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Abstract
Background: Unrecognized laparoscopic bowel injury
has a delayed and covert presentation. Differences in
monocyte migration and apoptosis between laparo-
scopic and open bowel injury were determined.
Methods: For this study, 24 rabbits were divided into
laparoscopic (n = 9) and open surgical (n = 9) bowel
injury groups and a control group (n = 6) without bowel
injury. Bowel injury was created using monopolar elec-
trocautery. The animals were killed 1 day, 1 week, and 2
weeks after surgery. Monocyte migration assay was per-
formed across a modified Boyden chamber. Apoptosis
was assessed by DNA fluorescent stain H-33342.
Results: In laparoscopy, monocyte apoptosis was de-
creased (p < 0.001), and migration was increased (p <
0.05), as compared with the open group. Apoptosis in-
creased over time in both study groups, and was higher
than in the control group (p < 0.001). Migration was
decreased in both study groups as compared with the
control group (p< 0.05)
Conclusions: These results suggest decreased immune
system priming with laparoscopic bowel injury, which
may contribute to the masking of relevant signs and
symptoms of peritonitis.
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Laparoscopic surgery has extended its indications and
applications in urology. Not only has laparoscopy had
an impact on the manner in which surgery for the kidney
and adrenal gland is performed; it also has produced a
difference in which complications present and are man-
aged. Bowel injury is the second most common com-
plication of laparoscopic urologic surgery, following

vascular injuries. The incidence varies between 0.2% and
1.2% depending on whether upper tract or pelvic surgery
is performed [11, 20]. In general, the overall complica-
tion rate, including bowel injury, is three-to-four fold
higher during the learning curve. The mechanism of
injury often involves an electrocautery burn during a
hemostatic maneuver [11, 20]. Most of these injuries
(69%) are unrecognized at the time of surgery, and most
importantly, typical signs and symptoms of peritonitis
are not reliably present [4]. Patients with unrecognized
laparoscopic bowel injury present with low-grade fever,
leukopenia, trocar-site pain, and diarrhea [4]. Diagnosis
can be delayed for more than 2 weeks.

Monocytes (blood macrophages) play a key role in
the initiation and resolution of inflammation and
infection processes. This study aimed to investigate
blood monocyte migration and apoptosis to determine
whether these parameters are different between laparo-
scopic bowel injury and open bowel injury. We
hypothesized that laparoscopy does not stimulate the
cellular immune responses to the same degree that open
surgery does.

Materials and methods

For this experiment, 18 New Zealand white rabloits weighing 3 to 3.5
kg were used. after approval from the Institutional Animal Care and
Use Committee at Long Island Jewish Medical Center. The animals
were quarantined at least 7 days before surgery in a light cycle-con-
trolled environment and had access to water and food until the night
before surgery. The rabbits were randomized into three groups: two
study groups (n = 9 each) and one control group (n = 6). The study
groups consisted of laparoscopic and open bowel injuries. The control
group was divided in two treatment arms: without bowel injury:
pneumoperitoneum creation alone (n = 3) and sham laparotomy
(n = 3). All the surgeries required 1 h. The animals were killed 1 day, 1
week, and 2 weeks after surgery.

Surgical technique

For the laparoscopic group, pneumoperitoneum was induced in stan-
dard fashion using a Veress needle. Once the intraabdominal pressure
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reached 15 mm Hg, an 11-mm trocar was placed. A second 5-mm
trocar was inserted under direct vision. Pneumoperitoneum was
maintained for 1 h. A 30-watt monopolar electrocautery was applied to
the serosa of the bowel to create a full-thickness thermal injury. All the
injuries required performed at the same location: the hepatic flexure of
the ascending colon.

In the open group, a 6-cm midline laparotomy was created, and
bowel injury was accomplished in the same way as described earlier for
the laparoscopic group. The abdominal incision was closed after 1 h.
At the time the animals were killed, the injured bowel segment was
harvested for microscopic evaluation. Hematoxylin and eosin staining
confirmed full-thickness wall necrosis.

Cell separation

At the time the animals were killed, 40 ml of peripheral blood was
collected from each animal in heparinized tubes. Heparinized whole
blood was layered on top of a density-gradient material (Histopaque
1119 and 1077 solutions; Sigma, St. Louis, MO) and spun at 800 g for
30 min at 18�C. The mononucleocyte buffy coat layer containing
monocytes and lymphocytes was aspirated and transferred to tissue
culture plates. Monocytes were separated from lymphocytes by adhe-
sion method after incubation at 37�C for 1 h. Nonadherent lympho-
cytes were transferred to other plates and adherent monocytes were
washed twice and centrifuged.

Monocyte apoptosis

Morphologic evaluation of monocyte apoptosis was performed by
staining cells with H-33342 (Molecular Probes, Portland, OR, USA)
and propidium iodide (PI; Sigma-Aldrich, St. Louis, MO). In live cells
with intact outer walls, H-33342 stains the nuclei by regular fluores-
cence, whereas apoptotic cells have increased fluorescence and frag-
mented nuclei. Propidium iodide enters only cells with damaged cell
walls and stains necrosed cells pink.

Cells were prepared from control, laparoscopy, and open surgery
groups. After 45 min of incubation, the cells were treated with H-33342
(1 lg/ml) for 10 min and again incubated at 37�C. Subsequently,
Propidium iodide at a final concentration of 1 lg/ml was added to each
well. The percentages of live, apoptotic, and necrosed cells were re-
corded in eight random fields by two observers unaware of the
experimental conditions. The mean value for the percentage of apop-
totic cells was calculated.

Macrophage migration

Aliquots of 200 ll of buffer of macrophage chemoattractant containing
Macrophage Chemoattractant Protein 1 (MCP-1) mg/ml were added
to the lower compartment of a modified Boyden chamber. Equal
numbers of macrophages (1 · 105 cells/ml) in Dulbecco modified Eagle
medium were added to the upper compartment of the chamber and
kept at 37�C for 1 h. At the end of the incubation period, cells from the
upper surface of the filter were wiped off with a cotton swab. The lower
surface of the filter was stained with Diff Quick (Baxter, Chicago, IL,
USA). The number of migrated macrophages were counted under light
microscope in eight randomly selected fields. The mean number of
macrophages was calculated.

Statistical analysis

Analysis of variance (ANOVA) was used to assess differences between
the three groups. Statistical significance was defined as a p valve less
than 0.05.

Results

The control group animals underwent pneumoperito-
neum creation and sham laparotomy, respectively,
without bowel injury. Considering the small number of
animals allowed by the experimental protocol, only one

animal was included in each control arm at every time
point, for a total of three animals per control arm. The
results were similar for both the laparoscopic and open
control arms, so they were combined for statistical
purposes. Our study was not powered to detect differ-
ences between control subjects. However, these differ-
ences are unlikely to be clinically significant (e.g., narrow
variation, see later). Accordingly, previous studies from
our laboratory showed that pneumoperitoneum alone
and open midline laparotomy without bowel injury did
not produce statistically significant differences in sys-
temic and peritoneal white blood cell counts [9].

Similar macroscopic findings in the laparoscopy and open
study groups

The bowel injury contracted over time, and at 1 week,
bowel perforation was present in all animals that had
fecal spillage contained within dense adhesions. Overall,
there were no significant differences in gross pathology
between the laparoscopic and open bowel injury groups.
In addition, there were no abnormal macroscopic peri-
toneal findings in either control group. All the animals
survived until the scheduled killing date.

Monocyte apoptosis (Table 1)

Monocyte apoptosis increased in both study groups
over time. The mean percentage of apoptosis ± stan-
dard error of the mean (SEM) in laparoscopic bowel
injury group was 7 ± 0.61 at 1 day, 13.92 ± 1.13 at 1
week, and 72.75 ± 3.43 2 weeks (p < 0.001). Similarly,
in the open bowel injury group, the mean percentage of
apoptosis was 15.62 ± 1.35 at 1 day, 69.12 ± 2.69 at 1
week, and 93.62 ± 1.53 at 2 weeks (p < 0.001). Both
study groups had a higher percentage of apoptosis than
the control group at each time point (p < 0.001).
Control values were not statistically different over time.
The mean control percentage of apoptosis was 0.5 ±
0.49 at 1 day, 1 ± 0.32, at 1 week, and 3.62 ± 1.55) at 2
weeks (p was not significant). Importantly, the laparo-
scopic group demonstrated a lower monocyte apoptosis
rate than the open surgery group at each time point.

Monocyte migration (Figure 1)

The laparoscopy group demonstrated higher monocyte
migration than the open surgery group at each time

Table 1. Percentage monocyte apoptosis ± standard error of the
meana

Group 1 Day 1 Week 2 Weeks

Control 0.50 ± 0.49 1.00 ± 0.32 3.62 ± 1.55
Laparoscopy 7.00 ± 0.61 13.92 ± 1.13 72.75 ± 3.43
Open 15.62 ± 1.35 69.12 ± 2.69 93.62 ± 1.53
P value < 0.001 < 0.001 < 0.001

a Differences between all the groups are statistically significant at each
time point
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point. The mean number of macrophages per field was
3.71 ± 0.45 vs 2.25 ± 0.47 at 1 day 10.14 ± 3.28 vs 2.33
± 0.33, at 1 week and 8 ± 0.82 vs 4.18 ± 0.95, at 2
weeks (p < 0.05).

Monocyte migration was lower in both study groups
than in the control group at 1 day and 2 weeks (p <
0.05), and was found only in the open surgery group at 1
week (p < 0.05). Control values were not statistically
different over time. The mean number of macrophages
per field was 10.25 ± 0.75 at 1 day, 10.92 ± 1.33 at 1
week, and 13.42 ± 1.36 at 2 weeks (p was not signifi-
cant).

Discussion

Laparoscopic bowel injury has a covert and delayed
presentation, as compared with open bowel injury [4].
Animal models of laparoscopic bowel injury have not
been developed. Several studies, however, were designed
to mimic preexisting intraperitoneal infection and the
influence of pneumoperitoneum on abdominal sepsis
[19]. These studies tried to address a relevant but dif-
ferent clinical problem regarding the safety of laparos-
copy for a previously infected peritoneal cavity (i.e.,
perforated appendicitis, perforated peptic ulcer disease).
We developed the first animal model of laparoscopic
bowel injury.

Surgical intervention triggers a series of alterations
in the immune system mainly determined by the mag-
nitude of surgical insult [13]. Several studies have pro-
posed that systemic immunity is better preserved after
laparoscopy than after open surgery. In our experiment,
we demonstrated lower monocyte apoptosis and higher
migration in laparoscopic bowel injury group than in
the open group. Do these findings correlate with im-
mune system depression or activation after laparoscopic
bowel injury? And how would these differences translate
clinically?

Monocytes play a major role in both innate and
acquired immunity to infections. Monocytes have vari-

ous functions including phagocytosis, protein expres-
sion, cytolysis, and antigen presentation. Apoptosis is
the process by which cells die in a controlled manner
through the interaction of a death factor and its recep-
tor. Indeed, apoptosis is important in shaping or
remodeling tissues to maintain their integrity and spe-
cialized functions during development and wound
healing. It also contributes to the development of
inflammation and/or its resolution after an injury or
infection [12]. Immune cells are no exception to this
homeostatic process. Programmed cell death (apoptosis)
can be induced by a number of physiologic and patho-
logic factors including Fas-Fas ligand interaction, tumor
necrosis factor, ceramide, and reactive oxygen species
[14]. On the other hand, soluble factors other
than granulocyte colony-stimulating factor and granu-
locyte-macrophage colony-stimulating factor including
interleukin-6 inhibit or delay apoptosis [3]. Bacterial
infection induces immune cell apoptosis, which is med-
iated by the direct activation of caspases in the absence
of death receptor coupling. Bacterial induction of
apoptosis may be attributal to bacterial factors or to the
result of host immune responses [8]. In the current ani-
mal model, peritoneal bacterial infection induced an
increase in monocyte apoptosis over time in both study
groups, as expected.

Recent evidence has suggested that cells dying by
apoptosis are actively involved in immunosuppression
in various circumstances. Apoptotic cells could inhibit
the expression of CD69 during T-cell activation [18].
Once phagocytosed, either apoptotic cells or phagocy-
tic cells produce, transforming growth factor b1,
prostaglandin E2, or interleukin 10 which can down-
regulate proinflammatory cytokines [10]. In addition,
apoptotic monocytes lose their inflammatory function,
and this loss contributes to the immunomodulation
state.

However, although the default outcome of apoptotic
cells may be tolerance induction, the consequences may
vary depending on the local environment. Several rea-
sons may account for the conflicting results at antigen

Fig. 1. Monocyte migration (mean
number of monocyte/field ±
standard error of the mean).
Differences between all groups are
statistically significant at each time
point (p < 0.05), except difference
between control and laparoscopic
group at 1 week.
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presentation of apoptotic cells. In an infection model,
infected cells may undergo apoptosis at a rate that
outpaces the phagocytic ability of scavenging cells, and
residual apoptotic cells may develop to a late stage
resembling necrotic cells that activate the immune sys-
tem [18]. In addition, infection itself may be accompa-
nied by a large number of proinflammatory cytokines.
Overproduction of these cytokines can promote matu-
ration of dendritic cells or macrophages, which would
serve to shift the immune balance to a priming response
[1]. Since the optimal number of apoptotic cells for
inducing tolerance is unknown, a large number of
apoptotic cells may exceed scavenging . capacity and
may cause residual apoptotic cells to be seen as ‘‘danger
signals,’’ and thus, promoting priming of the immune
system [16]. Furthermore, defects in phagocytosis of
apoptotic cells may contribute to the pathogenesis of
inflammatory states and activation of the immune sys-
tem [7]. Finally, during infection, immune cell apoptosis
can have advantages or disadvantages depending on the
pathogen specificity and the cell population affected [21].
This puts our results into a new perspective showing that
higher monocyte apoptosis in open bowel injury would
prime the peripheral immune system to a larger extent
than laparoscopic bowel injury.

The ability of monocytes to be chemotactically at-
tracted to the site of initial microbial invasion or to an
inflammatory focus is fundamental for the full activa-
tion of the immune response that follows [17]. This
study reports for the first time that in vitro monocyte
migration ability is less after open bowel injury than
after laparoscopy. Many cytokines mediate or contrib-
ute to the inhibitory effect on macrophage migration,
such as interleukin-4, interferon-c, and most impor-
tantly macrophage migration inhibitory factor (MIF).
As an important proinflammatory cytokine, MIF is
proposed to be the physiologic counterregulator of the
glucocorticoid immunosuppressive action [2]. The term
MIF was based on the ability of this factor to inhibit the
random migration of cultured guinea pig peritoneal
exudate macrophages in capillary tubes [5]. MIF was
subsequently found to correlate with general macro-
phage activation functions, including adherence,
spreading, phagocytosis, and enhanced tumoricidal
activity [15]. Also, MIF was discovered to be a pituitary
mediator of systemic stress response [6]. In addition,
inferleukin-4 and interferon-c are known proinflamma-
tory cytokines. Therefore, cytokine-mediated migration
inhibition may be accompanied by global activation of
the immune system. Consequently, a higher level of
immune activation is expected in the case of open bowel
injury.

In conclusion, laparoscopic bowel injury does not
appear to prime systemic cellular immunity sufficiently,
which probably is a critical factor in the development of
typical signs and symptoms of peritonitis after bowel
injury.
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