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Abstract

Introduction. Opioid-induced constipation (OIC) is a principal complication secondary to analgesic therapy for cancer pain
patients who suffer moderate to severe pain. In this study, we observe the efficacy and safety of transcutaneous acupoint
interferential current (IFC) stimulation in those patients with OIC. Methods. A total of 198 patients were randomly allocated
to the IFC group and control group in a I:1 ratio. Finally, 98 patients in the IFC group received |4 sessions administered
over 2 weeks, whereas 100 patients in the control group took lactulose orally during the same period. Observation
items were documented at management stage and at follow-up stage according to Cleveland Constipation Scales (CCS),
pain Numeric Rating Scales (NRS) and Patient Assessment of Constipation Quality of Life (PAC-Qol). Results. The total
curative effects of the IFC group and the control group were indistinguishable (76.5% vs 70.0%, P = .299). Regarding CCS
and PAC-Qol scores, no significant difference was observed between the 2 groups during the management time and at the
follow-up stage of week 3 (P > .05, respectively), but groups were distinguished at the follow-up stage of week 4 (P <.001
and P = .031, respectively). The pain NRS decreased significantly at management stage week 2 and follow-up stage week 3
and week 4 (P = .013, P = .041, P = .0l 1, respectively). Conclusions. Transcutaneous acupoint IFC therapy over acupoints
of Tianshu (ST25) and Zhongwan (RN 12) may improve constipation and quality of life in cancer patients receiving opiates;
further studies are worthwhile.
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Introduction The mechanism of OIC is still uncertain. The main view-
points can be summarized as follows: (1) The opioid recep-
tors (predominantly p, but also k and §, which are located in
the gut wall of the myenteric plexus and the submucosal
plexus) inhibit excitatory and inhibitory neural pathways
within the enteric nervous system when activated by endog-
enous or exogenous opioids. The restraint of excitatory neu-
ral pathways depresses peristaltic contractions, whereas the

Pain is a stubborn problem that commonly occurs in midad-
vanced cancer patients, lengthening hospital stay and
increasing the treatment burden.' Opioid analgesics are the
mainstay of cancer pain management for patients who suf-
fer moderate to severe pain.”* However, opioid are pre-
scribed conservatively because of their side effects,
especially opioid-induced constipation (OIC), the incidence
rate of which is between 23% and 85%°; worse still, it can
persist throughout the course of the prescription.
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interdiction of inhibitory neural pathways elevates gastroin-
testinal (GI) muscle activity to nonpropulsive motility pat-
terns”®; (2) opioids reduce water and electrolyte secretion,
increase liquid reabsorption, and also increase sphincter
tone, together leading to the dry feces and hard stools,
which are difficult to pass through the gut lumen’; and (3)
opioids impair the defecation reflex, which reduces sensi-
tivity to distension.® These mechanisms are generally con-
sidered to be responsible for delaying gastric emptying and
slowing the intestinal transit.

The oral administration of osmotic agents (usually lactu-
lose) needs to be prescribed in the majority of patients with
OIC.” OIC has an osmotic effect on the colon and stimulates
activated neurons in the myenteric and submucosal plexus of
the colon, thus reducing the absorption of water and electro-
lytes by the intraluminal contents.™'’ In recent years, acu-
puncture and electroacupuncture have been confirmed as
effective in the management of GI motility disorders, such as
chronic treatment-resistant constipation.'"'? Compared with
traditional acupuncture and electrical acupuncture, transcuta-
neous acupoint interferential current (IFC) therapy has the
advantage of being noninvasive as well as amenable to
adjustability of stimulation frequency and intensity objec-
tively and quantifiably; therefore, it is increasingly being
applied in various GI diseases.'*" In this study, we assess
transcutaneous acupoint IFC stimulation with pad electrodes
on the belly (acupoints ST25 and RN12) in cancer pain
patients with OIC, compared with oral lactulose administra-
tion, to observe its efficacy and safety in this population.

Methods

Patient Collection

A hospital-based prospective study was performed that con-
sisted of consecutive cancer pain patients who were admit-
ted to the Oncology Department, Pain Department, and
Gastrointestinal Department of Tongde Hospital in Zhejiang
province (China) from July 2013 to June 2016. Patients
were included in this study if they (1) were diagnosed with
cancer and given analgesic therapy, with daily use of oxy-
codone hydrochloride delayed-release tablets >80 mg; (2)
met the Rome IIT diagnostic criteria for constipation'’; (3)
were aged between 18 and 80 years old; (4) received no
other management for constipation for 2 weeks before
enrollment, except rescue symptomatic treatment for acute
intestinal obstruction or gas; and (5) had no language bar-
rier and signed the informed consent. The exclusion criteria
were as follows: (1) secondary constipation caused by met-
abolic, endocrine, nervous, or postoperative diseases or
intestinal organic diseases (such as Crohn’s disease, intesti-
nal tuberculosis, etc); (2) serious cardiovascular, hepatic,
renal, or psychiatric diseases, influencing the cooperation,
examination, or follow-up process of IFC; and (3)

Figure 1. Positions of transcutaneous acupoint interferential
current stimulation.

pregnancy or lactation. Patients were withdrawn if they (1)
had severe adverse reactions or complications that meant
they could not tolerate the trial; (2) withdrew the informed
consent at any time; and (3) were out of touch or died within
the follow-up stage. The research protocol was approved by
Clinical Trial Ethics Committee of Tongde Hospital of
Zhejiang Province (Protocol No. [2013] 071-008) and reg-
istered in Chinese Clinical Trial Registry (ChiCTR, regis-
tration No. ChiCTR-IPR-15007105).

Design and Protocols

Based on our preliminary work, the efficacy of transcutane-
ous acupoint IFC in treating constipation was about 80%,
and according to the literature, the efficacy of lactulose oral
solution was about 75%. To detect a significant difference
(P =.05) between the groups with 90% power, and assum-
ing a drop-out rate of 15%, at least 100 patients were
required for each group. Patients were randomly assigned to
the IFC group and control group in a ratio of 1:1 according
to a basic random sampling method using SPSS 20.0 soft-
ware (SPSS Inc, Chicago, IL), and clinical research coordi-
nators assigned them through the random numbers to
receive treatment accordingly. Patients in the IFC group
received 14 sessions of IFC therapy administered over 2
weeks. Interferential stimulators (TT-900-6A, Guangzhou,
China) delivered IFC using electrodes (4 cm % 4 cm,
CM4040, Hangzhou, China) with a carrier frequency of 4
kHz, an adjustable intensity of 25 to 30 mA, and a beat fre-
quency of 80 to 120 Hz. The intensity of the stimulator was
increased gradually until patients felt that it was “strong but
comfortable.” In each session, 30 minutes of IFC per day
was applied to the patients at the acupoints of Tianshu
(ST25, 2 cm to the side of the belly button) and Zhongwan
(RN12, 4 cm above the belly button). In Figure 1, the elec-
trode on the top left is connected to the electrode on the



Zhu et al 439
Table I. The Baseline Clinical Characteristics of the 2 Groups (Mean * SD).

IFC Group (n = 98) Control Group (n = 100) P Value
Age (year) 57.12 £9.93 59.54 £ 10.77 .087
Sex (M/F) 52/46 45/55 257
Physical discomfort 6.05 £ 0.98 5.89 £ 0.86 221
Psychosocial discomfort 997 £ I.15 10.22 + 1.45 .180
Worries and concerns 11.69 + 1.47 12.02 + 1.55 .130
Satisfaction 10.46 £ 1.30 10.79 + 1.55 .106
CCs 14.16 £2.03 13.93 £ 1.83 397
NRS 3.29 £ 0.66 3.40 = 0.65 221
Daily dosage of oxycodone 96.02 £ 16.97 94.00 £ 13.78 .359

hydrochloride

Abbreviations: IFC, interferential current; M, male; F, female; CCS, Cleveland Constipation Scales; NRS, pain Numeric Rating Scales.

lower right, and the electrode on the top right is connected
to the electrode on the lower left. Patients in the control
group were treated with lactulose oral solution, 10 mL 3
times per day for 2 weeks.

Assessments and Follow-up

A series of face-to-face questionnaires was documented at
treatment stages week 1 and week 2 and follow-up stages
week 3 and week 4. The Cleveland Constipation Scale'®
(CCS) was used to assess constipation, which includes 8
main evaluation items consisting of defecation frequency,
defecation straining, complete emptying, abdominal pain,
defecation time, defecation help, failed defecation fre-
quency per 24 hours, and constipation course. The Patient
Assessment of Constipation Quality of Life' (PAC-QoL)
questionnaire was adopted to evaluate patients’ quality of
life. It involves 28 items in 4 subscales: physical discom-
fort, psychosocial discomfort, worries and concerns, and
satisfaction. A Numeric Rating Scale®® (NRS) for pain (0 =
no pain and 10 = worst possible pain) was applied to evalu-
ate the patient’s pain intensity. Overall prognosis of consti-
pation was assessed according to the Ministry of Health of
Peoples Republic of China Guidelines for clinical study of
new Chinese medicines® as follows: (1) obvious efficacy:
constipation symptoms are improved totally or signifi-
cantly, defecation interval and stool quality are normal or
close to normal (the stool is slightly dry and defecation
interval is within 72 hours), and all or most other symptoms
disappear; (2) effective: defecation interval is shortened by
1 day, the symptom of dry feces is improved, and other
symptoms are ameliorated; and (3) invalid: no improve-
ment in constipation and other symptoms.

Statistical Analysis

The continuous variables for data were expressed as mean +
SD, and the categorical variables were expressed as a

percentage or frequency. The independent-sample Student’s
t-test was used for analysis of continuous data; if the P
value of the homogeneity test of variance was less than .05,
the Wilcoxon signed-rank test was applied. The  test was
used to identify categorical data. All statistical analyses
were performed using SSPS version 20.0 software (SPSS,
Inc, Chicago, IL), and data were considered statistically sig-
nificant when P <.05.

Results

Among the patients enrolled in this study, 6 dropped out at
the management stage because of adverse effects, and 3
individuals withdrew; 2 were withdrawn from the trial as
lost to follow-up, and 1 patient died at the follow-up stage
owing to the advanced cancer. Finally, 98 patients com-
pleted the ICF therapy, whereas 100 patients finished the
lactulose oral solution protocol. There were no statistically
significant differences in the baseline characteristics
between the 2 groups (Table 1).

The total curative effects of the 2 therapeutic methods
are analogous (IFC group 76.5% vs control group 70.0%, P
=.299), which is displayed in detail in Table 2. There is no
significant difference in comparison with obvious remis-
sion, effective remission, and limited remission between the
2 groups (P > .05, respectively).

Differences in CCS, PAC-QoL, and NRS scores between
the 2 groups at the management and follow-up stages are
illustrated in Table 3. Regarding CCS scores, there was no
significant difference in the scores between the 2 groups,
either during the management time or at the follow-up stage
of week 3 (P =.397, P = 428, P =.142, and P = .148,
respectively). However, we found significantly lower CCS
statistics in the IFC group than the control group at the fol-
low-up stage of week 4 (P =.000). Interestingly, we found
comparable outcomes for the PAC-QoL (P =.688, P =.130,
P =119, P =.195, and P = .031, respectively) question-
naire, suggesting that IFC therapy may have sustained
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Table 2. The Comparison of Treatment Efficacy for OIC Between the 2 Groups.

IFC Group (n = 58) Control Group (n = 60) P Value
Obvious remission 30 (30.6%) 21 (21.0%) .144
Effective remission 45 (45.9%) 49 (49.0%) .664
Limited remission 23 (23.5%) 30 (30.0%) 229
Total remission’ 75 (76.5%) 70 (70.0%) 299
Abbreviations: OIC, opioid-induced constipation; IFC, interferential current.
*Total remission = Obvious remission + Effective remission.
Table 3. Comparison of CCS, PAC-Qol, and Pain NRS Between the 2 Groups (Mean + SD).
Week 0° Week |° Week 2° Week 3¢ Week 4
CCs IFC group (n = 58) 14.16 £ 2.03 1140 £ 2.13 9.18 £ 1.81 9.72 £ 1.59 9.8l = 1.67
Control group (n = 60) 13.93 + 1.83 11.63 £ 1.98 9.56 £ 1.79 10.04 + 1.47 .12+ 1.73
P, value 397 428 142 .148 .000
PAC-QolL IFC group (n = 58) 39.15 £ 4.83 3247 £ 484 27.78 + 5.89 29.15+6.16 29.83 + 6.64
Control group (n = 60) 38.89 + 4.37 33.53 £4.97 29.10 + 6.02 30.36 + 6.88 31.87 £ 6.58
P, value .688 .130 119 .195 031
NRS IFC group (n = 58) 3.29 £ 0.66 3.16 £ 0.60 2.88 +0.63 2.84+0.62 2.77 £ 0.49
Control group (n = 60) 3.40 £ 0.65 3.28 £ 0.59 3.11 £0.68 3.02 + 0.64 296 £ 0.57
P, value 221 170 013 .041 011

Abbreviations: CCS, Cleveland Constipation Scales; PAC-QolL, Patient Assessment of Constipation Quality of Life; NRS, pain Numeric Rating Scales;

IFC, interferential current.
*Outcomes at baseline.
®Outcomes of treatment on.
‘Outcomes of treatment off.

effects and lead to a better quality of life for longer than
lactulose treatment. In the analysis of pain sensation, NRS
statistics showed that patients in the IFC group achieved
significant pain remission at the management stage of week
2 and the follow-up stage of week 3 and week 4 (P =.013,
P = .0413, and P = .011, respectively), but there was no
significant difference at the management stage of week 1 (P
= .221), suggesting that IFC might alleviate patients’ pain
(Figure 2). In within-group comparisons, the results
revealed that both CCS and QoL changed significantly from
week 1, whereas pain NRS showed significant change from
week 2 (respectively, P <.01).

No severe related adverse events, such as intestinal
bleeding, acute abdominal pain, coma, frequent nausea or
vomiting, local amyasthenia, or infection, were observed in
the IFC group patients during treatment and follow-up vis-
its. One patient died from a deteriorating condition associ-
ated with cancer that was foreign to the transcutaneous
acupoint IFC therapy in this trial.

Discussion

Up to 80% of patients with cancer suffer moderate to severe
pain, and most of these patients take strong opioids for pain
remission.’ Because of metatrophia, reduced activity, onco-
therapy, and the fear associated with cancer, these patients

suffer not only intractable constipation, but also psychoso-
cial distress, including global distress and specific anticipa-
tory anxiety, which may increase over time and could be a
prominent barrier to effective constipation management.'

Laxatives, such as lactulose, are frequently used to treat
chronic constipation and are recommended in the oncologi-
cal clinical practice guidelines by the National
Comprehensive Cancer Network (NCCN),” which even
proposes it as a prophylactic strategy for OIC.*** Opioid
receptor antagonists such as naltrexone and naloxone have
been used to treat OIC recently, but the side effects of the
analgesia limit their efficiency, and the degree to which the
outcome is acceptable is difficult to determine.”> Cancer
accompanied with constipation is complicated, and it is
unlikely that viewing it as a single entity in cancer will
advance our understanding of its pathophysiology. It may
be that opioids have only a modest adverse influence on the
severity of constipation in cancer patients but are not the
main culprit.”® So far, OIC in cancer pain patients is still
poorly managed.*?’ Thus, it seems that some other effective
therapeutic approaches are worth exploring.

According to traditional Chinese medicine (TCM), the
human body is run by the circulation of meridians via
equilibrating the elements of qi, Blood, yin, and yang.
Opioids are warm-scorching drugs that can deplete yin and
body fluids and lead to heat accumulation, resulting in
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Figure 2. A. The outcomes of CCS at different stages for the 2 groups. B. The outcomes of PAC-Qol at different stages for the 2
groups. C. The outcomes of NRS at different stages for the 2 groups.”
Abbreviations: CCS, Cleveland Constipation Scales; PAC-Qol, Patient Assessment of Constipation Quality of Life; NRS, pain Numeric Rating Scales;

IFC, interferential current.

* Pl, P value at baseline; P2, P3, P values of treatment on; P4, P5, P values of treatment off.

constipation.” Acupoints are the special epidermatous
sites that accumulate affluent blood capillaries and teleneu-
rons and are considered the hinges of the meridians. They
are polymorphous and diverse in spatial structures, which
are of uncertain size, possibly depending on structure
domains, location, function, dominating visceral organs,
and so on. Unlike electric acupuncture, IFC stimulation
acts on a larger region of body skin because of its higher
frequency and higher current. However, regardless of
whether it is electric acupuncture or IFC, the point of action
they perform is the whole acupoint structure, not only some
certain point or area on the body skin. Acupuncture has
been used to treat constipation for thousands of years in
China and is also recommended by the World Health
Organization for chronic constipation.”” In the past decade,
transcutaneous IFC has been increasingly applied in sev-
eral disorders, including muscle strengthening, soft-tissue
mobilizing, detrusor instability, and slow-transit constipa-
tion."*'**%*! [FC is a noninvasive transcutaneous electrical
type of stimulation, which produces 2 sinusoidal currents
that cross within the body.*® In this study, we adopted the
Tianshu (ST25) and Zhongwan (RN12) points, which are
the specific acupoints prescribed for GI dysfunction dis-
eases, compared with oral lactulose administration, to con-
firm the efficacy and safety of transcutaneous acupoint IFC
therapy for OIC innovatively. We reviewed multiple litera-
ture sources and TCM to determine the electrode positions
at the design stage of our trial and came to the conclusion
that the positions adopted in our study are definitely effec-
tive. Hence, we concentrated on Tianshu and Zhongwan
acupoints in our study temporarily; other positions might
be considered in our next step. Similar to other literature,'
the IFC frequency in our study was also set to 4 kHz, with
an adjustable intensity and a beat frequency sweep cover-
ing 80 to 120 Hz. The intensity of the stimulator was
increased gradually until the patient reported that a further
rise would cause discomfort.

In the present clinical trial, we showed preliminarily that
the curative effects of transcutaneous acupoint IFC are sim-
ilar to that of lactulose oral solution in cancer pain patients
with OIC, and its effects may even be longer lasting.
Patients in the IFC group were given a treatment cycle of 14
sessions over 2 weeks, which is similar to a previous study.'?
Judging by the preliminary results, after undergoing this
treatment cycle, our research testified that this therapy dura-
tion yielded a satisfactory outcome. Whether a longer treat-
ment cycle would achieve more efficacy needs to be
clarified in the future.

The mechanism of action of IFC on the motor control of the
GI tract is still quite unclear; it might be synthesized via the
functional activities of muscle cells, pacemaker cells (Cajal,
etc), nerves (somatic and visceral), and hormones (gastrin,
etc). Improvements have been confirmed at different frequen-
cies on different positions on the body’s surface.* According
to TCM, the acupoints responsible for the GI system primarily
contain He-Sea acupoints, Front-Mu acupoints, and Back-Shu
acupoints. At present, no definite conclusion has been arrived
at yet on which acupoints are optimal stimulation positions or
the specific location of neuroregulation (IFC or electroacu-
puncture). In the previous IFC studies,”*”" the electrodes were
unambiguously positioned on the belly or belly and back;
unlike these studies, the positions in our study were determined
definitely according to acupoint theory. However, different
acupoints were also used in some other research for patients
with constipation''*>**; for example, the He-Sea points
(Zusanli, ST36; Shangjuxu, ST37, etc). Wu et al** argued that
He-Sea acupoint prescription is the best choice for the treat-
ment of functional constipation in comparison with other acu-
points. Nevertheless, Peng et al® demonstrated that the
individual deep puncture at Tianshu (ST 25) is also effective in
the treatment of slow transit constipation, and besides, it can
achieve satisfactory long-term efficacy. Later, Sun et al* testi-
fied that an incremental expression of colonic interstitial cells
of Cajal on Tianshu (ST 25) may be responsible for its efficacy
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in improving slow transit constipation in animal experiments.
Therefore, it could be inferred that the effective positions on
the body surface for stimulation are multiple point, and the dif-
ferent effects could be a result of the stimulation of different
types of nerve fibers.”****! Stimulation by IFC may dominate
the parasympathetic and sympathetic efferent fibers directly or
indirectly by stimulation of the afferent fibers. However, sym-
pathetic innervation inhibits bowel motility, whereas parasym-
pathetic innervation activates the bowel.*®

In previous studies, connections between the intestinal
nerve cell network and the central nervous system via the
splanchnic, spinal, and pelvic nerves have been estab-
lished.***” Based on our study, we hypothesize the follow-
ing: (1) IFC stimulation on the belly might target afferent
somatic and visceral fibers, affecting somatovisceral
reflexes or regulation of intestinal mucosa; this conjecture
was tested by Vitton et al*® in animal experimentation, in
which they stimulated sacral roots (S1, S2, S3) and somatic
(radial and sciatic) nerves on the colon and internal anal
sphincter to analyze the electromyographic activity in cats
and concluded that current stimulation on sacral spinal roots
may improve the defecation reflex by inhibiting colonic
activity and enhancing internal anal sphincter activity via a
somatosympathetic reflex; (2) the somatic nerves innervate
the anal sphincter muscle and sensory fibers to the central
nervous system, whereas the spinal nerves target parasym-
pathetic outflow to the rectum and internal anal sphincter;
this could explain the mechanism of action of sacral neuro-
modulation on both anal incontinence and constipation; and
(3) the acupoint sites that we selected in this study hinted at
a better therapeutic effect compared with former research,’'
which might be explained by more efficacious neuromuscu-
lar regulation and vasoganglion within these positions.

Besides, we observed that transcutaneous acupoint IFC
may relieve cancer patients with constipation of pain. This
is similar to the findings by Coban et al,'* who conducted a
clinical trial using vacuum IFC to treat patients with irrita-
ble bowel syndrome (IBS) and concluded that IFC therapy
can significantly improve symptoms and quality of life in
these patients, such as abdominal distension and pain.

However, there are several limitations to this study: (1)
research participants were not blinded in this trial; the patients
knew which treatment prescription they would receive and
that could have led to selection bias; (2) a relatively short
treatment period, suboptimal acupoint selection, deficiency
of related biomarkers, and patients’ subjective higher treat-
ment expectations might also have contributed to the absence
of significant beneficial effects in outcome assessments.

Conclusion

This preliminary study demonstrated that the efficacy of
transcutaneous acupoint IFC stimulation with pad electrodes
is equivalent to that of lactulose therapy. Furthermore, it

seems to be free of adverse effects and to assist with pain
relief, and may be more beneficial to quality of daily life in
the long term. Optimal utility of this procedure would
require identifying the most suitable electrode positions, the
most reasonable current settings, and the treatment fre-
quency that is most likely to be beneficial. Future research
should be aimed at conducting a larger clinical trial with lon-
ger visit duration to further investigate these concerns.
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