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ABSTRACT

Background and Objectives: Major abdominal proce-
dures are strongly associated with postoperative immuno-
suppression and subsequent increased patient morbidity.
It is believed that laparoscopic surgery causes less deple-
tion of the systemic immune function because of the
reduced tissue trauma. Various cytokines and monocytic
HLA-DR expression have been successfully implemented
to assess postoperative immune function. The aim of our
study was to show the difference in immunologic profiles
after minimally invasive versus conventional liver resec-
tion.

Methods: Ten animals underwent either laparoscopic or
conventional open left lateral liver resection. Flow cytomet-
ric characteristics of HLA-DR expression on monocytes and
lipopolysaccharide-stimulated cellular secretion of tumor ne-
crosis factor �, interferon �, interleukin 6, and interleukin 8
were measured and analyzed in ex vivo whole blood sam-
ples. Intraoperative and postoperative clinical outcome pa-
rameters were also documented and evaluated.

Results: All animals survived the procedures. Postopera-
tive complications were fever (n � 3), wound infections
(n � 2), and biloma (n � 1). Open surgery showed a
morbidity rate of 80% compared with 40% after laparo-
scopic surgery. Laparoscopic liver resection showed no
postoperative immunoparalysis. Major histocompatibility
complex class II expression in this group was elevated,
whereas the open surgery group showed decreased major
histocompatibility complex class II expression on postop-

erative day 1. Postoperative secretion of tumor necrosis
factor �, interleukin 6, and interferon � was lower in the
open surgery group. Elevated transaminase levels after
laparoscopy might have resulted from an ischemia/reper-
fusion injury caused by the capnoperitoneum.

Conclusion: Major immunoparalysis depression was not
observed in either group. Laparoscopic surgery shows a
tendency to improve immunologic recovery after liver
resection.

Key Words: Liver resection, Laparoscopy, HLA-DR ex-
pression, Immunology, Stimulated cellular secretion, Post-
operative immunosuppression.

INTRODUCTION

Laparoscopic liver resection of benign and malignant neo-
plasms was introduced in the early 1990s and has continu-
ously evolved ever since.1 On the basis of technological
advances and ongoing experience, laparoscopic liver sur-
gery is considered a safe and feasible technique when per-
formed by an experienced surgeon. Indications for laparo-
scopic surgery are currently being expanded from wedge
resections to more complex procedures such as hemihepa-
tectomies.2 A recent meta-analysis of nonrandomized com-
parative studies showed that laparoscopic resections resulted
in reduced operative blood loss, speedier recovery, and an
oncologic clearance comparable with open surgery.3

The immunologic aspects of minimally invasive surgery
have been extensively analyzed and compared with con-
ventional surgery for procedures such as cholecystec-
tomy, appendectomy, and colorectal surgery. It is gener-
ally accepted that surgery results in an acute metabolic
stress response, which correlates with the intensity of the
tissue damage. This stress response is usually accompa-
nied by a transient state of postoperative immunosuppres-
sion. As the tissue trauma increases, the postoperative
immunoparalysis becomes more apparent, leading to in-
creased susceptibility to infection. In contrast to the large
number of publications, data on immunologic differences
between laparoscopic and open liver resection are lim-
ited.4
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Virchow Clinic, University Medicine Berlin, Berlin, Germany (Drs. Chopra, Haacke,
Fikatas, Schmidt).

Institute of Medical Immunology, Charité Campus Mitte, University Medicine Ber-
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Burpee et al.5 showed that laparoscopic liver resection
resulted in a diminished stress reaction compared with
open surgery in an animal model. They measured signif-
icantly decreased plasma levels of interleukin (IL) 6 and
tumor necrosis factor � (TNF-�) after laparoscopy, trans-
lating into a greater preservation of the immune function.

The aim of our study was to compare the effects of open
and laparoscopic surgery on postoperative immunosup-
pression by analyzing monocytic HLA-DR expression and
ex vivo stimulated cytokine secretion. Both tests have
been evaluated in different studies to assess postoperative
immune function.6,7

METHODS

The experimental procedures were approved by the Ber-
lin office for animal protection in accordance with the
German law on animal rights (G 261/07). Ten female
domestic pigs were randomly subjected to laparoscopic
and conventional open left lateral liver resection. All ani-
mals were euthanized after a 7-day follow-up period.

Operative Procedure

The pigs had a median weight of 45 kg (range, 41–55 kg)
and mean age of 6 months (range, 5–8 months). All
animals were premedicated with 10 mL of 10% ketamine,
6 mL of 2% xylazine (Rompun Bayer AG, Leverkusen,
Germany), and 3 mL of azaperone (Stresnil Janssen Phar-
maceutical, Beerse, Belgium). After induction with propo-
fol, 2 to 7 mg/kg, anesthesia was maintained with isoflu-
rane (0.8%–1.1%) and fentanyl (1–3 �g/kg per hour). The
ventilator was set to a tidal volume of 15 to 20 mL/kg at a
rate of 12 to 16 breaths per minute. The bladder was
catheterized to improve intraoperative visibility and to
allow urine monitoring. During the operation, all animals
received approximately 1500 mL of electrolyte infusion.

All pigs were placed in the supine position and received a
left lateral liver lobe resection with a 1064-nm Nd:YAG
(neodymium:yttrium-aluminum-garnet) laser (Dornier
MedTech, Wessling, Germany). The laser was operated
with a flexible bare fiber of 4 m in length and 600 �m in
diameter. Tissue dissection was performed with direct
contact of the bare fiber to the liver (contact mode) and
coagulation of small vessels and parenchymal bleeding
with laser application from a 0.5- to 1-cm distance (non-
contact mode). Laser application for both modes was in
continuous wave mode with a fixed energy level at 40 W.
Bleeding from larger vessels with a diameter �2 mm was
controlled through temporary compression and clip ap-

plication. A clear operative field was maintained by inter-
mittent saline solution irrigation and suction.

Conventional Open Surgery

Access to the abdominal cavity was achieved by a midline
incision ranging from the xiphoid to approximately 10 cm
below the umbilicus. The abdominal wall was drawn back
with a metal retractor, and the left liver lobe was manually
exposed. The resection was performed as previously de-
scribed.8 Wound closure was achieved with two layers of
single sutures for skin and fascia.

Laparoscopy

tk;2A capnoperitoneum of 15 mm Hg was established
after insertion of a Veress needle. The 10-mm camera
access port was introduced blindly 2 cm above the umbi-
licus. A 30° laparoscope (MGB, Berlin, Germany) con-
nected to a high-resolution camera (WOM, Berlin, Ger-
many) allowed endoscopic visualization. Two additional
10-mm ports were inserted in a semicircular formation
under videoscopic guidance. The animals were posi-
tioned in a reverse Trendelenburg angle to facilitate free
access to the left liver lobe. Laser dissection demanded
intermittent smoke evacuation with the suction and irri-
gation for clear visibility. Larger vessels were either
clipped (Ethicon, Norderstedt, Germany) or occluded
with an endoscopic bipolar forceps (Wolf, Knittlingen,
Germany). The resected specimen was retrieved through
an extended midline incision of the camera port.

Postoperative Course

Immediately after the operation, all animals received wa-
ter and food and returned to their cage. During the post-
operative course, blood samples were obtained and clin-
ical parameters were assessed immediately after surgery
and on postoperative day (POD) 1, POD 3, and POD 7. A
standardized antibiotic regimen of perioperative intrave-
nous ampicillin on POD 1 and intramuscular tetracycline
on POD 1 and POD 3 was administered. On POD 7, all
animals were euthanized with a lethal dose of thiopental,
pancuronium bromide, and potassium chloride. Macro-
scopic autopsy findings were obtained and documented.

Laboratory Analysis

Cytokine secretion after lipopolysaccharide stimu-
lation. In this experimental setting, TNF-�, interferon
(IFN) �, IL-6, and IL-8 secretion was measured after ex
vivo stimulation of whole blood samples with the lipo-

Postoperative Immunodepression After Open and Laparoscopic Liver Resection, Chopra SS et al.

JSLS (2013)17:615–621616



polysaccharide (LPS) endotoxin. The blood was retrieved
from the femoral vein and immediately processed. Fifty
microliters of blood was taken from each sample, diluted
with 200 �L of RPMI Medium (RPMI 1640; Biochrom KG,
Berlin, Germany), and incubated for 24 hours (37°C, 5%
carbon dioxide) with 5000-ng/mL LPS endotoxin (Esche-
richia coli 0127:B8) (Sigma-Aldrich, Deisenhofen, Ger-
many). Cell-free supernatants were harvested after centrif-
ugation at 3000g at 4°C for 10 minutes. All samples were
stored in 2-mL pyrogen-free polypropylene screw-cap
tubes (Sarstedt, Nümbrecht-Rommelsdorf, Germany) at
–85°C until final analysis. Measurements were conducted
with commercially available enzyme-linked immunosor-
bent assay sets (Quantikine Porcine IFN-� Immunoassay,
DuoSet ELISA Porcine CXL8/IL-8, DuoSet ELISA Porcine
IL-6, and DuoSet ELISA Porcine TNF-�; R&D Systems,
Wiesbaden, Germany).

HLA-DR measurement on monocytes. For the flow
cytometric analysis of HLA-DR expression, 50 �L of whole
blood in a Vacutainer tube (Becton Dickinson Biosci-
ences, San Jose, CA, USA) containing EDTA was stained
with 30 �L of monoclonal phycoerythrin-conjugated anti–
HLA-DR and PerCP-Cy5.5–conjugated anti-CD14 antibod-
ies (Quantibrite; Becton Dickinson Biosciences) in the
dark at room temperature for 30 minutes. Erythrocyte lysis
was achieved with 0.5 mL of lysing solution (Becton
Dickinson Biosciences) for another 30 minutes at room
temperature. Finally, the cells were washed with 1 mL of
fluorescence activated cell sorting (FACS) buffer and an-
alyzed on a FACSCalibur cytometer (Becton Dickinson
Biosciences) to assess HLA-DR surface expression.

Statistical Analysis

Biometric analysis was performed with SPSS software
(SPSS, Chicago, IL, USA). Regarding the small study group,
nonparametric tests (Mann-Whitney U test) were applied
to evaluate the data. Statistically significant differences
were defined as P � .05.

RESULTS

Operation and Postoperative Course

Ten animals were randomly subjected to either laparo-
scopic or open left lateral liver resection. No major ad-
verse events occurred during any of the surgeries. The
mean dissection time was 43.6 minutes (� 9.2) for open
surgery and 64.2 minutes (� 4.6) for laparoscopy. The
mean blood loss was 337 mL (� 178) for conventional

open surgery and 182 mL (� 93.2) for laparoscopy. The
detailed results of the surgical procedures have been pre-
viously published.8 Adverse events during the postopera-
tive course included transient fever in 3 animals (2 in the
open surgery group and 1 in the laparoscopy group), 1
wound infection in each group, and 1 bilioma after open
surgery. This resulted in a morbidity rate of 80% for open
surgery compared with 40% after laparoscopy. Necropsy
findings showed significantly increased formation of ad-
hesions in the open surgery group.

Biochemical Parameters

Postoperatively, transaminase levels were increased in both
groups (Figure 1). On POD 1, laparoscopy showed a sig-
nificant elevation of Aspartat-Aminotransferase (ASAT) glu-
tamic oxaloacetic transaminase (GOT), with 675 U/L, com-
pared with 274 U/L after open surgery. On POD 3, ASAT
levels remained elevated and returned to baseline values on
POD 7 in both groups. Other biochemical parameters and
blood cell counts showed no significant differences.

Cytokine Secretion After Ex Vivo Stimulation of
Whole Blood

The preoperative measurements were used as baseline
values (100%). TNF-� showed a significant drop in both
groups immediately after the operation, with a recovery
on POD 1 and another relapse on POD 3 to POD 7
(Figure 2). No statistically significant differences between
open and laparoscopic surgery were observed. IFN-� lev-
els showed an 80% decrease after surgery and an eleva-
tion on POD 1 above baseline in the laparoscopy group
(0.3-fold). By analogy with the TNF-� curve, IFN-� values
decreased on POD 3 and POD 7 in both groups. IFN-�
values were higher on all days in the laparoscopy group

Figure 1. ASAT results for open surgery and laparoscopy before
surgery (pre), immediately after surgery (post), and during the
postoperative course (reference at 37°C, �52 U/L). Asterisk,
P � .05.
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(P � .05). IL-6 levels decreased below the preoperative
level in the open surgery group, with a minimum value on
POD 1 and a slow increase on POD 3 and POD 7. After
laparoscopy, a 0.2-fold increase was seen in postoperative
IL-6 measurements, with a continuous rise during the
complete course and a maximum 4.3-fold increase on
POD 7 (P � .02). IL-8 showed a persistent increase after
open surgery, with a maximum value on POD 1 (2.3-fold)
and a return to baseline levels on POD 3 and POD 7.
Laparoscopy presented an initial decrease (0.2-fold) and a
light increase on POD 1 and POD 3, remaining below
open surgical values throughout the follow-up period.

HLA-DR Expression on Monocytes

The preoperative median fluorescent intensity value repre-
sents the baseline value for the postoperative measurements
(Figure 3). Immediate postoperative major histocompatibil-
ity complex class II density was increased in the laparoscopy
group and remained elevated throughout POD 1 and POD 3
(maximum of 5.9-fold). After open surgery, a 0.35-fold
decrease on POD 1 was observed, followed by an
increase above baseline levels on POD 3. Both groups
showed a return to baseline levels on POD 7. Differ-
ences on POD 1 were statistically significant (P � .03).

Figure 2. Cytokine expression after whole blood induction with LPS endotoxin and 24 hours’ incubation. The preoperative
measurements were used as baseline values (100%). a, TNF-� showed a significant drop in both groups immediately after the
operation (postOP), with a recovery on POD 1 and another relapse on POD 3, continuing on POD 7. b, IFN-� levels showed an
80% decrease after surgery and an elevation on POD 1 above baseline in the laparoscopy group. Laparoscopy yielded higher
IFN-� values on all days (P � .05). c, IL-6 levels fell below the preoperative level in the open surgery group, with a minimum value
on POD 1 and a slow increase on POD 3 and POD 7. After laparoscopy, a maximum 4.3-fold rise on POD 7 was visible (P � .02).
d, IL-8 showed a persistent increase after open surgery, with a maximum value on POD 1 (2.3-fold) and a return toward baseline
levels on POD 3 and POD 7. Laparoscopy presented an initial decrease (0.2-fold) and a light rise on POD 1 and POD 3, remaining
constantly below open surgical values.
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DISCUSSION

Laparoscopic resection of the liver has been successfully estab-
lished at centers of expertise in hepatobiliary and minimally
invasive surgery. Today, laparoscopic liver surgery is consid-
ered to be a safe and feasible technique for the resection of
benign and malignant liver lesions.9 Several studies, including a
meta-analysis, have proven the beneficial effects of laparo-
scopic liver resection compared with conventional surgery,
with decreased postoperative pain, reduced rates of wound
infection, and an accelerated return to normal activity without
compromising the oncologic outcome.10,11

Although the immunologic aspects of laparoscopy have
been thoroughly analyzed, data on laparoscopic liver re-
section remain limited (Table 1). It is generally accepted
that surgical trauma results in a corresponding acute met-
abolic stress syndrome depending on the intensity of the
initial damage. This postoperative metabolic stress re-
sponse is characterized by the release of stress hormones,
neuropeptides, proinflammatory cytokines (eg, TNF-�,
IL-1, and IL-6), and acute phase proteins.5 The initial
excessive inflammatory response is usually accompanied
by a transient state of immunosuppression with a paralysis

of cell-mediated immunity. These effects have been said
to be responsible for an increased susceptibility to surgical
infections and sepsis.6

Various studies have shown that the extent of postopera-
tive immune depletion is less apparent after laparoscopy
compared with similar open surgical procedures.12,13 In a
porcine model, Burpee et al.5 showed a significantly
higher expression of TNF-� and IL-6 after open hepatic
resection. In the same study, the response to delayed-type
hypersensitivity was greater after laparoscopic liver resec-
tion. These results suggest a better preservation of im-
mune response after laparoscopic liver surgery.

The primary focus of our experimental setting was the as-
sessment of postoperative immune function through mea-
surement of cytokine release by peripheral blood mononu-
clear cells and fluorescence activated cell sorting (FACS)
analysis of the expression of the class II major histocompat-
ibility molecule HLA-DR on monocytes. Postoperative ex-
pression of the HLA-DR antigen on monocytes is essential for
antigen presentation and initiation of the specific immune
response to infection.14,15 Several studies suggest a greater
decrease or slower recovery of HLA-DR expression after
laparotomy compared with laparoscopy.13,16,17 However,
other authors have found a similar expression of HLA-DR
after laparoscopic and conventional surgery.18,19 In our study
the HLA-DR expression was increased in the laparoscopic
group, though with a lack of significance. This finding may
be interpreted as a trend toward better preservation of the
nonspecific immune system after laparoscopic liver resection
compared with the open procedure.

Regarding proinflammatory TNF-�, IFN-�, and IL-6 release,
laparoscopy showed higher levels over the postoperative
course (except TNF-� on POD 3). However, except for IL-6
levels on POD 3 and POD 7, the differences were not
significant. The higher expression of proinflammatory cyto-
kines may result from the pneumoperitoneum itself. These
findings are in accordance with other studies and are the
result of ischemia/reperfusion injury after pneumoperito-
neum and subsequent desufflation.20–22 The ischemia/reper-
fusion injury can also explain the higher levels of serum
ASAT in the laparoscopic group. The slightly higher values of
INF-� in the laparoscopic group may reflect an advantage for
cell-mediated immunity.23 These effects support the thesis of
an improved immune preservation after laparoscopy. The
initial drop below baseline values of TNF-� and IFN-� can be
interpreted as a general immunosuppression after surgical
trauma. Interestingly, proangiogenic and proinflammatory
IL-8 showed an opposite course, with elevated levels after
open surgery. A possible explanation may be the greater

Figure 3. HLA-DR expression on monocytes after laparoscopic
and open surgery. The preoperative measurements were used as
baseline values. Immediately postoperatively (postOP), major
histocompatibility complex class II (MHC II) density was in-
creased in the laparoscopy group, and it remained elevated on
POD 1 and POD 3 (maximum of 5.9-fold). After open surgery, a
0.35-fold decrease on POD 1 was observed, followed by an
elevation above baseline level on POD 3. Both groups showed
a drop in major histocompatibility complex class II density on
POD 7. Differences on POD 1 were statistically significant (P �
.03 [asterisk]).
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blood loss after open hepatectomy in our study in accor-
dance with Gion et al.,24 who found a positive correlation
between postoperative IL-8 levels and estimated blood loss
in patients undergoing hepatic resection.

Summary

In an experimental setting, we were able to show a trend
toward improved preservation of the immune system after lapa-
roscopic hepatic resection compared with open surgery. The
main limitation of this study is certainly the small number of
animals (N � 10). Thus further studies investigating the post-
operative stress response are necessary to evaluate the potential
immunologic advantages of laparoscopic liver surgery.
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