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1. Introduction

The endometrial wavelike activities appear to be implicated in
in vitro fertilization/intracytoplasmic sperm injection (IVF/
ICSI) embryo transfer (ET) [1]. The endometrial fundocervical
(FC) wave during ET may mechanically change the endome-
trial contraction patterns and affect endometrial receptivity
[1,2]. Thus, the reduction of FC wave during ETmay be in favor
for endometrial receptivity after IVF. Some studies have
reported [3,4] that the use of anticholinergic drugs can inhibit
endometrial peristaltic waves thus improve pregnancy rate.
However, the adverse effects from these drugs, such as dry
mouth and dizziness, are commonly observed in patients.
Recently, a new class of drugs, oxytocin antagonists, has been
reported to be able to suppress uterine contractions and
significantly improve pregnancy outcome after IVF-ET [5–7].

The aim of this study was to inhibit the endometrial FC waves
by intravenous infusion of phloroglucinol, an antispasmodic
agent, and to examine its impact on pregnancy outcome after
IVF/ICSI.

2. Materials and methods

All experiments were conducted under a protocol approved by
the Institutional Review Board Human Subjects Review
Committee of the Central South University (Changsha, China).
One hundred thirty-five patients with primary or secondary
infertility (fallopian tube or male factors) were enrolled in this
study from May 2011 to October 2011 in our center. All of the
patients had opted for the treatment of short-acting gonado-
tropin-releasing hormone agonist (GnRH-A) during controlled
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One hundred thirty-five infertile patients were enrolled to investigate the efficacy of

phloroglucinol-induced inhibition of the endometrial fundocervical wave and its effect

on in vitro fertilization (IVF). We found that phloroglucinol significantly inhibited

(P < 0.05) peristaltic fundocervical wave, suggesting a feasible way of application of phlor-

oglucinol to suppress endometrial waves during IVF.
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ovarian hyper stimulation (COH). Ovulation was monitored by
the vaginal ultrasound. In the morning of the day of hCG
treatment, all subjects were tested for the serum concentra-
tions of estradiol (E2), progesterone (P4) and luteinizing
hormone (LH). Luteal support was given after ovum pick-up
by intramuscular (60 mg/day) and oral (0.2 mg/day) progester-
one administrations. The embryos were transferred under
abdominal ultrasound-guided procedure on the third day after
conventional luteal support.

Patients met following criteria were selected: (1) first time
under IVF/ICSI-ET; (2) ages 23–35 years old with a menstrual
cycle of 25–35 days; (3) basic amounts of the follicle stimulating
hormone (FSH) < 10 mIU/ml, and E2 < 80 pg/ml. The follow-
ings are exclusive criteria for this study: (1) myoma of
uterus, congenital uterine malformations (including uterus
didelphys, mediastinum uterus, unicornuate uterus, etc.),
history of intrauterine adhesions, endometriosis, endometrial
polyps, hydrosalpinx; (2) P4 > 1.01 ng/ml and endometrial
thickness <8 mm on HCG day; (3) the number of embryos
transferred less than two good quality embryos (I or II level); (4)
other reasons causing transplantation difficult.

The DC-6 Exper-type color ultrasound transducer with
frequency of 5–8 MHz (Mindray, Beijing, China) was used in
this study. All the ultrasound measurements were performed
by a single observer (A.X.). The examinationsweremade for all
patients in themorning (7–8 am) and afternoon (2–3 pm) on the
day before ET, and in the morning (7–8 am) on the day of ET.
The examiner probe was slowly put into the vagina, scanning
the uterine long axis of themedian sagittal plane, and focusing
on the endometrial area. The probe was fixed close to the
vaginal roof, followed by continuous dynamic testing in the
utero membrane for 5 min with synchronized video capture.
The same observer (A.X.) and a second observer then used VLC
media player to have a fast playback of the video with a factor
of 4 from the normal speed to record the types and frequencies
of endometrial movements.

Classification system for endometrial peristaltic waves
described by vanGestel et al. [8] were used in this study: CF: the
wave from cervix to fundus; FC: the wave from fundus to
cervix; N: no movement – intimal quiescent state observed for
5 minwithout obviousmovement; R: irregularwave or random
wave – a smaller range of motion, no obvious directionality
and rhythm; OP: opposite wave – the endometrium of the
fundus and the cervix has begun to shrink at the same time,
the direction pointing to the uterine cavity, showing a
centripetal movement.

Patients were divided into three groups according to the
results of the peristaltic waves recorded. Fifty-six patients
showed a FC wave in both morning and afternoon of the day
before ET, and on the day of ET. They were randomly divided
into a phloroglucinol-treatment FC (PT-FC) group (n = 27) and a
FC group (n = 29) by using 'random sampling' function
implemented in R – a commonly used statistical software.
The patients without FC wave recorded were set as the control
group (n = 42). The remaining thirty-seven patients showed a
FC wave either in the morning or afternoon of the day before
ET, or a FC wave in both morning and afternoon of the day
before ET but without a FC wave on the day of ET. These
patients were not suitable to be assigned to any of the groups
thus were excluded from this study. The treatments were

given after the patients signed the consent form. The patients
in the PT-FC group received one time intravenous infusion of
phloroglucinol (80 mg in 500 ml 5% glucose saline) (Wushi
Pharmaceutical Co., Hubei, China) in the afternoon of the day
prior to ET. The same dose of phloroglucinol was infused twice
a day for the next five days. Patients from FC and control
groups received only saline. The same reduction level of
uterine contraction caused by hydration was expected in all
groups.

The changes of endometrial waves on the day of ET were
classified into following groups: (1) FC wave disappearance: no
negativewavewas found; (2) FCwave reduction: the frequency
of FC waves reduced; (3) FC wave increase: the frequency of FC
waves increased; (4) no change: the frequency of FC waves
remained unchanged. Clinical pregnancy refers to positive
urinaryhCGon the days 12–14 and gestational sac foundby the
transvaginal ultrasound examination on the day 28 post ET.
Miscarriage refers to natural termination of pregnancy before
completed 12th week of gestation. Ectopic pregnancy refers to
development of the implanted fertilized egg locating outside
the uterine cavity.

SPSS 13.0 statistical software (SPSS Inc., Chicago, IL) was
used for analysis. Analysis of Variance (ANOVA) was used to
compare the age, basic serum concentrations of FSH, LH and
E2, serum concentrations of E2, LH and P4 on hCG treatment
day as well as endometrial thickness. x2 test was used to
compare the frequency of waves on the day of ET; The Monte
Carlo based x2 test or Fisher's exact testwasused to investigate
insemination since the expected frequencies for >20% cells of
contingency table were less than 5. x2 test was used to
compare the disappearance rate of FC wave, the clinical
pregnancy rate, the miscarriage rate and ectopic pregnancy
rate between the PT-FC group and FC group on the day of ET.
Fisher's exact test was also carried out to compare the
reduction rate of FC wave. The Kruskal–Wallis rank test was
utilized to compare the frequency of various waves.

3. Results and discussion

Among the 135 patients, 42 patients did not show the presence
of FC wave, 56 patients (41%) showed the presence of FC wave.
Age of patients, basic serum concentrations of FSH, LH and E2,
endometrial thickness and serumconcentrations of E2, LH and
P4 on the day of hCG treatment did not differ (P > 0.05) among
the three examined groups (Supplementary Table 1). Serum
concentrations of E2 and P4 on the day before ET showed no
statistical difference (P > 0.05) among the groups (Supplemen-
tary Table 2).

Phloroglucinol is a type of non-atropine class of antispas-
modic medicine. It belongs to a class B drug used during
pregnancy. Both animal data [9] and clinical epidemiologic
study [10] have shown that phloroglucinol is not teratogenic
during pregnancy. In the PT-FC group, application of phlor-
oglucinol reduced the FC waves in all treated subjects on the
day of ET, and 20 patients (74%) showed a complete
disappearance of FC wave. In the FC group, 10 patients
showed disappearance of FC wave, 6 patients showed
reduction of FC wave, 9 patients showed increase of FC wave,
and 4 patients showed no change of FC wave on the day of ET.
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