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Outpatient Compared With Inpatient
Preinduction Cervical Ripening Using a
Synthetic Osmotic Dilator
A Randomized Clinical Trial
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OBJECTIVE: To assess whether outpatient cervical rip-

ening with a synthetic osmotic dilator shortens the length

of hospital stay in term pregnancies undergoing labor

induction.

METHODS: Pregnant participants scheduled for labor

induction at term with unfavorable cervix (less than 3-cm

dilated and less than 60% effaced) and not requiring

inpatient maternal or fetal monitoring were consented,

and synthetic osmotic dilator rods were inserted on the

day of scheduled induction. After reassuring fetal heart

tracing, patients randomized to the outpatient group

were asked to return 12 hours after insertion or sooner if

needed. Those randomized to the inpatient group

remained in the hospital. After the first round of ripening,

additional ripening, oxytocin, and labor management

were left up to the clinical health care professionals.

The primary outcome was the proportion of participants

with hospital stays longer than 48 hours. We estimated

that a sample size of 338 would provide 85% power to

detect a 30% difference between groups.

RESULTS: From November 2018 to November 2021, 339

participants were randomized (171 inpatient, 167 out-

patient, one withdrawal). Four patients in the outpatient

group were admitted before12 hours for suspected labor

and rupture of membranes, and 19 in the inpatient group

had the device removed before 12 hours. The proportion

of participants with hospital stays longer than 48 hours

was lower in the outpatient group compared with the

inpatient group (89 [53%] vs 152 [89%], relative risk [RR]

0.60, 95% CI 0.52–0.70). Patients in the outpatient group

had a shorter total length of stay and time from admis-

sion to active labor. They were more likely to have a

vaginal delivery within 24 hours of admission and were

less likely to receive analgesics during ripening. Route of

delivery and other maternal and neonatal outcomes

were not significantly different between groups.

CONCLUSION: Outpatient cervical ripening with a cer-

vical osmotic dilator decreased hospital stay compared

with inpatient ripening, without significant adverse out-

comes.
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Labor induction is generally undertaken when the
risks of continuing pregnancy outweigh the bene-

fits.1 Various ripening methods are available to max-
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imize the success of labor induction in participants
with an unfavorable cervix. These include pharmaco-
logic agents, such as prostaglandins, and mechanical
agents, such as the Foley balloon. Historically,
mechanical methods were the first methods devel-
oped to ripen the cervix.2 Mechanical methods of
cervical ripening are safe and cost-effective.3

Rates of labor induction in 2019 have risen to
29.4%, with a third requiring cervical ripening.4 In most
U.S. centers, cervical ripening is performed as an inpa-
tient procedure. Recent evidence with the use of
mechanical dilators, bolstered by their limited effect
on uterine contractility, supports the safety of allowing
participants to go home after insertion.5 There have
been several studies in outpatient cervical ripening,6–14

but none evaluated the role of synthetic osmotic dilators
in the outpatient setting. Dilapan-S is a synthetic osmotic
dilator (or rod) made of a patented hydrogel (AQUA-
CRYL) that works by absorbing fluid from the cells of
the cervical canal, resulting in reversible cell wall dehy-
dration and softening. As the rod(s) volume increases
endogenous prostaglandins are released from mechani-
cal stretch resulting in cervical ripening. In a random-
ized clinical trial in the inpatient setting, the synthetic
osmotic dilator was noninferior to the Foley balloon in
terms of safety and efficacy with better patient satisfac-
tion.15 Unlike the Foley balloon, however, this synthetic
osmotic dilator is U.S. Food and Drug Administration–
approved for cervical ripening and does not have any
parts that protrude from the vagina, making it the ideal
candidate for outpatient cervical ripening.

The usual practice with mechanical ripening
methods is to insert the mechanical dilator in the
hospital and then await cervical ripening, which can
take up to 24 hours. Allowing the patient to return
home after insertion is a promising strategy that
lowers in-hospital health care costs and improves
patient satisfaction. Our objective was to determine
whether outpatient preinduction cervical ripening
with a synthetic osmotic dilator shortens the length
of hospital stay in pregnant patients scheduled for
induction at term.

METHODS

We conducted an open-label randomized control trial
in two academic centers in the United States. Univer-
sity of Texas Medical Branch IRB approval was
obtained, and ClinicalTrials.gov registration was com-
pleted before enrollment (clinical trial registration:
ClinicalTrials.gov, NCT03665688). The trial followed
CONSORT (Consolidated Standards of Reporting
Trials) guidelines,16 and enrollment occurred between
November 2018 and November 2021.

Pregnant patients receiving prenatal care in our
maternal health care clinics and who were scheduled
for labor induction at term were approached, and
informed consent was obtained either in the clinic or
in the labor and delivery unit.

Patients were eligible for inclusion if their age was
at least 18 years, they were able to consent and had a
singleton gestation at 37 weeks or more based
according to the American College of Obstetricians
and Gynecologists’ criteria.17 Additional inclusion cri-
teria were a live fetus in cephalic presentation, intact
membranes, and a cervix not more than 3-cm dilated
and not more than 60% effaced. We excluded patients
who had limited access to a telephone, lacked a sup-
port person (no adult available to accompany the
patient during the outpatient cervical-ripening
period), or declined placement in a hotel if they lived
more than 60 minutes from our facility. Other exclu-
sion criteria are listed in Box 1.

Box 1. Exclusion Criteria

1. Active labor
2. Active genital herpes
3. Chorioamnionitis
4. Transfundal uterine or cervical surgery
5. Previous cesarean delivery
6. Nonreassuring fetal status
7. Need for continuous maternal or fetal monitoring

during ripening
8. Contraindication for vaginal delivery
9. Active vaginal bleeding

10. Abnormal placental location or adherence (placenta
previa or unresolved low-lying placenta)

11. Estimated fetal weight greater than 5,000 g (nondi-
abetic) or greater than 4,500 g (diabetic)

12. Intrauterine growth restriction (estimated fetal
weight less than the 10th percentile)

13. Oligohydramnios (amniotic fluid index less than 5
cm or deep vertical pocket of less than 2 cm)

14. Fetal anomaly
15. Need for inpatient care (eg, hypertension, insulin-

dependent diabetes)
16. Poor or no access to a telephone and cannot be

placed in the hotel
17. Absence of support person (no adult accompanying

the patient during outpatient cervical ripening
period)

Randomization was performed using a computer-
generated random list of numbers assigning patients
to one of the two groups in the study. Randomization
assignments were kept secure in opaque envelopes. A
separate randomization sequence was generated for
each site.
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The synthetic osmotic cervical dilator was placed
by trained medical personnel (residents, fellow, or
faculty). Before the device placement, patients under-
went continuous cardiotocography monitoring for
30 minutes. The cervix was then visualized with a
sterile vaginal speculum and cleaned with iodine or
chlorhexidine. As many synthetic osmotic dilator rods
(Medicem Technology s.r.o.) as possible were inserted
into the cervical canal under direct visualization. If
necessary, a blunt ring forceps was used to grasp the
anterior lip of the cervix for better visualization. The
synthetic osmotic dilators were left for at least 12
hours and no longer than 24 hours. After placement,
patients were monitored for at least 30 minutes. If no
contraindications for outpatient management arose,
such as active vaginal bleeding, rupture of mem-
branes, nonreassuring fetal evaluation (defined
as minimal or absent variability, abnormal baseline,
or presence of decelerations), evidence of labor, or
other severe medical conditions deemed by the
clinical staff or the attending physician to preclude
outpatient cervical ripening developed after insertion,
the patient was randomized.

Patients randomized to the outpatient group were
sent home if they could return to the hospital within
60 minutes if needed. Otherwise they were sent to a
nearby hotel. Patients were allowed to ambulate,
shower, and perform regular activities during that
period. Instructions were given to patients to return to
the labor and delivery unit 12 hours after insertion, or
earlier if any excessive bleeding, rupture of membranes,
pain, or other concerns (contractions, decreased fetal
movement) occurred before 12 hours. A study leaflet
was provided with detailed instructions, emergency
contact information for appropriate study clinical staff,
and space to document any oral medication taken for
pain relief (acetaminophen). Patients were also in-
structed to enter the date and time of membrane rupture
if applicable. After the designated 12 hours’ time, or
earlier if indicated, patients returned to be admitted to
the labor and delivery unit for the standard protocol of
labor induction. If the cervix remained unfavorable after
extraction or spontaneous expulsion of the dilators (less
than 3-cm dilated and less than 60% effaced), additional
mechanical or pharmacologic cervical ripening was al-
lowed at the health care professional’s discretion.

Patients randomized to inpatient management
were admitted to the labor and delivery unit, and
the standard clinical protocol was initiated for cervical
ripening and labor induction. During the 12 hours of
cervical ripening, the patient was placed on continu-
ous fetal heart rate monitoring. During this period,
clinical care was left to the health care professional’s

discretion (standard of care at the institution), includ-
ing fetal heart monitoring or oral intake status. No
other interventions were to occur during this period
of 12 hours unless clinically indicated, including labor
augmentation. Reasons for early removal of the dila-
tors and management after 12 hours from insertion
were identical to the outpatient group.

Our primary outcome was the rate of hospital stay
longer than 48 hours (from admission to discharge).
Secondary outcomes were defined a priori and included
mode of delivery; vaginal deliveries within 24, 36, and
48 hours of hospital admission; time from hospital
admission to reach the active stage of labor (defined as
greater than 5-cm cervical dilation); change in Bishop
score from insertion to extraction of the device;
analgesia used during device placement and cervical
ripening; adverse neonatal outcomes (composite and
individual; 5-minute Apgar score less than 7, cord
arterial pH less than 7.1, neonatal intensive care unit
admission, transient tachypnea of the newborn, neonatal
hypoglycemia, respiratory support, hyperbilirubinemia,
and neonatal trauma); and total duration of maternal
hospital stay. Each patient also completed a satisfaction
survey regarding sleep, rest, pain, and activity.

Relevant medical history, obstetric history, demo-
graphic information (self-reported ethnicity, self-
reported race) and intrapartum and postpartum events
were abstracted from medical records into an online
electronic database by qualified research staff. Collec-
tion of data on race and ethnicity was required by our
IRB and funding source.

The sample size was estimated based on the
determination of superiority. Based on our recent
experience and data from an international registry
trial,18 we assumed the proportion of participants with
hospital stays longer than 48 hours in the inpatient
group would be 54%. We estimated that a total sample
size of 169 patients per group would provide 85%
power to detect a 30% relative reduction in the pri-
mary outcome with a two-sided alpha of 0.05.

All analyses were by intention to treat. We did not
plan nor perform any interim analyses. Wilcoxon rank-
sum test, t test, Fisher exact test, or x2 test were used as
appropriate. For the patient satisfaction questionnaire,
the Cochran-Armitage test for trend was used.19

Kaplan-Meier curves with censoring for CD were used
to compare the time from admission to reaching active
labor. Statistical computations were performed using
TIBCO Spotfire S+ 8.2.

RESULTS

From November 2018 to November 2021, 5,394
participants were screened, 3,541 were ineligible,
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1,220 declined participation, and 633 were precon-
sented but later became ineligible (Fig. 1). The re-
maining 339 participants were randomized (171
inpatient, 167 outpatient, one withdrawal).

Baseline characteristics were similar between
groups (Table 1). The median gestational age was 39
weeks, and the median number of synthetic osmotic
dilator rods inserted was five in both groups. Nine
(5.4%) patients in the outpatient group and 19
(11.1%) in the inpatient group had the device
removed before 12 hours (P,.001).

The proportion of participants with hospital stays
longer than 48 hours was lower in the outpatient
group compared with the inpatient group (89 [53.3%]
vs 152 [88.9%], relative risk [RR] 0.60, 95% CI 0.52–
0.70; Table 2). These results remained significant
when the same analysis was done in the per-
protocol population (Table 3).

Compared with patients in the inpatient group,
patients in the outpatient group had shorter total
length of hospital stay (hours:min) (54:21 vs 62:19,
mean difference 207:58, 95% CI 211:30 to 204:26)
and were more likely to have a vaginal delivery within

24 hours of admission (117 [70.1%] vs 86 [50.3%], RR
1.39, 95% CI 1.16–1.67) and less likely to use analge-
sics during ripening (6 [3.6%] vs 27 [15.8%], RR 0.23,
95% CI 0.1–0.54). Time (hours:min) from admission
to active labor (09:05 [08:12–11:30] vs 19:01 [19:01–
21:05; (Appendix 2, available online at http://links.
lww.com/AOG/C861) (Table 3) and from admission
to artificial rupture of membranes (06:32 [3:07–8:31]
vs 17:31 [14:20–19:37]) were shorter in the outpatient
group (Table 3). The mean duration of oxytocin and
maximum oxytocin rate were not significantly differ-
ent between groups.

Only 4 of 167 outpatient patients presented
before their scheduled time of admission. The main
reasons for early presentation included contractions,
membrane rupture, and no medical indication. Mater-
nal complications such as postpartum infection, hem-
orrhage, and maternal infections did not differ among
both groups. Cesarean delivery rates were not signif-
icantly different between groups, with failure of labor
progress being the most common indication. Neonatal
outcomes were not significantly different between
groups (Table 3).

Fig. 1. Flow diagram of eligible
patients. FHR, fetal heart rate; BP,
blood pressure; IUGR, intrauterine
growth restriction; COVID-19, co-
ronavirus disease 2019.

Saad. Outpatient Synthetic Osmotic
Cervical Dilator. Obstet Gynecol 2022.
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Patient satisfaction surveys are provided in
Appendix 3, available online at http://links.lww.
com/AOG/C861. Patients in the outpatient group
were more able to walk, eat, and shower than those
in the inpatient group. They felt that outpatient cervi-
cal ripening was beneficial and would choose the
same approach for their subsequent pregnancy.

DISCUSSION

We found that outpatient cervical ripening with a
synthetic osmotic dilator decreased hospital stay for
more than 48 hours without increasing adverse
events. Eighty-five percent of patients did not require
a second round of cervical ripening, and participants
in the outpatient group used analgesia less frequently
than those in the inpatient group. Although secondary
outcomes such as maternal infection, chorioamnioni-
tis, cesarean delivery rates, and neonatal outcomes
were not statistically different, our trial was not
powered to detect such differences.

There are at least three randomized trials regard-
ing inpatient cervical ripening using this synthetic
osmotic dilator for term pregnancies.15,20,21 Saad
et al15 compared this synthetic osmotic dilator to the
Foley balloon. The former was noninferior to the Fo-
ley method regarding safety and efficacy with better
patient satisfaction. Gavara et al20 compared this syn-
thetic osmotic dilator to low-dose oral misoprostol.
They found that the dilator was noninferior regarding
vaginal delivery within 36 hours, with better patient
satisfaction. A recently published randomized clinical

trial study showed similar cesarean delivery rates in
the synthetic mechanical dilator (37%) compared with
dinoprostone vaginal insert (34%) in a mainly nullip-
arous population. Maternal and neonatal adverse
events were similar in both inpatient interventions.21

The available evidence for outpatient cervical
ripening, primarily focused on the Foley balloon, shows
a decrease in labor and delivery time. A recent meta-
analysis, which included eight trials (740 patients),
showed that outpatient cervical ripening with a Foley
balloon led to significantly less time in labor and delivery
unit (mean difference 27.24 hours, 95% CI 211.03 to
23.34) and to lower rates of cesarean delivery RR 0.76
(95% CI 0.59–0.98). The review mentions only one
unpublished study that had hospital length of stay as a
primary outcome. The authors did not report any differ-
ences in other maternal or neonatal outcomes.5

The evidence supports the benefits of outpatient
mechanical cervical ripening. An advantage of syn-
thetic osmotic dilators over Foley balloon is that the
former does not protrude through the introitus, is U.S.
Food and Drug Administration–approved, and does
not require tension, readjustment, or interventions,
making it more amenable to outpatient management.
Patients with Foley balloons may also need to return
to the hospital earlier than expected because of
expulsion and pain. In their randomized trial com-
paring inpatient with outpatient Foley balloon, Aus-
beck et al13 found that 22% (14/63) of the patients
randomized to outpatient returned before their
scheduled admission for the following reasons:

Table 1. Baseline Patient Characteristics by Group Allocation

Characteristic Outpatient (n5167) Inpatient (n5171)

Age (y) 25.265.6 25.965.6
Race or ethnicity

Black 18 (11) 18 (11)
White 145 (87) 148 (87)
Hispanic 120 (72) 112 (66)

GA at randomization (wk) 39 0/7 (39 0/7–39 3/7) 39 0/7 (39 0/7–39 2/7)
Nulliparous 83 (50) 78 (46)
Medical indication for induction*

Diabetes mellitus† 0 (0) 0 (0)
Cholestasis 1 (1) 1 (1)
Other 2 (1) 6 (4)

BMI (kg/m2) at randomization 33.366.3 33.566.7
Birth weight (g) 3,3116361 3,3336342
No. of device rods inserted 5 (5–6) 5 (5–6)
Bishop score at device insertion‡ 3 (2–4) 3 (1–4)
GBS colonization 41 (25) 46 (27)

GA, gestational age; BMI, body mass index; GBS, group B streptococcus.
Data are mean6SD, n (%), or median (interquartile range).
* Denominator in the outpatient group is 166 (one missing value).
† Includes gestational diabetes mellitus and pregestational diabetes mellitus.
‡ There were two missing values in the inpatient group (n5169).
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contractions (n56), active labor (n53), device-related
(pain related to the Foley balloon (n52), Foley bal-
loon expulsion (n52), and motor vehicle accident
(n51). The overall hospital stay did not differ between
both interventions (3.360.9 days vs 3.560.9 days,
P5.27) This contrasts with our study, in which only
2% (4/167) returned and the total hospital length of
stay was shorter by approximately 8 hours.

The strengths of our study include the randomiza-
tion and its appropriate sample size. Our primary
outcome of length of hospital stay less than 48 hours
may be unusual and may be related to the approxi-
mately 12 hours of outpatient cervical ripening but has

some advantages. We did not use cesarean delivery as
the primary outcome because we did not expect
outpatient ripening with the same method to decrease
cesarean delivery rates compared with inpatients. How-
ever, because patients with cesarean delivery usually
have hospital stays longer than 48 hours, this primary
outcome would have accounted for a higher cesarean
delivery rate and complications, even in those who
delivered vaginally. On a health-system level, length of
stay is typically accounted for by days, particularly when
considering that many payers bundle postpartum stay,
up to a specified number of days, within the payment for
delivery. Limitations to our study include

Table 2. Primary Outcome and Prespecified Secondary Outcomes

Outcome (ITT) Outpatient (n5167) Inpatient (n5171) RR or MD* (95% CI)

Primary outcome
Hospital stay longer than 48 h 89 (53) 152 (89) 0.6 (0.52–0.7)

Secondary outcomes
Vaginal delivery within 24 h of admission 117 (70) 86 (50) 1.39 (1.16–1.67)
Total hospital length of stay (h:min) 54:21 62:19 207:58 (211:30 to 204:26)
Removal of Dilapan-S before 12 h† 9 (5) 19 (11) 0.49 (0.23–1.04)
Analgesics during cervical ripening 6 (4) 27 (16) 0.23 (0.1–0.54)

ITT, intention to treat; RR, relative risk; MD, mean difference.
Data are n (%) unless otherwise specified.
* MD given only for total hospital length of stay; other data are RR.
† Four patients in the outpatient group presented earlier than their scheduled admission.

Table 3. Maternal and Neonatal Outcomes

Outcome (ITT) Outpatient (n5167) Inpatient (n5171) P*

Change in Bishop score 2 (1–4) 2 (1–4) .74
2nd round of ripening 25 (15) 26 (15) .95
Total oxytocin duration (h:min) 12:26607:14 11:19607:49 .17
Maximum oxytocin rate (milliunits/min) 1466 1466 .49
Time from admission to active labor

†

(h:min)
‡

9:05 (8:12–11:30) 19:43 (19:01–21:05) ,.001
Time from admission to AROM (h:min)

‡

06:32 (3:07–8:31) 17:31 (14:20–19:37) ,.001
Mode of delivery .94

Cesarean 42 (25) 43 (25)
Operative vaginal 6 (4) 5 (3)
Spontaneous vaginal 119 (71) 123 (72)

Postpartum hemorrhage 8 (5) 6 (3) .51
Maternal infection 17 (10) 12 (7) .26
Postpartum infection 5 (3) 4 (2) .68
Readmission within 14 d of discharge 1 (1) 3 (2) .34
Composite neonatal outcome 40 (24) 34 (20) .29

Cord pH less than 7.1 1 (1) 0 (0) .31
5-min Apgar score less than 7 1 (1) 1 (1) 1
NICU admission 11 (7) 6 (3) .17
Other§ 31 (19) 25 (14) .27

ITT, intention to treat; AROM, artificial rupture of membranes; NICU, neonatal intensive care unit.
Data are median (interquartile range), mean 6SD, or n (%),unless otherwise specified.
* Chi-square or Welch modified two-sample t test as appropriate.
† Defined as cervical dilation greater than 5 cm.
‡ Data are median (95% CI).
§ Includes transient tachypnea of the newborn, neonatal hypoglycemia, respiratory support, hyperbilirubinemia, neonatal trauma.
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generalizability, because it included low-risk patients
with stringent eligibility criteria. Being an open-label
trial, bias may have been introduced and led to the
observed results. Our analyses involving the secondary
outcomes should be interpreted with caution as we were
not powered to identify slight differences.

In conclusion, outpatient cervical ripening with a
synthetic osmotic dilator hat reduced hospital stay
compared with inpatient ripening with better patient
satisfaction and pain control. Future studies and anal-
yses are needed to assess cost benefits, neonatal safety,
maternal infection, and mode of delivery.
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