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Abstract

At present time, there is evidence from randomized con-
trolled studies of the success of laparoscopic resection
for the treatment of colon cancer with reported smaller
incisions, lower morbidity rate and earlier recovery com-
pared to open surgery. Technical limitations and a steep
learning curve have limited the wide application of mini-
invasive surgery for rectal cancer. The present article
discusses the current status of laparoscopic resection
for rectal cancer. A review of the more recent retrospec-
tive, prospective and randomized controlled trial (RCT)
data on laparoscopic resection of rectal cancer including
the role of trans-anal endoscopic microsurgery and ro-
botics was performed. A particular emphasis was dedi-
cated to mid and low rectal cancers. Few prospective
and RCT trials specifically addressing laparoscopic rectal
cancer resection are currently available in the literature.
Improved short-term outcomes in term of lesser intra-
operative blood loss, reduced analgesic requirements
and a shorter hospital stay have been demonstrated.
Concerns have recently been raised in the largest RCT
trial of the oncological adequacy of laparoscopy in terms
of increased rate of circumferential margin. This data
however was not confirmed by other prospective com-
parative studies. Moreover, a similar local recurrence
rate has been reported in RCT and comparative series.
Similar findings of overall and disease free survival have
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been reported but the follow-up time period is too short
in all these studies and the few RCT trials currently
available do not draw any definitive conclusions. On the
basis of available data in the literature, the mini-invasive
approach to rectal cancer surgery has some short-term
advantages and does not seem to confer any disadvan-
tage in term of local recurrence. With respect to long-
term survival, a definitive answer cannot be given at
present time as the results of RCT trials focused on
long-term survival currently ongoing are still to fully
clarify this issue.

© 2010 Baishideng. All rights reserved.

Key words: Postoperative complications; Recurrence rate;
Transanal endoscopic microsurgery; Robotics; Long-term
outcome; Prognosis; Rectal cancer; Laparoscopy
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INTRODUCTION

Proven advantages of the short-term and similar long-
term oncological outcome of laparoscopic surgery (LPS)
for colorectal cancer when compared to open surgery have
facilitated its wide diffusion"’. The adoption of the laparo-
scopic approach for the management of rectal cancer has
been more limited and controversial and is still considered
investigational in the United States. This has been due
to several concerns: the fact that laparoscopic total mes-
orectal excision (TME) has obvious technical difficulties:
it mandates dissection to the pelvic floor; it is technically
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demanding, especially when performing stapled low-rectal
division and anastomosis with the possible increase of
the rate of anastomotic dehiscence; and it is characterized
by a steep learning curve with protracted operating times.
Furthermore, most surgeons are skeptical about the onco-
logical value of laparoscopic TME, the adequacy of cancer
margins and because of the limited amount of available
data in the literature. Due to the aforementioned reasons,
rectal cancer patients were excluded from the majority of
randomized clinical trials or represented only a small pro-
portion of patients recruited; to date, the number of pro-
spective randomized trials specifically focusing on mid to
low rectal cancer is limited™. The aim of the present re-
view is to analyze the current role of mini-invasive surgery
in the treatment of rectal cancer with emphasis on mid to
low rectal cancer and in particular to TME and its related
the technical and functional implications.

FEASIBILITY AND SHORT-TERM
OUTCOMES

The feasibility of any laparoscopic procedure is reflected
by the associated conversion rate. Figures ranging from O
to 33% have been reported in the scientific literature™"”,
This great variability in terms of conversion rate should be
attributed to different variables such as the type of opera-
tion, distance of the tumor from the anal verge, previous
surgeries, fixity of the tumor, experience of the surgical
team or single surgeon, surgical volume of the center and
the related learning curve. The UK MRC CLASICC trial
is the only multicenter randomized controlled trial (RCT)
published on rectal cancer. All the participating surgeons
were required to have completed only 20 laparoscopic
colorectal resections before entering in the study and thus
had not gone through the whole learning curve before
starting the study. Therefore, the data from this trial might
be biased in the results of the intention-to-treat analysis
which seem to support this hypothesis, reporting an initial
phase with a conversion rate of 45% which declined to
15% in the last year of the study'”. Different figures were
reported when high volume centers or single experience
of highly trained and experienced colorectal surgeons were
considered. Recently, Milsom ez a/” reported a 2.9% con-
version rate on 185 patients who underwent hand assisted
or pure LPS for rectal cancer. Similar findings were re-
ported by highly experienced surgeons with figures ranging
between 0 and 15.5%**'"*". Moreover, these data are in
line and reflect the experience of mono-institutional ran-
domized trials with figures ranging between 0 and 9.8%" 7,
Thus, the way in which these results will ultimately trans-
late into care in common daily practice remains unclear.
The safety of laparoscopic rectal cancer surgery has
been extensively reported in the literature. In a recent
Cochrane review of 4424 patients from 48 studies com-
paring laparoscopic »s open TME for rectal cancer, Breu-
kink reported no significant differences in morbidity and
mortality rate with several short-term advantages in favour
of laparoscopic tesection such as less blood loss, quicker
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return to normal diet, less pain as measured by narcotic
use and reduced length of hospital stay"”. On the other
hand, a longer operating time and higher cost of the surgi-
cal procedure have been reported by a recent meta-analysis
focused on the management of rectal cancer*, Some
caution and criticism is recommended in the interpretation
of these data as the majority of the studies included in the
meta-analysis were small series or case-control studies and
only three RCT trials. Moreovert, in one of the three RCT
analyzed in the meta-analysis, the distance of the tumor
from the anal verge was not reported making it possible
that recto-sigmoid cancer was also included"”. These tu-
mors generally behave similarly to colon cancer but have
great technical differences in their management.

Nevertheless, more recently data from non-randomized
comparative studies and RCT trials including the CLAS-
ICC MRCT trial, reported no differences in term of ovet-
all morbidity and mortality despite a trend toward a lower
wound infection rate reported by other RCTs and most
comparative series as shown in Table 1.

In particular, no differences of anastomotic leak rate
have been reported between the LPS and open group.
Data from CLASICC RCT reported a 10% leakage rate in
the LPS and 7% in the open group. Similar findings were
reported in comparative studies and the majority of non-
randomized series showing either similar or lower anasto-
motic leak rates with figures ranging from 3.5% to 16.8%;
it was most commonly reported to be approximately 10%
as it emerged in two recent reviews and a meta-analysis on
this subject“g’m. This is a relevant issue in terms of safety
and in favor of laparoscopic rectal surgery which has been
previously hypothesized to increase the anastomotic leak
rate of coloanal anastomosis following TME. In fact, tran-
section of the rectum in the deep pelvis and anastomosis
are considered two limiting factors due to the technical
limitations of the currently available staplers which re-
quire multiple firing with possible increase of anastomotic
leak™. A virtual simulation recently published in the litera-
ture has shown that the current stapler has to go through
the iliac bone in order to achieve a 90° angle at the levator
ani, This situation could be partially overcome by the
insertion of a conventional stapler through a supra-pubic
port or alternatively by the insertion of a dedicated curved
stapler. This latter stapling device has been recently report-
ed in a RCT trial to be a safe alternative to a conventional
stapler to secure the distal rectum during low anterior re-
section (LAR) in mid to low rectal cancers. However, this
is the only study cutrently available in the literature on this
subject and due to the high cost of the stapling machine™”
and the fact that differences in the devices are relatively mi-
nor factors that could affect leakage rates“g"zﬂ, further RCT
studies are needed to justify the routine use of a curve sta-
pler ot supra-pubic port during laparoscopic TME.

PORT SITE METASTASIS

The actual overall incidence of port-site metastasis is a rare

event and is about 0.1% from reviews and meta-analysis
. L1921 . .

on this subject’”*'\. This figure is comparable to that of
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Author Morbidity Mortality Wound infection rate (%) Leak rate (%)
Open LPS Open LPS Open LPS Open LPS
Lujan et al® (TME) 33 33.7 29 1.9 1.9 0 12 6
Braga et al® (LAR/TME) 40 29 0 0 13 6 10.6 9.6
Ng et al'! (APR) 52.1 45.1 0.2 0.2 8.3 0 NA NA
Strohlein et al™ (LAR/TME) NA NA 33 0 53 45 153 10
Gouvas et al® (LAR/TME) 36 63 1 0 31 9 10 16
Jayne et al® (TME/ APR/LAR) 37 40 5 4 12 13 7 10
Laurent et al (TME/ APR) 37.7 32 0.8 26 NA NA 129 11.8
Staudacher et al¥ (TME) 27.8 29.6 0 0 13.9 4.6 126 14.8
Rullier et al*! (TME) 11.6 21.9 0 3.1 NA NA - 0
Zhou et al® (TME) 12.4 6.1 0 0 NA NA 3.4 12

LPS: Laparoscopic surgery; TME: Total mesorectal excision; LAR: Low anterior resection; APR: Abdominoperineal resection.

wound recurrence following open surgerylzs’zcl. According
to these findings, port-site metastasis is not an inherent
drawback of LPS for rectal cancer.

ONCOLOGICAL OUTCOME

The current evidence for laparoscopic resection for rectal
cancer is based mainly on several case series, case-matched
studies and non-randomized studies, the majority of
which have a relatively short follow-up period. Only a few
randomized studies are available in the literature. To our
knowledge, only 6 studies have been published so far on
rectal cancer only. An additional RCT trial was also pub-
lished, but in this study, recto-sigmoid tumor were consid-
ered with different technical and functional consideration
when compared to low and mid rectal tumors””. The
results of the aforementioned studies are influenced by
different factors such as tumor height, experience of the
surgical team, surgical approach (i.e. TME »s abdomino-
perineal amputation of the rectum) and use of neoad-
juvant chemoradiation. In particular, many series report
results for selected patients with early stage tumors reason-
able given the technical issues of laparoscopic manipula-
tion of neoplasms. However, such reports are not useful
in making generalizations about the appropriateness of the
technique for all patients with rectal cancer.

With respect to lymph nodes harvested intraoperative-
ly, with the exceptions of Srohlein ¢ a/” who reported a
difference in favor of open surgery (laparoscopic 13.5/
open access 16.9; P = 0.001) and Lujan who reported a
difference in favor of laparoscopic TME in a RCT trial”
all the other comparative series and RCT trials analyzed
in the present review reported no difference in the mean
numbers of lymph-nodes harvested with laparoscopic
or open rectal cancer resection, which varied consider-
ably from 5 to 25722 Moteover, concerns have been
recently raised by West ez 2/*”" about an adequate distal re-
section margin and a cylinder without a waist both for low
anterior and abdominoperineal resection. Lateral and dis-
tal margins are critical components of oncological proc-
tectomy. Heald e# al’" and Quirke e 2/ demonstrated the
need to achieve a wide lateral (radial) margin in order to
avoid local recurrence of the neoplasm in the pelvis. In
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non randomized comparative studies, laparoscopic and
open excision for rectal cancer were found to be equiva-
lent in achieving distal and radial margin®"""*"¥. Different
results were obtained when only RCT trials were consid-
ered. In single RCT center experience, good results were
obtained with figures ranging between 1 and 4% involve-
ment of radial and distal margin with no difference in re-
spect to laparoscopic and open surgery™. When a RCT
multicenter trial is considered, laparoscopic antetior resec-
tion resulted in a higher rate of radial margin involvement
when compared to open resection (6% open »s 12% for
LPS; P = 0.19) although this difference failed to reach sta-
tistical signiﬁcancem. These latter data, however, referred
to a center where surgeons are not solely dedicated to rec-
tal surgery and have not completed their learning curve of
laparoscopic rectal resection before starting the trial. Due
to the mentioned findings, a trial promoted by the Ameri-
can College of Surgeons Oncology Group (ACOSOG)
is currently ongoing. This trial will only consider patients
with mid and low position, stage I and IIl rectal cancer.
Operations will only be performed by sutgeons who dem-
onstrate expert abilities in both laparoscopic and colon
rectal surgery before enrolling patients. Moreover, a more
recent report analyzing data from the CLASICC RCT
trial showed no impact of the high rate of radial margin
involvement observed in the laparoscopic group on local
recurrence rate . In addition, results from other recent
non randomized series found no differences in radial
margins involvement between the laparoscopic and open
grouplwm,

Local recurrence

Local recurrence is a key indicator of oncological adequacy
in rectal cancer surgery which varies dramatically among
surgeons, the surgical technique being a major determi-
nant. In open surgery, the standard for local recurrence has
been set by Heald ez a/*" who reported a 4% local recur-
rence rate following LAR of the rectum with TME with a
10 years follow-up. According to these findings, in order
for the laparoscopic approach to rectal cancer to be widely
accepted, the proof of oncological equivalence is of
paramount importance. Although most series and RCTSs
excluded T4 lesions and adopted neoadjuvant chemora-
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Author/year Operation No. of patients Follow-up (mo) Local recurrence rate (%)
LPS Open LPS Open
Hartley et al™ (2001) TME 21 22 38 5 45
Laurent e al™ (2009) LAR/TME 238 233 52 3.9 5.5
Bretagnol et al™ (2005) TME 50 - 18 0 NA
Fleshman et al™* (1999) APR 42 152 23.8 19 14
Araujo et al'¥' (2003) APR 13 13 472 0 15.4
Ng et al' (2008) APR 51 48 87.2 5.9 42
Law et al™” (2006) LAR/TME 98 167 21 49 3.3
Staudacher et al® (2007) TME 108 79 27.6 6.4 5.1
Leroy et al™ (2004) TME 102 - 36 6 NA
Milsom et al®” (2009) TME/LAR 103 - 42 5 NA
Jayne et al® (2005) TME/APR 128 253 36.8 11.4 14.05

LPS: Laparoscopic surgery; TME: Total mesorectal excision; LAR: Low anterior resection; APR: Abdominoperineal resection.

diation for locally advanced rectal cancer, data from large
series report local recurrence rates after laparoscopic TME
ranging between 2.9% and 7.7%, with a mean recurrence
rate of about 5% with no significant differences between
laparoscopic and open resection as shown in Table 2.
Different figures are reported when laparoscopic abdomi-
noperineal resection (APR) is considered. A higher local
recurrence rate is in fact reported following laparoscopic
APR when compared to laparoscopic sphincter saving
surgery ™" Tocal recurrence rates after LPS varied
considerably from 0 to 25% with contrasting results in
seties. When only comparative studies ate considered, the
majority of the studies found no differences in term of lo-
cal recurrence rates between laparoscopic and open rectal
resection™ " with the exception of two early compara-
tive studies which demonstrated higher recurrence rates
compared with open surgery but the difference was not
significant" ™. In particular, Fleshman et a/'" reported a
19% recurrence rate in LPS »5 14 % in open group while
Feliciotti e7 a/™ found a 20.8% and 18.2% recurrence rate
in laparoscopic and open groups respectively. This differ-
ence however, failed to reach statistical significance in both
studies.

Data from CLASICC MRCT trial showed a 15.1%
local recurrence rate following LPS abdominoperineal
excision and a 21.1% local recurrence rate following open
APR". Araujo, comparing laparoscopic »s open APR in a
RCT trial, reported a 0% local recurrence rate following
laparoscopic APR and a 15.4% local recurrence after con-
ventional surgery. However, the study was a small series
of only 13 patients per groupm. Similar findings were also
reported by Ng ¢ a/” who reported a 5% local recurrence
rate after laparoscopic APR »s 11% local recurrence rate
after open APR.

A significantly higher local recurrence rate was also
observed after curative open APR when compared to
conventional anterior resection. Wibe ¢ o/ in a prospec-
tive, cohort study involving 47 hospitals and 2136 patients
reported a 15% local recurrence rate after APR »s 10%
following LAR ( P = 0.008). Similar findings were also
reported by Heald e a" who found a 33% and 1% local
recurrence rate after APR and conventional antetior resec-
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tion of the rectum respectively. The higher incidence of lo-
cal recurrence after APR compared to LAR with sphincter
salvage could be asctibed to the higher prevalence of T4
disease and the higher incidence of positive radial margin
which usually requires sphincter ablation and use of neo-
adjuvant therapy™*>",

Long-term outcome

Long-term survival data following laparoscopic resection
of the rectum are scanty in the literature. The majority
of long-term outcome data refer to a single surgeon ex-
perience series or comparative studies and only five RCT
studies focusing on this subject are currently available with
different length of median follow-up period with figures
ranging from 33.1 to 87.2 mo****, Data from these series
reported no difference in terms of local recurrence, overall
and disease free survival between groups. Similar findings
of overall and disease free survival are reported by small
comparative series but the follow-up time petiod is too
short in all these studies to draw any conclusions!"">"**,
In contrast, Laurent ez a/" reported a better survival rate in
laparoscopic stage Ill tumors with no difference in term of
local recurrence and cancer-free survival between laparo-
scopic and open surgery with similar quality of surgery in
a mono-centric comparative study with over 400 patients
with mid and low rectal cancer. A better survival rate in pa-
tients with stage Il tumor was also reported by Lacy e# al™
in a RCT trial in patients with colon cancer and by Morino
et ' in a prospective comparative study which focused
on patients with extraperitoneal rectal cancer treated with
laparoscopic or open surgery. More recently, Law ¢ al™ te-
ported in a comparative monocenter series with a median
follow-up of 34 mo in patients with stage Il and IIl rectal
cancer, a 5 year actuarial survival of 71% in the laparo-
scopic group compared to a 59% survival rate in the open
group, also identifying laparoscopy as one of the indepen-
dent significant factors associated with better survival at
the multivariate analysis.

The positive impact of the laparoscopic approach on
survival is still unclear. Supporting evidence of the benefi-
cial oncological role of laparoscopy includes its impact on
surgical stress response, cellular immunity, cytokine release,
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intraoperative tumor manipulation and blood transfusion
rate. Moreover, during the early postoperative period,
laparoscopic patients seem to display decreased levels of
pro-inflammatory and vascular endothelial growth factor
(VEGF) compared to open'**"**,

In summary, based on the available data in literature,
the mini-invasive approach to rectal cancer surgery does
not seem to confer any disadvantage in term of local re-
currence. With respect to long-term survival a definitive
answer cannot be drawn at present and the results from
the RCT trials focused on long-term survival currently on-
going are needed.

GENITOURINARY FUNCTION

Bladder and sexual function are recognized complications
of open TME resulting from injury to the autonomic
nerves. The real incidence of such complications follow-
ing laparoscopic TME is still an unresolved issue due to
controversial and limited data in the international literatute.
In a small series of laparoscopic TME including only 7 pa-
tients, Watanabe ¢/ al" reported no genitourinary dysfunc-
tion and only 9.5% erectile dysfunction. Similarly Rullier
et al" reported only 3.1% long-term bladder dysfunction
in patients who underwent laparoscopic intersphincteric
resection. On the other hand, Quah e# a/*" reported a sig-
nificant increase of impotence or retrograde ejaculation in
sexually active men after laparoscopic rectal surgery. Simi-
lar findings were reported by Jayne e# a*™ in the only RCT
trial available in the literature on this issue. In this RCT
trial, more than 50% of both men and women reported no
sexual activity. Among the sexually active patients, the au-
thor found no difference in bladder function between the
laparoscopic and open group while in erectile and overall
sexual function, only men perceived a significant decrease
of their overall level of sexual function after laparoscopic
TME when compared to open. No difference in overall
sexual function was observed in women. The authors at-
tributed the poorer sexual function observed in the lapa-
roscopic group to the fact that TME was more commonly
performed in the laparoscopic than open group. Moreover,
TME and conversion to open were identified as indepen-
dent predictors of postoperative male sexual function at
multivariate analysis.

Currently, it remains unclear how the mini invasive
approach to rectal surgery affects genitourinary function.
This is not only because the limited available data show
conflicting results, but mainly because different criteria
and methods of measurements have been adopted. Future
studies with the possible use of urodynamics and standard
questionnaires are warranted.

TRANS-ANAL ENDOSCOPIC
MICROSURGERY

Trans-anal endoscopic microsurgery (TEM), a technique
initially developed for the excision of benign polyps not
amenable by endoscopic resection™] has recently gained a
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place in the universe of the mini invasive approach to rec-
tal cancer. However, the widespread acceptance of TEM
has been a very slow process due to its elevated start-
ing cost and, most of all, for its limited caseload in non
specialized centers. Only recently in fact, TEM has been
proposed as an alternative safe and successful approach to
major surgery in particular for well differentiated T1 rectal
tumors and carcinoid tumors while controversy still exists
in the treatment of more advanced tumors like poor dif-
ferentiated T1 or T2. Moreover, TEM might be employed
for non curative intent or pain relief in advanced tumors
in patients with severe co-morbidities which preclude a
major resection or in the salvage resection of local recur-
rence™. The main advantages of TEM are less blood loss,
reduced operating times, shorter postoperative length of
stay, less use of analgesia during postoperative course, ear-
lier recovery and lower rate of major cornplicationslso'sz].
The occurrence of major complications in the case of
TEM is mainly represented by perforation with entry in
the peritoneum; occurrence of a recto-vaginal fistula and
hemorrhage with figures ranging from 0 to 28% has been
reported in a recent review by Middleton ez al. However
this great variability is mainly influenced by the surgeon or
team expetience and hospital caseload.

When compared to traditional trans-anal excision,
TEM provides several advantages such as better visualiza-
tion, higher likelihood of achieving clear resection margins,
lower recurrence rates and a higher rate of clear resection
marginslsﬂ. The main disadvantage of TEM is a significant
change in continence in particular with respect to anorectal
dysfunctions such as tenesmus and fecal soilage measured
either by manometry or surveys. These symptoms seem to
be significantly ameliorated or return to preoperative levels
at 6 wk to 3 mo following the operation with minimal im-
pact on clinical incontinence™.

With respect to oncological outcome, comparative
series and RCT trials reported recurrence rates and long-
term survival similar to those with open resection for
T1 rectal cancer” ™. However, when more advanced
tumors are considered, local recurrence rates significantly
increase to 14% for PT2 cancer and to 20% in patients
with PT3 lesions as reported in a recent meta-analysis by
Suppiah e# a/’” which includes 28 studies. With respect to
T2 tumors, in which management using TEM is the object
of major controversy in the literature, recently Tsai ef a/™"
in reported a 23.5% local recurrence rate in a single center
prospective study with 269 patients with a mean follow-up
of 49.5 mo. This result is in accordance with the reported
6% to 80% local recurrence rate for T2 tumors in previ-
ous TEM series™ ), Different results were reported by
Lezoche ef a/*" who reported a 5% recurrence rate in both
study arms and a similar distant metastasis rate (5% in
each arm) after a median follow-up period of 56 mo in 40
patients preoperatively staged UT2NO who had preop-
erative neoadjuvant chemoradiation and were randomized
to TEM or laparoscopic resection.

In conclusion, TEM is a safe and effective technique
for curative resection with good short- and long-term out-
comes when used for benign tumors, select T1 adenocar-
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cinoma, carcinoid tumors or when adopted for palliative
resection and salvage surgery for a more advanced tumor
stage in patients medically unfit or unwilling to undergo
radical resection. However, some criticism is required in
the analysis of data on oncological outcome as the major-
ity of available data come from retrospective series with a
significant patient and tumor heterogeneity and with dif-
ferent surgical indications.

ROBOTICS

The wide diffusion of the mini invasive approach to rectal
cancer has been hampered mainly by the availability of
nonwristed instruments which make the operation techni-
cally demanding, especially while working in the confined
space of the pelvis and in particular during the maneuver
of transecting the rectum and fashioning the anastomosis.
Recently, a hybrid technique has been introduced named
as “robotics” . This technique has the potential to
overcome the obstacles of the standard laparoscopy by
introducing wristed instruments which allow the surgeon
to regain the two lost degrees of freedom. The value of
using six degrees of freedom is of particular relevance
when operating in a confined space such as the pelvism’w.
Moteover, the three-dimensional visualization offered by
the robot provides a better visualization of depth in the
pelvis to the surgeon. In addition, the higher magnification
of the robotic camera system might be helpful in the iden-
tification and preservation of small anatomic structure like
pelvic autonomic nerves. The potential advantages of ro-
botics in confined spaces are well known by urologists and
in a recently published consensus statement it is estimated
that robotics prostatectomy in the United States has a pen-
etration of 60% with more than 50000 prostatectomies
performed in 2007

The experience of the adoption of robotics in rectal
cancer surgery is, however, very limited®*” mainly because
of the high cost of robotic platform and most of all by its
costs of maintenance. The current available data from the
literature show that robotic TME is feasible and safe with
similar conversion, morbidity and mortality rates when
compared to laparoscopic TME. Moreover, no differences
were observed in the number of lymph-nodes harvested
intraoperatively and to the distal margin involvement at
the specimen analysis when compared to conventional
laparoscopyléz’ééj. Operative time is increased by the use of
robotics probably due to the need for splenic flexure mobi-
lization and high ligation of the inferior mesenteric artery
and vein which mandate the repositioning of the robot
and its operating arms. However, a totally robotic surgery
technique for rectal cancer has recently been developed us-
ing a six-port system including a camera port to perform
rectal cancer surgery from the splenic flexure to the pelvic
diaphragm in one setup!”’. This technique was successfully
adopted in 45 patients with very low conversion rate (2.2%0).

At the present time, laparoscopic proctectomy is not
yet cost-effective over standard laparoscopy, as it emerged
in a comparative study by Delaney who reported his expe-

144

Jgn?s:iﬁm"* WJGS | www.wjgnet.com

280

rience on a very small series with only six patients with dif-
ferent types of operations”. A more accurate visualization
of pelvic nerves has been now advocated by the use of ro-
botics with potential advantages on genitourinary function.
Future RCT on this subject will clarify this point.
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Abstract

Even after extensive preoperative assessment, staging
laparoscopy may allow avoidance of non-therapeutic
laparotomy in patients with radiographically occult meta-
static or locally unresectable disease. Staging laparos-
copy is associated with decreased postoperative pain, a
shorter hospital stay and a higher likelihood of receiving
systemic therapy compared to laparotomy but its yield
has decreased with improvements in imaging tech-
niques. Current uses of staging laparoscopy include the
following: (1) In the staging of pancreatic adenocarcino-
ma, laparoscopic staging allows for the identification of
sub-radiographic metastatic disease in locally advanced
cancer in approximately 30% of patients and, in radio-
graphically resectable cancer, may identify metastatic
disease in 10%-15% of cases; (2) In colorectal liver me-
tastases, selective use of laparoscopic staging in patients
with a clinical risk score of over 2 identifies unresect-
able disease in approximately 20% of patients; (3) In
hepatocellular carcinoma, laparoscopic staging could be
selectively used in high-risk patients such as those with
clinically apparent liver cirrhosis and in patients with ma-
jor vascular invasion or bilobar tumors; and (4) In biliary
tract malignancy, staging laparoscopy may be used in all
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patients with potentially resectable primary gallbladder
cancer and in selected patients with T2/T3 hilar chol-
angiocarcinoma. Because of the decreasing yield of SL
secondary to improvements in imaging techniques, stag-
ing laparoscopy should be used selectively for patients
with pancreatic and hepatobiliary malignancy to avoid
unnecessary non-therapeutic laparotomy and to improve
resource utilization. Each individual surgeon should apply
his or her threshold as to whether staging laparoscopy is
indicated according to the quality of preoperative imag-
ing studies and the availability of resources at their own
institution.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

Resection remains the only treatment that can lead to cure
and long-term survival in patients with peri-pancreatic or
hepatobiliary malignancy. The majority of these patients,
however, will present with metastatic disease and surgi-
cal resection in this setting is generally contraindicated.
Despite continuous improvements in preoperative staging
techniques, some patients will present with radiographically
occult metastatic disease and will be identified with locally
unresectable or metastatic disease at the time of operation.
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Staging laparoscopy (SL) has been proposed as a minimally
invasive technique for the identification of radiographically
occult metastatic or locally unresectable disease. The ben-
efit of this approach is in avoidance of non-therapeutic
laparotomy. SL, in compatison to non-therapeutic laparot-
omy, has been reported to result in decreased postopera-
tive pain, a shorter hospital stay and a higher likelihood of
receiving systemic therapym. Previously published work by
our group"” reported that laparoscopic staging compared
to laparotomy did not significantly increase the operative
time (83 £ 22 min »s 91 £ 33 min) but significantly de-
creased length of hospital stay (2.2 £ 2 2s 8.5 = 8.6) and
the total hospital charge. Controversy over the use of SL
exists because the yield of this approach has decreased as
imaging techniques have improved. The yield of SL is di-
rectly related to the quality of imaging as well as the likeli-
hood that a given lesion will metastasize.

The aim of this report is to review the current yield
of SL and assess the role and indication of SL in peri-
pancreatic and hepatobiliary malignancy with a special
attention to pancreatic cancet, colorectal liver metastasis,
hepatocellular carcinoma, cholangiocarcinoma and gall-
bladder cancer.

LAPAROSCOPIC TECHNIQUE

The yield of laparoscopic staging depends on the quality
of preoperative imaging studies and also the thoroughness
of the laparoscopic technique. Briefly, and as previously re-
ported by our group™, SL is performed under general an-
esthesia typically at the time of planned resection. A 10mm
trocar is inserted under direct vision along the anticipated
laparotomy incision. Under 15 mmHg pressure pneumo-
petitoneum, the abdomen is evaluated with a 30° angle
laparoscope. The whole abdomen is inspected including
the parietal and visceral peritoneum from every quadrant,
the pelvis, the anterior and posterior surface of the liver,
the porta hepatitis, the gastrohepatic omentum, the duode-
num, the transverse mesocolon and celiac region. Typically,
two additional 5 mm ports are necessary for exposure. Any
lesions likely to be metastases are sampled and analyzed by
frozen section. When no metastatic lesions are found or if
there is doubt about locally advanced disease, laparoscopic
ultrasound can be performed using 7.5 MHz flexible probe
placed through a 10-mm port. Ultrasonic examination of
the whole liver (including hepatic vein, portal pedicle with
a special attention to hepatic artery, portal vein or biliary
involvement), lymph nodes and superior mesenteric artery
can be readily performed.

SL has its greatest yield in the identification of super-
ficial metastatic disease and is less accurate in identifying
deep liver metastases, local vascular involvement or lymph
node metastases. Some have advocated the routine use of
laparoscopic ultrasonography to enhance the accuracy of
the staging procedure with respect to the primary tumor
relationship to the major blood vessels, the presence of
enlarged peripancreatic lymph nodes or small deep liver
metastasis”. In this setting, laparoscopic ultrasonography
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may identify additional disease in approximately 10% of
patientsW] but whether it should be routinely or selectively
used is controversial. Laparoscopic ultrasound probes are
not widely available and thus the surgeon’s familiarity with
the findings is limited.

ISSUE OF PORT-SITE RECURRENCE

Initial reports of laparoscopy in cancer patients expressed
concern about the oncological safety of laparoscopy with
special attention to port-site recurrence and oncological
outcome. Large series of oncological laparoscopic proce-
dures have now been reported including randomized data
in colon cancer™ that have confirmed the safety of this
approach with respect to disease recurrence and disease-
specific survival. The rate of port-site recurrence does
not seem to differ from the rate of incisional recurrence
observed after open exploration for cancer. This has been
specifically studied in laparoscopic staging for pancreatic
cancer and has not been found to be associated with an
increased risk of port-site recurrence or peritoneal pro-
gression[g’m]. Overall, no difference in survival has been
observed between patients with pancreatic cancer who had
a diagnostic procedure but no pancreatic resection with or
without a laparoscopic approachm].

OVERALL MORBIDITY AND MORTALITY

The overall reported mortality of SL is < 1% and the re-
ported morbidity is very low with the majority of reported
complications minor and usually related to the general
health status of the patient. Potential complications due
to the laparoscopic procedure include general surgical
complications such as port-site bleeding, wound infection
and the general risks associated with a general anesthetic.
The most significant risk is from a missed colonic or small
bowel injury occurring at the time of port insertion or dur-
ing adhesiolysis from previous surgery and care must be
taken during SL to evaluate for these injuries.

STAGING LAPAROSCOPY IN
PANCREATIC MALIGNANCY

Adenocarcinoma

Accurate staging is essential in the treatment planning for
patients with pancreatic cancer. Non-invasive staging has
seen a dramatic improvement over the past few decades
with improvements in cross-sectional imaging techniques.
Since the purpose of SL is to supplement and not replace
non-invasive imaging techniques, extensive preoperative as-
sessment remains mandatory. As recently stated in a expert
consensus statement' ", the current state-of-the—art imag-
ing modality is multidetector CT with advanced volumetric
processing techniques. In the case of equivocal imaging,
magnetic resonance imaging may be considered but has
not demonstrated a clear advantage over cT™. Endoscop-
ic ultrasound (EUS) may also be useful for the evaluation
of local resectability however it has been the authors’ expe-
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Study/years Time period No. of Contraindication found Contraindication found Morbidity/ Note

patient  during laparoscopy (%) during laparotomy’ (%)  Mortality of LAP
Conlon et al*!/1999 1992-1994 115 38 8 0/0 Extended laparoscopy only
Jimenez et al™®/2000  1994-1998 125 31 3 0.8/0 + cytology
Schachter et al®/2000  1996-1999 67 45 12 = + LAPUS
Doran et al® /2004 1997-2002 305 15 20 = + LAPUS
Maithel et al'* /2008 2000-2006 491 14 15 = +CA 19-9°

‘On remaining patients; "On metastatic spread only. LAPUS: Laparoscopic ultrasonography; LAP: laparoscopic staging.

rience that EUS may over interpret the extent of vascular
involvement and triple-phase CT imaging is considered
the most accurate in assessment of the local vasculature.
Recently, FDG-PET/CT has been advocated to be more
sensitive than conventional imaging in the diagnosis of
both primary and metastatic pancreatic adenocarcinoma'"”
and may be warranted in the high-risk patient to rule out
radiographically occult or equivocal stage IV disease.

Laparoscopic staging: Even in the setting of high-qual-
ity preoperative imaging, up to a third of patients will be
found to have radiographically occult distant metastatic or
locally unresectable disease at the time of SL. To decrease
patient discomfort and potential morbidity due to explor-
atory laparotomy, SL for this disease has been advocated
since 1978 when Cuschieri reported his experience of 23
cases of pancreatic cancer', Despite this relatively high
yield for SL, the indications for SL have not been widely
accepted and continue to evolve as the ability to non-inva-
sively identify disease stage evolves' . Table 1 presents the
main studies assessing the role of SL in pancreatic cancer.

The initial report from our institution of 115 patients
undergoing SL for radiographically resectable pancreatic
and peripancreatic malignancy included patients evalu-
ated between 1992 and 1994, Adequate SI. was feasible
in 94% of patients and findings that precluded resection
were found in 38% of patients. Findings included liver
metastasis (50%), extrapancreatic/peritoneal disease (39%),
vascular encasement (35%) and celiac or portal lymphatic
metastasis (20%). In 9% of patients who were deemed
resectable by SL, there was disease identified at laparotomy
that rendered the patient unresectable. In this series, there
was no peti-operative complications reported to SL. At
the time this study was performed, the positive predictive
index, negative predictive index and accuracy of SL were
100%, 91% and 94% respectively.

With improvements in cross-sectional imaging and
evaluation, we believe that the current yield of SL for peri-
pancreatic and pancreatic malignancy has decreased. We re-
cently reported an updated"” review of 1045 patients who
had undergone SL between 1995 and 2005. The yield of
SL for pancreatic malignancy in this more contemporary
series was 14%. Factors associated with radiographically
occult unresectable disease included SL performed before
1999 (the year that multi-detector CT became available at
our institution), imaging not performed at our institution,
pancreatic primary site, adenocarcinoma (us other type of
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tumor) and symptoms (weight loss, jaundice). Primary site
(pancreatic versus nonpancreatic) was identified as the
strongest predictor of yield. In patients with nonpancre-
atic tumors, the yield of laparoscopy was 4% »s 14% in
patients with pancreatic tumors. Because of these findings,
our general approach toward SL for these disease sites is to
routinely generally perform SL only in patients with pan-
creatic adenocarcinoma.

The results noted above highlight the need to identify
factors associated with the likelihood of sub radiographic
metastatic disease. This likelihood is inversely proportional
to the quality of imaging (higher quality imaging, lower
likelihood of sub-radiographic metastatic disease) and
proportional to the biology of the disease (increased meta-
static potential, increased likelihood of sub-radiographic
metastatic disease). Through an awareness of the quality of
imaging and an understanding of the biology of the spe-
cific disease, the surgeon can have a better estimate of the
yield of SL in the individual patient. With this knowledge,
the surgeon may then utilize SL at whatever threshold they
feel is beneficial. Some surgeons may feel SL is warranted
if the likelihood of sub-radiographic disease is 5%, others
10%, but only with an understanding of the yield of SL
can surgeons appropriately utilize this procedure.

In 2005, Karachristos ez al'" reported on the rela-
tionship between CA 19-9 and the likelihood of sub-
radiographic metastatic disease. In their study, patients with
higher CA 19-9 levels had significant higher odds of hav-
ing metastasis identified by laparoscopy (odds ratio, 1.83;
P = 0.04) and no patient with a CA 19-9 level below 100
U/ml. had metastatic disease identified during SL. Similar
results have been reported from our group in a study of
491 patients in which a CA 19-9 over 130 U/mL was as-
sociated with sub radiographic unresectable pancreatic
adenocarcinoma in 26% of patients »s 11% when CA 19-9
was below 130 U/mL. CA 19-9 when combined with the
previous factors identified, i.e. nonpancreatic primary site,
adenocarcinoma (us other type of tumor), weight loss and
jaundice, may provide an improved ability to identify sub-
groups of patients both at very high-risk and at very low-
risk for sub-radiographic metastatic disease. In patients at
very high-risk of sub-radiographic disease, SL alone may
be warranted with the anticipation that resection would be
scheduled only in those patients with negative findings. In
patients at very low-risk for sub-radiographic disease SL
may not be indicated.
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Peritoneal cytology performed at the time of SL has
also been reported as a minimally invasive approach to
identify sub-radiographic metastatic disease"*™. The cur-
rent AJCC classification stages positive peritoneal cytology
as stage IV disease with median survival reported between
6 and 12 mo. Positive cytology rates in those presenting
with radiographically resectable disease vary and range
from 3% to 10% of cases"" ™", In our experience, patients
who have undergone resection in the setting of positive
peritoneal cytology and absence of other identifiable meta-
static disease had a similar survival as patients with stage IV
disease™. Nevertheless, the utility of peritoneal cytology
remains controversial”" and, overall, many remain reluctant
not to perform resection when the tumor is resectable and
without macroscopic metastatic disease.

Overall, it is difficult to precisely assess the sensitivity,
specificity, positive and negative predictive value of SL for
pancreatic and peri-pancreatic malignancy as studies are
not easily comparable due to various approaches for pre-
operative imaging (and their constant improvement) and
intraoperative assessment (cytology, laparoscopic ultraso-
nography, ez.). As stated in a recent expert consensus state-
ment, laparoscopic staging could be selectively used in lo-
cally advanced pancreatic cancer and in apparent resectable
cancer localized in the pancreatic body or tail and larger
than 3 cm with equivocal findings on CT scan or in the
setting of a high CA 19-9 level (> 100-200 U/mL). Given
our findings of an overall yield of 14% in patients with
pancreatic adenocarcinoma, it is our general approach to
perform SL on all patients with pancreatic adenocarcinoma
and selectively in patients with peri-ampullary malignancy.

Endocrine and other tumors

The yield of SL in patients with pancreatic endoctine neo-
plasms has not been cleatly reported. In the report from
our institution noted above, we found that the overall yield
of laparoscopy was 8%!"" in non-adenocarcinoma tumors
(endocrine tumor, mucinous cystic and Intraductal Papil-
lary Mucinous Neoplasms). This yield was significantly less
than in patients with pancreatic adenocarcinoma. In pa-
tients with pancreatic endocrine tumors, distant metastases
do not necessarily contraindicate resection and therefore
SL should be used in selected patients where findings of
radiographically occult metastatic disease would alter the
operative approach.

STAGING LAPAROSCOPY IN
HEPATOBILIARY MALIGNANCY

Similar to pancreatic cancer, operative resection in hepa-
tobiliary malignancy is associated with improved survival
only in selected patients in which complete tumor resec-
tion can be performed with an adequate hepatic remnant
for recovery. The presence of sub-radiographic metastatic
disease is also of concern in certain patients with hepato-
biliary malignancy. In a study by D’Angelica ez a* of 410
patients with radiographically resectable hepatobiliary ma-
lighancy, SL. was completed in 73% of patients and, in 84
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(55%) of the 153 evaluated patients, SL identified disease
that precluded resection. In this group of patients, SL was
valuable in identifying unsuspected cirrhosis, peritoneal
disease and additional hepatic tumors but it commonly
failed to identify extra-regional lymph node metastases and
vascular invasion. The addition of laparoscopic ultraso-
nography identified clinically important additional disease
in 4.8% of patients and was responsible for approximately
10% of the findings of unresectability. In this study, lapa-
roscopy spared one in five patients a laparotomy while

reducing hospital stay and morbidity.

Liver metastasis
Colorectal: The decision to perform hepatic resection
in patients with metastatic colorectal cancer to the liver
remains challenging and SL with or without addition of ul-
trasonogtraphy has been advocated as a minimally invasive
approach to identify those with liver confined and resect-
able disease. Initial publications in the 1990s identified SL
with intraoperative ultrasonography of the liver as a valu-
able tool to assess the resectability of hepatic metastases.
In the setting of radiographically resectable metastatic
colorectal disease, Rahussen ez a/*" reported a 38% yield of
SL with intraoperative ultrasonography. Later, those results
were confirmed by Thaler ¢z a/* who identified a 25%
yield of SL in identifying radiographically occult disease
which led to the decision of resection or no resection.

Limitations of the use of SL with laparoscopic ultraso-
nography for metastatic colorectal cancer often include ex-
tensive adhesions following previous primary surgery and
again the ability to thoroughly and accurately assess the liv-
er with laparoscopic ultrasound. The study of segment VI
and VIl seems more difficult with laparoscopic ultrasound
compared to open ultrasonography even after division of
the falciform ligament. Similarly, definitive evaluation of
the caudate lobe and retroperitoneal lymph nodes remains
challenging, Even if laparoscopic ultrasound is added, the
yield in the detection of nodal disease seems to be compa-
rable to laparoscopy alone™

Laparoscopic staging should be considered the first
step of a laparoscopic liver resection. Indeed, laparoscopic
liver resection is now increasingly utilized™ " and studies
from several centers attest to its technical feasibility and
safety with oncological results comparable to open resec-
tion” . Recent international consensus positions such as
the Louisville Statement”™ have stated laparoscopic liver
surgery as a safe and effective approach to the manage-
ment of surgical liver disease. It now seems possible to
perform laparoscopic major hepatectomy following SL.

With optimal preoperative evaluation including ultra-
sound, modern triphasic helical CT and MRI? | the yield
of laparoscopic staging has decreased and the majority
of patients with potentially respectable hepatic colorectal
metastasis may not benefit from SL*". We previously re-
portedm] that the yield of laparoscopy staging was lowest
for metastatic colorectal cancer compared to other hepa-
tobiliary malighancies. These data suggest that a selective
approach to SL in these patients may improve resource
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Study/years Time period No. of Contraindication found Contraindication found  Morbidity/Mortality Note
patient during laparoscopy (%) during laparotomy (%) of laparoscopy

Rahusen et al®/1999 1991-1997 50 38 13 -/0 +LAPUS

Jarnagin et al®™ /2001 1997-1999 104 14 13 NA

Grobmyer et al”” /2004 1997-2002 264 10 8 NA

Thaler et al™ /2005 1996-2004 136 25 11 2%/0 +LAPUS

Mann et al™ /2007 2000-2004 200 20 17 NA +LAPUS

LAPUS: Laparoscopic ultrasonography.

utilization and dectease cost. Using a previously published
Clinical Risk Score (CRS)", i.e. lymph node positive pri-
mary tumor, disease free interval below 12 mo, number of
hepatic metastasis over 1, CEA over 200 ng/mL and size
of the larger tumor over 5 cm (previously shown to predict
survival after hepatic resection), we identified a group of
high risk patients most likely to benefit from laparoscopy.
In this study the likelihood of occult unresectable disease
was 12% in patients with CRS < 2 and 42% with CRS > 2.
These results have been validated in a study by Mann ez a/*”
and, due to the very low yield of laparoscopy in patients
with a CRS of 1 or less, it should not be routinely per-
formed in these patients®". Table 2 presents the main stud-
ies assessing the role of SL in colorectal liver metastasis.

Non colorectal metastases: Estimates have suggested
that half the number of liver metastasis from neuroendo-
crine tumors are undetectable on preoperative imaging de-
spite extensive imaging”™. SI. with ultrasonography could
be performed at the first step of the intervention to rule
out additional metastatic disease. Nevertheless, due to the
indolent nature of these tumors and the association be-
tween cytoreduction and long-term survival, SL to exclude
additional disease may not result in a change in manage-
ment. Therefore we do not routinely perform SL prior
liver resection for liver metastasis from neuroendoctrine
tumors.

Primary hepatic malignancy

Hepatocellular carcinoma: The use of SL has been
advocated to select patients with hepatocellular carcinoma
for resection. The literature evaluation of SL for hepato-
cellular carcinoma is not as extensive as for other malig-
nancies. Peritoneal spread is relatively rare in hepatocellular
carcinoma, however, the risks of laparotomy in patients
with altered liver function subject to postoperative ascites
should be considered as increasing the potential benefit of
SL. In addition to tumor assessment, SL in patients with
hepatocellular carcinoma provides a minimally invasive as-
sessment of the severity of citrhosis and the size of the
liver remnant which is critical for the assessment of resect-
ability. Lo ez al™ reported that SL and laparoscopic ultra-
sonography allowed for the avoidance of laparotomy in
63% of patients with unresectable disease. In their experi-
ence, the accuracy of SL was decreased in tumors > 10 cm
and in the evaluation of tumor thrombi in major vascular
structure and/or the invasion of adjacent organs. In pa-
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tients who were spared laparotomy, a faster postoperative
recovery and an eatlier initiation of nonoperative treatment
was observed and the authors suggest that the procedure
should be performed routinely before laparotomy for he-
patocellular carcinoma. Our group™” has proposed a more
selective approach and generally recommends SL only in
high-risk patients such as those with clinically apparent liv-
er cirrhosis and in patients with major vascular invasion or
bilobar tumors. Table 3 presents the main studies assessing
the role of SL in hepatocellular carcinoma.

Biliary malignancy: Preoperative assessment of resect-
ability of biliary tract tumors is challenging since, in addi-
tion to metastatic spread, the resectability of a given tumor
is predicated on hilar vascular and biliary involvement
which is often not accurately assessed by preoperative im-
aging. Despite extensive preoperative evaluation, less than
half of patients who undergo exploration are amenable to
a potentially curative resection and the issue of resectability
1s usually resolved at laparotomy, often after an extensive
dissection of the portal vascular and biliary structures.

The exact yield of SL is difficult to assess for cholangio-
carcinoma since it depends of the quality of preoperative
assessment as well as the willingness to attempt resection
based on the surgeon’s experience.

In the Beaujon experience™, SL. avoided unnecessary
laparotomy in a third of patients with potentially resectable
biliary carcinoma who had undergone extensive preopera-
tive imaging. Nevertheless, contraindications found during
laparoscopy were mainly due to peritoneal and liver metas-
tasis and vascular and lymph node invasion were not diag-
nosed well by this procedure. The authors concluded that
the yield of SL was more important in gallbladder cancer
and in intrahepatic cholangiocarcinoma than in hilar chol-
angiocarcinoma where non-resectability is mainly due to
vascular and biliary involvement that is best assessed after
dissection.

Similatly, in the MSKCC experience, Jarnagin ef al”,
in a prospective analysis of SL of 186 patients with pri-
mary and secondary hepatobiliary malignancies found that
laparoscopy failed to identify non-resectability because of
lymph node metastases, vascular involvement or extensive
biliary involvement. Nevertheless, in 100 patients with
extrahepatic biliary carcinoma prospectively analyzed™
(gallbladder cancer, 44 and hilar cholangiocarcinoma, 506),
they reported that SL identified the majority of patients
with unresectable disease. In this study, the yield of lapa-
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Study / years Time period No. of Contraindication found  Additional contraindication Morbidity/Mortality Note
patient during laparoscopy (%) found during laparotomy (%) related to laparoscopy

Lo et al®/1998 1994-1996 110 16 12 0 +LAPUS

Lai et al*” /2008 2001-2007 122 37 3 NA +LAPUS

Montorsi et al®/2001  1998-2000 70 57° NA NA +LAPUS

Weitz et al'*” /2004 1997-2002 60 23 11 NA

*(1) Additional in; and (2) Formations found during laparoscopy and laparoscopic ultrasonography. LAPUS: Laparoscopic ultrasonography.

Study/years Time period No. of  Contraindication found Contraindication found  Morbidity/ Note
patient  during laparoscopy (%) during laparotomy (%) Mortality

Weber et al*? /2002 1997-2001 100 35 52 0 Extrahepatic biliary carcinoma

Tilleman et al*/2002  1993-2000 110 418 47 3%/0 Malignant proximal bile duct
obstruction with ultrasonography

Connor et al®/2005  1992-2003 84 415 48 NA Hilar cholangiocarcinoma with
ultrasonography

Goere et al™ /2006 2002-2004 39 36 37 6%/0

roscopy was lower for hilar cholangiocarcinoma compared
to gallbladder cancer and the main cause of failure of
laparoscopic staging was the assessment of local resect-
ability. Overall, they advocate the use of SL in all patients
with potentially resectable primary gallbladder cancer and
patients with T2/'T3 hilar cholangiocarcinomamj.

Regarding the differential use of SL in cholangio-
carcinoma and gallbladder cancer, most of the authors
observed a higher yield of SL in gallbladder cancer. This
is likely due to a more frequent eatly dissemination in
gallbladder cancer, cholangiocarcinoma, especially hilar
cholangiocarcinoma, being more likely to be locally inva-
sive and having a slightly longer survival. Nevertheless, the
use of laparoscopic ultrasonography increased the yield
laparoscopic of staging from 24.3% to 41.5% as reported
by Connor ef al*” but this remains controversial since Til-
leman ef a/*" reported a very limited value of laparoscopic
ultrasound in patients with malignant proximal bile duct
obstruction. In our experience, laparoscopic ultrasound
does not detect any patient with unresectable disease that
was not already found at laparoscopy and the interpreta-
tion of the findings is often difficult to interpret. Table 4
presents the main studies assessing the role of SL in biliary
tract tumors.

CONCLUSION

Even after extensive preoperative assessment, SL may
allow for avoidance of non-therapeutic laparotomy in
patients with radiographically occult metastatic or locally
unresectable disease. Laparoscopy is associated with de-
creased postoperative pain, a shorter hospital stay and a
higher likelihood of receiving systemic therapy compared
to laparotomy without significantly increasing the operative
time. The yield of SL has decreased with improvements in
preoperative imaging techniques. Currently, to improve re-
source utilization, SL should be used selectively for patients

144

&?s:ﬁmg"‘ WJGS | www.wjgnet.com

288

with pancreatic and hepatobiliary malignancy to avoid un-
necessary non-therapeutic laparotomy.
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Abstract

Gastroduodenal artery (GDA) aneurysm rupture is a rare
serious condition. The diagnosis requires a high level of
suspicion with specific attention to warning signs. Early
diagnosis can prevent fatal outcomes. In this report, we
describe a case of GDA aneurysm rupture presenting as
recurrent syncope and atypical back and abdominal dis-
comfort. The rupture manifested as hemorrhagic shock.
The diagnosis was made by computed tomography of
the abdomen which showed acute peritoneal and retro-
peritoneal bleeding. Angiographic intervention failed to
coil the GDA and surgery with arterial ligation was the
definitive treatment.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

Gastroduodenal artery (GDA) aneurysms are extremely
rare, potentially serious conditions. They account for about
1.5% of all visceral arterial aneurysms which by themselves
represent rare conditions with a reported incidence of
0.01% to 0.2% at best"".

GDA aneurysm is usually diagnosed by ultrasound (US),
endoscopic ultrasound (EUS), computed tomography (CT)
or angiography depending on the presenting clinical sce-
nario.

We describe a case of GDA aneurysm with onset of
warning signs and symptoms 2 d prior to rupture with
massive intra-abdominal bleed and resulting hemorrhagic
shock.

CASE REPORT

A 64-year-old man was hospitalized 2 d post elective total
knee replacement for recurrent syncopal episodes. His
cardiac workup was negative on the telemetry floor with a
negative echocardiogram and no evidence of arrhythmias.
He was transferred to a rehabilitation ward 2 d later. The
patient was doing very well with physical therapy and his
knee pain was controlled using acetaminophen and opioids
as needed. He was complaining of some back pain and
mild epigastric discomfort with a negative physical exam.
The patient has no significant past medical history and no
previous surgeries. His social history was negative except
for a remote smoking history and occasional alcohol use.
The patient was on Coumadin postoperatively for DVT
prophylaxis with therapeutic INR.
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On his second day of rehabilitation, rapid response
was called after he was found unresponsive in his chair. His
blood pressure was undetectable with a regular heart rate
at 120 per minute. Physical exam showed tender bilateral
flanks with mild abdominal distension. INR was 2.9 and
Hg was 9.8. Hg level was 11.3 five days ptior to this event.
Prior to this event and at all times, his vitals were stable
with no tachycardia and normal blood pressure readings.

The management started with hemodynamic resuscita-
tion with aggressive intravenous fluid management. He
was given vitamin K intravenously and 4 units of FFPs
were transfused immediately. The patient was transferred
to the critical care unit with the diagnosis of hemorthagic
shock secondary to intra-abdominal bleed. CT scan of the
abdomen/pelvis was ordered and done after hemodynamic
stabilization (Figure 1). In addition to the below findings,
there was an extensive inflammatory change surrounding
the duodenum and pancreatic head that suggested these
locations as the bleeding source.

The CT abdomen/pelvis was repeated the next day
with IV contrast (Figure 2). It showed a retroperitoneal
aneurysm suspected to be arising from the gastroduodenal
artery or one of its branches. There was evidence of a ret-
roperitoneal bleed in addition to the intraperitoneal bleed
shown on previous CT scan.

The patient underwent urgent angiographic emboliza-
tion the same day with coiling of the gastroduodenal artery
(Figures 3 and 4). It was successful and without any com-
plications. A follow up bleeding scan was negative. Three
days later, an abdominal CT angiogram was performed as
a follow up study. There was evidence of pulmonary em-
bolism. Intravenous contrast filled the previously described
aneurysm in the region of the gastroduodenal artery, mea-
suring 1.6 cm X 1.5 cm. There was a slight increase in size
of the retroperitoneal bleed. After placing a Greenfield
filter, another attempt by intervention radiology to coil the
aneurysm failed. Surgical intervention was the last resort
with an exploratory laparotomy and successful ligation
of the aneurysm. A 1 wk follow up CT abdomen showed
shrinkage of the retroperitoneal hematoma.

DISCUSSION

Gastroduodenal artery aneurysm has always been reported
in the literature as rare case reports. Therefore, there is no
clear evidence concerning the best time to diagnose it or a
clear algorithm of how to manage it. GDA aneurysm is a
rare potential life-threatening condition reported in 0.5%
of all visceral aneurysms”. In a routine autopsy series, vis-
ceral artery aneurysms were reported in 0.01% to 0.2%",
In other series, GDA aneurysms account for 1.5% of all
visceral aneurysms'™>". Depending on the studied popula-
tion, the mean age was between 50 and 58 years™, The
male/female ratio is 4.5:1 and the mean size 3.6 cm”. The
most common identified condition associated with GDA
aneurysm is chronic pancrearitism. Other associated condi-
tions are liver cirthosis"”, other vascular abnormalities such
as fibro-muscular dysplasia and poly-arteritis nodosa and
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Figure 1 Computed tomography showing acute peritoneal hemorrhage.
Fluid is prominent surrounding the second and third portions of the duodenum
and pancreatic head, and perihepatic regions.

Figure 2 Abdominal contrast enhanced computed tomography showing
retroperitoneal aneurysm which is suspected to be arising from the
gastroduodenal artery or one of its branches (arrow). Aneurysm measures
3.1cmx2.5cm.

predisposing events such trauma and septic emboli”. The
pathogenesis of GDA aneurysm is not well known with
trauma, hypertension and atherosclerosis as possible risk
factors'"”. Abdominal pain is the main symptom which can
occur with or without rupture. Other symptoms include
hypotension, gastric outlet obstruction"! and other nonspe-
cific symptoms such as vomiting, diarrhea and jaundicem’m.
The most serious clinical scenatio is upper gastrointestinal
hemorrhage which occurs in about 50% of ruptured GDA
aneurysms with retroperitoneal and intraperitoneal bleeds
occurring less frequentlym’lz’m. In other cases, the presence
of a pulsatile abdominal mass with a bruit could be the
presenting warning sign“”. The risk of rupture is high at
up to 75% of cases with a mortality rate of about 20%",
Therefore, early diagnosis with a high level of suspicion
can prevent the worst outcomes in this group of patients.
Prior to the era of sophisticated imaging modalities, GDA
aneurysms were diagnosed after rupture in the majority of
cases. At this time, various imaging modalities are available
with more cases diagnosed in asymptomatic patients.

The Gold standard diagnostic test is visceral angiogra-
phy!"”. Tt is usually performed for diagnostic and therapeu-
tic purposes. Plain X-ray of the abdomen is rarely helpful
in suspected visceral aneurysms with shell-like calcification
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Figure 3 Abdominal angiography, selective superior mesenteric artery
angiography showing the gastroduodenal artery aneurysm (arrow).

Figure 4 Post embolization angiography (arrow) showing no residual
filling of the gastroduodenal artery aneurysm.

in an atherosclerotic aneurysm as the usual possible find-
ingm. Among all diagnostic modalities, angiography is the
most sensitive (100%) followed by computed tomography
(67%) and ultrasonography (50%). Uppet endoscopy has a
sensitivity of about 20%!"”

Recently, other diagnostic modalities are available in-
cluding Pulse Doppler US, color Doppler US, endoscopic
ultrasound and magnetic resonance imaging[m’lgj. Three
dimensional CT has been reported to be an accurate diag-
nostic especially in locating the aneurysm and its relations
to adjacent vasculature'”.,

It has an advantage of being less invasive and therefore
more useful than angiography to diagnose the location of
the aneurysm.

Therapeutic modalities depend of the type of pre-
sentation and are usually made on individual basis. Endo-
vascular trans-catheter embolization is the most popular
despite the potential risk of visceral ischemia and organs
embolization"”. In our case, this was complicated by pul-
monary embolism in a patient with a ruptured GDA aneu-
rysm. The patient requited GFF placement and eventually
required surgical ligation of the aneurysm. Endovascular
embolization is considered the treatment of choice for
hemodynamically stable patients. Surgical intervention is
usually reserved for actively bleeding patients and when
embolization fails™”,
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In conclusion, GDA aneurysm rupture is a serious fatal
manifestation of a rare condition. It requires a high level
of suspicion and warning signs and symptoms warrant
further investigation with computed tomography being the
most useful available test. Prompt diagnosis before rup-
ture can change the course of this condition and prevent
potential lethal complications. The prognosis of GDA
aneurysm is generally excellent when diagnosed before
rupture and treatment is usually definitive. Giving the rarity
of this condition, there are no clear screening or follow-
up guidelines. Decisions about diagnostic and therapeutic
procedures should be made on an individual basis.
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Abstract

Delayed intra-abdominal hemorrhage after pancreatic
surgery is a potentially lethal complication. Transarterial
coil embolization and/or the placing of an endovascular
stent are minimally invasive and effective procedures.
An artery that is extensively eroded and rendered friable
due to operative skeletonization or postoperative inflam-
mation sometimes contributes to delayed intra-abdom-
inal hemorrhage or rebleeding after coil embolization.
This report presents a case of successful management
of postoperative hemorrhage in a-74-year-old Japanese
male. He experienced bleeding from a pseudoaneurysm
of the brittle hepatic artery following total pancreatecto-
my. Initially the pseudoaneurysm was successfully treat-
ed with covered coronary stent-grafts, but rebleeding
occurred 1 mo later due to the brittleness of the artery.
Rebleeding was definitively managed by the complete
packing of the stent by coil embolization. He remains
stable at 18 mo following the final embolization. A stent
graft can be used for protecting a brittle artery to avoid
injury by coil embolization.

144

Jgn?s:iﬁmg"‘ WJGS | www.wjgnet.com

295

© 2010 Baishideng. All rights reserved.

Key words: Covered stent; Hemorrhage; Pancreatic
surgery; Hepatic artery; Pseudoaneurysm

Peer reviewer: John P Hoffman, MD, Department of Surgery,
Fox Chase Cancer Center, 333 Cottman Avenue, Philadelphia,
PA 19111, United States

Tanaka K, Ohigashi H, Takahashi H, Gotoh K, Yamada T, Mi-
yashiro I, Yano M, Ishikawa O. Successful embolization assisted
by covered stents for a pseudoaneurysm following pancreatic
surgery. World J Gastrointest Surg 2010; 2(9): 295-298 Avail-
able from: URL: http://www.wjgnet.com/1948-9366/full/v2/19/
295.htm DOIL: http://dx.doi.org/10.4240/wjgs.v2.19.295

INTRODUCTION

Perioperative mortality of pancreatic surgery has declined
to between 0% and 5% due to advances in surgical tech-
niques and critical care managementm. Delayed massive
intra-abdominal hemorrhage is one of the most serious
complications and occurs in 1% to 8% of all pancreatic
resections and accounts for 11% to 38% of the overall
mortalitylz’ﬂ. Though transarterial embolization has been
advocated as a minimally invasive treatment for a ruptu-
red pseudoaneurysm with a high success rate, unsuccess-
ful hemostasis or rebleeding after embolization are not
rare”™”. The artery is occasionally damaged by surgical
skeletonization or postoperative inflaimmation due to an
abdominal abscess or pancreatic leakage. An artery that is
extensively eroded and rendered friable cannot withstand
pressure from the packing of an aneurysm lumen using
endovascular coils and the brittle arterial wall may prevent
a successful hemostasis and lead to death resulting from
uncontrollable bleeding, This report presents a case of a
bleeding from a pseudoancurysm of the hepatic artery.
The pseudoaneurysm and friable common hepatic artery
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were successfully treated with a covered coronary stent-
graft, and then were definitively managed 1 mo later by the
complete packing of the stent in order to treat a recurrence
of bleeding.

CASE REPORT

A 74-year-old Japanese male presented with acute abdomi-
nal pain 10 mo after undergoing a total pancreatectomy for
pancreatic adenocarcinoma. An intra-abdominal tumor was
suspected. He was transferred to our hospital for further
examination. Computed tomography revealed a narrow
and irregular common hepatic artery and a 7.0 cm X 7.0 cm
huge mass with no contrast extending into the ventral and
cranial aspect of the constriction of the common hepatic
artery (Figure 1). The diagnosis was a pseudoaneurysm aris-
ing at the common hepatic artery with no active bleeding,
The following 6 d were uneventful, but he developed a me-
lena and experienced a sudden drop of blood pressure on
the 7th day. The patient was thought to have severe damage
to the arterial wall because a digital subtraction angiogram
revealed a pseudoaneurysm atising at the common hepatic
artery (Figure 2A) and the arterial lumen was markedly it-
regular and enlarged,. A balloon-expandable coronary stent-
graft was placed in the common hepatic artery to avoid
unsuccessful hemostasis with endovascular coils. A guide
wire was advanced past the pseudoaneurysm and a 4 mm X
14 mm covered stent (Jostent Graft master, Abott vascular)
was deployed (Figure 2B). An additional stent-graft was
considered because the extravasation of contrast medium
from the proximal edge of the covered stent continued. A
3 mm X 19 mm covered stent (Jostent Graft master, Abott
vascular) was placed in the friable hepatic artery partly
under lapping the first stent (Figure 2C and D). His blood
pressure recovered and angiography confirmed that the two
covered stents had arrested the hemorrhage in the common
hepatic artery and preserved the blood flow to the liver
(Figure 3). No liver damage, such as an elevation of glutam-
ic oxaloacetic transaminase, glutamic pyruvic transaminase
and total bilirubin, was seen after stent grafting,

One month later, he presented with melena and hemo-
dynamic shock. Emergency angiography revealed a pseudo-
aneurysm arising at the bifurcation of the common hepatic
artery and proper hepatic artery (Figure 4A). Therefore,
the aneurysm was packed with micro coils (3 Trufill coils;
Cordis Endovascular Systems, Johnson & Johnson). Ad-
ditional coiling was performed in the proper hepatic artery,
because extravasation of the guide wire occurred at the
distal portion of the hepatic artery during the coiling pro-
cedures. The blood flow #z the hepatic artery was blocked
by Microcoil embolization (10 Trufill coils and 6 Diamond
coils; Cotdis Endovascular Systems, Johnson & Johnson) in
the lumen of the covered stent because of the vulnerability
of the proper hepatic artery and the strong possibility of
rebleeding. An arteriogram confirmed the complete exclu-
sion of the common hepatic artety, cessation of bleeding
and blood flow to the liver »iz the anastomotic branch of
the left gastric artery (accessory left gastric artery) (Figure
4B). There was no liver damage after arterial embolization.
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Figure 1 Abdominal computed tomography. Narrowing of the common
hepatic artery and a 7.0 cm x 7.0 cm huge mass with no contrast (arrowheads)
extending into the ventral and cranial aspect of the constriction of the common
hepatic artery (arrows).

The patient was thereafter discharged and remains stable at
18 mo following the final embolization.

DISCUSSION

Massive arterial bleeding can occur late in the postopera-
tive course of patients undergoing hepatobiliary pancreatic
surgery. Delayed bleeding occurs mainly due to a pseudoa-
neurysm of a major visceral arteries or gastroduodenal ar-
terial stump®”. An urgent laparotomy to control bleeding
is rarely successful due to the extensive inflammation, thus
it has a high mortality rate and does not eliminate the risk
of rebleeding™. Alternatively, selective angiography and
transartetial embolization is now considered the standard
therapeutic management. Angiography enables the precise
localization of the pseudoaneurysm, which allows selec-
tive microcoil embolization”. The reported success rate of
transarterial embolization for a visceral artery pseudoan-
eurysm is 63% to 100%, with a morbidity of 14% to 25%
and a mortality of 0% to 14%"". Either recanalization or
rebleeding may occur in up to 37% of the patients™ and
an interruption of the hepatic arterial flow is usually wat-
ranted for effective hemostasis'™'".

Recently, stent grafts have been employed for the treat-
ment of pseudoaneurysms' . This technique has the
advantage of providing continued perfusion to the end-
organ. Therefore, it seems to be safer to manage bleeding
from the common hepatic artery after a pancreaticoduo-
denectomy by a stent graft rather than coil embolization
especially when the collateral arteries cannot be confirmed.

The collateral arteties were available in the current case,
and the patient was a candidate for embolization with coils.
However, angiography showed an irregular and dilated
arterial lumen which suggested the artery was extensively
eroded and friable. Embolization with endovascular coils
in a friable artery can consequently cause a rupture of the
artery or subsequent rebleeding can occur after temporary
hemostasis. In our hospital, incomplete hemostasis or
rebleeding was experienced in cases who were treated by
embolization with endovascular coils alone when irregular
and enlarged artery or extravasation of the guide wire were
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Figure 2 Placement of covered stent graft for pseudoaneurysm of common hepatic artery. A: Angiography revealed a pseudoaneurysm arising at the common hepatic
artery (white arrows) and the dilated lumen of the common hepatic artery (arrowheads); B: A guide wire was advanced past the pseudoaneurysm and a 4 mm x 14 mm
covered stent was deployed (arrows); C: Angiography revealed extravasation of contrast medium from the proximal edge of the covered stent (arrow). A dehiscence seemed
to occur at the fragile arterial wall; D: An additional covered stent (arrows) was placed partly under lapping the first stent (black arrows).

Figure 3 Both hemostasis and blood flow to the liver was confirmed by
angiography.

revealed by angiography. This case suggests that a stent
may therefore be effective for protecting the fragile artery
rather than for preserving the blood flow to the liver. The
placement of stent-grafts following coiling should there-
fore be considered in some selected cases when the arterial
wall appears to be fragile.
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understanding and appropriate informed consent of each. Any per-
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ALS AND METHODS (no more than 140 words); RESULTS (no
more than 294 words): You should present P values where appropri-
ate and must provide relevant data to illustrate how they were ob-
tained, e.g. 6.92 £ 3.86 25 3.61 + 1.67, P < 0.001; CONCLUSION (no
more than 26 words).

Key words
Please list 5-10 key words, selected mainly from Index Medicus,
which reflect the content of the study.

Text
For articles of these sections, original articles and brief articles, the
main text should be structured into the following sections: INTRO-
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Instructions to authors

DUCTION, MATERIALS AND METHODS, RESULTS and
DISCUSSION, and should include appropriate Figures and Tables.
Data should be presented in the main text or in Figures and Tables,
but not in both. The main text format of these sections, editorial,
topic highlight, case report, letters to the editors, can be found at:
http:/ /wwwwignet.com/1948-9366/g_info_listhtm.

Hlustrations

Figures should be numbered as 1, 2, 3, ez., and mentioned clearly
in the main text. Provide a brief title for each figure on a sepa-
rate page. Detailed legends should not be provided under the
figures. This part should be added into the text where the figures
are applicable. Figures should be either Photoshop or Illustra-
tor files (in tiff, eps, jpeg formats) at high-resolution. Examples
can be found at: http://www.wjgnet.com/1007-9327/13/4520.
pdf; http://www.wjgnet.com/1007-9327/13/4554.pdf; http://
www.wignet.com/1007-9327/13/4891.pdf; http://www.
wijgnet.com/1007-9327/13/4986.pdf; http://www.wjgnet.
com/1007-9327/13/4498.pdf. Keeping all elements compiled is
necessary in line-art image. Scale bars should be used rather than
magnification factors, with the length of the bar defined in the leg-
end rather than on the bar itself. File names should identify the fig-
ure and panel. Avoid layering type directly over shaded or textured
areas. Please use uniform legends for the same subjects. For exam-
ple: Figure 1 Pathological changes in atrophic gastritis after treat-
ment. A: ..;B: . Gy D s Bl Bl G e It ds our principle
to publish high resolution-figures for the printed and E-versions.

Tables

Three-line tables should be numbered 1, 2, 3, e, and mentioned
clearly in the main text. Provide a brief title for each table. Detailed
legends should not be included under tables, but rather added into
the text where applicable. The information should complement,
but not duplicate the text. Use one horizontal line under the title, a
second under column heads, and a third below the Table, above any
footnotes. Vertical and italic lines should be omitted.

Notes in tables and illustrations

Data that are not statistically significant should not be noted. *P <
0.05, "P < 0.01 should be noted (P > 0.05 should not be noted). If
there are other series of P values, ‘P < 0.05 and “P < 0.01 are used.
A third series of P values can be expressed as ‘P < 0.05 and P < 0.01.
Other notes in tables or under illustrations should be expressed as
'E, °F, °F; or sometimes as other symbols with a superscript (Arabic
numerals) in the upper left corner. In a multi-curve illustration, each
curve should be labeled with ®, o, m, O, A, /\, e, in a certain
sequence.
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REFERENCES

Coding system

The author should number the references in Arabic numerals
according to the citation order in the text. Put reference numbers
in square brackets in superscript at the end of citation content or
after the cited authot’s name. For citation content which is part of
the narration, the coding number and square brackets should be
typeset normally. For example, “Crohn’s disease (CD) is associated
with increased intestinal permeability™?”. Tf references are cited
directly in the text, they should be put together within the text, for
example, “From references! !, we know that...”

When the authors write the references, please ensure that
the order in text is the same as in the references section, and also
ensure the spelling accuracy of the first author’s name. Do not list
the same citation twice.
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PMID and DOI

Pleased provide PubMed citation numbers to the reference list,
e.g. PMID and DOI, which can be found at http://www.ncbi.
nlm.nih.gov/sites/entrez?db=pubmed and http://www.ctosstef.
otg/SimpleTextQuery/, tespectively. The numbers will be used in
E-version of this journal.

Style for journal references

Authors: the name of the first author should be typed in bold-
faced letters. The family name of all authors should be typed with
the initial letter capitalized, followed by their abbreviated first
and middle initials. (For example, Lian-Sheng Ma is abbreviated
as Ma LS, Bo-Rong Pan as Pan BR). The title of the cited article
and italicized journal title (journal title should be in its abbreviated
form as shown in PubMed), publication date, volume number (in
black), start page, and end page [PMID: 11819634 DOI: 10.3748/
wijg.13.5396].

Style for book references

Authors: the name of the first author should be typed in bold-faced
letters. The surname of all authors should be typed with the initial
letter capitalized, followed by their abbreviated middle and first
initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS, Bo-
Rong Pan as Pan BR) Book title. Publication number. Publication
place: Publication press, Year: start page and end page.

Format

Journals

English journal article (list all anthors and include the PMID where applicable)

1 Jung EM, Clevert DA, Schreyer AG, Schmitt S, Rennert J,
Kubale R, Feuerbach S, Jung E Evaluation of quantitative con-
trast harmonic imaging to assess malignancy of liver tumors:
A prospective controlled two-center study. World | Gastroenterol
2007; 13: 6356-6364 [PMID: 18081224 DOI: 10.3748/wjg:13.
6356]

Chinese journal article (list all anthors and include the PMID where applicable)

2 Lin GZ, Wang XZ, Wang P, Lin |, Yang FD. Immunologic
effect of Jianpi Yishen decoction in treatment of Pixu-diar-
rthoea. Shijie Huaren Xiaohna Zaghi 1999; 7: 285-287

In press

3 Tian D, Araki H, Stahl E, Bergelson J, Kreitman M. Signature
of balancing selection in Arabidopsis. Proc Natl Acad Sci USA
2006; In press

Organization as author

4 Diabetes Prevention Program Research Group. Hyperten-
sion, insulin, and proinsulin in participants with impaired glu-
cose tolerance. Hyperzension 2002; 40: 679-686 [PMID: 12411462
PMCID:2516377 DOI:10.1161/01.HYP.0000035706.28494.
09]

Both personal anthors and an organigation as anthor

5  Vallancien G, Emberton M, Harving N, van Moorselaar R];
Alf-One Study Group. Sexual dysfunction in 1, 274 European
men suffering from lower urinary tract symptoms. | Uro/
2003; 169: 2257-2261 [PMID: 12771764 DOI:10.1097/01.ju.
0000067940.76090.73]

No author given

6 21st century heart solution may have a sting in the tail. BM]
2002; 325: 184 [PMID: 12142303 DOI:10.1136/bmj.325.
7357.184

Volume with supplement

7 Geraud G, Spierings EL, Keywood C. Tolerability and safety
of frovatriptan with short- and long-term use for treatment
of migraine and in comparison with sumatriptan. Headache
2002; 42 Suppl 2: $93-99 [PMID: 12028325 DOI:10.1046/
j.1526-4610.42.52.7 X]

Lssue with no volume

8  Banit DM, Kaufer H, Hartford JM. Intraoperative frozen
section analysis in revision total joint arthroplasty. Clin Orthop
Relat Res 2002; (401): 230-238 [PMID: 12151900 DOI:10.10
97/00003086-200208000-00026]
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No volume or issue
9 Outreach: Bringing HIV-positive individuals into care. HRSA
Careaction 2002; 1-6 [PMID: 12154804]

Books

Personal anthor(s)

10  Sherlock S, Dooley J. Diseases of the liver and billiary system.
9th ed. Oxford: Blackwell Sci Pub, 1993: 258-296

Chapter in a book (list all anthors)

11  Lam SK. Academic investigator’s perspectives of medical
treatment for peptic ulcer. In: Swabb EA, Azabo S. Ulcer
disease: investigation and basis for therapy. New York: Marcel
Dekker, 1991: 431-450

Author(s) and editor(s)

12 Breedlove GK, Schorfheide AM. Adolescent pregnancy.
2nd ed. Wieczorek RR, editor. White Plains (NY): March of
Dimes Education Services, 2001: 20-34

Conference proceedings

13 Harnden P, Joffe JK, Jones WG, editors. Germ cell tumours V.
Proceedings of the 5th Germ cell tumours Conference; 2001
Sep 13-15; Leeds, UK. New York: Springer, 2002: 30-56

Conference paper

14  Christensen S, Oppacher E An analysis of Koza's computa-
tional effort statistic for genetic programming, In: Foster JA,
Lutton E, Miller ], Ryan C, Tettamanzi AG, editors. Genetic
programming. EuroGP 2002: Proceedings of the 5th Euro-
pean Conference on Genetic Programming; 2002 Apr 3-5;
Kinsdale, Ireland. Berlin: Springer, 2002: 182-191

Electronic journal (list all authors)

15 Morse SS. Factors in the emergence of infectious diseases.
Emerg Infect Dis serial online, 1995-01-03, cited 1996-06-05;
1(1): 24 screens. Available from: URL: http://www.cde.gov/
ncidod/eid/index.htm

Patent (list all authors)

16 Pagedas AC, inventor; Ancel Surgical R&D Inc., assignee.
Flexible endoscopic grasping and cutting device and positioning
tool assembly. United States patent US 20020103498. 2002 Aug
1

Statistical data

Write as mean = SD or mean £ SE.

Statistical expression

Express 7 test as 7 (in italics), I test as I (in italics), chi square test as
y’ (in Greek), related coefficient as 7 (in italics), degree of freedom
as v (in Greek), sample number as # (in italics), and probability as P (in

italics).

Units
Use SI units. For example: body mass, m (B) = 78 kg; blood pres-
sure, p (B) = 16.2/12.3 kPa; incubation time, t (incubation) = 96 h,
blood glucose concentration, ¢ (glucose) 6.4 = 2.1 mmol/L; blood
CEA mass concentration, p (CEA) = 8.6 24.5 pg/L; CO, volume
fracton, 50 mL/L CO,, not 5% CO,; likewise for 40 g/L formal-
dehyde, not 10% formalin; and mass fraction, 8 ng/g, ex. Arabic
numerals such as 23, 243, 641 should be read 23243 641.

The format for how to accurately write common units and
quantums can be found at: http://www.wignet.com/1948-9366/
g_info_20100312191949.htm.

Abbreviations

Standard abbreviations should be defined in the abstract and on first
mention in the text. In general, terms should not be abbreviated
unless they are used repeatedly and the abbreviation is helpful to
the reader. Permissible abbreviations are listed in Units, Symbols
and Abbreviations: A Guide for Biological and Medical Editors and
Authors (Ed. Baron DN, 1988) published by The Royal Society of
Medicine, London. Certain commonly used abbreviations, such as
DNA, RNA, HIV, LD50, PCR, HBV, ECG, WBC, RBC, CT, ESR,
CSE, IgG, ELISA, PBS, ATP, EDTA, mAb, can be used directly
without further explanation.
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Italics

Quantities: 7 time or temperature, ¢ concentration, 4 area, /length,
7 mass, I volume.

Genotypes: gyrA, arg 1, ¢ mye, ¢ fos, ete.

Restriction enzymes: EcwRI, Hindl, BanHI, Kbo 1, Kpn 1, ete.

Biology: H. pylori, E coli ete.

Examples for paper writing
Editorial: http:/ /www.wjgnet.com/1948-9366/
g info_20100312190249.htm

Frontier: http:/ /wwwwijgnet.com/1948-9366/
g _info_20100312190321.htm

Topic highlight: http:/ /www.wjgnet.com/1948-9366/
g info_20100312190447.htm

Obsetvation: http://wwwwignet.com/1948-9366/
g info_20100312190550.htm

Guidelines for basic research: http:/ /wwwwijgnet.com/1948-9366/
g _info_20100312190653.htm

Guidelines for clinical practice: http:/ /wwwwignet.com/
1948-9366/¢_info_20100312190758.htm

Review: http:/ /wwwwignet.com/1948-9366/
g info_20100312190907.htm

Original articles: http://wwwwijgnet.com/1948-9366/
g info_20100312191047.htm

Brief articles: http://wwwwignet.com/1948-9366/
g info_20100312191203.htm

Case report: http:/ /wwwwignet.com/1948-9366/
g info_20100312191328.htm

Lettets to the editor: http:/ /www.wignet.com/1948-9366/
g info_20100312191431.htm

Book reviews: http:/ /wwwwignet.com/1948-9366/
g info_20100312191548.htm

Guidelines: http:/ /www.wignet.com/1948-9366/
g info_20100312191635.htm

SUBMISSION OF THE REVISED
MANUSCRIPTS AFTER ACCEPTED

Please revise your article according to the revision policies of W]GS.
The revised version including manuscript and high-resolution image
figures (if any) should be copied on a floppy or compact disk. The
author should send the revised manuscript, along with printed high-
resolution color or black and white photos, copyright transfer letter,
and responses to the reviewers by courier (such as EMS/DHL).
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Editorial Office

World Journal of Gastrointestinal Surgery
Editorial Department: Room 903, Building D,
Ocean International Center,

No. 62 Dongsihuan Zhonglu,

Chaoyang District, Beijing 100025, China
E-mail: wjgs@wignet.com

http:/ /www.wjgnet.com

Telephone: +86-10-85381891

Fax: +86-10-85381893

Language evaluation

The language of a manuscript will be graded before it is sent for
revision. (1) Grade A: priority publishing; (2) Grade B: minor lan-
guage polishing; (3) Grade C: a great deal of language polishing
needed; and (4) Grade D: rejected. Revised articles should reach
Grade A or B.

Copyright assignment form
Please download a Copyright assignment form from http://www.
wijgnet.com/1948-9366/¢_info_20100312191901.htm.

Responses to reviewers

Please tevise your article according to the comments/suggestions
provided by the reviewers. The format for responses to the reviewers’
comments can be found at: http://www.wignet.com/1948-9366/
g_info_20100312191818.htm.

Proof of financial support
For paper supported by a foundation, authors should provide a
copy of the document and serial number of the foundation.

Links to documents related to the manuscript

IW]GS will be initiating a platform to promote dynamic interactions
between the editors, peer reviewers, readers and authors. After a man-
usctipt is published online, links to the PDF version of the submitted
manuscript, the peer-reviewers’ report and the revised manuscript will
be put on-line. Readers can make comments on the peer reviewer’s
report, authors’ responses to peer reviewers, and the revised manu-
script. We hope that authors will benefit from this feedback and be
able to revise the manuscript accordingly in a timely manner.

Science news releases

Authors of accepted manuscripts are suggested to write a science
news item to promote their articles. The news will be released rap-
idly at EurckAlert/AAAS (http://www.eurekalert.org). The title for
news items should be less than 90 characters; the summary should
be less than 75 words; and main body less than 500 words. Science
news items should be lawful, ethical, and strictly based on your
original content with an attractive title and interesting pictures.

Publication fee

Authors of accepted articles must pay a publication fee.
EDITORIAL, TOPIC HIGHLIGHTS, BOOK REVIEWS and
LETTERS TO THE EDITOR are published free of charge.
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