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Abstract

Purpose Urological and sexual dysfunction are recognised
risks of rectal cancer surgery; however, there is limited evi-
dence regarding urogenital function comparing robotic to lap-
aroscopic techniques. The aim of this study was to assess the
urogenital functional outcomes of patients undergoing laparo-
scopic and robotic rectal cancer surgery.

Methods Urological and sexual functions were assessed using
gender-specific validated standardised questionnaires.
Questionnaires were sent a minimum of 6 months after sur-
gery, and patients were asked to report their urogenital func-
tion pre- and post-operatively, allowing changes in urogenital
function to be identified. Questionnaires were sent to 158
patients (89 laparoscopy, 69 robotic) of whom 126 (80 %)
responded. Seventy-eight (49 male, 29 female) of the re-
sponders underwent laparoscopic and 48 (35 male, 13 female)
robotic surgery.

Results Male patients in the robotic group deteriorated less
across all components of sexual function and in five compo-
nents of urological function. Composite male urological and
sexual function score changes from baseline were better in the
robotic cohort (p < 0.001). In females, there was no difference
between the two groups in any of the components of urologi-
cal or sexual function. However, composite female urological
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function score change from baseline was better in the robotic
group (p = 0.003).

Conclusion Robotic rectal cancer surgery might offer better
post-operative urological and sexual outcomes compared to
laparoscopic surgery in male patients and better urological
outcomes in females. Larger scale, prospective randomised
control studies including urodynamic assessment of urogeni-
tal function are required to validate these results.

Keywords Robotic surgery - Rectal cancer - Urogenital
function - Urological function - Sexual function

Introduction

Rectal cancer surgery is associated with a high risk of urologi-
cal and sexual dysfunction which significantly affects the
quality of life of its survivors [1-6]. Although urogenital dys-
function is thought to be multifactorial in nature, intra-
operative damage to the autonomic pelvic nerves is consid-
ered to be the primary cause [5-7].

It is argued that better visualisation of the pelvic autonomic
nerves such as obtained during minimally invasive surgery
could enable the preservation of these structures and therefore
reduce the incidence of urogenital dysfunction [8]. However,
despite laparoscopic total mesorectal excision (TME) becom-
ing the standard approach in much of the modern world, it is
still debated whether it has helped improve urogenital dys-
function. In fact, the evidence comparing the urogenital out-
comes of open and laparoscopic TME is conflicting, with
some studies advocating favourable urogenital outcomes for
laparoscopic TME [9] whilst others for open TME [10]. A
recently published systematic review concluded that neither
approach is superior in terms of urogenital preservation [11].
A probable explanation for this is that laparoscopic rectal
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surgery is technically difficult [12]. Existing laparoscopic in-
struments have a restricted range of movement compared with
those of the surgeons’ hand and are difficult to use in confined
spaces such as the pelvis [13, 14].

Robotic surgical systems were introduced to overcome the
technical limitations of laparoscopic surgery [15]. With supe-
rior three-dimensional views, tremor filtering and angulated
instruments, robotic surgery enables precise dissection in nar-
row surgical spaces such as the pelvis therefore enabling better
preservation of fine structures such as the autonomic nerves
[13, 16]. Currently, there are only a few studies investigating
the urological and sexual outcomes of robotic surgery against
those of laparoscopic surgery and these tend to be predomi-
nant about male patients.

The aim of this retrospective clinical study is to compare
the urological and sexual functional outcomes of robotic and
laparoscopic rectal cancer surgery using a validated functional
questionnaire in both men and women in a high-volume min-
imally invasive colorectal unit. Only one similar study has
been identified and deemed up to date but its sample size is
significantly smaller [17]; therefore, our study aims to build
upon that evidence base.

Methods

All patients who underwent potentially curative elective lapa-
roscopic or robotic rectal cancer resections from December
2006 to September 2009 for the laparoscopic group and from
May 2013 and September 2014 for the robotic group were
identified from a prospectively maintained database. Rectal
cancer was defined as cancer present within 15 cm from the
anal verge. Surgery was performed in both groups by two
surgeons with vast laparoscopic and robotic experience work-
ing in a high-volume minimally invasive colorectal unit.
Urological and sexual function was assessed using gender-
specific validated questionnaires sent a minimum of 6 months
after surgery to allow for wound healing and objective data
collection. Urogenital data for the laparoscopic group was
collected during a previous study comparing the urogenital
outcomes of laparoscopic and open rectal surgery [9].
Urogenital data for the robotic group was collected subse-
quently, when the two performing surgeons adopted its
practice.

Formal oncological and physical assessment was un-
dertaken by all patients prior to surgery following the
protocol. Pre-operative staging was performed by colo-
noscopy or CT colonography, computed tomography
(CT) of the chest and abdomen and magnetic resonance
imaging (MRI) of the pelvis. Patients with low rectal
cancers (5 cm from anal verge) underwent additional
staging with endo-anal ultrasound (EUS).
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All patient findings were discussed in the multidisciplinary
team meeting prior to initiating any type of treatment. In gen-
eral, pre-operative long-course chemoradiotherapy was re-
served for T4 rectal cancers or those where the circumferential
resection margin (CRM) appeared threatened on MRI, whilst
short-course radiotherapy was advised for rectal cancers that
approached but did not threaten the CRM. Radiotherapy was
not used where rectal cancers were considered resectable by
TME with a good likelihood of clear margins.

Appropriate approval for the study was obtained by the
Research and Development department of Portsmouth NHS
Trust. Informed consent was also obtained from the patients
participating in this study.

Surgical technique

The laparoscopic group had a standardised technique which
has been previously published [9, 18]. A modular approach of
medial to lateral colonic mobilisation with isolation and liga-
tion of the main vessels using clips was applied, and TME was
performed using monopolar diathermy as previously de-
scribed [18].

Robotic rectal resections were performed using a single
docking fully robotic approach [19]. The principle of
standardised technique developed for laparoscopic surgery
was also used for robotic surgery. Procedures commenced
with medial to lateral dissection followed by vascular control
by ligating the main vessels. Hem-o-loks® were used to se-
cure the vessels before division and a three-step approach was
used for splenic mobilisation [20]. TME was performed in the
same stepwise manner as in the laparoscopic group, starting
with posterior mobilisation followed by right lateral, anterior
and left lateral mobilisation in a stepwise manner. Similarly,
robotic dissection was performed using monopolar diathermy.
Post-operatively, all patients were managed using the en-
hanced recovery program described by Kehlet and Wilmore
[21]. Patients were discharged home according to set criteria
for discharge.

Patient selection

No specific selection criteria were used to allocate patients to
laparoscopic or robotic surgery. In this study, two surgeons
performed all laparoscopic and robotic resections. Between
2006 and 2009, laparoscopy was the preferred approach for
rectal surgery, whereas following the adoption of robotic sur-
gery in May 2013, robotic surgery became the surgical ap-
proach of choice for rectal cancers.

Urogenital function assessment

Urogenital function was assessed as described in our previous
study [9]. Anonymous and confidential questionnaires were
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sent to all surviving patients in February 2010 for the laparo-
scopic group and in May 2015 for the robotic group, a mini-
mum of 6 months following surgery through the post. Patients
were asked to rate their urological and sexual function pre-
operatively and post-operatively. To maximise patient re-
sponse rate, patients that did not reply to the questionnaires
within 4 weeks were sent a reminder letter.

For male urological function, we used a modification of the
International Prostatic Symptoms Score (IPSS) [22], for male
sexual function the International Index of Erectile Function
(IIEF-5) [23], for female urological function the King’s
Health questionnaire [24] and for female sexual function the
Female Sexual Function Index (FSFI) [25].

The following components were assessed in each
questionnaire:

1. Male urological function (MUF): frequency, nocturia, ur-
gency, straining, poor flow and incomplete bladder
emptying.

2. Male sexual function (MSF): libido, erection, stiffness for
penetration and orgasm/ ejaculation.

3. Female urological function (FUF): frequency, nocturia,
urgency and stress incontinence.

4. Female sexual function (FSF): arousal/ libido, lubrication,
orgasm and dyspareunia.

Overall, there were six components for MUF and four for
MSF, FUF and FSF. Each component was analysed indepen-
dently and a composite score for each questionnaire was cre-
ated by adding the scores of each component. Scoring was
standardised and quantified for all questions. The following
scale was applied: 0 for not at all, 1 for less than half the time,
2 for about half the time, 3 for more than half the time and 4
for almost always. A score of 0 reflected normal function
whilst 4 poor function. Overall, a high score reflected a high
degree of dysfunction whereas a low score reflected normal
function.

Statistical analysis

IBM SPSS version 22 (SPSS Inc., Chicago, IL, USA) and
Microsoft Excel 2010™ were used for the statistical analysis.
Data was expressed as mean =+ standard error of the mean and
median with interquartile range for parametric and non-
parametric data, respectively. Baseline demographic and clin-
ical characteristics were compared using the x? test or Fisher’s
exact test for categorical variables and the ¢ test or Mann-
Whitney U test for continuous variables. Urogenital functional
scores were compared using a ¢ test. p values of <0.05 were
considered statistically significant. Sexually inactive patients
were excluded from the sexual outcome analysis to avoid
skewing of the data.

Results
Patient characteristics

Questionnaires were sent to 158 patients (89 laparoscopic
group, 69 robotic) of whom 126 (80 %) responded. Seventy-
eight (49 male, 29 female) of the responders underwent lapa-
roscopic and 48 (35 male, 13 female) robotic surgery. Of
those, 45 patients (36 male, 9 female) were sexually active
in the laparoscopic group and 17 (13 male, 4 female) in the
robotic group.

The demographic, clinical and pathological characteristics
of the patients included in this study are summarised in
Table 1. The baseline characteristics of the two groups were
broadly comparable. Nevertheless, patients in the robotic
group had lower rectal cancers (p = 0.032) and were more
likely to receive long-course pre-operative radiotherapy
(p = 0.012) and neoadjuvant chemotherapy (p = 0.030).

Male urological function

There were 49 patients in the laparoscopic group and 35 in the
robotic group. In Tables 2 and 3 and Fig. 1, we present the
mean pre-operative MUF scores and their change from base-
line. Pre-operative urological function was worse across three
components (frequency, nocturia, urgency) in the robotic
group, and the pre-operative composite mean MUF score
was worse in the robotic group.

Mean score change from baseline was better in all except
one component (initiation/ straining) in the robotic group (see
Table 2). Composite mean MUF score change from baseline
was also better in the robotic group as illustrated in Table 3
and Fig. 1. Overall, composite mean MUF scores deteriorated
in the laparoscopic group and improved in the robotic group
(p <0.001, p = 0.023), Table 3.

Male sexual function (MSF)

There were 36 patients (73 %) in the laparoscopic group and
13 (37 %) in the robotic group who were sexually active. Pre-
operative scores were similar in both groups. In Tables 4 and 5
and Fig. 1, we present the mean pre-operative MSF scores and
their change from baseline.

Mean scores deteriorated across all component of
MSF in the laparoscopic group but none in the robotic
group. Statistical comparison of the mean change of
MSF scores from baseline revealed favourable outcomes
for the robotic group across all four components of
MSF as shown in Table 4. Composite MSF score
change was also better in the robotic group as illustrat-
ed in Table 5 and Fig. 1.
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Table 1  Baseline demographic and clinico-pathological features
Laparoscopic ~ Robotic p value
Gender
*Male 49 35 0.243
*Female 29 13
Age
Median (IQR) 70 (63-75.25) 69 (64-74.75) 0.966
BMI median (IQR)
*Male 26 (23-29.5) 27 (25-28.25) 0.275
*Female 26 (24-32.5) 27 (24.25-29.5)  1.000
ASA grade
el 12 (15 %) 49 %) 0.407
2 51 (65 %) 39 (85 %) 0.019
3 15 (19 %) 3(7 %) 0.066
Type of surgery
“Total AR 63 (81 %) 40 (84 %) 0.716
*Male AR 38 (76 %) 30 (86 %) 0.409
*Female AR 25 (86 %) 10 (77 %) 0.657
“+Covering ileostomy 56 (89 %) 34 (85 %) 0.562
*Male 36 (95 %) 26 (87 %) 0.394
*Female 20 (80 %) 8 (80 %) 1.000
«»Total APER 14 (18 %) 7 (15 %) 0.623
*Male 10 (20 %) 4 (11 %) 0.377
*Female 4 (14 %) 323 %) 0.657
+ Total Hartman’s 1(1 %) 12 %) 1.000
*Male 12 %) 13 %) 1.000
*Female 0 0 1.000
Anal verge mean (SE) 9.36 +0.38 791 +0.54 0.032
T stage
*Tx 4(5 %) 2 (4 %) 1.000
°T1 6 (8 %) 6 (13 %) 0.372
T2 26 (33 %) 21 (44 %) 0.240
T3 36 (46 %) 16 33 %) 0.156
T4 6 (8 %) 3(6 %) 1.000
Radiotherapy
*Pre-op short 9 (12 %) 0 0.014
*Pre-op long 5(6 %) 11 (23 %) 0.012
*Pre-op total 14 (18 %) 11 (23 %) 0.497
*Post-operative 0 12 %) 0.328
Chemotherapy
*Neoadjuvant 70 %) 11 (23 %) 0.030
*Adjuvant 18 23 %) 16 33 %) 0.208
Post-op complications
*Anastomotic leak 34 %) 4 (5 %) 12 %)
*Return to theatre 0 1.000 0.301

Female urological function

There were 29 patients in the laparoscopic group and 13
in the robotic group. The mean pre-operative FUF
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Table 2 Baseline and change from baseline MUF mean scores
(mean + standard error of the mean)
Laparoscopic Robotic p value
Baseline MUF
*Frequency 1.63 251 0.013
*Nocturia 2.06 291 0.013
*Urgency 0.59 1.63 0.003
eInitiation/straining 0.16 0.26 0.576
*Poor flow 0.69 1.26 0.090
sIncomplete bladder emptying 0.92 1.20 0.406

Change from baseline

*Frequency 0.57+0.16 —-031+0.22 0.002
*Nocturia 0.63+0.17 -020+0.19 0.002
*Urgency 0.69+021 —0.66+0.29 <0.001
eInitiation/straining 039+0.12 0.09+£0.13 0.094
*Poor flow 0.73+£0.18 —0.14+0.21 0.002

*Incomplete bladder emptying 0.16 £0.20 —0.63 £0.26 0.017

scores of both groups are shown in Tables 6 and 7.
Pre-operative scores were similar in both groups across
all components.

The mean FUF score changes from baseline are
outlined in Tables 6 and 7 and illustrated in Fig. 1.
There was no statistical difference in any of the mean
FUF component score change from baseline between the
two groups. However, composite mean FUF score
change from baseline was better in the robotic group.
Composite mean FUF score deteriorated in the laparo-
scopic group but not in the robotic group (see Table 7).

Female sexual function

There were nine (31 %) sexually active patients in the laparo-
scopic group and four (31 %) in the robotic group. Their pre-
operative scores were similar in both groups as shown in
Tables 8 and 9.

Mean FSF score changes from baseline are outlined in
Tables 8 and 9 and Fig. 1. Overall, there was no statistical
difference between the mean change of scores from baseline
between the two groups in any of the FSF components or the
FSF composite scores.

Table 3 Mean composite MUF scores

Pre-op Post-op p value Mean score change
Lap 6.06 9.24 <0.001 3.18 £ 0.69
Robotic 9.77 7.69 0.023 —2.14 £ 0.87
p value 0.003 0.229 <0.001
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Fig. 1 Change in mean 8

composite scores from baseline

M lap

mrob

MUF

MSF FUF FSF

p value

<0.001

<0.001 0.003 0.657

Discussion

Robotic rectal surgery has been gaining popularity over the
last few years. However, whether it is superior to laparoscopic
rectal surgery remains an open debate. In this study, we have
found that the robotic approach offers favourable post-
operative urogenital functional outcomes in men and urologi-
cal outcomes in women. Whilst composite MUF, MSF and
FUF scores deteriorated in the laparoscopic group, this was
not the case for the robotic group. Mean composite score
change from baseline for MUF, MSF and FUF favoured the
robotic group. The functional score change from baseline was
also statistically better in all four components of MSF and in
five out of six components in MUF.

Favourable post-operative male sexual function for robotic
TME as compared to laparoscopic TME has been demonstrat-
ed in previous studies [17, 26-29]. Park et al’s [26] study
showed that MSF recovers faster in the robotic group (6 vs

Table 4 Baseline and change from baseline MSF mean scores
(mean + standard error of the mean)

Laparoscopic ~ Robotic p value

Baseline MSF

*Sexually active Yes 36, n0 13 Yes 13, no 22

eLibido/arousal 0.31 0.54 0422

*Erection 0.69 0.85 0.712

«Stiffness for penetration  0.86 1.15 0.547

*Orgasm/ejaculation 0.17 0.92 0.057
Change from baseline

Libido/arousal 1.56 £0.28 0+0.30 0.001

*Erection 1.53+0.29 0+0.20 <0.001

«Stiffness for penetration  1.39 +0.29 -038+0.21 <0.001

*Orgasm/ejaculation 1.78 £0.31 -0.15+0.25 <0.001

12 months), and at 6 months, the overall MSF scores showed a
significantly smaller decrease from baseline in the robotic
group (p = 0.03). Kim et al. [27], Park et al. [28],
D’Annibale et al. [29] and Morelli et al. [17] all demonstrated
favourable male sexual outcomes for the robotic group but
unlike ours and Park et al’s [26] studies, failed to demonstrate
a change of overall MSF scores from baseline in favour of the
robotic group. It is worth noting that regarding sexual func-
tion, the sample size of these studies was similarly small as to
our study, with the range of patients varying between 20 and
14 in the robotic group and 23 and 15 in the laparoscopic
group. This shows that a relatively small sample size is suffi-
cient to demonstrate the superiority of robotic rectal surgery in
terms of male post-operative sexual function outcomes.
Unlike sexual function, advantages in male urological
function following robotic surgery have been harder to dem-
onstrate. A multitude of studies comparing the MUF of robot-
ic vs laparoscopic patients showed no difference in their out-
comes [17, 28, 29]. In contrast to the above, Cho et al. [30] in a
retrospective study of 278 patients in each group found that at
1 month after surgery, the voiding dysfunction rate was higher
in the laparoscopic group (4.3 vs 0.7 %, p = 0.012). However,
this study did not apply any functional scores for the assess-
ment of dysfunction, leaving it open to observation bias. Park
et al. [26] on a population of 32 patients in each group found
that at 12 months following surgery, MUF score change from
baseline was lower in the robotic group, but this was not quite

Table 5 Mean composite MSF scores

Pre-op Post-op p value Mean score change
Lap 2.31 8.56 <0.001 6.25+1.08
Robotic 3.62 292 0.759 -0.69 + 0.85
p value 0319 0.004 <0.001
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Table 6 Baseline and change from baseline FUF mean scores
(mean =+ standard error of the mean)

Table 8 Baseline and change from baseline FSF mean scores
(mean =+ standard error of the mean)

Laparoscopic Robotic p value Laparoscopic Robotic p value

Baseline FUF Baseline FSF

*Frequency 1.66 223 0.325 *Sexually active Yes 9, no 20 Yes 4,n09

*Nocturia 1.79 2.85 0.056 *Arousal/ libido 0.89 1.50 0.589

*Urgency 0.76 1.46 0.190 *Lubrication 1.44 1.25 0.865

*Stress incontinence 1.10 1.92 0.143 *Orgasm 0.44 2.25 0.177
Change from baseline *Dyspareunia 0.44 0.75 0.620

*Frequency 0.62 +0.25 —0.54 £ 0.56 0.077 Change from baseline

*Nocturia 0.69 +0.27 0.38 £ 0.40 0.533 *Arousal/ libido 0.67 +0.37 -0.25+0.25 0.066

*Urgency 0.48 +0.16 —0.15+0.27 0.059 *Lubrication 0+£0.17 1.25+0.95 0.279

*Stress incontinence 0.10£0.11 -0.23 £0.28 0.287 *Orgasm 0.89 +£0.42 0+£0 0.069

*Dyspareunia 044 +047 2+0.82 0.159

statistically significant (p = 0.051). However, Kim et al. re-
ported a clear advantage for robotic TME in terms of urologi-
cal function [27]. On a sample size of 30 robotic and 39 lap-
aroscopic patients, they showed that urological function re-
covered faster in the robotic group (3 vs 6 months) and func-
tional score change from baseline was lower in the robotic
group at 3 months (p = 0.036). However, we should note that
for this study, male and female data were combined. Our study
is the first one to demonstrate a significant favourable overall
score change from baseline for the robotic approach in a male
cohort only. This is probably due to our study’s larger sample
size (49 laparoscopic vs 35 robotic).

It is also worth noting that the composite MUF mean score
improved in the robotic group. Obviously, we are not suggest-
ing that robotic rectal surgery might itself improve MUF. We
believe this might have occurred due to a number of factors.
First of all, our study was open to recall bias, since patients
reported their urogenital function retrospectively a minimum
of 6 months after their surgery. It is possible that patients that
did not suffer from any post-operative urological dysfunction
might be more prone to better score their post-operative func-
tion. Furthermore, despite the scores being based on validated
standardised questionnaires, questionnaires themselves are
subjective in nature. Ideally, objective measurement tools such
as urodynamic studies used in Kim et al’s study [27] should be
used in conjunction with questionnaires to increase the valid-
ity of the results.

The results from our study indicate favourable outcomes
following robotic TME in relation to FUF. Present evidence of

Table 7 Mean composite FUF scores

FUF following robotic rectal surgery is extremely limited,
with only two studies to date investigating FUF independently
to that of males [17, 31]. Of those two, only one, whose sam-
ple size is considerably smaller, used a control group
(laparoscopy) against its robotic cases and found no difference
in outcome between the two groups [17].

Regarding FSF, there was no difference between the two
groups in any of the individual components or the composite
score. However, due to a large proportion of females being
sexually inactive, the sample size of the FSF comparison was
very small (nine laparoscopic vs four robotic). This makes any
meaningful statistical comparison very difficult. Current evi-
dence on robotic FSF is also extremely limited, being inves-
tigated in only three studies [17, 31, 32] of which only one
used a control group (laparoscopy). In that study, Morelli et al.
[17] found no difference in FSF scores between the two
groups.

Our study is unique as it has the biggest sample size of its
kind. In addition, it is the only study of its kind conducted in
the UK, where patient socio-economic background would
have no influence on the mode of surgery chosen, since all
patients would have been operated in a public healthcare ser-
vice, the NHS.

In contrast to the majority of the previously published lit-
erature, the operating surgeons in our study performed fully
robotic rather than hybrid procedures [19]. It is possible that
the difference in approach could influence the results. This is
because damage to the autonomic nerves could occur in two

Table 9 Mean composite FSF scores

Pre-op Post-op p value Mean score change Pre-op Post-op p value Mean score change
Lap 5.31 7.21 <0.001 1.90 £0.50 Lap 322 522 0.154 2+1.27
Robotic 8.46 6.23 0.065 —2.23+1.10 Robotic 5.75 8.75 0.181 3+1.73
p value 0.052 0.501 0.003 p value 0.251 0.269 0.657
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places where dissection is performed laparoscopically during
the hybrid procedure. The superior hypogastric plexus can be
damaged during dissection around the inferior mesenteric ar-
tery pedicle and the hypogastric nerves during mobilisation of
the rectosigmoid colon from the gonadals and the ureter [4,
33]. Therefore, in our study, we exploit the full potential of the
robotic approach.

In addition, all the procedures in both the laparoscopic and
robotic cohort were performed by the same two surgeons, thus
eliminating the confounding factor of the operating surgeon.
Moreover, all the laparoscopic procedures pre-dated the robot-
ic ones, since the operating surgeons shifted their regular prac-
tice from laparoscopic to robotic TMEs. It could be argued
that any skills acquired during the laparoscopic procedures
were transferrable to the robotic ones, implying that any su-
periority demonstrated for the robotic group was not a result of
the surgical approach but due to the advancement of the sur-
geon’s skills. However, this is unlikely considering both sur-
geons were very experienced laparoscopic rectal surgeons that
were trainers for the National Training Programme for
Laparoscopic Colorectal Surgery (LAPCO) in the UK.

We acknowledge this study is retrospective and non-
randomised in nature. However, despite the lack of
randomisation, our results demonstrate from the baseline char-
acteristics that the two groups were broadly comparable. The
only differences between the two groups (tumour high, neo-
adjuvant radiotherapy and chemotherapy) are more likely to
negatively skew the results against the robotic group, since
long-course radiotherapy and lower rectal tumours possess
risks for urogenital dysfunction.

A limitation of our study was that post-operative urogenital
function reporting was taken as a “snapshot”, with patients
reporting their urogenital outcomes only once in a post-
operative period varying from 6 months to 3 years in the
laparoscopic group and 8§ months to 2 years to in the robotic
group. However, unlike other studies, this study does not
make any assumptions on the time of recovery of urogenital
function but only on the overall post-operative urogenital
outcomes.

In summary, our study has demonstrated that robotic
rectal cancer surgery might offer favourable overall post-
operative urological and sexual outcomes in males and
urological outcomes in females. This is probably because
robotic systems allow for precise dissection across the
surgical planes in narrow spaces such as the pelvis, thus
enabling preservation of the pelvic autonomic nerves. We
acknowledge that there are limitations in the study’s de-
sign such as being retrospective in nature and open to
recall bias. We believe a prospective randomised control
trial, focusing on urogenital function, with a bigger sample
size that includes urodynamic assessment of urological
function is required to establish whether robotic surgery
truly offers superior post-operative urogenital outcomes.

Acknowledgments We would like to thank and acknowledge the pre-
vious work by Emma McGlone who established the direction for our
work and comparative analysis. We would also like to thank and ac-
knowledge Mr. Jim Khan’s contribution, who performed the operations
along with Prof Parvaiz on the patients included in this study.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

Ethical approval All procedures performed in studies involving hu-
man participants were in accordance with the ethical standards of the
institutional and/or national research committee and with the 1964
Helsinki Declaration and its later amendments or comparable ethical
standards.

Informed verbal consent was obtained from all individual participants
included in the study.

Open Access This article is distributed under the terms of the Creative
Commons Attribution 4.0 International License (http://
creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give appro-
priate credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.

References

1. Leung ALH, Chan W-H, Cheung HYS, Lui GKL, Fung JTK, Li
MKW (2013) Initial experience on the urogenital outcomes after ro-
botic rectal cancer surgery. Surg Pract 17:13-17. doi:10.1111/j.1744-
1633.2012.00626.x

2. Chang PL, Fan HA (1983) Urodynamic studies before and/or after
abdominoperineal resection of the rectum for carcinoma. J Urol
130:948-951 http://www.ncbi.nlm.nih.gov/pubmed/6632107

3. Havenga K, DeRuiter MC, Enker WE, Welvaart K (1996)
Anatomical basis of autonomic nerve-preserving total mesorectal
excision for rectal cancer. Br J Surg 83:384-388. doi:10.1002
/bjs.1800830329

4. Kim NK, Kim YW, Cho MS (2015) Total mesorectal excision for
rectal cancer with emphasis on pelvic autonomic nerve preserva-
tion: expert technical tips for robotic surgery. Surg Oncol 24:172—
180. doi:10.1016/j.suronc.2015.06.012

5. Lange MM, van de Velde CJH (2011) Urinary and sexual dysfunc-
tion after rectal cancer treatment. Nat Rev Urol 8:51-57.
doi:10.1038/nrurol.2010.206

6. Havenga K, Enker WE (2002) Autonomic nerve preserving total
mesorectal excision. Surg Clin North Am 82:1009-1018

7. Masui H, Ike H, Yamaguchi S, Oki S, Shimada H (1996) Male
sexual function after autonomic nerve-preserving operation for rec-
tal cancer. Dis Colon rectum 39:1140—1145 http://www.ncbi.nlm.
nih.gov/pubmed/8831531

8. Morino M, Parini U, Allaix ME, Monasterolo G, Brachet Contul R,
Garrone C (2009) Male sexual and urinary function after laparo-
scopic total mesorectal excision. Surg Endosc 23:1233-1240.
doi:10.1007/500464-008-0136-1

9. McGlone ER, Khan O, Flashman K, Khan J, Parvaiz A (2012)
Urogenital function following laparoscopic and open rectal cancer
resection: a comparative study. Surg Endosc 26:2559-2565.
doi:10.1007/s00464-012-2232-5

@ Springer


http://dx.doi.org/10.1111/j.1744-1633.2012.00626.x
http://dx.doi.org/10.1111/j.1744-1633.2012.00626.x
http://dx.doi.org/http://www.ncbi.nlm.nih.gov/pubmed/6632107
http://dx.doi.org/10.1002/bjs.1800830329
http://dx.doi.org/10.1002/bjs.1800830329
http://dx.doi.org/10.1016/j.suronc.2015.06.012
http://dx.doi.org/10.1038/nrurol.2010.206
http://dx.doi.org/http://www.ncbi.nlm.nih.gov/pubmed/8831531
http://dx.doi.org/http://www.ncbi.nlm.nih.gov/pubmed/8831531
http://dx.doi.org/10.1007/s00464-008-0136-1
http://dx.doi.org/10.1007/s00464-012-2232-5

Int J Colorectal Dis

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Jones OM, Stevenson ARL, Stitz RW, Lumley JW (2009)
Preservation of sexual and bladder function after laparoscopic rec-
tal surgery. Color Dis 11:489-495. doi:10.1111/j.1463-
1318.2008.01642.x

Lim RS, Yang TX, Chua TC (2014) Postoperative bladder and
sexual function in patients undergoing surgery for rectal cancer: a
systematic review and meta-analysis of laparoscopic versus open
resection of rectal cancer. Tech Coloproctol 18:993-1002.
doi:10.1007/s10151-014-1189-x

Katsios CG, Baltogiannis G (2010) Laparoscopic sphincter-
preserving rectal cancer surgery: a highly demanding procedure.
Surg Endosc 24:3241-3243. doi:10.1007/s00464-010-1025-y
Desouza AL, Prasad LM, Marecik SJ, Blumetti J, Park JJ, Zimmern
A et al (2010) Total mesorectal excision for rectal cancer: the po-
tential advantage of robotic assistance. Dis Colon rectum 53:1611—
1617. doi:10.1007/DCR.0b013e318122f1f

Park JS, Choi G-S, Lim KH, Jang YS, Jun SH (2011) S052: a
comparison of robot-assisted, laparoscopic, and open surgery in
the treatment of rectal cancer. Surg Endosc 25:240-248.
doi:10.1007/300464-010-1166-z
RFB.S,AMDa,LTLMD,S.TOMD,C.JBM.DM.PD,SH,
a AM. D et al (2013) Laparoscopic versus robotic rectal resection
for rectal cancer in a veteran population. Am J Surg 206:509-517.
doi:10.1016/j.amjsurg.2013.01.036

Xiong B, Ma L, Zhang C, Cheng Y (2014) Robotic versus laparo-
scopic total mesorectal excision for rectal cancer: a meta-analysis. J
Surg Res 188:404—414. doi:10.1016/j.jss.2014.01.027

Morelli L, Ceccarelli C, Di Franco G, Guadagni S, Palmeri M,
Caprili G et al (2015) Sexual and urinary functions after robot-
assisted versus pure laparoscopic total mesorectal excision for rectal
cancer. Int J Color Dis 0-2. doi:10.1007/s00384-015-2301-z
Miskovic D, Foster J, Agha A, Delaney CP, Francis N, Hasegawa H
et al (2015) Standardization of laparoscopic total mesorectal exci-
sion for rectal cancer a structured international expert consensus.
Ann Surg 261:716-722. doi:10.1097/SLA.0000000000000823
Ahmed J, Nasir M, Flashman K, Khan J, Parvaiz A (2016) Totally
robotic rectal resection: an experience of the first 100 consecutive
cases. Int J Color Dis. doi:10.1007/s00384-016-2503-z

Ahmed J, Kuzu MA, Figueiredo N, Khan J, Parvaiz A (2016)
Three-step standardised approach for complete mobilisation of the
splenic flexure during robotic rectal cancer surgery. Color Dis.
doi:10.1111/codi.13313

Kehlet H, Wilmore DW (2002) Multimodal strategies to improve
surgical outcome. Am J Surg 183:630-641

Barry MJ, Fowler FlJ, O’Leary MP, Bruskewitz RC, Holtgrewe
HL, Mebust WK (1995) Measuring disease-specific health status
in men with benign prostatic hyperplasia. Measurement committee

@ Springer

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

of the American Urological Association. Med Care 33:AS145—
ASI155

Rosen RC, Riley A, Wagner G, Osterloh IH, Kirkpatrick J, Mishra
A (1997) The international index of erectile function (IIEF): a mul-
tidimensional scale for assessment of erectile dysfunction. Urology
49:822-830. doi:10.1016/S0090-4295(97)00238-0

Kelleher CJ, Cardozo LD, Khullar V, Salvatore S (1997) A new
questionnaire to assess the quality of life of urinary incontinent
women. Br J Obstet Gynaecol 104:1374-1379

Rosen R, Brown C, Heiman J, Leiblum S, Meston C, Shabsigh R et al
(2000) The Female Sexual Function Index (FSFI): a multidimension-
al self-report instrument for the assessment of female sexual function.
J Sex Marital Ther 26:191-208. doi:10.1080/009262300278597
Park SY, Choi G-S, Park JS, Kim HJ, Ryuk J-P, Yun S-H (2014)
Urinary and erectile function in men after total mesorectal excision
by laparoscopic or robot-assisted methods for the treatment of rectal
cancer: a case-matched comparison. World J Surg 38:1834—-1842.
doi:10.1007/s00268-013-2419-5

Kim JY, Kim N-K, Lee KY, Hur H, Min BS, Kim JH (2012) A
comparative study of voiding and sexual function after total
mesorectal excision with autonomic nerve preservation for rectal
cancer: laparoscopic versus robotic surgery. Ann Surg Oncol 19:
2485-2493. doi:10.1245/s10434-012-2262-1

Park SY, Choi G-S, Park JS, Kim HJ, Ryuk J-P (2013) Short-term
clinical outcome of robot-assisted intersphincteric resection for low
rectal cancer: a retrospective comparison with conventional lapa-
roscopy. Surg Endosc 27:48-55. doi:10.1007/s00464-012-2405-2
D’Annibale A, Pernazza G, Monsellato I, Pende V, Lucandri G,
Mazzocchi P et al (2013) Total mesorectal excision: a comparison
of oncological and functional outcomes between robotic and lapa-
roscopic surgery for rectal cancer. Surg Endosc 27:1887-1895.
doi:10.1007/300464-012-2731-4

Cho MS, Baek SJ, Hur H, Min BS, Baik SH, Lee KY et al (2015)
Short and long-term outcomes of robotic versus laparoscopic total
mesorectal excision for rectal cancer. Medicine (Baltimore) 94:
€522. doi:10.1097/MD.0000000000000522

Luca F, Valvo M, Ghezzi TL, Zuccaro M, Cenciarelli S, Trovato C
et al (2012) Impact of robotic surgery on sexual and urinary func-
tions after fully robotic nerve-sparing total mesorectal excision for
rectal cancer. Ann Surg 257:1. doi:10.1097/SLA.0b013e318269
d03b

Stanciulea O, Eftimie M, David L, Tomulescu V, Vasilescu C,
Popescu I (2013) Robotic surgery for rectal cancer: a single center
experience of 100 consecutive cases. Chirurgia (Bucur) 108:143—
151

Aly EH (2014) Robotic colorectal surgery: summary of the current
evidence. Int J Color Dis 29:1-8. doi:10.1007/s00384-013-1764-z


http://dx.doi.org/10.1111/j.1463-1318.2008.01642.x
http://dx.doi.org/10.1111/j.1463-1318.2008.01642.x
http://dx.doi.org/10.1007/s10151-014-1189-x
http://dx.doi.org/10.1007/s00464-010-1025-y
http://dx.doi.org/10.1007/DCR.0b013e3181f22f1f
http://dx.doi.org/10.1007/s00464-010-1166-z
http://dx.doi.org/10.1016/j.amjsurg.2013.01.036
http://dx.doi.org/10.1016/j.jss.2014.01.027
http://dx.doi.org/10.1007/s00384-015-2301-z
http://dx.doi.org/10.1097/SLA.0000000000000823
http://dx.doi.org/10.1007/s00384-016-2503-z
http://dx.doi.org/10.1111/codi.13313
http://dx.doi.org/10.1016/S0090-4295(97)00238-0
http://dx.doi.org/10.1080/009262300278597
http://dx.doi.org/10.1007/s00268-013-2419-5
http://dx.doi.org/10.1245/s10434-012-2262-1
http://dx.doi.org/10.1007/s00464-012-2405-2
http://dx.doi.org/10.1007/s00464-012-2731-4
http://dx.doi.org/10.1097/MD.0000000000000522
http://dx.doi.org/10.1097/SLA.0b013e318269d03b
http://dx.doi.org/10.1097/SLA.0b013e318269d03b
http://dx.doi.org/10.1007/s00384-013-1764-z

	Urogenital function in robotic vs laparoscopic rectal cancer surgery: a comparative study
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Methods
	Surgical technique
	Patient selection
	Urogenital function assessment
	Statistical analysis

	Results
	Patient characteristics
	Male urological function
	Male sexual function (MSF)
	Female urological function
	Female sexual function

	Discussion
	References


