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Abstract

Aim Robot-assisted surgery for rectal cancer may result

in lower rates of urogenital dysfunction compared with

laparoscopic surgery. A systematic review was conducted

of studies reporting urogenital dysfunction after robot-

assisted rectal cancer surgery.

Method PubMed, Embase and the Cochrane Library

were systematically searched in February 2014. All studies

investigating urogenital function after robot-assisted rectal

cancer surgery were identified. The inclusion criteria for

meta-analysis studies required comparison of robot-assisted

with laparoscopic surgery and the evaluation of urological

and sexual function by validated questionnaire. The out-

come was evaluated using the International Prostate

Symptom Score (IPSS), the International Index of Erectile

Function (IIEF) and the Female Sexual Function Index.

Results Ten studies including 689 patients were

included. For the meta-analysis this fell to four includ-

ing 152 patients in the robotic group and 161 in the

laparoscopic group, without heterogeneity. The IPSS

score at 3 and 12 months favoured robot-assisted sur-

gery [mean difference (MD) �1.58; 95% CI (�3.1,

�0.0), [P = 0.04; and MD �0.90 (�1.81, �0.02),

P = 0.05]. IIEF scores at 3 months’ follow-up [MD

�2.59 (�4.25, �0.94),] P = 0.002] and 6 months’ fol-

low-up [MD �3.06 (�4.53, �1.59), P = 0.0001] were

better after robot-assisted than laparoscopic surgery.

Conclusion Although there were few data and no ran-

domized controlled trials the results of the review sug-

gested that robot-assisted surgery resulted in improved

urogenital function than after laparoscopy.

Keywords Robotic surgery, sexual dysfunction, urinary

dysfunction

Introduction

The main aim of rectal cancer surgery is to avoid local

recurrence and pelvic autonomic nerve damage [1–3].
Total mesorectal excision in rectal cancer surgery results

in increased survival and a reduction in local recurrence

[4–7]. It is also possible that urogenital dysfunction

after pelvic surgery has decreased. Despite the advanta-

ges of laparoscopic surgery [8] including shorter post-

operative recovery time, reduced postoperative pain,

reduced blood loss, shorter hospital stay and better cos-

mesis [9,10], a large randomized controlled trial

showed no advantage regarding male sexual function

preservation after laparoscopic compared with conven-

tional open rectal surgery [11].

In addition to the benefits associated with laparoscopy,

robot-assisted surgery may add further improvements

including a stable three-dimensional view, reduction of

tremor of the surgeon, an increased seven degrees of free-

dom of movement and improved comfort for the surgeon

[12]. Robot-assisted surgery may also be superior to lapa-

roscopic surgery with regard to conversion, blood loss and

hospital stay [13]. Whether urogenital function is better is

not known. For this reason a systematic review was carried

out to investigate urogenital function after robot-assisted

surgery and to compare it with laparoscopic surgery.

Method

Search strategy

A systematic review and meta-analysis was conducted

according to the Preferred Reporting Items for System-

atic Reviews (PRISMA) guidelines [14].
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The search strategy was based on the PICO model

and was developed in collaboration with a biomedical

librarian as follows: P (population), patients with rectal

cancer; I (intervention), robot-assisted surgery; C (com-

parison), laparoscopic surgery; O (outcome), sexual and

urological dysfunction. The PubMed, Cochrane Library

and Embase databases were searched systematically in

February 2014 for relevant articles published before this

date investigating urogenital function after robot-

assisted surgery. We used the following search terms:

rectum OR rectal OR colorectal AND robot OR

robotic OR robotics OR da Vinci OR computer AND

sexual OR urologic OR urological OR urinary OR erec-

tile OR erection OR impotence OR impotent OR

incontinence. There were no language restrictions or

other limits to the search. We also manually searched

reference lists of all retrieved articles for additional stud-

ies. The authors of included studies in the meta-analysis

were contacted for supplementary data material.

Eligibility criteria

To be included in the qualitative analysis studies had to

be reported in English and had to investigate urogenital

function after robot-assisted rectal cancer surgery. To

be included in the quantitative analysis (meta-analysis),

studies had to investigate urogenital function on the

basis of validated scoring systems [International Prostate

Symptom Score (IPSS), International Index of Erectile

Function (IIEF) or Female Sexual Function Index

(FSFI)], with a control group of patients treated by lap-

aroscopic surgery.

Outcome measures

Studies using the IPSS were included. This is a subjec-

tive scoring system based on a 0–5 scale in seven cate-

gories (incomplete emptying, frequency, intermittency,

urgency, weak stream, straining, nocturia), with a maxi-

mum score of 35 points and with high scores corre-

sponding with greater dysfunction [15]. To assess male

sexual function, we included studies using IIEF. This is

a validated and reliable self-administered scoring system

and includes a 15-item questionnaire focusing on erec-

tile function, orgasmic function, sexual desire and satis-

faction of intercourse. Only erectile function was

assessed in the meta-analysis due to data being available.

A higher score with a maximum of 30 was related to

better erectile function [16]. Female sexual function

was investigated on the basis of FSFI, a 19-item self-

reported measure of desire, arousal, lubrication, orgasm

and pain. Again, higher score was related to better sex-

ual function [17].

Bias and quality assessment

For detecting risk of bias at a study level, the New-

castle–Ottawa scale (NOS) was used as recommended

by the Cochrane Collaboration [18]. This is a rating

system scoring studies 0–9, where 0 indicates the

highest and nine indicates the lowest risk of bias. To

assess the outcome of the meta-analysis, quality of

evidence was evaluated on the basis of Grading of

Recommendations Assessment, Development and Eval-

uation (GRADE). The GRADE approach divides the

outcome into four categories: high, moderate, low

and very low. A specific outcome of the meta-analysis

may be downgraded based on the following factors:

risk of bias, imprecision and inconsistency. Conversely,

outcome may be upgraded based on strong associa-

tion (large magnitude of effect), confounders reducing

or increasing any demonstrated effect and dose–
response relation [19].

Statistical analysis

All end-points were qualitatively summarized and we

also aimed to perform a meta-analysis on each outcome

variable, when studies reported comparable data. For

the meta-analysis, we used review manager (Revman

version 5.1, Nordic Cochrane Center, Cochrane Collab-

oration, 2011). For typing data, the ‘continuous’

method was used, in which pooled estimates showed

the mean difference between the two groups (robotic vs

laparoscopic). If little heterogeneity among the studies

was found, we aimed to use the fixed effect model. If

heterogeneity was significant we used the random effect

model to take this into account. For IPSS and IIEF, the

means with standard deviation and the number of

patients from each included study were extracted.

Results of the pooled estimates were presented as forest

plots and the degree of heterogeneity was expressed as

I2. According to the Cochrane Collaboration, heteroge-

neity was classified as low, moderate or high based on a

value of the I2 statistic of 25%, 50% or 75%, respec-

tively.

Results

Ten articles were included in the systematic review com-

prising 689 patients. Four of these comprising 313

patients were eligible for meta-analysis. All included

studies were cohort studies of which seven were pro-

spective and three retrospective. Of the included stud-

ies, eight were rated with six stars using NOS and two

[20,21] with five stars. The study selection process is

shown in Fig. 1.
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Two of the included articles with the same author-

ship enrolled patients in overlapping time frames

[22,23]. When the corresponding author was con-

tacted, we were informed that there was only a minor

overlap in the populations and therefore we chose to

include both studies. Article characteristics are summa-

rized in Table 1.

IPSS scores

Of the 10 included articles, nine reported the urological

outcome. Four of these were eligible for meta-analysis,

with a NOS score of 6 in all studies [22–25]. A total of

162 patients were included in the meta-analysis at 3

and 6 months’ follow-up. At 12 months’ follow-up,

193 patients were included.

Over 3 months’ follow-up the pooled estimates

showed a significant difference of IPSS scores in favour

of robotic surgery [mean difference (MD) �1.58, 95%

confidence interval (CI) (�3.1, �0.05), P = 0.04] with

little heterogeneity (P = 0.33; I2 = 9%) (Fig. 2). At

6 months’ follow-up, the pooled estimates did not dif-

fer significantly [MD �0.59, 95% CI (�2.00, 0.82),

P = 0.41) with no heterogeneity (P = 0.78; I2 = 0%)

(Fig. 3). Finally there was a significant improvement

after robotic surgery at 12 months’ follow-up [MD

�0.90, 95% CI (�1.81, 0.02), P = 0.05] again with no

heterogeneity (P = 0.78; I2 = 0%) (Fig. 4). Based on

the GRADE approach, the quality of evidence was very

low. The outcome was downgraded based on study

design, high risk of bias and imprecision.

Of the nine studies reporting urological outcome,

five were not suitable for meta-analysis. A retrospective

study [26] investigated 100 patients who underwent

robot-assisted rectal surgery, but only 78 completed the

IPSS questionnaire. At follow-up IPSS scores were com-

parable with those measured preoperatively. A prospec-

tive study [27] evaluated 74 (38 male) patients after

robot-assisted surgery at 1, 6 and 12 months’ follow-

up. During the whole period of the study, there was no

significant deterioration in voiding and continence in

the men. Among the 36 women in the same study con-

tinence and bladder filling were significantly worse after

1 month, but they then improved to become compara-

ble with the preoperative state at 12 months’ follow-up.

Another prospective study [28] investigated urogenital
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Figure 1 PRISMA flow diagram.
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outcome in 33 men after robot-assisted surgery. At

3 months’ follow-up, the IPSS was comparable with

preoperative scores. A prospective study [29] including

66 patients investigated urogenital function after robot-

assisted and laparoscopic surgery. Although the IPSS

was not used, no difference was found in the incidence

of urinary retention between the groups (2.7% vs 3.4%,

P > 0.05). Finally a study [20] which followed 39

patients prospectively after robot-assisted surgery

reported a urinary disorder in only one patient.

IIEF score

Of the 10 included studies, nine reported sexual func-

tion, of which three were suitable for meta-analysis with

128 patients at 3 and 125 patients at 6 months’ follow-

up [22–24]. The studies all had an NOS score of 6.

Patients included in the meta-analysis were all sexually

active before surgery. Any patient who was not sexually

active was excluded from the analysis.

At 3 months’ follow-up, the pooled estimates

showed better erectile function after robot-assisted than

laparoscopic surgery [MD �2.59, 95% CI (�4.25,

�0.94), P = 0.002] with no heterogeneity (P = 0.41;

I2 = 0%) (Fig. 5). At 6 months the pooled estimates

again showed a significant improvement of erectile func-

tion after robotic compared with laparoscopic surgery

[MD �3.06, 95% CI (�4.53, �1.59), P = 0.0001)

again with no heterogeneity (P = 0.36, I2 = 1%)

(Fig. 6). Using the GRADE approach the quality of the

evidence was rated as very low due to study design,

high risk of bias and imprecision.

Seven studies were not suitable for meta-analysis of

IIEF. The three which were included a prospective

study [25] in which erectile function was restored com-

pletely in the robotic group (n = 30) but only partially

in the laparoscopic group (n = 30) 1 year after rectal

cancer surgery (P = 0.045). The other two studies

[26,27] (n = 69) found that IIEF score initially

decreased significantly after robot-assisted rectal surgery

but then increased up to 12 months of follow-up at

which point it was comparable with the preoperative

score. In one study [28] 33 male patients prospectively

assessed for urinary and sexual function after robot-

assisted surgery showed no difference in the IIEF at

3 months from preoperative values. A prospective study

comparing robot-assisted with laparoscopic surgery [29]

investigated erectile function not using IIEF. Overall

Table 1 Characteristics of included studies

Author Year Country Design Comparison

Sample size Gender M/F

IPSS IIEF FSFIRob Lap Total Rob Lap

Park et al. [22] 2014 Korea PCS * 32 32 64 32/0 32/0 * * NR

Park et al. [23] 2013 Korea RCS * 40 40 80 28/12 25/15 * * NR

Kim et al. [24] 2012 Korea PCS * 30 39 69 18/12 20/19 * * NR

D’Annibale et al. [25] 2013 Italy RCS * 50 50 100 30/20 30/20 * * NR

Staniculea et al. [26] 2013 Romania RCS 100 NR 100 66/34 NR * * *

Luca et al. [27] 2013 Italy PCS 74 NR 74 38/36 NR * * *

Leung et al. [28] 2012 Hong Kong PCS 33 NR 33 33/0 NR * * NR

Patriti et al. [29] 2009 Italy PCS * 29 37 66 11/18 12/25 NR NR NR

Erguner et al. [21] 2013 Turkey PCS * 27 37 74 13/14 17/20 NR NR NR

Hellan et al. [20] 2007 USA PCS 39 NR 39 21/18 NR NR NR NR

PCS, Prospective Cohort Study; RCS, Retrospective Cohort Study; Rob, Robot; Lap, Laparoscopy; NR, No Record.
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11.7
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4.5
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Study or 
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Robot
Mean SD SDTotal Total Weight

Mean Difference Mean Difference
IV, Fixed, 95% Cl IV, Fixed, 95% ClMean

Laparoscopy

Park et al. [23]
Park et al. [22]

Total (95% Cl) 76 86 100.0% –1.58 [–3.10, –0.05]

Test for overall effect: Z = 2.03 (P = 0.04)
Heterogeneity: Chi2 = 2.21, df = 2 (P = 0.33); I2 = 9%

–1.90
–0.70

[–6.24, –0.44]
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Figure 2 Forest plot showing IPSS score 3 months after surgery.
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erectile dysfunction was measured without defining the

criteria. No difference of erectile dysfunction after lapa-

roscopic (16.6%) and robotic (5.5%) surgery was found

(P > 0.05). Another prospective study [21] of 64

patients reported no significant difference in sexual dys-

function after laparoscopic (2.7%) and robotic (0%) sur-

gery (0.58).

FSFI score

Two studies [26,27] investigated 49 women for sexual

function after robotic-assisted rectal surgery. The FSFI

score had fallen at 1 and 6 months’ follow-up, whereaf-

ter it increased and became comparable with preopera-

tive values at 12 months.

Discussion

Robot-assisted rectal cancer surgery is gaining popular-

ity, but it is still not clear whether the technological

advantages translate into less risk of urogenital dysfunc-

tion. The current study found the IPSS score 3 and

12 months after robot-assisted surgery to be better than

after laparoscopic surgery, but any difference was small

and at 6 months the difference was not statistically sig-

nificant. These inconsistent results are likely to be due

to small sample size and the high risk of bias, and it is

not possible to conclude that there is a difference.

Based on the GRADE approach, we found that quality

of evidence was very low for all the end-points largely

due to high risk of bias within studies and imprecision.

Imprecision was primarily due to the small study popu-

lations. The qualitative synthesis found that urogenital

function was almost the same at 1 year after robot-

assisted surgery as it was before the operation. These

results supported the findings of the present meta-

analysis.

This systematic review and meta-analysis included

the best available evidence and was conducted according

to accepted guidelines. To evaluate risk of bias within

studies and the outcome of meta-analysis, we only used

tools recommended by the Cochrane Collaboration

[18]. Nevertheless the results should be interpreted

with caution as all studies were non-randomized and

included small numbers of patients. Based on the NOS,

all studies were rated with six stars, which translated

into a high risk of bias. Although there was no hetero-

geneity in the meta-analyses and the significantly posi-

tive effect of the robot technique was constant in all

but one of the analyses, none of the studies made any

adjustment for possible confounding factors, which may

result in a high risk of selection bias. The limitations of

these existing studies could be minimized with larger

randomized controlled trials.

Urogenital dysfunction is seemingly caused by injury

during surgery to the hypogastric nerves, sacral splanch-

nic nerves or both [30]. Because of this, it is accepted

that careful dissection aimed to achieve nerve preserva-

Study or 
Subgroup

Robot
Mean SD SDTotal Total Weight

Mean Difference Mean Difference
IV, Fixed, 95% Cl IV, Fixed, 95% ClMean

Laparoscopy

Heterogeneity: Chi2 = 0.51, df = 2 (P = 0.78); I2 = 0%

Test for overall effect: Z = 0.82 (P = 0.41)

Total (95% Cl) 76 86 100.0% –0.59 [–2.00, –0.82]

–20 –10
Favours [Rob] Favours [Lap]

0 10 20

Kim et al. [24] 7.05 6.3 30 8.25 6.36 39 21.9% –1.20 [–4.21, 1.81]
3.5 4.5 14 3.2 3.7 15 21.9% 0.30 [–2.71, 3.31]Park et al. [23]
9.8 3.3 32 10.5 4.3 32 56.2% –0.70 [–2.58, 1.18]Park et al. [22]

Figure 3 Forest plot showing IPSS score 6 months after surgery.

Study or 
Subgroup

Robot
Mean SD SDTotal Total Weight

Mean Difference Mean Difference
IV, Fixed, 95% Cl IV, Fixed, 95% ClMean

Laparoscopy

Total (95% Cl) 92 101 100.0% –0.90 [–1.81, 0.02]

–20 –10
Favours [Rob] Favours [Lap]

0 10 20
Test for overall effect: Z = 1.93 (P = 0.05)

D'Annibale et al. [25] 3.53 2.5 30 4.2 2.3 30 56.5% –0.67 [–1.89, 0.55]
Kim et al. [24] 5.71 3.16 30 7.2 5.11 39 21.7% –1.49 [–3.45, 0.47]
Park et al. [22] 9.5 3.4 32 10.4 4.5 32 21.9% –0.90 [–2.85, 1.05]

Heterogeneity: Chi2 = 0.48, df = 2 (P = 0.78); I2 = 0%

Figure 4 Forest plot showing IPSS score 12 months after surgery.
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tion is crucial to maintain sexual and urological func-

tion. The standard laparoscopic approach in pelvic sur-

gery is very difficult to perform in the pelvis and

requires high levels of competence [31,32]. This may

be due to poor dexterity, rigidity of the instruments

and a two-dimensional rather than a three-dimensional

view [33]. The instrumentation and more stable three-

dimensional view of the robotic system may permit an

easier identification of the nerves [34].

In conclusion, robotic rectal cancer surgery may

improve sexual function and there is a tendency towards

improved urinary function, but these results were not

consistent. A decrease of urogenital complications might

be seen if robotic surgery becomes more widely

accepted [23]. At the moment, however, the results of

this meta-analysis must be interpreted with caution due

to risk of bias and imprecision. We believe this is an

important matter of sufficient clinical relevance that any

randomized controlled trial comparing robotic and lapa-

roscopic surgery should include detailed recording of

urogenital function.
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