RANDOMIZED CONTROLLED TRIAL

Pelvic Intraoperative Neuromonitoring Prevents Dysfunction
in Patients With Rectal Cancer
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Objective: This NEUROmonitoring System (NEUROS) trial assessed
whether pelvic intraoperative neuromonitoring (pIONM) could improve
urogenital and ano-(neo-)rectal functional outcomes in patients who
o underwent total mesorectal excisions (TMEs) for rectal cancer.

g Background: High-level evidence from clinical trials is required to clarify
DU the benefits of pIONM.

I

§Methods: NEUROS was a 2-arm, randomized, controlled, multicenter

E clinical trial that included 189 patients with rectal cancer who underwent
2 TMEs at § centers, from February 2013 to January 2017. TMEs were
= performed with pIONM (n=90) or without it (control, n=99). The
= groups were stratified according to neoadjuvant chemoradiotherapy and
sex, with blocks of variable length. Data were analyzed according to a
modified intention-to-treat protocol. The primary endpoint was a urinary
function at 12 months after surgery, assessed with the International
rostate Symptom Score, a patient-reported outcome measure. Deteri-
ration was defined as an increase of at least 5 points from the
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Results From a Multicenter, Randomized, Controlled Clinical Trial
of a NEUROmonitoring System (NEURQOS)
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preoperative score. Secondary endpoints were sexual and anorectal
functional outcomes, safety, and TME quality.

Results: The intention-to-treat analysis included 171 patients. Marked
urinary deterioration occurred in 22/171 (13%) patients, with significantly
different incidence between groups (pIONM: n=6/82, 8%; control:
n=16/89, 19%; 95% confidence interval, 12.4-94.4; P=0.0382). pIONM
was associated with better sexual and ano-(neo)rectal function. At least 1
serious adverse event occurred in 36/88 (41%) in the pflONM group and
53/99 (54%) in the control group, none associated with the study treat-
ment. The groups had similar TME quality, surgery times, intraoperative
complication incidence, and postoperative mortality.

Conclusion: pIONM is safe and has the potential to improve functional
outcomes in rectal cancer patients undergoing TME.

Keywords: autonomic nerve, quality of life, nerve-sparing surgery,
neuromonitoring, PROM, rectal cancer, robotic surgery, TME

(Ann Surg 2023;277:€737-e744)

From the *Department of General and Visceral Surgery, St. Georg Hospital
Eisenach GmbH, Eisenach, Germany; tDepartment of General,
Abdominal, and Transplant Surgery, University Medical Center of the
Johannes Gutenberg-University Mainz, Mainz, Germany; }Department
of General, Visceral, and Pediatric Surgery, University Medical Center
Goettingen, Goettingen, Germany; §Department of Surgery, AMEOS
Spital Einsiedeln, Einsiedeln, Switzerland; |[Department of General and
Visceral Surgery, Schwarzwald-Baar Hospital Villingen-Schwenningen,
Villingen-Schwenningen, Germany; {University Medical Center Halle,
Halle (Saale), Germany; #Hospital Region Hannover (KRH) Hospital
Siloah, Hannover, Germany; **Department of General and Visceral
Surgery, Hospital Martha-Maria, Nuernberg, Germany; f{Department
of Surgery, University Medical Center Schleswig-Holstein, Campus
Libeck, Liibeck, Germany; }iDepartment of General, Visceral, and
Vascular Surgery, Hospital Nagold, Nagold, Germany; §§Department of
General, Visceral, Thoracic, and Vascular Surgery, Faculty of Health
Brandenburg, Brandenburg Medical School, University Hospital Neu-
ruppin, Neuruppin, Germany; ||||Department of Visceral, Transplant,
Thoracic, and Vascular Surgery, University Hospital of Leipzig, Leipzig,
Germany; and fInterdisciplinary Center for Clinical Trials (IZKS),
University Medical Center of the Johannes Gutenberg-University Mainz,
Mainz, Germany.

s kneist.werner@stgeorgklinikum.de.

Members of the NEUROS Study Group are listed under the ‘ACKNOWL-
EDGMENTS’ section.

Disclosure: No funding was received for NEUROS from any of the following
organizations: National Institutes of Health, Wellcome Trust, Howard
Hughes Medical Institute, or other relevant organizations.

Author contributions: W.K. participated in trial design, patient recruitment,
and the supervision of trial execution; he also developed the method, with
input from D.W.K., M.G., N.R., and H.L.; he had the final responsibility
for the decision to submit for publication and wrote the first draft of this

Annals of Surgery ¢ Volume 277, Number 4, April 2023

manuscript. W.K. and D.W.K. personally attended intraoperative case
visits to the external centers and case observations at the reference center.
M.G.,, N.R, T.M,, S.C, CB, DWK, S.G, I.G, BJW., and HL.
contributed to trial execution, participated in patient recruitment and data
collection, and critically reviewed the manuscript. D.W.K., K.K., and S.G.
contributed to the study design and protocol development and managed the
trial. W.K. and K.K. were responsible for the grant application. C.R.
developed a statistical analysis plan and performed the analyses. W.K. and
C.R. accessed and verified the underlying data. All authors had full access
to all the data in the study and reviewed and approved the manuscript for
publication.

Supported by 2 grants from the German Research Foundation (DFG; grant
numbers: KN 930/1-1 and 1-2) and supported by the German Surgical
Trial Network CHIR-Net. The funders played no role in the study design,
data collection, data analysis, data interpretation, or manuscript writing.
All authors had full access to all data and accept responsibility for pub-
lication. The corresponding author had the final responsibility for the
decision to submit for publication.

W.XK., DWK., and H.L. are involved in patents, as part of the university
service inventions for p[ONM (DE 10 2010 019 796 B4; EP 2589410 B1).
The remaining authors report no conflicts of interest.

Supplemental Digital Content is available for this article. Direct URL citations
appear in the printed text and are provided in the HTML and PDF ver-
sions of this article on the journal’s website, www.annalsofsurgery.com.

This is an open access article distributed under the terms of the Creative
Commons Attribution-Non Commercial-No Derivatives License 4.0
(CCBY-NC-ND), where it is permissible to download and share the
work provided it is properly cited. The work cannot be changed in any
way or used commercially without permission from the journal.

Copyright © 2022 The Author(s). Published by Wolters Kluwer Health, Inc.

ISSN: 0003-4932/23/27704-¢737

DOI: 10.1097/SLA.0000000000005676

www.annalsofsurgery.com | €737


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

Kneist et al

Annals of Surgery ¢ Volume 277, Number 4, April 2023

ational and international clinical guidelines agree that total
mesorectal excisions (TMEs) should be the oncological
standard in rectal cancer surgery. TMEs are associated with
pelvic autonomic nerve preservation, which prevents urogenital

cancer centers by the German Cancer Society. Before trial ini-
tiation, all centers received pIONM training, with technical and
clinical support, including pIONM workshops, proctored ini-
tiations of pIONM experience, on-site user training, and case

visits/observations. The previously published study protocol,!8
all amendments, and all other relevant documents were
approved by the Ethics Committee of the Rhineland-Palatinate
and the individual ethics committees of other participating cen-
ters. The trial was conducted according to the ethical principles
of the Declaration of Helsinki and the principles of Good
Clinical Practice. The trial was supervised by an independent
data monitoring committee and is registered at ClinicalTrials.
gov (NCT01585727).

and ano-(neo-)rectal dysfunction.!”> However, approximately
,one third of TMEs are associated with surgically induced post-
¢ operative neurogenic urinary dysfunction, and sexual and ano-
§(neo-)rectal dysfunction occurs even more frequently. Thus,
& nerve damage during surgery is a well-recognized risk factor.*
= Thanks to advances in minimally invasive surgery and the pri-
= oritization of functionality and quality of life (QoL) in oncology,
Z colorectal surgeons are increasingly motivated to recognize the
S complexity and vulnerability of pelvic autonomic neuroanatomy
S and neurophysiology. Although monitoring TMEs for onco-
¢ logical quality has been standardized, a corresponding standard
= for preventing nerve damage is lacking.

From the surgeon’s perspective, nerve identification can be
difficult, and nerve fibers and plexuses that appear morpholog-
> jcally intact are not always functional. In 2009, a European
&consensus group (European Society of Medical Oncology,
% European Society of Surgical Oncology, and European Society
< of Therapeutic Radiation Oncology) proposed a potential sol-
ution to these difficulties: use of a nerve-stimulating device to
facilitate nerve sparing during TME.

Primary prevention of postoperative dysfunction is a main
T aim of neuromonitoring. A loss of neurosignaling could trigger a
7 timely change in surgical strategy, potentially yielding a better
Efunctional outcome. For example, detecting the loss of neuro-
o signaling could prompt correction of the dissection plane, judi-
Z cious use of energy devices (and possibly an intermittent change
2to cold scissors), shifting of the surgical objective to selective

Patients

Eligible patients (ages 18-90 years) with histologically
confirmed rectal cancer were scheduled to undergo a TME. All
patients provided written informed consent before inclusion.
Trial exclusion criteria were as follows: an emergency operation,
presence of a pacemaker, a multivisceral resection, a partial
mesorectal excision, missing preoperative data on urogenital or
anorectal function, or a severe, untreated physical or mental
impairment.
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Randomization and Masking

We used a central web-based randomization method to
assign patients in a 1:1 ratio to the pJONM and control groups.
The groups were stratified by neoadjuvant therapy and patient
sex, with blocks of variable length. All patients and statisticians
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=ment of an accurate, 2-dimensional, pelvic intraoperative neu-

romonitoring (pIONM) system. Prospective comparative long-
term studies,” ! studies with other designs,'>!4 and a recent
systematic review and meta-analysis'> showed that pIONM was
functionally advantageous in patients with rectal cancer who
required electrophysiologically controlled nerve-sparing oper-
ations. However, despite promising data, these plIONM studies
suffered the limitation of nonrandomized, single-institution
designs. A randomized trial was needed to overcome this limi-
tation and a selection bias effect that could not be ruled
out.*1517 Moreover, because few professionals may be familiar
with the pIONM method, a higher level of evidence is certainly
important to promote adoption of pIONM technology.

We conducted the multicenter, randomized NEURO-
monitoring System (NEUROS) trial to evaluate the safety and
efficacy of 2-dimensional pIONM for improving the functional
outcome of TME in patients with rectal cancer. Here, we present
the 12-month follow-up patient-reported outcomes of urogenital
and ano-(neo-)rectal function.

METHODS

Design

NEUROS was a 2-arm, randomized, controlled, national
multicenter clinical trial with a parallel group and superiority
design. It was conducted in 8 centers, all certified as colorectal

€738 | www.annalsofsurgery.com

% 2 o | ' ! ) / were blinded to group assignments.

o # (palliative) nerve sparing, or insertion of a suprapubic urinary

g z catheter. Before the consensus group proposal, the results of

R 7 initial, nonrandomized studies had suggested the utility of a Procedures

%J:: neuromonitoring system during open TME:s in offering objective In patients who underwent neoadjuvant therapy,

© £ confirmation.b8 prescreening was scheduled 1 to 21 days before therapy.
O*; Subsequent advances and exploration led to the develop- Preoperative screening (baseline) was scheduled for all patients at

1 to 14 days before the TME. The TMEs were performed by
members of a group of 20 skilled surgeons. The frequency and
scope of the follow-up visits are shown in Figure 1.

Pelvic autonomic nerves were monitored with a Con-
formité Européenne—certified device (Inomed Medizintechnik
GmbH, Emmendingen, Germany; Fig. 2). The colorectal sur-
geon performed pIONM with a hand-held bipolar microfork
probe to identify and verify functional nerve integrity. With this
approach, neurostimulation occurs under the continuous elec-
tromyographic observation of the internal anal sphincter with
simultaneous manometry of the urinary bladder. The monitoring
takes place bilaterally within the scope of 4 defined surgical steps
(Fig. 3).

The initial stimulations were performed during posterior/
posterolateral mesorectal dissection, to detect the pelvic
splanchnic nerves. These neurostimulations were limited to
5 stimulations per side. During lateral dissection, neuromapping
along the pelvic sidewall was performed to identify other
potential nervous tissue exposure (eg, the pelvic splanchnic
nerves, S2-S4, or the inferior hypogastric plexus). When ante-
rolateral mesorectal dissection was performed, the extrinsic
autonomic nerve supply of the internal anal sphincter was also
neuromapped. After the specimen was resected, autonomic
innervation was verified with bilateral neuromapping again. This
last mapping step was limited to 5 stimulations per side. Spot
checks on the quality of the signal analysis were advocated and
conducted regularly.

Copyright © 2022 The Author(s). Published by Wolters Kluwer Health, Inc.
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Neuromonitoring in Rectal Cancer Surgery
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Before NT (if applicable)
and preoperatively

£ FIGURE 1. Postoperative follow-up visits
<and intervention scheme for patients
%who underwent TME for rectal cancer.
o FSFI indicates Female Sexual Function
= Index; IIEF, International Index of Erectile
S Function; IPSS, International Prostate
& Symptom Score; NT, neoadjuvant ther-
s apy; QolL, quality of life due to urinary
o symptoms; SC, stoma closure; WS,
& Wexner Score. fIn patients who did not
2 undergo stoma closure, study follow-up
< visits were planned for 6 and 12 months
2 after the TME. These patients were not
= assessed for IIEF/FSFI or WS.
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3 and 6 months after SC
and 12 months after TME
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2 Outcomes

N The primary endpoint of urinary function deterioration

2 was defined as at least a 5-point increase at 12 postoperative
= months in the total International Prostate Symptom Score over
2 the preoperative score. The cutoff was based on long-term results
& that correlated with deteriorations in QoL because of urinary
symptoms.!8 In patients who received postoperative urologic
treatment for newly developed urinary dysfunction, the primary
endpoint was at least a 5-point increase in the pretreatment score
T compared with the preoperative score. Higher scores indicated
£ deteriorations in urinary function and QoL.
= Secondary endpoints were as follows: reduced Female
Sexual Function Index by >8 points or International Index of
Erectile Function by >15 points, and a change in fecal incon-
tinence as evaluated by the Wexner score at 12 postoperative
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FIGURE 2. pIONM system. The system
is semiautomated with system-wide
online signal processing and artefact
suppression. Changes in acoustic and
visual signals were based on reference
and threshold values. Nerve stimulation
was performed (1-25 mA, 30 Hz,
monophasic rectangular pulses, with a
200 ps pulse duration, a 3-10 seconds
stimulation period, and 3-10 seconds
resting intervals between stimulations),
while simultaneously observing (left)
electromyography (EMG) of the internal
anal sphincter and (right) manometry of
the urinary bladder.

~— | ~—

Copyright © 2022 The Author(s). Published by Wolters Kluwer Health, Inc.

De novo rectal cancer

Included patients
Randomization

Screening failures

| TME with plONM | |TME without pIONM |

Residual volume of the urinary bladdder (ultrasound)
IPSS/QoL, IIEF, FSFI, WS

| | —— Drop out 2%

Day of urinary catheter removal

Residual urinary volume (ultrasound)
Need for recatheterization/long-term catheterization
Need for medication (mictuation disturbances)
IPSS/QoL

| —— Drop out 10%

Day of urinary catheter removal

Residual urinary volume (ultrasound)
Need for recatheterization/long-term catheterization
Need for medication (mictuation disturbances)
IPSS/QoL, IEEF/FSFI, WS

—)

months compared with preoperative scores. To assess safety,
particularly oncologic safety and adverse events, we evaluated
the tumor distance from the circumferential resection margin
(CRM) (CRM involvement was defined as a CRM <1 mm) and
TME quality (grade I: complete; grade II: nearly complete; grade
III: incomplete).

Statistical analysis

A power analysis was performed to estimate the sample
size. We assumed that deteriorated urinary function would occur
in 10% of patients undergoing TME with pIONM and 30%
undergoing it without pIONM. In total, 164 study patients
would be needed to demonstrate a significant difference between
study arms with a power of 90%, based on the Fisher exact
test (a=0.05, 2-sided) and an overall dropout rate of 12%

Stimulation

l—b EMG Pressure (—‘
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1

* response measurement: manometry of urinary
bladder / electromyography of internal anal sphincter

i

3"i subplexus, corresponding branches supplying urinary

bladder [I], (genitals [ll]), and internal anal sphincter [I1l]
— lateral, anterolateral, juxtaanal dissection

FIGURE 3. pIONM: defined sur-
gical steps during TME (shown for
unilateral left only).

(perioperatively: 2%; follow-up period, in both study arms:
10%). Therefore, we enrolled 189 patients in the trial, and data
for 171 were analyzed (Fig. 4) according to a modified intention-
to-treat protocol.

We constructed a logistic regression model with the fol-
lowing fixed factors: intervention group, patient sex, and existing
neoadjuvant therapy. Missing values were replaced with the last
observation carried forward. When data were missing on Inter-
national Prostate Symptom Score status before initiating bladder
therapy, these values were replaced with the last postoperative

2 score value recorded before bladder therapy. Treatment effects

were expressed as odds ratios and 95% confidence intervals. To
test sensitivity, the analysis was repeated with the observed

4™ abc
- after TME

2™ inferior hypogastric plexus

— lateral dissection

15 pelvic splanchnic nerves
— posterior, posterolateral dissection

mapping with bipolar electrical stimulation during TME '/

(regular: downward a-b-c; not regular: # hypogastric nerve)

values. Analysis of secondary parameters was considered
exploratory, and groups were compared with descriptive meth-
ods and exploratory P values (Wilcoxon or Mann-Whitney
U test for continuous variables, and y? test for dichotomous
variables). All analyses were performed with SAS, version 9.4.

RESULTS

Of 171 patients included in the modified intention-to-treat
analysis, 82 were in the plIONM group and 89 in the control
group. The treatment groups were well balanced in
baseline demographic and clinical characteristics (Supplemental
Digital Content Table 1, http:/links.lww.com/SLA/E199).

192 assessed for eligibility

2 No informed consent
1 Declined to participate

A4

v

189 randomized

l

v

with pIONM

90 allocated to group TME

99 allocated to group TME
without pIONM

>

1 No baseline IPSS
4 No post-baseline IPSS
3 Did not meet inclusion/exclusion criteria

S No baseline IPSS available
1 No post-baseline IPSS available
4 Did not meet inclusion/exclusion criteria

v

v

FIGURE 4. Patient allocation and
analysis. IPSS indicates International

Prostate Symptom Score; mITT, modified | (™ Population)

82induded in primary analysis

89incuded in primary analysis
(mITT population)

intention-to-treat.
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Among 171 patients, 162 (94.7%) had a normal general physical
examination and physical condition findings. Fifteen patients in
each group had stage IV disease. The procedures included
minimally invasive surgery (n=145; 84.8%), low anterior resec-
tion (n=163; 95.3%), and abdominoperineal excision (n=8§;

g 4 patients per group). Complete pelvic autonomic nerve preser-
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vation was achieved in 74 (43%) patients, with similar rates
between groups (P=0.117).

- Functional Outcome at Baseline
The average International Prostate Symptom Score was 4.0
5 (SD: 4.5) in both groups (Table 1). The mean £ SD International
3 Index of Erectile Function and its abridged 5-item version, and
; Female Sexual Function Index, were evenly distributed between
2 groups. Preoperatively, 57% of women had sexual dysfunction
and 69% of men had erectile dysfunction, with no differences
S between groups. The control group had a significantly worse
baseline Wexner score than the pIONM group.
The groups had similar micturition-related QoL, residual
urmary volumes, medications for urinary incontinence, and anal
phincter resting tone and squeeze tone. The same number
of patients in the pJONM and control groups took constipating
medication or required incontinence pads. No differences
were observed with regard to urge symptoms, stool frequency,
=fragmentation, or nocturnal incontinence (Supplemental
Digital Content Tables 2, http:/links.lww.com/SLA/E200, 3,
http://links.lww.com/SLA/E201).

£ Key Primary Outcome
A logistic regression analysis showed that urinary function
deteriorated more frequently in the control group than in the
pIONM group (odds ratio: 0.342; 95% confidence interval,
124-0.944; P=0.038; Fig. 5). However, no significant effects
ere detected for patient sex (odds ratio: 0.417; 0.147-1.184;
0.100), neoadjuvant therapy (odds ratio: 1.464; 0.573-3.741;
0.426), or baseline International Prostate Symptom Score
(odds ratio: 0.852; 0.717-1.012; P=0.067).

0
w
s P=
- P=

Key Secondary Outcomes

Compared with the preoperative International Index of
Erectile Function, the 12-month postsurgery score decreased by
at least 15 points in 20/65 (31%) male patients. This result was
independent of the intervention (10/33 in the pIONM group vs
10/32 of control patients; odds ratio: 0.515; 0.151-1.763;

30 1
B TME with plONM

o TME without pIONM
25 4

20 4

% patients

10 A

0 -

FIGURE 5. Proportions of patients with urinary function
deterioration at 12 months after TME surgery. Urinary function
deterioration was defined as at least a 5-point increase in
the IPSS. pIONM group (black), control group (gray). IPSS
indicates International Prostate Symptom Score.

P=0.291) and neoadjuvant therapy (odds ratio: 1.204;
0.380-3.823; P=0.752). Logistic regression analysis showed a
significant influence of baseline sexual function on this effect
(odds ratio: 1.044; 1.014-1.076; P =0.005).

Compared with the preoperative Female Sexual Function
Index, the 12-month postsurgery score was reduced by at least 8
points in 11/37 (30%) patients. This result was independent of the
intervention (3/18 of pIONM patients vs 8/19 of control patients;
odds ratio: 0.166; 0.025-1.096; P=0.062) and neoadjuvant
therapy (odds ratio: 0.486; 0.076-3.106; P=0.446). Logistic
regression analysis showed that the baseline Female Sexual
Function Index score significantly influenced this effect (odds
ratio: 1.235; 1.026-1.486; P =0.026).

During the 12-month observation period, postoperative
fecal incontinence was significantly worse in the control group
than in the pIONM group (Table 2). This difference manifested

TABLE 1. Baseline Functional Performance of Patients With Rectal Cancer

Total TME With pIONM TME Without pIONM

Variables (m=171) (n=82) (n=289) P

IPSS [mean (SD)] 4.0 (4.5) 4.0 (4.6) 4.0 (4.5) 0.933
Missing data (n) 0 0 0

IIEF [mean (SD)] 39.8 (24.9) 44.5 (25.3) 35.6 (23.9) 0.064
Missing data (n) 16 7 9

IIEF-5 [mean (SD)] 12.2 (9.6) 13.9 9.7) 10.8 (9.2) 0.065
Missing data (n) 9 3 6

Erectile dysfunction* [n/N (%)] 67197 (69.1) 28/46 (61) 39/51 (76) 0.223

FSFI [mean (SD)] 21.7 9.7) 222 (9.7) 21.2 (10.4) 0.842
Missing data (n) 11 6 5

Sexual dysfunctiont [n/N (%)] 31/54 (57.4) 16/27 (59) 15/27 (56) 0.900

Wesxner score [mean (SD)] 2.7 (4.0) 2.1 (3.1) 3.3 4.7 0.049
Missing data (n) 7 3 4

*Erectile dysfunction =IIEF-5 score <21 points.
TSexual dysfunction =FSFTI score <26.6 points.

FSFI indicates Female Sexual Function Index; IIEF, International Index of Erectile Function; IIEF-5, International Index of Erectile Function, 5-item version; IPSS,

International Prostate Symptom Score.

Copyright © 2022 The Author(s). Published by Wolters Kluwer Health, Inc.
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TABLE 2. Patient Functional Performance at 12 Months After TME Surgery for Rectal Cancer

Total TME With pIONM TME Without pIONM
Variables (m=171) (n=82) (n=289) P
IPSS [mean (SD)]* 4.2 (4.2) 3.8 (4.3) 4.54.2) 0.230
Missing data (n) 21 8 13
% IIEF [mean (SD)]f 32.5(23.3) 40.3 (25.0) 25.0 (19.1) 0.012
E Mlssmg data (n) 34 14 20
& 1IEF-5 [mean (SD)]t 9.9 9.2) 12.1 (10.0) 7.7 (71.8) 0.074
Missing data (n) 29 11 18
> Erectile dysfunctionf [n/N (%)] 61/86 (70.9) 26/42 (62) 35/44 (80) 0.072
FSFI [mean (SD)] 18.0 (11.1) 20.3 (11.1) 15.6 (10.8) 0.199
> Missing data (n) 25 13 12
S Sexual dysfunction§ [n/N (%)] 26/48 (54) 10/25 (40) 16/23 (70) 0.040
5 Wexner score [mean (SD)] 6.7 (5.2) 5.5 (4.5) 7.9 (5.6) 0.011
» Missing data (n) 31 15 16

*Without Last-Observation-Carried-Forward.
TPatients without stoma.

{Erectile dysfunction =IIEF-5 score <21 points.
§Sexual dysfunction = FSFI score <26.6 points.

FSFI indicates Female Sexual Function Index; IIEF-5, International Index of Erectile Function, 5-item version; IPSS, International Prostate Symptom Score.

in the smaller absolute change in Wexner score versus baseline in
the pIONM group (3.6 £ 5.2) compared with the control group
(5.5+5.3, P=0.044).

Additional Secondary Outcomes

At 12 months postsurgery, global International Prostate
< Symptom Score values were similar between groups (Table 2).
he pIONM group had a considerably more favorable mean
ternational Index of Erectile Function than the control group,
onsistent with higher scores on the 5-item version and a lower
oportion of patients with erectile dysfunction. A total of 9%
ook drugs concomitantly for urological conditions, as did 6%
> for erectile dysfunction, with no significant difference between
T groups. Among females, severe postoperative sexual dysfunction
% (Female Sexual Function Index <26.55 points) was significantly
less common in the pIONM group than in the control group.
However, the mean Female Sexual Function Index did not differ
significantly between the groups at 12 months postsurgery.

Five patients in each group needed long-term catheter-
ization. In the pIONM group, 46% needed continence pads,
compared with 63% in the control group (P=0.049).
A significantly smaller proportion of patients in the pIONM
group reported a feeling of fragmented emptying (56% of
pIONM patients vs 75% in the control group; Supplemental
Digital Content Tables 4, http://links.lww.com/SLA/E202, 5,
http://links.lww.com/SLA/E203).

T
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Safety Outcomes

The measures of oncologic safety are presented in the
supplement (Supplemental Digital Content Table 1, http:/links.
Iww.com/SLA/E199). We observed no differences between
groups in tumor perforations, TME specimen quality, CRM
status, or lymph node yield. Rates of anastomotic leakage
(6/155; 3.9%) and the need for reoperation (6/171; 5.6%) did not
differ significantly between the groups. No patient died within
30 days after surgery. In the safety population (ie, as treated),
serious adverse events occurred in 36/88 (41%) patients in the
pIONM group and 53/99 (54%) patients in the control groups.
The investigators and the data safety monitoring board judged
that none of the serious adverse events were related to the
pIONM procedure. No device-related errors were observed.
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DISCUSSION

This NEUROS trial was the first prospective randomized
multicenter study to address electrophysiologically controlled nerve
sparing in rectal cancer surgery. Significantly fewer patients who
had TME with pIONM versus without it (8% vs 19%) experienced
marked urinary function deterioration at 1 year postsurgery. This
result confirms the general findings in previous case-control (7% vs
40%) and prospective long-term studies (20% vs 51). It also is
consistent with the results of a meta-analysis and confirms surgery
without pIONM as an independent risk factor for urinary function
decline.>1%13 In their study of 189 patients with rectal cancer who
underwent exclusively laparoscopic rectal excisions, Fang et all2
observed a significantly reduced rate of urinary disorders (7% vs
18%) when the procedure included 1-dimensional pIONM (cys-
tomanometry, n="71). Similarly, pJONM was associated with a
significantly reduced mean International Prostate Symptom Score
after a short-term follow-up. In other studies that compared pre-
operative and 12-month postoperative International Prostate
Symptom Scores, laparoscopic TMEs performed with pIONM
(n=45 with bilateral and n=13 with unilateral 1-dimensional
pIONM with electromyography) yielded significantly better results
than TMEs performed without pIONM (n =29).14

In addition to confirming our primary hypothesis, our
findings indicate that electrophysiologically controlled nerve
sparing also appears to be advantageous in terms of fecal incon-
tinence at 1 year postsurgery. This result is consistent with those of
comparative studies showing significantly lower rates of newly
developed fecal incontinence in the plONM group at the short-
term (7% vs 40%) and long-term follow-ups (21% vs 50%).>!1 In
contrast, a previous retrospective study showed no significant
difference in Wexner score at 12-month follow-up assessments
between patients treated with versus without electromyography-
based pIONM (n=50 and n=23, respectively). Although those
authors attributed the discrepancy to small sample sizes, locally
advanced tumors, and preexisting disorders, they found a trend
toward higher Wexner score values when pIONM was not used.!*

The NEUROS trial results also reveal that fragmented
defecation occurred less frequently in the pIONM group com-
pared with the control group (56% vs 75%). This interesting
result suggests that another quite bothersome symptom of low
anterior rectal resection syndrome, known as clustering, could be
prevented with pIONM.

Copyright © 2022 The Author(s). Published by Wolters Kluwer Health, Inc.
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Exploratory analyses of the secondary outcomes showed
that sexual function tended to be maintained in the pIONM
group. At 1 year postoperatively, the pIONM group had a sig-
nificantly higher mean International Index of Erectile Function
in men and significantly lower severely impaired sexual function

Drate (Female Sexual Function Index <26.6 points) in women,
g compared with corresponding values in the control group.
& These results were consistent with the results of Fang et al,
@ who reported that in 119 male patients, the non-pIONM
s group (n=74) presented with lower International Index of
= Erectile Function scores (5-item version) than the pIONM group
Z (n=45) at 6 months postoperatively (13.6+2.0 vs 15.4+1.9;
S P<0.001).> The mean baseline scores (5-item version) in our
5 cohort (10.8 £9.2 and 13.9 £9.7) were significantly less favorable
& than the mean baseline scores in their cohort (20.3+1.3 and
é 20.4 £ 1.3), which justified their significance level. Another study
¢ showed that at 1 year postsurgery, erectile dysfunctlon occurred
5 less frequently among 35 male patients in the pIONM arm
5 compared with 18 patients in the no-pIONM arm (14% vs 28%).
8 Similarly, Female Sexual Function Index values in 34 patients
& indicated that severe sexual function impairment occurred more
< frequently in the no-pIONM arm.!* We confirmed these trends
fZin both the 5-item version of the International Index of Erectile
5 Function and Female Sexual Function Index. However, in our
= cohort, the differences between treatment groups did not reach
%statistical significance, particularly when Female Sexual Func-
7 tion Index and International Index of Erectile Function required
< changes of at least 8 and 15 points, respectively.

The discrepancies among these studies might be explained
by findings from the ROLARR trial, which confirmed that
sexual function impairments at baseline significantly influenced
postoperative International Index of Erectile Function and
Female Sexual Function Index scores.!® In the present trial, 57%
of female and 69% of male patients were affected by sexual and
erectile dysfunctlon at baseline, respectively. Thus, an adjusted
-sample size with lower basehne dysfunction rates would be
n
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ecessary to confirm that pIONM could serve as a predictive
ctor for sexual function.

In our safety evaluation, no unanticipated events occurred
during or after the electrophysiologically controlled nerve-spar-
ing procedure. Moreover, pIONM did not compromise TME
quality. The observed serious adverse events were not related to
pIONM, and the duration of surgery was not significantly
extended because of pIONM. Our mean time expenditure of
24 minutes was similar to that reported by others for open and
laparoscopic TMEs.!2:13

In addition to variations in surgery, there may have been
variations in anesthesia and the plIONM procedure. For exam-
ple, the lateral and anterolateral stimulation frequencies were not
restricted. However, in this NEUROS trial, the translational,
iteratively developed, 2-dimensional pIONM system was used in
a standardized manner by well-trained teams.

Alternatives to g»IONM were not considered because
intrarectal manometry? was impractical and penile tumescence
evaluation, measured with a strain-gauge transducer, cannot be
performed in women and did not appear to be sufficiently
accurate in rectal surgery.®’ Impedance measurement in target
muscles seems suitable, at least, but needs further investigation in
clinical studies.?!

The pIONM system we used had overall accuracies of
88% and 90% for predicting sexual function in open and lapa-
roscopic TME surgery, respectively. The pIONM device showed
even higher accuracy in gredicting postoperative urinary and
ano-(neo-) rectal function.?

Copyright © 2022 The Author(s). Published by Wolters Kluwer Health, Inc.

Evaluations of secondary endpoints in 2 previous
randomized trials (COLOR II and ROLARR) suggested that
expert surgeons are accomplished in autonomic nerve preserva-
tion. However, estimations of the completeness of nerve pres-
ervation during TMEs ranged from 21% to 98% in previous
studies,'?2>2% compared with 43% in the present study. This
broad variation could result in part from differences in the per-
ception of risk of nerve damage.?> Moreover, the causes of
neurogenic and non-neurogenic functional disorders after a
TME can be multifactorial. For example, postoperative func-
tional disorders after minimally invasive TMEs can arise from
heat damage to the pelvic nerves.?® To date, no randomized
controlled trial has evaluated the effects of thermal spread on
nerve preservation in TME surgery. Of note, in this NEUROS
trial, different energy devices were used in 84.2% of TMEs.
However, the surgical approaches (open, laparoscopic, or
robotic), dissection techniques, and blood loss volumes did not
differ significantly between the 2 trial arms. These surgical fac-
tors should be considered in future prospective clinical studies.
Indeed, patient-reported outcomes alone are unsuitable for
routine quality assurance of pelvic autonomic nerve preserva-
tion, and pIONM may be useful for advancing the knowledge of
these gray areas.

Because TONM is demanding?’ and the accuracy of a
robotics-assisted anterolateral mesorectal dissection is variable,
the factors that neurosurgeons consider also are of interest to the
pelvic surgeon. The training or expertise needed to perform
pIONM must be investigated to determine whether pIONM
requires the supervision of a clinical neurophysiologist, only
automated machines, or simply a technician. Currently, neuro-
monitoring during robotics-assisted TMEs is considered safe.
However, further improvements in display quality, connectivity,
and system integration are expected.

The NEUROS trial was distinguished by our choice of the
most widely used validated scores in colorectal surgery for evalu-
ating patient-reported functional outcomes.?® A bias toward either
group was unlikely because randomization was stratified according
to patient sex and neoadjuvant chemoradiation therapy. Fur-
thermore, we assessed preoperative function.

This study had some limitations. First, because the Ger-
man guidelines changed, the surgical approach had to be altered
during the study period,? and all participating centers changed
the standard approach to minimally invasive access. However,
all surgical approaches were equally distributed between the
groups (Supplemental Digital Content Table 1, http://links.lww.
com/SLA/E199). Second, although tumor height was evenly
distributed between groups, many tumors were located in the
lower third of the rectum, which increases the risks of micturition
disorders, nerve damage, or both; however, these risks were not
considered in our analyses. Third, as with any intraoperative
technology, neuromonitoring may fail because of inherent limi-
tations (surgeon inexperience with plIONM, technical failures).
However, at the study onset, the surgeons in one participating
center were highly experienced in the method, and they assisted
with training surgeons in the other centers. Moreover, subgroup
analyses showed that the primary endpoints were not affected by
center experience, tumor height (<6 cm from the anocutaneus
line), or changes in the minimally invasive surgical approach.

In summary, this NEUROS trial showed that pIONM
during TME in patients with rectal cancer reduced the proba-
bility of a marked deterioration in urinary function at 1 year
postsurgery, compared with TME without plONM. In addition,
the slightly lower rates of both sexual dysfunction and some
symptoms of low anterior rectal resection syndrome in the
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pIONM group, compared with the control group, could be
attributed to the controlled nerve sparing. Based on our findings
that pIONM was safe in terms of serious adverse events and
provided good oncological specimen quality, we suggest that
pIONM could serve as a tool for facilitating nerve-sparing in

o TME surgery. Future research should focus on assessing the
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nerve-sparing potential of different dissection techniques and the
efficacy of early targeted therapy in well-selected, optimally
powered patient populations, with the aim of further reducing
pelvic vegetative dysfunction.
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