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Abstract

Cancer surgery is a major challenge for patients to develop
immune depression in postoperative period. Several cytokines can
depress immune cell subpopulations. Increased cytokine response
after surgery is assumed to arise mainly from lipooxygenase path-
way acting on membrane arachidonic acid. Therefore ; investiga-
tors focused their efforts to alter the membrane fatty acid profile
by changing the nutritional regimen with e-3 fatty acid supple-
mentation and encouraging results were obtained after surgery.
Despite the theoretical and clinical advantage of enteral nutrition
many surgeons remain committed to parenteral nutrition for feed-
ing of patients due to maintain bowel rest and fear of anastomosis
leakage at the postoperative period. Several studies investigating
role of the postoperative immunonutrition reported that beneficial
immunological changes were associated with reduction of infec-
tious complications. Interestingly ; these findings were observed at
least five days after the surgery in which the highest incidence of
complications was seen. In this prospective study including
42 patients eligible for curative gastric or colon cancer surgery ;
we investigated the beneficial effect of enteral immunonutrition
(EEN) compared to total parenteral hyperalimentation (TPN)
beginning from the preoperative period. Cortisol and CRP levels
as stress parameters significantly increased one day after surgery
in both groups but they rapidly returned to (on POD1) preopera-
tive baseline level in EEN group whereas these values remained
high in the TPN group. Additionally a significant decrease in nat-
ural killer (NK) cells and CD8+ levels were observed in both
groups. However they recovered on POD3 in EEN group and on
POD6 in TPN group. CD4+ subset remained almost same as pre-
operative value in the TPN group whereas it increased from (%)
40.14 to 46.40, 51.29 and 54.7 on PO 6th hr, POD3 and POD6 in the
EEN group. Our findings suggest that preoperative nutrition via
the enteral route provided better regulation of postoperative
immune system restoration than parenteral nutrition. On the basis
of our findings we recommend enteral immunonutrition to be
started at the preoperative period rather than postoperatively
before a major operation whenever the enteral route is feasible.
(Acta gastroenterol. belg., 2004, 67, 250-254).
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Introduction

It is obviously known that severe depression in
immunological responses of both cellular and humoral
functions can be seen following major surgery as well as
malnutrition (1). Host immunological responses in par-
ticular severe T cell depression and natural killer (NK)
cell dysfunction can be mediated by IL-6 and IL-8 fol-
lowing surgery (2). 

It has been established that improved nutritional sta-
tus in malnourished cancer patients is associated with
less infection and hospital stay, less treatment cost and

increased survey after surgery. Thus, the provision of
protein and calories in any way has been shown to
improve host immune function in malnourished cancer
patients (3). Moreover, adequate nutrition is crucial for
these patients to shorten the recovery period from cata-
bolic state and to ameliorate the immune depression
seen during the postoperative period. 

Increased cytokine response after surgery was
assumed to arise mainly from lipooxygenase pathway
acting on membrane arachidonic acid, which led to
generation of encouraging efforts that would alter the
membrane fatty acid profile by changing the nutritional
regimen with omega-3 fatty acid (e-3 FA) supplementa-
tion (4). Furthermore ; the operative treatment per-
formed for the tumor per se can also result in depression
of the response of T cells to mitogens. Arginine, which
becomes an essential amino acid in catabolic states, was
observed to promote the T cells after stimulation.
Glutamine was also shown to provide local nutrition to
enterocytes and to play a role on provision of alanine for
liver in catabolic states (5). Accumulating data on spe-
cial immune-enhancing substances have led to the con-
cept of enteral immunonutrition, which is based on sup-
plementation of standard enteral nutrition with the so
called ‘immune-stimulatory’ dietary factors. 

Despite the theoretical and clinical advantage of
enteral nutrition, many surgeons remain committed to
TPN for feeding of patients in order to maintain bowel
rest and prevent anastomosis leakage at the postopera-
tive period. Several studies about the postoperative
immunonutrition reported that beneficial immunological
changes associated with reduction of infectious compli-
cation were seen at least five days after the surgery (6).
However, the most feared infectious complications are
observed in this vulnerable period. Therefore, new
approaches should be developed to shorten the period
needed for immune effective action of these nutrients to
appear. Giving the enteral nutrition at the preoperative
period may give enough time for these substrates to
reach the adequate plasma levels for their beneficial
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effect. There is not enough study dedicating the efforts
to shorten the recovery period via specific kinds of
nutrients for the cancer-bearing patients in the literature,
so this prospective study was conducted to assess the
beneficial effect of EEN in terms of immune and stress
parameters of gastric and colorectal cancer patients
compared to TPN initiated five days before surgery and
extending to 7 days postoperatively.

Material and Methods

This study was designed as a prospective, randomised
clinical trial. Forty-two patients between 38-80 years of
age who were eligible for curative surgery for gastric
and colorectal cancer and had a weight loss of more than
10% in 6 months were included in the study between
June 1998 and December 2001 (Table I). All patients
had stage II or III disease. Written informed consent was
obtained from each patient following giving information
about the study and the study was approved by Local
Ethical Committee of University.

Subjects and nutritional regimens

Forty-two patients who underwent curative surgery
received one of the nutritional regimens written below.
Patients were divided into two groups including 20 and
22 patients in each treatment group as follows : a) TPN
group received standard total parenteral nutrition con-
taining glucose (% dextrose as needed, Eczacibasi,
Turkey), amino acid (Freeamine III*, 8.5%, Eczacibasi,
Turkey), lipids (20% lipid*, Fresenius-Kabi, Deutsch-
land), vitamins (Bemix-C*, Roche, Switzerland) and
trace elements (Tracutil*, Braun, Deutschland). b) EEN
group received an enteral diet supplemented with
immune-enhancing substrates containing arginine
(1.25 g/100 ml), e-3 FA (n-3/n-6 ratio 1/4), RNA
(0.12 g/100 ml) (Impact* Sandoz Nutrition Berne,
Switzerland), trace elements and vitamins. Both regi-
mens were isonitrogenous and isocaloric in amount.
Forty-two patients were enrolled into the study out of
one-hundered-twenty patients operated between the
study period. Any patient with laboratory and clinical
signs of hepatic (total serum bilirubin concentration
> 3 mg/dl), pulmonary (abnormal chest X-ray), cardiac
(New York Heart Association functional class > III,

stroke history), renal dysfunction (serum creatinine con-
centration > 2.5 mg/dl) demonstrated by specialized
clinician and seeking medical therapy for that insuffi-
ciency was excluded. Any patient with proven infectious
disease with leukocytosis/leukopenia, tachicardia,
tachipnea, and fever above 38˚C was also excluded from
the study. These nutritional regimens were started 5 days
before the surgery and were continued to deliver during
the postoperative 7 (POD7) days. At the preoperative
phase the patients assigned to receive enteral nutrition
were fed with per oral route and for the remaining
patients, a subclavian catheter was placed percutaneusly
and TPN regimen was given through this way. After the
completion of curative surgery the patients in EEN
group were fed through a nasoduodenal catheter (or a
nasojejunal catheter for patients with gastric resection)
for 7 days. Remaining patients in the TPN group
received the nutritional regimen for 7 days at the post-
operative period through the subclavian catheter that
was placed previously. The patients in TPN group
received 35 kcal/kg/day non-protein calorie, 0.25 g
nitrogen/kg/day and 1 g/kg/day lipid solutions. Carbo-
hydrate/lipid ratio was approximately 5. The patients in
EEN group received same amount of non-protein calo-
rie, 0.26 g nitrogen/kg/day. Carbohydrate/ lipid ratio in
EEN group was also approximately 5. 

In EEN group infusion was started as a rate of
0.2ml/kg/hr at postoperative period and increased pro-
gressively until the nutritional goal (2ml/kg/hr) was
reached at POD4. Enteral nutrition was integrated with
parenteral nutrition to reach the nutritional energy goal
until POD4 in all patients of EEN group. All patients
were given single dose antibiotic prophylaxis with a sec-
ond generation cephalosporin (cefuroxime axetyl,
250 mg, Zinnat*, Glaxo-Wellcome). Patients who expe-
rienced a longer operative procedure received an addi-
tional antibiotic dose. Prophylactic low molecular
weight heparin (Heparin sodium, 5000 IU/0.4 ml,
Fragmin*, Pharmacia & Upjohn) was used for all
patients to prevent deep venous thrombosis. Total cost of
the regimen was also calculated by the sum of the price
of nutritional solutions plus the price of silicon subcla-
vian catheters for TPN and the price of feeding tubes
(nasogastric or nasojejunal) for EEN groups.

Blood samples and periods

Baseline blood samples were taken preoperatively for
all parameters evaluated. In addition, stress factor para-
meters (CRP and cortisol levels), hematological parame-
ters (blood counts) and nutritional parameters (total pro-
tein and albumin levels) were measured at the POD1,
POD3 and POD7. Blood samples were also taken at the
postoperative 6th hour, POD3 and POD6 for measure-
ment of lymphocyte, CD4+, CD8+ and NK levels and at
POD7 and POD14 for IgG, IgA, and IgM levels in order
to analyze the patient’s immune function. CRP values
were evaluated with Beckman Image immunochemistry

Table I. — Patient characteristics and clinical back-
grounds of the groups

EEN TPN

Male/females 18/4 16/4
Mean age (years) 58.3 ± 6.2 60.1 ± 4.2
Tumor site (Stage II / III)

Stomach 6 (2 / 4) 5 (2 / 3)
Colorectal 16 (4/12) 15 (3 / 12)

Mean operation time (min) 168 ± 32 184 ± 35
Estimated mean blood
loss (cc) 380 ± 135 330 ± 155
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Acta Gastro-Enterologica Belgica, Vol. LXVII, July-September 2004

system. Lymphocyte subgroups were determined by
using conjugated monoclonal antibody system with
Becton Dickonson double colour analyzes method.

Detection of the postoperative infection

Postoperative infection was accepted as any of
abscess formation comfirmed by USG, the detection of
microorganism in drain, catheter and urine at micro-
scopic evaluation, infiltration on chest X-ray and undi-
agnosed fever above 38˚C for at least three days.

Statistical analysis

Data are expressed as means ± SEM. Mann-Whitney
U test and Student’s t test were used to compare the
groups and p value of less than 0.05 was accepted as sig-
nificant. 

Results

Eleven patients with gastric cancer underwent total or
subtotal gastrectomy ; while 31 patients with colorectal
cancer had colon or rectum resections. There were no
statistical differences about the demographic features of
the patients. The clinical features of both groups were
also comparable. Duration of the operation and mean
operative blood loss were also similar in two groups
(Table I). Catheter dislocation or obstruction was not
observed in any patient in the EEN group. There were no
catheter related infectious complications or thoracic
organ injury in the TPN group. Excluding a temporary
interruption in the EEN group at early postoperative
period all patients in both groups reached their nutri-
tional goal. Six patients were needed the temporarily
cessation of the enteral nutrition for abdominal disten-
tion and gastric residues (n = 4), vomiting (n = 1), and
abdominal cramps and diarrhoea (n = 1), but they toler-
ated enteral nutrition well thereafter by gradual increase
and no patient was excluded from this group due to
intolerance. Overall enteral nutrition was well tolerated
and no patient was excluded from this group due to
intolerance. Total cost of feeding for 12 days was
591.30 USD for the EEN group and 551.50 USD for the
TPN group. 

The preoperative albumin levels were 3.2 ± 0.25 g/dl
and 3.1 ± 0.31 g/dl for TPN and EEN groups respec-
tively (p > 0.05). The infectious complications are

shown in table II. It was 55% and 32% for the TPN and
the EEN group respectively (p < 0.05). Total length of
hospital stay was also shorter in the EEN group than in
the TPN group (12.8 ± 4.2 days versus 15.2 ± 5.1 days,
p < 0.05). All nutritional and immunological indices and
stress factors were similar at the preoperative period
between the groups. The protein, albumin, Ig G, IgA and
Ig M levels did not change throughout the study period.

CRP levels significantly increased one day after the
operation in both groups but in patients receiving EEN
this increase was significantly lower compared to the
TPN group. CRP values reached the highest level on
POD1, started to decline and eventually returned to pre-
operative levels on POD7 in EEN group. The results
were quite different for TPN group. CRP values started
to increase and reached the maximum level on POD1. It
remained here until the POD7 (Fig. 1, p < 0.05 between
the groups and p < 0.05 for intra-group variations except
for TPN group on POD3 vs POD7). The plasma cortisol
levels are shown in figure 2. It increased to 31.0 mg/dl

Fig. 1. — CRP levels significantly increased one day after
operation in both groups. But this was lower in group receiving
EEN (p < 0.05). It returned to baseline level on POD7 in EEN
group but TPN group showed a stable trend on its maximum
level (*p < 0.05 for corresponding levels for each group).

Fig. 2. — Plasma cortisol levels increased in EEN and TPN
group (p < 0.05 for POD1), but remained almost same with
preoperative level following a peak on POD1 in EEN group
(p > 0.05 for POD3 and POD 7 vs preop). But it never returned
to baseline level in TPN group and remained higher through-
out the study period.

Table II. — Infectious postoperative complications
of the groups

EEN TPN

Abscess formation – –
Peritonitis – –
Surgical wound infection 1 2
Pulmonary infiltration 2 4
Urinary tract infection 2 1
Undiagnosed fever above 38°C 2 4
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from 25.1 mg/dl and to 41.6 mg/dl from 24.4 mg/dl in
EEN and TPN group respectively (p < 0.05 between the
groups for POD1). In the EEN group plasma cortisol
levels remained almost same during the preoperative
period ; followed by a peak on POD1 (p > 0.05 for
POD3 and POD 7 versus preoperative in EEN group),
but it never returned to baseline values in the TPN group
and remained higher throughout the study period. 

A significant postoperative decrease in NK cells was
observed in both groups. However it started to recover
on POD3 and POD6 in EEN group, but did not reach the
preoperative value (Fig. 3). Additionally, a significant
decrease in NK level was observed in TPN group on
POD1 and it remained depressed until POD6.
Preoperative level of CD4+ and CD8+ levels were simi-
lar to each other in both groups. So one week of nutri-
tion with TPN or EEN did not affect the T cell subpop-
ulation lines. CD8+ levels decreased from preoperative
value of (%) 23.89 ± 6.34 to 21.46 ± 6.34 (p < 0.05),
19.32 ± 5.63 and 18.33 ± 4.22 (p > 0.05), on PO 6th hr,
POD3 and POD6 respectively in TPN group. However
these values were (%) 21.8 ± 7.32 at preoperative peri-
od, 16.9 ± 6.43, 16.2 ± 9.57 and 17.5 ± 5.0 on postoper-
ative periods in EEN group. CD4+ subset remained
almost same with preoperative value in TPN group
whereas it increased from (%) 40.14 ± 8.32 to 46.40 ±
7.91, 51.29 ± 9.89 and 54.7 ± 10.0 on PO 6th hr, POD3
and POD6 in the EEN group (Fig. 4).

Discussion

Specific defects in lymphocyte subpopulation and
reduction in both the helper and suppressor T lympho-
cyte population and natural killer cell were observed
after major surgery (7). Endogenous release of corticos-
teroids following surgery is a reliable explanation for
postoperative lymphocytopenia because a reciprocal
relationship between lymphocyte count and serum corti-
sol level was observed at the postoperative period (8).

Our present study demonstrated that postoperative corti-
sol increase was coincided with a decrease in lympho-
cyte subpopulations in the TPN group, but not in the
EEN group as shown in fig. 3 and 4. The current data
also showed that postoperative systemic CRP response
was greater in patients who received TPN than in
patients who received EEN (Fig. 1). In this study TPN
solution lacked glutamine, w-3 FA and nucleotide which
were present in the enteral diet given to EEN group.
TPN itself may prime the reticuloendothelial cell and
this may lead to enhanced production of cytokine pro-
duction. Therefore, the route itself may be the important
cause of different systemic cytokine response following
surgery (9). The administration of EEN starting 5 days
preoperatively improved the host defense mechanism by
preventing the lymphocyte drop on PO 6th hour and ame-
liorating the CRP and cortisol increase on POD1. These
findings suggest that EEN leads to restoration of
immune state earlier than in TPN at postoperative
period. 

The patients given enteral nutrition starting at the
postoperative period gain their immunological compe-
tence at least 4-5 days later ; however the reduction of
immunoglobulin levels and the reduction in number of
activated T and B cells can be restored at early postop-
erative period in this group if enteral nutrition is started
at preoperative period (6). 

A sharp increase in CRP levels as acute phase protein
was found after surgery in both groups as clearly
demonstrated in figure 1, but this level increased pro-
gressively until POD7 in the TPN group whereas it start-
ed to drop on POD1 and POD3 and returned to baseline
levels on POD7 in the EEN group. This finding suggests
that EEN may decrease the acute phase protein. This
effect may be attributed to arginine supplementation,
which is shown to maintain the postoperative nitrogen
balance. Arginine also acts as a promoter for T cell pro-
liferation and stimulation, which is in concordance with
our data showing that EEN may have a role in restoring

Fig. 3. — There was a significant decrease in NK levels in both
groups on POD1. But it remained depressed until POD6 in
TPN group (*p < 0.05 between both groups).

Fig. 4. — CD4+ subsets remained almost same with preoper-
ative value in TPN group, whereas it increased in EEN group
on PO 6th hr, POD3 and POD6 (* p < 0.05 between both
groups).
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the T lymphocyte subpopulation as early as PO 6th hour
when started at the preoperative period. Specific defects
in lymphocyte subpopulation can be observed after
surgery as demonstrated by Lennard et al. (1). Our pre-
sent data showed that EEN reverted the postoperative
decrease in the CD4+ subpopulation. CD8+ levels also
decreased at postoperative period in both groups, but the
depression in EEN group was more pronounced. The
precise mechanism of the negative effect of EEN on
CD8+ levels remains to be clarified. Riso et al. also
showed that the group fed with enteral diet supplement-
ed with arginine demonstrated a significant increase of
total lymphocyte count, CD4+ level and CD4+/CD8+
ratio on POD4 and POD8 in patients with head and neck
cancer (10). NK levels improved on POD3 in EEN
group, but it was more deeply attenuated in TPN group
and did not return to preoperative values. Furthermore ;
Braga et al. reported that early postoperative enteral
nutrition improved gut oxygenation in patients with gas-
tric cancer (11). Since enteral nutrition protects the
bowel mucosal integrity, bacterial translocation is seen
more often following TPN. Therefore NK activity is
assumed to decrease due to inefficient bowel stimulation
following TPN administration (12). The lower rate of
infection in EEN group seems to be related not only to
route but also to the composition of the nutritional
regimens.

Total cost of nutrition was surprisingly higher in EEN
group since the immune enhanced enteral solutions are
imported products. But the TPN solutions are produced
in Turkey under licence so the prices of latter are much
lower than of former.

Enteral nutrition with supplemented immune-enhanc-
ing substances was associated with lower rate of infec-
tion and shorter hospital stay in the present study. These
results were similar to other studies reported in litera-
ture (13).

Conclusion

Preoperative nutrition via the enteral route may pro-
vide better regulation of postoperative cytokine response
and immune system restoration than parenteral nutrition.
Based on our findings, we recommend immune-

enhanced enteral nutrition to be started at the preopera-
tive period rather than postoperatively before a major in
patients with accessible enteral route.

References

1. LENNARD T.W., SHENTON B.K., BORZOTTA A., DONNELLY P.K.,
WHITE M., GERRIE L.M., PROUD G., TAYLOR R.M. The influence of
surgical operations on components of the human immune system. Br. J.
Surg., 1985, 72 : 771-776.

2. LIN M.T., SAITO H., FUKUSHIMA R., INABA T., FUKATSU K.,
INOUE T., FURUKAWA S., HAN I., MATSUDA T., MUTO T.
Preoperative total parenteral nutrition influences postoperative systemic
cytokine responses after colorectal surgery. Nutrition, 1997, 13 : 8-12.

3. BOZZETTI F., BRAGA M., GIANOTTI L., GAVAZZI C., MARIANI L.
Postoperative enteral versus parenteral nutrition in malnourished patients
with gastrointestinal cancer : a randomised multicenter trial. Lancet, 2001,
358 : 1487-1492.

4. WACHTLER P., KONIG W., SENKAL M., KEMEN M., KOLLER M.
Influence of total parenteral nutrition enriched with omega fatty acids on
leukotriene synthesis of peripheral leukocytes and systemic cytokine levels
in patients with major surgery. J. Trauma, 1997, 42 : 275-282.

5. VINCENT L.J. Immunonutrition. Sepsis Newsletter. 1995, 1 : 1-8.
6. SENKAL M., ZUMTOBEL V., BAUER K.H., MARPE B.,

WOLFRAM G., FREI A., EICKHOFF U., KEMEN M.  Outcome and cost-
effectiveness of perioperative enteral immunonutrition in patients undergo-
ing elective upper gastrointestinal tract surgery : a prospective randomized
study.  Arch. Surg., 1999, 134 : 1309-1316.

7. BRAGA M., COSTANTINI E, DI FRANCESCO A, GIANOTTI L,
BACCARI P, DI CARLO V. Impact of thymopentin on the incidence and
severity of postoperative infection : a randomized controlled trial. Br. J.
Surg., 1994, 81 : 205-208.

8. GOLDSTEIN A.L., LOW T.L., THURMAN G.B., ZATZ M.M., HALL N.,
CHEN J., HU S.K., NANLAR P.B., MC CLURE J.E. Current status of thy-
mosin and other hormones of the thymus gland. Recent Prog. Horm. Res.,
1981, 37 : 369-374.

9. BRAGA M., GIANOTTI L., VIGNALI A., CESTARI A., BISAGNI P.,
CARLO V. Artificial nutrition after major abdominal surgery : impact of
route of administration and composition of the diet. Crit. Care Med., 1998,
26 : 24-30.

10. RISO S., ALUFFI P., BRUGNANI M., FARINETTI F., PIA F.,
D’ANDREA F. Postoperative enteral immunonutrition in head and neck
cancer. Clin. Nutr., 2000, 19 : 407-412.

11. BRAGA M., GIANOTTI L., GENTILINI O., PARISI V., SALIS C., DI
CARLO V. Early postoperative enteral nutrition improves gut oxygenation
and reduces costs compared with total parenteral nutrition. Crit. Care Med.,
2001, 29 : 242-248.

12. SHIRABE K., MATSUMATA T., SHIMADA M., TAKENAKA K.,
KAWAHARA N., YAMANATO K., NISHIZAKI T., SUGIMACHI K. A
comparison of parenteral hyperalimentation and early enteral feeding
regarding systemic immunity after major hepatic resection – the results of
a randomized prospective study. Hepato-Gastroenterology, 1997, 44 : 205-
209.

13. BRAUNSCWEIG C.L., LEVY P., SHEEAN P.M., WANG X. Enteral com-
pared with parenteral nutrition : a meta analysis. Am. J. Clin. Nutr., 2001,
74 : 534-542.


