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INTRODUCTION: Reduced rectal sensation is involved in the pathophysiology of constipation. The aimof this studywas to

investigate the effects of transcutaneous electrical acustimulation (TEA) at acupuncture point ST36 on

constipation and rectal sensation as well as autonomic functions in patients with constipation and

reduced rectal sensation.

METHODS: In anacute study, anorectalmotility and sensation testswere performed in constipation patients (N553)

who were treated with TEA at ST36 or sham points. In a chronic study, patients (N5 18) underwent 2

weeks of TEA or sham-TEA in a crossover design.

RESULTS: Chronic TEA increased spontaneous bowel movements (3.72 vs 2.00 per week with sham-TEA, P < 0.0001)

and significantly reduced constipation symptoms and increased quality of life in comparison with sham-TEA

(P<0.05).AcuteTEAreducedthesensation threshold in responseto rectaldistention for theurgeofdefecation
andmaximum tolerable volume (P<0.05, vs baseline); chronic TEA reduced the sensation thresholds for first

sensation and desire of defecation, and decreased the threshold volume to an elicit rectal anal inhibitory reflex

(P < 0.05). Both acute and chronic TEA increased parasympathetic activity (P < 0.05).

DISCUSSION: TEA at ST36 improves chronic constipation by enhancing rectal sensation possibly mediated by the

reinforcement of parasympathetic activity in patients with functional constipation and reported lack/

absence of rectal sensation.

Clinical and Translational Gastroenterology 2022;13:e00485. https://doi.org/10.14309/ctg.0000000000000485

INTRODUCTION
Chronic constipation (CC) is a common and symptom-based
disorder, and its global prevalence varies from 0.7% to 79% for
adults worldwide and is 33.5% in the general population aged 60
years or older (1). It involves 1 or more symptoms, including ex-
cessive straining, hard stools, as well as sensations of anorectal
obstruction and incomplete evacuation (2). The conventional
treatments for constipation include fiber, laxatives, and prokinetic
agents (3–5). Biofeedback training, and probiotics have also been
used for treating constipation (6–8). However, there are a fair
amount of constipation patients whose symptoms are refractory to
these conventional and emerging therapies. Accordingly, it is of
great significance to develop novel and effective methods for the
treatment of constipation.

Defecation is a complex and coordinated process that involves
various factors, including colonic contractions, rectal sensation, and

anal sphincter relaxation. A reduced rectal sensation or rectal
hyposensitivity was regarded as a major pathophysiological char-
acteristic of functional constipation (9–12). In a recent study, rectal
hyposensitivitywas reported in 25%of 2,876 patientswith refractory
functional constipation.However, there arenoavailable therapies for
treating rectal hyposensitivity except biofeedback training.

Neuromodulation has recently been explored as a novel
treatment for constipation, but with limited success. In 62 pa-
tients with CC, long-term sacral nerve stimulation (SNS) with an
implanted pulse generator improved rectal sensation, reflected as
decreased threshold volumes in response to rectal balloon dis-
tention for the first constant sensation and desire to defecate (13).
Transcutaneous posterior tibial nerve stimulation was noted to
ameliorate symptoms in patients with obstructed defecation
without anatomic obstruction (14). In previous preliminary
studies, we found that transcutaneous neuromodulation at the
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posterior tibial nerve and the acupuncture point ST36 on the leg
improved rectal sensation and reduced the threshold volume to
an elicit rectoanal inhibitory reflex (RAIR) and consequently
defecation (15). Although rectal sensation and constipation could
be improved by neuromodulation according to these findings, the
effectiveness has not yet been identified because of the following
reasons: (i) Patients enrolled in these studies did not have distinct
impaired or reduced rectal sensation; (ii) possible placebo effects
could not be ruled out; and (iii) the sample size was small.

Although exact mechanisms involved in rectal hyposensitivity
are unclear, we hypothesize that neuromodulation could be a po-
tential therapy for rectal hyposensitivity in patients with functional
constipation. Inspired by the applications of neuromodulation in
the improvement of rectal sensation,we designed a clinical study to
specifically investigate the effect of a noninvasive method of
transcutaneous electrical acustimulation (TEA) on rectal sensation
in patients with both constipation and reduced rectal sensation.
TEA is a combined method of neuromodulation and electro-
acupuncture. It delivers weak electrical current to certain acu-
puncture points located near the peripheral nerves through surface
electrodes using known parameters to improve autonomic func-
tions. TEA has been shown to be effective in treating various
functional gastrointestinal diseases, including gastroesophageal
reflux disease, functional dyspepsia, and constipation (15–18).
These previous findings have consistently shown TEA-induced
improvement in gastrointestinal motility and rectal sensation
through the enhancement of parasympathetic activity. However, it
is unknown whether TEA is effective in improving both con-
stipation and reduced rectal sensation in patients with CC.

Accordingly, our study aimed at examining (i) the effect of acute
TEA on rectal sensation, (ii) the effects of chronic TEA on rectal
sensation and constipation, and (iii)mechanisms involving autonomic
functions in patients with constipation and reduced rectal sensation.

MATERIALS AND METHODS
Subjects

This study enrolled a total of 62patients (18–75 years, 16menand46
women) with functional constipation according to the Rome IV
definition andwith reduced rectal sensation. Other inclusion criteria
were as follows: (i) Patients had at least 6 months of CC history; (ii)
patients underwent colonoscopy or barium enema within 5 years
and with negative results; and (iii) patients reported the absence or
lack of rectal sensation and a first sensation threshold to ramp dis-
tention of the rectum $40 mL. Exclusion criteria were as follows:
irritable bowel syndrome, inflammatory bowel disease, metabolic,
endocrine, psychological distress or neurologic diseases, debilitating
illnesses, intestinal surgery, women in gestation or lactation periods,
or implanted electronic devices.

The sample size for the chronic study was based on a previous
study by Wu et al. (19) and power analysis using the number of
spontaneous bowel movements per week as the primary outcome.
Seventeen subjects were needed to achieve a convention power of
80 and an alpha value of 0.05. The sample size for the acute study
was also based on the previous study (19) and power analysis using
the rectal distention threshold for the urge to defecate as the pri-
mary outcome. Twenty-five subjects were needed to achieve
a conventional power of 80% and an alpha value of 0.05. Accord-
ingly, the number of patients in this studywas sufficiently powered.

The Ethical Review Committee of Yinzhou People’s Hospital
approved the experimental protocol (No. 2017010). Written in-
formed consent was obtained from each patient before this study.

Experimental protocol

A randomized, patient-blinded, sham-controlled clinical study
was conducted at Yinzhou People’s Hospital. This study, pre-
ceded with a 1-week run-in period, consisted of an acute phase
and a chronic phase.

In the acute part, patientswere treated in 2 randomized sessions
on separate days: 30-minute TEA at the acupoint ST36 and 30-
minute sham-TEA at a nonacupoint, respectively (Figure 1a). An
electrocardiogram (ECG)was evaluated, andanorectalmanometry
was performed before and after the TEA/sham-TEA treatment.

In the chronic part of this study, a crossover design was used:
Patients were randomized to undergo 2-week TEA followed by 2-
week sham-TEA (after 1-weekwashout) or vice versa (Figure 1b).
TEA or sham-TEA was performed for 1 hour twice daily, one in
the morning after getting up and the other in the evening after
dinner (15). Patients were asked for 3 office visits during this
study, at the beginning and the ends of each treatment arm. The
Patient Assessment of Constipation Symptom (PAC-SYM)
questionnaires, the Patient Assessment of Constipation Quality
of Life (PAC-QoL) questionnaires, and anorectal manometry
were completed during each visit. The patients were asked to keep
a bowel habit diary during TEA or sham-TEA, including the
frequency of defecation, duration of each defecation, stool qual-
ity, and medications used for defecation if any. Lactulose or
glycerine enema was permitted as a rescue medication only if
patients did not have a spontaneous bowel movement (SBM) for
more than 3 days or had severe symptoms such as abdominal
bloating.

Transcutaneous electrical acustimulation

Bilateral acupoints ST36 were used in TEA. The location of ST36
was on the anterolateral side of the lower leg, 3 inches under the
Dubi and one finger-breadth on the anterior crest of tibia. A pair
of electrodes were placed at the bilateral ST36 after skin treatment
and connected to a watch-size stimulator (SNM-FDC01; Ningbo
Maida Medical Device, Ningbo, China) (Figure 2). Electrical
stimulation was performed for 30 minutes in the acute study and
1 hour twice daily in the chronic study with the following pa-
rameters: trains on-time of 2 seconds and off-time of 3 seconds,
pulse width of 0.5 ms, pulse frequency of 25 Hz, and amplitude of
2–10 mA (at the maximum level tolerated by the patient); these
parameters were previously shown to improve gastrointestinal
motility (15–17). Sham-TEA was applied at nonacupoints 6–10
cm down and lateral to the ST36 (not on any meridian) using the
same electrical stimulation parameters as the TEA (15–17).

Anorectal manometry

Enema was used to empty the rectum before the anorectal
manometric test. The anorectal manometric test was performed
using an eight-channel water-perfused catheter (GAP-08A;
Ningbo Maida Medical Device, Ningbo, China), which was
inserted into the rectum through the anus. The patient was in a
left lateral position during the entire anorectal manometric pro-
cedure. Assessments of resting anal sphincter pressure and
maximum squeeze pressure, duration of sustained squeeze, rec-
toanal pressure changes during attempted defecation, and per-
centage of paradoxical contractions during the attempted
defecations were conducted in all patients. Rectal sensation was
assessed by gradual balloon distension of the rectum from 10 to
300 mL of air at 10 mL/s. Distention volumes corresponding to
the first sensory, desire of defecation, urge of defecation and
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maximal tolerance were recorded. In this study, first sensation
was defined as sensation that was temporary, vague, and un-
sustainable. Desire to defecate was defined as a desire to defecate
with the duration more than 15 seconds. Urge to defecation was
defined as continuous and urgent bowel movements accompa-
nied by distension. Maximum tolerable volume was defined as
endurable distension to the maximum volume with or without
pain (20). Rectoanal inhibitory reflex (RAIR)was elicited by rapid
inflation of the balloon with 10, 20, 30, 40, and 50 mL of air in a
randomized order. RAIR was considered to exist if there was a
5 mmHg or more drop in the anal sphincter pressure during the
rectal distention; the lowest rectal distention volume that solicited
RAIR was noted (21–23).

Outcome measurements

In the acute part of this study, the primary outcome was the
improvement in rectal sensation function after the acute TEA. In
the chronic part, the primary outcome was the number of weekly
SBMs after the treatment. The secondary outcomes were ano-
rectal motility and sensation profiles, PAC-SYM, and PAC-QoL.
The PAC-SYM was a 12-item questionnaire which consisted of 3
symptom subscales, abdominal, rectal, and stool, to evaluate
the frequency and severity of CC symptoms (24). PAC-QoL was a
28-item questionnaire which consisted of 4 subscales (physical
discomfort, psychosocial discomfort, worries and concerns, and
satisfaction) to assess the participant’s quality of life. Each itemwas
scored on a 5-point Likert-type scale ranging from 0 to 4 (25). The

Figure 1. Experimental protocol of the acute part (a) and the chronic part (b). ARM, anorectal manometry; HRV, heart rate variability; TEA, transcutaneous
electrical acustimulation.

Figure 2. (a) Placement of TEA electrodes at ST36. (b) Location of acupoints for the ST36. TEA, transcutaneous electrical acustimulation.
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lower scores of the PAC-SYMandPAC-QoL, respectively, indicate
less severe symptoms and better quality of life.

Assessment of autonomic functions

The autonomic function was assessed using the spectral analysis
of heart rate variability (HRV) derived from 1-channel ECG
recorded for 30 minutes at baseline in the fasting state and 30
minutes during TEA or sham-TEA in the acute part of this study
and during each visit of the chronic part of this study. The ECG
was record from 3 electrodes: the right one on the manubrium
sterni, the left one on the fifth rib in the left axillary line, and the
ground one on the right chest. A dedicated ECG amplifier (ECG-
201; NingboMaidaMedical Device) was used to record the ECG.

We used the software developed in our laboratory to down-
sample the ECG signal by monitoring the R-R intervals and
perform spectral analysis on theHRV signal. The power spectrum
of the HRV signal was divided into a low-frequency band
(0.04–0.15 Hz; LF) and a high-frequency band (0.15–0.40 Hz;
HF). LF mainly reflects sympathetic activity, and HF only rep-
resents parasympathetic activity. The ratio of LF/HF indicates the
balance of sympathetic and parasympathetic activities (18,26).

Statistical analysis

All analyses were performed using statistical software SAS9.4
(SAS Institute, Cary, NC). In the acute study, data were shown as
mean 6 SEM. The paired t test was used to compare the

Figure3. Effects of acute one-timeTEAon autonomicnervous function and anorectal sensation. HF: the high-frequency component in the power spectrum
of heart rate variability, reflecting parasympathetic activity. (a) Compared with the baseline, sham-TEA did not alter the HF (P. 0.05). (b) TEA significantly
increasedHF (P,0.05). (c) TEAdecreased the threshold volumes of urge for defecation andmaximumtolerance (P,0.05 for both). TEA, transcutaneous
electrical acustimulation.

Table 1. Anorectal motility and sensation profiles by TEA/sham-TEA in the acute part

Items

Sham-TEA (N5 26) TEA (N5 27)

Pretreatment Posttreatment t P Pretreatment Posttreatment t P

Anal rest pressure (mm Hg) 63.70 6 3.35 61.57 6 3.71 0.565 0.577 68.14 6 5.08 69.83 6 4.67 20.423 0.676

Maximum squeeze pressure (mm Hg) 104.35 6 5.14 118.286 7.24 21.979 0.059 120.41 6 8.55 120.16 6 9.35 0.04 0.969

Duration of contraction (s) 19.91 6 0.75 19.56 6 0.39 0.457 0.652 18.79 6 0.59 18.12 6 0.53 1.110 0.277

First sensation (mL) 54.04 6 3.40 54.04 6 3.37 0.000 .0.999 52.59 6 2.22 50.56 6 2.27 1.009 0.322

Desire of defecation (mL) 92.50 6 7.63 85.96 6 5.91 1.702 0.101 87.78 6 3.28 83.89 6 3.42 1.162 0.256

Urge of defecation (mL) 124.42 6 8.71 120.586 8.05 0.968 0.342 136.67 6 7.50 128.15 6 7.64 2.281 0.031a

Maximum tolerable volume (mL) 164.42 6 10.67 161.156 9.90 0.726 0.475 185.00 6 8.78 174.44 6 9.41 2.128 0.043a

Paradoxical contraction (%) 83.85 6 6.66 74.61 6 7.40 1.1 0.282 72.59 6 6.72 70.49 6 7.36 0.359 0.723

Increase in rectal pressure (mm Hg) 31.08 6 2.62 29.39 6 2.56 0.854 0.401 27.26 6 2.70 26.92 6 2.75 0.156 0.877

RAIR (mL) 26.54 6 1.92 23.46 6 2.00 1.99 0.058 24.44 6 1.45 22.59 6 1.14 1.154 0.259

Anal sphincter pressure during strain

(mm Hg)

53.71 6 3.36 54.27 6 3.49 20.186 0.854 54.02 6 3.75 56.43 6 3.22 20.833 0.412

TEA, transcutaneous electrical acustimulation.
aP , 0.05 in the paired t test between pretreatment and posttreatment.

Clinical and Translational Gastroenterology VOLUME 13 | MAY 2022 www.clintranslgastro.com

FU
N
C
TI
O
N
A
L
G
I
D
IS
O
R
D
ER

S
Xiao et al.4

http://www.clintranslgastro.com


differences in eachmeasurement between baseline and treatment.
In the chronic study, the count data were shown as number
(percentage) and analyzed using the Fisher exact test. The
quantitative data were presented as mean 6 SD and compared
using the independent samples t test or Wilcoxon test. A MAN-
OVA was performed to evaluate differences between the 2 se-
quences, periods, and treatments. Statistical significance was set
at P , 0.05. x2 analysis was used to determine the effect of the
chronic treatment on the prevalence of patients with an elevated
sensation threshold to rectal distention and the prevalence of
patients with the number of SBMs per week ,3.

RESULTS

Acute study

Sixty patients were enrolled in the acute study to complete 2
sessions of TEA and sham-TEA in a randomized order but 7 of
them did not complete the second session.

Effects of acute TEA on anorectal motility and rectal sensation.
Acute TEA decreased the threshold volume of urge to defecation

and maximum tolerance compared with baseline (P , 0.05 for
both) (Figure 3c). Sham-TEA exerted no such effects on rectal
sensation (Table 1).

Alterations in autonomic functions with TEA.Acute TEA rather
than sham-TEA increased the parasympathetic activity (HF) and
decreased the sympathetic activity (LF). TEA increased HF from
0.31 6 0.03 to 0.37 6 0.04 (t 5 22.537, P 5 0.018) (Figure 3b)
but decreased LF from 0.69 6 0.03 to 0.63 6 0.04 (t 5 2.537,
P5 0.018, 0.05).Meanwhile, compared with the baseline, the
ratio of LF/HF was significantly decreased from 3.236 0.46 to
2.55 6 0.43 (t 5 2.317, P 5 0.029) after acute TEA. No sig-
nificant difference was seen in HF, LF, or LF/HF between
baseline and sham-TEA (Figure 3a).

Chronic study

Twenty-four patients who reported absence or lack of rectal
sensation for defecation were enrolled. Six dropped out after 2
weeks of treatment (3 during or after TEA and the other 3 during
or after sham-TEA). Four of the 6 patients were allergic to

Table 2. Subject characteristics according to treatment sequence

Characteristics TEA-Sham TEA Sham TEA-TEA All P

Sex, n (%) 0.082

Male 0 (0.00) 4 (44.44) 4 (22.22)

Female 9 (100.00) 5 (55.56) 14 (77.78)

Age (yr) 0.860

Mean 6 SD 53.006 12.02 51.006 18.66 52.00 6 15.26

50% (25%, 75%) 53.00 (46.00, 63.00) 61.00 (45.00, 64.00) 58.50 (45.00, 63.00)

Range 30.00–68.00 19.00–66.00 19.00–68.00

BMI (kg/m2) 0.991

Mean 6 SD 21.16 6 2.57 21.15 6 1.76 21.16 6 2.14

50% (25%, 75%) 20.99 (18.70, 21.93) 21.74 (19.86, 21.95) 21.26 (19.53, 21.95)

Range 18.32–25.95 18.34–24.22 18.32–25.95

Duration of constipation (yr) 0.340

Mean 6 SD 5.00 6 3.35 6.78 6 4.27 5.89 6 3.83

50% (25%, 75%) 5.00 (2.00, 6.00) 5.00 (5.00, 10.00) 5.00 (3.00, 10.00)

Range 1.00–10.00 2.00–15.00 1.00–15.00

SBM per week, n (%) 1.000

1 2 (22.22) 1 (11.11) 3 (16.67)

2 7 (77.78) 8 (88.89) 15 (83.33)

PAC-SYM 0.397

Mean 6 SD 1.92 6 0.23 1.82 6 0.50 1.87 6 0.38

50% (25%, 75%) 2.08 (1.67, 2.08) 1.75 (1.58, 1.92) 1.83 (1.67, 2.08)

Range 1.58–2.17 1.25–2.92 1.25–2.92

PAC-QoL 0.737

Mean 6 SD 1.81 6 0.28 1.74 6 0.49 1.77 6 0.39

50% (25%, 75%) 1.75 (1.68, 1.89) 1.89 (1.43, 2.04) 1.77 (1.50, 2.04)

Range 1.46–2.29 0.96–2.43 0.96–2.43

BMI, body mass index; PAC-QoL, Patient Assessment of Constipation Quality of Life; PAC-SYM, Patient Assessment of Constipation Symptom; SBM, spontaneous bowel
movement; TEA, transcutaneous electrical acustimulation.
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electrodes and the other 2 patients quit the study due to dissat-
isfaction with the efficacy of the first arm of the treatment. All
other patients completed the 5-week study according to the study
protocol. The patient information at baseline is summarized in
Table 2.

Primary outcome. At the end of the treatment, the number of
SBMs per week was higher in the TEA group and that in the
sham-TEAgroup (3.726 1.23 vs 2.006 0.77,P, 0.05) (Table 3).
The number of patients who had SBMs of 3 or more was signif-
icantly increased after 2-week TEA in comparison with sham-
TEA (88.89% vs 16.67%, x25 18.836, P, 0.001). The PAC-SYM
and PAC-QoL scores were significantly decreased after 2-week
TEA compared with those after 2-week sham-TEA (Table 3). The
overall PAC-SYM score and the rectum symptom subscore were
significantly reduced after 2-week TEA compared with 2-week
sham-TEA. The overall PAC-QoL scores, the worries and con-
cerns symptom subscore, and the dissatisfaction symptom sub-
score were also significantly reduced after 2-week TEA in
comparison with 2-week sham-TEA (Figure 4a,b).

Secondary outcome. Compared with sham-TEA, the rectal sen-
sory function was significantly improved after TEA. The
threshold of the rectal distention volume for the first sensation
was 51.396 13.70mL after the TEA treatment and 60.566 14.74
mL after the sham-TEA treatment (P, 0.05). Comparedwith the
sham-TEA treatment, the TEA treatment significantly reduced
the threshold for the desire of defecation (84.44 6 15.99 mL vs
98.61 6 20.35 mL, P , 0.05). The threshold of the rectal dis-
tention for eliciting the RAIR after TEA was found to be signifi-
cantly decreased in comparison with sham-TEA (18.33 6 7.07
mL vs 25.56 6 9.84 mL, P , 0.05). The anal sphincter pressure
during strain after 2-week TEA was found to be lower than
that after 2-week sham-TEA (45.076 14.58 vs 50.556 14.61,
P , 0.05) (Table 4 and Figure 4c,d).

Because the definition for the normal sensation threshold to
rectal distention is largely dependent on the testing method and
race, we did not use any published normative values in the

literature; instead, we used our own definitions based on clinical
experience as follows: elevated first sensation, if the distention
threshold was .50 mL, and elevated desire to defecation, if the
distention threshold was.100mL. Based on these definitions, 13
of 18 patients (72.2%) had an elevated distention threshold for
first sensation at baseline; this number was reduced to 7 (or
38.9%) at the end of the chronic TEA treatment (P, 0.004) and
12 (66.7%) at the end of the chronic sham-TEA treatment (P 5
0.6). Nine of the 18 patients (50%) showed an elevated distention
threshold for desire to defecate; this number was reduced to 2
(11.1%) after chronic TEA (P , 0.0001) and 7 (38.9%) after
chronic sham-TEA. Compared with the sham-TEA treatment,
the TEA treatment significantly reduced the number of patients
with elevated first sensation threshold (38.9% vs 66.7%, P, 0.02)
and the number of patients with elevated sensation threshold for
desire to defecate (11.1% vs 38.9%, P , 0.02).

Compared with 2-week sham-TEA, 2-week TEA reduced the
LF (0.596 0.13 vs 0.686 0.13, P, 0.05) and the ratio of LF/HF
(1.8661.46vs2.6161.47,P,0.05)but increased theHF(0.4160.13
vs 0.336 0.13, P, 0.05) (Table 5 and Figure 4e).

DISCUSSION
In this study, acute TEA resulted in a decrease in rectal sensation
thresholds for urge to defecation and maximum tolerance, and
the 2-week TEA treatment significantly increased the number of
SBMs perweek and decreased the overall scores of PAC-SYMand
PAC-QoL in constipated patients with reported lack/absence of
rectal sensation. Moreover, TEA reduced the rectal distention
threshold volume to elicit the RAIR, improved rectal sensation to
rectal distention, and reduced anal sphincter pressure during
strain. Concurrently, TEA enhanced parasympathetic activity
and decreased sympathetic activity, which was believed to play an
important role in the improvement of symptoms and rectal
sensation.

EA has been used to treat CC in recent years with satisfactory
therapeutic effects. Less than 3 SBMs per week is a common
definition of constipation, and the number of SBMs per week is
used as the primary end point in clinical studies. In amulticenter,

Table 3. Effects of TEA on constipation measured by SBMs per week, PAC-SYM score, and PAC-QoL score in the crossover chronic study

Items

Sequence Period Treatment

TEA-Sham TEA Sham TEA-TEA Period 1 Period 2 Sham-TEA TEA

PAC-SYM 1.65 6 0.41 1.64 6 0.51 1.66 6 0.52 1.64 6 0.40 1.85 6 0.44 1.45 6 0.39a

Stool 2.44 6 0.72 2.11 6 1.16 2.14 6 0.98 2.42 6 0.96 2.53 6 1.05 2.03 6 0.83

Rectum 1.53 6 0.54 1.64 6 0.58 1.63 6 0.65 1.54 6 0.45 1.80 6 0.56 1.37 6 0.47a

Abdominal 1.41 6 0.68 1.20 6 0.63 1.26 6 0.62 1.35 6 0.70 1.37 6 0.67 1.24 6 0.64

PAC-QoL 1.48 6 0.38 1.61 6 0.42 1.56 6 0.42 1.53 6 0.40 1.63 6 0.42 1.46 6 0.38a

Physical discomfort 1.55 6 0.50 1.58 6 0.48 1.56 6 0.51 1.57 6 0.47 1.60 6 0.49 1.53 6 0.49

Psychological discomfort 1.91 6 0.55 1.62 6 0.92 1.76 6 0.83 1.77 6 0.71 1.78 6 0.80 1.75 6 0.75

Worries and concerns 1.29 6 0.47 1.54 6 0.66 1.48 6 0.63 1.35 6 0.53 1.56 6 0.62 1.27 6 0.50a

Dissatisfaction 1.39 6 0.55 1.89 6 0.47 1.57 6 0.57 1.71 6 0.57 1.79 6 0.59 1.49 6 0.51a

SBMs per week 2.89 6 1.32 2.83 6 1.38 2.78 6 1.40 2.94 6 1.30 2.00 6 0.77 3.72 6 1.23a

PAC-QoL, Patient Assessment of Constipation Quality of Life; PAC-SYM, Patient Assessment of Constipation Symptom; SBM, spontaneous bowel movement; TEA,
transcutaneous electrical acustimulation.
aP , 0.05 between TEA and sham-TEA.
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randomized, sham-controlled trial with 1,075 participants, EA
over an 8-week treatment period significantly increased SBMs in
adult patients with CC (27). EA was also reported to improve the
SBMs in constipated children (28). In this study, the number of
weekly SBMs was significantly increased after the 2-week TEA
(without needles), which was in accordance with the previous
studies with EA using needles. In addition, the 2-week TEA also
significantly decreased the scores of PAC-QoL and PAC-SYM,
demonstrating the improvement in constipation symptoms and
quality of life in constipated patients with reported absence or
lack of rectal sensation.

The receptive relaxation in the normal rectum permits storage
of stool ahead of defecation, which indicates mechanical prop-
erties of the rectal wall. The interaction of motor and sensory
neurons has an effect on these properties (29). Normal defecation
commences with responses to the “call to stool”. Rectal sensation
refers to the feeling of rectal filling associated with the anal re-
flexes, which is different from distension of other intestines
usually lined with pain (30). When the rectal filling is sufficient to
attain awareness of evacuation, the defecation reflex is evoked,

which requires the participation of internal and external
sphincters and intramural plexus of the rectum and rectum
mucosa. There is research indicating that the mechanical prop-
erties of the rectal wall and the afferent pathway mediating sen-
sations from the rectum are critical for rectal filling (31). In a
previous study, the onset and duration of sensation perception
induced by rapid inflation was in accordance with that of the
external anal sphincter responses, indicating that rectal sensation
is important for maintaining fecal continence by external anal
sphincter contractions (32). Rectal sensorimotor response, re-
ferring to a transient contractile response of the anal sphincter, is
associated with rectal sensory perception in healthy adults, which
indicates its role in regulating anorectal sensation and function in
the brain-gut interactions (33).The rectum is supplied with vis-
ceral afferents and somatic nerves originated from the pudendal
nerve (31). Conscious awareness is motivated by afferent in-
formation from the rectum through a 3-order neuron chain with
the involvement of spino-thalamo-cortical pathway, dorsal pos-
terior insular cortex, ventrocaudal part of the medial dorsal nu-
cleus, and dorsal anterior cingulate cortex (34). Moreover, the

Figure4.Effects of 2-weekTEAonSBMsperweek, PAC-SYMscore, rectal symptomsubscore (rectum), PAC-QoL score, anorectalmanometry parameters,
and autonomicnerve function in the chronic study. (a) Comparedwith sham-TEA, 2-week TEA significantly increased the SBMsperweek (P,0.0001) and
decreased PAC-SYM score (P5 0.007) and rectal symptom score (P5 0.002). (b) TEA reduced the PAC-QoL score (P5 0.022), worry and anxiety score
(P5 0.003), and dissatisfaction score (P5 0.028). (c) TEA reduced the first sensory threshold (P5 0.008) and defecation threshold (P5 0.002) as the
rectal distention volume required to induce relaxation of the internal anal sphincter (RAIR) (P5 0.017). (d) TEA also reduced the anal sphincter pressure
during strain (P5 0.010). (e) TEA increased HF reflecting vagus nerve activity (P5 0.020). PAC-QoL, Patient Assessment of Constipation Quality of Life;
PAC-SYM, Patient Assessment of Constipation Symptom; SBM, spontaneous bowel movement; TEA, transcutaneous electrical acustimulation.

American College of Gastroenterology Clinical and Translational Gastroenterology

FU
N
C
TI
O
N
A
L
G
I
D
IS
O
R
D
ER

S

Neuromodulation for Rectal Sensation 7



guinea pig myenteric ganglia contain a high density of slow
adapting, low-threshold mechanoreceptors called rectal intra-
ganglionic laminar nerve endings in the myenteric ganglia of
guinea pig are sensitive to mechanical distention (35). Actually,
constipation may be partially caused by impairment of the rectal
afferent pathway at any level from receptors to the cortex (31,36).
As an objective method for the assessment of sensory disorders
affecting the afferent neural pathways, the cerebral evoked po-
tential was found to be prolonged in latencies in children with CC
and encopresis, suggesting a defect in the afferent pathway from
the rectum (37).

Rectal sensory dysfunction involves in the development of
functional bowel diseases (22), and rectal hyposensitivity was
reported in patients with functional constipation (38,39). In ad-
dition, diminished awareness of rectal distension has been shown
in metabolic diseases, neurological diseases, and postanorectal
surgery. Currently, the significance of reduced rectal sensation
has gained more and more attention. Because the rectal sensory
thresholds in patients with constipation is higher than that in
healthy control subjects, it is especially necessary to seek an ef-
fective therapy to reduce sensory threshold volumes and restore
the rectal sensation. Rao et al. (40) proposed the biofeedback

therapy to improve impaired rectal sensation.However, in a study
involving 22 constipated patients with impaired rectal sensation,
only 10 patients treated with the biofeedback therapy showed
improvement in rectal sensation (11). In the current study, acute
TEA decreased sensory threshold volumes for urge to defecate
and maximal tolerance. The 2-week TEA reduced the sensory
threshold volumes for the first sensation, the desire to defecate,
and the maximum tolerance compared with the 2-week
sham-TEA.

It has been consistently reported that anal pressure during
strain in constipated patients was higher than in healthy sub-
jects (41). In addition, inadequate relaxation and paradoxical
contraction of the anal sphincter during defecation are the
major causes of functional constipation (20,42). In this study,
we also found that the anal sphincter pressure during strain
in patients after the 2-week TEA was lower than that after the
2-week sham-TEA. These results showed that TEA might im-
prove the relaxation of anal sphincter during defecation to
some extent and contribute to evacuation. The decrease in anal
pressure was believed to be attributed to the decrease in internal
anal sphincter pressure as the RAIR was improved after
2-week TEA.

Table 4. Anorectal sphincter pressure and rectal sensation in the crossover TEA/sham-TEA treatment

Items

Sequence Period Treatment

TEA-Sham TEA Sham TEA-TEA Period 1 Period 2 Sham TEA TEA

Anal rest pressure (mm Hg) 59.80 6 21.45 66.58 6 22.09 70.296 20.57 56.09 6 21.03 62.73 6 15.84 63.66 6 26.86

Maximum squeeze pressure (mm Hg) 112.05 6 34.04 114.41 6 26.39 119.646 34.56 106.81 6 24.01 112.75 6 25.61 113.71 6 34.67

Duration of contraction (s) 19.58 6 2.42 20.64 6 3.26 20.656 2.85 19.57 6 2.88 20.31 6 3.23 19.91 6 2.55

First sensation (mL) 48.61 6 10.82 63.33 6 14.75 58.616 18.05 53.33 6 10.43 60.56 6 14.74 51.39 6 13.69a

Desire of defecation (mL) 81.94 6 13.41 101.11 6 20.04 96.116 22.53 86.94 6 14.96 98.61 6 20.35 84.44 6 15.99a

Urge of defecation (mL) 136.67 6 28.70 156.67 6 31.53 146.116 29.18 147.22 6 34.31 152.22 6 29.81 141.11 6 32.79

Maximum tolerable volume (mL) 169.72 6 31.32 198.89 6 29.03 179.446 31.76 189.17 6 34.86 189.72 6 31.41 178.89 6 35.00

Increase in rectal pressure (mm Hg) 26.71 6 12.34 23.09 6 10.80 27.546 11.99 22.27 6 10.83 23.65 6 10.17 26.16 6 13.00

Paradoxical contraction (%) 87.78 6 21.84 76.67 6 35.81 87.786 22.90 76.67 6 35.15 91.11 6 15.68 73.33 6 37.57

RAIR (mL) 21.67 6 9.23 22.22 6 9.43 22.786 9.58 21.11 6 9.00 25.56 6 9.84 18.33 6 7.07a

Anal sphincter pressure during strain

(mm Hg)

49.13 6 15.07 46.49 6 14.53 50.156 15.66 45.47 6 13.60 50.54 6 14.61 45.07 6 14.57a

RAIR difference 14.10 6 6.15 25.16 6 12.01 22.546 13.57 16.72 6 6.69 21.66 6 13.73 17.59 6 7.05

TEA, transcutaneous electrical acustimulation.
aP , 0.05 between TEA and sham-TEA.

Table 5. Effects of TEA on autonomic functions in the crossover chronic study

Items

Sequence Period Treatment

TEA-Sham TEA Sham TEA-TEA Period 1 Period 2 Sham-TEA TEA

LF 0.59 6 0.13 0.67 6 0.13 0.64 6 0.14 0.63 6 0.13 0.67 6 0.15 0.59 6 0.11a

HF 0.41 6 0.13 0.32 6 0.13 0.36 6 0.14 0.37 6 0.13 0.33 6 0.14 0.41 6 0.11a

LF/HF 1.86 6 1.46 2.61 6 1.47 2.29 6 1.46 2.18 6 1.56 2.76 6 1.76 1.72 6 0.96a

HF, high-frequency component, reflecting purely parasympathetic/vagal activity; LF, low-frequency component, reflecting mainly sympathetic activity; TEA,
transcutaneous electrical acustimulation.
aP , 0.05 between TEA and sham-TEA.
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The RAIR occurs during transient relaxation of the internal
anal sphincter in response to rectal distension or fecal filling and
requires intact intramural pathways. The receptor of the RAIR is
located in the rectal wall and its modulation depends on the
integrity of the autonomic nervous system (43). The RAIR is
triggered when all sorts of contents, including water and air in the
rectum, reach the upper part of the anal canal (44). The RAIR is
used clinically to screen for Hirschsprung disease (45). A number
of studies have shown that RAIR is impaired in patients with
defecation disorders, diabetes mellitus, postanorectal surgery,
and sclerosis. Netinho et al. (46) suggested that the recovery ve-
locity of the resting anal pressure relating to the RAIR in the
proximal anal canal in patients with obstructive evacuation was
faster than that of normal subjects. Liu et al. (47) reported that the
threshold volume for the RAIR was not different between the
healthy control group and the constipation group, but the prev-
alence of impaired RAIR was higher in the constipated group
compared with healthy controls. Similarly, Xu et al. (48) reported
that a higher volume of distension was required to achieve a
relaxation of 50% in constipated patients than that in healthy
subjects or patients with fecal incontinence. Moreover, rectal
distension at 20, 30, 40, and 50 mL triggered less sphincter re-
laxation in constipated patients than that in healthy subjects.
These results indicated that the quantitative assessment of the
RAIR might be useful for the diagnosis of patients with con-
stipation. Currently, there is no standard for the normal range of
the RAIR. In this study, a 5 mm Hg or more decrease in the anal
sphincter pressure compared with baseline was considered as the
presence of the RAIR; otherwise, it was considered as the absence
of the RAIR. This study showed that 2-week TEA reduced the
volume of rectal distension for eliciting the RAIR in comparison
with that after 2-week sham-TEA, which is consistent with a
previous study using transcutaneous neuromodulation at both
ST36 and tibial nerve (15). These results suggested that chronic
TEA might have a clinical benefit in improving the RAIR in
constipated patients with impaired sensation.

The autonomic nervous system takes charge of homeostatic
regulation of gut functions and makes visceral perception closely
related to the central nervous system (49). Autonomic dysfunc-
tion occurs in patients with functional gastrointestinal disorders
and neurological disorders, such as multiple sclerosis, Parkinson
disease, and peripheral neuropathies (50,51). In this study, TEA
was found to enhance parasympathetic activity and suppress
sympathetic activity, suggesting a possible mechanism involving
autonomic functions. Chen et al. (52) reported that an eight-week
electroacupuncture treatment increased parasympathetic activity
and improved constipation. Several studies from our laboratory
showed an improvement in parasympathetic activity with EA in
animals (53–55). The parasympathetic nerve modulates the fre-
quency of high-amplitude propagated contraction in the colon,
which is crucial for slow transit constipation (56). The autonomic
nervous system is also known to play an important role in rectal
sensation (19,57). The TEA-induced improvement in autonomic
function is believed to play a role in the enhancement of rectal
sensation and improvement of constipation in this study.

SNS using an implantable pulse generator has been used for
treating constipation with conflicting results; a recent meta-
analysis concluded that SNS was effective in treating fecal in-
continence but not effective in treating constipation (58). The
major issue with SNS for constipation is the selection of appro-
priate stimulation parameters. In most published clinical studies,

the SNSmethod used for treating constipation was adopted from
that used for treating fecal incontinence, which shares no path-
ophysiological similarities with constipation. Further research is
needed to make the SNS therapy effective for constipation.
Compared with SNS, the TEA method applied in this study is
noninvasive and much less expensive, although it might be
cumbersome to administrate the therapy on a daily basis.

This study has certain limitations. The major limitation is the
relatively small sample size. Furthermore,measurements of colon
motility were absent, such as colon transit and pudendal nerve
terminal motor latency.

In conclusion, TEA at ST36 improves functional constipation
by improving rectal sensation and anal sphincter functions pos-
siblymediated by the enhancement of parasympathetic activity in
patients with functional constipation and reported lack/absence
of rectal sensation.
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Study Highlights

WHAT IS KNOWN

3 Functional constipation is largely attributed to slow colon
transit and dyssynergic defecation.

3 The role of rectal sensitivity in contributing to the
pathophysiology of functional constipation is not established;
however, recent studies have reported rectal hyposensitivity
in patients with functional constipation.

3 Functional constipation is currently treated with medications
and biofeedback training.

WHAT IS NEW HERE

3 The noninvasive, home-based, and self-administrated
methodof transcutaneous electrical acustimulation improved
constipation in patients with functional constipation and
reported lack of rectal sensation for the desire of defecation.

3 The transcutaneous electrical acustimulation-induced
improvement seemed mediated by the enhancement in
rectal sensation and activation of parasympathetic activity.
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