitrogen per kgm.,
and 26 to 28 calories per kgm. daily. The only
nitrogen figures for normal individuals which ap-
proach the level found necessary by us for the im-
mediate postoperative period are the amounts rec-
ommended by Howe (16) or the United States
Army (men on moderate activity), 107.0 grams
of protein and approximately 3,500 calories (for
a 65 kgm. person this is 0.26 gram of nitrogen per
kgm., and 53 calories per kgm. daily).

The increased nitrogen loss following trauma
has been extensively studied in fractures of long
bones (2, 3) and in burns (17, 18). Similar data
for patients undergoing other types of surgical
treatment, such as gastric or cranial operations,
are meager. Ariel and his associates (19) have
reported hypoproteinemia following operation for
cancer of the gastro-intestinal tract. Elman (20)
has frequently written of the poor state of nu-
trition of surgical patients, and reported on the use
of hydrolyzed casein intravenously in the correction
of hypoproteinemia in patients undergoing surgi-
cal operation. Mulholland, Co Tui et al (21) de-
scribed the results obtained in 4 carefully studied
postoperative gastric cases who received hydro-
lyzed casein as the source of nitrogen, together
with 4 controls. Co Tui, Wright, Mulholland
et al (22) reported studies on 19 postgastrectomy
cases, of whom8 on a high nitrogen, high caloric
intake were in positive nitrogen balance. Brun-
schwig (23), in a series of 41 patients under-
going various types of operation, found that nega-
tive nitrogen balances were present in the majority
of them. The dietary regimen of Brunschwig's
patients was similar to that of many of our pa-
tients (Table II) and is the common one of intra-
venous fluids (usually saline or glucose solutions)
followed by liquids by mouth on the third or
fourth postoperative day, and soft to regular ward
diet thereafter.

From these previously reported studies, it is not
possible to determine the minimum level of nitro-
gen intake required to maintain the patient in ni-
trogen equilibrium. In our series 0.30 gram of
nitrogen and 30 calories per kgm. daily proved to
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be a level at which we could expect to have most
patients in positive nitrogen balance in the early
postoperative period. The relation between ni-
trogen intake and total calories was, in part, arbi-
trary. Werecognize that it may have been possible
to decrease the nitrogen level with a concurrent
increase in caloric intake and still keep the patient
in nitrogen equilibrium. While nitrogen intake has
probably been more neglected in the management
of surgical patients than caloric intake, the latter
must not be allowed to fall too low. This is borne
out by the data in Table I from 2 patients who had
high nitrogen but low caloric intakes. It is
interesting to note that in the cases reported by
other workers (21, 22), where calculations can be
made, and where the period of study is the same
in relation to day of operation as in our studies,
the amounts of nitrogen and the total calories with
which they achieved positive nitrogen balance
were well above the minimum effective level found
in our studies.

It is clear from Table I that there are marked
individual differences in the nitrogen excretion of
patients on about the same nitrogen and caloric
intake. Undoubtedly this is affected by anes-
thesia, the extent of operation, the degree of
trauma, the previous nutritional history of the pa-
tient, the degree of postoperative pyrexia and many
other factors. It, however, seemed useful to deter-
mine approximately the amount of food required
to keep the majority of patients in balance after
gastric and intracranial operations.

A criterion frequently used as a measure of the
effectiveness of procedures intended to correct
protein deficiencies in surgical patients is the con-
centration of plasma or serum protein. Our re-
sults indicate that plasma protein concentration
may be misleading as an index of whether or not
the patient is overcoming excessive nitrogen loss.
In some instances, although the concentrations
(corrected for change in hematocrit) were in-
creased, the patients were in negative nitrogen
balance.

In this study, hydrolyzed protein was found to
be just as effective as whole protein in maintaining
nitrogen balance.

A real difficulty in the forced feeding of patients
in the early postoperative period is the frequency
with which vomiting, diarrhea or distention fol-
lows such a program. Usually it was possible to

overcome these obstacles by symptomatic treat-
ment, but occasionally it was necessary to abandon
the intended regimen. It is quite possible that
intravenous feeding, rather than mouth feeding,
may have a place of special importance in main-
taining the nutrition of the patient in the first 48
to 72 hours after operation.

It should be emphasized that this study is con-
cerned mainly with types of patients which are
apt to present nutritional problems before and
after operation. It is recognized that such patients
represent a small minority of all general surgical
patients, and it is not the intention of the authors
to suggest that the forced feeding methods de-
scribed are indicated for the majority of surgical
patients.

CONCLUSIONS

1. Surgical patients after gastric or cranial
operations were usually in negative nitrogen bal-
ance for the first 5 postoperative days on the die-
tary regimen customarily followed in this clinic.

2. Surgical patients undergoing gastric or cra-
nial operations require a greater intake of dietary
nitrogen and of total calories than do normal indi-
viduals to keep them in nitrogen equilibrium for
the first 5 postoperative days.

3. By increasing the nitrogen intake to 0.30 gram
per kgm., and the caloric intake to 30 calories per
kgm. daily, or over, patients fed by mouth or
Abbott-Rawson tube were usually maintained in
nitrogen equilibrium.

4. Hydrolyzed protein in the form of a casein
hydrolysate, combined with carbohydrate, was
equally as effective as whole protein when ad-
ministered by the same routes.

5. The variations in fecal nitrogen were large,
and they are an important part of the nitrogen bal-
ance study of patients in the early postoperative
period, especially when tube feedings are used.

6. The plasma or serum protein concentrations
were not an accurate index of the effect of a nutri-
tional regimen on nitrogen equilibrium in post-
operative patients.
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