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Effect of acupuncture on the outcome of in vitro
fertilization and intracytoplasmic sperm injection:
a randomized, prospective, controlled clinical study
Stefan Dieterle, M.D.,a Gao Ying, M.D.,a,b Wolfgang Hatzmann, M.D.,a and Andreas Neuer, M.D.a

a Division of Reproductive Endocrinology and Infertility, Department of Obstetrics and Gynecology, University of Witten/
Herdecke, Dortmund, Germany; and b Department of Obstetrics and Gynecology, Union Hospital, Tongji Medical College,
Huazhong University of Science and Technology, Wuhan, China

Objective: To determine the effect of luteal-phase acupuncture on the outcome of IVF/intracytoplasmic sperm
injection (ICSI).
Design: Randomized, prospective, controlled clinical study.
Setting: University IVF center.
Patient(s): Two hundred twenty-five infertile patients undergoing IVF/ICSI.
Intervention(s): In group I, 116 patients received luteal-phase acupuncture according to the principles of
traditional Chinese medicine. In group II, 109 patients received placebo acupuncture.
Main Outcome Measure(s): Clinical and ongoing pregnancy rates.
Result(s): In group I, the clinical pregnancy rate and ongoing pregnancy rate (33.6% and 28.4%, respectively)
were significantly higher than in group II (15.6% and 13.8%).
Conclusion(s): Luteal-phase acupuncture has a positive effect on the outcome of IVF/ICSI. (Fertil Steril� 2006;
xx:xxx. ©2006 by American Society for Reproductive Medicine.)
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he scientific clinical significance of acupuncture is the
ubject of controversy. Acupuncture is an ancient traditional
hinese treatment technique with an empirical basis. Its

heory is based on the energy flow of Qi. Imbalances are
elieved to cause diseases, which can be treated by stimu-
ating specific points on the body surface. However, the
cientific rationale has yet to be established. Studies have
uggested that the effects of acupuncture might be mediated
hrough neuropeptides in the central nervous system (1, 2).

A National Institutes of Health Consensus Development
anel (3) found effects of acupuncture on nausea, vomiting,
nd pain. A randomized, placebo-controlled patient and ob-
erver blind trial demonstrated the effectiveness of acupunc-
ure on nausea and vomiting (4).

The role of acupuncture in the treatment of female infer-
ility is unclear (5). Options for patients who undergo several
VF/intracytoplasmic sperm injection (ICSI) cycles without
uccess remain unsatisfactory. Various approaches have
een suggested to increase the pregnancy rate. It has been
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Endocrinology and Infertility, Olpe 19, Dortmund D-44135, Germany
w(FAX: 49-231-55754598; E-mail: Dieterle@IVF-Dortmund.de).

015-0282/06/$32.00
oi:10.1016/j.fertnstert.2005.09.062 Copyright ©2006 American Soc
hown that the receptivity of the endometrium (6) and the
terine contraction frequency at the time of ET (7) are
ritical for embryo implantation. In a previous randomized,
rospective, controlled study, it was demonstrated that acu-
uncture before and after ET resulted in a higher pregnancy
ate compared with a group without acupuncture (8). Further
tudies were suggested with a placebo control group (9).

The aim of this study was to investigate the effect of
uteal-phase acupuncture on IVF/ICSI outcome. To mini-
ize psychological effects, a group of patients with acu-

uncture according to the principles of traditional Chinese
edicine was compared with a group of patients receiving

lacebo acupuncture.

ATERIALS AND METHODS
atients
he present investigation was designed as a randomized,
rospective, controlled trial. The study was approved by the
nstitutional review board. Written, informed consent was
btained from each participant. All patients underwent IVF
r ICSI and participated only once.

Patients were randomized with sealed randomization en-
elopes. A total of 225 infertile patients were included: 116

omen were randomized into group I (study group), and 109

1Fertility and Sterility� Vol. xx, No. x, Month 2006
iety for Reproductive Medicine, Published by Elsevier Inc.
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omen were randomized into group II (control group). The

andom allocation was concealed from the physician per-
orming the ET. All patients received acupuncture by the
ame physician.

VF Protocol
ll patients were down-regulated according to the long pro-

ocol, with a GnRH agonist (nafarelin 0.4 mg daily), begin-
ing on day 21 of the previous cycle until the day of hCG
njection. Ovarian stimulation was performed with recombi-
ant FSH or hMG. Ovulation was triggered with hCG
10,000 IU) when at least three follicles had a diameter of
18 mm with an adequate serum E2 concentration. Trans-

aginal oocyte retrieval was performed under ultrasound
uidance 35 hours after hCG administration.

According to the German Embryo Protection Law, a max-
mum number of three embryos was transferred into the
terus 2 to 3 days after oocyte retrieval. Embryo selection is
ot allowed in Germany. In addition, the German Board of
hysicians recommends a transfer of two embryos for
omen aged �35 years. Patients in both groups were sup-
lemented with P (200 mg three times daily) starting the day
fter oocyte retrieval. Biochemical pregnancies were di-
gnosed by serum hCG measurement 2 weeks after ET.
linical pregnancies were confirmed by transvaginal ul-

rasound 4 – 6 weeks after ET demonstrating at least one
estational sac.

cupuncture Treatment
or acupuncture, 4-cm-long disposable stainless steel nee-
les (Suzhou Acupuncture and Medical Instruments Co.
td., Suzhou, Jiangsu, P. R. China) were used. In both
roups, acupuncture was applied for 30 minutes immediately
fter ET and again 3 days later. The needles were inserted to
depth of 15–30 mm, depending on the region of the body.
hey were rotated to evoke the needle reaction of Deqi
ensation (numbness, soreness, and distention around the
cupoint). Fifteen minutes later, the needles were rotated
gain to maintain Deqi sensation. After ET, the following
cupoints were used in group I: Guanyuan (ren [RN]4),
ihai (RN6), Guilai (stomach [ST]29), Neiguan (pericar-
ium [PC]6), Xuehai (spleen [SP]10), and Diji (SP8).

At the same time, a special Chinese medical drug (the seed
f Caryophyllaceae) was placed on the patient’s ear. The
ollowing points were used: ear point 55 (Shenmen), ear
oint 58 (Zigong), ear point 22 (Neifenmi), and ear point 33
Pizhixia). The seeds remained in place for 2 days and were
ressed twice daily for 10 minutes. Three days after ET, all
atients received a second acupuncture treatment. The fol-
owing locations were used: Hegu (large intestine [LI]14),
anyinjiao (SP6), Zusanli (ST36), Taixi (kidney [KI]3),
aichong (liver [LR]3). In addition, the same ear points were
ressed at the opposite ear twice daily. The seeds were

ARTICLE 
emoved after 2 days.

2 Dieterle et al. Acupuncture in IVF/ICSI
In group II, the following acupuncture points were used
fter ET and again 3 days later: San Jiao [SJ]9 (Sidu), SJ12
Xiaoluo), gallbladder (GB)31 (Fengshi), GB32 (Zhongdu),
nd GB34 (Yang ling qua). As in group I, patients received
cupuncture treatment for 30 minutes. At the same time, the
ollowing ear points were used: ear point 17 (Shangzhi), ear
oint 14 (Feng si), ear point 8 (Sisheng), and ear point 53
Jian). Equal numbers of needles were applied to the study
nd control groups. The placebo acupuncture treatment was
esigned not to influence fertility.

tatistical Analysis
he primary outcome measure was the clinical pregnancy

ate, which was used for sample size calculation. We esti-
ated a required sample size of 110 patients in both groups.
his was based on the assumption of a clinical pregnancy

ate of 20% in the control group, a minimal detectable
ifference of clinical pregnancies between study group and
ontrol group of 15% at a power of 80% (according to a � of
0%), and a type I error (�) of 5%. The sample size calcu-
ation assumed a one-sided test situation and was performed
ith an unconditional exact test (StatXact Version 6; CYTEL
oftware, Cambridge, MA). Secondary outcome measures
ere the biochemical and the ongoing pregnancy rates. Stu-
ent’s t-test was performed for comparison of continuous

TABLE 1
Patient characteristics.

Characteristic
Group I

(n � 116)
Group II
(n � 109) P

Age (y) 35.1 � 3.8 34.7 � 4.0 NS
BMI (kg/m2) 24.5 � 5.1 24.1 � 4.7 NS
Duration of

infertility (ys)
5.4 � 3.4 5.3 � 3.1 NS

Primary infertility 93 86 NS
Secondary infertility 23 23 NS
Tubal infertility 38 35 NS
Endometriosis 18 11 NS
Male infertility 58 60 NS
Other causes 13 8 NS
Previous IVF/ICSI

cycles
0 cycles 19 18 NS
1 cycle 29 30 NS
2 cycles 35 35 NS
3 cycles 22 17 NS
4 cycles 8 4 NS
5 cycles 2 4 NS
6 cycles 1 1 NS

Note: Data are presented as mean � SD or n. NS
� nonsignificant; BMI � body mass index.
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arameters between the study and control groups. Compar-
son of discrete parameters was made by �2 analysis. A level
f significance of 5% was chosen for both tests.

ESULTS
total of 225 patients with a transfer of at least one embryo

as included in the study. All patients were randomized: 116
atients received acupuncture according to the principle of
raditional Chinese medicine (group I), and 109 patients
eceived placebo acupuncture (group II). All 225 patients
ompleted the study. No patient was lost to follow-up.

Fifty-six clinical pregnancies were confirmed by ultra-
ound. The clinical characteristics of the patients in both
roups are presented in Table 1. There were no significant
ifferences in terms of age, body mass index, duration of
nfertility, cause of infertility, and number of previous IVF/
CSI cycles between groups I and II.

Table 2 shows the outcome of IVF/ICSI in both groups.
o differences regarding the days of stimulation, the number

TABLE 2
IVF/ICSI data.

Variable
Gr

(n �

IVF cycles
ICSI cycles
ET after cryopreservation
Previous IVF/ICSI cycles 1.8
No. of ampoules 42.2
Days of stimulation 10.2
E2 at ovulation induction (pg/mL) 1,818
Endometrial thickness (mm) 10.5
No. of oocytes retrieved 11.2
Fertilization rate (%) 50.2

IVF (%) 46.7
ICSI (%) 50.9

ET (n) 1
No. of embryos transferred 2.6

3 embryos transferred
2 embryos transferred
1 embryo transferred

Implantation rate (%)
No. of biochemical pregnancies
Biochemical pregnancy rate (%)
No. of clinical pregnancies
Clinical pregnancy rate (%)
No. of ongoing pregnancies
Ongoing pregnancy rate (%)
Miscarriages (%)
Note: Data are presented as mean � SD or n. NS � non

ARTICLE 
Dieterle. Acupuncture in IVF/ICSI. Fertil Steril 2006.

ertility and Sterility�
f FSH units required, and serum E2 concentrations on the
ay of hCG injection were observed. The number of oocytes,
he fertilization rate, and the number of embryos transferred
ere similar in both groups. The data demonstrate that the

mplantation rate was significantly higher in group I than in
roup II (14.2% vs. 5.9%, P�.01). Clinical pregnancy and
ngoing pregnancy rates per transfer were significantly
igher in group I (33.6% and 28.4%, respectively) than in
roup II (15.6% and 13.8%, P�.01).

The experimental event rates and the control event rates,
ncluding 90% confidence intervals, are listed in Table 3.
he numbers needed to treat are 5.5 for the clinical and 6.8

or the ongoing pregnancy rate.

Thirty-seven patients (group I � 19, group II � 18)
nderwent their first IVF/ICSI cycle, 59 patients (group
� 29, group II � 30) had their second cycle after failing to
chieve a pregnancy in their first attempt, and 129 women
group I � 68, group II � 61) received more than two
revious IVF/ICSI cycles (Table 4).

I
6)

Group II
(n � 109) P

36 NS
59 NS
14 NS

.3 1.8 � 1.3 NS
3.5 42.7 � 23.7 NS
.9 9.9 � 1.7 NS
,317 1,887 � 1,299 NS
.8 10.2 � 1.7 NS
.2 12.7 � 9.4 NS
2.3 50.6 � 21.6 NS
1.3 52.8 � 15.5 NS
4.4 46.3 � 27.8 NS

109 NS
.7 2.6 � 0.7 NS

79 NS
20 NS
10 NS
5.9 �.01

18 �.01
16.5 �.01
17 �.01
15.6 �.01
15 �.01
13.8 �.01
11.8 NS

ficant.
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34
67
15
� 1
� 2
� 1
� 1
� 1
� 7
� 2
� 2
� 2

16
� 0

83
22
11
14.2
41
35.3
39
33.6
33
28.4
15.4
signi
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Clinical pregnancy rates and implantation rates declined
ith an increasing number of treatment cycles. After the first

ycle, the clinical pregnancy and implantation rates were
7.4% and 28.9%, respectively, in group I, and 33.3% and
1.1% in group II; after the second cycle, 34.5% and 15.2%
n group I and 23.3% and 8.6% in group II. After three or
ore cycles, the clinical pregnancy rate was 29.4% in group
and 8.2% in group II (P�.01), and the implantation rate
as 12.6% in group I and 3.2% in group II (P�.01).

ISCUSSION
he physiologic mechanisms and clinical significance of
cupuncture have not been completely revealed and have
een the subject of controversy (10). Recent studies support
he concept that acupuncture activates endogenous opioids in
he central nervous system, which inhibit central sympathetic
eural outflow (11). Functional magnetic resonance imaging,
technique sensitive to changes in regional blood oxygen-

tion as an index of neuronal activity to map human brain
unctions, has been used for quantitative studies of the cor-
elation between various acupoints and specific functional
reas of the brain (12). Wu et al. (13) characterized a
athway in the hypothalamus and limbic system that might
ediate acupuncture. Cho et al. (11) demonstrated a corre-

ation between brain activation and corresponding acupoint
timulation. Acupuncture might change the charge and po-

TABLE 3
Pregnancy rates.

Parameter
Gro

(n �

Biochemical pregnancy rate (%) 35.3 (2
Clinical pregnancy rate (%) 33.6 (2
Ongoing pregnancy rate (%) 28.4 (2
Data are presented as experimental event rate (group I) o

parentheses.

Dieterle. Acupuncture in IVF/ICSI. Fertil Steril 2006.

TABLE 4
Number of IVF/ICSI cycles and IVF/ICSI outcome

No. of
ART cycles

Group I
(n � 116)

No. of
patients

Pregnancy
rate (%)

Implantat
rate (%

1 19 47.4 22.4
2 29 34.5 15.2

�3 68 29.4 12.6

ARTICLE 
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ential of neurons and the concentrations of electrolytes and
europeptides, such as �-endorphin (1, 2, 14). In addition,
sychological effects of acupuncture have been demon-
trated (15). Acupuncture can activate inhibitory systems in
he spinal cord, which results in segmental inhibition of
ympathetic outflow (16).

Acupuncture has been used in the treatment of female
nfertility. Although the mechanism of acupuncture in the
reatment of female infertility is unknown, studies have dem-
nstrated its potential impact on the hypothalamic–pituitary–
varian axis and on the uterus (17, 18).

Successful IVF/ICSI demands optimal endometrial recep-
ivity at the time of embryo implantation. Uterine receptivity
s regulated by a number of factors, including uterine perfu-
ion (19). Stener-Victorin et al. (20) demonstrated that acu-
uncture can reduce the uterine artery blood flow impedance.
youbi et al. (7) found that a high uterine contraction fre-
uency in IVF at the time of ET comes from a delayed
stablishment of uteroquiescence after ovulation in IVF in
ontrast to the menstrual cycle. Fanchin et al. (21) showed
hat pregnancy rates are affected by uterine contractions at
he time of ET. Kim et al. (18) demonstrated that acupunc-
ure of acupoint LI14 can inhibit uterus motility.

Stener-Victorin et al. (22) compared electro-acupuncture
nalgesia with standard analgesia during oocyte aspiration.

I
6)

Group II
(n � 109) P

43.3) 16.5 (11.0–23.5) �.01
41.5) 15.6 (10.2–22.5) �.01
36.1) 13.8 (8.7–20.4) �.01
trol event rate (group II), with 95% confidence interval in

Group II
(n � 109)

P
No. of

patients
Pregnancy

rate (%)
Implantation

rate (%)

18 33.3 11.3 NS
30 23.3 8.6 NS
61 8.2 3.2 �.01
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mplantation and “take-home baby” rates were significantly
igher with electro-acupuncture than without. Paulus et al.
8) compared a group of 80 patients with acupuncture before
nd after ET with a control group of 80 patients without
cupuncture. They found a significantly higher pregnancy
ate in the acupuncture group than in the control group.

Infertility can cause stress, leading to a release of stress
ormones. It has been suggested that stress reduction might
mprove fertility (23). Verhaak et al. (24) reported that
ifferences in the emotional status between pregnant and
onpregnant women were present before treatment and be-
ame more apparent after the first IVF and ICSI cycle.

omen who became pregnant showed lower levels of de-
ression than those who did not. The use of acupuncture to
educe anxiety and stress, possibly through its sympathoin-
ibitory property and impact on �-endorphin levels, has been
eviewed (25). Middlekauff (26) found that sympathetic
ctivation during acute mental stress was eliminated after
cupuncture.

When evaluating this study, it has to be considered that the
regnancy rates are affected by the German Embryo Protec-
ion Law. This law prohibits embryo selection. A maximum
umber of three oocytes in the pronuclear stage is allowed to
evelop and to be transferred. In addition, the mean age of
5.1 years in group I and 34.7 years in group II had an
nfluence on the pregnancy rates. According to the German
VF/ICSI register (2003), the average clinical pregnancy
ates for this age are 24.6% for IVF and 22.6% for ICSI. To
inimize psychological effects, placebo acupuncture was

sed in the control group, which was designed not to influ-
nce fertility. However, it cannot be completely excluded
hat placebo acupuncture had an adverse effect on the preg-
ancy rate.

The results of this study support the significance of acu-
uncture for the outcome of IVF/ICSI. Even if further evi-
ence has to be accumulated, acupuncture might be a com-
lementary option for patients undergoing IVF/ICSI.
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In a randomized, prospective, controlled clinical
study, the clinical and ongoing pregnancy rates in
patients undergoing IVF and intracytoplasmic sperm
injection were significantly higher with luteal-phase
acupuncture than with placebo acupuncture.
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