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Abstract

Aim: The aim of this study was to compare the short-term and mid-term effects of laparoscopic intersphincteric
resection with the conventional open approach for patients with low rectal cancer through a meta-analysis.

Methods: The PubMed, EMBASE, Cochrane, and Ovid databases were searched for eligible studies until March 2017.
Operation time, blood loss, circumferential resection margin-positive rate, distal margin length, number of resected
lymph nodes, diverting stoma rate, postoperative overall morbidity, anastomotic leakage, and hospital stay were the
main short-term effect endpoints. We also examined disease-free survival, overall survival, local recurrence, and
post-operational anal function as secondary outcomes to evaluate the mid-term effects of laparoscopic surgery.

Results: Five studies involving 620 patients were included in the analyses. Compared with the open approach, the
laparoscopic ISR had less blood loss (weighted mean difference [WMD] = − 214.65 ml, 95% CI [− 370.44, − 196.13],
p < 0.01), less postoperative overall morbidity (OR = 0.58, 95% CI [0.40, 0.86], p < 0.01), and shorter duration of
hospital stay (WMD = − 5.87 days, 95% CI [− 11.35, − 0.40], p < 0.05); however, the operation time was significantly
longer in the laparoscopic group (WMD = 47.34 min, 95% CI [4.10, 90.58], p < 0.05). No other significant differences
were observed.

Conclusion: Laparoscopic ISR for low rectal cancer offers fewer complications and faster recovery, with similar
operation quality and mid-term oncological results than the conventional approach. Although this technique is
comparatively more complex than the conventional approach and requires practice, laparoscopic ISR shows great
potential as a surgical option and deserves further clinical study.
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Background
Intersphincteric resection (ISR) was first introduced as
an anus-preserving operation for very low rectal cancer
approximately two decades ago [1]. Although it was ini-
tially utilized to treat inflammatory bowel disease [2], its
performance in extirpating tumors and preserving anal
function has been supported by much research [3–10].
Compared to classical abdominoperineal resection
(APR), ISR with coloanal anastomosis obtained sufficient
distal resection margins (DRM) and circumferential
resection margins (CRM) and better protected anal

function without necessitating a permanent colostomy
[9–15].
Minimally invasive techniques and devices have rap-

idly progressed and now play increasingly important
roles in surgery. In 1991, Dr. Jacobs first reported on
laparoscopic rectal cancer surgery performance. The
CLASSIC (comparing the Conventional versus
Laparoscopic-Assisted Surgery in Colorectal Cancer)
trial, the first clinical trial for this procedure, showed a
significantly higher CRM-positive rate for laparoscopic
surgery than open surgery (12 vs 6%) [16]. Although the
following long-term outcomes in this trial and others
have obtained similar or better survival data [16, 17],
laparoscopic rectal surgery remains controversial.* Correspondence: josieon826@sina.cn
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Laparoscopic ISR combines laparoscopic total mesor-
ectal excision (TME) and perineal resection. Thus,
laparoscopic ISR is worth studying to determine whether
patients can receive the benefits of common laparo-
scopic surgery, such as less trauma and postoperative
pain, faster recovery, and shorter hospital stays. Many
clinical studies have been undertaken on this new
technique, among which the results and conclusions on
different aspects of post-operational morbidity, onco-
logical results, and functional recovery are inconsistent
[18–28]. In this article, we comprehensively review the
related controlled studies and perform a meta-analysis
to provide evidence for evaluating the effects of laparo-
scopic ISR in low rectal cancer.

Methods
Search strategy
Studies published in English before March 12, 2017, were
searched in the databases of PubMed, Embase, Ovid, and
Cochrane using the main search terms “intersphincteric
resection,” “ISR,” “laparoscopic surgery,” and “rectal can-
cer”. The search strategy differed per database by their
different requirements. Additionally, relevant studies in
the references of related articles were also screened.

Inclusion and exclusion criteria
Studies with the following criteria were included:

1. The controlled study compared ISR using
laparoscopy with the conventional open approach
for low rectal cancer.

2. The article language was restricted to English.
3. Full text was available, and the compared outcomes

contained at least one of the items mentioned below.
4. If the same research team participated in multiple

studies, only the study with the most comprehensive
data was included.

Studies were excluded for the following reasons:

1. Data on the main outcomes were unavailable.
2. Patients underwent ISR for reasons other than rectal

cancer (e.g., rectal adenoma or proctitis).

Data extraction and study quality assessment
Two researchers (Hanyu Chen and Bin Ma) evaluated
the articles and extracted the data independently.
Disagreements between the two researchers were pre-
sented to the third author and decided by consensus.
The primary research outcomes of this meta-analysis
were operation time, blood loss, CRM-positive rate,
distal margin length, number of resected lymph nodes,
postoperative overall morbidity, anastomotic leakage,
and hospital stay. We also compared disease-free

survival (DFS), overall survival (OS), and local recur-
rence as secondary outcomes to evaluate the mid-term
effects of laparoscopic surgery.

Statistical analysis
Statistical analysis was performed using Cochrane
Collaboration software (RevMan v5.3; Nordic Cochrane
Centre). All continuous variables were analyzed by the
weighted mean difference (WMD). If mean values or
standard deviation (SD) were not provided in the article,
they were derived from the median values and ranges using
the method described by Hozo et al. [29]. Dichotomous
variables were evaluated by odds ratios (OR). Hazard ratios
(HR) for DFS, OS, and local recurrence were calculated
using software designed by Tierney et al. [30], and p < 0.05
was considered significant. Heterogeneity was obtained by
the χ2 test or the Cochran Q statistic, and the degree was
measured by the I2 value. If the p value of the χ2 test is >
0.10 and I2 < 50%, a fixed-effect model was used for non-
significant heterogeneity; otherwise, the random-effect
model was used in the meta-analysis for significant
heterogeneity.

Results
Selected studies
Three hundred thirteen studies were identified by the
search strategy previously described (Fig. 1). Seventeen
pertinent studies were found after reading the abstracts.
Finally, five controlled clinical trials [18, 24–26, 28] were
considered eligible after they were found to fit the inclu-
sion criteria upon reading the full text. The studies were
from Italy, Japan, China, and Korea. In total, 620 pa-
tients underwent ISR by laparoscopic surgery (n = 386)
or open approach (n = 234) between all analyses
(Table 1). All studies received Newcastle-Ottawa Scale
scores ≥ 5 (Table 2).

Operation time
All five studies reported the operation time. Notably, the
outcome from the study of Fujimoto et al. significantly
deviated from the others. Upon comparing the proce-
dures, we found that this group performed more lateral
lymph node dissections in the open group, which is
time-consuming. Thus, this study was not included in
this outcome. Analyzing the other four studies revealed
a significantly longer operation time for the laparoscopic
surgery group (WMD = 47.34 min, 95% CI [4.10, 90.58],
p < 0.05). A random-effect model was used due to the
significant heterogeneity (p < 0.01, I2 = 93%) (Fig. 2a).

Blood loss
Four studies reported that significantly more blood was
lost in the open group compared to the laparoscopic
group (WMD = − 214.65 ml, 95% CI [− 370.44, − 196.13],
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p < 0.01). A random-effect model was used due to sig-
nificant heterogeneity (p < 0.01, I2 = 95%) (Fig. 2b).

Positive CRM
A positive CRM occurs when the closest distance from
the tumor to the resected mesorectal border is shorter
than 1 mm. Although the study of Fujimoto et al. sup-
plied the median and range of the CRM distance, precise
numbers were not disclosed. Three studies provided
sufficient CRM data. The meta-analysis results indicated
no significant difference between the two groups (OR =
0.85, 95% CI [0.19, 3.87], p = 0.84). A random-effect
model was used due to heterogeneity (p = 0.07, I2 = 62%)
(Fig. 2c).

Distal resected margin
All studies except for that of Yamamoto et al. compared the
length of the DRM from the tumor. Pooled results sug-
gested no significant difference between the two groups.
(WMD= − 0.03 cm, 95% CI [− 0.27, 0.21], p = 0.82). A
random-effect model was used due to significant hetero-
geneity (p = 0.05, I2 = 62%) (Fig. 2d).

Lymph nodes resected
All studies except for that of Laurent et al. provided the
number of harvested lymph nodes. After pooling the
results, we found no significant difference between the two
groups (WMD= − 3.03, 95% CI [− 6.55, 0.49], p = 0.09). A
random-effect model was used due to significant hetero-
geneity (p < 0.01, I2 = 75%) (Fig. 2e).

Overall morbidity
All studies researched the post-operational complication
incidence. The overall morbidity between each study
showed no significant differences; however, after the
meta-analysis, the results showed a significantly de-
creased occurrence rate in the laparoscopic group (OR
= 0.58, 95% CI [0.40, 0.86], p < 0.01). A fixed-effect

model was used due to a lack of remarkable heterogen-
eity (p = 0.80, I2 = 0%) (Fig. 3a).

Anastomotic leakage
As the most important surgery-related complication, we
extracted data on anastomotic leakage separately from
overall morbidity. Four studies supplied this specific
data, and no significant difference was found between
the two groups for anastomotic leakage incidence (OR =
0.69, 95% CI [0.27, 1.77], p = 0.44). No significant hetero-
geneity was noted; thus, the fixed-effect model was used
(p = 0.72, I2 = 0%) (Fig. 3b).

Hospital stay
Four studies reported the hospital stay duration. The lap-
aroscopic surgery resulted in significantly shorter hospital
stays than the open surgery (WMD= − 5.87 days, 95% CI
[− 11.35, − 0.40], p < 0.05). A random-effect model was
used due to significant heterogeneity (p < 0.01, I2 = 89%)
(Fig. 3c).

DFS, OS, and local recurrence
Three studies provided data regarding mid-term efficacy
between the two groups. As the three main indexes of sur-
vival, DFS, OS, and local recurrence were calculated. The
results suggested no significant difference between the two
group in DFS (HR= 0.93, 95% CI [0.63, 1.37], p = 0.72), OS
(HR = 0.85, 95% CI [0.54, 1.35], p = 0.50), or local
recurrence (HR = 0.76, 95% CI [0.31, 1.85], p = 0.55). No
remarkable heterogeneity was seen in these items
(DFS: p = 0.83, I2 = 0%, OS: p = 0.60, I2 = 0%, local re-
currence: p = 0.29, I2 = 19%) (Fig. 4).

Post-operational anal function and diverting stoma rate
Comparative data for these two outcomes could only be
acquired from one or two studies which was insufficient
for a convincing meta-analysis; nevertheless, we reviewed
these data in the “Discussion” section.

Fig. 1 Flow chart showing the process for selecting the included studies
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Discussion
Laparoscopic surgery has gradually been accepted as a
minimally invasive technique because of its decreased
blood loss, reduced incision-related complications, and
faster recovery. The feasibility and safety of this

technique in treating rectal cancer has been demon-
strated [17, 31]. Particularly in the low rectum, surgeons
have found that laparoscopic surgery provides better
visibility when operating in the lower pelvic cavity such
as when dissecting the mesorectum plane, dividing

Table 2 The risk of bias for the included studies (Newcastle-Ottawa scale)

Study Selection Comparability Outcome Total

REC SNEC AE DO SC AF AO FU AFU

Laurent [24] 1 0 1 1 0 0 1 1 1 6

Yamamoto [25] 1 1 1 1 1 1 1 0 1 8

Park [26] 1 1 1 1 0 0 1 1 1 7

Chi [18] 1 1 1 1 0 0 1 1 1 7

Fujimoto [28] 1 1 1 1 0 0 1 0 1 6

REC representativeness of the exposed cohort, SNEC selection of the non-exposed cohort, AE ascertainment of exposure, DO demonstration that outcome of
interest was not present at start of study, SC study controls for age and sex, AF study controls for any additional factors (chemoradiotherapy, curative resection),
AO assessment of outcome, FU follow-up long enough for outcomes to occur, AFU adequacy of follow-up of cohorts

Fig. 2 Forest plot based on short-term surgical outcomes. a Forest plot of the mean difference in operation time. b Forest plot of the mean
difference in blood loss. c Forest plot of OR for a positive CRM. d Forest plot of the mean difference in DRM. e Forest plot of the mean difference
in resected lymph node numbers

Chen et al. World Journal of Surgical Oncology  (2017) 15:229 Page 5 of 9



lateral ligaments, mobilizing the pelvic floor, or dissect-
ing the intersphincteric groove [32, 33]. This procedure
also allows the pelvic autonomic nerves related to
defecation, urination, and sexual function to be easily
seen and well-preserved under the camera. Whether
patients receive increased benefits from laparoscopic

surgery compared with conventional open surgery in
ISR remains controversial. Thus, we conducted a
meta-analysis to ascertain whether the advantages of
laparoscopic surgery provide better short- and
intermediate-term outcomes and whether the shortcom-
ings of this technique may be harmful.

Fig. 4 Forest plot based on mid-term outcomes. a Forest plot of HR for DFS. b Forest plot of HR for OS. c Forest plot of HR for local recurrence

Fig. 3 Forest plot based on short-term recovery outcomes. a Forest plot of OR for overall morbidity. b Forest plot of OR for anastomotic leakage.
c Forest plot of the mean difference in hospital stay length
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The short-term results revealed that operation times
were longer for laparoscopic surgery. Procedural com-
plexity is unavoidable, leading many to resort to open
surgery or endure longer operation times before the sur-
geon gains sufficient practice [34–36]. However, these
technical difficulties can be surmounted as the surgeons’
experience increases. Kuo et al. [19] compared the
short-term outcomes of patients who received the lap-
aroscopic ISR procedure during the initial 18 months in
which they began performing the procedure to those of
patients who underwent this surgery after the initial
18 months. They found that operation times were sig-
nificantly shorter, and significantly more lymph nodes
were retrieved, as the surgeon gained more experience.
Future studies are needed to reveal the learning curve
pattern and provide surgeons with an expected time-
frame for becoming more experienced.
Significantly less blood was lost in every study that

used the laparoscopic approach without conflicts, which
demonstrates the impressive advantages of this minim-
ally invasive technique. The CRM-positive rate, DRM
length, and number of resected lymph nodes were
similar, indicating a similar extent of radical resection.
Postoperative overall morbidity, including incision, anas-
tomotic and systemic complications, was lower with
laparoscopic surgery. Among overall morbidity, anasto-
motic leakage was closely related to operation quality.
No differences were seen between the two surgical
approaches. Furthermore, the hospital stay length was
shorter in the laparoscopic group. The shorter convales-
cence and decreased complications reflect that this min-
imally invasive technique is also advantageous for ISR.
The oncological survival and local recurrence out-

comes are undoubtedly the most important evaluation
indicators for tumor operations. The mid-term out-
comes of DFS, OS, and local recurrence in the two
groups showed no apparent differences. We must note
that follow-up data could only be compiled for 3 years
from the article date to compare mid-term outcomes.
Most recent studies comparing laparoscopic and open
surgery for colorectal cancer use 3-year oncological re-
sults as primary outcomes [17, 37]. However, no trials
have found patients who were DFS-negative at the 3-
year follow-up become positive at the 5-year follow-up;
thus, these similar mid-term outcomes largely confirm
the beneficial effects of laparoscopic surgery.
Compared with conventional APR, ISR is notably ad-

vantageous for avoiding permanent colostomy and pro-
tecting anal function. However, only two studies [18, 26]
compared the post-operational anal function between
laparoscopic surgery and the open approach by the
Wexner score, and the follow-up and evaluation details
were not provided. Although similar results were ob-
tained in these two studies, and no significant

differences were found, meta-analysis results are
unconvincing.
Diverting stoma as a post-anastomosis option in the

low rectal surgery remains controversial in ISR. Both in
laparoscopic ISR [18, 27] and open surgery [7, 8, 10], the
diverting stoma was routinely practiced in many surgical
units, to divert the feces and keep the anastomosis from
being contaminated to avoid leakage and allow time for
sphincter-strengthening exercises to improve anal func-
tion. However, Park et al. [26] practiced only a 10.6%
rate of diverting stoma in the laparoscopic ISR group
and obtained an overall leakage rate of 3.8%, which was
comparatively lower than the routine ileostomy results
following open ISR. These results may have been due to
the good anal vascularity and the hand-sewn coloanal
anastomosis method providing good edge-to-edge
apposition without luminal diameter deviation. More
specific indications for using the diverting stoma should
be further investigated.
Several limitations remain in this work. First, only

non-randomized studies were available in this field,
which may reduce each result’s reliability. Second, the
limited number of applicable studies may influence the
statistical power. Third, the experience and skill of each
surgeon likely differed between studies, which could pro-
vide unavoidable bias.

Conclusions
In conclusion, compared to the conventional open ap-
proach, laparoscopic ISR for low rectal cancer has the
advantages of fewer complications and faster recovery
along with a similar operation quality and mid-term
oncological results. Although this technique is compara-
tively more complex than the conventional open ap-
proach and requires extensive practice, laparoscopic ISR
has great potential as a surgical option and warrants fur-
ther clinical research.
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