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Anesthesia With Propofol Does Not Reduce Interleukin-6
Release in Response to Abdominal Surgery of Varying
Severity

Durk Fekkes® ¢, Jaap W. Hol®, Robert J. Stolker?

Abstract

Background: Data on whether anesthesia with propofol promotes or
attenuates interleukin-6 (IL-6) production are conflicting. The pur-
pose of this study was to investigate the effect of different doses of
propofol, but similar doses of opiates, on plasma concentrations of
IL-6 in patients undergoing two distinct operations of different sever-
ity and duration.

Methods: This study was a prospective, single-center, two-armed
observational study. Blood samples were collected in 28 patients un-
dergoing abdominal hysterectomy (H) or vulvectomy (V). IL-6 was
measured 24 hours preoperatively, prior to induction, at the end of the
operation, and at 24 and 96 hours postoperatively. We tested the effect
of propofol on IL-6 levels with linear regression.

Results: IL-6 concentrations at the end of surgery were significantly
higher in group H than in group V (38.6 (31.3) pg/mL vs. 3.7 (2.7)
pg/mL, P < 0.001). Peak levels of IL-6 were seen in group H at
the end of operation, while maximum levels in group V were at-
tained 24 hours after surgery. No relationship between administered
amount of propofol and IL-6 release could be identified. However,
peak levels of IL-6 were significantly correlated to surgery duration
in both group H and group V (r =0.773, P = 0.002 vs. r = 0.568, P
=0.034).

Conclusions: Propofol does not diminish perioperative levels of IL-6
in patients undergoing abdominal hysterectomy or vulvectomy. The
results also suggest that surgery duration is the main determinant of
IL-6 response in both patient groups. Our findings indicate that there
may be a clinical benefit to reduce the duration of surgery.
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Introduction

There has been concern that anesthesia might play a role in
causing pathological deactivation of the immune system, mak-
ing the patient more susceptible to cancer metastasis, infection
or sepsis after surgery [1, 2]. On the other hand, it has been
thought that the potentially dampening effects of anesthesia
could be useful to reduce the chance of a systemic inflamma-
tory response syndrome from occurring during high risk sur-
gery [3].

There is a great deal of information about the immunologi-
cal impact of anesthetic drugs [4]. However, it is often unclear
whether opiates or hypnotic drugs contribute to immunomodu-
lation. There is evidence that opiates can influence the immune
system, although results are inconsistent [5]. Other studies
suggest that opioids have little effect on the secretion of the
cytokine interleukin-6 (IL-6) [6-8]. IL-6 is an acute phase pro-
inflammatory marker, which is an accepted early indicator of
inflammation with peak plasma levels being proportional to the
amount of surgical trauma [9, 10]. Hypnotic drugs have wide
ranging effects on cytokines in vitro, but data are inconclusive
[11-13]. Propofol has been found to inhibit IL-6 production by
lipopolysaccharide-stimulated mononuclear cells in vitro [13].
In vivo data collected from rat studies revealed that propofol
has anti-inflammatory properties and is able to dampen IL-6
increases [14]. A clinical study comparing anesthesia regimens
found that an anesthetic using propofol and alfentanil reduced
the release of IL-6 when compared to anesthesia maintained
with isoflurane and nitrous oxide [2]. Gilliland et al [15] dem-
onstrated that IL-6 response during abdominal surgery does
not seem to be influenced by isoflurane and propofol. How-
ever, another clinical study suggested that propofol/fentanyl
anesthesia promoted a pro-inflammatory state [16]. When
considering these studies, it is clear that conflicting results are
realized when propofol is used in different in vivo or in vitro
experimental settings. Furthermore, most clinical studies were
unable to isolate the individual effect of propofol from various
confounders such as varying anesthesia regimens.

The aim of this study was to investigate whether the
amount of propofol administered during surgery governs the
response of IL-6. To this end, we determined plasma levels
of IL-6 from patients who underwent two types of surgery of
differing severity and duration (patients undergoing abdomi-
nal hysterectomy or vulvectomy), while receiving different
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Table 1. Characteristics and Perioperative Variables of the Subjects

Vulvectomy (n = 15)

Hysterectomy (n = 13)

Age, years (SD)

Length, cm (SD)

Weight, kg (SD)

ASA classification 1/2/3 (number of patients)
Propofol during operation, mg (SD)
Operation time, min (SD)

Blood loss during operation, mL, V

Colloids during operation, mL (SD)
Crystalloids during operation, mL (SD)
Sufentanil during operation, pg (SD)

Cisatracurium during operation, mg (SD)

62 (12) 44 (9)*

166 (5) 167 (6)

71 (10) 71(7)
2/11/2 7/6/0#

1,146 (828) 1,983 (1,053)#
126 (50) 188 (46)#
134 (271) 959 (335)*
170 (242) 540 (335)#
1,182 (627) 1,917 (655)#
33 (15) 37 (14)

20 (25) 68 (18)#

ASA: American Society of Anesthesiologists. *P < 0.001. #P < 0.05 (between group comparison).

amounts of propofol, but similar doses of the opiate sufentanil.

Materials and Methods

Study design

This study is a secondary analysis of a prospective and con-
secutive, single-center, two-armed observational study on the
effects of anesthesia and surgery duration on the response of
IL-6. The primary outcome for the current analyses was the ef-
fect of propofol on the postoperative release of IL-6 in plasma
of 28 patients undergoing abdominal hysterectomy or vulvec-
tomy. The secondary outcome was the effect of surgery dura-
tion on release of IL-6.

The protocol was approved by the Medical Ethics Com-
mittee of the Erasmus Medical Center, Rotterdam (MEC-
2008-134). All procedures were performed in accordance with
the Helsinki declaration. Informed consent was obtained from
all subjects; the requirement of written informed consent was
waived by the ethics committee. Inclusion criteria were: 1)
scheduled for vulvectomy or abdominal hysterectomy, 2) ex-
pected surgery duration greater than 0.5 h, 3) age higher than
18 years, 4) American Society of Anesthesiologists (ASA)
classification I-III, and 5) informed consent. Exclusion cri-
teria were: 1) ASA-classification IV-V, 2) patients unable to
speak Dutch, 3) and patients not able to consent. Patients had
the right to withdraw from the study at any time. Patients who
developed serious adverse side effects were to be withdrawn
from the study. The subjects reported in the study have been
previously reported [17, 18].

Patient management

All patients received a tablet of lorazepam 1.0 mg and of the
selective COX-2 inhibitor celecoxib 100 mg approximately 1
h before surgery. Personal drug regimens were continued dur-
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ing the study. The observational nature of this study allowed
the staff anesthesiologist to place an epidural catheter if the
anesthesiologist felt it was indicated for adequate postopera-
tive analgesia. Anesthesia was induced with propofol 1 - 2 mg/
kg IV for sedation and sufentanil 0.15 - 0.30 mg/kg IV for
analgesia. Cisatracurium provided muscle relaxation for opti-
mal intubation conditions. Prior to the first incision, all patients
received a combination of the antibiotics cefazoline 1 g and
metronidazol 500 mg I'V.

For all patients, the minimum postoperative pain control
regimen included paracetamol 4,000 mg/24 h and celecoxib
200 mg/24 h. Morphine was titrated postoperatively until suf-
ficient pain control was achieved (a visual analog scale (VAS)
score of 4 or less). The daily regimen of paracetamol and
celecoxib was continued until patients no longer experienced
pain with VAS scores greater than 4. Patients with an epidural
catheter had it removed when the anesthesiologist determined
that it was no longer indicated for adequate pain control. Pa-
tient characteristics, medications used during and after surgery,
and duration of surgery were documented.

Laboratory assessments

EDTA blood samples (4 mL) were collected in all 28 patients
at 24 h preoperatively, right after IV canula placement prior
to induction of anesthesia, at the end of the operation, and at
24 and 96 h postoperatively. Enzyme immunoassays for the
quantitative determination of human IL-6 were performed
with a sandwich ELISA (Pelikine Compact™ and additional
Pelikine Toolset™, Sanquin, Amsterdam, The Netherlands) as
described previously [17]. Data were calculated as pg/mL.

Statistical analysis

Data on patient characteristics and perioperative variables were
analyzed using SPSS 16.01 for windows (SPSS Inc., Chicago,
IL, USA). As the nature of this study was observational, we did
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Figure 1. Effect of propofol on the peak levels of IL-6 in the plasma of the hysterectomy group (a) and the vulvectomy group (b).

The correlations were not significant.

not perform a power analysis. The independent sample #-test
was used to compare means for patient demographics (exclud-
ing ASA classification) and perioperative characteristics. The
Pearson Chi-square test was used to evaluate differences in
ASA classification. The Fisher exact test was used to analyze
differences in the type of pain control techniques used between
groups (NSAID only, NSAID + opiates, NSAID + opiates +
epidural). All continuous variables were presented as mean +
SD. Data on ASA classification were presented as counts.

The correlations between peak plasma IL-6 levels and
all perioperative characteristics were assessed in both patient
groups using the Spearman rank test or the Pearson’s corre-
lation test in case of normal distributions. The Kolmogorov-
Smirnov test was used for normal distribution. Calculations
and regression lines were performed using GraphPad Software
(version Prism 5, San Diego, USA). All data were reported as
mean + SD.

Results

Twenty-eight consecutive patients were included in the study;
no patients were withdrawn from the study. The vulvectomy
group (group V) contained 15 patients, while the abdominal
hysterectomy group (group H) contained 13 patients. All pa-
tients were female and there was no significant difference in
weight. Patients in group H were younger and had significantly
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lower ASA scores (Table 1). There was no significant differ-
ence in the amount of sufentanil used between groups. Group
H had a significantly longer operating time (P = 0.002) and
significantly more propofol was used in this group (P = 0.026)
compared to group V. One of the patients received a blood
transfusion with 285 mL of erythrocytes. Group H used sig-
nificantly more crystalloids, colloids and more cisatracurium
than group V (Table 1).

There was no significant difference in the amount of post-
operative morphine, paracetamol or celecoxib given to both
groups. Nine patients in the abdominal hysterectomy group
were given preoperative epidural catheters for postoperative
analgesia while only three patients were given one in the vul-
vectomy group. All epidural catheters were removed 24 h post-
operatively, because pain control was found to be adequate.

Baseline levels of plasma IL-6 in group H (1.1 (0.8) pg/
mL; 95% confidence interval (CI): 0.6 - 1.7) were not differ-
ent from levels in group V (1.7 (0.8) pg/mL; CI: 1.2 - 2.2; P
= 0.06). However, group H produced significantly more IL-6
than group V at the end of the operation (38.6 (31.3) pg/mL;
CI: 19.8 - 57.4 versus 3.7 (2.7) pg/mL; CI: 1.4 - 6.1; P<0.001).
In addition, group H had peak levels of IL-6 at the end of the
operation, while group V experienced peak levels (23.0 (20.1)
pg/mL; CI: 11.9 - 34.2) 24 h after surgery.

There were no significant correlations between peak plas-
ma levels of IL-6 and the amount propofol given for both group
H (r =0.522; CI: -0.52 to 0.84; P = 0.067; Fig. 1a) and group
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Figure 2. Effect of surgery duration on the peak levels of IL-6 in the plasma of the hysterectomy group (a) and the vulvectomy
group (b). The correlations were significant in both groups. Surgery duration is defined as the time period between the start and

the end of surgery.
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V (r=0.029; CI: -0.50 to 0.55; P=10.919; Fig. 1b). The results
were found to be the same when the amount of propofol was
designated as mg/kg body weight. On the other hand, the peak
plasma levels of IL-6 were significantly correlated to surgery
duration both in group H and in group V (r = 0.773; CI: 0.39 -
0.93; P=10.002 and r = 0.547; CI: 0.05 - 0.83; P =0.035; Figs.
2a and b, respectively). From Fig. 2, it can be seen that the slope
of the regression line for group H was higher than for group
V (0.519 versus 0.219). In both patient groups, there were no
correlations between the plasma IL-6 levels after surgery on
the one hand, and blood loss, colloids, crystalloids and cisa-
tracurium given during surgery on the other hand. In addition,
there was a positive correlation between the amount of propofol
given and surgery duration in both group H (r=0.521; CI: -0.04
to 0.83; P=10.068) and group V (r = 0.454; CI: -0.09 to 0.79; P
=0.089), although no significance was reached.

Discussion

The results of our study present evidence that there is no rela-
tionship between the amount of propofol administered during
surgery and the perioperative response of IL-6. We found that
plasma levels of IL-6 are highly correlated to surgery duration
and that propofol does not seem to influence IL-6 response in
patients undergoing abdominal hysterectomy or vulvectomy.
One focus of this study was to isolate the effect of propofol
from the potentially confounding effects of opiates. This was
made possible by investigating how propofol influences 1L-6
during two distinctive operations where sufentanil use was not
significantly different. The experimental setup of this study is
unique because it compares the relationship between IL-6 and
two variables in two well-defined surgical settings of different
severity. The two variables are the amount of propofol admin-
istered and duration of surgery. These comparisons were made
during an abdominal surgical procedure expected to generate
an intense IL-6 response, with another surgical procedure less
prone to the same level of acute phase inflammatory reaction
[9, 10].

The results of our study partly are in line with the results
found by many other authors. Crozier and colleagues [2] con-
cluded that anesthesia with alfentanil and propofol diminished
the release of IL-6 in response to abdominal surgery when
comparing to an anesthesia regimen using isoflurane. How-
ever, the authors suggested that this reduction was an effect
of alfentanil and not propofol. Gilliland and colleagues [15]
evaluated the effect of anesthesia with propofol or isoflurane
on the balance of pro- and anti-inflammatory cytokine produc-
tion during abdominal hysterectomy and they found similar
levels of IL-6 in both groups. Kvarnstrom and colleagues [19]
found no differences in IL-6 levels when comparing total in-
travenous anesthesia using propofol and inhalation anesthesia
with sevoflurane and fentanyl. Two groups reported compara-
ble results in patients undergoing other types of surgery. Baki
and colleagues [20] found that the plasma concentrations of
IL-6 during coronary artery bypass grafting were even higher
in patients receiving propofol compared to desflurane anesthe-
sia, while Margarit and colleagues [21] found no significant
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differences between the effects of total intravenous anesthesia
with propofol and isoflurane anaesthesia on plasma levels of
IL-6 after colorectal cancer surgery. Corcoran and colleagues
[22] concluded that propofol may have attenuated the IL-6 re-
sponse to cardiopulmonary bypass 4 h after reperfusion or that
the higher IL-6 concentrations at 24 h merely represent a post-
ponement of the inflammatory response.

However, our results are not in agreement with some other
studies. Ke and colleagues [23] found that total intravenous
anesthesia using propofol and remifentanil suppresses the in-
flammatory system caused during open cholecystectomy to
a greater extent than isoflurane anesthesia. Takaono and col-
leagues [13] demonstrated that propofol inhibited IL-6 produc-
tion by lipopolysaccharide-stimulated mononuclear cells from
healthy volunteers, while Taniguchi and colleagues [14] found
comparable results in an animal study. On the other hand, two
in vitro studies with human lymphocytes [12, 16] demonstrated
that anesthesia with propofol promotes proinflammatory im-
mune responses. The differences found when comparing our
data with those of previous studies may be explained by use of
different study designs [23]. Furthermore, the other studies are
animal studies [14] or in vitro studies [12, 13, 16].

Our results provide some interesting points. It is notewor-
thy that propofol was not immunosuppressive in the vulvec-
tomy group, an operation expected to have less activation of
the acute phase reaction. The amount of propofol used in the
abdominal hysterectomy group, which is associated with the
strongest acute phase reaction, even seemed to be positively
correlated to IL-6, although no significance was reached (P =
0.067). However, our study showed that this positive corre-
lation was probably due to the longer operating time of this
group. In both patient groups, plasma levels of IL-6 were
found to be correlated to surgery duration. Therefore, it may be
concluded that propofol does not dampen or heighten plasma
IL-6 levels, and that surgery duration or the type of surgery
performed is the most important factor influencing IL-6 syn-
thesis. This is also in agreement with a study by Cruickshank
et al [9] who reported that the response of IL-6 correlated with
the duration and severity of surgery.

Limitations of our study are the relatively small number of
patients and that some of the patients had an epidural catheter
for adequate postoperative analgesia. However, epidural anal-
gesia is not expected to dampen the immune system. There is
evidence that epidurals do not alter IL-6 profiles, thus it should
not provide a confounding effect [2, 8, 24]. The ASA values
in the vulvectomy group are higher than in the other group,
which may be due to increased comorbidity (at higher age) in
patients suffering from vulva carcinoma. However, this differ-
ence did not influence IL-6 levels at baseline. Operation time,
blood loss, cisatracurium doses, colloids and crystalloids given
were also higher in the hysterectomy group than in the vulvec-
tomy group. However, there was no correlation between these
parameters and IL-6 levels.

Our study is unique because we were able to determine the
effect of different amounts of propofol on the release of IL-6
during two well-defined surgical settings of different severity
in which the use of the opiate sufentanil was not significantly
different. This experimental setup is different because it com-
pares the relationship between plasma concentrations of IL-6
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on the one hand and the amount of propofol administered and
the length of the operation on the other hand.

Future studies are warranted with larger populations that
measure the amount of anesthetic given, the duration or se-
verity of surgery and the levels of the perioperatively released
cytokines IL-1, IL-6 and tumor necrosis factor-a.

In conclusion, our findings suggest that propofol does not
inhibit IL-6 release and that longer operating times are paired
with increased IL-6 production. Our findings also emphasize
that there may be a clinical benefit to reduce the duration of
surgery as much as possible.
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