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The objective of the study was to investigate the alterations in systemic production of IL-6, sTNFRI and IL-1ra before and following pancreaticoduodenectomy in patients receiving enteral nutrition with and without postoperative complications. The prospective studies included 29
patients with pancreatic cancer who had undergone pancreaticoduodenectomy. In the routine evaluation of nutritional status a weight loss, BMI,
albumin concentration and lymphocyte count were taken into account. Serum concentrations of IL-1ra, sTNFRI (p55) and IL-6 were measured
by ELISA. In enteral nutrition Nutridrink, Nutrison and Stresson (Nutricia) were applied. Thirteen of the 29 patients developed postoperative
complications (included 2 subjects receiving enteral nutrition). Sixteen uninfected patients (including 10 patients with enteral nutrition) recovered
from surgery without postoperative complications. This study provided the following information: a) higher preoperative serum IL-6 and IL-1ra
concentrations in patients without postoperative complications receiving enteral nutrition, b) lack of significant increase in IL-6 and IL-1ra levels after major surgery in patients with uneventful postoperative course receiving pre- and postoperative enteral nutrition, and c) high early postoperative increase of serum IL-6 (520.72±511 pg/mL, p=0.01), IL-1ra (4860±2005 pg/mL, p=0.01) and sTNFRI (4105.35±1544 pg/mL, p=0.01)
levels over the preoperative values in patients without preoperative and early postoperative enteral nutrition who developed serious complications
after surgery. We suggest that pre- and postoperative enteral nutrition protects against the development of postoperative complications and SIRStype reaction after Whipple procedure. Measurement of serum IL-6, IL-1ra and sTNFRI concentrations on the 1st day after pancreaticoduo
-denectomy may predict the development of postoperative infectious complications often requiring re-operations.

INTRODUCTION
The support of immune system function by immunonutrition in oncological patients requiring major surgery is
an important component of modern therapy. There is a large
body of evidence which pointing to the fact that the immunomodulating action of unsaturated fatty acids affects
the decrease in activity of T lymphocytes, monocytes, neutrophils and the production of cytokines. Immunostimulating action of amino acids increases the phagocytal activity of leukocytes, enhances immunity to infections,
accelerates wound healing and restores the activity of thymus. In randomized studies it has been found that enteral
immunonutrition improves the clinical course, decreases
the frequency of severe infections, shortens hospital stays
and reduces medical costs [Atkinson et al., 1998; Jolliet,
1999; Kudsk et al., 1996; Weimann et al., 1997]. In patients
with severe trauma receiving immunonutrition significant
decreases in the duration of SIRS and in the frequency of
MOF [Weimann et al., 1997] have been found. Total parenteral nutrition (TPN) enriched with glutamine significantly decreases mortality in severely ill patients with MOF
and reduces treatment costs by 50% [Griffiths et al., 1997].
The studies have been performed in various populations of
patients, which makes it difficult to compare their results.

The most frequently included patients were the ones with
transportation traumas (ISS>20) treated in intensive care
units [Kudsk et al., 1996; Weimann et al., 1997]. In the majority of those studies, the changes in immunity status in the
course of standard nutrition or immunonutrition have not
been monitored. A better knowledge of the impact of nutrition on immune inflammatory reaction mediators requires
studying the kinetics of changes of selected cytokines and
their inhibitors in patients with surgical trauma receiving
nutrition.
The local postoperative complications after surgery for
pancreatic cancer in patients with advanced cancer as leakage of the pancreatic anastomosis associated with additional complications often requiring reoperations are not
uncommon events. Pancreatic leakage, intra-abdominal
abscesses and reoperations leads to a prolonged hospital
stay with high mortality rate. These complications should
evoke excessive local synthesis and more intensive systemic
release of cytokines and cytokine antagonists. The primary
postoperative immune response depends on the mass of
traumatized tissues and their location. It is mediated by the
proinflammatory cytokines, among others, interleukin-1
(IL-1), IL-6 and tumour necrosis factor (TNF), and modulated by the naturally occurring antagonists of these cytokines as soluble TNF receptor (sTNFR) and IL-1 receptor
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antagonist (IL-1ra) [Cinat et al., 1995; Davies et al., 1997].
The postoperative complications as pancreatic leakage,
intra-abdominal abscesses and surgical reintervention may
further stimulate cytokines and cytokine antagonists production leading to the development of systemic inflammatory response syndrome (SIRS) and the multiple organ dysfunction syndrome (MODS) [Cinat et al., 1995; Bone, 1996;
Kimura et al., 1998]. This may be expected especially after
major surgical procedures on the pancreas with postoperative complications. In a large number of patients undergoing pancreatoduodenectomy cumulative postoperative morbidity was 47%, with the reoperation rate 4.3% [Martignoni
et al., 2001]. Analysis of large series of pancreatic resections
reveled that incidence of fistula is around 10.4% and for
intra-abdominal abscess 3.8%. In these patients the reoperation rate varies from 4 to 9% with a very high mortality
rate ranging from 23 to 67% [Halloran et al., 2002].
Surgery of the pancreas brings about high production
and release of cytokines [Sakamoto et al., 1994]. In addition,
postoperative complications such as leaking anastomosis
and local infection recruit granulocytes and peritoneal
macrophages at the site of inflammation. These cells are the
main source of cytokines released to the peritoneum and
subsequently peripheral blood. We have previously found
that infective complications at the site of colon anastomosis
bring about a sharp increase in plasma sTNFRI already on
day 1 and of IL6 and CRP on day 3 after the operation
[S³otwiñski et al., 2002]. Thus, serum cytokine antagonist
levels may be a good early indicator of the development of
postoperative complications.
The objective of the presented studies is to evaluate preand postoperative changes of selected immune parameters
in patients with pancreatic cancer receiving enteral nutrition. In this study we measured serum levels of sTNFRI
(p55), IL1ra and IL6 before and after operations. Cytokine
antagonists and IL-6 were selected from an array of proand anti-inflammatory cytokines profile, as in our previous
studies they were found to be the most sensitive markers of
the postoperative inflammatory response to minor surgical
trauma and major surgery with complications [Grzelak
et al., 1996; S³otwiñski et al., 2002].
MATERIALS AND METHODS
Patients. Twenty-nine consecutive patients with pancreatic carcinoma (tumor location in the head of pancreas) and
without jaundice (patients underwent preoperative biliary
drainage) undergoing standard Whipple’s procedure were
studied (18 men, 11 women; age range 37 to 75, median 61
years). In all patients, the diagnosis was confirmed by
histopatological examinations. According to TNM classification, majority of the patients was with II° stage. Patients
had no other severe underlying diseases. Because of preoperative malnutrition 12 moderately malnourished patients
(according to body weight loss, body mass index, triceps skin
fold and biochemical evaluation) were supplied for 10 days
with dditional preoperative and early postoperative enteral
nutrition (using Nutricia products: Nutridrink, Nutrison,
Stresson; 15–25 kcal/kg).
Before operations the blood cell and serum protein level
remained within normal limits. As a prophylaxis against
intraoperative infections three doses of 1.2 g augmentin and

R. S³otwiñski et al.

2.0 g of cefopherazon were given intravenously. Low
molecular weight heparin (Enoxaparin) was administered
subcutaneously, as thromboprophylaxis, on the day before
and after the operation. Patients were operated under
general anesthesia and received analgetics for the postoperative pain relief. The clinical data of patients following
pancreatoduodenectomy have been presented in Table 1.
Nine of the 29 patients required postoperative blood
transfusion (av. 2±1 units). Red cell packed mass was transfused postoperatively in patients with hemoglobin level
below 9 g/dL.
Patients requiring reoperations were subjected to
detailed analysis. The patients meeting criteria allowing to
diagnose sepsis, which had been defined, by American
College of Chest Physicians and Society of Critical Care
Medicine in 1991, were counted among this group.
According to this definition sepsis can be diagnosed in
a patient with documented infection (e.g. bacteriemia,
abscess), who meets at least two of the below mentioned criteria: body temperature >38.0°C or <36.0°C, tachycardia
(over 90 beats per minute), tachypnoe (over 20 breath per
minute) or PaCO2 <32 mm Hg and leukocytes level
>12 000/mm3 or <4000/mm3 or also the presence of immature forms >10%. Total parenteral nutrition (TPN) was
administered continuously in each patient after reoperation
with aminoacids, glucose, lipid emulsions, electrolytes, vitamins and oligoelements (25 kcal/kg).
Blood samples. In all patients blood samples were collected from the peripheral vein on the day preceding operation and on days 1, 3, 7 and 10 thereafter. Serum samples
were prepared and stored at -20°C until further use.
Cytokine and cytokine antagonists measurement. The
serum concentrations of IL6, IL1ra, and sTNFRI were
measured by enzyme immunometric assay (Quantikine
R&D Systems Europe Ltd, Barton Lane Abingdon,Oxon).
Each sample was examined in duplicate. The lower limit of
sensitivity of the assay for serum samples was 0.7 pg/mL for
IL-6, 22 pg/mL for IL-1ra, and 3.0 pg/mL for sTNFRI. As
controls, serum concentrations of sTNFRI, IL-1ra and IL-6
were measured in 16 healthy adult volunteers. In this group
the sTNF-RI concentration was 869±143.3 pg/mL, IL-1ra
327.6±435.2 pg/mL and IL-6 1.75±4.2 pg/mL.
Protocol of the study was approved by the Medical
University Ethics Committee. All patients signed an
informed consent before entering the study.
Statistical analysis. Results were expressed as mean values SD (shown in figures). Statistical analysis was started
with determining the distribution of the analysed data using
the Kolmogorov-Smirnow test. Depending on the distribution of data, to assess the dynamics of postoperative
changes in a specified group of patients, the analysis of variance or Friedman’s test and corresponding with them
Tukey’s HSD test were employed, whereas the results
obtained in the particular groups of patients were compared
with each other using, depending on the distribution of
data, t-Student test for independent variables or Mann-Whitney test. All calculations were performed by means of
a statistical software package by Statistica assuming the
level of statistical significance at p<0.05.
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RESULTS
Outcome
Sixteen uninfected patients (including 10 patients with
enteral nutrition) recovered from surgery without postoperative complications. Nine patients had delayed gastric emptying after Whipple resection. No significant improvement
in preoperative nutritional status was observed, whereas
their postoperative nutritional status worsened. Thirteen of
the 29 patients developed postoperative complications
(included 2 subjects receiving enteral nutrition), as massive
abdominal wound infections, intraabdominal abscess, anastomosis dehiscence, intestinal obstruction, intraabdominal
bleeding and MOF (Table 1). Four patients underwent an
USG-controlled puncture of intra-abdominal abscess.
Surgical reintervention was carried out in 9 patients developed severe septic complications. After the diagnosis of
intraabdominal abscess or anastomosis dehiscence patients
were reoperated under general anesthesia. The type of
complications and reoperations have been presented in
Table 2. All patients had positive bacterial cultures from the
site of infection and according to the results were treated
intravenously with antibiotics (Augmentin, Piperacillin,
Cephopherazone, Imipenem, Vancomycin, Metronidozole).
After reoperations two patients required infusion of vasopressor agent (dopamine within first 24 h) to maintain
TABLE 1. Clinical data for patients following pancreatic resection
(Whipple procedure) and postoperative complications.
Clinical data

Patients
without complications

Patients
with complications

Patients
requiring re-operations

Number of patients

16

13

9

Age (median years)

59 (37–75)

60 (38–75)

61 (42–75)

11:5

7:6

5:4

Gender (M:F)
Tumor staging
I

6

2

1

II

9

3

3

III

1

7

5

IV

0

1

0

Duration of
operation (min)

305 (210–450) 325 (270–420) 335 (270–420)

Number of patients
with postoperative
blood transfusions

4

5

5

blood pressure. One required red cell mass transfusion.
There were two fatal cases on day 14 and 16 in a patient following Whipple operation with pancreaticojejunostomy
rupture, intraabdominal abscess and MOF development.
Patients with uneventful postoperative course
The preoperative serum IL-6 level was significantly higher in patients with uneventful postoperative course when
compared with infected group (163.32±149 pg/mL in uninfected group versus 4.69±3.6 pg/mL in infected group,
p=0.001). There was also a tendency toward the highest preoperative level of IL-1ra in this group of patients
(1750.96±1447 versus 706.62±604, p=0.06). In patients with
uneventful postoperative course pancreatic resection did not
resulted in a significant increase of serum IL-6 concentrations. The IL-6 serum concentration increased from
163.32±149 pg/mL before surgery to 204.37±162 pg/mL,
200.6±517 pg/mL on day 1 and 3, to decrease to
41.19±39 pg/mL and 34.71±24 pg/mL on day 7 and 10
(Figure 1a).
The highest level of IL-1ra of 2384.82±3268 pg/mL
was observed on day 3 to decrease on day 7 to
1551.34±1220 pg/mL and to 1157.3±852 pg/mL on day 10.
The differences between pre- and postoperative levels of
IL-1ra were not significant (Figure 1b). There was, a significant increase in sTNFRI level from 2078.64±887 pg/mL to
3512.08±2178 pg/mL (p=0.03), 2955.2±1473 pg/mL
(p=0.02) and 2944.12±1265 pg/mL (p=0.04) , on day 1 to 7
respectively in uninfected patients (Figure 1c).
Patients with postoperative complications (re-operations)
In the group of patients with postoperative complications pancreatoduodenectomy resulted in a striking significant increase of serum IL-6 concentrations on day 1 followed by decline between day 3 to 10 (Figure 1c). The IL-6
serum level rose from 4.69±3.6 pg/mL before operation to
520.72±511 pg/mL on day 1 and to 128.6±94 pg/mL,
83.38±50 pg/mL and 144±82 pg/mL on days 3, 7 and 10
respectively (before vs. after surgery, all p=0.007). There
were no significant differences when comparing IL-6 concentrations in patients requiring reoperations with the uninfected ones. In the group of patients requiring reoperations,
the IL-6 serum level rose from 3.85±2.4 pg/mL to
679.4±742 pg/mL on day 1 and 169.1±257 pg/mL,
93.25±115 pg/mL and 220.5±377 pg/mL on days 3, 7 and
10 respectively (before vs. after surgery, all p=0.007).

TABLE 2. The types of complications and reoperations after pancreatic surgery.
Type of serious complications requiring re-operations

Day of re-operation

Type of re-operation

anastomosis dehiscence, intra-abdominal abscess, MOF

9

laparotomy, abscess drainage drainage

anastomosis dehiscence, intra-abdominal abscess

10

laparotomy and abscess drainage

intra-abdominal abscess

9

laparotomy and abscess drainage

small intestinal obstruction

8

bowel resection

retro-peritoneal abscess, pancreatic fistula

8

laparotomy and abscess drainage

intra-abdominal abscess

16

laparotomy and abscess drainage

intra-abdominal abscess and massive wound infection

21

laparotomy, abscess drainage

intra-abdominal bleeding and abscess

8

laparotomy, vessels ligation, abscess drainage drainage

intra-abdominal abscess

13

laparotomy and abscess drainage
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The serum sTNFRI rose significantly from 1653.57±590
pg/mL before first surgery to 4105.35±1544 pg/mL
(p=0.01), 3982.14±1807 pg/mL (p=0.02), 3357.14±1280
pg/mL (p=0.01) and 3316.07±1191 pg/mL (p=0.003) on
days 1, 3, 7 and 10 after and was significantly higher in
patients requiring reoperations as compared with uninfected group on day 1 following pancreatic resection
(4507.5±1123 pg/mL vs. 3512.08±2178 pg/mL in uninfected
group, p= 0.03), (Figure 1c).
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FIGURE 1. Serum concentrations of soluble tumor necrosis factor
receptor (sTNFRI) (a), interleukin 1 receptor antagonist (IL-1ra); (b)
and interleukin 6 (IL-6); (c) in patients without complications ( ),
with complications ( ) and with complications requiring re-operations
( ); * – p<0.05 (pre- versus postoperative levels); # – p<0.05 (uninfected versus re-operations).

After pancreatic resection the serum IL-1ra concentration was significantly increased in infected group and reached
concentration of 4860±2005 pg/mL, 2419.5±1933 pg/mL,
1883.37±818 pg/mL and 3416.25±2906 pg/mL on day 1, 3, 7
and 10 respectively (before vs. after surgery, all p=0.01). In
patients who required reoperations IL-1ra concentrations
were significantly higher as compared with uninfected group
on day 1 (4998±2447 pg/mL vs. 1422.48±1028 pg/mL,
p=0.04), 7 (2233.4±665 pg/mL vs. 1551.34±1220 pg/mL,
p=0.04) and 10 (4681.5±2043 pg/mL vs. 1157.30±852 pg/mL,
p=0.01), (Figure 1b).

Increased plasma cytokine concentrations, soluble
cytokine receptors or cytokine receptor antagonists
observed in the peripheral blood of patients with sepsis and
MOF often correlate with poor outcome. Measuring the
cytokines and cytokine antagonists serum levels in oncological patients receiving nutritional support after major
should be used as a predictive factor of possible postoperative complications as well as for therapeutic efficiency monitoring.
The first important finding of our study was that
the patients without complications showed no early
postoperative rise of serum IL-1ra and IL-6 concentrations
over preoperative values. Analysis of this group revealed
that the majority of patients as a result of preoperative
malnutrition received pre- and postoperative enteral
nutrition. Interestingly, the preoperative serum IL-6 level
(163 pg/mL) was significantly higher in this group of
patients. There was also a tendency to a higher preoperative
concentration of IL-1ra in patients with uneventful postoperative course. These results suggest that not only surgical
trauma, but also preoperative IL-6 and IL-1ra levels, as well
as malnutrition and nutritional support were the main factors which may influence the postoperative IL-6 and IL-1ra
levels. An additional factor was the neoplastic process
advancement (Table1).
It has been proved that IL-6 is produced constitutively
by human pancreatic cancer cell lines [Wigmore et al.,
1994]. The production of IL-6 by isolated peripheral blood
mononuclear cells has been shown to be elevated in weight-losing patients with pancreatic cancer [Falconer et al., 1994;
Fearon et al., 1999]. These mechanisms may explain the elevated serum concentrations of IL-6 in patients with pancreatic cancer. Elevated circulating IL-6 concentrations have
been also found to be associated with weight-loss in patients
with colorectal and lung cancer [Fearon et al., 1991; Scott
et al., 1996].
The possibility of influence of neoplastic process stage
and nutritional status in pancreatic cancer patients on the
changes in the immune parameters (IL-6, IL-1ra, sTNFRI)
being studied requires further investigations. Low postoperative pro-(IL-6) and anti-inflammatory (IL-1ra) response to
pancreatic surgery in patients without infections may reflect
the pancreatic cancer immunosupression and patients malnutrition. In pancreatic cancer, soluble factors produced by
and for the protection of the tumor environment have been
detected and are often distributed to the victim’s circulatory system where they may effect a more generalized
immunosupression. Our study has shown that in patients
without postoperative complications after Whipple resection only sTNFRIp55 level was significantly increased
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between day 1 and 7 (Figure 1c). These results suggest that
the plasma sTNFRI concentration changes occurring after
pancreaticoduodenectomy constitute a very sensitive independent of malnutrition marker of anti-inflammatory
response to pancreatic surgery. As a result of malnutrition
patients undergoing pancreaticoduodenectomy often
require postoperative artificial nutrition. The early postoperative enteral nutrition has recently been suggested to surgeons as a way of improving the postoperative outcome of
patients with major surgery of the gastrointestinal tract
[Gianotti et al., 2000]. Our study confirmed these observations. Despite the normal preoperative nutritional status,
the majority of patients without early postoperative enteral
nutrition after pancreaticoduodenectomy developed serious complications. There is a hypothesis that the early
enteral nutrition prevents gut mucosal atrophy, which subsequently results in maintaining the mucosal barrier and
thereby protects against bacterial translocation. Several
clinical studies have demonstrated that early postoperative
enteral nutrition can reduce septic complications and
improve whole body protein kinetics and wound healing
[Hochwald et al., 1997; Jolliet, 1999].
The results of our study indicate that the high early postoperative rise of serum sTNFRI, IL-1ra and IL-6 levels
over the preoperative values, may predict the outcome in
oncologic patients after pancreatoduodenectomy (Figures 1
a, b, c). This SIRS- like reaction on day 1 after Whipple procedure in patients developed (between day 8 to 21) serious
postoperative septic complications requiring reoperations,
has an important clinical implication. Early detection by
clinical examination of these complications within the first
postoperative days is difficult. If systemic spillover and persistent release of anti-inflammatory mediators is diagnosed
early, a faster diagnostic (early searching of infections
sources) and therapeutic approach (e.g. faster surgical or
nutritional intervention) can prevent the development of
late septicemia and formation of an abscess or fistula.
Increase of the suppressive mediators might be closely
related to the development of severe sepsis and MOF in
trauma patients [Menges et al., 1999], but the estimation of
critical levels for sTNFRI and IL-1ra in each patient after
pancreatoduodenectomy is difficult. In our study in the
group of patients requiring reoperations sTNFR p55 reaches the peak level of 4507 pg/mL (Figure 1c) which is at the
same time a 1000 pg/mL higher than in uninfected patients.
This significant difference between physiological reaction to
major surgical trauma and massive anti-inflammatory
response on day 1 after Whipple procedure reflects early
excessive immunosupression that precedes the development of serious complications. Anti-inflammatory mediators seem to be prerequisite for controlling and down-regulating the inflammatory response leading to a depression of
the immune system of patients. Cytokine inhibitors such as
soluble tumor necrosis factor receptor (sTNFR) I and II,
IL-1ra, or soluble IL-1 receptors (sIL-1r) are significantly
increased in the circulation of patients with sepsis. Higher
levels of IL-6, IL-1ra, and sTNFR were detected in patients
with severe sepsis and early hemodynamic deterioration
[Gogos et al., 2000]. The elevated levels of the anti-inflammatory cytokines, TNFR I, and TNFR II, appeared to
reflect an attempt to suppress the shock syndrome [Kasai et
al., 1997]. It was found that the administration of exogenous

sTNFR and IL-1ra might provide a therapeutic benefit in
patients at high risk of sepsis [Fisher et al., 1992, 1996; Opal
et al., 1997]. High plasma concentrations of IL-1ra, an antiinflammatory mediator, which inhibits IL-1 binding to
receptor without agonist activity, have also been demonstrated in critically ill septic patients, in patients with MOF
after major torso trauma, following some operative trauma
and in response to endotoxin. The release of anti-inflammatory mediators after major torso trauma correlates with
the development of postinjury multiple organ failure
[Partrick et al., 1999]. Schwenk et al. [2000] reported that
plasma concentrations of IL-1ra increased after colorectal
resections and remained above the preoperative levels during the first postoperative week. A study of Pruitt et al.
[1996] revealed the peak plasma concentrations of IL-1ra
(at 2–4 h) in patients undergoing thoraco-abdominal
aneurysm repair, bowel resection and in patients with sepsis. Similarly, O’Nuallain et al. [1993, 1995] has shown that
IL-1ra can be induced as an early-response cytokine following major trauma in the absence of an infection. The highest IL-1ra level was detected in patients 4 h after the commencement of an abdominoperineal colon resection and
within 24 h it reached the preoperative values. After partial
hepatectomy, Kimura et al. [1998] demonstrated that plasma IL-1ra concentration did not differ significantly between
the infected and uninfected groups.
Our study has indicated that anti-inflammatory mechanisms are activated early after pancreaticoduadenectomy.
Since increased levels of sTNFRI , IL-1ra and IL-6 correlate with serious complications requiring reoperations, they
may contribute to our understanding of the pathogenesis as
well as prediction of outcome. High levels of serum antagonists to TNF and IL-1 after pancreas resection suggest tissue level involvement of these cytokines in postinjury hyperinflammation. Previous studies revealed that in patients
undergoing pancreaticoduodenectomy, a large increase in
portal, and a significantly lower increase in peripheral, IL-6
levels were observed, but no significant increase in TNF levels was noted [Wortel et al., 1993].
CONCLUSIONS
Summarizing, the results of our study confirmed the
usefulness of cytokine antagonists and IL-6 measurement in
patients after pancreaticoduodenectomy for early recognition of local infective complications and they also partly
explain the mechanism of lack of early postoperative rise of
serum IL-1ra and IL-6 concentrations over preoperative
values in patients without complications when majority of
patients received pre- and postoperative enteral nutrition.
We suggest that pre- and postoperative enteral nutrition
protects against the development of postoperative complications and early SIRS-type reaction by inhibiting cytokine
and cytokine inhibitors production after surgical trauma.
The possibility of influence of neoplastic process stage and
nutritional status in patients on the changes in the immune
parameters being studied requires further investigations.
Measurement of serum IL-6, IL-1ra and sTNFRI concentrations on the 1st day after pancreaticoduodenectomy may
predict the development of postoperative infectious complications often requiring reoperations.
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