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ABSTRACT

Introduction The purpose of this study is to assess the
efficacy of electroacupuncture (EA) to relieve pain and
promote functional rehabilitation after total knee surgery.
Methods and analysis We propose a single-blinded,
randomised placebo-controlled trial to evaluate the
efficacy of EA. Patients with osteoarthritis (aged 55-80
years) undergoing unilateral total knee arthroplasty (TKA)
will be included in the trial. They will be randomised to
receive either EA or sham-EA. A total of 110 patients

will receive EA and sham-EA for 3 days after TKA.
Postoperative pain will be measured using visual analogue
score, and the need for an additional dose of opioid and
analgesics will be recorded as the primary outcome.
Secondary outcomes include knee function and swelling,
postoperative anxiety, postoperative nausea and vomiting
among other complications.

Ethics and dissemination This study has been approved
by the ethics committee, and subsequent modifications
of the protocol will be reported and approved by it.
Written informed consent will be obtained from all of the
participants or their authorised agents.

Trial registration number ChiCTR1800016200; Pre-
results.

INTRODUCTION

Total knee arthroplasty (TKA) is the most
frequently performed surgical procedure
for end-stage osteoarthritis and rheumatoid
arthritis. Moderate to severe postoperative
pain is a major complaint in most patients.
Acute and subacute postoperative pain is
highly associated with persistent postsurgical
pain (PPSP), especially when the acute pain is
not treated with effective analgesia." A recent
study showed that 10%-34%and 7%-23%
of patients reported severe pain after TKA
and total hip arthroplasty, respectively, which
indicates that TKA patients are more likely
to develop PPSP.*> Multimodal analgesia has
been used for 20 years and it is considered to

Strengths and limitations of this study

» The study is the first single-blinded, randomised
placebo-controlled trial in China to assess the effi-
cacy of electroacupuncture (EA) to relieve pain and
promote functional rehabilitation after total knee
surgery.

» The study will use an efficient sham-EA method that
makes it hard for patients with EA treatment experi-
ence to distinguish between both treatments.

» The study is rigorously designed, which includes
adequate sample size, proper randomisation and
allocation concealment, and prospective trial reg-
istration to reduce selection and confounding bias.

» There is still bias in the implementation of blind
method due to the unblinded acupuncturists.

be the most effective strategy for PPSP. Abuse
of analgesic drugs has increased exposure
of the public to the side effects of non-ste-
roidal anti-inflammatory drugs (NSAIDs) and
opioids.” * Drug-free interventions to reduce
pain or opioid consumption are more consis-
tent with the principles of enhanced recovery
after surgery (ERAS).

Clinical trials and systematic reviews have
shown that the efficacy of electroacupuncture
(EA) or acupuncture analgesia is controver-
sial.”® Electrotherapy and acupuncture have
been proved to be potentially beneficial for
postoperative pain after TKA.? Studies on
the mechanism of EA analgesia indicated
that it activates many bioactive chemicals
through peripheral, spinal and supraspinal
mechanisms.'” The supraspinal mechanisms
showed EA analgesia is highly associated with
descending pain regulation of the periaqg-
ueductal grey (PAG) and the rostral ventro-
medial medulla (RVM).' ' The PAG-RVM
system is recognised as the central site of
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action of analgesic agents including opioids, cyclooxy-
genase inhibitors and cannabinoids.”” "> We hypothesise
that EA may exert an analgesic effect by activating the
PAG-RVM system. Because the mechanism of EA anal-
gesia is not clear, there are also opinions that pain relief
may be due to expectation or placebo effects.” Besides,
placebo analgesia is highly associated with both areas
of the brain."*'° Strict blinding and placebo-controlled
are required to rule out the effects of the placebo effect
on outcomes.

The purpose of this study is to assess the efficacy of EA
on pain relief and promoting functional rehabilitation
after total knee surgery. We will use a large sample size
and a reliable blind method of EA to ensure a credible
conclusion.

METHODS AND ANALYSIS

Study context

This study will be a single-blinded, randomised place-
bo-controlled trial performed at the inpatient ward
of Shanghai University of Traditional Chinese Medi-
cine Guanghua Hospital, Shanghai, China. The annual
surgical number of TKA for osteoarthritis was about 600
in 2017. We planned to begin recruiting patients from
June 2018 and patients preparing for unilateral TKA will
be recruited. In this study, there will be seven investiga-
tors, including a chief orthopaedic surgeon (L-bX) with
20 years of clinical experience, two orthopaedic physi-
cians (JX and SZ), two Chinese medicine acupuncturists
(HH and Y-IC) and two outcome assessors (L.Z and X-IS).
SZ and HH will recruit patients who meet the inclusion
criteria in the hospital and introduce the patient to the
trial process, possible benefits and risks to obtain their
informed consent. ERAS programme (table 1) will be
performed by trained nurses and physiotherapists at
the inpatient ward. The ERAS programme is routinely
applied, but EA has been added to analgesia. The
schedule and the study flow diagram are shown in table 2
and figure 1.

Sample size calculation

In a previous meta-analysis study in which pain relief was
compared between EA groups and controls, the minimal
mean difference of the two groups based on the visual
analogue score (VAS) (on a scale of 0-10) was -1.14
(95% CI -1.90 to —0.38), and the SD was estimated to be
2.7 Considering a dropout rate of 10%, 110 patients are
required7 to yield a power of 80% with a significance level
of 0.05."

Randomisation and allocation concealment

One hundred and ten patients will be divided into EA
and Sham-EA groups with a ratio of 1:1. An independent
biostatistician will generate a random sequence using the
R V.3.4.4. A sequence of numbers will be prepared and
sealed in an opaque envelope. Only the acupuncturist will

Table 1 Enhanced recovery after surgery programme
Preoperative

1 Preoperative education

2 Carbohydrate loading preoperatively and

avoidance of prolonged starving

8 Use of preoperative probiotics
4 No mechanical bowel preparation
5 No premedication
6 Pre-emptive analgesia
Intraoperative
7 Maintenance of normothermia
8 Goal-directed perioperative fluid administration
9 Minimally invasive incision
10 Avoidance of nasogastric tubes and deep vein
catheterisation
11 Avoidance of bladder catheters, if necessary early
removal of bladder catheters
12 Use of tranexamic acid
13 Periarticular local injection analgesia
Postoperative
14 Multimodal analgesia: PCA analgesia and NSAIDs;
avoidance of opioid analgesia
15 Use of postoperative antiemetic and laxatives
16 Enforced early mobilisation
17 Enforced early postoperative oral feeding

NSAIDs, non-steroidal anti-inflammatory drugs; PCA, patient-
controlled analgesia.

be allowed to open the envelope to obtain the grouping
code.

Single-blinding

The acupuncturist will be blinded to the grouping infor-
mation in advance, and the treatment method according
to the grouping information contained in envelopes. All
participants, orthopaedic surgeons and relevant health-
care staff will be blinded to the study. The outcome
assessor will not be aware of the treatment that patients
received and will only instruct the patient to fill in the
scales. The independent biostatistician will also be blinded
when performing the statistical analyses. To maximise the
blinding of patients, an effective sham-EA method will be
applied with adhesive pads, a dull-tipped placebo needle
and a sham electrical stimulation device. Details of the
sham operation design are described in the part of study
interventions.

Eligibility criteria

Eligible

(1) Aged 55-80 years; (2) meet the 1995 American
College of Rheumatology diagnostic criteria for osteo-
arthritis; (3) undergoing unilateral TKA under general
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Table 2 The schedule of trial enrolment, interventions and assessments

Enrolment Intervention period
Pre-OP 6hours 24hours 48hours 72hours
Enrolment
Informed consent °
Assessment of eligibility [
Randomisation °
Interventions
EA ° ° ° °
Sham-EA ° ° ° °
Assessments
VAS [} ° ° [} °
Additional dose released by PCA °
HSS scale o o
HAMA score ° °
PONV ° ° ° °
COK o °
Additional use of analgesics ° °
Postoperative complications and adverse events ° ° ° °

COK, circumference of knee; EA, electroacupuncture; HAMA, Hamilton Anxiety Scale; HSS, Hospital for Special Surgery; OP, operation; PCA,
patient-controlled analgesia; PONV, postoperative nausea and vomiting; VAS, visual analogue score.

Participants recruitment

v

Informed consent and
screen by eligible criteria

v

Baseline assessments

v

Randomisation and
allocation concealment
(n=110)

I
v v

EA group (n=55) Sham-EA group (n=55)

I |
v

Postoperative 6h, 24h, 48h,
72h outcome assessments

!

Statistical analysis

Figure 1 The study flow diagram, including participants'
recruitment, eligibility, screening, randomisation,
allocation concealment and outcome assessments. EA,
electroacupuncture.

anaesthesia without surgical contraindications and (4)
American Society of Anesthesiologists grade I or II.

Ineligible

(1) The area of acupuncture points has skin damage and
cannot perform acupuncture; (2) preoperative deep
venous thrombosis or swelling of the lower extremities;
(8) severe arrhythmia, heart failure, chronic obstructive
pulmonary disease, epilepsy and mental disease and (4)
received treatment of acupuncture in past 1 month.

Study interventions

EA group

Patients will receive early acupuncture analgesia once a
day from 24 to 72hours after surgery. The first session
of acupuncture treatment will be performed at 24 hours
postoperatively. First, the adhesive pads will be put on
the acupoints of bilateral Futu (Stomach 32, ST32),
Zusanli (Stomach 36, ST36), Yanglingquan (Gall Bladder
34, GB34) and Yinlingquan (Spleen 9, SP9). The 1.5 cun
acupuncture needles (0.25x40 mm, Huatuo Inc.) will be
manually inserted into the skin through the adhesive pads
(figure 2). When De-gi sensation is achieved, subsequent
electrical stimulation with a frequency of 2Hz, a contin-
uous wave and tolerable intensity by the patient will be
applied to the four acupoints (GB 34 to ST32 and ST36
to SP9) using a Hwato SDZ-V electrical stimulation device
(Suzhou Medical Appliance Factory, Suzhou, China).
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Figure 2 The difference between the acupuncture needle
and placebo. (A) The placebo needle (left) to be inserted
into the adhesive pads and the tip can irritate the skin. The
acupuncture needle (right) to be inserted into the skin through
the adhesive pads. (B) The tip of the placebo needle (left) is
blunt.

Needles with electrical stimulation will be retained for
20min in each session. The patients will receive a total of
three treatments, which were given once a day.

Sham-EA group

Similar to the EA group, three sessions of acupuncture will
be provided at the same time. An adhesive pad will be put
on the sham-acupoint, which is 20mm distal to the real
acupoint (figure 3). The placebo needle has a blunt-tip
and it will be manually inserted into the adhesive pads but
without skin penetration to provide participant-blinding

Sham-acup@jise

GB4
ST36

SP9

Sham-acupoi

Figure 3 Location of acupoints for the electroacupuncture
and sham-electroacupuncture groups. GB4, gall bladder 34;
SP9, spleen 9; ST32, stomach 32; ST36, stomach 36.

effects (figure 2). The sham electrical stimulation device
will have a connecting cord with a broken inner wire with
no actual current output. Needles will also be retained for
20min in each session. The patients will receive a total of
three sham treatments, which were given once a day. This
Sham-EA method was proved to be effective in a previous
study.'®

Postoperative analgesia

All patients will receive the same analgesic procedure.
Fentanyl patient-controlled analgesia (PCA) will be used
at a continuous infusion rate of 0.25ng/ (kg hour) and a
bolus of 0.15pg/kg with a 10min lockout time. Patients
will be allowed to use Celebrex 200mg per day. Besides,
additional rescue doses of analgesics will be provided on
demand for patients with a VAS above 60.

Discontinuing criteria

(1) Acupuncture cannot be tolerated after surgery or
patients that cannot be implemented according to the
protocol; (2) severe physiological and pathological
changes were found during surgery and it is not appro-
priate to receive acupuncture treatment, such as anaes-
thesia accidents, cardiac-cerebrovascular accidents and
nerve or vascular injury during surgery; (3) patients in
which the trial arrangement cannot be completed or
the safety judgement is affected due to surgical factors
after the test and (4) severe adverse reactions and severe
complications, such as deep vein thrombosis, pulmonary
embolism and severe allergic reactions.

Outcome

Primary outcome

Pain

When the patients are discharged from the operating
room, this will be recorded as Ohours. Patients will put
a mark on a 100mm visual analogue scale to assess the
pain of their knee (from no pain to very severe) at 6,
24, 48 and 72hours after surgery, then assessors record
it. Additional PCA dose requirement will be evaluated in
this study to reflect the degree of pain. Patients will be
trained to adjust the PCA to obtain an additional dose
of analgesia depending on the degree of pain. This will
be recorded 48 hours after surgery. Patients will be given
an additional dose of analgesia on demand if the VAS is
above 60. The additional use of analgesics within 2 weeks
after surgery will be recorded in the case report forms.

Secondary outcome

Knee function and swelling

Knee function will be measured based on Hospital for
Special Surgery knee-rating scale'? (HSS scale) (online
supplementary file) at 1day before surgery and 3days
after surgery. All patients will first be educated about the
HSS scale by a trained researcher until they fully under-
stand the questionnaire, then asked to complete the
form according to their actual conditions. At 24 hours
after surgery, the outcome assessor will remove the elastic
bandage and measure the circumference of the knee at
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the superior patellar pole. A second measurement will be
performed 72 hours after surgery.

Perioperative anxiety

Perioperative anxiety will be measured by the Hamilton
Anxiety Scale (HAMA)® (online supplementary file) at
1day before surgery and 3days after surgery. HAMA has
14 levels to assess the severity of a patient’s anxiety, and it
divides anxiety into physical (7-13) and spiritual (1-6and
14).

Postoperative nausea and vomiting

Postoperative nausea and vomiting (PONV) will be
measured according to vomiting symptoms scores in four-
time points, including on the day of surgery and 1, 2 and
3 days after surgery.”! Functional Living Index-Emesis™
(online supplementary file) is used to evaluate the effect
of PONV on the quality of life, and it will be measured 3
days after surgery.

Postoperative complications and adverse events

All expected and unexpected adverse events will be
measured during the allocated intervention process
and during the entire study period. Acupuncture-re-
lated adverse events are haematoma and syncope
during acupuncture. Other postoperative complications
including incision infection, urinary retention, deep
vein thrombosis and postoperative persistent pain will be
recorded 6 weeks after surgery. All serious adverse events
will be reported immediately to the sponsor to allow
further investigations into their causes.

Data management

Data entry will be conducted by two independent trained
research assistants using paper case report forms (CRFs)
to record the research data after completion of final
data collection. As acupuncture has known minimal
risks, a formal data monitoring committee will not be
required.® * Independent investigators of the hospital
staff will monitor and audit the data periodically.

Statistical analysis

According to the intention-to-treat principle, full anal-
ysis set and per-protocol set will be used for primary
analysis. Safety set will not be required since acupunc-
ture has minimal risks.® ** Sensitivity analysis will be
performed to determine the impact of incomplete
records on results. Missing data will not be imputed.
Statistical analysis will be performed using R V.3.4.4.
The difference between the two groups will be calcu-
lated and compared using the t-test if the Shapiro-Wilk
test showed that the data is normally distributed, other-
wise the Mann-Whitney U test will be used. A Pearson y
or Fisher's exact test will be used to calculate the differ-
ences in the count data. Mixed effects models will be
used to analyse the trend of changes in VAS with two
factors of groups and time.**

Ethics and dissemination

Written inform consent will be obtained from all partic-
ipants or their authorised agents. All EA treatments will
be free and the research data will be strictly confidential.
The result of the trial will be presented on the website
of the Chinese Clinical Trial Registry and published in
peerreviewed journals.

Patient and public involvement

Patients and the public were not involved in the design of
this study. The participants will be informed of the result
of this study during the follow-up visit. Besides, we will
enlist their help in disseminating the research findings.

DISCUSSION
Drug-free interventions, especially EA, have been proven
effective in pain relief and promoting functional reha-
bilitation,” ** and they will have good prospects for
relieving opioid abuse or overuse of NSAIDs. However,
the effect and mechanism of acupuncture analgesia are
not clear, and the placebo effect is considered to play an
important role.” This study has enough samples to obtain
reliable results and we have improved the implementa-
tion of blinding to adequately characterise the placebo
effect. We hope that the results of the study will provide
new evidence for EA treatment of postoperative pain in
TKA. Another question is to determine if the statistical
difference between the two groups is clinically relevant.
The minimal clinically important difference (MCID) is a
measure that is used to evaluate the clinical significance of
an intervention. In the case of standardised multimodal
analgesia, the MCID for VAS of postoperative pain after
TKA is —22.6 (on a scale of 0-100), and the MCID can be
also used to evaluate the difference of EA and sham.”’
Multiple evidence-based ERAS strategies for TKA have
been shown to reduce postoperative complications and
improve prognosis and patient satisfaction. Postopera-
tive analgesia is an important part of ERAS. This study is
based on add-on design, EA and sham are applied to two
groups of patients who used standard multimodal anal-
gesia to evaluate the benefits of EA on postoperative pain
in TKA. We recommend EA and more non-drug thera-
pies as a routine treatment in ERAS programme of TKA if
the results indicate effectiveness over placebo.
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