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BACKGROUND: Sacral neuromodulation might be
effective to palliate low anterior resection syndrome after
rectal cancer surgery, but robust evidence is not available.

OBJECTIVE: To assess the impact of sacral
neuromodulation on low anterior resection syndrome
symptoms as measured by validated scores and bowel
diaries.
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DESIGN: Randomized, double-blind, 2-phased,
controlled, multicenter crossover trial (NCT02517853).

SETTINGS: Three tertiary hospitals.

PATIENTS: Patients with major low anterior resection
syndrome 12 months after transit reconstruction after
rectal resection who had failed conservative treatment.

INTERVENTIONS: Patients underwent an advanced test
phase by stimulation for 3 weeks and received the pulse
generator implant if a 50% reduction in low anterior
resection syndrome score was achieved. These patients
entered the randomized phase in which the generator
was left active or inactive for 4 weeks. After a 2-week
washout, the sequence was changed. After the crossover,
all generators were left activated.

MAIN OUTCOME MEASURES: The primary outcome
was low anterior resection syndrome score reduction.
Secondary outcomes included continence and bowel
symptoms.

RESULTS: After testing, 35 of 46 patients (78%) had a 50%
or greater reduction in low anterior resection syndrome
score. During the crossover phase, all patients showed

a reduction in scores and improved symptoms, with

better performance if the generator was active. At 6- and
12-month follow-up, the mean reduction in low anterior
resection syndrome score was -6.2 (95% CI -8.97 to -3.43;
P <0.001) and -6.97 (95% CI -9.74 to -4.2; p < 0.001),
with St. Mark’s continence score —-7.57 (95% CI -9.19 to
-5.95, p < 0.001) and -8.29 (95% CI -9.91 to -6.66; p <
0.001). Urgency, bowel emptiness sensation, and clustering
episodes decreased in association with quality-of-life
improvement at 6- and 12-month follow-up.

LIMITATIONS: The decrease in low anterior resection
syndrome score with neuromodulation was
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underestimated because of an unspecific measuring
instrument. There was a possible carryover effect in sham
stimulation sequence.

CONCLUSIONS: Neuromodulation provides symptoms
and quality-of-life amelioration, supporting its use in low
anterior resection syndrome. See Video Abstract.

NEUROMODULACION SACRA EN PACIENTES CON
SINDROME DE RESECCION ANTERIOR BAJA: ENSAYO
CLINICO ALEATORIZADO SANLARS

ANTECEDENTES: La neuromodulacién sacra podria ser
eficaz para paliar el sindrome de reseccion anterior baja
después de la cirugia de cancer de recto, pero no hay
pruebas sdlidas disponibles.

OBJETIVO: Evaluar el impacto de la neuromodulacion
sacra en los sintomas del sindrome de reseccion anterior
baja, medido mediante puntuaciones validadas y diarios
intestinales.

DISENO: Ensayo cruzado multicéntrico, controlado,
aleatorizado, doble ciego, de dos fases (NCT02517853).

LUGARES: Tres hospitales terciarios.

PACIENTES: Pacientes con puntuacion de reseccion
anterior baja importante, 12 meses después de la
reconstruccion del transito después de la reseccion rectal
en quienes habia fracasado el tratamiento conservador.

INTERVENCIONES: Los pacientes se sometieron a una
fase de prueba avanzada mediante estimulacion durante
tres semanas y se les implanté el generador de impulsos

si se lograba una reduccion del 50% en la puntuacion

del sindrome de reseccion anterior baja, ingresando a la
fase aleatorizada en la que el generador se dejaba activo

o inactivo durante cuatro semanas. Después de observar
por 2 semanas, se cambid la secuencia. Después del cruce,
todos los generadores quedaron activados.

PRINCIPALES MEDIDAS DE RESULTADO: El resultado
primario fue la reduccion de la puntuacién del sindrome
de reseccién anterior baja. Los resultados secundarios
incluyeron continencia y sintomas intestinales.

RESULTADOS: Después de las pruebas, 35 de 46 pacientes
(78%) tuvieron una reduccién >50% en la puntuacion
del sindrome de reseccion anterior baja. Durante el
cruce, todos los pacientes mostraron una reduccion en
las puntuaciones y una mejora de los sintomas, con un
mejor rendimiento si el generador estaba activo. A los
6y 12 meses de seguimiento, la reduccion media en

la puntuacion del sindrome de reseccién anterior baja
fue -6,2 (-8,97; -3,43; p < 0,001) y -6,97 (-9,74; -4,2; p <
0,001), con Puntuacion de continencia de St. Mark’s
-7,57 (-9,19; -5,95, p < 0,001) y -8,29 (-9,91; -6,66; p <
0,001). La urgencia, la sensacion de vacio intestinal y los
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episodios de agrupamiento disminuyeron en asociacién
con una mejora en la calidad de vida a los 6 y 12 meses de
seguimiento.

LIMITACIONES: La disminucion en la puntuacion

del sindrome de reseccion anterior baja con
neuromodulacién se subestimé debido a un instrumento
de medicion no especifico. Posible efecto de arrastre en la
secuencia de estimulacion simulada.

CONCLUSIONES: La neuromodulacién mejora los
sintomas y la calidad de vida, lo que respalda su uso en
el sindrome de reseccion anterior baja. (Traduccion—
Dr. Mauricio Santamaria)

KEY WORDS: Fecal incontinence; Low anterior resection
syndrome; Postoperative dysfunction; Rectal cancer;
Sacral neuromodulation.

ver the past few decades, multimodal treatment
Otogether with standardized minimally invasive

total mesorectal excision have improved onco-
logical outcomes for locally advanced rectal cancer.'”* This
has led to increased rates of anal sphincter preservation,
but, in turn, it has resulted in a higher incidence of func-
tional disorders.

Low anterior resection syndrome (LARS) covers all
alterations of bowel function determined by resection of
the rectum that can lead to worse quality of life, includ-
ing fecal incontinence, urgency, and increased number
of stools and fragmentation.* The score can grade the
severity of LARS (eg, major or minor LARS).” The cause
of LARS is multifactorial, including direct lesion of the
anal sphincters, damage to the nerves involved in the def-
ecation, decrease of the distensibility and denervation of
colonic plasty, preoperative radiotherapy, and diverting
ileostomy.*

No specific treatment is available for LARS.
Therapeutic options range from conservative measures
to tibial nerve stimulation.”'® Sacral neuromodulation
(SNM) has been proposed to palliate LARS symptoms
after the optimal results reported for fecal incontinence
after failed conservative treatment.!’ SNM is a 2-stage
procedure, consisting of a test phase and subsequent
generator implantation in patients with clinical improve-
ment. The mechanism of action of SNM is poorly under-
stood, with multiple nerve pathways activated at the
medullary level and the brain.'>" Recent systematic
reviews and meta-analyses of retrospective studies and
case series have shown successful results for SNM on
LARS symptoms with an implantation rate between 74%
and 83% with fecal incontinence scores and episodes
reduction and quality-of-life improvement.'*'¢

This randomized study aimed to prospectively assess
the efficacy of SNM in patients with LARS.
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MATERIALS AND METHODS

Study Design

The SAcral Neuromodulation in Low Anterior Resection
Syndrome study (NCT02517853) was designed as a multi-
centric, prospective, randomized, double-blind, 2-phased,
controlled, crossover trial to assess the clinical effect of
SNM in patients with LARS symptoms. SNM was per-
formed at 3 tertiary Spanish hospitals. This study fol-
lowed the principles of the Declaration of Helsinki and
was reported according to the Consolidated Standards of
Reporting Trials guidelines for crossover trials."”

Before undergoing any procedure required for the
study, patients who met inclusion criteria were asked to pro-
vide written informed consent. The protocol was approved
by the ethical committees of participating hospitals.

Inclusion and Exclusion Criteria
The following inclusion criteria were adopted: patients
older than 18 years and younger than 80 years who had
undergone sphincter-preserving rectal resection for rectal
cancer by any approach, who had undergone definitive col-
orectal transit reconstruction surgery at least 1 year before,
and who presented with major LARS (LARS score more
than 29). Patients were invited to participate after failure of
conservative measures and noninvasive therapies.
Patients were excluded if they had had resections of
bowel segments other than the rectum or if they were
diagnosed with irritable bowel syndrome, IBD, meta-
static disease at rectal surgery, or recurrence during fol-
low-up. Those patients not suitable for SNM were also
excluded.

Interventions

This study was designed on the basis of the usual clinical
practice for SNM. During the initial visit, a full medical
history was collected, and patients completed question-
naires and assessments before the start of treatment.
Patients who met the eligibility criteria underwent an
advanced test phase for 3 weeks with a tined quadripo-
lar electrode. Insertion was usually performed as outpa-
tient surgery under local anesthesia with sedation. The
electrode (Electrode 3889-28, Interstim; Medtronic,
Minneapolis, MN) was inserted at the S3 or S4 foramen
under radioscopic control. The stimulated sacral nerve
root providing the best perineal and/or ipsilateral plan-
tar motor response with midline sensation at the lowest
amplitude was chosen. Once the implantation was com-
pleted, the lead was connected to an external battery
(Medtronic 353101 Interstim), leaving a maximum sub-
sensorial threshold amplitude programmed for 3 weeks
with standard parameters (frequency 14 Hz, pulse width
210 ps). The patient was monitored by a nurse who was
specialized in programming neuromodulation devices
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every week to detect wound complications and adverse
effects. Changes in modulation electrical parameters were
permitted within these weeks.

The investigators visited the patients after 3 weeks of
temporary stimulation to evaluate symptom improvement.
If a decrease of 50% in LARS score compared to baseline
was achieved, the patient was offered definitive implant-
able pulse generator (IPG) placement. If there was no evi-
dence of clinical improvement or the patient declined to
continue the therapy, the electrode was removed and the
patient was withdrawn from the study.

Implantation was performed under local anesthesia
with sedation on an outpatient basis. The electrode was
connected to a stimulator (Stimulator 3058, Interstim) and
implanted subcutaneously in the low lateral lumbar region,
ipsilateral to the stimulation electrode. Prophylactic anti-
biotics were given before implantation of the electrode and
stimulator.

Immediately after IPG implantation, patients entered
the double-blinded, crossover randomized phase to receive
either 4 weeks of active modulation (generator “ON”)
or sham stimulation (generator “OFF”). After a washout
period of 2 weeks, the sequence was changed and the gen-
erator was turned ON or OFF for 4 additional weeks. The
group with a first phase of active modulation was named
group ON->OFE, and the group with a first sequence of
sham stimulation was named group OFF>ON.

After permanent generator implantation, the unblind
nurses used the latest electrical configuration in the test
phase for the ON period of the crossover interval. The
test and ON phases were programmed at the highest sub-
sensory level for patient comfort. Modulation parameters
were allowed to be changed after the crossover period.
Adverse events or complications were recorded at each
visit (study design detailed in Fig. 1).

Outcomes

The primary end point was the clinical response with SNM
to LARS symptoms as measured by the LARS scale.>'® A
50% or more reduction in LARS score was expected after
the test phase, and a 40% reduction was expected at 12
months after permanent generator implantation compared
to baseline.

Secondary end points included assessment of fecal
incontinence, Health-Related Quality of Life (HRQoL),
and bowel assessment. Fecal continence was assessed with
the St. MarK’s fecal incontinence score,"”” and HRQoL was
measured using the European Organization for Research
and Treatment of Cancer Quality of Life Questionnaire
C30.%° Details regarding the tools used in the present study
are available in Supplemental Material at http://links.lww.
com/DCR/C279.

Patients were also asked to complete a diary that
included the mean number of fecal urgency episodes with
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FIGURE 1. Study design. Patients who responded to advanced electrodes (tined-lead stimulation) had permanent generator implantation

and were randomized to a crossover intervention (OFF—ON and ON—OFF modulation therapy). All patients had active modulation from the

crossover period until the 12-mo visit.

or without incontinence, percentage of full evacuation
sensation, and mean number of daily clustering episodes.

For control visits, patients graded satisfaction with
therapy using a visual analog scale, ranging from 0 (least
satisfaction) to 10 (maximum satisfaction). Satisfaction
with treatment was defined as a visual analog scale score
of 7/10 or more.

All outcome measures were assessed from baseline
to the last visit 12 months after permanent implantation,
except for HRQoL and patient’s satisfaction with the
therapy, which were not assessed during the crossover
phase.

Randomization and Masking

On enrollment, patients were randomly allocated 1:1 in
one of the 2 groups for “ON” or “OFF” intervals in the
crossover intervention phase. A centralized computer sys-
tem was used for randomization, using balanced blocks
of variable size to ensure equal assignment to treatment.
Center-specific randomization vectors were assigned.
Patient allocation to each sequence was randomized and
double-blinded. The patient and the principal investiga-
tor did not know the sequence. The nurse responsible for
programming was unblinded and knew the assignment
groups.

Statistical Analysis
For qualitative variables, frequencies, percentages, and
CIs are presented. Quantitative variables are presented
as means = SD or median with interquartile ranges
(IQRs).

To compare the values of the categorical variables,
the x* test or Fisher exact probability test was used as

appropriate. To compare the quantitative variables, the
Student ¢ test for independent samples or the Mann-
Whitney U test were used according to the distribution.

Comparisons of change in different scales at the dif-
ferent measurement points were made by comparing
repeated measures with ANOVA of respected means
or the adjustment of a mixed linear model in which the
changes were evaluated throughout the period according
to the analysis strategy. The intention-to-treat approach
was used for the analyses. A p value of <0.050 was consid-
ered statistically significant.

For the calculation of the sample size, a type I error
of 5% and a power of 80% were considered. The mean
of the LARS score was estimated in the group without
treatment at 35 points, and a desired reduction of at
least 5 points in the LARS scale was anticipated. Given
the nonsymmetry of the variable, data were trans-
formed into a logarithmic scale. Therefore, the differ-
ence between the groups to be detected was log (35)
- log (30) = 0.15%0.29. The sample size was 30 patients.
A meta-analysis estimated that 20% of patients with
LARS do not respond to the first phase of percutaneous
nerve stimulation;' therefore, the total sample size was
adjusted to 36 patients. Analyses and sample calculation
were performed using STATA version 15.1 (StataCorp
LLC, TX).

RESULTS

Between February 2019 and May 2022, 46 of 54 patients
entered the study protocol and underwent advanced elec-
trode stimulation placement. The mean age for the cross-
over study population was 63.66 (+7.46) years. After the
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TABLE 1. Patient demographics and basic clinical characteristics

IPG implantation
No Yes
Variable (N=11) (N=35) p
Age, y, median (IQR) 59.00 (49.00-72.00) 64.00 (59.00-68.00) 0.211°
Sex, n (%)
Female 3(27.3%) 11 (31.4%) >0.99°
Male 8(72.7%) 24 (68.6%)
BMI, kg/m?, median (IQR) 28.07 (23.34-28.73) 27.10 (24.80-29.03) 0.642°
ASA, n (%)
1 1(9.1%) 3(8.6%) >0.99°
2 8 (72.7%) 23 (65.7%)
3 2(18.2%) 9 (25.7%)
Preoperative tumor distance from anal verge, cm, median (IQR) 7.00 (6.00-13.00) 7.00 (5.00-10.00) 0.3852
Neoadjuvant chemotherapy, n (%)
No 3(27.3%) 4(11.4%) 0.332°
Yes 8(72.7%) 31 (88.6%)
Neoadjuvant radiotherapy, n (%)
No 3(27.3%) 5(14.3%) 0.374°
Yes 8 (72.7%) 30 (85.7%)
Radiotherapy course, n (%)
Short course 3 (42.9%) 5 (20%) 0.326°
Long course 4 (57.1%) 20 (80%)
Adjuvant chemotherapy, n (%)
No 5 (45.5%) 5(14.3%) 0.043
Yes 6 (54.5%) 30 (85.7%)
Tumor approach, n (%)
Open 4 (36.4%) 4(11.4%) 0.16°
Laparoscopic 6 (54.5%) 28 (80%)
Robotic 1(9.1%) 3 (8.6%)
TaTME, n (%)
No 9 (81.8%) 30 (85.7%) >0.99°
Yes 2(18.2%) 5(14.3%)
TME, n (%)
No 2(18.2%) 3(8.6%) 0.579°
Yes 9 (81.8%) 32(91.4%)
PME, n (%)
No 10 (90.9%) 32(91.4%) >0.99°
Yes 1(9.1%) 3(8.6%)
Anastomosis type, n (%)
Handsewn 3(27.3%) 10 (29.4%) >0.99°
Mechanic side-to-end 2(18.2%) 6 (17.6%)
Mechanic end-to-end 6 (54.5%) 18 (52.9%)
Derivate stoma at rectal surgery, n (%)
No 4 (36.4%) 6(17.1%) 0.219°
Yes 7 (63.6%) 29 (82.9%)
Colorectal anastomosis leakage, n (%)
No 7 (63.6%) 34 (97.1%) 0.008°
Yes 4 (36.4%) 1 (2.9%)
pT, n (%)
0 2(18.2%) 11 (31.4%) 0.592°
1 0 (0%) 4(11.4%)
2 2(18.2%) 4(11.4%)
3 7 (63.6%) 16 (45.7%)
PN, n (%)
0 6 (54.5%) 30 (85.7%) 0.049°
1 4 (36.4%) 3(8.6%)
2 1(9.1%) 2 (5.7%)
Previous treatment for LARS, n (%)
No 6 (54.5%) 23 (65.7%) 0.721°
Yes 5 (45.5%) 12 (34.3%)

BMI = body mass index; IPG = implantable pulse generator; IQR = interquartile range; LARS = low anterior resection syndrome; PME = partial mesorectal excision;
TaTME = transanal total mesorectal excision.

2Mann-Whitney U test.

bFisher exact probability test.
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TABLE 2. Neuromodulation advanced test characteristics

IPG implantation

No Yes
Variable (n=11) (n=35) p
Stimulated root, n (%) 0.086°
S3 left 5 (45.5%) 19 (54.3%)
S3right 5 (45.5%) 16 (45.7%)
S4 right 1(9.1%) 0 (0%)
Intensity, mA, median (IQR) 1.20 (0.40-1.40) 1.00 (0.80-1.20) 0.897°
Frequency, Hz, median (IQR) 14.00 (11.00-14.00) 14.00 (13.00-14.00) 0.437°
Pulse width, us, median (IQR) 220.00 (210.00-220.00) 210.00 (210.00-220.00) 0.121°
Perineal contraction, n (%) 0.053?
No 2(18.2%) 0 (0%)
Yes 9 (81.8%) 35 (100%)
Plantar contraction, n (%) 0.2392
No 1(9.1%) 0 (0%)
Yes 10 (90.9%) 35 (100%)

IPG = implantable pulse generator; IQR = interquartile range.
Fisher exact probability test.
"Mann-Whitney U test.

3-week testing period, 35 patients (76%) had permanent
generator implantation. Demographic and baseline char-
acteristics according to IPG status are summarized in
Table 1. The percentage of patients who had had a leak of
a colorectal anastomosis was higher in the nonresponder
group after testing (36.4% vs 2.9%; p = 0.008). All but 1
patient received S3 root stimulation. The median (IQR)
sensory threshold was 1 V (0.8-1.2 V) in those who
responded to the test (Table 2).

During the first sequence of the crossover experimental
part, 18 patients had inactive stimulation (group OFF->ON)
and 17 had active stimulation (group ON->OFF), which
later changed according to the protocol (Fig. 2).

No patient had tumor recurrence, died, or was lost
at follow-up. One patient developed a wound infection
at the site of IPG implantation, which was treated with
antibiotics. Two other patients underwent abdominal sur-
gery (hernia repair and small rectal prolapse distal to the
anastomosis).

Primary Outcome Measure: Changes in the LARS Score
The baseline mean LARS score was 37.94 (+4.05) for
the whole study group. After testing, the score showed a
59.12% mean reduction, corresponding to 15.51 (+8.74)
points (effect size, -22.43 [95% CI, -25.2 to -19.66] p <
0.001).

During the crossover phase, group OFF>ON had a
mean LARS score of 32.72 (£6.72) when the generator
was disconnected, whereas the score decreased to 29.72
(+10.31) after active stimulation (-1.42; [-7.16 to 1.16];
p = 0.156). Group ON->OFF had a mean LARS score of
26.00 (£10.24) in active stimulation, whereas the score
increased to 32.88 (+£6.63) after the generator was shut
down (3.17 [2.6-11.16] p = 0.002; Table 3).

At 6- and 12-month follow-up, the LARS score
decreased by 16.3% and 18.4%, respectively, compared to
baseline (p < 0.001; Table 4).

Secondary Outcome Measures

Changes in Fecal Incontinence

The baseline mean St. Marks’ continence score was 18.63
(£3.84). After testing, the score decreased by 65.8% to 6.37
(£3.94; effect size, -12.26; [95% CI, -13.88 to -10.63]; p <
0.001). During the crossover phase, the score was lower
while the generator was active, but the decrease in the
score for the OFF>ON sequence was not statistically sig-
nificant (-0.23 [-2.67 to 2.12] p = 0.819). Group ON->OFF
had continence score worsening while the generator was
disconnected (+2.63 [0.83-5.76] p = 0.009; Table 5).

At 6- and 12-month follow-up, the continence score
improved by 40.6% and 44.5%, respectively, compared to
baseline (p < 0.001; Table 6).

Changes in LARS and continence scores are summa-
rized in Figure 3.

Changes in Personal Bowel Assessments

During the crossover phase, when the generator was
active, both groups showed better performance in urgency
episodes per day, sensation of complete bowel emptying,
and clustering episodes within an hour (see Supplemental
Table 1 at http://links.Iww.com/DCR/C279).

Active modulation after testing reduced urgency epi-
sodes per day, sensation of complete bowel emptying, clus-
tering, and discrimination between gas and stool compared
to baseline at 6- and 12-month follow-up (Table 7 and Fig. 4).

Satisfaction with treatment was reported by 82.8% of
patients after testing and 67.7% and 69.7% after 6 and 12
months.
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Assessed for eligibility

n=>54
Excluded (n =8)

Enrollment » - Did not meet inclusion criteria (n = 3)

v - Declined to participate (n = 5)

Agreed to participate
(signed consent);
advanced electrode
stimulation placement
n=46 Excluded (n = 11)
| » -Noresponders to advanced
l stimulation (n = 10)
- Discontinued treatment for personal
Allocation Included for generator reasons (n = 1)
implantation and
randomized for
crossover study
Crossover N=35
baseline Generator Generator
assessment OFF ON
} --------- First sequence - 4 wk """“'l

Follow-up n=18 n=17

assessment 1

~

Washout (OFF) - 2 wk

-

Generator Generator
OFF ON
l ------ Second sequence-4wk ~ -—----- l
Follow-up n=17 n=18

assessment 2

Total analyzed:
Analysis Group OFF-ON =18

Group ON-OFF =17

l

End of crossover

Generator ON for all patients - follow-up at 6 and 12 mo
N = 35 - no patients lost to follow-up

FIGURE 2. Consolidated Standards of Reporting Trials flow diagram for the SAcral Neuromodulation in Low Anterior Resection Syndrome trial,
showing participant flow through each stage of the randomized controlled trial (enrollment, intervention allocation, follow-up, and data analysis).

Changes in Quality of Life and social) increased, whereas fatigue, pain, insomnia,
At 6- and 12-month follow-up, global health status and  and diarrhea decreased (Fig. 5; Supplemental Table 2 at
functioning spheres (physical, role, emotional, cognitive, ~ http://links.lww.com/DCR/C279).
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OFF—ON group ON—OFF group
Visit (n=18) Difference (95% Cl) (n=17) Difference (95% Cl)
Baseline (v0) 38.56 (2.87) vl vsvO 37.29 (5.02) v1vsv0
39.00 (37.00-41.00) 39.00 (36.00-41.00)
After advanced test evaluation 3wk (v1) ~ 16.89 (7.22) ~1028(-25810-17.51) 1406 (10.12) ~1071(-27.51 to-18.96)
16.00 (13.00-20.00) p <0001 15.00 (6.00-16.00) p <0.001
First crossover evaluation 4 wk (v2) 32.72(6.72) 26.00 (10.24)
' 33.00 (29.00-39.00) v4 vs v2 (ON vs OFF) 28.00 (19.00-34.00) v4 vs v2 (OFF vs ON)
Washout period 2wk (v3) 32.83(7.12) 142(-7.1610 1.16) 32.18 (5.56) 3.17 (2.6-11.16)
35.00 (31.00-38.00) ' :'O 156 ’ 33.00 (28.00-35.00) ’ :'0 002'
Second crossover evaluation 4 wk (v4) 29.72 (10.31) p=0 32.88 (6.63) p=0
33.00 (21.00-38.00) 34.00 (29.00-39.00)
12-mo evaluation (v6) 30.97 (7.68) V6 vs VO
35.00 (27.00-37.00) -6.97 (-9.74t0 -4.2)
p <0.001
v6 vs v
10.77 (11.61-19.31)
p <0.001
Data presented as mean (SD) and median (interquartile range).
LARS = low anterior resection syndrome.
TABLE 4. LARS score evolution (active modulation)
Difference (95% Cl) Difference (95% Cl)
Visit N=35 Respect to baseline (v0) Respect to test evaluation (v1)
Baseline (v0) 37.94 (4.05)
39.00 (36.00-41.00)
After advanced test evaluation 3wk (v1) 15.51 (8.74) v1vsv0
15.00 (9.00-20.00) -22.43 (-25.2t0 -19.66)
p <0.001
6-mo evaluation (v5) 31.74 (7.56) v5 vs v0 v5vsvi
33.00 (29.00-39.00) -6.2 (-8.97 to -3.43) 11.31(12.38-20.08)
p <0.001 p <0.001
12-mo evaluation (v6) 30.97 (7.68) v6 vs v0 V6 Vs V1
35.00 (27.00-37.00) -6.97 (-9.74t0 -4.2) 10.77 (11.61-19.31)
p <0.001 p <0.001

Data presented as mean (SD) and median (interquartile range).
LARS = low anterior resection syndrome.

DISCUSSION

This trial demonstrated that SNM can palliate LARS
symptoms. Active modulation had positive effects com-
pared to sham stimulation in terms of improvement in
LARS and continence scores, daily fecal urgency and
clustering episodes, sensation of complete bowel empty-
ing, and better stool/gas discrimination. These changes
implied an important improvement in HRQoL. Seventy-
six percent of patients responded to advanced lead stimu-
lation and underwent IPG implantation, in line with those
of reviews with case series, whose positive test rates range
from 74.4%" to 83.3%.'® During the crossover phase,
active modulation showed better performance than sham
stimulation. Interestingly, the group of patients who had a
first sequence of active stimulation after IPG (ON->OFF)
showed better clinical outcomes than those who had
the generator disconnected during the first 4 weeks
(OFF>ON). This is difficult to explain, but a potential
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carryover effect after the positive initial test phase might
be involved. Those patients who had sham stimulation
during the first sequence of the crossover and endured the
washout period might have experienced more difficulties
in calculating clinical enhancement after the stimulator
was activated.

The improvement in LARS score observed after
the test phase was not maintained at 6- and 12-month
follow-up with active stimulation. These results differ from
other series,>* in which the score remained under 21
points at 9- and 20-month follow-up. LARS score has been
suggested to be appropriate to screen patients with LARS,
but it performs worse when assessing bowel dysfunc-
tion with questions about its specificity and sensitivity.”
Hence, information on continence score variations and a
bowel diary including urgency, clustering, bowel empty-
ing, and HRQoL was collected. Even when the LARS score
worsened at 6- and 12-month follow-up, HRQoL items
dramatically improved with active stimulation, especially
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TABLE 5. St. Mark’s Continence Score evolution (crossover)
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OFF—ON group ON—OFF group
Visit (n=18) Difference (95% Cl) (n=17) Difference (95% Cl)
Baseline (v0) 19.67 (2.93) 17.53 (4.43)
20.50 (18.00-22.00) Vivsvo 18.00 (13.00-22.00) VI vsvo
After advanced test evaluation 3wk (v1) 7.44 (3.90) ~10.06(-14.6210 -9.83) 5.24 (3.77) 983 (-14.76 10 -9.83)
7.00 (5.00-9.00) p <0001 5.00 (2.00-7.00) p <0001
First crossover evaluation 4wk (v2) 12.89 (6.24) 8.71(5.27)
12.50 (6.00-18.00) 8.00 (5.00-11.00)
Washout period 2wk (v3) 12.39 (5.08) V4 vs v2 (ON vs OFF) 10.71 (5.41) v4 vs v2 (OFF vs ON)
11.50 (9.00-16.00) -0.23 (-2.67t0-2.12) 10.00 (6.00-14.00) 2.63(0.83-5.76)
Second crossover evaluation 4 wk (v4) 12.61(5.23) p=03819 12.00 (6.27) p=0.009
12.00 (9.00-16.00) 13.00 (7.00-17.00)
Data presented as mean (SD) and median (interquartile range).
TABLE 6. St. Mark’s Continence Score evolution (active modulation)
Difference (95% Cl) Difference (95% Cl)
Visit N=35 Respect to baseline (v0) Respect to test evaluation (v1)
Baseline (v0) 18.63 (3.84)
19.00 (16.00-22.00)
After advanced test evaluation 3wk (v1) 6.37 (3.94) v1vsv0
6.00 (3.00-9.00) -12.26 (-13.88 t0 -10.63)
p < 0.001
6-mo evaluation (v5) 11.06 (5.54) v5 vs v0 V5 vsvi
11.00 (7.00-15.00) -7.57 (-9.19 to -5.95) 5.57 (2.43-6.94)
p < 0.001 p <0.001
12-mo evaluation (v6) 10.34 (5.61) V6 vs VO V6 vs v1
10.00 (6.00-16.00) -8.29 (-9.91 to -6.66) 472 (1.71-6.23)
p < 0.001 p <0.001

Data presented as mean (SD) and median (interquartile range).

global health status, physical, role, emotional, and cogni-
tive function. Therefore, the authors believe that the LARS
score should not be used alone after any therapeutic pro-
cedure for LARS.

Among the constellation of symptoms of LARS,
fecal incontinence is one of the most limiting and both-
ersome. SNM has proven to be effective in patients with
fecal incontinence,'"*** but its mechanism of action is
still unknown. Recently, the role of the cyclic motor pat-
tern originated in the rectosigmoid junction has gained
importance as a contributor to incontinence. This reflex
originates from the distal colon and rectosigmoid junc-
tion in a retrograde direction after meals, preventing
rectal filling.”*”” SNM upregulates retrograde motility
of the sigmoid colon, restoring this physiological brake
function in patients with fecal incontinence.”®* LARS
pathophysiology includes the loss of the recto-anal
inhibitory reflex, sphincteric dysfunction, neorectal
hyposensitivity, and impaired compliance. SNM could
act by upregulating sequences of propagation in the neo-
rectum and remnant colon combined with cycle motor
pattern initialization, helping patients normalize distal
colonic motility after rectosigmoid resection by retard-
ing the flow of feces into the rectum.” Neorectal sensi-
tivity can also improve with SNM, contributing to better
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function and amelioration of other symptoms (eg, frag-
mentation).’® Keane et al*! identified a reduction in ante-
grade propagating contractions in LARS, suggesting that
the loss of anterograde versus retrograde cyclic motor
pattern could underlie different symptom phenotypes,
such as clustering or incontinence. Further research in
LARS-associated motility disorders can help profession-
als optimize treatments. In this study, continence score
and urgency episodes decreased with active stimulation
after the test phase, in the crossover phase, and at 6- and
12-month intervals. Therefore, it is plausible to consider
SNM in LARS patients with a fecal incontinence pheno-
type at an earlier stage, as recommended in cohorts with
the native rectum.

SNM has few described complications. The authors
have experienced that although lead implantation
can be technically demanding because of the fibrosis
in the sacral tissues induced by radiotherapy and sur-
gical changes, it is safe in these patients, with only 1
patient who developed a wound infection managed with
antibiotics.

Patients who did not experience improvement
after test evaluation had a higher incidence of colorec-
tal anastomosis leakage than those who did (36.4% vs
2.9%). Anastomotic and pelvic fibrosis could explain that
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FIGURE 3. LARS and continence scores throughout the study. A1, LARS score during the crossover intervention. A2, LARS score with active

modulation. B1, St. Mark’s continence score during the crossover intervention. B2, St. Mark’s continence score with active modulation.
LARS = low anterior resection syndrome.

TABLE 7. Stool and bowel assessment with active modulation

OR (95% Cl); p

Advanced test 6-mo 12-mo v1vsv0
evaluation evaluation evaluation v5vsvo
Variable Baseline (v0) 3wk (v1) (v5) (v6) v6 vs v0
Urgency episodes 0-1 444% (n=12) 93.1% (n =27) 87.1% (n=27) 90.9% (n = 30) 0.01 (0.001-0.18); 0.001
per day >2 55.6% (n=15) 6.9% (n=2) 12.9% (n=4) 9.1% (n=3) 0.37 (0.12-1.37); 0.002
0.02 (0.002-0.21); 0.001
Sensation of complete <50% 85.7% (n=24) 14.8% (n=4) 41.9% (n=13) 333%(n=11) 73(10.4-512.43); <0.001
bowel emptying >50% 14.3% (n=4) 85.2% (n = 23) 58.1% (n = 18) 66.7% (n =22) 12.93 (2.83-59.19); 0.001
20.52 (4.19-100.4); 0.000
Clustering episodes 0-1 14.3% (n=4) 72.4% (n =21) 41.9% (n=13) 48.5% (n=16) 0.04 (0.01-0.19); <0.001
within an hour >2 85.7% (n = 24) 27.6% (n =8) 58.1% (n =18) 51.5% (n=17) 0.18 (0.04-0.75); 0.018
0.13 (0.03-0.55); 0.005
Discrimination between No 393%(n=11) 13.8% (n=4) 9.7% (n=3) 9.1% (n=3) 12.51(1.61-96.92); 0.016
stool and gas Yes 60.7% (n=17) 86.2% (n = 25) 90.3% (n = 28) 90.9% (n = 30) 21.72 (2.32-202.67); 0.007

23.24 (2.5-215.86); 0.006

modulation inputs given by the electrode could not pro-
vide clinically relevant changes. Other known risk factors
for LARS did not differ between groups. Because of the
lack of evidence regarding indication for SNM in patients
with LARS, it is reasonable to avoid SNM in those cases

Copyright © The American Society of Colon & Rectal Surgeons, Inc. Unauthorized reproduction of this article is prohibited.

who had anastomotic leakage or to provide those patients
with more realistic expectations.

This study has limitations. First, the primary end
point was not achieved at 12-month follow-up because
a 40% reduction in LARS score was not experienced by
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active modulation.

all patients after active SNM. This could be attributed to
the LARS score not being the best assessment of the out-
comes of treatments.” Second, the time of intervention for
crossover active and sham stimulation could have been
too short to detect more relevant changes in LARS. Also,
there may have been a risk of a carryover effect from one
intervention to the next one, and it is difficult to estimate

Copyright © The American Society of Colon & Rectal Surgeons, Inc. Unauthorized reproduction of this article is prohibited.

European Organization for Research and Treatment of Cancer Quality of Life Questionnaire C30 (QLQ-C30) life changes with

the time required for the intervention to be fully washed
out. A 1-year follow-up might not be long enough to val-
idate the use of SNM for LARS. The authors did not con-
sider patients’ expectations to discriminate them from
actual outcomes, but their satisfaction was excellent in
almost 70% of the study sample associated with HRQoL
improvement.
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This study also has strengths and implications for clin-
ical practice. Being a crossover trial, it has the advantage of
minimizing the risk of confounding because it affords com-
parison between groups in a self-paired manner. It would
be unfair to compare a surgical approach for LARS with
conservative treatment or other noninvasive treatments.
Stringent inclusion criteria were chosen, and follow-up
included the use of diaries and HRQoL tools besides the
LARS and continence scores, which could undermine ther-
apy results.

LARS management is currently empirical and
based on expert-opinion recommendations. SNM is
often recommended as the last resource before stoma
creation.*** This study, originally presented at the
annual meeting of the American Society of Colon
and Rectal Surgeons,” demonstrated that SNM ben-
efits patients with LARS symptoms. Comprehensive
counseling with patients should be considered before
offering SNM at an earlier stage in the treatment algo-
rithm of LARS or association with other therapies. The
SAcral Neuromodulation in Low Anterior Resection
Syndrome RCT provided information that should be
discussed with patients, facilitating patient empower-
ment and shared decision-making.
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