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Purpose : The objective of the present investigation was to determine implantation and preg-
nancy rates in patients undergoing ICSI and treated with β2-adrenergic agonists, considering
the uterine-relaxing action of these agents.
Methods : A total of 225 women undergoing ICSI at the Center for Human Reproduction,
“Sinhá Junqueira” Maternity Foundation, entered the study. Patient participation in each
group was random, by drawing lots, using a randomization table previously elaborated for the
study (2:2:1). The group I (90 women) received 10 mg of terbutaline daily for 15 days starting
on the day of oocyte retrieval; group II (90 women) received 20 mg of ritodrine daily during
the same period of time as group I; group III (45 patients) received no treatment and was used
as control. The evaluation was interrupted in 3 patients of group I and in 30 patients of group
II because of a high incidence of side effects.
Results : Pregnancy, implantation, and miscarriage rates were not significantly different (p >
0.05) between the three groups: 29.88%, 13.25%, and 26.9% for group I; 33.33%, 17.5%, and
10.0% for group II; 28.88%, 15.07%, and 15.38% for group III, respectively.
Conclusions : The results of this study do not support the routine use of β2-adrenergic agonists
during the peri-implantation period in assisted reproductive technology cycles.
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INTRODUCTION

The most important purpose of assisted reproductive
techniques (ART) is to place a single euploid em-
bryo in the uterus to achieve successful implantation
and a normal pregnancy, which will result in a healthy
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offspring. Nevertheless, it is important to emphasize
that clinical implantation in humans is successful in
a maximum of 30% of cases (1) and almost 90%

of the embryos produced by ART and transferred
to the uterus fail to implant (2,3). Implantation in-
volves complex interactions and a series of steps lead-
ing to an effective communication between the em-
bryo and the endometrium. Many factors may create
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an environment unfavorable to embryo implantation
due to morphological and biochemical alterations of
the endometrium caused by ovarian hormones (4–8).
Moreover, it is possible that the high estrogen lev-
els obtained after controlled ovarian hyperstimula-
tion may increase uterine contractility, which has been
proposed as a potential etiological mechanism in im-
plantation failure (9–12). In addition, the techniques
of transferring embryos to the uterus may promote
uterine contractions, particularly if difficulty is found
in passing the catheter through the cervix or the
catheter touches the uterine fundus (10). Fanchin et al.
(13) postulated that vaginal progesterone administra-
tion starting on the day of oocyte retrieval may re-
duce uterine contractions and improve implantation
rates by avoiding the displacement of embryos from
the uterine cavity. The use of β2-adrenergic agonists,
which have a relaxing action on uterine muscle, may
be useful for this purpose. Recently, Tsirigotis et al.
(14) studied the effects of ritodrine administration at
peri-implantation time and concluded that implanta-
tion rates may be improved with this approach.

The objective of this investigation was to determine
implantation and pregnancy rates in patients under-
going ICSI who were treated with two types of β2-
adrenergic agonists (terbutaline and ritodrine) during
the peri-implantation period.

MATERIALS AND METHODS

A total of 225 women undergoing ICSI at the Cen-
ter for Human Reproduction, ”Sinhá Junqueira” Ma-
ternity Foundation, entered the study. The indication
for ICSI was male infertility defined according to the
recommendations of the World Health Organization
except for sperm morphology (<14% normal sperm,
strict criteria). Patient participation in each group was
random, by draw of lots, using a randomization table
previously elaborated for the study (2:2:1). The group
I (90 women) received 10 mg of terbutaline daily P.O.
for 15 days starting on the day of oocyte retrieval;
group II (90 women) received 20 mg of ritodrine P.O.
daily during the same period of time as group I; group
III (45 patients) received no treatment and was used
as control. The evaluation was interrupted in three
patients of Group I and in 30 patients of Group II
due to a high incidence of side effects.

All patients were treated according to a long proto-
col with a gonadotrophin releasing hormone agonist
(Synarel, Searle, Brazil) followed by a fixed ovarian
stimulation regimen consisting of 300 IU of daily re-

combinant FSH (Puregon, Organon, Brazil); 10,000
IU of human chorionic gonadotrophin (Pregnyl,
Organon, Brazil) was given when two or more follicles
measured ≥17 mm, and oocyte retrieval was carried
out 34–36 h later. Cumulus and corona cells of the
oocytes were removed by enzymatic digestion with
hyaluronidase (Sigma Chemical Co, St Louis, MO,
USA) and oocytes at metaphase II of the second mei-
otic division were subjected to ICSI, which was car-
ried out on the heated stage of an inverted microscope
(Eclipse TE 300, Nikon, Japan), employing automatic
manipulators (NT-88, Narishige, Japan) and microin-
jectors (IM-16, Narishige, Japan).

Up to three embryos were transfered into the uter-
ine cavity after 40–42 h of after intracytoplasmic in-
semination. The frequency of uterine contractions
was not realized prior to embryo transfer. Luteal
phase supplementation was performed with intrav-
aginal micronized progesterone (Utrogestan, Enila,
Brazil) 800 mg daily, starting on the day of embryo
transfer. A serum β-hCG test was performed 14 days
after embryo transfer. Vaginal ultrasonography was
carried out 14 days after the positive β-hCG result to
determine the number and viability of gestation sacs.

The results obtained for the three groups were com-
pared by the Chi square test for trend, with the level
of significance set at p < 0.05.

RESULTS

Patient’s age did not differ significantly (p > 0.05)
between groups: 34.6± 0.49 in the terbutaline group
(group I), 33.35± 0.69 in the ritodrine group (group
II), and 34.71± 0.68 in the control group (group III).
The number of oocytes retrieved and the number
of mature oocytes (MII) did not differ significantly
(p > 0.05) between the three groups: 11.30± 0.78 and
9.18± 0.64 in group I; 11.60± 0.81 and 9.78± 0.71 in
group II; 11.13± 0.94 and 9.22± 0.75 in group III.
There were not significant differences in the number
of embryos transferred in each of the three groups:
2.86± 0.11 in group I, 2.67± 0.13 in group II, and
2.80± 0.14 in group III (p > 0.05). Pregnancy and im-
plantation rates did not differ significantly (p > 0.05)
between the three groups: 29.88% and 13.25% in
group I, 33.33% and 17.5% in group II, and 28.88%
and 15.07% in group III, respectively. Also, no signif-
icant differences in miscarriage rates were observed
between groups I, II, and III, with respective values
of 26.9%, 10.0%, and 15.38% (p > 0.05). The results
are summarized in Table I.
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Table I. Summary of the Results Obtained for the Three Groups

Parameter Group I—terbutaline (n = 87) Group II—ritodrine (n = 60) Group III—control (n = 45)

Maternal age 34.6± 0.49∗ 33.35± 0.69∗ 34.71± 0.68∗
Oocytes retrieved 11.3± 0.78∗ 11.6± 0.81∗ 11.13± 0.94∗
Mature oocytes 9.18± 0.64∗ 9.78± 0.71∗ 9.22± 0.75∗
Fertilization rate (%) 65.61∗ 73.12∗ 68.57∗
Embryos transferred 249 (2.86± 0.11)∗ 160 (2.67± 0.13)∗ 126 (2.80± 0.14)∗
Gestational sacs 33 28 19
Pregnancy rate (%) 29.88 (26/87)∗ 33.33 (20/60)∗ 28.88 (13/45)∗
Implantation rate (%) 13.25 (33/249)∗ 17.5 (28/160)∗ 15.07 (19/126)∗
Miscarriage rate (%) 26.92 (7/26)∗ 10 (2/20)∗ 15.38 (2/13)∗

∗No significant difference (p > 0.05).

DISCUSSION

Uterine contractions at the time of embryo transfer
may adversely affect the outcome of assisted repro-
ductive procedures. Lesny et al. (10) studied the fre-
quency of uterine contractions in a simulation of em-
bryo transfer in 14 women, using a catheter with 30µL
of a galactose-based echo-enhancing agent for con-
trast (Echovist, Schering, UK) to represent embryos
and transfer medium. These authors performed ET
without touching the uterine fundus with the catheter,
and these were considered easy ET. In another group
of patients, to simulate a difficult ET, the uterine fun-
dus was touched deliberately twice with the end of the
catheter. There were no uterine contractions in the
group of easy ET, and Echovist remained in the up-
per part of the uterus for at least 45 min. On the other
hand, vigorous uterine contractions were recorded in
the group of difficult ET, with the contrast being dis-
placed in six of the seven patients. It has also been pos-
tulated that endometriosis may have an adverse effect
on implantation because the women affected by this
disease have a significantly higher uterine contraction
frequency (15). Fanchin et al. (16) investigated the im-
portance of uterine contractility in the process of im-
plantation. These authors compared the frequency of
uterine contractions at the time of embryo transfer
4 days after hCG (embryos with 4–8 cells) and 7 days
after hCG (blastocyst stage), and concluded that the
uterus reaches quiescence 7 days after hCG adminis-
tration, so that implantation rates could be higher at
that time. Another possibility to decrease uterine con-
tractility during the peri-implantation period could
be the use of β2-adrenergic agonists such as ritodrine
and terbutaline, which promote relaxation of human
myometrial muscle by their action on β2-adrenergic
receptors (17–20). Tsirigotis et al. (14) reported that
ritodrine administration during the peri-implantation
period improves pregnancy and implantation rates.

These authors obtained implantation and pregnancy
rates of 4.2% and 16.7% in the control group, as
opposed to significantly higher rates of 14.8% and
46.7%, respectively, in the group treated with rito-
drine. Our investigation was designed to study the
effects of two β2-adrenergic agonists, ritodrine and
terbutaline, on pregnancy and implantation rates of
ICSI cycles. Our observations were divergent from
those of Tsirigotis et al., in our study the pregnancy
and implantation rates were not significantly differ-
ent among the control group, the group treated with
ritodrine and the group treated with terbutaline. The
same dose of ritodrine was used in both investigations.
In our study, the group using ritodrine was smaller
than the group using terbutaline. Side effects such as
palpitation and tremor were more evident with rito-
drine, and led us to limit this group. One important
difference between the two investigations was that
our patient series was larger than that of Tsirigotis
et al. However, the acceptance of a H0 Hypothesis
(no difference between groups) when the hypothe-
sis in reality is false would induce a so called type
II error (β-error) and to avoid this type of error it
is advisable to increase the number of patients stud-
ied. To detect a difference in the pregnancy rates be-
tween the two treatment groups (keeping the current
rates in both groups), with a power of 80% and sig-
nificance level of 5%, a total of 32.220 of each group
were required for terbutaline group and 1371 for ri-
todrine group. It should also be emphasized that im-
plantation and pregnancy rates in the control group
of the series reported by Tsirigotis et al. were very
low, in contrast to our results and to the results re-
ported in the literature (21,22). In the investigation by
Tsirigotis et al. it was not clear if the groups studied
were formed by patients with increased uterine ac-
tivity, which could explain the low implantation rates
achieved in the control group. In our study we did not
monitor the frequency of uterine contractions prior
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to embryo transfer; therefore, it is possible that the
use of β2-adrenergic agonists may improve implan-
tation rates in selected women who have increased
uterine contractions during the peri-implantation pe-
riod. It is important to note that uterine contractions
may be promoted by the transfer procedure, mainly
when there are difficulties in performing it (10,23).
To improve implantation rates in patients with in-
creased uterine contractility, further clarification of
the role of β2-adrenergic agonists in this group of
patients is needed; in this situation, whether or not
administration of these drugs is effective in improv-
ing implantation rates remains to be demonstrated.
In conclusion, the results of our study do not sup-
port the routine use of β2-adrenergic agonists during
the peri-implantation period of assisted reproductive
technology cycles.
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