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Abstract: Laparoscopic total mesorectal excision (TME) with autonomic nerve preservation (ANP) is a common
procedure for rectal cancer (RC), associated with a high prevalence of postoperative urogenital and anorectal dys-
functions. Compared to 2D laparoscopy, 3D laparoscopy provides better depth perception of the surgical field and
hand-eye coordination to achieve better outcomes. We compared the performance of 2D and 3D laparoscopy on
preserving urogenital and anorectal function in TME+ANP surgery for rectal cancer using propensity-score match-
ing. Data were collected from consecutive male patients who underwent 3D or 2D laparoscopic TME+ANP for pri-
mary RC at our institution between March 2012 and December 2020. The primary outcome was sexual and urinary
function 1 year after surgery. A total of 450 male patients were eligible. After 1:1 matching, 146 cases were in-
cluded in each group for analysis. One year after surgery, the prevalence of sexual dysfunction (International Index
of Erectile Function score <26) was 8.22% in the 3D laparoscopic group and 44.52% in the 2D laparoscopic group,
respectively (P=0.000) and a significant difference in the incidence of urinary retention was observed (n=3 and 24,
respectively (P=0.000)). Moreover, blood loss, operative time, duration of hospital stay, and the time to first flatus in
the 3D laparoscopic group were significantly less than in the 2D laparoscopic group. In conclusion, 3D laparoscopic
TME is associated with lower incidences of postoperative sexual and urinary dysfunction than 2D laparoscopic TME
for rectal cancer in male patients.

Keywords: Rectal cancer, total mesorectal excision, laparoscopic, autonomic nerve preservation, sexual and uri-
nary function

Introduction

Colorectal cancer (CRC) is well-established as
the third most common cancer type worldwide
[1-3], with an estimated 1.88 million new cas-
es of primary CRC reported in 2020 [4]. In
recent years, the overall incidence rate has
exhibited a slow but steady increase in China,
with around 380,000 new cases of colon can-
cer and 180,000 new cases of rectal cancer
(RC) each year [5, 6]. Accordingly, CRC repre-
sents a global health challenge that harms
public health.

Since its introduction by Heald et al. [7] in the
1980s, total mesorectal excision (TME) has
become the mainstay of treatment for mid and

low RCs since it improves survival and reduces
the risk of local recurrence [8, 9]. Conventional
surgery for RC is associated with the risk of
autonomic nerve injury during dissection of the
abdominopelvic cavity, including the superior
hypogastric plexus (SHP), bilateral hypogastric
nerves (HGNSs), pelvic plexus (PP), and neuro-
vascular bundles (NVBs), leading to sexual, uri-
nary dysfunctions and anorectal dysfunction
[10-12], which seriously affect patient quality
of life.

In recent years, laparoscopic surgery for RC
has gained increasing popularity given that it is
technically feasible and oncologically safe [13-
15]. The laparoscopic approach provides a
magnified and well-illuminated image of the
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surgical field, thereby reducing the risk of inju-
ries to autonomic nerves. However, much con-
troversy surrounds the benefits of laparoscopy
regarding sexual and urinary dysfunctions.
Several studies claim no significant difference
in postoperative sexual and urinary dysfunc-
tions [16, 17], which may be attributed to the
difference in accuracy between 3D and 2D
laparoscopy not being emphasized. Compared
with 2D laparoscopy, 3D laparoscopy provides
a three-dimensional view and higher resolu-
tion of the surgical field. Many fine anatomical
structures, such as fascia and pelvic autonom-
ic nerve, can be identified in 3D laparoscopy
but are challenging to find with 2D laparos-
copy, given the lack of depth perception. C. A.
Fleming et al. [18] identified favorable out-
comes for urinary and erectile function in men
who undergo robotic (3D) compared with con-
ventional 2D laparoscopic surgery for rectal
cancer. However, few studies have studied the
differences in outcomes between 3D and 2D
laparoscopy in postoperative urogenital and
anorectal function.

Based on the anatomy of the abdominopelvic
fascia and autonomic nervous system (ANS),
along with the application of high-definition 3D
laparoscopy, we compared the effect of 2D
and 3D laparoscopy on preserving urogenital
and anorectal function in TME+ANP surgery.
Furthermore, we clarified the safety and feasi-
bility of 3D laparoscopic TME+ANP by compar-
ing its functional and oncological outcomes
with patients that underwent conventional
2D surgery in a large, retrospective cohort
study of male patients with RC using propensi-
ty-score matching.

Patients and methods
Ethical approval of the study protocol

The protocol for this retrospective study was
approved by the Ethics Committee of Sun Yat-
sen Memorial Hospital (Sun Yat-sen University,
Guangzhou, China). All patients provided writ-
ten informed consent before surgical proce-
dures were carried out.

Inclusion criteria

The inclusion criteria were: (i) primary RC diag-
nosed as an adenocarcinoma by colonoscopy
with pathological evidence; (ii) the lower mar-
gin of the tumor was within 12 cm of the anal
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verge; (iii) the clinical stage was T1-3NO-2MO;
(iv) the preoperative International Index of
Erectile Function (IIEF) score was 26-30, and
International Prostate Symptom Score (IPSS)
was O-7; (v) the American Society of Anesthe-
siologists score was I-lll; (vi) questionnaires
were completed, and follow-up data were
available.

Exclusion criteria

The exclusion criteria were: (i) multivisceral res-
ection; (ii) retroperitoneal or pelvic surgery; (iii)
lateral dissection of pelvic lymph nodes; (iv)
conversion from laparoscopic to open surgery;
(v) multiple CRCs; (vi) number of harvested
lymph nodes <12; (vii) history of treatment for
other malignancies; (viii) emergency surgery.

Data

Data from consecutive male patients with
primary RC admitted to the Gastrointestinal
Surgery Department of Sun Yat-sen Memorial
Hospital from March 2012 to December 2020
with laparoscopic radical resection were retro-
spectively collected and analyzed. According to
the different surgical methods, patients were
divided into a conventional 2D laparoscopic
TME+ANP group and a 3D laparoscopic TME+
ANP group.

Neo-adjuvant chemoradiotherapy (CRT) was
undertaken for patients with clinical T3+ and
N+ stages. The patients received RT (50.4 Gy)
plus capecitabine for 6 weeks, and surgery
was carried out 4 weeks after CRT. Preoper-
ative procedures (bowel preparation, intrave-
nous injection of second-generation cephalo-
sporins and metronidazole before incision)
were carried out routinely in accordance with
standard procedures. All patients underwent
the same regimen of neoadjuvant chemoradio-
therapy.

Surgical procedures

All surgical procedures were carried out by a
single experienced surgeon with the same sur-
gical team that performed more than 1,000
laparoscopic colorectal excisions. All proce-
dures were in accordance with the principles
of TME. The sequence of surgical steps for the
3D laparoscopic TME+ANP and 2D laparos-
copic TME+ANP group was identical, except for
the preservation of the abdominopelvic ANS.

Am J Cancer Res 2022;12(7):3148-3163



Three-dimensional laparoscopic TME

Figure 1. Preservation of the abdominal autonomic nervous system. A. The fascia of the prehypogastric nerve and
the SHP and intermembranous nerve branches are preserved. B. Nerve branch surrounding the sympathetic trunk
at the root of the IMA in a network-like manner, especially the left lumbar splanchnic nerve attached to the left side
of the IMA. C. The root of the IMA is cut off, and the lumbar splanchnic nerve around the root of the IMA is preserved.
The sympathetic nerve trunk accompanying the IMA is seen, and the vascular nerve sheath is resected along the
IMA. D. Small blood vessels are visible along with the autonomic trunk and branches.

Aesculap Braun 3D laparoscopy was used in
the 3D laparoscopic TME+ANP group, and
Olympus 2D laparoscopy was used in the 2D
laparoscopic TME+ANP group.

3D laparoscopic TME+ANP group

The patient was placed in a modified lithotomy
position, and five laparoscopic ports were pla-
ced. A thorough examination of the abdomino-
pelvic cavity was undertaken to rule out meta-
static disease. A peritoneal incision was made
at the level of the abdominal aortic bifurcation
2 cm above the intersection line between the
mesocolon and the retroperitoneum. The SHP
and its blood supply were carefully recorded
(Figure 1A). The peritoneum was incised up to
the origin of the inferior mesenteric artery
(IMA). From the bottom to the top, we could
see part of the sympathetic trunks wrapped
around the root of the IMA in a network-shaped
fashion, and the other part ran along with the
IMA, forming the vascular nerve sheath (Figure
1B). We dissected the sigmoidal branches of
the lumbar splanchnic nerves (especially the
branches from the right lumbar splanchnic
nerves) while preserving the pre-hypogastric
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nerve fascia (PHGNF) and HGN network. After
skeletonization and IMA division, the left vas-
cular nerve sheath running along the IMA was
identified and divided (Figure 1C). Then, the
surgical assistant grasped the distal end of the
IMA and retracted it ventrally to extend the dis-
section plane between the mesocolon and
PHGNF. We noted small blood vessels accom-
panying the trunk and branches of the auto-
nomic nerve, supplying blood to nerve fibers
(Figure 1D). The space between the sigmoid
mesocolon and PHGNF was dissected laterally
to the lateral wall of the sigmoid mesocolon.
The left ureter and left gonadal vessels were
underneath the PHGNF, which was smooth on
both sides with no fat tissue. The direction of
microvessels in the mesentery was different
from that in the retroperitoneum. Subsequent-
ly, we placed a gauze in this space as a marker
of the lateral boundary. The mesentery lateral
to the sigmoid colon was dissected to allow
complete mobilization.

After the rectum had been retracted cephalad
and ventrally, we dissected the fascia of the
rectum from the PHGNF, and the bilateral
HGNs were visible. The left HGN gave rise to
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Figure 2. The left and right HGN give rise to small network-like nerve branches and anastomose with each other. A.
Left HGN and pelvic plexus, small nerve branches to the pelvic sidewall, showing network-like anastomosis. B. Right
HGN is divided into 4 trunks; each trunk emits small nerve branches to the pelvic sidewall that anastomose with
each other. C. There are many small nerve branches between the left and right HGN, which exhibit a network-like
anastomosis and travel in the fascia of the prehypogastric nerve. D. Small nerves in the fascia of the prehypogastric
nerve of the left pelvic wall exhibit a network distribution and anastomose with each other. HGN: hypogastric nerve.

some small nerve branches in the pelvic wall to
form a network-shaped communication (Figure
2A). In some cases, 3 to 5 main branches were
issued from the HGN, while small branches
from the HGN ran to the pelvic wall and meso-
rectum (Figure 2B). These small nerve branch-
es on both sides communicated in a network-
shaped fashion and each branch was accom-
panied by a small vessel (Figure 2C). On the
left, small nerve branches within the PHGNF
were distributed in a network-shaped fashion
(Figure 2D).

After dissecting the anterolateral space and
posterolateral space of the lateral ligament, we
cauterized the small vessels in the lateral liga-
ment (Figure 3A). Some nerve branches
branched out from the PP, and vessels ran to
the rectum under the lateral ligament (Figure
3B). We dissected the nerve branches to the
rectum while preserving nerves to the seminal
vesicle, prostate gland and corpus caverno-
sum. The NVBs were preserved lateral to the
Denonviller’s fascia (Figure 3C). When dissect-
ing to the level of the levator ani, nerve branch-
es running to the levator ani were preserved. At
the anterior wall of the rectum, we dissected
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between the rectal fascia and Denonvillier's
fascia to the inferior margin of the prostate
gland and preserved small nerve branches run-
ning to the prostatic capsule. The dissection
proceeded to the lateral space of the rectum,
and the branches of HGNs and sacral nerves 2,
3 and 4 could be subsequently observed (S2,
S3 and S4, respectively) (Figure 3D). Several
small nerve branches within the pelvic fascia
branched and communicated in a network-
shaped fashion.

After low anterior resection of the rectum had
been completed, the mesorectum was dissect-
ed >5 cm below the lower edge of the tumor.
The rectum was transected using an endo-
linear stapler. An end-to-end colorectal anasto-
mosis was made using standard double-sta-
pling methods. A diverting ileostomy was nec-
essary for neoadjuvant chemoradiotherapy
(nCRT) patients.

2D laparoscopic TME+ANP group

Resection was conducted according to TME
principles. The ANP method involved identify-
ing and preserving the SHP, bilateral HGNs, PP,
and NVBs as much as possible.
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Figure 3. Small branching vessel and nerve branches from the pelvic plexus to the rectum. The NVB in the left pel-
vis and the left and right pelvic plexus emit nerves and branches to the levator ani muscle and the S2, S3, and S4
nerve branches. A. Small blood vessels and nerves in the left ligament are seen. The small nerve branches exhibit
a network distribution in the pelvic sidewall behind the lateral ligament. B. Cutting the upper part of the lateral liga-
ment showed the pelvic plexus nerve distribution to the small branches of the lower rectum. C. The NVB and pelvic
plexus on the left side emit nerve branches distributed to the levator ani muscle. D. Pelvic splanchnic nerve S2, S3,
S4. NVB: neurovascular bundle; LAN: levator ani nerve.

Postoperative specimens were assessed mac-
rographically. TME quality and proximal and
distal margins were evaluated, and lymph
nodes were collected. TME quality was as-
sessed by two experienced pathologists in
accordance with the Quirke criteria [19]. The
postoperative pathological staging (pTNM) was
assessed according to the 8th edition of the
American Joint Committee on Cancer (AJCC)
Staging Manual.

Outcomes

The primary outcome of our study was the
prevalence of sexual and urinary dysfunctions
12 months after surgery. The IIEF was used for
evaluation of sexual function (preoperatively
and at 3, 6 and 12 months after surgery)
with a score of 26-30 defined as “normal”,
22-25 as “mildly abnormal”, 17-21 as “mild to
moderately abnormal”, 11-16 as “moderately
abnormal” and 6-10 as “severely abnormal”.
The IPSS score, the maximum rate of urine
flow (Q,,) and residual urine in the bladder
were used to evaluate urinary function (preop-
eratively and at 3, 6 and 12 months after sur-
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gery). An IPSS score of 0-7 was defined as
“mildly abnormal”, 8-19 as “moderately abnor-
mal” and 20-35 as “severely abnormal”. The
Q,.x Was measured with a urinometer (Sie-
mens, Munish, Germany), and the mean value
of the three tests was taken, with <15 mL/s
indicating “abnormal urination”. The residual
urine in the bladder was quantified by ultra-
sound (General Electric, Boston, MA, USA), and
the mean value was obtained from three mea-
surements. Urine retention was defined as
residual urine >50 mL [20].

The secondary outcomes were visibility of auto-
nomic nerves, operative time, blood loss, TME
extent, number of harvested lymph nodes, cir-
cumferential resection margin (CRM), course of
postoperative recovery, morbidity, and 30-day
mortality. The ANS (including the SHP; HGNs;
inferior hypogastric plexus (IHP); pelvic splan-
chnic nerves (PSNs); PP; NVBs; nerves in the
branches of the levator ani; sympathetic trunk
at the IMA level) was observed intraoperatively
by surgeons under laparoscopy and document-
ed by photographs. Nerve visibility was evalu-
ated by two experienced colorectal surgeons
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independently. If their preliminary judgments
were different, the visibility of ANS was finally
determined through consultation and reviewing
the surgical video. The Kappa value was used
to evaluate the interobserver differences.

Statistical analyses

Statistical analyses were carried out using
SPSS 21.0 (IBM, Armonk, NY, USA). Two-sided
t-tests were used for continuous variables. The
chi-square or Fisher’'s exact test was used to
compare categorical variables. IlEF and IPSS
differences within each group were assessed
by the paired-sample t-test. IIEF and IPSS dif-
ferences at any time point between the two
groups were compared using two-sided t-tests.
A P-value <0.05 was statistically significant.
Logistic regression was used for univariate and
multivariate analyses, and variables with a
P-value <0.10 during univariate analysis were
incorporated into multivariate analysis.

To overcome selection bias between two
groups, propensity score matching was con-
ducted using R v2.10.0.15 (R, Vienna, Austria).
One-to-one matching was done using the near-
est-neighbor matching method with a caliper of
0.2. Patients with extreme propensity scores
were excluded. Differences between the mat-
ched groups were further analyzed to assess
sexual function and urinary function.

Results
Study cohort

938 consecutive patients with primary RC in
the Department of Gastrointestinal Surgery in
Sun Yat-sen Memorial Hospital underwent lap-
aroscopic TME from March 2012 to December
2020. 516 male patients that met the inclu-
sion criteria were initially included. 66 cases
were then excluded based on the exclusion cri-
teria. Finally, a total of 450 cases (304 in the
2D laparoscopic TME+ANP group and 146 in
the 3D laparoscopic TME+ANP group) were in-
cluded for statistical analysis. Propensity-score
matching was conducted to adjust for the fol-
lowing parameters age, clinical T and N stages,
preoperative erectile function according to the
IIEF, and preoperative IPSS score. After 1:1
matching, 146 cases in the 2D laparoscopic
TME+ANP group were chosen for further analy-

ses (Figure S1).
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Patient characteristics

The baseline data of patients at clinical are sh-
own in Table 1. Significant differences in age,
clinical stage and clinical N (cN) stage were ini-
tially found between the two groups. After pro-
pensity score matching, patient characteristics
in the two groups were well-balanced.

Perioperative outcomes and histopathological
characteristics

The perioperative outcomes and histopatho-
logical characteristics of the two groups are
shown in Table 2A. Blood loss and operative
time were significantly less in the 3D laparo-
scopic TME+ANP group compared with the 2D
laparoscopic TME+ANP group (35.51+16.31
vs. 45.79+23.53 mL, P=0.000; 176.98+37.19
vs. 186.27+42.42 min, P=0.048), whereas no
significant differences in the proportion of
diverting ileostomies, distance from the anas-
tomosis to the anus, and TME quality were
found. Besides, there was no significant differ-
ence in the number of harvested lymph nodes,
positive lymph nodes, and the pTNM stage
between the two groups.

As shown in Table 2B, there was no significant
difference in the prevalence of postoperative
complications between the two groups. How-
ever, the duration of hospital stay (8.86+2.46
vs. 9.83+3.00 days, P=0.0028) and the time
to first flatus (2.87+0.86 vs. 3.36+0.97 days,
P=0.000) in the 3D laparoscopic TME+ANP
group was significantly shorter than the 2D lap-
aroscopic TME+ANP group.

Assessment of sexual function and urinary
function

A kappa value of 0.93 was obtained, suggest-
ing that the visibility of the ANS evaluated by
two surgeons was highly consistent (Table S1).
Details on the visibility of each ANS structure
intraoperatively are shown in Table 3A. No sig-
nificant difference was found in the visibility of
the SHP and HGNs between the two groups.
Significant differences in the visibility of the
IHP, PSN, PP, NVB, branch of the levator ani
and sympathetic trunks at the IMA level were
found between the 3D and 2D laparoscopic
TME+ANP group.

The sexual and urinary functions of patients
preoperatively and 3, 6, and 12 months after

Am J Cancer Res 2022;12(7):3148-3163



Three-dimensional laparoscopic TME

Table 1. Patient demographics and clinical characteristics

Before matching

After matching

D gr 2D gr Dgr 2D gr

3()n=g14cl);)p (n=§82§) Prvalue 3<’n=g12;§) (n=g_’LZ:3§) Prvalue
Age (years) 56.54+9.29 58.52+8.19 0.023" 56.54+9.29  57.84+8.41 0.215
BMI (kg/m?) 22.69+3.45 23.13+3.09 0.172 22.69+3.45 23.21+3.12 0.174
ASA score 0.576 0.616

1 93 (63.70%) 181 (59.54%) 93 (63.70%) 93 (63.70%)

2 44 (30.14%) 97 (31.91%) 44 (30.14%) 41 (28.08%)

3 9 (6.16%) 26 (8.55%) 9 (6.16%) 12 (8.22%)
Tumor distance from AV 0.099 0.240

low <8 cm 87 (59.59%) 156 (51.32%) 87 (59.59%) 77 (52.74%)

Middle 8-12 cm 59 (40.41%) 148 (48.68%) 59 (40.41%) 69 (47.26%)
Tumor size (cm) 4.12+1.50 4.21+1.37 0.525 4.12+1.50 4.21+1.37 0.592
Preoperative CEA (ng/ml) 0.840 0.100

<5.0 72 (49.32%) 153 (50.33%) 72 (49.32%) 86 (58.90%)

>5.0 74 (50.68%) 151 (49.67%) 74 (50.68%) 60 (41.10%)
Clinical stage 0.023" 0.136

I 81 (55.48%) 130 (42.76%) 81 (55.48%) 64 (43.84%)

Il 22 (15.07%) 46 (15.13%) 22 (15.07%) 29 (19.86%)

I 43 (29.45%) 128 (42.11%) 43(29.45%) 53 (36.30%)
cT stage 0.197 0.078

1 22 (15.07%) 39 (12.83%) 22 (15.07%) 19 (13.01%)

2 68 (46.58%) 121 (39.80%) 68 (46.58%) 52 (35.62%)

3 56 (38.35%) 144 (47.37%) 56 (38.35%) 75 (51.37%)
cN stage 0.029" 0.180

0 103 (70.55%) 176 (57.89%) 103 (70.55%) 90 (61.64%)

1 24 (16.44%) 64 (21.05%) 24 (16.44%) 26 (17.81%)

2 19 (13.01%) 64 (21.05%) 19 (13.01%) 30 (20.55%)
nCRT 65 (41.55%) 149 (49.01%) 0.372 65 (41.55%) 75(51.37%) 0.241
IPSS score 1.88+2.09 2.27+2.11 0.070 1.88+2.09 1.73+1.81 0.510
IIEF Erectile score 27.95+1.64 27.69+1.55 0.072 27.97+1.53 27.97+1.55 1.000

Data presented as absolute number of patients (%) or mean + standard deviation. ASA: American Society of Anesthesiologist’'s
classification; BMI: body mass index; nCRT: neo-adjuvant chemoradiatherapy; AV: anal verge; CEA: carcinoembryonic antigen;
IPSS: international prostate symptom score; IIEF: international index of erectile function. *, P<0.05.

surgery are shown in Table 3B. No significant
difference was found between the two groups
regarding the preoperative erectile function
score (lIEF). However, scores obtained in the
3D laparoscopic TME+ANP group were signifi-
cantly higher than in the 2D laparoscopic
TME+ANP group at 3, 6 and 12 months after
surgery, which indicated better postoperative
sexual function and faster recovery in the
3D group compared to the 2D group. The IIEF
score decreased significantly immediately
after the surgical procedure and recovered
slowly (Figure 4). Similar findings were noted in
scores for orgasmic function, sexual desire,
intercourse satisfaction, and overall satisfac-
tion within the IIEF. One year after surgery, the
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prevalence of sexual dysfunction (erectile-func-
tion score <26) was 8.22% in the 3D laparo-
scopic TME+ANP group and 44.52% in the 2D
laparoscopic TME+ANP group, respectively
(P=0.000). The trend for the IPSS score was
identical to sexual-function scores. Three pa-
tients in the 3D laparoscopic TME+ANP group
and twenty-four cases in the 2D laparoscopic
TME+ANP group developed urinary retention
and were diagnosed with residual urine in the
bladder 1 year after surgery, respectively
(P=0.000).

Our results showed that the IIEF score in the

3D laparoscopic group was significantly higher
than in the 2D laparoscopic group at 12 mon-

Am J Cancer Res 2022;12(7):3148-3163



Three-dimensional laparoscopic TME

Table 2. Perioperative results and short-term outcomes

3D group (n=146) 2D group (n=146) P-value

A. Perioperative results and pathological findings
Surgical procedure 0.386

LAR 79 (54.11%) 88 (60.27%)

uLAR 47 (32.19%) 41 (28.08%)

Parks 9 (6.16%) 8 (5.48%)

ISR 11 (7.53%) 9 (6.16%)
diverting ileostomy 46 (31.51%) 53 (36.30%) 0.460
Anastomotic height (cm) 4.63+1.59 4.90+1.49 0.135
Operative time (min) 176.98+37.19 186.27+42.42 0.048"
Blood loss (ml) 35.51+16.31 45.79423.53 0.000*"
Degree of TME 0.498

complete 127 (86.99%) 123 (84.25%)

near-complete 15 (10.27%) 17 (11.64%)

incomplete 4(2.74%) 6 (4.11%)
Pathological Stage 0.968

78 (53.42%)
25 (17.12%)
43 (29.45%)

78 (53.42%)
24 (16.44%)
44 (30.14%)

Pathological T category 0.850
1 20 (13.70%) 23 (15.75%)
2 69 (47.26%) 66 (45.21%)
3 52 (35.62%) 53 (36.30%)
4 5 (3.42%) 4 (2.74%)
Pathological N category 0.747
0 103 (70.4%) 102 (70.4%)
1 24 (17.6%) 21 (15.7%)
2 19 (11.9%) 23 (13.8%)
Harvested lymph node 18.23+6.31 18.21+4.86 0.983
Positive lymph node 1.84+4.73 1.97+3.88 0.797
Histological type 0.998
Poorly differentiated 42 (28.77%) 43 (29.45%)
Well-moderately differentiated 104 (71.23%) 103 (70.55%)
Adjuvant chemotherapy 57 (39.04%) 51 (34.93%) 0.793
Positive lower margin 1 (0.68%) 2 (1.37%) 0.800
positive CRM 3 (2.05%) 3 (2.05%) 1.000
B. Short-term outcomes
Length of stay (days) 8.86+2.46 9.83+3.00 0.003™
Time to first flatus (days) 2.87+0.86 3.36+0.97 0.000™"
Duration of catheter (days) 4.85+1.28 5.16+1.49 0.059
Morbidity 47 (28.93%) 57 (32.08%) 0.371
Major bleeding 1 (0.68%) 1 (0.68%)
Intra-abdominal abscess 9 (6.16%) 12 (8.22%)
lleus 8 (5.48%) 7 (4.79%)
Anastomotic leakage 7 (4.79%) 11 (7.53%)
Cardiac problem 1 (0.68%) 3 (3.05%)
Wound infection 6 (4.11%) 9 (6.16%)
Lung infection 12 (8.22%) 12 (8.22%)
Deep venous thrombosis 3(2.05%) 1 (0.68%)
30-days mortality 0 (0.00%) 1 (0.6%) 1.000

Data presented as the absolute number of patients (%) or mean + standard deviation. LAR: Low anterior resection; uLAR: ultra-
low anterior resection; ISR: Intersphincteric resection; TME: total mesorectal excision; CRM: circumferential resection margin.
*, P<0.05; **, P<0.01.
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Table 3. Sexual and urinary function

A. Visibility of autonomic nerves intraoperatively

3D group (n=146) 2D group (n=146) P-value
SHP 123 (84.25%) 114 (78.08%) 0.261
HGN 138 (94.52%) 136 (93.15%) 0.912
IHP 114 (78.08%) 75 (51.37%) 0.000™
PSN 62 (42.47%) 28 (19.18%) 0.000""
PP 107 (73.29%) 73 (50.00%) 0.000""
NVB 103 (70.55%) 66 (45.21%) 0.000""
Branch of levator ani 46 (31.51%) 16 (10.96%) 0.000*"
Sympathic trunk at the IMA level 123 (84.25%) 87 (59.59%) 0.000™"
B. Postoperative sexual and urinary function
Preoperative 3 month 6 month 1 year P-value?
IIEF score (3D group)
Erectile function 27.97+1.53 20.75+£3.67 25.27+3.12  26.99+2.47 0.000""
Orgasmic function 9.14+0.85 6.96+1.46 8.21+1.41 8.87+1.10 0.018"
Sexual desire 9.13+0.72 6.81+1.52 8.08+1.30 8.84+1.13 0.008"
Intercourse satisfaction 13.62+1.19 10.424+2.06  12.39+1.93 13.26+1.78 0.045"
Overall satisfaction 9.04+0.89 6.80+1.47 8.17+1.37 8.69+1.17 0.004""
Total 68.90+£2.82 51.73+5.67 62.12+5.27 66.64+4.99 0.000™
IIEF score (2D group)
Erectile function 27.97+1.55 18.43+4.00 20.47+3.96 25.05+3.12 0.000™
Orgasmic function 9.16+0.71 6.25+1.77 6.90+1.76 8.19+1.62 0.000™
Sexual desire 9.14+0.75 6.12+1.66 6.90+1.62 8.16+£1.50 0.000""
Intercourse satisfaction 13.71+1.09 9.48+2.31 10.7942.33 12.95+1.64 0.000""
Overall satisfaction 9.08+0.74 6.29+1.76 6.98+1.52 8.35+1.37 0.000™"
Total 68.90+2.39 46.58+5.96 52.03+6.07 62.71+5.68 0.000™"
IPSS score (3D group) 1.88+2.09 2.25+2.59 2.07+£2.25 2.00+2.14 0.639
IPSS score (2D group) 1.73+1.81 2.28+2.55 2.13+2.31 2.22+2.30 0.138
Residual urine (3D group) 1.000
<50 ml 143 (97.95%) 111 (76.03%) 139 (95.21%) 143 (97.95%)
>50 ml 3 (2.05%) 35 (23.97%) 7 (4.79%) 3 (2.05%)
Residual urine (2D group) 0.000™
<50 ml 144 (98.63%) 107 (73.29%) 117 (80.14%) 122 (83.56%)
>50 ml 2 (1.37%) 39 (26.71%) 29 (19.86%) 24 (16.44%)
Qmax (3D group) 1.000
>15 ml/s 141 (99.4%) 146 (91.8%) 156 (98.1%) 157 (98.7%)
<15 ml/s 5 (0.6%) 13 (8.2%) 3 (1.9%) 2 (1.3%)
Qmax (2D group) 0.000""
>15 ml/s 141 (96.58%) 112 (76.71%) 131 (89.73%) 132 (90.41%)
<15 ml/s 5 (3.42%) 34 (23.29%) 15 (10.27%) 14 (9.59%)

SHP: superior hypogastric plexus; IHP: inferior hypogastric plexus; HG
pelvic plexus; NVB: neurovascular bundle; IMA: inferior mesenteric ar
preoperation by paired-sample t-test; *, P<0.05; **, P<0.01.

ths after surgery. Further subgroup analysis of
clinical characteristics showed no significant
difference in IIEF score between the two gro-
ups in patients >65 years of age and patients
with anastomotic leakage (Table 4). In other
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N: hypogastric nerve; PSN: pelvic splanchnic nerves; PP:
tery. "Comparision between 1-year after the operation and

subgroup analyses, IIEF scores in the 3D lapa-
roscopic group were significantly higher than
in the 2D laparoscopic group 12 months after
surgery. Univariate and multivariate analyses
were then performed to identify factors influ-
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Figure 4. Changes in IIEF erectile function score in
3D laparoscopic group and 2D laparoscopic group
(Charts with error bars corresponding to the 95% Cl).

encing the IIEF score 12 months after surgery.
The logistic regression analysis identified 3D
laparoscopy and age as independent factors
that could increase the postoperative IIEF
score of patients who underwent TME (Table
5).

Assessment of anorectal function

Data on the anorectal function of patients pre-
operatively and at 3, 6, and 12 months after
surgery are shown in Table 6. No significant dif-
ference was found between the two groups in
the preoperative and 3-month Wexner scores.
6 months and one year after surgery, the
Wexner score in the 3D laparoscopic TME+ANP
group was significantly lower than in the 2D
laparoscopic TME+ANP group (P<0.05).

Discussion

TME with autonomic-nerve preservation (ANP)
has become the standard surgical procedure
for RC. However, there are no generally accept-
ed surgical indications or standard surgical
procedures regarding ANP for patients with RC,
and criteria for visual assessment of ANP are
lacking, making it challenging to guarantee the
efficacy of ANP. Quality of life after surgery for
RC should be regarded as an equally essential
indicator in addition to traditional outcome
measures, as the overall survival rate of
patients with rectal cancer has improved.

Over the years, significant inroads have been
achieved in surgical methods and surgical
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equipment, leading to improved outcomes of
surgical treatment of RC. Most importantly,
Heald and colleagues [9, 21] proposed TME to
change the surgical principles of RC. The sig-
nificance of this surgical approach lies in the
introduction of the concept of mesentery and
the recognition that metastases are primarily
within the mesentery. Total mesorectal exci-
sion is accomplished by sharp dissection along
the holy plane. However, in the Heald era, TME
for rectal cancer was mainly performed th-
rough traditional open surgery; accordingly, it
was challenging to complete the entire opera-
tion under direct vision. Much confusion sur-
rounds current understanding of the course of
the pelvic autonomic nerve at the fascia level.

The fascia structure of the ANS is reportedly
more complex than previously thought [22].
Studies on the layer distribution of the ANS
have yielded inconsistent findings. Some sch-
olars have suggested that autonomic nerves
run in the adipose tissue between the fascia, in
the fascia propria of the rectum, or behind the
pelvic parietal fascia. Kinugasa and colleagues
[22, 23] provided histological evidence of the
PHGNF covering the bilateral HGNs and the PP
and proposed the concept of a “urogenital-
hypogastric sheath”. PHGNF preservation is
important for TME+ANP because the accom-
panying vessels and small communicating
nerve branches run underneath it. Consistent
with 3D magnetic resonance imaging (MRI) of
pelvic ANS in anatomic studies of cadavers, we
found that the pelvic ANS shows a network
distribution.

The progress achieved in surgical equipment
has paved the road for innovation and opti-
mization of surgical concepts. The invention
and clinical application of 3D laparoscopy opti-
mize the characteristics of flat display and poor
resolution of 2D laparoscopy [24]. Importantly,
a high-definition surgical field allows visualiza-
tion of many anatomical structures, such as
the fascial layers and fine nerves, that were
not previously observed during surgery and
enhances the accuracy of surgical manipula-
tion. Indeed, the three-dimensional presenta-
tion and high resolution facilitate nerve protec-
tion when performing TME in the narrow pelvic
cavity. Based on the structure of the fascia
during the 3D laparoscopic TME operation and
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nerve branches distributed to the leva-
actor IIEF erectile function score tor ani is _essen_tlal to_opt|mally pre-
3D D Pvalue serve ANS integrity. Besides, the b!ood

supply of the ANS must be maintained

Table 4. Subgroup analysis of IIEF erectile function score

Age (vear) to prevent ischemic injury to the ner-
<65 27.41+1.68 25.20£2.75 0.000™ vous system after surgery. In addition,
>65 24.74+4.30 24.43+4.36  0.800 the PHGNF covers the pelvic ANS. After

BMI (kg/m?) the PHGNF was dissected from the rec-
<24 27.01+2.38 24.95+3.24 0.000™ tal fascia, the pelvic ANS could be pre-
>24 26.944+2.66 25.20+2.95 0.002*" served completely. Finally, propensity-

Tumor distance from AV score matching was performed to elimi-
low <8 cm 27.01¢2.62 24.74+2.88 0000~ Natethe influence of preoperative vari-
Middle 8-12 cm 26.95:2.27 25.41+3.35 0003  20les, which could affect postoperative

) sexual function and urinary function.

Tumor size (cm)
<4 26.69+3.41 25.02+3.21 0.009™ Complete preservation of the pelvic
24 27.18+1.58 25.08+3.08 0.000™ ANS, including the sympathetic trunks

nCRT around IMA, bilateral HGNs, PSNs, PP,
N 27.14+2.13 25.14+3.23 0.000** NVBs, nerve branches innervating the
Y 26.80+2.85 24.97+3.03 0.000** levator ani, and small communicating

Anastomotic height (cm) branchgs, is vital for preserving sexual
<6 cm 26.95+2.59 24.66+3.25 0.000" qnd urinary function and the defeca-

* tion reflex. Damage to any of these can
>6 cm 27.06+£2.27 25.78+2.74 0.012 . .
T cause urination and sexual dysfunc-

Diverting ileostomy tion. However, injuries may be difficult
N 26.89+2.39 25.15¢3.18 0.000™ to avoid due to individual variations of
Y 27.20+2.66 24.89+3.03 0.000™ ANS in the 2D laparoscopy TME group.

Degree of TME Importantly, many tiny nerve structures
Complete 26.90+2.57 25.08+2.93 0.000** can be visualized under 3D laparosco-

27.58+1.68 24.91+4.04 0.011" py. It is well-established that HGN
branches are extremely complex due to

the heterogeneity in branch types and

Not-complete
Anastomotic leakage

N 26.96+2.52 24.99+3.13 0.000™ ) M S2 S3 and SA i pe

Y 27.43+1.27 25.91+2.91 0.210 Sizes. Moreover, ! an . glve(.)

o small branches that communicate with
Clinical stage

each other, with the communicating
branches exhibiting a network distribu-
tion. The nerve branches of NVBs com-
municate in a network manner and
innervate the seminal vesicle, prostate
gland, neck of the prostate gland,
cavernous body of the penis, and the
lower rectum. Anatomical variations of

| 27.14+2.13 25.25+3.25 0.000™

I+ 26.80+2.85 24.90+3.02 0.000*"
Data presented as absolute number of patients (%) or mean + standard
deviation. BMI: body mass index; nCRT: neo-adjuvant chemoradia-

therapy; AV: anal verge; IIEF: international index of erectile function. *,
P<0.05; **, P<0.01.

anatomic research of the abdominopelvic ANS,
we propose a new surgical technique under 3D
laparoscopic surgery called TME+network-ANP,
which could be an essential milestone for RC
surgery. Our study elicited five main findings.
First, we raised a hitherto undocumented con-
cept of network-ANP in 3D laparoscopic TME
for RC, and the key points of the surgical pro-
cedure were described in detail. Moreover, we
found that preserving the main trunk of the
abdominopelvic ANS and nerve branches,
small communicating branches, NVBs, and the
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the pelvic ANS have been found in cadaveric
anatomy studies similar to those observed in
our clinical practice [25]. Difficulties in nerve
identification can cause nerve injury if the
patient is obese, has a narrow or deep pelvis,
bleeds during surgery, or with poor surgical
field exposure. Small nerve branches and their
accompanying vessels are difficult to identify
and preserve when carrying out 2D laparosco-
pic TME+ANP since they are not visible due to
the low-definition images. During 3D laparos-
copy TME+ANP surgery, the ANS branches and
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Table 5. Variables of IIEF erectile function score according to logistics regression

Variable Univariate Multivariate

OR (95% Cl) P-value OR (95% Cl) P-value
Age 0.95 (0.92-0.98) 0.000™ 0.95 (0.91-0.98) 0.0048™
BMI 0.98 (0.91-1.07) 0.70
Laparoscopic approach 0.11 (0.06-0.22) 0.000"" 0.12 (0.06-0.23) 0.000*"
nCRT 0.80 (0.48-1.35) 0.41 -
AV distance 0.99 (0.86-1.13) 0.84 -
cT 0.63 (0.42-0.93) 0.022* 0.62 (0.33-1.17) 0.14
cN 0.86 (0.62-1.20) 0.39 -
cTNM 0.77 (0.58-1.03) 0.077 1.07 (0.66-1.73) 0.79
Anastomotic height 1.06 (0.90-1.26) 0.47 -
Tumor size 1.03 (0.86-1.23) 0.77 -
Diverting ileostomy 0.93 (0.54-1.61) 0.80 -
Anastomic leakage 3.02(0.68-13.43) 0.15 - -
Bleed 0.99 (0.98-1.00) 0.025" 1.00 (0.99-1.01) 0.89

BMI: body mass index; nCRT: neo-adjuvant chemoradiatherapy; AV: anal verge; IIEF: international index of erectile function. *,

P<0.05; **, P<0.01.

Table 6. Perioperative anorectal function

Preoperative 3 month 6 month 1 year P-value

Wexner score 0.000™"
3D group 3.43+1.67 11.17+£3.23 9.07+2.37 7.03+2.37
2D group 3.51+1.43 11.42+3.05 10.07+2.44 8.08+2.20

Data presented as absolute number of patients (%) or mean + standard deviation. **, P<0.01.

accompanying vessels surrounding the rem-
nant rectum and mesorectum were preserved,
including the nerve branches from the PP to
the levator ani. The network-ANP surgery was
successfully conducted based on knowledge of
the pelvic anatomy, 3D MRI imaging and our
intraoperative observations.

Overall, our findings substantiate that preserv-
ing ANS under direct vision is the most reliable
approach. Current evidence suggests that ANS
visibility intraoperatively is related to sexual
and urinary dysfunctions [26]. Kauff and col-
leagues reported a significant difference in the
prevalence of urinary dysfunction with (2.1-
22.4%) and without (22.4-79.1%) visibility of
the ANS [27]. According to videos of surgical
procedures, postoperative sexual and urinary
dysfunctions are often caused by an unclear
surgical field, which leads to injuries to the
abdominopelvic ANS [28]. Questionnaires am-
ong 368 surgeons of the European Society of
Endoscopic Surgery about laparoscopic TME
for RC [29] reported different degrees of visi-
bility for ANS structures, including the SHP
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(57.6%), IHP (43.5%), HGNs (81.2%), NVBs
(31.8%), PSNs (12.9%) and the sympathetic
trunk at the IMA level (34.1%). In the present
study, 3D laparoscopy TME+ANP could im-
prove ANS visibility. In the 3D laparoscopy
TME+ANP group, the visibility of ANS struc-
tures, including SHP, IHP, HGNs, NVBs, PSNs,
the sympathetic trunk around the IMA root
and branches from the PP to levator ani was
84.25%, 78.08%, 94.52%, 70.55%, 42.47%,
84.25% and 31.51%, respectively. According to
our experience, using high-definition 3D lapa-
roscopy, dissecting along the correct fascia
space, keeping the surgical field clear, prompt
hemostasis of minor bleeding, and clear expo-
sure of the surgical field by assistants, are
essential to achieve good surgical outcomes.
Each anatomic marker of the ANS should be
identified carefully in a magnified view for rec-
ognition and protection of the PP, NVBs and
PSNs.

It is generally accepted that there are two sur-
gical-dissection planes along the posterior and
lateral sides of the rectum. The inner plane is
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between the fascia propria of the rectum and
PHGNF. The outer plane is between the PHGNF
and parietal fascia of the pelvic cavity. Given
that there is no precise dissection plane during
conventional TME+ANP surgery, complete pres-
ervation of the nerve trunks, small branches
and accompanying blood vessels of the pelvic
ANS is difficult. Compared with 2D laparoscopy
TME+ANP, the prevalence of sexual and urinary
dysfunctions was significantly lower in the 3D
laparoscopy TME+ANP group. Further subgroup
analysis of clinical characteristics showed no
significant difference in lIEF score between the
two groups in patients >65 years of age and
patients with anastomotic leakage. However,
this finding might be due to the low number of
cases of anastomotic leakage. Importantly, it
should be borne in mind that 3D laparoscopy
may not improve sexual function in patients
older than 65 at 12 months after surgery. A
logistic regression analysis identified 3D lapa-
roscopy and age as independent factors asso-
ciated with increased postoperative IIEF scor-
es in patients who underwent TME. Our results
suggest that in patients with rectal cancer at
age <65, 3D laparoscopy TME+ANP can im-
prove postoperative sexual function. Neverthe-
less, the prevalence of sexual dysfunction in
the 3D laparoscopy TME+ANP group was
8.22%, which may be attributed to the follow-
ing reasons. First of all, high ligation of the IMA
was carried out in all patients. Consistently,
Mari et al. reported that the prevalence of sex-
ual dysfunction 9 months after surgery for RC
in a high-ligation group was significantly higher
than in the low-ligation group. Moreover, neo-
adjuvant CRT and adjuvant chemotherapy are
well-established to exert certain effects on
postoperative sexual and urinary functions of
patients with RC [30]. After neoadjuvant radio-
therapy and chemotherapy, tissue edema,
thickening of the fascia, and widening of the
intermembrane space can occur. The separa-
tion in the intermembranous space under 3D
laparoscopy can reduce bleeding and preserve
PHGNF integrity to improve network retention
after ANP. Last but not least, complete preser-
vation of NVBs anatomically and technically is
challenging [31], especially if the tumor is on
the anterior wall of the lower rectum. At pres-
ent, the anatomy and function of NVBs remain
poorly understood. Kiyoshima and colleagues
[32] reported that NVB formation in the NVB
region was present in only 52% of patients,
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and intraoperative blood loss was related to
postoperative sexual and urinary dysfunctions.
The prevalence of urinary dysfunction was
increased with more intraoperative blood loss
during surgery of lower RC [33]. In our study,
the volume of blood loss in the 3D laparos-
copy TME+ANP group and 2D laparoscopy
group was 35.51+16.31 and 45.79+£23.53 mL,
respectively. Importantly, accurate dissection
of the plane between the fascia propria of the
rectum and the PHGNF led to less blood loss,
reduced hospital stay, and lower incidence of
urogenital and anorectal dysfunctions. The
high definition of the surgical field under 3D
laparoscopy and less blood loss also shorten-
ed the operative time.

Importantly, the extent of radical resection was
not compromised in the 3D laparoscopy
TME+ANP group. No significant differences in
the total number of harvested lymph nodes,
pathologically positive lymph nodes, the integ-
rity of the specimen after TME, positive CRM,
or distal resection margin were found between
groups.

The application of 3D laparoscopy TME+ANP
surgery can preserve the main trunk and
branches of the ANS and maintain the blood
supply of nerves, especially for the PP, PSNs,
NVBs, the nerves of the levator ani and their
small branches, which can reduce the preva-
lence of postoperative urogenital and anorec-
tal dysfunctions and improve the quality of life
of RC patients.

The main limitation of our study is that this is a
single-center retrospective study, and unavoid-
able biases may have affected our findings to a
certain extent. Evidence is lacking from large,
randomized clinical trials comparing sexual and
urinary functions after laparoscopic and open
resection of RC. Long-term outcomes require
further follow-up and analysis, ideally in a multi-
ple-center randomized control trial. Given that
only male patients were investigated, the con-
clusions of this study cannot be generalized to
all rectal cancer patients.

Conclusions

3D laparoscopic TME can better promote post-
operative sexual and urinary function than 2D
laparoscopic TME in male patients with rectal
cancer.
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A total of 516 male patients diagnosed as rectal cancer underwent radical
resection between March 2012 to December 2020

| I

Patients underwent 2D laparoscopic TME Patients underwent 3D laparoscopic TME
(N=351) (N=165)

Excluded patients (47) :

Concomitant multiple organ resection(n=3)
Emergency surgery(n=6)

History of other malignancy (n=6)

Lateral pelvic lymph nodes dissection (n=5)
Abdomino-perineal resection (n=9)
Conversion to open surgery (n=5)

Multiple primary colorectal carcinoma (n=3)
Insufficient number of harvested lymph

Excluded patients (19) :

+ Concomitant multiple organ resection(n=1)

* Emergency surgery(n=3)

« History of other malignancy (n=4)

= Lateral pelvic lymph nodes dissection (n=3)

* Abdomino-perineal resection (n=3)

* Conversion to open surgery (n=1)

* Insufficient number of harvested lymph
nodes(n=4)

nodes(n=10)

y

Patients included(n=304) Patients included(n=146)

1:1 propensity score matched

Patients included(n=146) Patients included(n=146)

Figure S41. Study cohort.

Table S1. Pelvic autonomic nerve coincidence rate

Surgeon 1 Branch of Sympathic trunk

Surgeon 2 SHP HGN IHPPSN PP NVB levator ani  at the IMA level Non-visible
SHP 123 2 0 0 0 0 0 3 3
HGN 0O 138 1 2 0 0 0 0 0

IHP 0 0 114 1 0 0 0 0 0

PSN 0 2 0O 62 3 0 0 0 6

PP 0 0 0 5 107 4 0 0 0

NVB 0 0 0 0 5 103 0 0 1
Branch of levator ani 0 0 0 0 4 0 46 0 5
Sympathic trunk at the IMA level 4 0 0 0 0 0 0 123 4
Non-visible 0 0 0 5 0 2 5 4 291

SHP: superior hypogastric plexus; IHP: inferior hypogastric plexus; HGN: hypogastric nerve; PSN: pelvic splanchnic nerves; PP:
pelvic plexus; NVB: neurovascular bundle; IMA: inferior mesenteric artery.



