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Abstract

Background: This study evaluated the indications and
outcome for transanal endoscopic surgery (TES) used to
manage rectal carcinoid tumor as compared with those
of conventional transanal local resection (TAR).
Methods: The retrospective study subjects were 28 pa-
tients with rectal carcinoid tumor treated by TES
(n = 17) or TAR (n = 11) between January 1995 and
December 2001. Patient and tumor characteristics,
operative results, and postoperative outcomes were
compared between the two groups.

Results: The distance from the anal verge to the distal
tumor margin in the TES group (range, 4-12 cm; med-
ian, 6.8 cm) was significantly greater than in the TAR
group (range, 3-6 cm; median, 4.5 cm) (p = 0.001). The
median tumor diameter was 5.5 mm (range, 3—11 mm) in
the TES group and 5.0 mm (range, 3-8 mm) in the TAR
group, showing no statistical difference. Microscopi-
cally, resected specimens in both groups were typical
carcinoid tumors restricted to the submucosal layer. No
recurrence was noted in either group.

Conclusion: Whereas TES is useful for patients with
small rectal carcinoid tumor of typical histology within
the submucosal layer in the upper and middle rectum,
TAR is effective for accessing the lower rectum.

Key words: Rectal carcinoid — Local resection —
TEM — TES

Although carcinoid tumor of the rectum is rare,
increasing numbers of rectal carcinoid tumor are being
reported {11, 18]. Among the gastrointestinal carcinoid
tumors, rectal carcinoid is the second most frequent
lesion in the United States and Europe (27.4%) [11]
and the most frequent lesion in Japan (36.2%) [18]. The
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recent marked increases in the number of rectal carci-
noids may be attributable to improved endoscopic
diagnosis and increased awareness of carcinoid tumors
[111.

Local rectal excision is recommended as a curative
and minimally invasive treatment for most rectal carci-
noid tumors smaller than 2 cm in diameter and restricted
to the submucosal layer [6, 20]. Conventional transanal
local resection (TAR) often is used to remove a lesion in
the lower rectum [14], but other procedures are been
required for removal of a lesion in the middle or upper
rectum. Thus, transanal endoscopic microsurgery
(TEM) was developed by Buess et al. [3] in 1984. Since
then, several modified TEMs, such as insufflation video
endoscopic TEM (insufflation VTEM) [21] and gasless
VTEM [2, 12], have been developed. One Japanese
group of TEM researchers has applied the generic term
“transanal endoscopic surgery (TES)” to both the ori-
ginal and modified TEM procedure [7]. Recently, TES
has been performed worldwide. However, TES for rectal
carcinoid tumor has not been evaluated in detail with
respect to postoperative results.

We conducted a study aimed at clarifying the use-
fulness of TES for the treatment of rectal carcinoid tu-
mor. Our approach was to compare TES indications
and results with those of TAR for this rectal tumor.

Patients and methods '

Between January 1995 and December 2001, 28 patients (11 men and
17 women; average age, 54.4 years; range, 36-70 years) with rectal
carcinoid tumor underwent transanal local treatment. Whereas 17 of
these patients underwent TES, 11 patients uhderwent conventional
TAR. Their clinical records were reviewed for age, sex, tumor
diameter and location, tumor distance from the anal verge to the
distal margin of the tumor, central umbilication, operation time,
blood loss, postoperative complications, recurrence, and histologic
findings.

Treatment in the 28 cases followed the schema shown in Fig. 1.
During the study period, no open surgery for this disease was
performed. The patients in the TES group had surgery under gen-
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Fig. 1. Strategy for the treatment of rectal carcinoid tumor at the
authors’ institution as applied to the study patients. TES, transanal
endoscopic surgery; TAR, transanal local resection.

eral anesthesia. The TES procedures were performed as described
elsewhere {2, 7, 12, 21]. In short, TES is transanal surgical procedure
using a rectal tube with a laparoscope. Depending on the tumor
focation, the lithotomy, prone, or lateral position of the patient was
used. Gentle rectal dilation was performed, and a rectoscope tube
(length, 12 or 20 cm long; width, 40 mm) was inserted. The scope
position was adjusted so that the lesion occupied the center of the
field of view. Then the standard 10-mm laparoscope was connected
to a video system. The binocular stereoscopic eyepiece system was
pot used. Carbon dioxide (CO,) insufflation was used until a needle-
tip knife was used to outline a 5-mm margin of normal mucosa
circumferentially. Adrenaline 1:100,000 solution was injected into
the submucosal layer for lifting of the lesion and hemostasis. The
carcinoid tumor was resected in a partial thickness under laparo-
scope.

The first 3 patients were treated with CO, insufflation during the
operation (insufflation VTEM [21]), and the 14 subsequent patients
were treated without CQ; insufflation after circumferential marking
(gasless VTEM [2, 12])." In the TAR group, the conventional Parks
approach {14] was performed with the patients under spinal anesthesia.
Park’s anorectal retractor was inserted into the rectum and opened to
expose the tumor. The carcinoid tumor was resected in a partial
thickness, as visualized by the eye. No additional radical surgery was
performed in either group.

The patients were examined every 3 months for 2 years after the
operation, and every 6 months thereafter. The mean follow-up period
was 47.1 months (range, 12-96 months) for the TES group and 23.8
months (range, 6-49 months) for the TAR group. Differences between
the groups were analyzed using the Mann~Whitney U test or Fisher’s
exact test as appropriate. A p value less than 0.05 was comsidered
statistically significant.

Results

The two groups were comparable in terms of age, sex
ratio, and tumor characteristics including size, location,
and gross appearance (Table 1). The median tumor
diameter was 5.5 mm (range, 3-11 mm) in the TES
group and 5.0 mm (range, 3-8 mm) in the TAR group,
showing no statistical difference. The distance from the
anal verge to the distal tumor margin in the TES group
was significantly greater than in the TAR group (Ta-~
ble 1). The distribution of this distance is shown in
Fig. 2. In the TES group, the tumors were located 4 to
12 cm from the anal verge, whereas in the TAR group,
the tumors were 3 to 6 cm from the anal verge (median,
6.8 vs 4.5 cm).

The operative findings and postoperative courses are
shown in Table 2. The mean operation time was greater
in the TES group than in the TAR group (86 vs 35 min).
Blood loss was minimal for all the patients. The post-
operative course was satisfactory except for one patient
treated by insufflation TEM in whom retroperitoneal
emphysema developed because of a full-thickness exci-
sion. However, this complication improved conserva-
tively within 9 days. Three patients in the TES group
experienced transient soiling because of the rectoscope
tube width (40 mm), but recovered completely within 1
week. The mean follow-up period for all the patients
was 38 months (range, 6-96 months). No recurrence or
tumor-related mortality was noted. .

The pathologic findings for the carcinoid tumors
resected by transanal local resection are shown in Ta-
bie 3. In both groups, microscopic examination showed
that all resected specimens were typical carcinoid tumors
restricted to the submucosal layer. Carcinoid cells were
not seen in the lateral or vertical margin of any speci-
men. Lymphatic involvement was not observed in any
patient. Vascular involvement was noted in only one
patient in the TAR group. Ulceration was not observed
in any patient.

Discussion

Our results showed TES to be superior to TAR in terms
of tumor distance from the anal verge, but inferior to
TAR in terms of operation time. The findings showed
TES be safe because there was no tumor-related death
and no persistent.complication. In addition, recurrence
was absent. Thus, as with TAR used for the lower rec-
tum, TES is useful for the middle or upper rectum of
patients with rectal cartinoid tumor of typical histology
confined to the submucosa.

The prognostic factors for rectal carcinoid are re-
ported to be tumor size [6, 10, 16), infiltration of the
muscularis propria [10, 16], central umbilication or
ulceration of the tumor [6], atypical histology [8, 17],
and lymphatic invasion [5]. The incidences of distant
metastasis for rectal carcinoid tumors with diameters
less than 1 cm, 1 to 2 cm, and exceeding 2 cm are 0% to
3%, 0.4% to 27%, and 45% to 75%, respectively {6, 8, 10,
20]. It has been suggested that a tumor larger than 2 cm
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TAR (n = 11)

TES (n = 17) p Value

Patients '

Age (years)* 55 (38-70) 54 (36-69) Ns®

Sex ratio (M:F) 8:9 38 NS
Tumor

Size(mm)® 5.5 (3-11) 5.0 (3-8) NsP

Location (A/P) 10/7 8/3 NS
Distance from anal verge (cm)* 6.8 (4-12) 4.5 (3-6) 0.001°
Central umbilication (yes/no) 0/17 0/11 NS

TES, transanal endoscopic surgery; TAR, transanal local resection; A, anterior wall; P, posterior wall; NS, not significant, Fisher's exact test

? Values are median (range)
b Mann-Whitney U test

P <0.05
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Fig. 2. Distance of rectal carcinoids from the anal verge in the two
study groups (solid lines mark the mean distance). TES, transanal
endoscopic surgery; TAR, transanal local resection.

in diameter can be regarded as malignant. Previous
studies have suggested that complete local resection of a
carcinoid tumor is associated with a low rate of local
recurrence [6, 15], whereas residual macroscopic disease
is associated with a poor outcome [1}.

Application of endoscopic resection is not common.
Endoscopic mucosal resection is reserved for complete
resection of carcinoid tumors because these tumors are
sessile and develop from the deep mucosal layer toward
the submucosa [9, 13]: However, Stinner et al. [20] re-
ported that radical resection for rectal carcinoid should
be performed only after accurate histologic study of a
local resected specimen. These authors also indicated
that when hematogenous metastasis is absent, radical
surgery should be performed for patients with a lesion
diameter larger than 2 cm [20]. To the contrary, several
authors suggest that radical surgery is inappropriate
even if the lesion diameter exceeds 2 cm [8, 15, 16].

Currency, complete local excision is widely accepted
for small rectal carcinoids. All the tumors in our study

were relatively small ( £ 11 mm) without central umbi-
lication. Postoperative histologic study pointed to a
good prognosis for all the patients, and no additional
resection was required. To date, there has been no
recurrence in any case, and we consider transanal local
excision to have been sufficient in all cases. Nevertheless,
there have been several reports of malignant potential of

.tumors smaller than 1 cm {35, 8, 15, 16, 19]. Therefore,

even where local excision is indicated, the possibility of
metastasis should be taken into account.

Conventional TAR is a useful, minimally invasive
procedure for local resection of rectal tumor [14]
However, obtaining sufficient surgical field is sometimes
difficult. In addition, TEM can be a useful and safe
procedure for rectal tumor, unreachable via the con-
ventional TAR approach. As compared with conven-
tional TAR, TEM provides a superior intraluminal
operation field in the middle and upper rectum because
the surgical field is broadened by CO, insufflation [4].
Although gasless VTEM is slightly inferior to the ori-
ginal TEM with CO, insufflation for obtaining a good
intraluminal operative field [12], we used gasless VTEM
after encountering a patient treated by insufflation
VTEM in whom retroperitoneal emphysema developed.

Most rectal carcinoid tumors are located in the
middle portion of the rectum [6, 19], and TES is superior
to TAR for treating them. Thus, selection of the

appropriate treatment-depends-on-the-distance-from-the—--

anal verge to the distal tumor margin: TAR is per-
formed when the distance is 5 cm or less, and TES is
performed when it is greater than 5 cm. Digital exami-
nation remains the simplest means of determining that
distance. The indication for local rectal excision is be-
nign rectal carcinoid tumor that is small (diameter, <20
mm) and localized within the submucosal layer. Tumors
20 mm in diameter or smaller can be treated effectively
using the gasless technique.

In conclusion, TES is safe and useful for patients
with a histologically typical small rectal carcinoid tumor
that lies within the submucosal layer of the upper or
middle rectum.
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Table 2. Operative details and postoperative course in the two study groups

TES (n = 17) TAR (n = 11) p Value

Operative details

Operation time (min)* 86 (45-140) 35 (20-55) 0.001°

Blood loss Minimum Minimum NS
Postoperative course

Complications

Bleeding 0 0 NS

Stenosis 0 0 NS
Retroperitoneal emphysema 1 0 NS

Recurrence 0 0 NS

~ TES, transanal endoscopic surgery; TAR, transanal local resection; NS, not significant (Fisher's exact test)

- ® Values are median (range)
® Mann-Whitney U test

Table 3. Histologic findings for the two study groups

TES TAR
(n=17) (n=11) pValue
Histologic type
Typical/atypical 17/0 11/0 NS
Depth of invasion
Submucosa/muscularis propria  17/0 11/0 NS
Lateral margin
Positive/negative 0/17 0/11 NS
Vertical margin
Positive/negative 0/17 0/11 NS
Lymphatic involvement
Yes/no 0/17 o/11 NS
Vascular involvement
Yes/no 0/17 1/10 NS
Ulceration
Yes/no 0/17 0/11 NS

TES, transanaf éndoscopic surgery; TAR, transanal local resection;
NS, not significant (Fisher’s exact test)
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Abstract

Background: Liver metastasis of colorectal malignancies
is an important prognostic factor. Several studies have
demonstrated that carbon dioxide (CO,) pneumoperito-
neum enhances liver metastasis in animal models. Little is
known about intercellular adhesion molecule-1 (ICAM-
1) and tumor necrosis factor-alpha (TNF-(a) mRNA
expression in the liver after CO, pneumoperitoneum.
Methods: Forty-five male BALB/c mice were randomly
divided into three groups after intra-splenic tumor cell
(colon 26) inoculation and the following procedures were
performed: CO, pneumoperitoneum (n = 15), open
laparotomy (n = 15), and anesthesia alone (n = 15).0n
day 7 after each procedure, the livers were excised and the
number and diameter of the tumor nodules and the cancer
index score were determined. Another 90 male BALB/c
mice were randomly divided into three groups as de-
scribed above, and they underwent each procedure
(n = 30 each). After each procedure, the livers were ex-
cised on days 0, 1, 3, and ICAM-1 and TNF-0 mRNA
expression were examined by real-time RT-PCR using
SYBR Green L.

Results: The number of tumor nodules and the cancer
index score were larger in the CO, pneumoperitoneum
group than in the control group (p < 0.05). The mean
diameter of the tumor nodules was not different among
the three groups. The expression of ICAM-1 in the CO,
pneumoperitoneum group was higher than that in the
other groups onday 1 (p < 0.05), and the TNF-« mRNA
was higher than that in the control group on day 1 (p <
0.05).

Conclusions: CO, pneumoperitoneum enhances liver
metastasis compared with anesthesia alone, and ICAM-1
expression in the liver after the pneumoperitoneum plays
an important role in establishing liver metastasis in a
murine model.

Correspondence to; K. Izumi

Key words: pneumoperitoneum — Liver metastasis —

Adhesion molecules — Murine model — Real-time
RT-PCR — ICAM-1

The liver is the most frequent site of tumor metastasis
in colorectal carcinoma, and liver metastasis is the
most important prognostic factor in patients with
primary colorectal cancer. Recently, the use of lapa-
roscopic colorectal surgery has increased because it
has become less invasive .and because early recovery
has become possible. Several randomized controlled
trials (RCTs) showed better early short-term out-
comes of laparoscopic colectomy [2, 26], but few RCT
have been performed with regard to long-term out-
comes {16, 17, 24], and the influence of CO, pneu-
moperitoneum on cancer progression is  still
controversial. In experimental studies, Ishida et al.
and Gutt et al. have demonstrated that CO,
pneurnoperitoneum enhances liver metastasis, and
these researchers concluded that hepatic ischemia by
CO, insufflations may be one of the causes of this
phenomenon [7, 8, 10]. Furthermore, previous studies
have demonstrated that CO, pneumoperitoneum re-
duces portal blood flow [11, 20, 21]. o

An important first step in establishing liver metas-
tasis is for free tumor cells to adhere to the.hepatic
vascular endothelial surface. Yadav et al. have shown
that ICAM-1 mediates reperfusion injury in the warm
ischemic mouse liver [27]. Alexiou et al. have demon-
strated that the serum level of ICAM-1 may reflect tu-
mor progression and metastasis in colorectal cancer
patients [1]. However, the expression of ICAM-1 and
TNF-o mRNA in the liver after CO, pneumoperitone-
um has not been clearly established.

In the present study, we investigated the effect of
CO, pneumoperitoneum and the role of local ICAM~1
expression in establishing liver metastasis in an animal
model. :
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Materials and methods

Animals

_ All animals were kept under standard laboratory conditions (tempera-
ture 20-24°C, relative humidity 50-60%, 12-h light/dark cycle) and were
given a standard laboratory diet with free access to water ad libitum

- before and after surgery. All experiments were performed according to

the guidelines for animal experimentation of Oita University, This study

was performed using a murine pneumoperitonenm model [22]. A total of

135 male BALB/c mice, preserving T- and B-cell immunity, aged 6-8

weeks and weighting 2024 g, were used. All surgical procedures were

performed under ether anesthesia.

Tumor cell line

A mouse colon carcinoma cell line, colon 26 {13, 25}, was maintained in
RPMI 1640 medium supplemented with 10% fetal bovine serum and
penicillin-streptomycin at 1000 1U/ml and incubated in a humidified
atmosphere of 95% air and 5% CO; at 37°C. For the establishment of
liver metastases, tumor cell suspension of 1 X 10 cells/0.1 m! in PBS
was used. ’

Operative procedure

All surgical procedures was done under general anesthesia induced by
diethyl ether inhalation. A total of 135 BALB/c mice (including both
experiments 1 and 2) were divided into three operative groups. In the
pneumoperitoneum group (n = 45), mice were treated with CO,
pneumoperitoneum at 8~10 mmHg for 60 min as previously reported
[10]. Pneumoperitoneum condition was created by following procedure.

(a) A 22-gauge intravenous cannula was inserted into the left lower
quadrant and used as an insufflation needle.

(b) A 20-gauge intravenous cannula was inserted into the right lower
quadrant and used to measure intraperitoneal pressure.

(c) A disposable syringe to inject the gas was used as the insufflator. A
syringe pump was used for continuous insufflation, and intraperi-
toneal pressure was measured as the distance between the right and
left water levels in the U-shaped tube. In the laparotomy group
(n = 45), a 3-cm abdominal midline incision was made, and the
laparotomy condition was maintained for 60 min. In the control
group (n = 45), only diethyl ether anesthesia was performed for 60
min.

Experiment 1 Induction of liver metastasis using a murine
intra-splenic tumor cell inoculation model.

Forty-five mice were used in this experiment. A 5-mm skin incision was
made at the left back side, and the spleen was pulled out gently. Then,
we injected intra—splenically 1 x 10% tumor cells/0.1 ml in PBS using a
30-gauage needle. At 2 min after the tumor-cell injection, the spleen
was excised, and the skin was then closed in layers using nonabsorb-
able interrupted sutures. Immediately after this procedure, the mice
were divided into three groups. In the pneumoperitoneum group
(n = 15), we administered CO, pneumoperitoneum at 10 mmHg for
60 min. In the laparotomy group (n = 15), a 3-cm midline laparotomy
was performed and maintained for 60 min. The skin incision was
closed by interrupted sutures using 4-0 nylon. In the control group
(n = 15), we administered general ether anesthesia for 60 min. All
mice were killed on day 7 after each procedure, and we evaluated the
numbers, diameter, and cancer index score {7} of metastatic nodules.
Each cancer nodule on the liver surface was scored using the cancer
index as shown in Table 1, and the total cancer index for each mouse
was calculated as the sum of the cancer indices of each nodule.

Experiment 2 Expressions of ICAM-1 and TNF-« mRNA
in the liver

Ninety mice were randomized and divided into three groups: the
pneumoperitoneum group, the open laparotomy group, and the con-

Table 1. Cancer index scoring dependent on the diameter

Cancer index (score) Diameter of nodule (mm)

1 <5
2 5-10
3 > 10

trol group (n = 30 each). Each operative procedure was performed by
the same methods used in Experiment 1. After each procedure, the
animals’ livers were excised on days 0, 1, and 3, snap-frozen in liguid
nitrogen, and stored at —80°C until total RNA was extracted. Total
mRNA was isolated from the liver by the acid guanidinium thiocya-
nate—phenol—chloroform extraction procedure {3]. The cDNA was
synthesized by reverse transcription from 2.5 ug of total RNA. The
c¢DNA specific for ICAM-1, TNF-«, was measured by PCR. The
mRNA of f-actin was measured as the internal control. All PCR
reactions were measured by a real-time PCR method using the Light
Cycler System (Roche Diagnostics, Mannheim, Germany), and the
detection was performed by measuring the binding of the fluorescent
dye SYBR Green I to double-stranded DNA. The PCR reactions were
set up in microcapillary tubes in a total volume of 20 pl. A master mix
of the following reaction components for ICAM-1 and f-actin was
prepared to the indicated final concentration: 8.6 ul water, 2.4 pul
MgCl,, 1 yl forward and reverse primers, and 2 pl Light Cycler Fast
Start DNA Master SYBR Green I (Roche, Mannheim, Germany). A
master-mix of. the following reaction components for TNF-a was
prepared to the indicated final concentration: 9.4 pl water, 1.6 ul
MgCly, 1pl forward and reverse primers, and 2 pl Light Cycler Fast
Start DNA Master SYBR Green 1. Table 2 presents an overview of
primer sequences and factor-specific amplification conditions with the
single fluorescence measurement were used in this study. The following
general real-time PCR protocol was used: a denaturation program (95
°C for 10 min), followed by an amplification program that was re-
peated 40 times (Table 2), a melting curve program (60-99°C with a
heating rate of 0.1°C /sec and continuous fluorescence measurements),
and finally a cooling program down to 40°C. The PCR product sizes
for ICAM-1, TNF-a, and f-actin were 326 bp, 349 bp, and 189 bp,
respectively. The relative fluorescence of each mRNA was normalized
to that of f-actin for semiquantification.

Statistical analysis

Data were expressed as mean + standard deviation (SD). Differences
between the mean of the control group and those of the treatment
group were evaluated by analysis of variance (ANQOVA) followed by
the Tukey HSD multiple comparison test. The differences between the
groups were regarded as significant when p < 0.05. All statistical
calculations were performed using the Dr. SPSS (version 11.01) pro-
gram for Windows computers.

Results

Experiment 1

The number of metastatic nodules was greater in the
CO, pneumoperitoneum group -than in the control
group (15.82 £ 5.69 vs 8.80 + 6.80, p < 0.05) (Fig. 1).
However, the mean diameter of the tumor nodules was
not significantly different among all groups (Fig. 2). The
total cancer index in the CO, pneumoperitoneum group
was higher than that in the control group (26.00 + 9.76
vs 13,70 £ 11.26, p < 0.05) (Fig. 3). Both the number
of metastatic nodules and the total cancer index were
not significantly different between the CO, pneumo-
peritoneum group and the laparotomy group.
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Table 2. Sequences of primers used for RT-PCR and amplification conditions with a single fluorescence measurement

Real-time PCR cycling conditions (sec/°C)

Molecule Primer sequence (5'-3") Denaturation Annealing Elongation

B-actin Sense TGG-AAT-CCT-GTG-GCA-TCC-ATG-AAA-C 15/95 10/55 14/72
Antisense TAA-AAC-GCA-GCT-CAG-TAA-CAG-TCC-G

ICAM-1 Sense TGC-GTT-TTG-GAG-CTA-GCG-GAC-CA. 15/95 10/60 13/72
Antisense CGA-GGA-CCA-TAC-AGC-ACG-TGC-CAG

TNF-« Sense CCA-CGT-CGT-AGC-AAA-CCA-C 10/95 10/60 7/72
Antisense TGG-GTG-AGG-AGC-ACG-TAG-T

%

'§ ;
g 20 ¢
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Control CO2PP Open

Fig. 1. The number of metastatic nodules on the liver surface was
significantly greater in the CO, pneumoperitoneum group than in the
control group. PP, pneumoperitoneum (*p < 0.05).

Experiment 2

The expression of ICAM-1 mRNA in this study is

shown in Fig. 4a. On day 0 (immediately after each
procedure), the expression of ICAM-1 mRNA was not
significantly different among the groups. On day 1, the
expression of ICAM-1 mRNA was higher in the CO,
puneumoperitoneum group than in the control and the
open group (1.86 + 0.56 vs 0.59 £ 0.42, 1.14 + 0.40, p
< 0.05), On day 3, the expression of ICAM 1 mRNA
was higher in the CO; pneumoperitoneum and lapa-
rotomy groups than in the control group (2.03 + 0.79,
1.62 & 071 vs 0.74 + 0.35,p < 0.05).

The expression of TNF-« mRNA in the CO, pneu-
moperitoneum group was higher than that in the control
group on day 1 (0.177 % 0.078 vs 0.025 + 0.031, p <
0.05) (Fig. 4b). On days 0 and 3, there were no signifi-
cant differences among any of the groups.

Discussion

In the present study, we examined the effect of CO,
pneumoperitoneum on liver metastasis from the view-

Mean diameter

(mm)

0
Control CO2PP  Open

Fig. 2. The mean diameter of metastatic nodules was not significantly
different among any of the groups.

40 « r_*__
. 30
@
=
=
5 20 . T
&
&=
&
O
s 10,
o]
[
0

Control CO2PP Open

Fig. 3. The total cancer index score was significantly greater in the
CO, pneumoperitoneum group than in the control group (*p < 0.05).
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points of intrahepatic adhesion molecule expression
using a murine liver metastasis model. Our results
showed that both the number of tumor nodules on the
liver surface and the cancer index score were higher in
the CO, pneumoperitoneum group than in the control
group. The intrahepatic expression of ICAM-1 was
higher in the CO, pneumoperitoneum group than in the
other groups. Thus, in a murine model, CO, pneumo-
peritoneum enhanced liver metastasis, and the induction
of ICAM-1 after CO, pneumoperitoneum may play an
important role in the establishment of liver metastasis.
The first step in the establishment of liver metastasis is
the adherence of free tumor cells to the hepatic vascular
endothelium. Several ‘studies have previously demon-
strated that intrabdominal insufflation of CO; causes a
marked and rapid decrease (35% to 84%) in portal blood
flow [11, 20, 21]. In this study, portal blood flow may
decrease because of the high pressure of CO; pneumo-
peritoneum, which was used in the previous study {10}.
Doi et al. demonstrated that the condition of the ischemic
lobe is favorable for liver metastasis [5], and the expres-
sion of adhesion molecules located in the vascular endo-
thelium may play a crucial role in the establishment of

Day 3

Fig. 4. a Expression of ICAM-1
mRNA and b TNF-z-mRNA in the
liver measured by real-time RT-
PCR. The relative expression of each
mRNA is normalized to the
expression of f-actin for semi-
quantification. p < 0.05 CO,
pneumoperitoneum versus control
group, **p < 0.05 CO,
pneumoperitoneum versus open
group, T p < 0.05 laparotomy versus
control group.)

liver metastasis. Our results showed an enhancement of
liver metastasis and an increase of ICAM-1 and TNF-«
after CO, pneumoperitoneum. It is possible that CO,
pneumoperitoneum causes damage to the hepatic vascu-
lar endothelium by inducing liver ischemia.

ICAM-1 is a member of the immunoglobulin
supergene family of adhesion molecules. Previous stud-
ies have demonstrated that ICAM-1 mediates hepatic
reperfusion injury in the ischemic mouse liver [15, 27,
28]. Taketomi et al. demonstrated that the enhancement
of inflammation in the liver is related to intrahepatic
recurrence through ICAM-1 in patients with hepato-
cellular carcinoma [23]. The expression of ICAM-1 can
be upregulated by inflammatory cytokines such as TNF-
o and interleukin-1 [4, 18]. TINF-« is one of the most
effective cytokines for inducing the expression of ICAM-
1 on the endothelial cells [14, 19]. Gulubova et al. con-
cluded that the enhanced expression of adhesion mole-
cules in the liver sinusoids could direct the adhesion of
new circulating tumor cells to the sinusoidal endothe-
lium [6]. Kamei et al. demonstrated that TNF-o mRINA
expression in the liver is higher 3-24 h after air pneu-
moperitoneum than after anesthesia alone [12]. In the
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present study, we demonstrated the increases of ICAM-
1 and TNF-o mRNA expression in the liver after CO,
pneumoperitoneum. Also, the peak of TNF-« mRNA
expression appeared earlier than that of ICAM-1 after
CO, pneumoperitoneum. These results suggested that
CO, pneumoperitoneum caused liver ischemia, and en-
hanced the expression of ICAM-1 induced by inflam-
matory cytokines such as TNF-¢ on the hepatic
endothelium. Furthermore, the possibility that new cir-
culating tumor cells adhered to the sinusoidal endothe-
lium via ICAM-1 was shown.

Recently, in a clinical setting, randomized controlled
trials regarding the long-term outcome after laparo-
scopic colorectal cancer surgery were reported [16, 17,
24]. A Spanish trial showed that the cancer-related
survival rate in patients with stage III tumors was higher
in the laparoscopic group than in the open group [16].
On the other hand, trials in the United States and Hong
Kong showed that there were no significant differences
in the survival rate between these two groups [17, 24]. In
this experimental study, there were no significant dif-
ferences in the incidence of liver metastasis between the
CO, pneumoperitoneum group and the laparotomy
group. However, we demonstrated that CO, pneumo-
peritoneum enhanced liver metastasis in comparison
with the control group, and also that this effect might be
associated with the induction of ICAM-1 and TNF-x in
establishing liver metastasis. For the inhibition of liver
metastasis after CO, pneumoperitoneum, it may be
necessary to prevent portal blood flow depression by
means of a gasless procedure or lower insufflation
pressure [9, 10].

In conclusion, in a murine model, CO, pneumo-
peritoneum increased the expression of ICAM-1 and
TNF-« in the liver and enhanced liver metastasis com-
pared with anesthesia alone. Further investigation is
necessary to clarify the mechanism and established a
prevention method of liver metastasis after CO, pneu-
moperitoneum.
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The author replies

We thank Dr. Huscher and colleagues for the insightful
response to our review and for the clinical outcome data
for the 56 patients with advanced gastric cancer treated
successfully by laparoscopic total or subtotal gastrec-
tomy with D1 and D2 lymph node dissection. The
outcome is very interesting and informative for laparo-
SCOpIC surgeons.

Our review dealt with laparoscopic surgery solely for
early gastric cancer because of its demonstrated effi-
cancy in such cancers [3]. Application of laparoscopic
gastrectomy with D2 node dissection for advanced
cancer remains controversial in Japan where the stan-
dard open operative techniques for advanced gastric
cancers have long been established. A survey conducted
by the Japan Society for Endoscopic Surgery revealed
that D2 lymph node dissection was performed in 23% of
2600 laparoscopic gastrectomies between 1991 and 2001
f2]. Laparoscopic surgery was indicated for cancer with
a fairly high risk of lymph node metastasis, such as those
with massive submucosal invasion, and for advanced
cancers remaining in the gastric wall. There is a known
increased risk of recurrence such as peritoneal dissemi-
nation or port-site metastasis after laparoscopic gas-
trectomy for advanced cancer, but the effect of
laparoscopic surgery on tumor growth and peritoneal
dissemination has not been well documented.

There are several reports regarding the outcome of
laparoscopic gastrectomy for advanced cancers [1].
Nevertheless, because of the insufficient number of pa-
tients and follow-up periods, it is quite difficult to ade-
quately evaluate the outcome of laparoscopic
gastrectomy for advanced cancer at the present time.

/N

and Other Interventional Technigues

The excellent results shown by the Italian group
suggest that laparoscopic gastrectomy is feasible for the
treatment of advanced cancer as Wwell as early cancer.
However, a definite conclusion regarding the application
of laparoscopic surgery for advanced gastric cancers
awaits the accumulation of data regarding laparoscopic
surgery in cases of advanced cancer, preferably obtained
through multicenter randomized controlled trials.
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