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AbstrAct:   Purpose: Rectal cancer is one of the most common malignancies of the gastrointestinal tract. The gold standard method 
is surgical resection. The approach to rectal cancer is still controversial. Nowadays, robotic approach gains popularity in 
comparison to traditional laparoscopy. However, there is a lack of studies assessing rectal resections with primary anastomosis.

  Methods: We performed a systematic review and meta-analysis according to the PRISMA guidelines. The primary outcomes 
of interest were morbidity and short-term complications.

  results: An initial reference search yielded 1250 articles. Finally, we chose six studies covering 1580 patients that we included 
in the quantitative analysis. In our study, we demonstrated that laparoscopic and robotic surgery are non-inferior to one 
another in terms of morbidity (RR = 1.1 95% CI: 0.89–1.39), major complication rate (RR = 1.01, 95% CI: 0.60–1.69) or length 
of hospitalization (MD = 0.15 95% CI: -0.60−0.90). The latter has a slight advantage in the quality of mesorectal excision 
(RD = -0.19, 95% CI: -0.35 − -0.03. I2 = 69%) and anastomotic leakage rate (OR = 2.25, 95% CI: 1.23–4.09, I2 = 0%).

  conclusion: In certain cases, Robotic Surgery provides better quality of resected specimen and lower leakage ratio; nevertheless 
due to heterogeneity the results are uncertain. There is a substantial need for large randomized controlled studies.
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AbbreviAtions

APR – also abdominoperineal resections 
IS – intersphincteric rectal resection  
NOS – Newcastle-Ottawa Scale 
PRISMA – Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses 
TME – total mesorectal excision

introdUction

Rectal cancer is one of the most common malignancies of the gas-
trointestinal tract. It affects approximately 1.8 million people all 
over the world every year. Surgery remains a gold standard of rec-
tal cancer treatment [1]. Among many factors, proper removal of 
the mesorectal fascia is the most important one for the procedure 
to be successful [2, 3]. It is proved that the quality of mesorectal 
excision affects long-term survival. Difficulties in mesorectal ex-
cision appear especially in low rectal cancer (located <5 cm from 
the anal verge) [4]. This is one of a few reasons why surgeons of-
ten prefer abdomino-perineal resection, which substantially di-
minishes patients’ quality of life [5]. Since Prof. Rullier introduced 
intersphincteric rectal resection (IS), new frontiers have appeared 
for sphinter-sparing surgery [6]. Introduction of modern tech-
niques, including laparoscopy or robotic surgery, provided better 
visualization of the operative field, which should result in a better 
quality of mesorectal excision. Despite advances in the develop-
ment of technical equipment, benefits of laparoscopic technique in 
comparison to open approach are still unambiguous [7–9]. On the 
other hand, robotic surgery is cost-consuming, and proved to be 
non-superior to laparoscopy in terms of oncological outcomes in 
different branches of surgery [10]. As most of the patients strongly 
prefer sphincter-saving surgery, which provides substantially bet-

ter quality of life, efforts in that direction should be made. There-
fore, we designed a study to compare laparoscopic and robotic 
techniques in sphinter-saving rectal surgery.

MetHods

Search strategy

We conducted a literature search strictly following Preferred Re-
porting Items for Systematic Reviews and Meta-Analyses (PRISMA) 
guidelines [11], MOOSE consensus statement and included EM-
BASE, Medline, and The Cochrane Library databases [12]. Poten-
tially relevant studies were identified by searching for the following 
terms: “laparoscopy”, “laparoscopic”, “minimally invasive”, “robotic”, 
“robot”, “rectal surgery”, “sphincter-saving”, and their combinations 
with Boolean “AND” and “OR” operators. We included full texts in 
English; there were no date restrictions. Our last search was per-
formed on January 1, 2019. The full search strategy is available in 
Supplementary File 1. The systematic review was registered, and 
its protocol published in the International Prospective Register 
of Systematic Reviews (PROSPERO) under registration number 
CRD42019119951 before the start of this study.

Study selection
Results of the initial search were screened independently by two 
teams with three reviewers in each team. Studies containing data 
comparing morbidity between patients undergoing pure laparo-
scopic and robotic sphincter-saving resection for rectal cancer 
were considered eligible for inclusion. Studies related to national 
registries, reviews, and animal studies were excluded. Both non-
randomized and randomized studies were eligible as long as they 
matched the inclusion criteria.
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posed by Hozo et al. [15] Weighted mean differences with 95% CI 
are presented for quantitative variables using the inverse variance 
random-effects method. Statistical significance was observed at the 
two-tailed 0.05 level for hypothesis and 0.10 level for heterogene-
ity testing, while unadjusted P values were reported accordingly. 

Quality assessment
The quality of non-randomized studies was evaluated with the 
Newcastle-Ottawa Scale (NOS), which consists of three factors: 
patient selection, comparability of the study groups, and assess-
ment of outcomes [18]. A score ranging from 0 to 9 is assigned to 
each study, and those that achieve a score of 6 or greater are con-
sidered of high quality. 

resULts

Study identification

Fig. 1. presents the PRISMA flowchart of the study selection pro-
cess containing reasons for study exclusion. A total of 1,250 arti-
cles were retrieved through the initial search. After removing 514 
duplicates, 736 studies were screened by their titles and abstract 
for further analysis. A total of 720 manuscripts did not match the 

Data extraction and outcome measures

Extracted outcomes of this systematic review were major morbid-
ity, operative time, blood loss, conversion rate, ileostomy rate, dis-
tal and circumferential resection margin, harvested lymph nodes, 
reoperation rate, postoperative mortality, anastomotic leakage, 
haemorrhage, abscesses, surgical site infection and length of hos-
pital stay. Data on the type of study, number of patients enrolled, 
patients’ age and sex, type of surgery, tumor TNM staging and 
preoperative chemotherapy were also extracted. When the Cla-
vien-Dindo scale was used, complications rated as Clavien-Dindo 
grade 3 and higher were considered major [13].

Statistical analysis
The analysis was performed using RevMan 5.3 (freeware from The 
Cochrane Collaboration) and R version 3.4.3 with meta package 
[14]. Statistical heterogeneity and inconsistency were measured 
using the Cochran’s Q test and I2, respectively. Qualitative out-
comes from individual studies were analyzed to assess individual 
and pooled risk ratios (RR) with pertinent 95% confidence inter-
vals (CI) favoring laparoscopic over robotic sphincter-saving resec-
tion for rectal cancer and by means of the random-effects method. 
When appropriate, mean and standard deviation (SD) were calcu-
lated from medians and interquartile ranges using a method pro-

Fig. 1.  PRISMA flowchart of the study selection process.
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sis showed RR = 1.01, 95% CI: 0.60–1.69 and RD = -0.00, 95% CI: 
-0.00-0–00, respectively.

Specific complications
Five out of six studies had data reporting on anastomotic leak-
age occurrence. Robotic surgery was found to be associated with 
reduced anastomotic leakage rate: OR = 2.25, 95% CI: 1.23–4.09, 
I2 = 0% (Fig. 5).

There were no significant differences between groups in terms of 
hemorrhage, abscess and surgical site infection rate. Heterogene-
ity in all pooled analyses was low.

Completeness of mesorectal excision
Three studies reported on mesorectal excision completion. Pool-
ing analysis revealed that robotic surgery was slightly superior, 
with RD = -0.19, 95% CI: -0.35 − -0.03. However, heterogeneity 
was moderately high with I2 = 69%, P = 0.04 (Fig. 6.).

review criteria and 16 full-text articles were screened for eligibil-
ity and of these, six were finally included for data extraction and 
pooling analysis.

Characteristics of included studies
Characteristics of a total of 1,580 patients from 6 included studies 
are presented in Tab. I. There were no randomized trials matching 
eligibility criteria. In all included studies, their quality was rated as 
high (six and higher by assessment using the NOS scale).

Morbidity (overall, major, mortality)
Five studies reported on overall morbidity. Pooled analysis (Fig. 2.) 
as well as individual studies showed no statistically significant 
differences between laparoscopic and robotic groups, with 
RR = 1.1, 95% CI: 0.89–1.39, P for effect = 0.35.

Similarly, groups did not differ in terms of major complication rate 
(Fig. 3.) or postoperative mortality (Fig. 4.), where pooled analy-

tab. i. Characteristics of included studies. ND no data.

stUdy id yeAr coUntry #LAP/robotic (n) n e o A d j U v A n t 
treAtMent LAP/
robotic

t3-t4 stAge LAP/
robotic

nos QUALity score

Erguner et al. 2013 Turkey 37 / 27 21.6% / 14.8% 10.8% / 3.7% 8

Serin et al. 2015 Turkey 65 / 14 100% / 100% 100% / 100% 7

Kim et al. 2016 Korea 486 / 533 12.6% / 32.3% ND 8

Colombo et al. 2016 France 60 / 60 65% / 78.3% 53.3% / 81.7% 7

Valverde et al. 2017 France 65 / 65 44.6% / 53.8% 60% / 49.2% 7

Sugoor et al. 2018 India 84 / 84 65.5% / 67.9% 75% / 78.6% 8

Fig. 2.  Pooled estimates of overall morbidity for laparoscopic versus robotic sphincter-saving rectal resections. CI – confidence interval, df – degrees of freedom, MH – Mantel-Haenszel.

Fig. 3.  Pooled estimates of major morbidity for laparoscopic versus robotic sphincter-saving rectal resections. CI – confidence interval, df – degrees of freedom, MH – Mantel-Haenszel.
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Since Heald introduced the concept of total mesorectal excision 
(TME), it became a gold standard of rectal cancer treatment, and 
it revolutionized the overall and disease-free survival. It has been 
proved recently that the quality of mesorectal excision influenc-
es directly long-term treatment outcomes [21]. The discussion 
whether minimally invasive techniques are suitable for TME is 
still open. Laparoscopic surgery failed to be non-inferior to open 
approach in two large randomized control trials (RCT): ACOSOG 
and ALACART [7, 22]. However, meta-analysis by Pędziwiatr et al. 
proved that laparoscopic surgery is as good as open approach [23]. 
We have to remember that the development of classic laparoscopy 
is unlikely to progress. Therefore, we need alternatives in the field 
of minimally invasive techniques, as transanal TME (taTME) or 
robotic TME [4, 24]. In our study, robotic surgery allowed to re-
trieve better quality of surgical specimen regarding the plane of 
mesorectal dissection, although these results have to be interpret-
ed with some uncertainty due to moderately high heterogeneity. 
Still, this stays in contrary with a recent study by Jones et al., who 
compared all available comparative studies and one RCT [25]. In 
their meta-analysis authors were not able to prove superiority of 
oncological quality of the procedure. However, they mentioned 
some advantages of robotic approach, such as lower risk of con-
version to an open procedure and shorter time to pass flatus [25]. 
Earlier meta-analysis by Xiong et al. revealed additionally lower 
positive rate of CRM, which is crucial for good oncological out-
come [26]. On the contrary, a recently published network meta-
analysis, assessing three different minimally invasive techniques: 
laparoscopic, robotic and transanal TME has not found significant 
differences between them [27]. As revealed in a study performed 
by Kitz et al., the quality of mesorectal excision has direct influ-
ence on local recurrence rate after total mesorectal excision due 
to rectal cancer [3].

Blood loss and operative time

Data on blood loss and operative time were reported on in four 
and six studies, respectively. In both outcomes, we did not pool 
the results because of very high heterogeneity (I2 = 87% for blood 
loss, I2 = 90% for operative time; P < 0.0001). Sensitivity analysis 
did not reveal a source of this situation. 

Length of hospital stay
There were no significant differences between groups in terms of 
length of hospital stay, with MD = 0.15, 95% CI: -0.60−0.90, P for 
effect = 0.70, I2 = 29% (Fig. 7.).

Long-term survival
Only one study (Kim et al.) reported long-term results, presenting 
data on 3-year overall and disease-free survival: 94.4% vs. 94.6% in 
case of overall survival and 83.1% vs. 82.2% for disease-free survival 
(laparoscopic versus robotic, respectively). It was not possible to 
perform a pooled analysis for this outcome.

discUssion

In our study, which is to our best knowledge the first meta-analysis 
concerning only sphincter-saving surgery, we demonstrated that 
laparoscopic and robotic surgery are non-inferior to one another 
in most aspects. However, robotic surgery has slight advantages 
in terms of quality of mesorectal excision and anastomotic leak-
age rate over laparoscopic surgery. Our review also shows that the 
evidence is still very sparse and with high heterogeneity. 

Fig. 4.  Pooled estimates of postoperative mortality for laparoscopic versus robotic sphincter-saving rectal resections. CI – confidence interval, df – degrees of freedom, 
MH – Mantel-Haenszel.

Fig. 5.  Pooled estimates of anastomotic leakage for laparoscopic versus robotic sphincter-saving rectal resections. CI – confidence interval, df – degrees of freedom, MH – Mantel-Haenszel.
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results for multiple outcomes due to high heterogeneity, and our 
results suggesting more complete mesorectal excision in robotic 
group can still be doubted due to moderate heterogeneity. Next, 
all included studies were observational. There are only few avail-
able RCTs, and none of them met the inclusion criteria due to APR 
presence [10, 29]. Finally, even though all of the included studies 
were rated as high-quality using the NOS scale, they still do not 
provide decisive, high-grade results.

concLUsions

The results of the study come with remaining uncertainty due to 
moderate to high heterogeneity in some outcomes. However, in 
certain cases, Robotic TME provided better quality of resected 
specimen and lower leakage ratio. There is substantial need for 
large randomized controlled studies.

What is important, all of the aforementioned meta-analyses in-
clude studies assessing also abdominoperineal resections (APR), 
which in our opinion may create bias. During APR there are no 
anastomoses to be done, and this fact strongly interferes with the 
reported complication rate. Moreover, nowadays the number of 
sphincter-saving procedures is increasing due to poor patient ac-
ceptation and diminished quality of life after APR [28]. Therefore, 
we decided to perform a meta-analysis including only studies with 
sphincter-saving procedures, e.g. ultralow TME or intersphincteric 
resection, instead of APR.

Our study has some obvious limitations. At first, none of the in-
cluded studies assessed functional outcomes and quality of life 
after sphincter-saving procedure, what is of utter importance for 
patient self-esteem. Current literature proves that most patients 
after sphincter saving procedures develop minor to major low 
anterior resection syndrome [5]. We were also not able to pool 

Fig. 6.  Pooled estimates of completeness of mesorectal excision for laparoscopic versus robotic sphincter-saving rectal resections. CI – confidence interval, df – degrees of 
freedom, MH – Mantel-Haenszel.

Fig. 7.  Pooled estimates of length of hospital stay for laparoscopic versus robotic sphincter-saving rectal resections. CI – confidence interval, df – degrees of freedom, 
MH – Mantel-Haenszel.
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