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Abstract

Background: Acute postoperative pain remains a major clinical problem that affects patient recovery. Distal acupoint
and peri-incisional stimulation are both used for relieving acute postoperative pain in hospital. Our objective
was to assess and compare the effects of distal and peri-incisional stimulation on postoperative pain in open
abdominal surgery.

Methods: MEDLINE, EMBASE, Cochrane Central Register of Controlled Trials and Chinese databases CNKI and
Wanfangdata were searched to identify eligible randomized controlled trials. Intensity of postoperative pain,
opioid consumption and related data were extracted and analyzed using a random effects model. Risk of bias
was assessed. Subgroup analyses were conducted when data were enough.

Results: Thirty-five trials were included, in which 17 trials studied distal stimulation, another 17 trials studied
peri-incisional stimulation and one studied the combination of the two approaches. No studies that directly
compared the two approaches were identified. Subgroup analysis showed that both distal and peri-incisional
stimulation significantly alleviated postoperative resting and movement pain from 4 h to 48 h after surgery by
6 to 25mm on a 100 mm visual analogue scale. Peri-incisional stimulation showed a better reduction in
postoperative opioid consumption. No studies compared the effects of the combined peri-incisional and distal
stimulation with either mode alone. Overall the quality of evidence was moderate due to a lack of blinding
in some studies, and unclear risk of allocation concealment.

Conclusion: Both distal and peri-incisional modes of stimulation were effective in reducing postoperative pain.
Whether a combined peri-incisional stimulation and distal acupuncture has superior results requires further studies.
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Background

Abdominal surgery is one of most common types of
surgery and takes up to 50% surgery expenditure [1]. It
is also one of the most painful types of surgery [2], and
more than 80% of these patients suffer from moderate to
severe postoperative pain[3, 4]. Severe abdominal pain
significantly impacts on patient recovery and quality of
life [5]. Providing effective pain relief in this group of
patients is a major challenge for surgeons and anesthetists.
Multimodal analgesic strategies of combined opioids and
non-opioids drugs are the standard management, but can-
not fully relieve pain and are associated with many adverse
effects, such as nausea, vomiting, dizziness, and consti-
pation [6]. Such adverse effects compound the common
postoperative complications associated with abdominal
surgery. To improve postoperative pain management, al-
ternative, non-pharmacological therapies with minimal
adverse effects on the gut are needed [7].

Acupuncture is one of the most common non-pharma-
cological therapies for pain [8, 9]. Strong evidence demon-
strates that acupuncture treatment is effective for acute
dental pain and postoperative nausea and vomiting [10,
11]. Some studies show that acupuncture has opioid-spar-
ing effects making it a useful alternative or adjunct ther-
apy to conventional management of postoperative pain.
For managing postoperative pain, some studies stimulated
acupuncture points (acupoints) on the arms and legs away
from the pain sites, whereas other studies stimulated
points at or close to the site of pain [12, 13]. Each has its
advantages and disadvantages in clinical practice. It is un-
known which mode of stimulation is better or if a com-
bined peri-incisional and distal stimulation is better than
alone. Acupoint stimulation, mostly used in the form of
needling or acupressure, has been increasingly used to al-
leviate postoperative pain. A systematic review based on
15 studies and 1166 participants evaluated the effects of
acupoint stimulation on postoperative pain, and found
that acupuncture could significantly and safely reduce
postoperative pain and reduce opioid consumption when
compared with sham acupuncture [12].

Peri-incisional stimulation applies needles or uses a
TENS (Transcutaneous electrical nerve stimulation) or
TENS like machine to deliver alternating current via
cutaneous electrodes positioned near the painful site.
There have been reviews of TENS on management of
postoperative pain, and presented different results [14]. A
systematic review of 11 studies with positive effects
showed that adequate stimulation parameters could sig-
nificantly reduce postoperative analgesic intake [15]. The
other review showed however that TENS might reduce
movement pain, but not postoperative resting pain [16].

The aims of this systematic review were 1) to compare
the effects of peri-incisional stimulation with distal acu-
point stimulation in treating postoperative pain; 2) to assess
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if combined distal acupuncture and peri-incisional stimula-
tion was better than either alone.

Methods

This review adheres to the PRISMA guidance [17]. Ran-
domized controlled clinical trials that studied the effects
of distal stimulation or stimulation at the incision site,
on postoperative pain in patients undergoing open
abdominal surgery were searched in databases of
MEDLINE, EMBASE, and Cochrane Central Register of
Controlled Trials (CENTRAL). Chinese trials were
searched in two Chinese Databases, CNKI and wanfang-
data. The last electronic search was in September 2016.

Selection criteria

Inclusion criteria

To be included, studies must have met the following cri-
teria: 1. randomized controlled clinical trials (RCTs); 2.
patients underwent open abdominal surgery regardless
of age, gender, ethnicity, type of anesthesia; 3. all forms
of acupuncture and TENS or peri-incisional stimulation
was used; 4. full text articles in English or Chinese; 5.
must have reported postoperative pain (Mean and SD)
or analgesic use (mean and SD) within 24 to 48 h post-
operatively; 6. Control group consisted of no stimula-
tion, sham stimulation, other forms of stimulation.

Exclusion criteria were

1. patients with other co-existing acute or chronic illness;
2. Laparoscopic surgery 3. duplicate articles; 4. stimulation
on cutaneous nerves but not points close to the defined
incision site; 5. articles only reported incidence of pain re-
lief which needed opioid treatment, but without reporting
the intensity of pain or dosage of opioid consumption.

Outcome measures

Primary outcomes: 1. Postoperative pain including resting
pain and pain on movement or cough at 6, 12, 24, or 48 h.
2. Postoperative opioid usage.

Secondary outcomes: 1. Adverse events of opioids.2.
Anaesthetics usage. 3. Extubation time. 4. Days in hos-
pital. 5. Duration in PACU (post-anesthesia care unit).
6. Return to activity.

Data collection

Two reviewers (Z.J and Z.R) independently screened the
search results, selected studies, extracted data and
assessed the risk of bias using a data extraction Excel
file. The third reviewer (Z.Z) was consulted when dis-
agreements occurred until a consensus was achieved.
Then, data were checked by another reviewer (FB.J). The
STRICATA (Standards for Reporting Interventions in
Controlled Trials of Acupuncture) was extracted by
XQ.W and WZ.W who both majored in acupuncture.
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The authors were contacted if the data were insuffi-
cient. The data were not used in the review if no
response was received from correspondence authors. In
studies with more than two groups, we avoided double-
counting of participants by following the guidelines for
selecting studies and collecting data in the Cochrane
Handbook for Systematic Reviews of Interventions [12].
The following data were extracted: (i) types of stimu-
lation, (ii) type of surgery, (iii) type of anesthesia, (iv) com-
parison groups, subgroups and number of patients, (v)
pain scores including resting pain and pain on movement
or cough at 4, 12, 24, 48 and 72 h after operation, (vi) total
opioid analgesic consumption at 24, 48 and 72 h after op-
eration, (vii) the incidence of opioid-related side-effects,
such as vomiting, nausea, dizziness and pruritus, and (viii)
anaesthetics usage and duration of recovery room stay.
Pain scores were recorded and analyzed as visual analogue
pain scores (VAS, 0—100 mm). Verbal rating pain scores
(VRS, 0-10) or VAS (0-10) were converted to 0—100 mm
VAS pain scores for analysis. All opioid analgesics dosages
were converted to morphine equivalents (mg) [18]. Data
reported in milligram per kilogram were converted to
total milligram by multiplying the mean weight of the
group. All data were recorded in mean and SD, and
data expressed in SE were converted to SD. We ex-
tracted the data at the time which was closest to our
pre-defined time points of 4, 8, 12, 24, 48 and 72h.
Studies with multiple control groups were used in dif-
ferent comparisons. The number of participants was
adjusted to reflect the multiple comparisons.

Quality assessment

The quality of studies was reviewed using the Cochrane
Collaboration’s tool for assessing the risk of bias [12].
Areas of methodologic quality assessed included con-
cealment of allocation (selection bias), random sequence
generation (selection bias), blinding of the participants
(performance bias), and blinding of outcome assessment
(detection bias). We graded each domain as low risk,
unclear (uncertain risk) or high risk, according to the
criteria outlined in the Cochrane Handbook for System-
atic Reviews of Interventions provided by Higgins [17].
Intervention details such as acupuncture rationale,
details of needling, treatment regimen, time selection,
practitioner background and confidence, and adequacy
of stimulation were extracted and evaluated by W.XQ
and X.Q according to Standards for Reporting Interven-
tions in Controlled Trials of Acupuncture [19].

Statistical analysis

Meta-analysis was performed using RevMan 5.2 soft-
ware. Continuous data was analyzed and presented as
mean difference with 95% confidence interval (CI), while
dichotomous data was analyzed as RR (relative risk) with
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95%CI using random effects model. Forest plots were
performed to evaluate the effects. The percentage of het-
erogeneity was assessed with the I” statistic. I* values of
25, 50, and 75% represent low, moderate and high het-
erogeneity. Subgroup analysis was conducted if sufficient
data were available.

Results

The flow chart of study screening is presented in Fig. 1.
The search was first run for the original review in Sep-
tember 2015, updated in September 2016 and we com-
bined both search results. A total of 2128 records were
identified, and 269 were removed as duplicates. After
screening from the titles and abstracts, 1808 were ex-
cluded and 51 potentially eligible studies were left for
examination of the full text. Out of 51, 16 were excluded
for the reasons outlined in Fig. 1. Finally 35 studies were
included in this review, of which 5 were in Chinese and
30 were in English.

Study characteristics

As shown in Table 1, all participants included had upper
or lower abdominal surgeries in this study. Seven studies
included caesarean section [20—26], nine studies in-
cluded gynecological surgery [27-35], three included
cholestectomy [36-38], two included appendicectomy
[39, 40], three included gastrointestinal surgery [41-43]
and 10 studies didn’t mention the types of abdominal
surgery. One study included patients undergoing both
cesarean resection and vaginal delivery, and we only in-
cluded data from caesarean section [24].

Twenty-six studies applied general anesthesia (76.5%),
eight studies used spinal anesthesia or epidural anesthesia
or combined spinal and epidural anesthesia, and one
study did not mention the anesthesia type. The age
and gender were comparable between intervention
and control groups in all studies, and all trials were
for adults.

STRICTA

Seventeen trials used distal acupoint stimulation [20-
22, 27-29, 34, 35, 40-42, 44-49] and 17 trials used
peri-incisional stimulation [23-25, 30-33, 36-39, 43,
50-54], and one trial combined distal and peri-incisional
stimulation [26].

For distal stimulation, six types of stimulation were
included: electroacupuncture (EA) [20-22, 27-29,
41, 45-47], transcutaneous acupoint electric stimu-
lation(TEAS) [44], manual acupuncture [48], acupressure
[40, 42, 49], auricular acupuncture [34] and capsicum
plaster [35]. For peri-incisional stimulation, all studies
stimulated at the peri-incisional area using the TENS or
TENS like device.
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2128 records idéntified through
English and Chinese database
searching, respectively-

269 were removed for duplication«

1859 were screened
for title and abstract «

1508 for non-open-abdominal surgery,
165 for non-postoperative pain, 71 for
non-RCT, 50 for non-acupuncture, 9
were excluded for other language, 5
no valid full texte

51 full text articles
assessed for eligibility.

7 no valid outcome measure, 5 data
without SD, 2 compared with medicine
treatment, 2 for not appropriate
intervention method«

35 articles (30 in English and 5 in
Chinese) were included-

Fig. 1 Flow diagram of the search process and study selection

-

Adequacy of distal acupuncture or peri-incisional treatment
protocol

All studies described the details of treatment. None of
the distal acupuncture studies provided a diagnosis
according to Chinese medicine. Only two out of 17 distal
studies gave references and literatures for their decision
on acupuncture points selection [34, 44]. Most studies
in peri-incisional group described the site as “around or
1 to 3cm away from skin incision”.

For distal acupuncture, seven acupoints were used, in-
cluding Zusanli (ST36), Sanyinjiao (SP6), Neiguan (P6),
Hegu (LI4), Gongsun(SP4), Shenmen (TF4), and Lanwei
(Le7). ST36 and SP6 on the legs were two of the most
frequently used distal acupoints, and used in eleven and
six studies, respectively. Most of the studies used bi-
lateral needling, except for seven studies [24, 33, 36, 37,
40, 51, 53] which did not state unilateral/bilateral needling
details. Nine studies clearly stated how many needles were
inserted, varying from 2 to 14, other studies didn’t offer
the needle numbers.

With respect to the depth of needle insertion, three
studies clearly described a depth of 0.2cm for LI4
and 3-4cm and 0.5-1cm at acupoints ST36 and PC6,
and subcutaneously for auricular acupuncture respectively
[26, 46]. Other trials did not mention the depth of needle.
Most studies stimulated at the highest intensity that
patients could tolerate, while two studies in distal group
described the intensity of “deqi” [42, 45]. This is not

relevant to those peri-incisional stimulation where all of
them use surface electrodes. The frequency and intensity
of stimulation and retention time ranged widely among
studies and were well reported in most studies.

Stimulation was initiated before surgery and after
surgery in 11 studies and 24 studies respectively. Out of
11 studies that initiated before surgery, four studies main-
tained stimulating through the surgery [33, 35, 41, 48],
three repeated acupuncture daily or every a few hours
after surgery [20, 22, 47], two with no further stimulation
[29, 45], while another two studies did not report details.
No trial employed only intraoperative acupuncture. Out
of the 24 studies that initiated after surgery, eight studies
stimulated shortly from 12 min to 1 h after surgery, five
studies stimulated daily during day 1 to day 4 postopera-
tively, and others didn’t describe the details.

Comparison groups

Of the 17 distal stimulation studies, five studies compared
with sham treatment [27, 35, 40, 46, 48], seven studies
compared with non-active treatment [20, 21, 28, 29, 41,
42, 49] and five studies compared with both forms of
controls [22, 34, 44, 45, 47]. Two out of 17 studies
compared different frequencies of stimulation [45, 47],
and 1/17 compared EA with manual acupuncture [21]. In
the 17 peri-incisional stimulation studies, 11 compared
with sham [24, 30, 32, 33, 36-38, 43, 50, 51, 54], three
compared with non-active stimulation [23, 25, 52], and
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three compared with both [31, 39, 53]. In addition, one
study compared different intensities of stimulation [30],
and one compared different frequencies of stimulation
[32]. The control group of the combined distal and peri-
incisional study was sham stimulation [26].

For the sham treatment, two studies (Bjersa 2014 and
2015) applied a low pulse intensity stimulus in their
comparison group as the researchers felt this was more
credible than a no stimulus placebo. Three distal studies
[27, 34, 40] and one peri-incisional study [36] applied
the stimulation to nonacupoint or inappropriate acu-
points as the placebo control. The other 20 studies used
a sham device that was similar to the active device
without electrical current.

Risk of bias in included studies

A Risk of bias graph of each study is presented in Fig. 2.
Four out of 35 studies were with an overall low risk of
bias, and were studies of distal acupuncture. Fourteen
studies were considered with a high risk of bias as one or
more key domains were rated as ‘high risk’. One or more
“unclear risks” were included in remaining 17 studies.

Randomization and allocation concealment

Allocation sequence generation was rated as “low risk” in
23 studies, which was produced using a computer-gener-
ated random numbers table [21, 31, 34, 35, 42, 44—46, 48,
49], by an independent person blinded to the study design
[23, 43, 50], a table of random numbers [22, 24, 28, 29, 33,
39, 41, 47] and a block design technique [36, 37].

Twelve of the 35 trials described allocation conceal-
ment [23, 24, 34, 35, 37, 39, 42, 43, 4648, 50] and rated
as “low risk”, the remaining trials did not report clear
allocation concealment and were rated as “unclear”.

Blinding

Operators who delivered stimulations could not be blinded
to the allocated treatment, while participants could be
blinded by using placebo or sham control. Participants in
all 11 studies that compared non-acupuncture with
acupuncture treatment were not blinded, and were
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rated as “high risk”. In 21 trials, the blinding of outcome
assessors was unclear, therefore performance bias was
likely to have occurred.

Incomplete outcome data
All trials reported the complete outcome data, so attri-
tion bias was low.

Outcomes
Primary outcomes

Distal acupuncture or Peri-incisional stimulation
versus controls Intensity of postoperative pain at rest
Postoperative pain at 4h, 12h, 24 h and 48 h was avail-
able for this comparison. Distal acupuncture was found
significantly more effective than their controls in redu-
cing postoperative pain intensity at rest at different time
points[4h: MD -11.82mm, 95% (-15.47, -8.16), I*
64%; 12h: MD - 11.92 mm, 95%CI (- 13.58, - 10.26), I’
84%; 24h: MD -7.14mm, 95%CI (-8.95, —-5.13), I?
40%; 48h: MD -9.45mm, 95%CI (- 1241, - 6.50), I
68%]. Peri-incisional stimulation also showed beneficial
effects compared with their controls. [4h: MD -10.70
mm, 95% CI (- 15.32,-6.0), I* 45%; 12h: MD -13.52
mm, 95% CI (- 15.25, — 11.78), I> 92%; 24 h: MD - 7.13
mm, 95%CI (- 12.38, — 1.88), I* 65%; 48 h: — 10.32 mm,
95% CI (- 14.28, - 6.37), 1> 47%). Figure 3 showed the
24 h comparison data for postoperative pain at rest.

Intensity of postoperative pain on movement or cough
Eight studies had suitable data for this comparison. For post-
operative pain on movement, distal acupuncture showed
better effects than controls at 4h [MD - 26.49 mm, 95% CI
(- 35.56, — 17.42), I* 83%], 24 h [distal: — 17.48 mm, 95%CI
(- 2325, —11.70), I* 88%] and 48h [distal: - 16.61 mm,
95%CI (- 21.95, — 11.62), I 82%]. Peri-incisional stimulation
also showed beneficial effects compared with their
controls at 4h [MD -4.46mm, 95% CI (-13.62,
4.70), I 0%], 24 h [;-9.53 mm, 95% CI(- 14.19, - 4.87),
I> 0%] and 48 h [~ 14.02 mm, 95%CI (- 19.06, - 8.98),
I> 0%]. Figure 4 showed the 24 h comparison data.

Random sequence generation (selection hias) _:I
Allocation concealment (selection bias) _ .
Blinding of participants and personnel (performance bias) _:—
Blinding of outcome assessment (detection bias) c-
Incomplete outcome data (attrition hias) _:I

I

0% 25% 50% 75%  100%

. Low risk of hias

|:] Unclear risk of hias

I High risk of bias

Fig. 2 Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages across included studies
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treatment control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.3.1 peri-incisional stimulation
hinder 2011 31 188 22 33 224 20 1.9% -2.00[14.57,10.57] —
Bjersa 2014 232 193 9 248 181 11 1.2% -1.60[18.13,14.93)
CUSCHIERI 1985 43 218 53 40 21.8 53 3.6% 3.00[-5.30,11.30] —
Dougal T 1991 2973 953 15 37.07 825 15 5.1% -7.34 [(13.72,-0.96)
Galloway 1984 27 24.02 7 425 247 14 0.7% -15.50[-37.50,6.50] *
Galloway 1984 27 24.02 7 33 167 12 0.8% -6.00[26.15, 14.15) *
Gary 19893 411 12 17 684 12 13 3.4% -27.30(-35.97,-18.63) —
Hamza 1999 43 24 25 45 26 8 0.8% -2.00[-22.33,18.33)
Hamza 1998-1 44 27 25 45 26 8 0.8% -1.00[-21.90,19.90]
Hamza 1998-2 41 23 25 45 26 9 0.9% -4.00[-23.23,15.23)
Jaafarpour 2008 5 5 54 12 4.2 54 11.2% -7.00[-8.74,-5.26] -
Subtotal (95% CI) 259 217 30.2%  -7.13[-12.38,-1.88] -

Heterogeneity: Tau®= 37.13; Chi*= 28.87, df=10 (P = 0.001); F=65%
Test for overall effect: Z= 2.66 (P = 0.008)

1.3.2 acupoint stimulation

Baoguo 1997 45 26 25 438 22 12 1.2% -3.00[-19.09,13.09]

haoguo 1997-2 44 23 25 43 22 13 1.4% -4.00[-18.98, 10.98]

Feng 2010 27 11 20 30 12 20 4.4% -3.00[-10.13,4.13) - 1
Feng 2013 18 12 20 30 12 20 42% -12.00[-19.44, -4.56)

He 2007 18.2 9.3 30 235 101 30 6.7% -5.30 [10.21,-0.39) -
Hui 2002 16 9 20 21 11 20 5.2% -5.00[-11.23,1.23) I
Lee 2011 268 16.3 6 254 86 6 1.4% 1.40[-13.35,16.15]

Lee 2011 268 16.3 3} 35 127 6 1.2% -8.20[-24.73,8.33] ¢

Lee 2011-1 121 1341 5 254 86 6 1.7% -13.30[-26.69,009)
Lee 2011-1 121 1341 5 35 127 7 1.4% -22090[-37.74,-8.06) ¥

Li2012 8 4 30 16 6 60 10.7% -8.00 [10.09,-5.91) -

Li2012 8 4 30 18 7 60 104% -10.00[-12.28,-7.72) -
Ntritsouy 2014 1 3 35 5 7 35 101% -4.00[-6.52,-1.48] -

Wu 2009 17.5 9.4 20 237 88 10 4.7% -6.20 [(13.04, 0.64)

Wy, 2009-1 17 6.9 20 237 88 10 5.2% -6.70 [(12.94,-0.46) -
Subtotal (95% Cl) 297 315 69.8% -7.04 [-8.95,-5.13] L 2
Heterogeneity: Tau®= 4.09; Chi*= 23.45, df=14 (P = 0.05); F= 40%

Test for overall effect: Z=7.23 (P < 0.00001)

Total (95% CI) 556 532 100.0% -7.14[-9.01,-5.27] L 2
Heterogeneity: Tau*= 7.37; Chi*=52.35, df= 25 (P = 0.001); F=52% _2'0 _1'0 0 1'0 2'0

Test for overall effect: Z=7.48 (P < 0.00001)
Test for subaroun differences: Chi*=0.00. df=1 {P=097). F=0%

Fig. 3 Postoperative resting pain intensity at 24 h: Subgroup analysis of Peri-incisional stimulation vs distal stimulation

Favours [treatment] Favours [sham]

Postoperative opioid consumption
In Fig. 5, both distal acupuncture and peri-incisional
stimulation showed significant reduction of postoperative
opioid consumption at 24 h [distal: MD - 4.81 mg, 95%CI
(- 651, —3.11), I* 37%; Peri-incisional: MD - 18.2 mg,
95% CI (- 20.51, - 15.89), I* 0%].

Distal acupuncture versus Peri-incisional stimulation
No studies directly compared the two modes of stimu-
lation. Fifteen studies in incision group and 20 studies in
distal group had suitable data for sub-group compari-
sons. Subgroup analysis showed no significant difference
between the effects of peri-incisional points and distal
stimulation in alleviating postoperative resting pain at
any time point (P =0.17, 0.19, 1.0 and 0.06 at 4h, 12 h,
24 h and 48 h respectively).

Postoperative cough pain at 24 h and 48 h showed no
difference between two modes of stimulation. However,
the distal acupuncture group had statistically signifi-
cantly less pain on movement or cough at 4 h compared
with incision group (Chi” = 20.35, P < 0.00001).

Cumulative opioid consumption at 24 h postopera-
tively was significantly lower in incision group when
compared with that in distal group (Chi*=88.82,
P <0.00001).

Peri-incisional or distal versus combination of both
No studies compared the combined of the two modes
with either distal or peri-incisional stimulation alone.
Only one study compared combination of the two
stimulation modes with sham stimulation, and
showed that preoperative stimulation could reduce
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treatment control Mean Difference Mean Difference
Study or Subgroup  Mean _SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% ClI
1.8.1 peri-incisional stimulation
Bjersa 2014 23.2 327 9 37 281 11 24% -13.80[-40.86,13.26]
Bjersa 2015 14 186 15 25 24 13 57%  -11.00[-26.35, 4.35)
Dougal T 1991 67.6 8.09 15 7513 7.44 15 13.8% -7.53[-13.09,-1.97)
Smith 1986 15 12 9 3112 9 84% -16.00[-27.09,-4.91)
Subtotal (95% CI) 48 48 30.3% -9.53[-14.19, -4.87]

Heterogeneity: Tau®= 0.00; Chi*=1.94, df=3 (P =0.59); F=0%
Test for overall effect: Z= 4.01 (P < 0.0001)

1.8.2 acupoint stimulation

Kim 2006 3/ 13 15 63 14 30 11.0% -28.00[-36.27,-19.73]
Kim 2006-1 3% 13 15 66 15 30 10.7% -31.00[-39.49,-22.51]
Li2012 10 5 30 24 8 60 16.5% -14.00[16.70,-11.30]
Li2012 10 5 30 23 10 60 16.2% -13.00[16.10,-9.90]
Ntritsou' 2014 4 9 35 12 9 35 152% -8.00 [-12.22,-3.78]

Subtotal (95% ClI) 125 215 69.7% -17.48[-23.25,-11.70]
Heterogeneity: Tau®= 35.54; Chi*= 34.59, df=4 (P < 0.00001); F=88%
Test for overall effect: Z=5.93 (P < 0.00001)

‘ 'W-A ‘M“

Total (95% Cl) 173 263 100.0% -15.39[-19.85,-10.93]
Heterogeneity: Tau®= 29.43; Chi*= 39.62, df=8 (P < 0.00001); F=80%

Test for overall effect. Z=6.76 (P < 0.00001)

Test for subaroun differences: Chi*= 4.40. df=1 (P=0.04). F=77.3%

Fig. 4 Postoperative pain intensity on movement at 24 h: Subgroup analysis of Peri-incisional stimulation vs distal stimulation

20 -10 0 10 20
Favours [experimental] Favours [control]

treatment control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.9.1 peri-incisional stimulation
hinder 2011 17.2 5 22 344 6 20 7.0% -17.20[-20.56,-13.84] +—
Bjersa 2014 221 237 9 373 231 11 1.9% -15.20[-35.84, 5.44]
Hamza 1999 45 17 25 61 20 8 29% -16.00[-31.38,-062) ¥
Hamza 1999-1 44 14 25 61 20 8 30% -17.00[31.91,-209 ¥—————
Hamza 1998-2 3 g 25 61 20 9 3.3% -30.00[-43.44,-16.56)
Jaafarpour 2008 208 94 54 401 95 54  6.9% -19.30[-22.86,-15.74)
Lim 1983 30 245 15 341 2586 15 2.3% -4.10[-22.03,1383] ¢
Sodipo 1980 13 581 15 451 148 15 0.2% -32.10[113.03, 48.83] ¢ >
Subtotal (95% Cl) 190 140 27.4% -18.20[-20.51,-15.89] >
Heterogeneity: Tau®= 0.00; Chi*= 6.34, df=7 (P = 0.50); F= 0%
Testfor overall effect. Z=15.43 (P =< 0.00001)
1.9.2 acupoint stimulation
Baoguo 1997 465 AN 12 5835 3 12 1.4% -7.00[-31.80,17.80] *
haoguo 1997-2 305 16.5 13 5835 3 13 21% -23.00(42.09,-391] ¥—————
Chen 1998 65 35 12 105 52 12 6.9% -4.00[-7.55,-0.45) -
Chen 1998-1 6.8 4.2 13 107 5 13 6.9% -3.80[-7.45,-0.35)
Katani N 2001-1 16 7 39 22 g 38 T0% -6.00 [19.36,-2.64) -
Kotani, N 2001{A, A) 17 g 50 23 9 48  7.0% -6.00[-9.38,-2.62) -
Lee 2011 31.14 815 12 342 64 6 57% -3.06 [9.95, 3.83]
Lee 2011-1 29.29 8.19 10 342 64 B 55% -491[12.12,2.30]
Lin 2002 21.8 147 25 302 144 13 45% -8.40[-18.12,1.32)
Lin 2002-1 15 10.7 25 302 144 12 48% -15.20[24.36,-6.04) ——————
Tsang 2011 8.59 411 16 9.06 425 16  71% -0.47 [3.37,2.43)
Wu 2009 989 518 20 15.28 499 10  6.8% -5.39[-9.23,-1.55) -
Wu, 2008-1 10.66 4.68 20 1528 499 10  6.9% -4.62[-8.33,-0.91) -
Subtotal (95% Cl) 267 209 72.6% -4.81[-6.51,-3.11] <&
Heterogeneity: Tau®= 3.15; Chi*=19.03, df=12 (P =0.09); F=37%
Test for overall effect: Z= 5.56 (P < 0.00001)
Total (95% CI) 457 349 100.0% -9.17 [-12.47, -5.87] -
Heterogeneity: Tau®= 37.66; Chi*= 131.35, df= 20 (P < 0.00001); F= 85% 50 0 - 10

Test for overall effect: Z=5.45 (P < 0.00001)
Testfor subaroun differences: Chi*=83.79. df=1 (P < 0.00001). F= 98.8%

Fig. 5 Postoperative opioid consumption at 24 h: Subgroup analysis of Peri-incisional stimulation vs distal stimulation

Favours [experimental] Favours [control]
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24h morphine consumption. Subgroup analysis was
not available.

Secondary outcomes

Opioid related adverse events Seven studies in distal
acupuncture group reported opioid related adverse events,
while no study in peri-incisional group reported. The inci-
dence of nausea significantly decreased in the distal acu-
puncture group compared with sham treatment (RR 0.7,
95%CI 0.55, 0.91, I* = 39%), while vomiting was reduced
without statistically significant difference (RR 0.64, 95%CI
0.36, 1.04, I* = 0%). Four studies reported that acupunc-
ture was associated with a lower incidence of postopera-
tive dizziness (RR 0.67, 95%CI 0.51, 0.88, I* = 18%), while
it was not better than controls in the incidence of pruritis
(RR 0.72, 95%CI 0.42, 1.23, I* = 0%).

Distal or peri-incisional stimulation related side-
effects Three studies in distal group and one study in
peri-incisional group reported side effects associated with
the treatment [32, 35, 50, 52]. Side effects included ery-
thema due to Capsicum plaster, a tingling and transient
warm sensation, restricting activities and discomfort influ-
encing sleep quality due to electrodes and wires. All of
these side-effects were resolved spontaneously and were
comparable with the control group. Seven studies re-
ported no adverse effects or uncomfortable sensation.
Others didn’t report acupuncture- related adverse effects.

Discussion

Summary of findings

In this meta-analysis, we found that distal acupoint stimu-
lation and peri-incisional stimulation both had positive
effects on reducing postoperative resting pain as well as
pain on movement or cough up to 72h postoperatively
when compared with sham or non-treatment controls. In
addition, both reduced postoperative opioid consumption
at 24 h. Subgroup analysis showed no difference
between peri-incisional or distal stimulation on post-
operative pain reduction. However, peri-incisional
stimulation was superior in reducing opioid con-
sumption at 24 h whereas distal acupoint stimulation
reduced opioid-related adverse effects, including nausea
and dizziness. The pain intensity on movement at postop-
erative 4 h was lower in distal stimulation.

The level of evidence is low to moderate due to a
moderate to high heterogeneity among studies and
about half of the included trials had less than 25 partici-
pants in each study arm. The degree of risk of biases
across trials also varied, with only four studies rated at
overall low risks.
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Strengths and limitations

There are several strengths of this review. First, we
employed a comprehensive search of the Chinese and
English databases with no language restriction. Secondly,
we studied postoperative pain, both at rest and movement
evoked, which is highly relevant to clinical practice.
Thirdly, we restricted our analysis to studies on open
abdominal surgery to reduce the heterogeneity introduced
by different surgery types.

The current review also has several limitations. Firstly,
we included trials using various stimulation techniques,
manual, EA, acupressure and auricular acupuncture in
distal acupuncture group. Sensitivity analysis was con-
ducted by restricting stimulation to EA only or to English
trials only and found this broad inclusion did not impact
on the results of the review. Secondly, the heterogeneity
was high in most comparisons, and we used a random
effect model to address it. In addition, the broad difference
of treatment duration and frequency among studies may
contribute to the high heterogeneity. Thirdly, the number
of participants randomized to each treatment group
ranged from 9 to 60, with half of them having less than 25
participants in each study arm, which is a small sample
size for pain studies [55]. Most of the studies did not
justify the sample size calculation. Due to those limi-
tations, we have downgraded the level of evidence and
interpreted the data with caution.

Clinical relevance of distal acupuncture and peri-incisional
stimulation

The site of delivering non-drug stimulation is highly
relevant to clinical practice. To our knowledge, this is
the first systematic review that examines the difference
between incision and distal stimulation on postoperative
pain and opioid sparing.

Peri-incisional stimulation is easy to use, noninvasive
and often applied continuously for 24h to 4 days after
surgery, but the concerns of infecting the incision site are
high. On the contrary, distal acupuncture is applied to
arms and legs and could be applied before or after surgery
and repeated every day for a short time without influen-
cing the incision site, which is around abdomen in this
review. Distal acupuncture could also be non-invasive. In
one of the included studies, surface electrodes were
applied to acupoints, ie., TEAS. For the types of distal
acupuncture, the review by Wu and colleagues (2016)
found that conventional manual acupuncture and TEAS
were associated with less postoperative pain than control
treatment, while EA was similar to control; TEAS on
acupoints was associated with significantly greater re-
duction in opioid analgesics use than control while con-
ventional acupuncture and EA showed no benefit when
compared with controls [56]. TEAS on distal acupoints
may be an alternative in treating postoperative pain.
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Either distal or peri-incisional stimulation was effect-
ive, however the later was more effective in opioid spar-
ing. So the choice of which mode of stimulation will
depend on the magnitude of the concerns over local in-
fection and the importance of opioid sparing. Due to a
lack of studies, we could not comment on whether a
combination of peri-incisional and distal point stimula-
tion is better than either alone.

Outcome data relevant to knowledge translation

To enable evidence being translated into practice, we
have examined parameters that are essential to clinical
practice in this review, such as the types of pain and
safety data.

In recent years, increasing attention has been placed on
movement-evoked pain as it is closely associated with
postoperative thromboembolic complications and pul-
monary dysfunction [57]. In addition, pain on movement
adversely influences patient ambulation and early recovery
in the early postoperative period [58, 59], and opioids were
found relatively ineffective in treating pain on movement
[58]. It is essential to study the effects of acupuncture on
pain at rest as well pain on movement. In our review, only
9 studies (25.7%) included pain on movement as an out-
come measure. Distal and peri-incisional stimulation was
equally effective in pain on movement with the former
being more effective at the early stage postoperatively than
peri-incisional stimulation. Both present themselves as ex-
cellent adjunct non-pharmacological therapies in multi-
modal analgesic strategies.

Three studies in distal group and one study in peri-inci-
sional group reported transient and minor adverse events,
which is consistent with Sun’s review. A prospective sur-
vey studied the adverse effects of acupuncture and re-
ported a rate of 14 per 10,000, and the events were minor
[60]. Another survey also showed minor events after 34,
407 acupuncture treatments [61]. Safety data from pri-
mary care cannot however be readily translated to the
safety of acupuncture in acute and sub-acute settings.
Peri-operative distal acupuncture or peri-incisional stimu-
lation is likely to be safe, but future studies should report
detailed safety data.

Implications for future studies

Considering the severe adverse events associated with
current drug therapies for postoperative pain, the use of
non-pharmacological interventions should be encouraged.
Future studies could investigate the combination effects of
distal and peri-incisional stimulation and directly com-
pare the effects of distal and peri-incisional stimulation.
Studies should report both resting pain and movement
pain at different time points postoperatively. Factors
that are related to evidence translation should be inves-
tigated, such as patients’ preferences and feasibility of
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integrating those therapies in to routine management
of postoperative pain.

Conclusion

Perioperative distal acupoint or peri-incisional stimulation
is safe and effective for postoperative pain and opioid
sparing. They could be alternative or adjunct analgesic
intervention. Which forms of stimulation to be used
depends on the needs and availability of instruments and
personnel. Distal acupuncture could be more effective in
reducing movement pain at the early stage of post surgery,
whereas peri-incisional stimulation was more effective in
reducing postoperative opioids use. More studies with a
large sample size that directly compare the two forms of
stimulation are needed in the future.
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