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Clinical Question 1: Is Laparoscopic Surgery
Recommended for Colon Cancer?

Laparoscopic surgery is recommended for colon cancer.
Strength of recommendation: B

1-1 For which stages of colon cancer is laparoscopic
surgery indicated?
Laparoscopic surgery is indicated for cecal cancer, ascend-
ing colon cancer, sigmoid cancer, and rectosigmoid cancer,
regardless of their cStages. For transverse colon cancer and
descending colon cancer, careful consideration is required
for determining the indications for laparoscopic surgery
based on the surgeon’s skills and experience.

■ Explanation
Many retrospective studies on laparoscopic surgery

have shown favorable results in both short-term and
long-term outcomes in patients with stages 0 and I cecal
cancer, ascending colon cancer, sigmoid cancer, and
rectosigmoid cancer (1–3). Large-scale overseas clinical
studies on laparoscopic surgery have shown better short-
term outcomes than open surgery in patients with stage
II and III diseases; these studies also have demonstrated
the non-inferiority of laparoscopic procedures in terms of
the long-term outcomes (4–6). Furthermore, all meta-
analyses have clearly demonstrated that laparoscopic
surgery is superior to open surgery in terms of short-term
outcomes and comparable in terms of safety and long-
term outcomes.

A large-scale Japanese study (JCOG0404: phase III
clinical study) for cStage II and III colon cancer has com-
pleted enrollment. This study has so far shown better
short-term outcomes in the laparoscopic surgery group
than in the open group. The long-term outcomes are
currently being followed up and will be presented later.

Laparoscopic surgery is recommended for cStages 0–III
cecal cancer, ascending colon cancer, sigmoid cancer, and
rectosigmoid cancer. For transverse colon and descending
colon cancers, careful consideration is required for deter-
mining the indications for surgery based on the surgeon’s
skills and experience, because advanced techniques are
required for lymph node dissection, dissection around
the middle colic vessels, and splenic flexure mobilization.

It has been reported that laparoscopic surgery for cStage
IV disease is safe, has better short-term outcomes than
open surgery, and does not significantly differ from open
surgery with regard to long-term outcomes. However,
these results are all from retrospective studies, and to date,
no data has been obtained from prospective studies (7–9).
For cStage IV cancer, tumor excision, even as a palliative
treatment, is often difficult because the tumor is generally
large and has sometimes invaded adjacent organs. There-
fore, laparoscopic surgery should be carefully considered
only with informed consent, depending on the skills and
experience available in each institution.

1-2 Which complications or previous diseases require
careful consideration for determining the suitability of
laparoscopic surgery?
For patients with comorbidities such as chronic respiratory
or cardiovascular disease, careful consideration is required
for determining the indications for surgery in light of the
significance of laparoscopic surgery.
For patients with severe obesity or a history of open
surgery, the indications should be determined based on the
skills and experience at each institution.

■ Explanation
In laparoscopic surgery, the increased intraperitoneal

pressure associated with pneumoperitoneum and intra-
operative postural changes, such as the Trendelenburg
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position and half side-lying position, can affect
cardiorespiratory dynamics (10). In patients with
comorbidities such as chronic respiratory disease or isch-
emic heart disease, careful consideration is required for
determining the indications for laparoscopic surgery. The
ASA classification of physical status (ASA score) is useful
for assessing the general condition of patients before
surgery (11). A higher ASA score is known to be associ-
ated with higher rates of postoperative complications and
mortality. However, for high-risk patients, some studies
have reported that laparoscopic surgery is more benefi-
cial than open procedures. Among high-risk patients
with an ASA score of III or higher, including elderly or
obese patients and those with comorbidities, more favor-
able short-term outcomes with fewer complications have
been demonstrated in laparoscopic surgery than in open
surgery (11,12). In patients with comorbidities such as
respiratory disease or cardiovascular disease, careful con-
sideration is required for determining the indications
for surgery in light of the significance of laparoscopic
surgery. These considerations should be made after the
risk of intraoperative and postoperative complications
have been evaluated through coordinated efforts with
other departments, including anesthesiology. For patients
with obesity or a history of laparotomy, longer operating
times, higher conversion rates to open surgery, and
higher postoperative complication rates have been
reported (13–18). Therefore, in these cases, the indica-
tions for laparoscopic surgery should be determined
based on the skills and experience of each surgeon.

1-3 Are long-term and short-term outcomes of laparo-
scopic surgery comparable to those of open surgery?
In patients with cecal cancer, ascending colon cancer,
sigmoid cancer, and rectosigmoid cancer, laparoscopic
surgery has been demonstrated to have better short-term
outcomes than open surgery and equivalent long-term out-
comes and safety levels, regardless of cStages.

■ Explanation
Short-term and long-term outcomes have been

reported from large-scale phase III clinical studies con-
ducted in the USA and Europe that compared laparo-
scopic surgery and open surgery in colon cancer patients
(4–6). These studies showed laparoscopic surgery had
more favorable short-term outcomes than open surgery
and equivalent long-term outcomes for colon cancer. The
results obtained from subsequent meta-analyses also
supported the outcomes of these clinical studies, showing
the superiority of laparoscopic surgery over open surgery
for short-term outcomes, including less intraoperative
blood loss, earlier resumption of oral intake, and a

shorter hospital stay, although the laparoscopic surgery
operating time was significantly longer. In addition, the
safety of laparoscopic surgery was demonstrated, with a
postoperative complication rate comparable to that of
open surgery and a lower incidence of postoperative
small bowel obstruction. However, in major large-scale
clinical studies, there has been a high rate of conversion
to open surgery (29% in the CLASICC (4) trial and 17%
in the COLOR (5) trial; 21% in the COST (6) trial) and a
higher incidence of postoperative complications leading
to longer postoperative hospital stays in patients who
underwent conversion to open surgery than in those
who did not. As such, it is recommended that laparo-
scopic surgery be performed in medical institutions that
employ up-to-date techniques and by well-experienced
surgical teams. A large-scale Japanese clinical study
JCOG0404, a randomized controlled trial (RCT) compar-
ing laparoscopic and open surgery for stage II/III
colorectal cancer, also demonstrated better short-term
outcomes in laparoscopic surgery. The long-term out-
comes were measured through 2014, but have yet to be
released.

1-4 Is laparoscopic surgery suitable for elderly patients?
Elderly patients who have undergone laparoscopic surgery
have had better short-term outcomes than those who have
undergone open surgery and comparable safety and long-
term outcomes. However, careful consideration is required
for determining the indications for surgery in light of pres-
ence or absence of elderly-specific comorbidities.

■ Explanation
Many studies have reported the benefits of laparoscopic

surgery in elderly patients (19,20). According to these
reports, although the operating time was longer than that
in open surgery, a significant reduction in intraoperative
blood loss and the rate of blood transfusion were noted in
laparoscopic surgery. Additionally, laparoscopic surgery
offered equivalent or significantly lower intraoperative
and postoperative complication rates compared with
open surgery. In a large-scale retrospective study of
elderly Japanese patients who underwent laparoscopic
colectomy, although the operating time was longer than
in open surgery, laparoscopic surgery offered reduced in
blood loss and significantly more favorable outcomes,
including shorter postoperative hospital stay and fewer
postoperative complications. There was no significant
difference in long-term outcomes, such as the 3-year
recurrence-free survival rate and 3-year overall survival
rate, between the procedures (21). However, given the
presence of preoperative multiple organ dysfunction,
including respiratory and circulatory disorders and
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reduced reserve capacity, and a high incidence of postop-
erative complications, such as mental disorders in elderly
patients, careful perioperative management is essential
even for laparoscopic surgery.

In summary, the reduced invasiveness of laparoscopic
surgery is suitable for treatment of colorectal cancer in
elderly patients. However, the indications for surgery
should be determined based on the appropriate exami-
nation of comorbidities of individual patients.
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Clinical Question 2: Is Laparoscopic Surgery
Recommended for Rectal Cancer?

Laparoscopic surgery may be considered. However,
oncological safety has yet to be established in comparison
with open surgery.

Strength of recommendation: C1

2-1 For which stage is laparoscopic surgery indicated?
Technical safety has been confirmed for cStage 0 and I
rectal cancer. The indications for surgery should be deter-
mined based on the surgeon’s skills and experience upon
appropriate informed consent.
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■ Explanation
Several clinical studies comparing laparoscopic surgery

and open surgery have been conducted in the USA,
Europe, and Asia to verify the safety of laparoscopic
surgery. However, many of them were relatively small-
scale clinical studies, and only a few were multicenter
studies with a large number of patients. In addition, these
overseas studies were differently from therapeutic strat-
egies in Japan, which consequently resulted in a higher
incidence of complications in both open and laparoscopic
surgery than is seen in Japan (1–11). Accordingly, it was
considered necessary to launch clinical studies in Japan
to confirm the safety of laparoscopic surgery. Therefore, a
prospective study was conducted in Japan in patients
with clinical stage 0 and I rectal cancer to demonstrate
the technical safety of laparoscopic surgery (12).

Standard therapy for advanced rectal cancer overseas is
preoperative chemoradiotherapy, which may increase
the difficulty of laparoscopic surgery. Lateral lymph node
dissection, the standard therapy in Japan, also poses high
technical difficulty when performed laparoscopically.
Because of the small number of existing clinical studies,
neither effectiveness nor safety of laparoscopic surgery
for advanced rectal cancer has been established (13,14).

There, during the initial period of introduction, lapa-
roscopic surgery is recommended for patients with cStage
0 and I rectal cancer—patients in whom the surgery-
related risk is low. This procedure must also be performed
by a surgical team with sufficient skill and experience in
laparoscopic surgery for colon cancer. For patients with
clinical stage II or higher rectal cancer, the surgery should
be performed at the patient’s request after sufficient
informed consent has been provided (as part of an
adequately designed clinical study or under an equiva-
lent system).

2-2 Are the short-term outcomes of laparoscopic surgery
superior to those of open surgery?
Although the operating time is reported to be longer with
laparoscopic surgery, this procedure is superior because of
its less invasiveness and greater consistency.

■ Explanation
An early RCT conducted in the UK reported a higher

incidence of complications in patients who required con-
version to open surgery and increased incidences of posi-
tive resection margins and in patients undergoing
laparoscopic anterior resection compared to open ante-
rior resection, although this difference was not significant
(2). However, recent studies have shown that laparo-
scopic surgery is associated with less blood loss than open
surgery despite its longer operation times. Some studies

have reported no difference in the incidences of
intraoperative and postoperative complications and mor-
tality between open and laparoscopic procedures,
whereas others have reported fewer complications with
laparoscopic surgery. With regard to postoperative recov-
ery, laparoscopic surgery offered fewer days to first flatus
as an indicator of intestinal peristalsis, fewer days to
resumption of solid diet, and a shorter postoperative hos-
pital stay than open surgery. Furthermore, the small inci-
sions made in laparoscopic surgery have been reported to
offer advantages, such as cosmetic benefits, decreased
pain, and reduction in analgesic doses. No difference was
shown between the procedures regarding voiding func-
tion, sexual function, or quality of life after surgery, but
laparoscopic surgery was reported to be more cost-
effective. Either no difference or an increased number of
lymph nodes retrieved has been reported in laparoscopic
surgery as compared with open surgery (1–11,15–17).

A clinical study was conducted on patients with clinical
stages 0 and I rectal cancer in Japan. An analysis of 490
patients from 43 sites revealed that conversion to open
surgery occurred in 8 patients (1.6%) and anal preserva-
tion was possible in 477 patients (97%). Twenty-four
intraoperative complications and 160 postoperative com-
plications developed, with no deaths occurring due to
complications. Reoperation was performed in 19 patients
(4%). The median time to resumption of fluid intake,
resumption of oral diet, and discharge from hospital were
1, 3, and 12 days, respectively (12).

2-3 Are the long-term outcomes of laparoscopic surgery
comparable to those of open surgery?
To date, there have been no studies reporting the inferiority
of laparoscopic surgery with respect to long-term out-
comes. Further evaluation through high-quality clinical
studies is necessary.

■ Explanation
To date, no RCT or meta-analyses have demonstrated

any difference between laparoscopic surgery and open
surgery in terms of long-term prognosis, local recurrence
rate, or distant metastasis rate. With regard to long-term
complications, it has been reported that laparoscopic
surgery is associated with a lower incidence of small
bowel obstruction related to adhesion, but no differences
in the incidences of other complications or reoperation
between the procedures has been noted. However,
because of the small number of study sites and enrolled
patients, these results alone are insufficient to evaluate
the oncological safety of laparoscopic surgery for rectal
cancer (1–11,15–18). Further investigation of the long-
term outcomes in multicenter RCT overseas and in Japan
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involving a larger number of patients is essential to reach
a conclusion on the merits of laparoscopic surgery rela-
tive to open surgery.

2-4 Have any intraoperative or postoperative complica-
tions that require attention been reported?
No complication peculiar to laparoscopic surgery has been
reported in recent years.

■ Explanation
Complications peculiar to laparoscopic surgery initially

included brachial nerve paralysis likely caused by patient
positioning during surgery or patient immobilization on
a table, but these occurrences have been decreased by
increased attention to patient positioning and immobili-
zation (12).

Some studies have reported no difference in the inci-
dences of intraoperative and postoperative complications
or mortality between laparoscopic surgery and open
surgery, whereas others have shown laparoscopic surgery
has fewer complications. Therefore, laparoscopic surgery
has not been shown to be inferior to open surgery, except
for its extended surgical time. It was also reported that
the incidence of anastomotic insufficiency, which had
been an initial concern, was equivalent to that of open
surgery.
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Clinical Question 3: Is Laparoscopic Surgery
Recommended for Appendicitis?

Laparoscopic surgery is recommended for acute
appendicitis.

Strength of recommendation: B

3-1 Are the short-term outcomes of laparoscopic surgery
superior to those of open surgery?
Laparoscopic surgery is superior in terms of reductions in
postoperative wound infection and wound pain, shorter
length of hospital stay, and earlier social rehabilitation.

■ Explanation
Many of the meta-analyses comparing laparoscopic

surgery and open surgery showed a lower incidence of
postoperative wound infection after laparoscopic surgery
(3% in laparoscopic surgery vs 7% in open surgery)
(1–11). Although some studies reported no significant
difference in postoperative pain between laparoscopic
and open procedures (6), many showed decreased post-
operative pain after laparoscopic surgery (3,4,9,10,12).
Many studies also reported that the length of hospital
stay was shorter (by approximately 1 day) and that the
return to daily activities was approximately 4–7 days
earlier after laparoscopic surgery than after open surgery
(1,3–5,8–10,12–15). The time to resumption of food
intake was demonstrated to be approximately 0.34 days
earlier after laparoscopic surgery than after open surgery
(9,12). Some reports indicated that laparoscopic surgery
is associated with a lower incidence of postoperative ileus
(8), but others reported no significant difference between
the techniques (9).

Many studies reported that laparoscopic surgery has a
longer surgical time of 10–17 min compared with open
surgery (1,3–5,9,10,12,14,15). However, the surgical
time for laparoscopic surgery has been shortened in
recent years. In a comparison of laparoscopic and open
surgery before and after 2000, the difference in operative
times was reduced from 15 min before 2000 to 5 min
after 2000 (8). Therefore, the role of the learning curve
should be considered, as it can affect the evaluation of the
surgical time.

Although some studies reported no significant differ-
ence in the incidence of postoperative intra-abdominal
abscess (3,4), many meta-analyses revealed an approxi-
mately three-fold higher incidence after laparoscopic
surgery (6–10,13). The conversion rate to open surgery
was reported to be approximately 10%, mainly because
of perforated appendicitis or abscess-forming appendici-
tis (9). No port site- or pneumoperitoneum-related
complications specific to laparoscopic surgery have been
reported.

3-2 Is laparoscopic surgery safe for perforated appendi-
citis or abscess-forming appendicitis?
There is no robust evidence that supports the safety of
laparoscopic surgery in perforated appendicitis or abscess-
forming appendicitis.

■ Explanation
A meta-analysis of pediatric patients with perforated

appendicitis or abscess-forming appendicitis revealed that
laparoscopic surgery was associated with reduced wound
infection, shorter hospital stays, and a lower incidence
of postoperative ileus (16). However, surgical time was
reported to be significantly longer with laparoscopic
surgery than with open surgery (16,17). In addition, it was
reported that there is a high conversion rate to open
surgery and frequent incidence of intra-abdominal abscess
(16). Therefore, selection of surgical procedure and the
potential for postoperative intra-abdominal abscess
should be carefully considered when performing laparo-
scopic surgery for perforated appendicitis or abscess-
forming appendicitis.

No meta-analyses, including RCT comparing laparo-
scopic and open surgery in adult patients with perfo-
rated or abscess-forming appendicitis, were identified by
a literature search. Meta-analyses of prospective and
retrospective studies reported less frequent wound
infection in laparoscopic surgery and a comparable inci-
dence of intra-abdominal abscess between the proce-
dures (18). No significant difference was observed in
surgical time, length of hospital stay, or occurrence of
postoperative intra-abdominal abscess in a prospective
study (19). The conversion rate from laparoscopic
surgery to open surgery was reported to be as high as
36% (19). According to a subgroup analysis on perfo-
rated and abscess-forming appendicitis from an RCT
comparing laparoscopic and open surgery, there were
no significant differences in the incidences of wound
infection or intra-abdominal abscess between the
procedures (20). In the future, large-scale RCT with
less potential for bias are required for adult patients
with perforated appendicitis or abscess-forming
appendicitis.

3-3 Is laparoscopic surgery safe for appendicitis in pedi-
atric, pregnant, and obese patients?
Laparoscopic surgery can be safely performed in pediatric,
pregnant, and obese patients. However, some studies
reported a high miscarriage rate in pregnant patients who
underwent laparoscopic surgery.
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■ Explanation
Regarding laparoscopic surgery in pediatric patients,

some studies reported no significant difference in surgical
time between laparoscopic and open surgery (21), but
others showed that laparoscopic surgery had a signifi-
cantly longer surgical time (8). The length of hospital stay
was shown to be significantly shorter after laparoscopic
surgery. A meta-analysis consisting of only RCT showed a
significantly lower incidence of wound infection in the
laparoscopic surgery group (1.4% in laparoscopy vs 4.7%
in open surgery) (8,21). In addition, the incidence of
postoperative ileus after laparoscopic surgery was signifi-
cantly lower than after open surgery (2.9% vs 3.4%)
(21). By contrast, the incidence of postoperative intra-
abdominal abscess was reported to be significantly higher
in laparoscopic surgery (21). However, an analysis of RCT
conducted after 2000 showed no significant difference in
the incidence of intra-abdominal abscess between the
procedures (21).

An RCT in obese patients with a BMI ≥ 25 showed
that laparoscopic surgery required a longer surgical but
did not offer a decrease in postoperative pain or shorter
hospital stay (22). A prospective study in obese patients
with a BMI ≥ 30 showed that laparoscopic surgery
offered a shorter hospital stay, but no significant differ-
ence in postoperative pain, wound infection, or occur-
rence of intra-abdominal abscess relative to open
surgery (23). The meta-analyses including those data
indicated that laparoscopic surgery shortened hospital
stay (24,25), significantly decreased occurrence of
wound infection, and significantly extended surgical
time (24).

The rate of miscarriage in pregnant women following
laparoscopic surgery was reported to be 6%, which was
higher than after open appendectomy, and to occur par-
ticularly frequent in those with perforated or abscess-
forming appendicitis (26). Some reported a lower
preterm birth rate after laparoscopic surgery (26), but
other reports revealed no significant difference between
the procedures (27).

3-4 Is laparoscopy safe for interval appendectomy?
Laparoscopic interval appendectomy can be performed
safely.

■ Explanation
No meta-analyses, including RCT on laparoscopic

interval surgery, were identified by a literature search.
An RCT comparing interval and immediate laparoscopic
procedures showed no significant differences in the
length of hospital stay and the recurrence rate of intra-

abdominal abscess (28), but the surgical time and the
period to resumption of oral diet were significantly
shorter in the interval surgery group (28).

In contrast, an RCT comparing laparoscopic interval
surgery and open interval surgery showed significantly
reduced postoperative pain, a shorter length of hospital-
ization, and an earlier recovery to daily life after laparo-
scopic surgery (29). No significant difference was noted
in the incidence of postoperative complications, but the
length of postoperative intestinal paresis was reported to
be significantly shorter in the laparoscopic group than in
the open group (29). However, the surgical time was
significantly longer in the laparoscopic group than in the
open group (29).

3-5 Is single-port laparoscopic surgery less invasive than
three-port laparoscopic surgery for appendicitis?
There is no robust evidence supporting the less
invasiveness of single-port laparoscopic surgery.

■ Explanation
To date, no meta-analyses, including RCT, on single-

port laparoscopic surgery have been identified. An RCT
comparing single-incision laparoscopic surgery and
three-port laparoscopic surgery revealed no significant
differences in the period to resumption of food intake,
length of hospital stay, or incidence of wound infection
(30,31). However, surgical time was significantly longer
in the single-incision laparoscopic group (30,31). In an
RCT comparing single-port laparoscopic surgery and
three-port laparoscopic surgery in obese patients and
normal-weight patients, significantly longer surgical
times and hospital stays were reported in obese patients
treated with single-port laparoscopic surgery than in
normal patients treated with the same approach (32). An
RCT comparing single-port laparoscopic surgery and
three-port laparoscopic surgery in pediatric patients
yielded no significant differences in the length of
hospital stay or incidences of wound infection and intra-
abdominal abscess, but it did show a significantly
extended surgical time in patients undergoing single-port
laparoscopic surgery (33). A three-arm RCT compared
single-port laparoscopic surgery, three-port laparoscopic
surgery, and open surgery; this study reported a signifi-
cantly longer surgical time (average, 7 min) in single-port
laparoscopic surgery than in open surgery and a shorter
hospital stay in the laparoscopic group than in the open
group, but no significant difference was found in the
postoperative course between the techniques (34).
Further investigation using meta-analyses including RCT
is expected.

Large intestine H Kuroyanagi et al.

Asian J Endosc Surg 8 (2015) 246–262
© 2015 Japan Society for Endoscopic Surgery, Asia Endosurgery Task Force and Wiley Publishing Asia Pty Ltd.252

 17585910, 2015, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ases.12222 by C

olum
bia U

niversity L
ibraries, W

iley O
nline L

ibrary on [08/03/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



References

1. McCall JL, Sharples K, Jadallah F. Systematic review of

randomized controlled trials comparing laparoscopic with

open appendicectomy. Br J Surg 1997; 84: 1045–1050.

(Levels of evidence I).

2. Golub R, Siddiqui F, Pohl D. Laparoscopic versus open

appendectomy: A metaanalysis. J Am Coll Surg 1998; 186:

545–553. (Levels of evidence I).

3. Garbutt JM, Soper NJ, Shannon WD et al. Meta-analysis of

randomized controlled trials comparing laparoscopic and

open appendectomy. Surg Laparosc Endosc 1999; 9: 17–26.

(Levels of evidence I).

4. Chung RS, Rowland DY, Li P et al. A meta-analysis of

randomized controlled trials of laparoscopic versus

conventional appendectomy. Am J Surg 1999; 177: 250–256.

(Levels of evidence I).

5. Fingerhut A, Millat B, Borrie F. Laparoscopic versus open

appendectomy: Time to decide. World J Surg 1999; 23: 835–

845. (Levels of evidence I).

6. Slim K, Pezet D, Chipponi J. Laparoscopic or open appen-

dectomy? Critical review of randomized, controlled trials.

Dis Colon Rectum 1998; 41: 398–403. (Levels of evidence I).

7. Eypasch E, Sauerland S, Lefering R. Laparoscopic versus

open appendectomy: Between evidence and common sense.

Dig Surg 2002; 19: 518–522. (Levels of evidence I).

8. Bennett J, Boddy A, Rhodes M. Choice of approach for

appendicectomy: A meta-analysis of open versus laparo-

scopic appendicectomy. Surg Laparosc Endosc Percutan Tech

2007; 17: 245–255. (Levels of evidence I).

9. Li X, Zhang J, Sang L. Laparoscopic versus conventional

appendectomy – A meta-analysis of randomized controlled

trials. BMC Gastroenterol 2010; 10: 129. (Levels of evidence

I).

10. Sauerland S, Jaschinski T, Neugebauer EA. Laparoscopic

versus open surgery for suspected appendicitis. Cochrane

Database Syst Rev 2010; 6 (10): CD001546. (Levels of evi-

dence I).

11. Meynaud-Kraemer L, Colin C, Vergnon P et al. Wound

infection in open versus laparoscopic appendectomy. A

meta-analysis. Int J Technol Assess Health Care 1999; 15: 380–

391. (Levels of evidence I).

12. Wei B, Qi CL, Chen TF. Laparoscopic versus open appen-

dectomy for acute appendicitis: A metaanalysis. Surg Endosc

2011; 25: 1199–1208. (Levels of evidence I).

13. Sauerland S, Lefering R, Holthausen U et al. Laparoscopic

vs conventional appendectomy – A meta-analysis of

randomised controlled trials. Langenbecks Arch Surg 1998;

383: 289–295. (Levels of evidence I).

14. Liu Z, Zhang P, Ma Y et al. Laparoscopy or not: A meta-

analysis of the surgical effects of laparoscopic versus open

appendicectomy. Surg Laparosc Endosc Percutan Tech 2010; 20:

362–370. (Levels of evidence I).

15. Temple LK, Litwin DE, McLeod RS. A meta-analysis of lapa-

roscopic versus open appendectomy in patients suspected of

having acute appendicitis. Can J Surg 1999; 42: 377–383.

(Levels of evidence I).

16. Markar SR, Blackburn S, Cobb R et al. Laparoscopic versus

open appendectomy for complicated and uncomplicated

appendicitis in children. J Gastrointest Surg 2012; 16: 1993–

2004. (Levels of evidence I).

17. Lintula H, Kokki H, Vanamo K et al. Laparoscopy in children

with complicated appendicitis. J Pediatr Surg 2002; 37: 1317–

1320. (Levels of evidence II).

18. Markides G, Subar D, Riyad K. Laparoscopic versus open

appendectomy in adults with complicated appendicitis: Sys-

tematic review and meta-analysis. World J Surg 2010; 34:

2026–2040. (Levels of evidence III).

19. Piskun G, Kozik D, Rajpal S et al. Comparison of laparo-

scopic, open, and converted appendectomy for perforated

appendicitis. Surg Endosc 2001; 15: 660–662. (Levels of evi-

dence III).

20. Katkhouda N, Mason RJ, Towfigh S et al. Laparoscopic

versus open appendectomy: A prospective randomized

double-blind study. Ann Surg 2005; 242: 439–448. discus-

sion 448–450 (Levels of evidence II).

21. Aziz O, Athanasiou T, Tekkis PP et al. Laparoscopic versus

open appendectomy in children: A meta-analysis. Ann Surg

2006; 243: 17–27. (Levels of evidence I).

22. Ricca R, Schneider JJ, Brar H et al. Laparoscopic appendec-

tomy in patients with a body mass index of 25 or greater:

Results of a double blind, prospective, randomized trial.

JSLS 2007; 11: 54–58. (Levels of evidence II).

23. Towfigh S, Chen F, Katkhouda N et al. Obesity should not

influence the management of appendicitis. Surg Endosc

2008; 22: 2601–2605. (Levels of evidence III).

24. Markar SR, Venkat-Raman V, Ho A et al. Laparoscopic

versus open appendicectomy in obese patients. Int J Surg

2011; 9: 451–455. (Levels of evidence I).

25. Woodham BL, Cox MR, Eslick GD. Evidence to support the

use of laparoscopic over open appendicectomy for obese

individuals: A meta-analysis. Surg Endosc 2012; 26: 2566–

2570. (Levels of evidence I).

26. Walsh CA, Tang T, Walsh SR. Laparoscopic versus open

appendicectomy in pregnancy: A systematic review. Int J

Surg 2008; 6: 339–344. (Levels of evidence I).

27. Wilasrusmee C, Sukrat B, McEvoy M et al. Systematic

review and meta-analysis of safety of laparoscopic versus

open appendicectomy for suspected appendicitis in preg-

nancy. Br J Surg 2012; 99: 1470–1478. (Levels of evidence

I).

28. St Peter SD, Aguayo P, Fraser JD et al. Initial laparoscopic

appendectomy versus initial nonoperative management and

interval appendectomy for perforated appendicitis with

abscess: A prospective, randomized trial. J Pediatr Surg 2010;

45: 236–240. (Levels of evidence II).

29. Rashid A, Nazir S, Kakroo SM et al. Laparoscopic interval

appendectomy versus open interval appendectomy: A pro-

spective randomized controlled trial. Surg Laparosc Endosc

Percutan Tech 2013; 23: 93–96. (Levels of evidence II).

H Kuroyanagi et al. Large intestine

Asian J Endosc Surg 8 (2015) 246–262
© 2015 Japan Society for Endoscopic Surgery, Asia Endosurgery Task Force and Wiley Publishing Asia Pty Ltd. 253

 17585910, 2015, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ases.12222 by C

olum
bia U

niversity L
ibraries, W

iley O
nline L

ibrary on [08/03/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



30. St Peter SD, Adibe OO, Juang D et al. Single incision versus

standard 3-port laparoscopic appendectomy: A prospective

randomized trial. Ann Surg 2011; 254: 586–590. (Levels of

evidence II).

31. Frutos MD, Abrisqueta J, Lujan J et al. Randomized prospec-

tive study to compare laparoscopic appendectomy versus

umbilical single-incision appendectomy. Ann Surg 2013;

257: 413–418. (Levels of evidence II).

32. Knott EM, Gasior AC, Holcomb GW 3rd et al. Impact of

body habitus on single-site laparoscopic appendectomy for

nonperforated appendicitis: Subset analysis from a prospec-

tive, randomized trial. J Laparoendosc Adv Surg Tech A 2012;

22: 404–407. (Levels of evidence II).

33. Perez EA, Piper H, Burkhalter LS et al. Single-incision lapa-

roscopic surgery in children: A randomized control trial of

acute appendicitis. Surg Endosc 2013; 27: 1367–1371. (Levels

of evidence II).

34. Sozutek A, Colak T, Dirlik M et al. A prospective randomized

comparison of single-port laparoscopic procedure with open

and standard 3-port laparoscopic procedures in the treat-

ment of acute appendicitis. Surg Laparosc Endosc Percutan Tech

2013; 23: 74–78. (Levels of evidence II).

Clinical Question 4: Is Laparoscopic Surgery
Recommended for Colonic Diverticulosis?

Laparoscopic surgery is recommended for colonic
diverticulosis.

Strength of recommendation: B

4-1 Are the short-term outcomes of laparoscopic surgery
superior to those of open surgery?
Favorable short-term outcomes are likely to be achieved
when laparoscopic surgery is selected based on the skills
and experience of the institution and its surgical team.

■ Explanation
Although many studies have reported extended surgi-

cal times with laparoscopic surgery compared to open
procedures for diverticulitis (1–6), some have reported
equivalent surgical times for both procedures (7,8). In
addition, it has often been reported that laparoscopic
surgery is associated with reduced postoperative pain and
earlier resumption of food intake compared with open
surgery (2,5–7,9,10); this in turn shortens postoperative
hospital stay and enables earlier social rehabilitation
(2,4,5,7,11,12). Other reports have suggested that lapa-
roscopic surgery may contribute to reducing medical
costs (6,8,11). Although some studies have reported no
difference in the incidence of postoperative complications
between the procedures, many studies have reported
reduced postoperative complications after laparoscopic
surgery (3–6,9,11). In particular, the incidence of wound

infection and ileus has been reported to be decreased
with laparoscopic surgery (2–4,11).

Only one study has demonstrated the benefits of
laparoscopic surgery for right-sided diverticulitis. No dif-
ference was observed between laparoscopic and open
procedures regarding the effectiveness and safety of
surgery and the recurrence rate of diverticulitis (13).
Therefore, further studies with high-quality evidence are
needed in Japan.

Based on the existing studies, laparoscopic surgery is
likely to yield superior short-term outcomes than open
surgery, but one prospective randomized trial reported
no difference between the procedures (1).

4-2 Is laparoscopic surgery indicated in patients with spe-
cific conditions such as abscess or fistula?
Laparoscopic surgery is indicated for such conditions if
performed by a surgeon with sufficient experience.

■ Explanation
Some studies have reported that laparoscopic surgery is

associated with a higher incidence of wound infection
and ileus in colonic diverticulitis patients with preopera-
tive complications such as abscess or fistula than in those
without complications (14), but others have shown no
difference (15,16). In either case, this surgical procedure
should be performed only by surgeons with sufficient
experience (15–17). When compared by number of
operations performed, surgeons with greater experience
have been shown to have a lower incidence of postop-
erative complications, despite the fact that they fre-
quently operate on complicated cases (16). It has been
reported that surgical time is longer in laparoscopic
surgery for complicated colonic diverticulitis than in
open surgery, but the length of postoperative hospitaliza-
tion is shortened (15,17).

4-3 What surgical procedure should be selected for
diverticular perforation?
Laparoscopic lavage and drainage is potentially effective.

■ Explanation
For perforated diverticulitis (Hinchey stage III: gener-

alized peritonitis with purulent ascites), intestinal resec-
tion of the affected site and colostomy (Hartmann’s
procedure) through an open procedure are the conven-
tional approach. However, laparoscopic lavage and drain-
age without intestinal resection has recently been proven
to be highly effective with fewer complications and no
increase in mortality rate (18–20). Once the inflamma-
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tion has subsided, laparoscopic sigmoidectomy can be
performed in many cases (19). This surgical procedure
may be a potential alternative to intestinal resection and
colostomy for the purpose of decreasing the occurrence
of complications and the duration of hospitalization, as
well as avoiding colostomy. Large-scale clinical studies
are required to strongly recommend the use of this
approach in the clinical setting.

4-4 Is laparoscopic surgery suitable for obese or elderly
patients?
Laparoscopic surgery can be safely performed in obese or
elderly patients when performed by an adequately skilled
and experienced surgeon.

■ Explanation
One study comparing a normal-weight group, slightly

overweight group, and obese group undergoing laparo-
scopic surgery for colonic diverticulosis demonstrated
no differences in the surgical time, intraoperative com-
plications, or length of hospital stay. Laparoscopic
sigmoidectomy for sigmoid diverticulitis is likely to be
safely performed even in obese patients (21).

Some studies have reported that although the surgical
time and hospital stay are slightly longer in patients aged
over 75 years than in younger patients, laparoscopic
surgery is associated with fewer postoperative complica-
tions and earlier postoperative recovery than open pro-
cedures (5,12).
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Clinical Question 5: Is Laparoscopic Surgery
Recommended for Ulcerative Colitis?

Laparoscopic surgery may be performed for ulcerative
colitis at institutions with sufficient experience, but
the benefits are limited in view of its complexity and
difficulty.

Strength of recommendation: C1

5-1 Are the long-term and short-term outcomes of laparo-
scopic surgery superior to those of open procedure?
One report indicated that laparoscopic surgery offered
better cosmetic results than open surgery, but no other
studies have shown superiority in short-term or long-term
outcomes.

■ Explanation
Laparoscopic surgery is broadly defined to include

surgery in which all the procedures, except specimen
extraction and ileal pouch formation, are performed
laparoscopically, those with rectal dissection and resec-
tion through a suprapubic mini-laparotomy, and hand-
assisted laparoscopic surgery (HALS) in which a
surgeon’s hand is inserted into the abdominal cavity to
assist surgical field expansion. Hereinafter, these are col-
lectively called “laparoscopic surgery.”

There has been only one RCT comparing laparoscopic
surgery and open surgery for ulcerative colitis (UC) (1).
According to four meta-analyses based on other non-RCT
(2–5), laparoscopic surgery required more surgical time
than open surgery (2,3,5); it had a significant decrease in
blood loss in only one analysis (3), and it had a shorter
postoperative time to the first bowel movement and
shorter length of hospital stay in three analyses (2–5).
The postoperative complication rate was significantly
lower in two analyses that included total abdominal
colectomy (4,5), although no difference was observed in
the mortality rate.

Long-term outcomes revealed no significant differ-
ences between the procedures with regard to the number
of bowel movements and frequency of incontinence
(6–11), but some studies reported less use of pads in
patients after undergoing laparoscopic surgery (7,8).
Better cosmetic results were reported with laparoscopic

surgery (6,11), but no difference was demonstrated in
other QOL indicators (1,6–9,11,12). In addition, it was
reported that laparoscopic surgery is associated with
reduced occurrence of adhesions (13,14). Because open
ileal pouch anal anastomosis results in low fertility asso-
ciated with periovarian adhesion in female patients,
further examination is awaited on whether laparoscopic
surgery can contribute to a decrease in small bowel
obstruction and maintenance of female fertility.

These studies demonstrated the safety of laparoscopic
surgery in UC patients when performed by sufficiently
experienced surgeons. Nevertheless, the benefits are
limited at this point, considering the procedure’s com-
plexity and difficulty. However, given that UC is common
in the young, the potential advantages of laparoscopic
surgery are still attractive, and further data accumulation
from a long-term perspective is expected.

5-2 Have any complications specific to laparoscopic
surgery been reported?
No particular complications specific to laparoscopic
surgery have been reported.

■ Explanation
Based on meta-analyses (2–5), no increase in compli-

cation rates and only a few complications specific to
laparoscopic surgery have been reported. However, some
studies have indicated a trend toward increased incidence
of small bowel obstruction before closure of the ileal
stoma among laparoscopic surgery patients (8,15). Other
reports have also suggested small bowel obstruction is
associated with an ileal stoma (10,16). Possible causes
may include inadequate laparoscopic observation during
stoma elevation and twisting of the intestine around the
stoma due to poor intestinal adhesion. As such, caution is
required.

5-3 Which medical conditions should cause laparoscopic
surgery to be avoided?
Laparoscopic surgery should be avoided in cases necessi-
tating emergency surgery.

■ Explanation
Conditions indicating surgery in UC patients include

the following: (i) toxic megacolon, perforation, or
massive bleeding; (ii) resistance to medical treatment;
and (iii) neoplastic lesion. The conditions in group (i)
require emergency surgery and, according to many
studies, should be excluded as an indication for laparo-
scopic surgery.
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Some patients with severe UC that is resistant to
medical treatment are the target for quasi-emergency
surgery; these patients have anemia, are in a poor nutri-
tional state, and/or have become immunosuppressed due
to intensive medical management, and their incidence of
postoperative complications is high. Surgical manipula-
tion is considered more difficult in these cases due to
brittle tissues and an increased tendency for bleeding and
perforation. In such cases, a three-stage surgical proce-
dure may be often selected.

According to studies that compared laparoscopic
surgery and open surgery for severe UC (all non-RCT)
(17–24), quasi-emergency total abdominal colectomy
was performed in many cases, and HALS was adopted in
about half (17–19,24); however, the definition of UC
severity varied among the reports. Most of these studies
excluded patients with perforation or toxic megacolon.
The conversion rate to open procedure was 0%–7%.
Although many studies reported a significantly extended
surgical time for laparoscopic surgery (18,19,21,23,24),
laparoscopic and open procedures had an equivalent
incidence of intraoperative and postoperative complica-
tions; also, some studies indicated a significantly
decreased incidence of postoperative complications
among patients who underwent laparoscopic procedures
(17,18,24). Shorter hospital stays were often reported
after laparoscopy (18,19,21–24), and some studies dem-
onstrated benefits such as a shortening of the three-stage
surgery’s entire treatment period (18,22), fewer adhe-
sions during resection of the remaining rectum at the
second stage (17), and the feasibility of the laparoscopic
approach for restoration of intestinal continuity (20).

Nevertheless, given that quasi-emergency surgery
further increases the technical difficulty in severe UC
cases when compared with interval surgery, the indica-
tions for laparoscopic surgery should be carefully deter-
mined based on the surgeon’s skills and the patient’s
condition and provision of informed consent.

5-4 Are the postoperative outcomes of HALS superior to
those of laparoscopic surgery?
There is no evidence demonstrating the superiority of
HALS. It is essential to select the surgical procedure
depending on each site, the surgeon’s skills for the
approach, and the patient’s body shape and medical
condition.

■ Explanation
Many studies comparing HALS and other laparoscopic

procedures (LAP) indicated that HALS had a shorter sur-
gical time (25–27), but other reports showed the opposite
result (28). The amount of blood loss was comparable,

and no differences were observed in the postoperative
time to the first bowel movement, the incidence of com-
plications, or the length of hospital stay. The cosmetic
result was reported to be better (shorter wound length)
with LAP (26,27), but other studies insist on the benefits
of HALS given that it is easier to acquire the skills to
perform this surgical procedure (26). However, as rectal
dissection, which is the most demanding part in total
colectomy is sometimes performed using a Pfannenstiel
incision even in LAP (25,26), careful consideration
should be given to the interpretation of cosmetic
results. It is essential to select the surgical procedure
depending on each site, the surgeon’s proficiency for
the approach, and the patient’s body shape and medical
condition.
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Clinical Question 6: Is Laparoscopic Surgery
Recommended for Crohn’s Disease?

Laparoscopic surgery is recommended for Crohn’s
disease.

Strength of recommendation: B

6-1 For which intestinal complications of Crohn’s disease
is laparoscopic surgery indicated?
An initial surgery for a non-perforating ileocecal lesion is
a good indication for laparoscopic surgery.

■ Explanation
Crohn’s disease is classified as either stenosing type

associated with fibrosis (non-perforating type) or perfo-
rating type causing fistula, abscess, or perforation. Lapa-
roscopic surgery is generally performed as the initial
surgery for non-perforating, localized lesions in the
ileocecum (1). A laparoscopic procedure may not be well
suited for patients with a fistula, abscess, inflammatory
mass, or fistula formation in other organs (e.g. ureter,
urinary bladder). However, some studies indicated that
laparoscopic surgery could be performed once the
inflammation subsides with intensive nutrition therapy
before surgery (2,3). It was also reported that factors
responsible for making this procedure difficult include
three or more episodes of relapse and formation of
abscess (4), as well as advanced age, mass formation, and
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reoperation (5). Patients with such difficulties are not
good candidates because of the extended operating time,
higher conversion rate, and resultant creation of a stoma
in most of the cases (6). Another study reported internal
fistulas, use of steroids, large intestinal lesions, and mal-
nutrition as factors causing difficulties (7).

In addition, patients with high disease activity, such as
those with a fistula and abscess or those undergoing
reoperation, are unlikely to be good candidates.
However, some studies reported the feasibility of laparo-
scopic surgery in patients with fistula formation (2,7),
and others supported the advantages of laparoscopy in
these patients, although no significant difference was
observed between laparoscopic and open surgery (8).

The feasibility of laparoscopic procedures in patients
undergoing reoperation has been reported (9,10). One
study described a higher incidence of intraoperative
injury relative to open surgery, but the surgical outcomes
were equal (11). Many studies comparing reoperation to
initial surgery showed an equivalent or slightly extended
surgical time in reoperation, equivalent blood loss, and
no difference in the incidences of complications and con-
version (12–15).

It was reported that laparoscopic surgery for a large
intestinal lesion could cause more frequent occurrences of
intraoperative complications and extended surgical time
in patients undergoing subtotal proctocolectomy than in
those undergoing ileocecal resection (16). In contrast,
recent studies have shown reductions in complications
and pain, earlier postoperative recovery (17,18), and
favorable surgical outcomes, as well as the safety of the
laparoscopic procedure, despite an equivalent or extended
surgical time (19–21). HALS is also recommended in terms
of its surgical time, safety, and complication rate (22).
Some reports have insisted on the superiority of laparo-
scopic surgery for total colorectal resection (23).

Regarding the indication for use in pediatric patients, it
was reported that the length of hospital stay was short-
ened by laparoscopic surgery in adolescents (24). Addi-
tionally, although the occurrence of complications was
equivalent between the procedures in patients undergo-
ing subtotal proctocolectomy, a shorter surgical time and
an earlier recovery of intestinal function were noted
among those who underwent laparoscopy (25). Pediatric
patients, including adolescent patient, gain benefits from
laparoscopic surgery, such as reduction in pain and a
shorter hospital stay (26–28).

6-2 Are the short-term outcomes of laparoscopic surgery
superior to those of open surgery?
Despite its extended surgical time, short-term outcomes of
laparoscopic surgery are superior.

■ Explanation
Despite its extended surgical time, many studies

reported that laparoscopic surgery is associated with no
increase in complications, a reduction in blood loss, a
decrease in wound infection, earlier recovery of intesti-
nal function, and shorter length of hospitalization (29–
38). Some studies reported no differences between
laparoscopic surgery and open surgery (34), but gener-
ally, an earlier recovery of the digestive tract function is
expected with laparoscopic surgery. According to one
large-scale database analysis, laparoscopic surgery could
decrease complications, shorten the length of hospital
stay, and reduce medical costs (36); another database
analysis demonstrated that the laparoscopic approach
could contribute to decreasing both mild and severe
complications and shortening the length of hospitaliza-
tion (39).

Surgical stress indexes include interleukin-6,
interleukin-10, C-reactive protein, and granulocyte
elastase. Although no difference in these indexes was
shown between the procedures for Crohn’s disease, the
laparoscopic approach was reported to result in less of an
increase in these indexes for various types of colectomy
(40,41). In addition, it was reported that laparoscopic
surgery could prevent fluctuations in body temperature
and increases in C-reactive protein level and white blood
cell count (42), but its effects on interleukin-6, C-reactive
protein, and human leukocyte antigen-DR levels were
similar to open surgery’s effects (43).

Laparoscopic surgery could reduce medical costs
compared with open procedures, owing to shortened
hospital stays and reduced costs of drugs such as analge-
sics (44–48).

Although superior cosmetic results were reported with
laparoscopic surgery (49–51), no difference was observed
in patients’ body image between the open and laparo-
scopic procedures (50,51). Patients’ objective satisfaction
was also better with laparoscopic surgery (52).

6-3 Are the long-term outcomes of laparoscopic surgery
comparable to those of open surgery?
Despite fewer incidences of postoperative small bowel
obstruction and hernia, long-term outcomes are equivalent.

■ Explanation
Crohn’s disease is a life-long refractory chronic disease.

Long-term outcomes of laparoscopic surgery for Crohn’s
disease involve issues such as complications due to small
bowel obstruction and ventral hernia common to surgical
treatment, as well as recurrence of Crohn’s disease itself
and reoperation after relapse.
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It has been reported that laparoscopic surgery is asso-
ciated with a reduced chance of reoperation in the post-
operative long-term clinical course because of fewer
incidences of postoperative adhesive small bowel
obstruction and incisional hernia (53,54). However, the
postoperative recurrence of Crohn’s disease and
reoperation for recurrence are equivalent to those
observed after the open approach; thus, laparoscopic
surgery does not improve the long-term prognosis of
Crohn’s disease (32,51,53–57).

Most studies have revealed no difference in the post-
operative QOL between the laparoscopic and open pro-
cedures (44,51–54). Patients with Crohn’s disease have a
lower QOL than the general healthy population, and
recurrence of the disease is the only factor responsible for
decreasing the QOL (58). Laparoscopic surgery has not
produced an improvement in the long-term prognosis of
Crohn’s disease, but it does decrease the likelihood of
reoperations for adhesive small bowel obstruction and
ventral hernia.
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