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Objective

The external cephalic version (ECV) has been shown to lower the likelihood of cesarean section requirements among
pregnant women with breech presentations. In the current study, we investigated the effectiveness and safety of rito-
drine as a tocolytic for ECV.

Methods

A total of 407 pregnant women with breech presentations, who had no contraindications for ECV, were enrolled in
this study. Multivariable logistic regression analyses were used to assess the impact of ritodrine use on the safety and
efficacy of ECV.

Results

The overall success rate was 67.6%, and ritodrine use was associated with significantly higher odds of successful
ECV after adjusting for confounders. Moreover, using ritodrine did not increase the risk of adverse effects, including
temporary changes in fetal heart rate, need for elective or emergency cesarean section due to fetal distress during

ECV, low Apgar scores, and perinatal mortality.

Conclusion

Our results suggest that using ritodrine as a tocolytic during ECV may increase the likelihood of ECV success and may

not increase adverse perinatal outcomes.
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Introduction

The rate of cesarean sections in Korea has increased sharply
since 1980. The most recent incidence of cesarean sections
in Korea is estimated to be 40%, the highest in the world [1].
However, cesarean section has increased the risk of complica-
tions in the mother and fetus [2]. The ideal rate of cesarean
sections is estimated to be 10-15% because there is no im-
provement in maternal and newborn mortality rates beyond
this [3]. Therefore, a cesarean section should be considered
only when the benefits outweigh the risks [4].

The external cephalic version (ECV) is @ manual procedure
that rotates a breech fetus to the vertex to ensure vaginal
delivery. It is a relatively simple and safe procedure that does
not require complicated intervention [5,6]. In addition, it can
reduce the likelihood that a cesarean section will be required
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for breech presentation.

However, ECV is not always successful. Several studies have
investigated ways to improve the results of ECV, including
tocolysis [7-11].
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In terms of tocolysis for successful ECV, some studies have
shown that beta 2-adrenergic receptor agonists, including
ritodrine and salbutamol for tocolysis improved success rates
in nulliparous or multiparous patients [7-9]. Other studies
have shown that atosiban, nifedipine, and nitroglycerin can
be used to improve the success rates of ECV [10-12].

Among these tocolytics, ritodrine is the most effective and
safe for successful ECV treatment. However, there are no
reported data on the safety and effectiveness of ritodrine
for ECV treatment in Korea. Therefore, we occasionally en-
countered pregnant women who refused the application of
ritodrine for successful ECV despite its advantages. In the
current study, we examined the safety and effectiveness of
ritodrine as a tocolytic agent during ECV in pregnant Korean
women [7].

Materials and methods

This study was approved by the Institutional Review Board
of Inje Medical University, Goyang, Korea. Written informed
consent was obtained from all the participants.

1. Patient selection

From 2014 to 2021, 407 pregnant women with breech pre-
sentations, without any contraindications to ECV, presented
to Cheil General Hospital & Women's Healthcare Center

(n=399, 2014-2019) and llsan Paik Hospital (n=8, 2020-
2021). The use of ritodrine for successful ECV is recom-
mended for all pregnant women. However, some pregnant
women refused ritodrine because of concerns regarding fetal
safety. The study participants included 358 ritodrine users in
the research group and 49 non-users in the control group (Fig.
1). The following exclusion criteria were applied: active labor,
rupture of membranes, vaginal bleeding, severe preeclampsia
or eclampsia, multiple gestations, major fetal abnormalities,
abnormal cardiotocography, and previous cesarean section
[5]. All candidates for ECV were interviewed for baseline
characteristics (maternal age, gravidity, parity, height, weight,
and history of other gestational diseases). Additionally, fetal
sonography was performed to check fetal weight, position,
amniotic fluid index (AFI), location of the placenta, presence
of myoma, and umbilical artery Doppler index.

2. Procedure details

The procedure was as follows: tocodynometry was per-
formed approximately 30 minutes to 2 hours before ECV to
check fetal heart rate and uterine contraction. In the tocoly-
sis group, intravenous ritodrine was administered (100 mg in
50 g dextrose) as an initial intravenous dose of 1.6 mg/h for
tocolysis for 1 hour. The main surgeon pushed the fetal but-
tock upward from the maternal pelvis with one hand while
the other hand pushed the fetal head downwards. During
the ECV procedure, the first assistant performed a real-time

407 pregnant women enrolled for ECV
From Cheil General Hospital n.=399 (2014-2019)
From llsan Paik Hospital n=8 (2020-2021)

358 ritodrine user
(research group)

358 pregnant women and fetuses analyzed
for ECV success rate and fetal complications

148 lost to follow-up

210 neonates analyzed for
perinatal outcomes

Fig. 1. Study profile. ECV, external cephalic version.
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49 ritodrine not-user
(control group)

49 pregnant women and fetuses analyzed
for ECV success rate and fetal complications

9 lost to follow-up

40 neonates analyzed for
perinatal outcomes
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Table 1. Comparison of characteristics between ritodrine and non-ritodrine groups

Variable User of ritodrine (n=358) Non-user of ritodrine (n=49) P-value
Age (yr) 0.183
<30 47 (13.1) 3(6.1)
30-34 163 (45.5) 28 (57.1)
35-39 119 (33.2) 12 (24.5)
>40 29(8.1) 6(12.2)
Gravidity 0.416
1 147 (41.1) 25(51.0)
2 124 (34.6) 14 (28.6)
>3 87 (24.3) 10(20.4)
Parity 0.733
0 215 (60.1) 31(63.3)
1 118 (33.0) 16 (32.7)
>2 25(7.0) 2(4.1)
Maternal weight (kg) 0.908
<62.0 88 (24.6) 12 (24.5)
62.0 to <66.5 89 (24.9) 14 (28.6)
66.5t0 <72.0 80 (22.3) 9(18.4)
>72.0 101 (28.2) 14 (28.6)
Maternal height (cm) 0.183
<158.9 43(12.0) 2(4.1)
158.9t0<163.0 157 (43.9) 25(51.0)
163.0 t0 <167.0 115 (32.1) 19 (38.8)
>167.0 43(12.0) 3(6.1)
Maternal BMI (kg/m?) 0.535
<235 83(23.2) 12 (24.5)
23.5t0 <25.1 93 (26.0) 14 (28.6)
25.110<27.0 90 (25.1) 15 (30.6)
>27.0 92 (25.7) 8(16.3)
Gestational weeks 0.328
<37 61(17.0) 5(10.2)
37 t0 <39 285 (79.6) 41(83.7)
>39 12 (3.4) 3(6.1)
AFI 0.748
<25% 77 (24.3) 8(27.6)
25% to <50% 81 (25.6) 7(24.1)
50% to <75% 80 (25.2) 5(17.2)
>75% 79 (24.9) 9(31.0)
Epidural analgesia 0.935
Yes 335(93.6) 46 (93.9)
No 23(6.4) 3(6.1)
422 www.ogscience.org
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Table 1. Continued

Variable User of ritodrine (n=358) Non-user of ritodrine (n=49) P-value
Placental location 0.309
Anterior 203 (57.8) 26 (60.5)
Posterior 145 (41.3) 16(31.2)
Fundus 2(0.6) 0(0.0)
Lateral 1(0.3) 1(2.3)
Uterine contraction 0.005
None 90 (25.1) 23(46.9)
Irreqular 247 (69.0) 25(51.0)
Regular 21(5.9) 1(2.0)
Myoma 0.012
Absent 343 (96.1) 43 (87.8
Present 14 (3.9) 6(12.2
Type of breech presentation 0.934
Footling 53(19.5) 1(20.0)
Flank 74(27.2) 1(20.0)
Complete 135 (53.3) 3(60.0)
Year of ritodrine use 0.001
2014 t0 2016 236 (84.3) 44.(15.7)
2017 t0 2019 116 (97.5) 3(2.5)
2020 to 2021 6 (75.0) 2(25.0)

Values are presented as number (%).
BMI, body mass index; AFI, amniotic fluid index.

sonogram to ensure the fetal heart rate and direction of the
fetal head. The second assistant also provided assistance dur-
ing the ECV procedure, when required. The procedure was
aborted if the patient expressed severe abdominal pain or if
the fetal heartbeat demonstrated an abnormal pattern. In
such cases, ECV was reattempted after allowing the candi-
date to rest and for the fetal heart rate pattern to return to
normal. After the procedure, fetal monitoring was performed
for at least 3 hours to ensure optimal fetal conditions.

3. Assessment of effectiveness and perinatal
outcomes by ritodrine use during ECV

The effectiveness of ritodrine during ECV was assessed by
comparing the success rate of ECV between the two groups.
We evaluated perinatal outcomes by comparing the rates
of adverse outcomes, including temporary changes in fetal
heart rate and emergency cesarean section, due to fetal dis-
tress during ECV. Additionally, we evaluated the overall rate
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of cesarean section, Apgar scores at 1 minute and 5 minutes,
and perinatal mortality.

4. Statistical analysis

We evaluated the fetal and neonatal safety and the efficacy
of ECV in patients with and without ritodrine administration.
Using SPSS version 26.0 (IBM, SPSS Statistics, Armonk, NY,
USA), univariate analyses were performed using chi-square
test or Fisher's exact test for categorical data and Student’s
t-test or Wilcoxon test for continuous data. The efficacy of
ritodrine (successful ECV) was evaluated using a multivariate
logistic regression analysis after adjusting for confounders.
The statistical significance was set at P<0.05.

Results

ECV was attempted in 407 pregnant women with breech
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Table 2. Univariate analysis for successful predictive factors of external cephalic version

Variable Success (n=275) Failed (n=132) P-value
Age (yr) 0.014
<30 27 (54.0) 23 (46.0)
30-34 125 (66.4) 66 (34.6)
35-39 93(71.0) 38(29.0)
>40 30(85.7) 5(14.3)
Gravidity 0.010
1 100 (58.1) 72 (41.9)
2 97 (70.3) 41(29.7)
>3 78 (80.4) 19(19.6)
Parity <0.001
0 148 (60.2) 98 (39.8)
1 103 (76.9) 31(23.1)
>2 24.(88.9) 3(11.1)
Maternal weight (kg) 0.090
<62.0 72 (72.0) 28(28.0)
62.0 to <66.5 74.(71.8) 29(28.2)
66.5t0 <72.0 62 (69.7) 27 (30.3)
>72.0 67 (58.3) 48 (41.7)
Maternal height (cm) 0.215
<158.9 32 (11.6) 13(9.9)
158.9 10 <163.0 131 (47.6) 51(38.6)
163.0t0 <167.0 82 (29.8) 52 (39.4)
>167.0 30(10.9) 16 (12.1)
Maternal BMI (kg/m?) 0.220
<235 67 (70.5) 28(29.5)
23.510<25.1 78(72.9) 29 (27.1)
25.1t0<27.0 70 (66.7) 35(33.3)
>27.0 60 (60.0) 40 (40.0)
Gestational weeks 0.788
<37 47 (71.2) 19 (28.8)
37to0 <39 218 (66.9) 108 (33.1)
>39 10 (66.7) 5(33.3)
AF| 0.032
<25% 52 (61.2) 33(38.8)
25% to <50% 59 (67.0) 29(33.0)
50% to <75% 66 (77.6) 19 (22.4)
>75% 69 (78.4) 19(21.6)
Epidural analgesia 0.806
Yes 258 (67.7) 123(32.3)
No 17 (65.4) 9(34.6)
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Table 2. Continued

Variable Success (n=275) Failed (n=132) P-value
Placental location 0.580
Anterior 149 (65.1) 80 (34.9)
Posterior 114 (40.8) 47 (29.2)
Fundus 1 (50.0) 1 (50.0)
Lateral 1(50.0) 1 (50.0)
Uterine contraction 0.406
None 77 (68.1) 36 (31.9)
Irreqular 186 (68.4) 86 (31.6)
Regular 12 (54.5) 10 (45.5)
Myoma 0.221
Absence 263 (68.1) 123 (31.9)
Presence 11 (56.0) 9 (45.0)
Type of breech presentation 0.930
Footling 40 (74.1) 14 (25.9)
Flank 110(74.3) 38(25.7)
Complete 54 (72.0) 21(28.0)
Year of ritodrine use
2014 t0 2016 173 (61.8) 107 (38.2) <0.001
2017 to 2019 99 (83.2) 20(16.8)
2020 to 2021 3(37.5) 5 (62.5)
Ritodrine as a tocolytic drug 0.021
Yes 249 (66.6) 109 (30.4)
No 26 (53.1) 23(46.9)

Values are presented as number (%).
BMI, body mass index; AFI, amniotic fluid index.

presentations and was successful in 275 (67.5%). On com-
paring the characteristics between patients with and without
ritodrine administration, we did not observe any significant
differences in baseline characteristics, except for uterine con-
traction (P=0.05), year of ritodrine use (P<0.001), and the
presence of uterine myoma, which was found to be more
frequent among patients without ritodrine administration
compared to those with ritodrine administration (12.2%,
n=6vs. 3.9%, n=14; P=0.012) (Table 1).

Univariate analysis showed that patients administered rito-
drine had a significantly higher ECV success rate (66.6%,
n=238 vs. 53.1%, n=26; P=0.021). Additionally, maternal age
(P=0.014), gravidity (P=0.010), parity (P=0.001), AFI (P=0.032),
and year of ritodrine use (P<0.001) were associated with ECV
success (Table 2).

www.ogscience.org

On multivariable logistic analysis, ritodrine administration
was associated with higher odds of ECV success (odds ratio,
2.755; 95% confidence interval [Cl], 1.170-6.488; P=0.020)
after adjusting for age, gravidity, parity, AFl, uterine contrac-
tion, and year of ritodrine use (Table 3).

There were no significant differences between the two
groups in the rate of adverse outcomes, including temporary
changes in fetal heart rate and emergency cesarean section
due to fetal distress during ECV. Similarly, we did not observe
any significant differences between the two groups regard-
ing adverse perinatal outcomes, including the overall rate of
cesarean section and Apgar scores at 1 minute and 5 min-
utes (Table 4). No perinatal mortality was observed in either

group.
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Table 3. Multivariate logistic regression analysis for ritodrine as a successful predictive factor of external cephalic version

Variable Adjusted OR 95% ClI P-value
Age (yr)

<30

30-34 1.563 0.751-3.254 0.233

35-39 1.554 0.690-3.499 0.287

>40 3.578 0.937-13.660 0.062
Gravidity

1

2 1.030 0.486-2.183 0.938

>3 1.680 0.669-4.217 0.269
Parity

0

1 2.451 1.113-5.402 0.026

>2 3.333 0.600-18.505 0.169
AFl

<25

25 to <50 1.300 0.651-2.594 0.457

50to <75 2.152 1.029-4.498 0.042

>75 2.242 1.064-4.726 0.034
Uterine contraction

None

Irreqular 0.970 0.528-1.781 0.921

Regular 0.681 0.213-2.182 0.518
Year of ritodrine use

2014 t0 2016

2017 t0 2019 2.514 1.381-4.577 0.003

2020 to 2022 0.285 0.054-1.516 0.141
Ritodrine as a tocolytic drug

No

Yes 2.755 1.170-6.488 0.020

OR, odds ratio; Cl, confidence interval; AFl, amniotic fluid index.

Discussion

In the current study, the use of ritodrine as a tocolytic during
ECV was significantly associated with higher odds of suc-
cessful ECV after adjusting for age, gravidity, parity, and AFI.
We adjusted for these variables because they have previously
been shown to impact ECV outcomes [5,13,14]. Our results
are similar to those reported in previous studies investigating
the use of ritodrine in ECV [7,8,15]. In a prospective con-
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trolled randomized, double-blind trial by Nor Azlin et al. [8]
ritodrine was effective in both nulliparous (34.4% vs. 13.0%)
and multiparous women (87.5% vs. 57.1%). Cluver et al. [15]
performed a meta-analysis of 28 clinical trials to investigate
the interventions and factors associated with the improved
odds of ECV success. They found that ritodrine was more ef-
fective than placebo (relative risk 1.68; 95% Cl, 1.14-2.48).
The mechanism of ritodrine as a tocolytic agent has been
previously described. The drug binds to beta-2 adrenergic re-

www.ogscience.org
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Table 4. Fetal and neonatal outcomes between ritodrine and non-ritodrine groups during external cephalic version

Ritodrine
= P-value

Outcomes during ECV (%)

Temporary changes of fetal heart rate” 38.3(137/358) 44.9 (22/49) 0.372

Emergency Cesarean section due to fetal distress” 1.1 (4/358) 0.0 (0/49) 1.000
Perinatal outcomes (%)

Rate of Cesarean section 49.0(103/210) 62.5 (25/40) 0.119

Apgar score 1 minute <7 23.8 (50/210) 35 (14/40) 0.137

Apgar score 5 minutes <7 7.1(15/210) 7.5 (3/40) 1.000

ECV, external cephalic version.

“Temporary changes, including fetal deceleration, bradycardia (fetal heart rate [FHR] below 110 bpm), or tachycardia (FHR above 170 bpm)

during the cardiotocography (CTG) during the ECV procedure.

PFetus not recovered from deceleration, bradycardia (FHR <110 bpm), or tachycardia (FHR >170 bpm) for at least 10 minutes during CTG after

the ECV procedure.

ceptors on the myometrium. This binding increases the levels
of intracellular cyclic adenosine monophosphate, which de-
creases the intracellular calcium concentrations. During uter-
ine contraction, calcium combines with calmodulin, and this
complex activates myosin lignin chain kinase, which causes
the sliding of myosin over actin fibers. As a result, lower-
ing calcium levels weaken the uterine muscle contractions
[16,17]. Therefore, it is reasonable to suggest that decreased
uterine muscle contraction may be associated with successful
ECV. Another important finding in our study is that ritodrine
is safe during ECV, as evidenced by the similar rates of ad-
verse perinatal outcomes between the two groups. This find-
ing is consistent with the results of previous studies [5,6].

In a review article, Kim [5] reported that a large study that
included 4,117 patients showed that an ECV trial at term
was not associated with increased prenatal morbidity or mor-
tality after comparison with expectant management. There-
fore, the latest guideline (2017) issued by the Royal College
of Obstetricians & Gynaecologists concerning ECV does not
recommend standard preoperative preparations for cesarean
section in women undergoing ECV. Collins et al. [6] reported
complications from 805 consecutive ECV attempts. They
reported an extremely low rate of complications, including
ECV-attributable mortality (0/805), abnormal fetal cardio-
gram (13/805), emergency cesarean section (4/805), and an
Apgar score of less than 7 at 5 mintues (3/800) after the pro-
cedure. In addition, two studies showed that ritodrine might
decrease the probability of emergency cesarean section [7,8].

www.ogscience.org

Impey and Pandit [18] found no significant differences in
Apgar score at 5 minutes, mean arterial pH, admission to the
neonatal intensive care unit, and neonatal seizures between
the ritodrine and non-ritodrine groups. Additionally, ritodrine
has been found to have a reasonably safe profile in terms of
adverse effects. It is not associated with chest pain, dyspnea,
tachycardia, palpitation, tremor, headaches, hypokalemia,
hyperglycemia, and pulmonary edema [16]. A key reason for
this safety profile is the short duration of ritodrine adminis-
tration.

This study had some limitations. First, our results cannot be
generalized because of the small sample size. Second, this
was an observational study; therefore, there might be some
selection bias, even though there were no significant differ-
ences in basic characteristics, including age, gravidity, parity,
and maternal body mass index between the two groups in
the study. Additionally, there may be some selection bias
caused by non-random sampling, given that participants in
the ritodrine use (research) and non-use (control) groups are
up to their voluntary decisions after obtaining information
on the advantages of ritodrine use during ECV. In addition,
a smaller portion (12%, 49/409) of the control group may
have reduced the power and meaning of the study.

Finally, given that this study was conducted at two insti-
tutions in Korea, there may be a lack of generalizability to
other races and ethnic groups. Therefore, caution should be
exercised when applying this conclusion to other ethnicities.
It is important to note that the sample size in our study was
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relatively large compared to previous studies and sufficiently
powered. Thus, we are confident that our results, combined
with those of previous studies, demonstrate the safety and
efficacy of ritodrine in patients with breech presentation un-
dergoing ECV. In conclusion, our results suggest that using
ritodrine as a tocolytic during ECV may increase the likeli-
hood of ECV success and may not increase adverse perinatal
outcomes. Further studies with larger sample sizes and ran-
domizations are needed.
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