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Abstract

Introduction:Womenwith infertility who have a poor ovarian responder (POR), characterized by a low number of retrieved oocytes
after ovulation induction, often have a significantly reduced pregnancy rate after in vitro fertilization-embryo transfer (IVF-ET), due to
the few transferred embryos. Acupuncture is a form of Korean Traditional Medicine. It involves the insertion of a microscopic needle at
a specific point in the body, known as an acupuncture point or an acupoint. In this study, our purpose is to investigate how
acupuncture affects the retrieval of mature oocytes after ovulation induction in patients with POR.

Methods and analysis: This study will be a randomized clinical trial comprising an IVF-ET trial and an IVF-ET trial after
acupuncture. Seventy patients will by enrolled and randomly assigned to either of the 2 groups. The study subjects will be required to
be diagnosed as having POR. Participants will be divided into 2 groups: IVF-ET single treatment group, and acupuncture and IVF-ET
combined treatment group. The study subjects will be required to participate in a 15-week trial involving 16 acupuncture treatments
over a period of approximately 2 months before ovulation induction for oocyte retrieval. The primary assessment of all participants will
be comparing the number of oocytes.

Result: This treatment will be a therapeutic model for POR.

Discussion:Our results will provide patients with POR as well as complementary and alternative medicine professionals, such as
Korean medicine doctors, about the potential role of acupuncture in the treatment of POR. This will improve the quality of life in
women with infertility and provide an important treatment option for patients with POR. Further studies can be performed to
determine the optimal treatment for POR.

Abbreviations: AFC = antral follicle count, AMH = anti-Müllerian hormone, CAM = complementary and alternative medical, CRO
= clinical research organization, DASS= depression anxiety stress scales, GCP=Good Clinical Practice, IVF-ET= in vitro fertilization
and embryo transfer, KMD = Korean Medicine Doctor, KTM = Korean Traditional Medicine, POR = poor ovarian responder, RCT =
randomized clinical trial, Stdev = standard deviation, TEAS = transcutaneous electrical acupoint stimulation, WHO = World Health
Organization.

Keywords: acupuncture, anti-Müllerian hormone, antral follicle count, IVF-ET, oocytes, poor ovarian responder
This research was supported by grants from the Korea Institute of Oriental Medicine (K18040).

The authors have no conflicts of interest to disclose.
a Clinical Medicine Division, Korea Institute of Oriental Medicine, Yuseong-gu, Daejeon, b Integrative Health Promotion Team, Korea Health Promotion Institute, Jung-gu,
Seoul, c Department of Obstetrics and Gynecology, Pusan National University, Seo-gu, Busan, d Infertility Institute, Pohang Women’s Hospital, Pohang-si,
Gyenonsangbuk-do, e Department of Internal Medicine, Korean Medicine Hospital of Pusan National University, Yangsan, Gyeongsangnam, f Department of Korean
Medical Science, School of Korean Medicine and Korean Medical Research Center for Healthy Aging, Pusan National University, Yangsan, Gyeongsangnam, Republic
of Korea.
∗
Correspondence: Sooseong You, Clinical Medicine Division, Korea Institute of Oriental Medicine, Daejeon 34054, South Korea (e-mail: ethink33@kiom.re.kr); Kyu Sup

Lee, Department of Obstetrics and Gynecology, Pusan National University, Seo-gu, Busan, South Korea (e-mail: kuslee@pusan.ac.kr).

Copyright © 2018 the Author(s). Published by Wolters Kluwer Health, Inc.
This is an open access article distributed under the Creative Commons Attribution License 4.0 (CCBY), which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.

Medicine (2018) 97:34(e11813)

Received: 12 July 2018 / Accepted: 18 July 2018

http://dx.doi.org/10.1097/MD.0000000000011813

1

mailto:ethink33@kiom.re.kr
mailto:kuslee@pusan.ac.kr
http://creativecommons.org/licenses/by/4.0
http://dx.doi.org/10.1097/MD.0000000000011813


Lee et al. Medicine (2018) 97:34 Medicine
1. Introduction

As World Health Organization (WHO) defined, infertility is a
disease of the reproductive system defined by the failure to
achieve a clinical pregnancy after 12 months or more of regular
unprotected sexual intercourse.[1] Also, if a patient does not
become pregnant despite having a normal marriage for 1 year, the
condition is defined as “infertility.” Infertility is reported to be
present in approximately 10% to 20% of the population in the
reproductive age group.[2] In recent years, various factors, such as
increased marriage age, labor intensity, and pollution, have been
pointed out as causes for the high infertility rate; these affect
approximately 40%of infertile couples.[3] In approximately 15%
of patients, the cause of infertility is disordered ovulation, while
in 30% to 40%, it is obstruction of the fallopian tubes and/or
issues in the abdominal cavity. There is an increasing demand for
assisted reproduction techniques, namely in vitro fertilization and
embryo transfer (IVF-ET) and artificial insemination, to address
this problem.[4] Specially, infertility patients with a poor ovarian
responder (POR), which is characterized by a low number of
retrieved oocytes after ovulation induction,[5] have a significantly
reduced pregnancy rate with IVF-ET due to the low number of
transferred embryos.[6] In this case, the most important goal of
assisted reproduction technology is increasing the quality and
quantity of oocytes.
Although the number of patients with POR is increasing due to

various reasons, there is no standard treatment yet. Currently,
many patients are using complementary and alternative medical
(CAM) treatment therapies, such as acupuncture, moxibustion,
and herbal formulas, to increase the success rate of IVF-ET.
Acupuncture is a commonly used adjuvant therapy during these
CAM therapies.[7]

Acupuncture involves the insertion of a microscopic needle at a
specific point in the body, known as an acupuncture point or
acupoints, as a form of Korean Traditional Medicine (KTM).[8]

Acupuncture has a superior safety profile when conducted by a
Korean Medicine Doctor (KMD). Ninety percent of patients
experience no side effects, and no large-scale events have
occurred.[9] In KTM, traditional therapy, including acupuncture
Figure 1. Tria
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and herbal medicine, has been widely used to treat infertility for
many years, and many reports on these treatments exist. In 1999,
Stener-Victorin et al revealed that acupuncture could increase the
IVF clinical pregnancy rate.[10] Since then, randomized clinical
trials (RCTs) of acupuncture for treating various causes of
infertility, such as POR,[11] thin endometrium,[12] and polycystic
ovarian syndrome,[13] have been ongoing. In this study, our
purpose is to investigate howacupuncture could affect the retrieval
of mature oocytes after ovulation induction in patients with POR.
2. Patients and methods

2.1. Research evidence and hypothesis

Clinical studies on the effects of acupuncture on the number of
retrieved mature oocytes after ovulation induction and pregnan-
cy success rate in patients with POR, especially in China, are
underway, and a number of papers, including RCTs, have been
published.[14–16] Based on several previous studies, it was
hypothesized that acupuncture treatment could increase the
number of mature oocytes. To prove this, the current study was
designed to investigate the effect of acupuncture treatment on
mature oocytes after ovulation induction in patients with POR.
2.2. Study design

This study will include only an IVF-ET trial and an IVF-ET trial
after acupuncture treatment in the form of RCTs. Seventy patients
will by enrolled and randomly assigned into either of the 2 groups
of the trial. The trial will be conducted at the infertility center in
Pusan National University (PNU, Busan, Republic of Korea, Trial
protocol version: KI-17-D-001 Version 2.0, August 8, 2017). The
study subjects will be required to be diagnosed as having POR.
Participants will be divided into 2 groups: IVF-ET single treatment
group, and acupuncture and IVF-ET combined treatment group.
The entire flow chart of the study is shown in Fig. 1. The study
subjects will be required to participate in a 15-week trial involving
16 acupuncture treatments during a period of approximately 2
months before ovulation induction for oocyte retrieval.
l overview.
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2.3. Study population

This study will be conducted in primary care at an infertility
center in PNU. Eligible participants will include adult women
who are diagnosed with POR and who require induction of
ovulation in a procedure-based IVF-ET. Potential participants
will be provided with sufficient information about the study, and
only those who agree to the study protocol and sign the consent
formwill be enrolled. The studywill be implemented according to
the Good Clinical Practice (GCP) terms and the revised version of
the Declaration of Helsinki.
2.4. Power calculation

This study is a randomized, open phase IV, exploratory clinical
trial to assess the efficacy and safety of acupuncture in adult
women diagnosed with POR after induction of ovulation. The
primary efficacy endpoint will be the number of mature oocytes
collected at approximately 10 weeks. The sample size in this
study will be calculated by referring to the results of a
transcutaneous electrical acupoint stimulation (TEAS) study
performed by Zheng et al, because there is no related study,
although the same acupuncture study results should be referred
to. According to Zheng et al, the number of mature oocytes was
counted as 2.38±1.55 in the control group and 4.87±3.47 in the
TEAS treatment group. The results of the experimental group
were assumed to be the effect of TEAS, and the standard
deviation (Stdev) was assumed to be the Stdev of 3.47. Based on
the results of this study, 31 subjects were included to secure 80%
of power with 5% to the bilateral significance and 1:1 of the
dispensing ratio. If the dropout rate is 10%, 35 subjects in each
group will be recruited.
2.5. Recruitment, randomization

This study is open phase; therefore, random assignment codes
will be assigned using the block randomization method. This will
be done using SAS (Version 9.3, SAS Institute, Cary, NC), by a
statistician who is not directly related to this clinical study. The
statistician will distribute the randomization code to the person in
charge of the clinical trial institution before commencing the
clinical trial.
Subjects who will be enrolled in the study and who will meet

the inclusion/exclusion criteria will be assigned to each
application group in a randomized sequential envelope according
to the random assignment number. This randomization number
will be used as the study participant identification code during the
trial. The entire process of the study will be directed by the
authorized clinical research organization (CRO), CROcent
Corporation, Seoul, Korea.
2.6. Early termination or dropout

The criteria for early termination or dropout are as follows:
withdrawal of consent of research subject or research subject
agent; cases in which it is difficult to continue due to an adverse
event; case violation of selection criteria or exclusion criteria
during the clinical trial; when a combination of drugs is required
that affects the safety/efficacy assessment; cases in which the
subject cannot be followed up; cases where the trial was judged to
be difficult to continue; and cases where the patient falls naturally
pregnant
3

2.7. Clinical trial procedure
2.7.1. Screening period. Screening numberswill be assigned to
the study subjects who have provided written consent, and then
eligibility will be assessed using inclusion/exclusion criteria.
The participants will measure the factors: demographic,
medical history, and previous drugs. The subjects will be
selected from the group based on physical examination, vital
signs, physical examination, endometrial examination, endo-
crine test, laboratory test, serum test, pregnancy test, chest
radiographs, and inclusion/exclusion criteria will be assessed to
gather information.

2.7.2. Baseline.
(1)
 The baseline is the second day of menstruation. On the second
day, information will be collected by performing history
confirmation, previous drugs, vital signs, anti-Müllerian
hormone (AMH) test, antral follicle count (AFC) using
ovarian ultrasound, random assignment, and evaluation with
the depression anxiety stress scales (DASS) 42.
One-time after-screening randomization is performed at a
(2)

ratio of 1:1 eligible subjects on the second day of
menstruation.
� Arm 1: IVF-ET after acupuncture.
� Arm 2: IVF-ET.
2.7.3. Treatment period.
(1)
 Arm 1: IVF-ET after acupuncture
The KMD begins acupuncture treatment from the random

allocation date of the subjects. The subject will be adminis-
tered acupuncture treatment at 2-day (+1 day) intervals until
the beginning of the third menstrual period (approximately 8
weeks) for a total of 16 acupuncture visits.
Arm 2: IVF-ET
(2)

The subjects are not scheduled to visit a separate clinical

trial until approximately 8 weeks (28 day±1) from the date
of randomization, when they present for oocyte collection.

2.7.4. Ovulation. Arm 1 and Arm 2 groups start 3 cycles of
menstruation from the random allocation day, and at the
beginning of the third cycle, they visit the institute conducting
clinical trials to induce ovulation.
2.8. Criteria
2.8.1. Inclusion criteria. The subjects should meet all the
following criteria.
1.
2.
Sex: female
Age: 20 to 45 years
3.
 Women who have voluntarily signed a written consent to

participate in the trial
Women who have had infertility for more than 1 year or who
4.

have been diagnosed with infertility in a medical institution
Women who have been diagnosed with POR (including at
5.

least 2 of the following criteria)
a. Advanced maternal age (≥40 years) or any other risk factor

for POR
b. A previous POR (�3 oocytes with a conventional

stimulation protocol)
c. An abnormal ovarian reserve test (AMH < 0.5–1.1ng/mL

or total AFC < 5–7 follicles)
Women who have the ability and willingness to take the test

during the clinical trial period
6.
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2.8.2. Exclusion criteria. Patients whomeet any of the following
conditions cannot participate in the trial:
1.
Ta

Acu

Acup

CV3

CV4

EX-C

SP6

KI3

SP10

ST36

LR3

∗
A cu
Women who cannot undergo acupuncture treatment for 2
months
Women who are taking or administer medicines and
2.

procedures related to pregnancy, such as hormones, herbal
medicine, and moxibustion treatment
Women whose menstrual cycle is irregular (<21 days, more
3.

than 40 days)
Women whose partner is azoospermia
4.

5.
 Women diagnosed with ovulation disorders (polycystic

ovary syndrome, thyroid disease, hyperprolactinemia, etc.)
Women with physical or mental impairment who may be
6.

exposed to risk by participating in this clinical trial, who may
cause confusion in results, or fail to comply with the
requirements of the clinical trial
Women who have a neurological or psychologically
7.

pathologic history or are currently suffering from a disease
Women who cannot be treated with acupuncture due to skin
8.

diseases, such as ulcers or eczema
Women who have participated in other clinical trials within
9.

the past 3 months
Women who have a history of drug abuse and alcohol abuse
10.

within 5 years prior to clinical trial participation
ble 1

points used in the acupuncture + in vitro fertilization and embryo

oint Location Indic

On the midline of the lower abdomen, 4 cun inferior to
the umbilicus and 1 cun

∗
superior to the pubic

symphysis

Benefi
da
Dra
Be
For

On the midline of the lower abdomen, 3 cun inferior to
the umbilicus and 2 cun superior to the pubic
symphysis

Fortifi
To
Wa
Be

A1 On the abdomen, 3 cun lateral to the midline, level with
Zongji Ren-3

Raise
Re

On the medial side of the lower leg, 3 cun superior to the
prominence of the medial malleolus, in a depression
close to the medial crest of the tibia

Tonifi
Re
Ha
Re
Ha

In the depression between the medial malleolus and the
Achilles tendon, level with the prominence of the
medial malleolus

Nouris
To
An
Str

2 cun proximal to the superior border of the patella, in
the tender depression on the bulge of the vastus
medialis muscle, directly above Yinlingquan Sp-9

Invigo
Co
Ha
Be

Below the knee, 3 cun inferior to Dubi St-35, one
fingerbreadth lateral to the anterior crest of the tibia

Activa
For
Su
To

On the dorsum of the foot, in the hollow distal to the
junction of the first and second metatarsal bones

Sprea
Su
Cle
Re
Re

n is a measurement used in locating acupoints, and corresponds to the distance between the 2
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11.
tra

ation

ts the
mp-he
ins d
nefits
tifies
es the
nifies
rms a
nefits
s and
gulate
es the
solves
rmoni
gulate
rmoni
hes k
nifies
chors
ength
rates
ols blo
rmoni
nefits
tes th
tifies
pports
nifies
ds liv
bdues
ars th
gulate
gulate

medial
Women who have been diagnosed with infertility due to a
deformity of the reproductive organs or leiomyoma
Patients for whom the researcher considers that it would be
12.

difficult to perform the clinical trial
2.9. Intervention
2.9.1. Arm 1: IVF-ET after acupuncture. The interventional
protocol and the intensive choice of acupoints were based on
the experiences of the KMD and from previous clinical studies
(Table 1). See Fig. 1 for a flowchart of trial procedures. The
acupoints of CV4 and CV3 will be applied on one side. The
acupoints of EX-CA1, SP6, KI3, SP10, ST36, and LR3 will be
applied on both sides. All acupoints will be limited to the
locations defined by the WHO. During the treatment,
participants will lie in the bed, and the KMD will use 75%
alcohol pads to sterilize the skin around the acupoints.
Subsequently, stainless steel sterilized needles (diameter 0.25
mm, length 3 cm, Dongbang Medical, Korea) will be inserted
into the selected acupoints at depths of 0 to 20mm for 30
minutes. During the acupuncture treatment period, the lower
abdomen is irradiated with infrared rays. This group will
undergo a total of 16 acupuncture treatments for approxi-
mately 8 weeks at 2-day intervals (+1 day) before inducing
ovulation.
nsfer group.

Depth of
insertion

bladder, regulates qi transformation and drains
at
ampness and treats leucorrhoea
the uterus and regulates menstruation
the kidneys

12.5–25 cun

original qi and benefits essence
and nourishes the kidneys
nd fortifies the spleen
the uterus and assists conception

12.5–25 cun

regulates qi
s menstruation and alleviates pain

20–30 cun

spleen and stomach
dampness
zes the liver and tonifies the kidneys
s menstruation and induces labor
zes the lower jiao

20–37.5 cun

idney yin and clears deficiency heat
kidney yang
the qi and benefits the lung
ens the lumbar spine

12.5–25 cun

blood and dispels stasis
od
zes menstruation
the skin

20–37.5 cun

e channel and alleviates pain
the spleen and resolves dampness
the correct qi and fosters the original qi
qi and nourishes blood and yin

20–37.5 cun

er qi
liver yang and extinguishes wind
e head and eyes
s menstruation
s the lower jiao

12.5–37.5 cun

ends of the creases of the interphalangeal joints, when the patient’s middle finger is flexed.
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2.9.2. Arm 2: IVF-ET. These participants will have no treatment
for 2 months to compare with the Arm 1 group. The ovulation
induction will then proceed according to the IVF-ET procedure.
2.10. Outcome measurements
2.10.1. Primary outcome. The primary outcome will be
measured based on the retrieval of mature oocytes at 10 weeks
from baseline.

2.10.2. Secondary outcome. At 8 weeks from the baseline of
the treatment period, patients will be assessed for AFC andAMH.
The DASS-42 score will be measured at 4 and 8 weeks from
baseline.

2.10.3. Other outcomes.At 10 weeks from baseline, the in vitro
fertilization rate of retrieved oocytes will be assessed.
2.11. Assessment analysis
2.11.1. Quality control and data monitoring. Independent of
sponsors and competitive interests, CROcent will perform
evaluation and monitoring to ensure the results and quality of
the clinical trial. During the trial, CROcent will monitor regularly
whether the study is proceeding in accordance with the protocol,
through the use of all related master files such as documentation,
case report forms, informed consent forms, and adverse event
reports. When monitoring this trial, we will ensure that the
clinical trial will be performed in accordance with the approved
protocol and the GCP and related regulation, ensure that case
report will be complete and clear, and check with the register.

2.11.2. Data collection, access, and management. The data
of this trial will be managed according to the standard work
instructions of Pusan University Hospital. Other contents not
specified in the trial protocol shall follow the standards of the
International Conference on Harmonization of Technical
Requirements for Registration of Pharmaceuticals for Human
Use (ICH)-Guideline for GCP and the Korean Good Clinical
Practice guidelines.
The source document is recorded immediately when the case

data are collected. After the source document input is completed,
it will be recorded in the case record form. All the documents will
be kept safe, so that it can be verified by the relevant government
agencies and institutional review board (IRB). Only research
colleagues and others who have the approval of the principal
investigator have access to all data obtained from this trial.

2.11.3. General analysis. The statistical analysis will be
conducted by blinded professional statisticians. Unless otherwise
specified, all data will be based on a 2-sided test at a significance
level of 5%. The continuous variable gives the number of
observation, the mean ± stdev and the median (minimum values,
maximum values), while the categorical variable gives the
frequency and percentage. If missing values are found in
continuous validation variables, they will be analyzed using
the last observation carried forward method. At this time, the
results before applying the clinical trial device (control random-
ized) will not be replaced by the results after applying the clinical
trial device. If a categorical validation variable has a missing
value, it will be considered a failure and included in the analysis.
Safety assessment variables will not replace missing values.

2.11.4. Population and clinical history data. The descriptive
statistics for each applied group are presented, and the
continuous variables will be analyzed with 2-sided t test or
5

Wilcoxon rank-sum test according to the satisfaction of
normality assumption. Categorical variables will be analyzed
to determine whether the cells with an expected frequency of <5
exceed 20% followed by Pearson chi-squared test or Fisher exact
test.
2.12. Assessment
2.12.1. Primary assessment. The primary endpoint will be the
number of mature oocytes harvested at 10 weeks from baseline.
The descriptive for each applied group will be presented and
analyzed with the 2-sample t test or Wilcoxon rank-sum test
depending on the satisfaction of normality.

2.12.2. Secondary assessment.
1.
 AFC and AMH level at 8 weeks from baseline
The descriptive for each applied group will be presented and

analyzed with the 2-sample t test or
DASS-42 score at 4 and 8 weeks compared to baseline
2.

The descriptive for each applied group will be presented and

analyzed with the 2-sample t test or Wilcoxon rank-sum test
depending on the satisfaction of normality.

2.12.3. Other assessment. (1) The in vitro fertilization rate of
retrieved oocytes at 10 weeks from baseline
The frequency and percentage of the applied group will be

presented and analyzed with Pearson chi-squared test or Fisher
exact test.

2.12.4. Safety assessment. According to method of reporting
serious anomalies, abnormal cases collected as parliamentarians
will be continuously monitored by an in-house safety manager
during the study period. The safety manager will ensure that all
significant adverse cases (including the name of the case, the
occurrence of the adverse case, the symptom, the date of
manifestation, the disappearance, severity, and results) by the
clinical trials director or clinical trials representative in the
internal safety database in real time. If a new anomaly is reported,
the relevance of the case to the medical device within 3 working
days will be analyzed to assess whether the duration of the trial is
safe.

2.12.5. Patient and public involvement. Patients and/or the
public were not involved in the study design and research
question. The results of the study, however, will be disseminated
through community event at the hospital and patient organiza-
tions.
3. Research ethics and dissemination

3.1. Ethics approval

This trial has received the full ethical approval of the Ethics
Committee of Pusan University (D-1706-017-056). The results of
the study will be disseminated through a peer-reviewed journal
via the media, website, and patient organizations.
3.2. Consent

Patients recruited through adverting and voluntary participation
will be explained the details of the trial. The patient and the
investigator (nurse) must have sufficient interrogation time before
signing the clinical trial agreement. This will result in a consent
form if the patient agrees to participate in the clinical trial.

http://www.md-journal.com
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3.3. Confidentiality

Patient information is anonymized and all relevant investigators
must keep the results confidential. The director must keep a
signed consent form and prepare a list when confirming the
patient’s identity is required.
3.4. Protocol amendments

The director or sponsor of a clinical trial cannot change the
protocol without the other’s consent. After the clinical trial has
begun, it should only be modified in exceptional cases. If change
in the content of the protocol are required, all participants must
sign and agree in writing. The revised content must be approved
by the IRB committee.
3.5. Post-trial care

Those who are assigned to Arm 2 will be provided with 3 months
of DHEA (dehydroepiandrosterone), which is known to help
POR, if pregnancy fails after IVF-ET. Subsequent care and
treatment of subjects who have completed clinical trials will be
subject to the general care and treatment guidelines and
principles. In the case of damage related to clinical trials, they
will be covered by the subject compensation plans and the clinical
trial insurance policy.
4. Discussion

Acupuncture is widely accepted by Koreans, and it is increasingly
requested by patients with infertility. To date, it is difficult to
assess the effectiveness of acupuncture due to a lack of RCTs on
acupuncture for patients with POR. In this clinical trial, the Arm
1 group has been designed as the intervention group to determine
the effectiveness of acupuncture. Patients diagnosed with POR
will undergo 8 acupoints treatments for 8 weeks. The patients in
the Arm 2 group will be asked not to take any alternative
treatments except for rest during the 8 weeks. If this part is not
implemented, it will have to be abandoned to complete the
research. We will evaluate the quality and number of mature
oocytes after acupuncture treatment for patients with POR. We
will also observe the clinical pregnancy rate after IVF-ET.
This study can potentially identify whether acupuncture is

effective as a POR standard therapy under stringent quality
control. Our results will enable patients with POR and CAM
professionals, such as KMDs, to determine the potential role of
acupuncture in the treatment of POR. This has the potential to
improve the quality of life in women with infertility as well as
provide an important treatment option for patients with POR.
Further studies will be required to determine the optimal
treatment for POR, including acupuncture.
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