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mmunohumoral Response During Laparoscopic and Open Living
onor Nephrectomy: An Experimental Model

. Sáenz, M.S. Asuero, J. Villafruela, C. Correa, J. Galindo, B. Cuevas, J. Galindo, A. Páez, A. Linares,

. Pascual, R. Marcén, and F.J. Burgos

ABSTRACT

Measurement of interleukins (IL) and C-reactive protein (CRP) have demonstrated that
a laparoscopic approach may induce less surgical stress than an open approach. The
potential influence of this observation in living donor nephrectomy has scarcely been
analyzed. The aim of the study was to analyze the immunohumoral response induced by
laparoscopic versus open donor nephrectomy in an experimental model. Twenty pigs
underwent left nephrectomy, 10 by laparoscopy and 10 by an open approach. In both
groups the following parameters were measured: CRP, IL-2, IL-10, tumour necrosis factor
� (TNF �), and endothelin-1 (ET-1). The determinations were done at different times:
basal, immediately as well as on the first, third, fifth, and seventh days after the procedure.
A comparative analysis between groups demonstrated a significant increases among the
open group in the following markers: CRP (1.44 � 0.88 vs 1.32 � 0.14 mg/dL, P � .046);
TNF � (131.14 � 41.37 vs 57.19 � 23.71 pg/mL; P � .001); and ET-1 (0.91 � 0.49 vs 0.56 �
0.5 fmol/mL; P � .001). The laparoscopic group showed higher levels of IL-2 than the open
group. In conclusion, open donor nephrectomy produced a greater immunohumoral
response than a laparoscopic approach. The influence of these observations on ischemia-
reperfusion injury or on immediate graft function after kidney transplantation has not

been clearly established.
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RAFT SURVIVAL seems to be better after living
donor nephrectomy. Laparoscopic and open donor

ephrectomies are performed with good results. However,
he laparoscopic approach may induce less surgical stress
han an open approach. Different interleukins (IL) and
-reactive protein (CRP) have been reported to be surgical

tress markers.1,2 The potential influence of this immuno-
umoral response during living donor graft harvest has
een rarely analyzed. Endothelin 1 (ET-1), a powerful
asoconstrictor produced by renal endothelium, has been
eported to be increased during laparoscopy secondary to
arenchymal compression from the pneumoperitoneum.3,4

ts utility as a marker of surgical stress has not been
reviously evaluated. The aim of the study was to analyze
he immunohumoral responses induced by laparoscopic
ersus open donor nephrectomy in an experimental model.

ETHODS

left nephrectomy was performed in 20 Landrance pigs, including
0 cases by an open approach (control group) and 10 cases by

aparoscopy (study group). Open nephrectomy was performed S

041-1345/07/$–see front matter
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102
hrough a midline laparotomy with the animal in the decubitus
osition. Laparoscopic nephrectomy was performed with the ani-
al in a left lumbotomy position. The intra-abdominal pressure
as fixed at 12 mm Hg. Peripheral blood samples were obtained
revious to surgery, immediately after the procedure, and at the
rst, third, fifth and seventh days postsurgery for IL2, IL10, tumor
ecrosis factor (TNF) � and ET-1 levels measured by enzyme-

inked immunosorbent assay, polymerase chain reactions (PCR) on
gglutination.

ESULTS

CR values increased progressively after open nephrec-
omy, reaching significant differences at the fifth day
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1.46 � 0.53 vs 1.3 � 0.15 mg/dL, P � .013). The average
CR, of both groups showed a significant differences being
igher for open approach (1.44 � 0.88 vs 1.32 � 0.14
g/dL, P � .046; Table 1).
Laparoscopic nephrectomy showed higher average values

f IL-2 (2.35 � 0.04 vs 2.51 � 0.12 pg/mL, P � .001), a
ifference that was maximal at the third day (2.32 � 0.06 vs.
.5 � 0.28 pg/mL, P � .001).

There were no significant differences in the levels of
L-10 between the open and laparoscopic nephrectomies.

TNF � average values were significantly higher among
he open nephrectomy group (131.14 � 41.37 vs 57.19 �
3.71 pg/mL, P � .001). The major difference was observed
t the fifth day (163.47 � 38.46 vs 28.1 � 2.74 pg/mL, P �
01), although differences were evident from the inmediate
ostsurgery value to the fifth day. ET-1 average levels were
igher during open nephrectomy (0.91 � 0.49 vs 0.56 � 0.5
mol/mL, P � .04) and remained significant during the
ntire postoperative period (Table 1).

ISCUSSION

ome molecules such as IL or CRP, have been considered
o be mediators of acute phase response induced by major
urgery.5,6 CRP is synthesized mainly in the liver. It func-
ions to neutralize inflammatory agents, helping to mini-
ize local damage in regenerating tissues.7 IL-2 is a proin-
ammatory pleiotropic cytokine produced by T cells that

nduces T- and B-cell growth and differentiation. IL-10 is an
nti-inflammatory cytokine produced by monocytes and
acrophages. TNF � is a proinflammatory cytokine pro-

uced by macrophages, which induce the synthesis of acute
hase response proteins.5,8,9 ET-1 is a powerful vasocon-
trictor produced by endothelial cells in kidney arcuate and
nterlobar arteries. The liberation of this hormone has been
eported to occur secondary to renal parenchymal compres-
ion by pneumoperitoneum. This observation could be
artially responsible for the fall in glomerular filtration rate
nd oliguria during laparoscopy.4,10 A comparative analysis
f ET-1 behavior between open and laparoscopic nephrec-
omy has not been previously reported.

The minimally invasive character of the laparoscopic
echnique explains the lower levels of these mediators in
ur experimental work. Characterization of the immune
esponse is important not only for donor morbidity but also
or the potential influence on graft function after kidney

Table 1. Average Stress Markers of Laparoscopic and
Open Nephrectomy

Laparoscopic
Nephrectomy

Open
Nephrectomy P

CR (mg/dL) 1.32 � 0.14 1.44 � 0.88 .046
L-2 (pg/mL) 2.51 � 0.12 2.35 � 0.04 .001
L-10 (pg/mL) 4.99 � 0.19 4.85 � 0.12 NS
NF (pg/mL) 57.19 � 23.71 131.14 � 41.37 �.001
T-1 (fmol/mL) 0.56 � 0.5 0.91 � 0.49 .001
ransplantation.
c
s

In agreement with clinical experience in humans, our
tudy showed higher values of CRP during open nephrec-
omy. Nevertheless, these values were lower than those
chieved in human surgery.2 Fornara et al11 compared
hree surgical access nodes, demonstrating major increases
n CRP levels among the laparotomy group. Anyway, an
nalgesic protocol with volume expansion may play an
mportant role in CRP levels after surgery.12

The higher IL-2 levels during laparoscopic nephrectomy
ay be explained by the fall in these mediators in the open

roup during the first day. This drop has previously been
eported in the literature, although most authors13,14 have
ot observed significant differences between laparoscopic
nd open approaches.

IL-10 values did not show significant differences between
roups. Fornara et al11 reported no differences in human
aparoscopic and open nephrectomy in a comparative study.
here are no previous reports measuring IL-10 in porcine
odels comparing both accesses.
TNF � values were significantly higher among the open

roup, reaching the maximum on the fifth day. Several
uthors have reported the behavior of TNF � in both
ccesses. Lausten et al15 and Ordenmann et al16 described
ower levels after laparoscopy in different human surgeries.
evertheless, Matsumoto et al1 did not observe any differ-

nce among pure laparoscopy, hand-assisted, or open ne-
hrectomy in a pig model.
ET-1 levels were higher during open than laparoscopic

ephrectomy. This increase was evident from the immedi-
te postoperative moment to the seventh day. No clinical or
xperimental reports have been found that compare ET-1
evels using both techniques. Ambrose et al3 demonstrated
igher ET-1 gene expression after laparoscopic nephrec-
omy. Hamilton et al4 noted rising ET-1 levels in the renal
ein after CO2 insufflation. Nevertheless, this rise was not
onfirmed in peripheral blood.

In conclusion, open donor nephrectomy produces a
reater immune response than a laparoscopic approach.
evels of CRP, TNF �, and ET-1 were higher after open
ompared with laparoscopic nephrectomy, probably as an
xpression of major surgical stress. The influence of these
actors on donor morbidity or graft function after kidney
ransplantation has not been clearly established of present.
urther studies are necessary to obtain a deeper knowledge
f the mechanisms involved in this process.
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