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Summary

Background Postoperative ileus after colorectal surgery is a frequent problem that significantly delays recovery,
increases perioperative costs, and negatively impacts on daily life, physical and psychosocial functioning, and wellbe-
ing. We investigated the effect of acupuncture at different single acupoint combined with standard care on postoper-
ative ileus.

Methods In this single-centre, three-arm, prospective, randomised trial, we enrolled patients with primary colorectal
cancer undergoing elective colorectal resection at Cancer Hospital Chinese Academy of Medical Science in Beijing,
China. Patients were randomly assigned (1:1:1) to receive either electroacupuncture (EA) at ST36 or ST25 combined
with standard care (two EA groups) once daily from post-operative days 1—4, or standard care alone (standard care
group). The co-primary outcomes were time to first flatus and time to defecation assessed in the intention-to-treat
population. This study is registered with Chictr.org.cn, ChiCTR1900027466.

Finding Between Nov 15, 2019, and Sep 30, 2020, 129 patients were assessed for eligibility, 105 patients (35 patients
per group) were enrolled and included in the intention-to-treat analysis. After receiving EA at ST30, the time to first
flatus and defecation were shorter (between-group difference —10.98 [97.5% CI —21.41 to —0.506], p = 0-02 for flatus;
—25.41 [—47.89 to —2.93], p = 0-02 for defecation). However, we did not observe a significant difference in time to
first flatus and defecation between the EA at ST25 group and standard care group (between-group difference —5.54
[97.5% CI —15.78 to 4.70], p = 0-26 for flatus; —17.69 [—40.33 t0 4.95], p = 0-08 for defecation). There were no seri-
ous adverse events.

Interpretation Compared with standard care alone, standard care combined with EA at ST36, but not ST25, signifi-
cantly enhances bowel function recovery in a postoperative setting to patients with colorectal cancer with laparo-
scopic elective colorectal resection.
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Introduction unavoidable consequence of abdominal or retroperito-

Postoperative ileus (POI) is a block of coordinated bowel ~ neal surgery.” During the past decade, although the

motility after surgery and is considered an often- ~management of POI has changed from a ‘supportive’ to
‘active’ strategy aimed at identifying, preventing, and

treating all perioperative factors contributing to POI,
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Research in context

Evidence before this study

Using the key words “Postoperative ileus” (POI) and
“acupuncture”, we searched PubMed for articles pub-
lished between Jan 1, 1947 and May 16, 2019. There
was only one well-designed prospective study evaluat-
ing the effect of electroacupuncture on POI after laparo-
scopic surgery for colonic and upper rectal cancer.
Despite that the study showed a beneficial effect of
electroacupuncture, this evidence had some limitations.
Based on the consensus developed by the American
Society for the Promotion of Recovery and the Perioper-
ative Quality Initiative emphasising that there is a pau-
city of research on the management of POl under the
ERAS pathway, studies that include a wider population
and combined with ERAS pathway are urgently needed.

Added value of this study

This single-centre, assessor and statistician-blinded trial
addressed the above limitations by showing that, com-
pared with standard care alone, electroacupuncture at
ST36, but not ST25, had beneficial effects on reducing
the time to first flatus and the time to first defecation.
The overall morbidity rate was 6.7%, with no significant
difference among groups in overall post-operative
complications.

Implications of all the available evidence

Compared with standard care alone, combined stan-
dard care with electroacupuncture at ST36 significantly
enhances bowel function recovery in a postoperative
setting to patients with colorectal cancer after resection.
Since ERAS combined with laparoscopy surgery has
been shown to have a synergistic effect in enhancing
recovery and are the best perioperative strategy after
laparoscopic surgery for colon disease, the finding is of
vital significance to clinical work, as minimally invasive
surgeries with the ERAS pathway continue to increase
in popularity.

increasing costs, and higher 30-day readmission rate.’
Due to inability to fulfil social roles and obligations and
curtailment of normal social activities, POI had a pro-
found negative impact on daily life, physical and psy-
chosocial functioning, and wellbeing.

With the implementation of minimally invasive sur-
gery and the emergence of enhanced recovery protocols
(ERAS), patient’s physical conditions have been
improved, reflected in shortened hospitalisation and
reduced costs.* However, the improvement is still insuf-
ficient, and often requires combination with pharmaco-
logical treatments, such as prokinetics and opioid
antagonists. Alvimopan, a peripherally acting p-opioid
receptor antagonist, is the only pharmacological treat-
ment approved by the Food and Drug Administration in

the United States (FDA),” but it is not approved in
China. In addition, the clinical benefit of alvimopan was
most apparent in a subgroup of patients who received
opioids for post-operative pain management.® With the
increasing use of opioid-sparing postoperative analge-
sia, the role of alvimopan in alleviation of POI might be
limited. Therefore, a more safe and effective treatment
is urgently needed.

Because acupuncture is garnering increased atten-
tion as an effective treatment for postoperative gastroin-
testinal symptoms and gut motility disorders,”® one
important issue is whether acupoint choice influences
POL. In regard to two types of acupoints, recent animal
studies have suggested acupoints in the abdominal area
delay bowel motility, whereas acupoints on lower limbs
promote it. In fact, Zusanli (stomach meridian ST306)
located on the lower limbs as the “He Point” of stomach
and Tianshu (stomach meridian ST25) located on the
abdomen as the “Mu Point” of the large intestine, are
the most commonly used acupoints for treating gas-
trointestinal disease in clinical practice, which is
inconsistent with basic research. In addition, as lapa-
roscopic surgery with the ERAS pathway is increas-
ingly used, patients have less pain, lower opioid
requirements, and a shorter recovery time. Although
a previous study found acupuncture could reduce the
duration of POL'® it is unclear if acupuncture will
have an additive effect for the current patient group.
Therefore, the present study was conducted to assess
the efficacy of electroacupuncture (EA) at different
acupoint in reducing the duration of POI after lapa-
roscopic colorectal surgery with ERAS pathway. We
hypothesised that EA under the ERAS pathway could
further accelerate recovery of gut function after colo-
rectal surgery.

Methods

Study design and participants

This single-centre, three-arm, prospective randomised
trial was conducted in the inpatient departments of a
tertiary hospital (Cancer Hospital Chinese Academy of
Medical Science, Beijing) between Nov 15, 2019 and
Sep 30, 2020. The study protocol was approved by the
ethics committee (2019BZHYLLo207) and registered
with the Chinese Clinical Trial Registry on Nov 14,
2019 (ChiCTR1900027466) (Appendix study protocol,
supporting information). All patients provided written
informed consent before enrolment.

Primary colorectal cancer patients with American
Society of Anesthesiologists grading I—III aged at least
18 years undergoing elective segmental colorectal resec-
tion were considered for participation in the study.
Exclusion criteria were a history of abdominal surgery,
needing to be synchronised with other surgeries, con-
version to open surgery, required postoperative
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intensive care for more than 24 h, history of syncope or
epilepsy, epidural anesthesia in surgery, taking drugs
which affect bowel function within a month, and those
with cardiac pacemakers. Patients participating in other
clinical studies within the past 3 months or receiving
acupuncture within a month were also excluded.

Randomisation and masking

The study protocol was explained to all enrolled
patients  before randomisation. After written
informed consent was obtained, patients were allo-
cated randomly (1:1:1) to the three arms: EA at ST36
with standard care, EA at ST25 with standard care,
or standard care alone. Randomisation was per-
formed shortly after surgery, with a random block
size of six or nine. A randomisation sequence was
created by a biostatistician who did not participate
in the implementation or statistical analysis of trial.
The assessor and statistician were blinded to treat-
ment allocation throughout data collection and anal-
ysis.

Procedures and interventions

Electroacupuncture with standard care (EA groups).
To exploratively observe whether the effects of acupoints
located on the abdomen or the lower limbs are different,
this trial set two EA groups, in which patients received
ST36 or ST2g5, respectively. All EA treatments were per-
formed by two senior acupuncturists (length of services
>5 years), who consistently applied the same standar-
dised protocols. After identifying the location of acu-
points (eFigure 1, eTable 1), sterile acupuncture needles
(length 40 mm, diameter o-30 mm; Hwato, Suzhou
Medical Appliance Factory, China) were inserted, fol-
lowed by 30s manipulation to acquire Degi (a sensation
of aching, soreness, swelling, heaviness, or numb-
ness'’), and then a pair of electrodes from an electric
stimulator (HANS-200A acupoint nerve stimulator,
Nanjing Jisheng Medical Co, Ltd) were connected to the
needle. The EA stimulation lasted for 30 min with a
dilatational wave of 2/100 Hz and the electric current
was gradually increased until the needle vibrates
slightly. Patients in the two EA groups received one ses-
sion of EA per day, in addition to the standardised post-
operative management (described below) starting the
first day postoperatively. The interventions were per-
formed for 4 consecutive days or until discharge.

Standard care alone (standard care group). In the stan-
dard care group, the same postoperative management
was applied without EA or any other postoperative inter-
vention that might influence recovery of bowel function,
including chewing gum, or adjuvant drugs. The postop-
erative management based on the Consensus on ERAS
and guidelines for pathway management in China
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(2018),” including multimodal analgesic, patient-con-
trolled analgesia plus non-steroidal anti-inflammatory
drugs, early oral feed, and early mobilisation (ie, stimu-
lating patients to engage in physical activity instead of
remaining in bed), which is comparable to the Western
standardised ERAS (eTable 4). Patients were discharged
provided that they had been weaned off intravenous flu-
ids, had passed stool, were fully ambulant with oral
analgesics, and had no evidence of complications.

Outcomes

The co-primary outcomes were time to first flatus and
time to defecation, which were obtained from a patient
dairy (eTable 2) filled out once daily with assistance
from an assessor, measured in minutes, from the time
the laparoscopic surgery ended until the first observed
passage of stool. EA was considered as an effective ther-
apy only if both primary outcomes achieved signifi-
cance.

Secondary outcomes included length of hospital stay,
time to tolerated diet (liquid or semi-liquid food), use of
analgesics, time to walking independently, incidence of
nausea, vomiting, and abdominal distension, pain
scores on visual analogue scale, and postoperative com-
plications (Clavien—Dindo classification’). Extent of
pain was reported by patients once daily on days 1 to 4
after resection. Adverse events were documented by
patients and outcome assessors throughout the trial. All
adverse events were categorised as treatment-related or
non-treatment-related and followed up until resolution.

Moreover, we also observed the occurrence rate of
different POI types which classified as early or late by
Vather and colleagues.” Briefly, early POI was defined
as absence of flatus or stool passage and inability to tol-
erate an oral diet between surgery and postoperative day
4. Late POI was defined as the initial development of
symptoms (absence of flatus or stool passage and inabil-
ity to tolerate an oral diet) after postoperative day 4. Late
POI increases the incidence of postoperative complica-
tion and may predict a prolonged postoperative length
of stay in patients undergoing colectomy. Therefore, in
addition to shortening the recovery time of bowel func-
tion, whether EA can reduce the possibility of patients
developing late POI may also have clinical significance.
Two researchers analysed the diaries to establish
whether patients had developed early or late ileus. The
[-FEED (intake, feeling nauseated, emesis, physical
examination, and duration of symptoms) classification
was developed by an expert panel of international
experts from anesthesia, nursing, nutrition, and surgery
with expertise in Enhanced Recovery pathways and peri-
operative medicine during the second Perioperative
Quality Initiative."* We also assessed the postoperative
gastrointestinal function measured by the I-FEED scor-
ing system, which assigns o to 2 points for each of five
components based on clinical presentation, then
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categorises patients as having normal gastrointestinal
function (scores of 0—2), postoperative gastrointestinal
intolerance (scores of 3—j5), or postoperative gastrointes-
tinal dysfunction (scores of 6).

Statistical analysis

We designed our trial to determine whether there was a
difference between each EA group and the standard
care group in terms of the time to first flatus and time
to defecation. A sample size calculation was performed
based on previous trials'®" and clinical experience. For
the time to first flatus, the mean reduction was 16-8 h,
favoring the EA group, with a standard deviation of
21-6 h. In January 2017, the FDA issued a guidance on
‘Multiple Endpoints in Clinical Trials’ stating that no
multiplicity adjustment is necessary for co-primary end-
point.”® Therefore, considering the two-pairwise com-
parison (EA at ST36 compared with Standard care
group, EA at ST 25 compared with Standard care
group), o was only corrected to 0-025 to increase the
power without regard to the co-primary outcomes.
Based on these data, a group size of 35 patients was
needed to detect a statistical difference, assuming a 10%
dropout rate (2-sided significance level of 2-5%, power
of 80%). For the time to first defecation, the mean
reduction was 36 h, favouring the EA group, with a stan-
dard deviation of 45 h. Based on these data, a group size
of 33 patients was needed. To ensure both primary out-
comes were adequately powered, a total of 105 patients
was ultimately included.

Categorical variables are presented as n (%) and con-
tinuous variables are presented as the mean (SD) or
median (interquartile range, IQR). For the co-primary
outcomes and key time to event secondary endpoints,
considering the outcome are time-related and more
intuitive to show changes, Kaplan—Meier analysis was
used, with comparison of groups by the Breslow (Gener-
alized Wilcoxon) test (Appendix study protocol, amend-
ments). To be consistent with sample size calculation,
two-sample t-test was also used as sensitivity analysis.
The incidence of nausea, vomiting, and abdominal dis-
tension, the frequency of taking analgesics, the severity
of pain, the occurrence rate of difference POI types, and
the incidence of compliance were analysed with the
Chi-square test or Mann-Whitney U test. Among the
primary outcomes data, there was only one piece of
missing data (patient forgot to record the time to first
defecation). To make the results more conservative, we
used the length of stay to replace it. For secondary out-
comes, no imputation for missing data and the actual
observed data were used to perform the analysis.

Analyses were performed in an intention-to-treat set-
ting using IBM SPSS Statistics version 20 (IBM Corp,
Armonk, NY). All tests applied were two-tailed, p < o-05
was considered statistically significant. For the primary

outcomes, the p values were adjusted for multiple com-
parisons (p < 0-025) using Bonferroni correction.

Role of the funding source

The funders of the study had no role in study design,
data collection, data analysis, data interpretation, or writ-
ing of the report. All authors had full access to the data
in the study and gave the final approval of the manuscript
and agree to be accountable for all aspects of work.

Results

Patient characteristics

From Nov 15, 2019 to Sep 30, 2020, 129 patients with
primary colorectal cancer were assessed for eligibility.
Of these, 10 were excluded because they did not meet
the inclusion criteria, and 14 declined to participate
(Figure 1). The remaining 105 patients were randomly
assigned to receive EA at ST36 with standard care
(n = 35), EA at ST25 with standard care (n = 35), or stan-
dard care alone (n = 35). After randomisation, five
patients (two patients in EA at ST25 group, three
patients in EA at ST36 group) were unwilling to receive
acupuncture during day 2 to 4 postoperatively, three
patients (two patients in EA at ST25 group, one patient
in EA at ST36 group) received Si-Mo-Tang (a Chinese
patent medicine/prescription to enhance digestive func-
tion) that may interfere with the outcomes, and one
patient in the standard care group requested to receive
EA treatment. These nine patients were retained in the
final analysis. Thus 35 patients per group were included
in the intention-to-treat analyses.

Table 1 summarises demographic and baseline char-
acteristics. There was no difference among groups
regarding the usual risk factors for POI, such as male
sex, age, body-mass index, or duration of surgery, which
confirmed that the groups were well matched.

Effect of EA on first bowel movement

After receiving EA at ST36 with standard care, the time
to first flatus and defecation were shorter (between-
group difference —10.98 [97.5% CI —21.41 to —0.50],
p = o-o2 for flatus; —25.41 [—47.89 to —2.93], p = 0-02
for defecation; Table 2). The hazard ratio for earlier first
flatus after EA was 1743 (97-5% CI 1-007—3-019,
p = 0-02; Figure 2), and for first defecation after EA was
2:02 (97-5% CI 1-146—3:56, p = 0-005; Figure 2,).
Unlike EA at ST36 group, there was no significant dif-
ference in the time to first flatus and defecation between
the EA at ST25 group and standard care group
(between-group difference —5.54 [97.5% CI —15.78 to
4.70], p = 0-26 for flatus; —17.69 [—40.33 to 4.95],
p = 0-08 for defecation; Table 2). Sensitivity analysis
showed that the results of the two-sample t-test were
consistent with the Kaplan—Meier analysis (eTable 6),

www.thelancet.com Vol 49 Month July, 2022



Articles

129 patients consented

Enrolment

24 withdrawn
10 did not meet the eligibility criteria
14 declined participation for personal reasons

Y

Y

105 randomly assigned

Y

Y Y

35 assigned to EA at ST25 group*

35 assigned to EA at ST36 group*

35 assigned to Standard care group

4 discontinued treatment
2 unwilling to receive at
day 4 postoperatively [
2 receiving Si-Mo-Tang

=
2
=1
4
S
2
<

4 discontinued treatment
3 unwilling to receive at
day 4 postoperatively [
1 receiving Si-Mo-Tang

1 discontinued treatment
receiving EA treatment at
day 3 postoperatively

Y Y

Y

31 completed EA treatment

|
|
|
32 completed EA treatment * |
|
|
|

Y

|
|
|
| 34 completed standard care
|
|
|

Analysis

35 included in intention-to-treat analysis}(J

|35 included in intention-to-treat analysisl(J |35 included in intention-to-treat analysis|(

|
|
|
|
|
|
|
]

Figure 1. Trial profile. *EA at ST36 group: EA at ST36 (Zusanli) acupoint combined with standard care; EA at ST25 group: EA at ST25
(Tianshu) acupoint combined with standard care; Standard care group: standard care alone. # Si-Mo-Tang is decoction that may
interfere with the outcomes. & one patient received Si-Mo-Tang at day 6 postoperatively. At this time, they had received all EA treat-

ments. EA=electroacupuncture.

reflecting the robustness of the results. When assessing
the occurrence of different POI types, incidence of late
POI was lower in the EA at ST36 group than in the stan-
dard care group (p = 0-02; Table 3), but it was similar
between EA at ST25 group and the standard care group
(p=0-43; Table 3).

Compared with standard care alone, EA at ST36 or
ST25 with standard care could significantly shorten the
time to tolerance of a semi-liquid diet (Table 2). Patients
in the EA at ST36 group, but not the EA at ST25 group,
tolerated liquid food faster than standard care group
(Table 2). There was no significant difference among
groups in time to walk independently, length of hospital
stay, use of analgesic, incidence of vomiting, or extent of
pain, nausea and abdominal distension (Table 2 and 3).
Among groups, the proportion of patients with I-FEED
scores indicating normal postoperative gastrointestinal
function, postoperative gastrointestinal intolerance, and
postoperative gastrointestinal dysfunction were similar
(p = o-19; eTable ).

During EA treatment, three patients had sensation
(pain, soreness, or swelling) after the needle was
removed (one in the ST25 group, two in the ST36 group,
eTable 3). These events were mild, self-limiting, and
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none required special medical interventions. There
were 1o serious adverse events.

Perioperative complications

No deaths were observed in any group. 98 (93.3%) of
the 105 patients were discharged uneventfully (Table 4),
and there was no significant difference among groups
in overall post-operative complications (p = 0-24 for EA
at ST25 vs NA, p = 0-99 for EA at ST36 vs NA). Except
for the patient experiencing anastomotic leakage (EA at
ST36 group), who required redo surgery and had a Clav-
ien-Dindo severity score of IIla, and the patient
experiencing intestinal adhesion (EA at ST36 group),
who had a Clavien-Dindo severity score of IIIa, all the
complications had a Clavien-Dindo severity score less
than II.

Discussion

Postoperative ileus has historically been considered an
unavoidable outcome of major abdominal surgery,
which is associated with significant clinical and eco-
nomic burdens. In this trial of EA for patients
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Variable EA at ST25 group (n = 35) EA at ST36 group (n = 35) Standard care group (n = 35)
Sex, n (%)
Male 18(51) 25(71) 23 (66)
Female 17 (49) 10 (29) 12 (34)
Age, mean (SD), years 61-8(11-0) 60-7 (12-7) 60-7 (10-5)
Body-mass index, mean (SD), kg/m? 23.9(3-2) 24-3(2-4) 24-2(29)
American Society of Anesthesiologists grade, n
| 2(6) 2(6) 0(0)
Il 31(89) 33 (94) 35 (100)
n 2(6) 0(0) 0(0)
Current smoker, n (%) 13) 2(6) 309
Diabetes, n (%) 4(11) 309 5(14)
Type of operation, n (%)
colectomy 22 (63) 14 (40) 16 (46)
proctectomy 13(37) 20 (57) 18(51)
coloproctectomy 0(0) 103) 13)
Duration of surgery, mean (SD), min 177-3 (61-5) 187-7 (59-4) 174-3 (54-0)
Intraoperative blood loss, median [IQR], mL 0[0-30] 25 [0—30] 25 [0—30]
Use of self-controlled analgesia pump, n (%) 33 (94) 33 (94) 35(100)
Table 1: Demographics and baseline characteristics.
SD: standard deviation, IQR: interquartile range.
A
= 100
s 1004 HR 1.743 (97.5% CI 0.806-2.426) < HR 1.648 (97.5% CI 0.946-2.873)
g p=0.173 £ god p=0.044
E 80+ HR 1.743 (97.5% CI 1.007-3.019) § HR 2.02 (97.5% CI 1.146-3.56)
e p=0.023 3 e p=0.005
% 60 b4
= -1 —_
% 4o E 40 EA at ST25 group
H - —— EA at ST36 group
= =
S £ 20+ — Standard
E 20+ g andard care group
g £
= A
-]

1 1 1 1 1 1
20 40 60 80 100 120

1 1 1 1 1
50 100 150 200 250

Time to first flatus, h Time to first defecation, h
Number at risk Number at risk
EA at ST25 group 35 34 20 8 0 0 0 EA at ST25 group 35 27 10 2 0 0
EA at ST36 group 35 30 15 5 1 0 0 EA at ST36 group 35 26 9 1 0 0
Standard care group 35 32 23 13 2 1 0 Standard care group 35 28 17 5 1 0

Figure 2. Kaplan—Meier curve. (A) Kaplan—Meier curve comparing time to first flatus; (B) Kaplan—Meier curve comparing time to
first defecation. Hazard ratios (HRs) were estimated from Cox models. EA at ST36 group: electroacupuncture (EA) at ST36 (Zusanli)
acupoint combined with standard care; EA at ST25 group: electroacupuncture at ST25 (Tianshu) acupoint combined with standard
care; Standard care group: standard care alone. Among the primary outcomes data, there is only one missing data in EA at ST36
group (patient forgot to record). To make the results more conservative, we used the length of stay (later than first defecation) to

replace it. Survival tables were shown in eTable 7 and 8.

undergoing elective segmental colorectal resection, we
hypothesised that the addition of EA with the ERAS
pathway could further improve patient outcomes, and
then found a statistically significant improvement in
shortening the time of recovery of gastrointestinal motil-
ity favouring the EA at ST36 group, with no significant
improvement in the EA at ST25 group. ERAS combined
with laparoscopy surgery has been shown to have a syner-
gistic effect in enhancing recovery and are the best peri-
operative strategies after laparoscopic surgery for colon

disease.”"® The finding that EA at ST36 with standard
care was beneficial for POI patients is of vital significance
to clinical work, as minimally invasive surgeries with the
ERAS pathway continue to increase in popularity.

In this trial, the actual between-group differences of
time to first flatus (10.98 h) and time to first defecation
(25.41 h) were lower than the expected between-group
differences used for sample size calculation (17 h for
time to first flatus, 36 h for time to first defecation),
which means the study power might be insufficient. It
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Variable Standard care EA at ST25 Mean difference p° EA at ST36 Mean difference P’
group (n = 35) group (n = 35) cn group (n = 35) @
Primary Outcomes
Time to first flatus, h 50.10 & 20.05 44,56 + 17.23 —5.54 0-26 39.12+17.94 —10.98 0.02
(—15.78 to 4.70) (—21.41 to —0.56)
Time to first defecation, h 99.36 & 46.1 81.67 £ 35.92 —17.69 0.-08 73.95 + 35.24 " —2541 0-02
(—40.33 t0 4.95) (—47.89 to —2.93)
Secondary Outcomes
Time to tolerance of liquid 87.98 &+ 30.60 7512+ 19.46 —12.86 0-09 73.86 & 28.00 —14.12 0.03
dietd <, h (—25.14t0 —0.57) (—28.44 10 0.20)
Time to tolerance of semi- 132.10 4 36.83 109.93 £ 28.15 —22.17 0-02 112.36 £ 40.77 —19.74 0.03
liquid dietd , h (—39.20 to —5.14) (—39.07 to —0.42)
Time to walk indepen- 46.09 £ 17.19 40.12 +13.26 —5.97 017 49.77 £ 25.11 3.67 0-52
dently, h (—13.29 to 1.35) (—6.59 to 13.94)
Length of hospital 172.53 4+ 33.38 164.82 £ 26.05 =771 0-37 170.92 £ 34.31 —=1.61 0-94

stay <, h

(=22.00t0 6.57)

(—17.88to 14.65)

Table 2: Time to event outcomes.
Data are presented as mean =+ SD.

first defecation) to replace it.

length of hospital stay (EA at ST36 group).

* The two electroacupuncture groups compared with Standard care group, respectively. Bold p-value indicates statistical difference (p < 0-025 for primary
outcomes and p < o-05 for others). Kaplan—Meier analysis was used, with comparison of groups by the Breslow (Generalized Wilcoxon) test.
® There is only one missing data in EA at ST36 group (patient forgot to record). To make the results more conservative, we used the length of stay (later than

€ There are three censored patients in time to tolerance of liquid diet (two in EA at ST36 group, one in Standard care group); There are 11 censored patients
in time to tolerance of semi-liquid diet (six in EA at ST25 group, one in EA at ST36 group, four in Standard care group); There are one censored patient in

4 For the confidence interval of mean difference, we used 97.5% in primary outcomes and 95% in secondary outcomes.

Variable Standard care group EA at ST25 group p’ EA at ST36 group p’
(n =35) (n =35) (n =35)
Any postoperative ileus, n (%)
Early 2(6) 5(14) 0-43° 9(26) 0.02°
Late 33 (94) 30 (86) 26 (74)
Use of analgesic, n (%) 30 (86) 29(83) 0.74° 26(74) 023"
Vomiting, n (%) 6(17) 10(29) 026" 4(11) 050"
Nausea, n (%) 16(46) 15(43) 0-81° 14(40) 0-63°
Abdominal distension, n (%) 22(63) 27(77) 019" 24(69) 062"
Pain scores, median [IQR]
POD1 20 [0-30] 30 [0-50] 032¢ 30 [0-36-7] 0-90°¢
POD2 20 [0—-30] 20 [0—40] 0.57°¢ 20 [0-30] 0-56 ¢
POD3 10 [0-30] 10 [0—30] 0-94¢ 0[0—-20] 0-14°¢
POD4 20 [0-30] 10 [0—20] 0-54¢ 10 [0—20] 0-07°¢

Table 3: Others secondary outcomes.
IQR: interquartile range; POD: postoperative day.

> Chi-square test and ¢ Mann-Whitney U test.

* The two electroacupuncture groups compared with NA group, respectively. Bold p-value indicates statistical difference.

is noted that the studies we referenced for the calculated
sample size were conducted without the ERAS pathway.
The strategy of combined ERAS program could have
attenuated the surgical stress response to a certain
extent that the EA did not have enough space to further
improve clinical outcomes. Since a difference of 12h in
time to event above that of the control group was
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suggested to be clinically meaningful,” the between-
group differences in our trial were acceptable in clinical
practice. These findings are consistent with a recent
meta-analysis showing the safety and effect of EA for
POI after surgery, in which results indicated that EA
can shorten the time of first flatus and defecation by
11-6 h and 12-94 h, respectively.*® Before our study, Ng
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Variable Standard care group (n = 35) EA at ST25 group (n = 35) p EA at ST36 group (n = 35) p
No complication, n (%) 32(91) 35 (100) 0-24* 31(89) 0-99*
I 2 0 0-08¢ 3 0-691
Il 1 0 0
1] 0 0 1
v 0 0 0

Table 4: Post-operative complications.

Analyzed by *Chi-square test (Fisher's exact test) or t Mann-Whitney U test.

and colleagues completed an adequately powered,
sham-controlled study to evaluate the effect of EA in
recovering bowel mobility after laparoscopy for colorec-
tal cancer.'® In this study, patients that received EA had
shorter time to defecation than patients that received no
acupuncture, the mean difference was 36-2 h, which is
higher than ours. In addition to the combined use of
ERAS program, our study used single acupoint in the
acupuncture protocol, which may explain this phenome-
non. It is agreed that the efficacy of acupuncture is
related to the dose, including number of needles, point
selection, and treatment time (duration and frequency).'
Although the use of a single acupoint may lead to a rela-
tively limited efficacy, it still induced a positive therapeu-
tic effect, and using single acupoint maybe reduced the
potential for hospital-acquired infections.

When it comes to EA at ST25 group, the primary out-
comes were not significant, which can be explained in
several ways. Firstly, it is well known that acupuncture
has regionally specific effects.**** Numerous studies
have shown that stimulating acupoints in the abdominal
area inhibits gastric, duodenal, jejunal, and proximal
colonic motility by increasing sympathetic efferent fiber
activity, and stimulating acupoints in the limb, which, by
contrast, facilitates the above-mentioned gut motility by
exciting vagal efferent fiber activity. For the distal colonic
motility, stimulating acupoints in the limbs and abdo-
men both produced an augmented effect. Therefore, the
opposite effect of ST25 between the proximal and distal
colon might dilute its effect on gastrointestinal motility.
Meanwhile, this body-region specificity was also sup-
ported by a systemic inflammation model, which showed
that EA at ST36 but not ST25 can drive the vagal—adrenal
anti-inflammatory axis in septic mice.** Furthermore,
many human and animal studies have shown that the
effect of EA is dose-dependent, and current intensity is
an important factor. In a study investigating the relation-
ship between current intensity and EA-induced analgesia
in rat with colorectal distension, the effect of EA at ST36
emerged from o.5 mA, while the effect of EA at PC6
(like ST25, with different segmental innervation with
colon) showed no significant difference until 2mA.*
According to the treatment records, the average current
intensity of the two EA groups was 1.5 mA, lower than
the current intensity threshold of acupoints with

different segmental innervation, which may explain why
EA at ST25 did not work and is worthy of further study.

It is important to define specific parameters when
evaluating a patient for POI. Traditionally, time to first fla-
tus and time to first defecation are essential components
in the assessment of gastrointestinal dysfunction and
POL." These outcomes are commonly accepted as the clin-
ical endpoint of POI and valuable indexes for evaluating
the effect of interventions.”® However, studies found that
flatus cannot be regarded as an insensitive parameter and
passing flatus may rather mirror rectal emptying and
therefore not necessarily adequately reflect recovery of
effective gastrointestinal motility.”” Therefore, another
commonly used parameter, time to recover gastrointesti-
nal function (GI-2) which is a two-component composite
endpoint that includes time until the patient first tolerates
solid food and the time to first defecation, was considered
to best reflect recovery of gastrointestinal transit.*” Since
the clinical pathway of the hospital in which we con-
ducted this trial does not require patients to tolerate a
solid diet prior to discharge, and the time to resume diet
can be influenced by the patient's perception (patients
often refuse to advance to solid foods too early) and are
easily manipulated by the attending clinician,** we ulti-
mately chose the time to first flatus and time to first defe-
cation as the co-primary outcomes. Instead of the time to
tolerant solid diet, we evaluated the time to tolerant liquid
or semi-liquid diet. Results showed that EA at either ST36
or ST25 resulted in a significantly faster time to tolerant
liquid and semi-liquid diet compared with the standard
care group, which reflects the potential effect of EA on
promoting upper gastrointestinal transit.

Although the underlying therapeutic mechanism
has not been fully elucidated, EA has been shown to
protect interstitial cells of Cajal and regulate
immunity,”?*° and regulate secretion of hormones
related to small intestinal and colonic motility.> Since
the intestinal muscle inflammation resulting from peri-
operative bowel handling is accepted widely to play an
important role in the pathogenesis of POI, extensive
research focused on the anti-inflammatory mechanism
of acupuncture, and proposed a relationship between
the vagus nerve and an inhibitory feedback mechanism
of the innate immune system. In mice, our previous
study found that EA suppressed intestinal inflammation
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and promoted gastrointestinal motility by activated
aynAChR-mediated  cholinergic  anti-inflammatory
pathways in macrophages that reduced the production
of inflammatory cytokines.>* The mechanism was also
found in a human study that transcutaneous electrical
acupoint stimulation applied in the lower limbs
enhanced gastrointestinal functional recovery, which is
associated with increased parasympathetic nerve tone
and its anti-inflammatory actions.”® Considering that
most of the existing studies are aimed at lower limb acu-
points, and the efficacy and underlying mechanisms of
acupoints in the abdomen or limbs may be different,
further research focusing on determining the specific
mechanism of action is required.

Some limitations have to be discussed. First of all, due
to the different area of acupoints and the nature of acu-
puncture, acupuncturists and patients were not blinded.
The two EA groups received more attention for at least 25
—30 min per each day as part of the acupuncture treatment
compared with the standard care group. Therefore, the lack
of blinding and longer patient contact time may affect the
results. However, our study still could partially answer
whether a strategy combined with acupuncture produces
an acceptable degree of improvement that could inform
everyday clinical practice. Secondly, this study included
patients undergoing colonic or rectal surgery for colorectal
cancer. It is not known whether the observed outcomes can
be extrapolated to other elective and/or emergency abdomi-
nal operations. Thirdly, the sample size of 35 patients per
group is underpowered, thus further studies with sufficient
sample sizes are needed. Finally, the trial was conducted in
a single centre with strict criteria. The extrapolation of the
findings needs to be taken with caution.

In conclusion, this study presents evidence that EA
at ST36 or ST25 can be safely administered in a postop-
erative setting to patients with colorectal cancer after
resection, and that EA at ST36 in combination with
standard care significantly enhances bowel function
recovery, more robustly than standard care alone.
Future studies should explore the underlying mecha-
nism of acupuncture in treating POI.
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