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Abstract
Purpose Despite the increasing use of telemanipulators in colorectal surgery, an additional benefit in terms of improved periop-
erative results is not proven. The aim of the study was to compare clinical, oncological, and functional results of Da Vinci (Xi)–
assisted versus conventional laparoscopic (low) anterior resection for rectal cancer.
Methods Monocenter, prospective, controlled cohort study with a 12-month follow-up of bladder and sexual function using the
validated questionnaires International Prostate Symptom Score, International Index of Erectile Function, and Female Sexual
Function Index.
Results Fifty-one patients were included (18, Da Vinci (Xi) assisted; 33, conventional laparoscopy). Conversion to an open
approach was more common in the Da Vinci cohort (p = 0.012). In addition, surgery and resumption of a normal diet took longer
in the robotic group (p = 0.005; p = 0.042). Surgical morbidity and oncological quality did not differ. There was no difference in
most functional domains, except for worsened ability to orgasm (p = 0.047) and sexual satisfaction (p = 0.034) in women after
conventional laparoscopy. Moreover, we found a higher rate of improved bladder function in the conventional laparoscopy group
(p = 0.023) and less painful sexual intercourse among women in the robot-assisted group (p = 0.049).
Conclusion In contrast to the ROLARR trial, a higher conversion rate was found in the robotic cohort, which may in part be
explained by a learning curve effect. Nevertheless, the Da Vinci–assisted approach showed favorable results regarding sexual
function.
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Introduction

The mainstay of treatment of rectal cancer is oncological re-
section of the tumor as either a (low) anterior resection, an

intersphincteric resection, or an abdominoperineal resection.
Because of the multiple advantages of laparoscopy over open
surgery regarding the patient’s postoperative recovery and the
proven oncological equivalence [1, 2], minimally invasive
rectal resection should be regarded as the gold standard. As
conventional laparoscopic rectal cancer surgery is technically
demanding, especially for low rectal tumors and in obese,
male patients with a narrow pelvis and extensive visceral fat,
the robotic-assisted laparoscopic approach may considerably
increase maneuverability and visibility during the pelvic dis-
section and therefore facilitate the identification and preserva-
tion of the hypogastric plexus and the sacral splanchnic nerve,
which could have a positive impact on postoperative functional
results.

Despite the growing popularity of telemanipulators in co-
lorectal surgery, an additional benefit compared with conven-
tional laparoscopy in terms of improved perioperative results,
especially regarding oncological and functional aspects, is not
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proven. The aim of the current study was to compare the
results of Da Vinci (Xi)–assisted versus conventional laparo-
scopic (low) anterior resection for rectal cancer. The main
focus was on the comparison of sexual and bladder functions,
since clinical and oncological outcomes have already been
identified as equivalent according to current evidence [3].

Methods

This is a monocenter, prospective, controlled cohort study from
the University Hospital Mannheim in Mannheim, Germany,
comparing robot-assisted versus conventional laparoscopic sur-
gery in patients with high- to low-lying (≤ 15 cm from the anal
margin) histologically proven rectal adenocarcinoma. The
same team of surgeons (Peter Kienle (PK), Georgi Vassilev
(GV), Julia Hardt (JH)) performed all operations. The trial re-
ceived institutional ethical approval by the ethics committee of
the Medical Faculty Mannheim, Heidelberg University,
Mannheim, Germany (2015-636N-MA). The study was per-
formed according to the Declaration of Helsinki. All partici-
pants provided written informed consent. Patients > 18 years
scheduled to undergo elective minimally invasive curative
treatment for rectal cancer in the form of (low) anterior resec-
tion were eligible. All patients were placed on the same peri-
operative enhanced recovery pathway. The bowel preparation
comprised 2–3 L of Oralav® (B. Braun Melsungen AG,
Melsungen, Germany) given the day before surgery. At the
induction of anesthesia, all patients received prophylactic intra-
venous antibiotics (metronidazole, cefazolin).

Patient self-reported bladder and sexual functions were
measured at baseline (on the day before surgery) and 1 year
after surgery using the standardized and validated question-
naires International Prostate Symptom Score (IPSS) [4],
International Index of Erectile Function (IIEF15) [5], Female
Sexual Function Index (FSFI) [6], and Sexual Activity
Questionnaire (SAQ) [7]. The prespecified clinical and histo-
pathological endpoints were 30-day surgical morbidity (clas-
sified according to the Clavien–Dindo classification [8]), the
rate of conversion (defined as any kind of laparotomy to fa-
cilitate mesorectal excision; the small incision (~ 4 cm) for
specimen extraction routinely performed at the left lower
quadrant trocar site was not considered a conversion), rate of
reoperation, anastomotic leakage, postoperative ileus,
intraabdominal abscess, surgical site infection (SSI), readmis-
sion within 30 days after surgery, local recurrence, distant
metastasis, TME (total mesorectal excision) quality
(MERCURY grades 1–3), pathologic circumferential resec-
tion margin (pCRM, positive if the distance between the tu-
mor and the mesorectal fascia was ≤ 1 mm), resection status,
number of resected lymph nodes, operative time, postopera-
tive length of stay, blood loss, time to first bowel movement,

time to resumption of regular diet, and postoperative pain
(visual analogue scale (VAS), 1–10).

Robot-assisted procedure

A single-docking robotic approach was performed using the
Da Vinci Xi Surgical System (Intuitive Surgical, Sunnyvale,
CA, USA) as taught by Amjad Parvaiz, the proctor who su-
pervised the first robotic colorectal cases at our institution. All
operations were performed in a hybrid technique which is
composed of an exclusively robotic part (medial-to-lateral ap-
proach with ligation of the main vessels using clips, left colon
and splenic flexure mobilization, and PME (partial mesorectal
excision) or TME) followed by a conventional laparoscopic
part after (resection, anastomosis, and loop ileostomy place-
ment if a low anastomosis had been fashioned). Trocars were
positioned as follows: the four 8-mm robotic trocars are placed
7–8 cm apart from each other in a straight line on the right side
of the abdomen oblique to the midline. The distance between
the most caudally placed trocar and the right anterior superior
iliac spine had to be at least two fingers. Lateral to and be-
tween the most caudally located robotic trocars, a 12-mm
hybrid trocar was placed as an assistant trocar for suction,
retraction, vessel clip application, and insertion of the Endo
GIA.

Conventional laparoscopic procedure

Conventional laparoscopic surgery was performed in the same
manner as robot-assisted surgery using laparoscopic instru-
ments. Trocars were positioned differently: a 10-mm trocar
for the laparoscope was placed just below the umbilicus; one
12-mm trocar, through which the Endo GIA was inserted for
stapling, and one 5-mm trocar in the right lower quadrant; and
a 5-mm trocar in the left lower quadrant (this trocar incision
was extended to a 4-cm incision to extract the specimen).

Statistical analysis

The mean and standard deviation were calculated for quanti-
tative variables. The median, together with the range or inter-
quartile range (IQR), is presented for skewed or ordinal-scaled
parameters. Qualitative variables were quoted as absolute and
relative frequencies. Student’s t test was used for comparing
approximately normally distributed quantitative variables.
The Mann–Whitney U test was used for variables that were
not normally distributed. For qualitative variables, an Χ2 test
or Fisher’s exact test was used, as appropriate. All statistical
tests for the comparison of two groups were two-tailed. In
general, a test result was considered statistically significant if
p ≤ 0.05. All analyses were performed using the SAS statisti-
cal analysis software (release 9.4; Cary, NC, USA).
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In order to investigate whether there was any improvement
or worsening regarding sexual and bladder function, the dif-
ference between preoperative and postoperative scores was
calculated for each domain if applicable. The differences be-
tween and within the two groups (robot-assisted and
conventional laparoscopic surgery) were compared. For nor-
mally distributed differences, student’s t test for paired sam-
ples was used to test within the groups; for non-normalized
data, the Wilcoxon test for paired samples was applied.

Results

Between February 2016 and December 2017, 51 patients were
included. Eighteen were operated using the Da Vinci (Xi)–
assisted approach; 33 underwent conventional laparoscopy.
The baseline characteristics of the cohorts were comparable
(Table 1).

Perioperative clinical and histopathological outcomes are
presented in Table 2. Conversion to an open approach (either a
Pfannenstiel incision or a median laparotomy) was significant-
ly more common in the Da Vinci cohort (4/18 vs. 0/33, p =
0.012). Reasons for conversion to a Pfannenstiel incision were
bulky tumors (n = 2) and insufficient exposure due to an elon-
gated sigmoid colon (n = 1). In one case, the operating sur-
geon converted to a median laparotomy due to a T4 situation.
In addition, surgery and resumption of a normal diet took
longer in the robotic group (mean operative time ± SD,
394 min ± 78.5 vs. 324 ± 80.9, p = 0.005; median duration un-
til resumption of a normal diet, 4.5 (range, 1–30) vs. 2 days
(range, 1–6), p = 0.042). Postoperative length of stay, intraop-
erative blood loss, time to first bowel movement, and postop-
erative pain levels were comparable in both cohorts (Table 2).

Surgical morbidity was comparable in the two cohorts. Six
of 18 (33.3%) in the Da Vinci group vs. 12 of 21 (36.4%) in
the control group suffered from at least one surgical compli-
cation which were all classified as grade II or III according to
the Clavien–Dindo classification. There were no > grade III
complications. Four patients had to be re-operated: one patient
each in the Da Vinci and the control cohort due to kinking and
stenosis of the proximal loop of the diverting ileostomy with
consecutive ileus in combination with anastomotic leakage,
and two further patients in the control group due to the fol-
lowing reasons: (1) irreversible ischemia of a 10-cm segment
of the descending colon with concomitant anastomotic leak-
age and development of a recto-vaginal fistula and (2) iatro-
genic ureteral lesion during rectal resection requiring reim-
plantation of the ureter in psoas hitch technique.
Anastomotic leakage was diagnosed in one patient in the Da
Vinci cohort (1/18 (5.6%)) vs. seven patients in the control
cohort (7/33 (21.2%); p = 0.233). The rates of postoperative
ileus, intraabdominal abscess, surgical site infection (SSI), and
readmission were similar between groups (Table 2).

Oncological quality of the specimen did also not differ
between the two surgical approaches (Table 2): none of the
patients was diagnosed with local recurrence during the
follow-up; 4 of 18 (22.2%) in the robot-assisted and 3 of 33
(9.1%) in the conventional laparoscopic group developed dis-
tant metastasis. Except for one case in the control group, TME
quality was classified as MERCURY grade 1 (good) concor-
dantly by the operating surgeon and the pathologist. pCRM
was negative (distance between the tumor and the mesorectal
fascia > 1 mm) and resection status was R0 in all cases but one
in the Da Vinci cohort with advanced tumor infiltrating the
presacral mesorectal fascia. The number of resected lymph
nodes was 14.3 ± 2.1 (mean ± SD) in the robot-assisted cohort
vs. 16.0 ± 3.8 in the control group. Except for one specimen,
which included only ten lymph nodes, all resections fulfilled
the guideline recommendation to harvest at least twelve lymph
nodes.

Table 3 presents the changes (delta 1 year postop–
preop) in functional outcomes from baseline until 1 year
after surgery. Eleven of 18 in the robotic cohort vs. 21 of
33 in the conventional laparoscopic cohort answered the
questionnaires for the 1-year follow-up, whereas all except
for one patient had filled out the IPSS, FSFI, and IIEF15
baseline questionnaire. Regarding the impact of surgery on
bladder and sexual function, there was no difference be-
tween the two groups in most domains, except for impaired
ability to orgasm (FSFI orgasm, 0.6 ± 2.1 (− 3.2–3.6) vs. −
2.6 ± 2.3 (− 5.2–0.4), p = 0.047) as well as worsened sexual
satisfaction (FSFI satisfaction, 0.7 ± 1.8 (− 0.4–4.8) vs. −
1.6 ± 2.1 (− 4.0–(− 0.4)), p = 0.034) in female patients in
the conventional laparoscopic group.

Comparing the functional changes (improvement vs.
deterioration/no change) within groups (Table 4), we found a
higher rate of improved bladder function in the conventional
laparoscopy group (14/19 vs. 3/11, p = 0.023) and less painful
sexual intercourse among women in the robot-assisted group
(3/8 vs. 0/12, p = 0.049).

Unfortunately, there were only two complete datasets (pre-
and postoperative scores) of the SAQ, which inhibits any
valuable statistical analysis and conclusion.

Discussion

In the present monocenter, prospective, controlled cohort
study of 51 consecutive cases, we compared clinical, oncolog-
ical, and functional outcomes of DaVinci (Xi)–assisted versus
conventional laparoscopic resection for rectal cancer.

In contrast to the highest-quality evidence from the
ROLARR trial [9] and a recently published phase II random-
ized trial from Korea [10], a significantly higher conversion
rate was found in the robotic cohort (22.2% vs. 0%), which
may at least in part be explained by a certain learning curve
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effect regarding the robot-assisted approach. Moreover, the
operating colorectal specialist (PK) possessed great expertise
in conventional laparoscopy and during the last decade the
vast majority of cases (75%) were operated laparoscopically
at our institution [11], which may explain the zero conversions
in the conventional laparoscopic cohort. According to a recent
systematic review, the learning curve for robotic rectal cancer
surgery is relatively short if compared with the learning curve
for the conventional laparoscopic approach [12]. Especially
for experienced laparoscopic colorectal surgeons, the learning
process may be short to perform as technically adept as in

conventional laparoscopy [13]. However, the mean num-
ber of cases for a surgeon to be classed as an expert in
robotic surgery was calculated to be 39 [12], which was
not achieved at our institution within the time frame of the
present study.

Surgical morbidity, graded according to the Clavien–Dindo
classification, as well as the oncological quality of the resec-
tion, measured by surrogate parameters, such as TME quality,
pCRM, and the number of resected lymph nodes, did not
differ between the groups, which is consistent with the find-
ings of the ROLARR trial.

Table 1 Patient and procedure
characteristics of both groups Robotic assisted (n = 18) Conventional laparoscopic

(n = 33)
p value

Sex (male:female) 10:8 21:12 0.765

Age, mean ± SD (range) 60.0 ± 11.8 (34–76) 62.3 ± 13.7 (33–83) 0.556

ASA 0.203

II 15 21

III 3 12

Diabetes 0.464

Yes 2 7

No 16 26

Smoker 0.226

Yes 4 3

No 14 30

BMI (kg/m2), mean ± SD (range) 26.0 ± 4.0 (19.5–34.7) 27.4 ± 5.5 (16.8–39.8) 0.636

Preoperative albumin (g/L),
mean ± SD (range)

38.3 ± 2.0 (34.6–42.5) 38.2 ± 2.7 (34.2–46.3) 0.8994

Previous abdominal surgery 0.757

Yes 5 12

No 13 21

Tumor localization (cm from
the anal verge), mean ± SD (range)

8.5 ± 4.0 (2–15) 7.7 ± 3.3 (1–15) 0.459

UICC stage 0.814

I 5 12

II 5 9

III 7 9

IV 1 3

Neoadjuvant therapy 1.000

Yes 11 20

No 7 13

Surgical procedure 0.101

Anterior resection 3 2

Low anterior resection 14 28

Intersphincteric resection 1 3

Protective ileostomy 0.331

Yes 15 31

No 3 2

Peridural catheter 0.694

Yes 16 26

No 2 6
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Table 2 Perioperative clinical and histopathological outcomes

Robotic assisted (n = 18) Conventional laparoscopic (n = 33) p value

Conversion 0.012
Yes 4 0
No 14 33

Reoperation 1.000
Yes 1 3
No 17 30

Overall morbidity/any complication 1.000
Yes 6 12
No 12 21

Surgical morbidity (Clavien–Dindo classification) 1.000
0 12 21
I 0 0
II 3 5
III 3 7
IV 0 0
V 0 0

Anastomotic leakage 0.233
Yes 1 7
No 17 26

Postoperative ileus 0.652
Yes 3 3
No 15 30

Intraabdominal abscess 0.544
Yes 0 3
No 18 30

Superficial SSI 1.000
Yes 0 1
No 18 32

Other complications 0.134
Yes 1 8
No 17 25

Readmission 0.120
Yes 2 0
No 16 33

Local recurrence 1.000
Yes 0 0
No 18 33

Distant metastasis 0.226
Yes 4 3
No 14 30

TME quality (MERCURY grades 1–3) 0.570
Number of patients with TME 15 31
1 15 30
2 0 1
3 0 0

CRM 0.353
Positive 1 0
Negative 17 33

Resection status 0.353
R0 17 33
R1 1 0
R2 0 0

Number of resected lymph nodes, mean ± SD (range) 14.3 ± 2.1 (12–18) 16.0 ± 3.8 (10–27) 0.135
Operative time (min), mean ± SD (range) 394 ± 78.5 (252–535) 324 ± 80.9 (193–491) 0.005
Postoperative length of stay (days), mean ± SD (range) 12.6 ± 10.6 (6–49) 13.2 ± 7.5 (7–32) 0.319
Blood loss (delta preop–postop hemoglobin level (g/dL), mean ± SD (range) 1.8 ± 0.9 (0.5–4.0) 1.7 ± 1.1 (0.0–5.4) 0.760
Time to first bowel movement (days), mean ± SD (range) 1.7 ± 1.1 (1–5) 1.5 ± 0.9 (0–4) 0.930
Time to resumption of regular diet (days), mean ± SD (range) 4.5 ± 6.8 (1–30) 2.0 ± 1.3 (1–6) 0.042
Postoperative pain (VAS, 1–10), mean ± SD (range) 1.1 ± 0.7 (0–2.4) 1.1 ± 1.1 (0–4.1) 0.657

Statistically significant p-values are in italics
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In line with the current level 1 evidence [10], surgery took
longer in the Da Vinci–assisted group. Moreover, transition to
a normal diet was delayed in the robotic group, which could
be the result of the prolonged operative time and the higher
conversion rate in this group, as the risk of postoperative ileus
is increased after long operations and open surgery.

Nevertheless, the Da Vinci–assisted approach showed—
despite the assumed ongoing learning curve—favorable re-
sults regarding sexual function 12 months after rectal cancer
resection, i.e., less painful sexual intercourse among women.
Furthermore, we found lower scores (indicating worse func-
tion) 1 year after surgery regarding the ability to orgasm and
sexual satisfaction in women who had undergone the conven-
tional laparoscopic approach. This is not in line with the find-
ings of the ROLARR trial, which could not detect significant
differences in functional outcomes [9]. The other recently
published phase II randomized trial comparing the results of
robot-assisted versus laparoscopic rectal cancer surgery by
Kim et al. [10] did investigate neither sexual nor urinary func-
tion. However, a prospective comparative study with 69 pa-
tients (39 underwent laparoscopic TME, 30 robotic-assisted
TME) could demonstrate similar results: erectile function re-
covered earlier after surgery in patients in the robotic cohort.
Moreover, sexual desire increased significantly faster after
robotic-assisted surgery [14]. Unfortunately, female sexual
function was not investigated in this study. Favorable results
regarding urogenital function have been demonstrated by sev-
eral previous studies [14–16]. A comparative study including
158 patients (89 laparoscopic, 69 robotic-assisted) conducted
by Panteleimonitis et al. [17] provided further evidence on the
potential benefits of robot-assisted rectal cancer resection in
regard to postoperative sexual function: male patients in the

robotic group deteriorated less across all components of the
IIEF5-questionnaire. In females, there was no difference in
postoperative sexual function between the two groups.
However, only 13 female patients were sexually active and
answered the questionnaire, which makes a statistical compar-
ison problematic. In general, the evidence on female sexual
function and how it is influenced by rectal cancer surgery is
very limited and requires further well-designed, large-scale
prospective studies to shed light on this topic. According to
the present state of our knowledge, the current study is the first
to detect an improved sexual function after robotic-assisted
rectal cancer resection in female patients.

Except for a higher rate of improved bladder function in
the conventional laparoscopy group, there were no differ-
ences between the groups regarding voiding function,
which is consistent with the ROLARR trial, but in contra-
diction to the comparative studies by Kim et al. [14] and
Panteleimonitis et al. [17] who found superior outcomes in
the robotic group regarding the IPSS-Score and urinary
flow.

Our study had some limitations. First, the non-randomized
nature and the small sample size may limit the validity of our
data. Second, the colorectal surgeons at our institution had
considerable experience in conventional laparoscopic surgery,
but only limited robotic experience. Thus, learning curve ef-
fects cannot be excluded. Third, statistical analysis of the SAQ
was not possible because of the small number of respondents.
Fourth, only two-thirds of the study cohort answered the ques-
tionnaires for the 1-year follow-up of functional outcomes
which may further limit the significance of our results. Fifth,
we did neither analyze costs nor assessed the cost-
effectiveness of the robot-assisted procedure based on clinical,

Table 3 Postoperative functional outcomes—comparison of changes in urinary and sexual function between both groups

Robotic assisted (n = 11) Conventional laparoscopic
(n = 21)

p value

IPSS (delta 1 year postop–preop), mean ± SD (range) 0.7 ± 4.9 (− 12–7) − 1.3 ± 5.57 (− 9–16) 0.334

IIEF15, full-scale score (delta 1 year postop–preop), mean ± SD (range) − 13 ± 18.9 (− 29–8) − 4.6 ± 29.9 (− 39–53) 0.682

IIEF15, erectile function (delta 1 year postop–preop), mean ± SD (range) − 5.7 ± 11.9 (− 14 8) − 5.6 ± 13.6 (− 25 26) 0.997

IIEF15, desire (delta 1 year postop–preop), mean ± SD (range) − 0.3 ± 2.4 (− 2–3) 0.0 ± 2.9 (− 5–5) 0.880

IIEF15, orgasmic function (delta 1 year postop–preop), mean ± SD (range) − 3.0 ± 1.0 (− 4.0– (− 2.0)) − 1.1 ± 5.8 (− 10.0–10.0) 0.593

IIEF15, overall sexual satisfaction (delta 1 year postop–preop), mean ± SD (range) − 2.7 ± 4.0 (− 7.0–1.0) − 0.7 ± 3.1 (− 6.0–4.0) 0.387

IIEF15, intercourse satisfaction (delta 1 year postop–preop), mean ± SD (range) − 3.5 ± 5.5 (− 9–3) − 1.4 ± 4,9 (− 10–10) 0.488

FSFI, full-scale score (delta 1 year postop–preop), mean ± SD (range) 2.3 ± 6.6 (− 5.9–13.3) − 8.3 ± 10.0 (− 19–1.5) 0.079

FSFI, desire (delta 1 year postop–preop), mean ± SD (range) 0.1 ± 0.2 (0.0–0.6) − 0.8 ± 0.9 (− 1.2–0.6) 0.159

FSFI, arousal (delta 1 year postop–preop), mean ± SD (range) 0.2 ± 0.9 (− 0.9–1.8) − 0.2 ± 1.2 (− 0.9–1.2) 0.596

FSFI, lubrication (delta 1 year postop–preop), mean ± SD (range) 0.0 ± 0.7 (− 0.6–1.5) − 2.4 ± 2.5(− 4.8–0.9) 0.140

FSFI, orgasm (delta 1 year postop–preop), mean ± SD (range) 0.6 ± 2.1 (− 3.2– 3.6) − 2.6 ± 2.3 (− 5.2–0.4) 0.047

FSFI, satisfaction (delta 1 year postop–preop), mean ± SD (range) 0.7 ± 1.8 (− 0.4–4.8) − 1.6 ± 2.1 (− 4.0–(− 0.4)) 0.034

FSFI, pain (delta 1 year postop–preop), mean ± SD (range) 0.7 ± 2.2 (− 2.4–4.0) − 2.5 ± 2.7 (− 5.6–(− 0.8)) 0.073

Statistically significant p-values are in italics
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Table 4 Postoperative functional
outcomes—comparison of
changes in urinary and sexual
function within each group (im-
provement vs. deterioration/no
change)

Robotic
assisted (n = 11*)

Conventional
lap. (n = 21*)

p value

IPSS 0.023

Function improved number (%) 3 (27.3) 14 (66.7)

Function deteriorated or unchanged number (%) 8 (72.7) 5 (33.3)

IIEF15, full-scale score 1.000

Function improved number (%) 1 (33.3) 2 (28.6)

Function deteriorated or unchanged number (%) 2 (66.7) 5 (71.4)

IIEF15, erectile function 1.000

Function improved number (%) 1 (10.0) 1 (4.8)

Function deteriorated or unchanged number (%) 9 (90.0) 20 (95.2)

IIEF15, desire 0.634

Function improved number (%) 1 (10.0) 5 (23.8)

Function deteriorated or unchanged number (%) 9 (90.0) 16 (76.2)

IIEF15, orgasmic function 1.000

Function improved number (%) 0 (0) 2 (20.0)

Function deteriorated or unchanged number (%) 3 (100) 8 (80.0)

IIEF15, overall sexual satisfaction 1.000

Function improved number (%) 1 (10.0) 4 (19.0)

Function deteriorated or unchanged number (%) 9 (90.0) 17 (81.0)

IIEF15, intercourse satisfaction 1.000

Function improved number (%) 1 (10.0) 3 (14.3)

Function deteriorated or unchanged number (%) 9 (90.0) 18 (85.7)

FSFI, full-scale score 1.000

Function improved number (%) 4 (57.1) 1 (33.3)

Function deteriorated or unchanged number (%) 3 (42.9) 2 (66.7)

FSFI, desire 1.000

Function improved number (%) 1 (12.5) 1 (8.3)

Function deteriorated or unchanged number (%) 7 (87.5) 11 (91.7)

FSFI, arousal 0.255

Function improved number (%) 3 (37.5) 1 (8.3)

Function deteriorated or unchanged number (%) 5 (62.5) 11 (91.7)

FSFI, lubrication 1.000

Function improved number (%) 1 (12.5) 1 (8.3)

Function deteriorated or unchanged number (%) 7 (87.5) 11 (91.7)

FSFI, orgasm 0.255

Function improved number (%) 3 (37.5) 1 (8.3)

Function deteriorated or unchanged number (%) 5 (62.5) 11 (91.7)

FSFI, satisfaction 0.147

Function improved number (%) 2 (25.0) 0 (0)

Function deteriorated or unchanged number (%) 6 (75.0) 12 (100)

FSFI, pain 0.049

Function improved number (%) 3 (37.5) 0 (0)

Function deteriorated or unchanged number (%) 5 (62.5) 12 (100)

Statistically significant p-values are in italics

*The calculated sum of patients in each group does not always reach the total amount of 11 and 21 (= number of
patients in the robot-assisted and the conventional laparoscopy cohort who sent back the filled out questionnaires),
since some patients did not complete all domains of the questionnaires
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oncological, or functional outcomes. Given the high costs of
robotic surgerymainly due to initial investments, maintenance
costs, and longer operating times, future studies should prop-
erly evaluate the cost-effectiveness of the robot-assisted tech-
nique in comparison with conventional laparoscopy.

The potential of robot-assisted rectal cancer surgery to im-
prove functional outcomes via facilitated identification and
preservation of the autonomous pelvic nerves, especially in
technically challenging cases, should be further investigated
in future trials. Moreover, long-term oncological and function-
al results of the ROLARR trial and other randomized con-
trolled trials must be awaited before final conclusions can be
made regarding the value and significance of robotic-assisted
rectal cancer surgery.
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