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Abstract

Objectives: To determine the time interval between mifepristone and misoprostol administration 

associated with the most efficacious early pregnancy loss (EPL) management.

Study Design: We performed a secondary analysis of a randomized trial. Participants with EPL 

were instructed to take 200 mg oral mifepristone followed by 800 mcg vaginal misoprostol 24 

hours later. The primary outcome was gestational sac expulsion at the first follow-up visit (1–4 

days after misoprostol use) after a single dose of misoprostol and no additional intervention within 

30 days after treatment. Despite specification of drug timing, participants used the medication over 

a range of time. We graphed sliding average estimates of success and assessed the proportion of 

treatment successes over time to define timing interval cohorts for analysis. We used multivariable 

generalized linear regression to assess the association between time interval and success.

Results: Of 139 eligible participants, 70 (50.4%) self-administered misoprostol before 24 hours, 

and 69 (49.6%) at or after 24 hours. We defined the following time intervals: 0 to 6 hours (n = 22); 

7 to 20 hours (n = 29); and 21 to 48 hours (n = 88). Success occurred in 96.6% of the 7- to 20-hour 

cohort compared to 54.6% and 87.5% of the cohorts self-administering misoprostol earlier or 

later, respectively. When adjusting for race, gestational age, diagnosis, bleeding at presentation, 

insurance status, and enrollment site, participants administering misoprostol between 0 and 6 

hours (adjusted risk ratio 0.58, 95% CI 0.40–0.85) and 21 to 48 hours (adjusted risk ratio 0.91, 

95% CI 0.72–0.99) had a lower risk of success when compared to participants administering 7 to 

20 hours after mifepristone.

Conclusions: These data suggest that medical management of EPL has the highest likelihood of 

success when misoprostol is self-administered 7 to 20 hours after mifepristone.

Implications: These preliminary data suggest that patients have the highest likelihood of success 

when misoprostol is taken between 7 and 20 hours after mifepristone. In contrast with medical 
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abortion, simultaneous medication administration may not be as effective as delayed. Future 

research is needed to confirm the optimal medication time interval.

Keywords

Early pregnancy loss; Medical management; Mifepristone; Miscarriage

1. Introduction

Early pregnancy loss (EPL) occurs in 15% to 20% of clinically recognized pregnancies [1]. 

Medical management of EPL is a safe alternative to expectant or surgical management, and 

pretreatment with 200 mg of oral mifepristone followed by 800 mcg of vaginal misoprostol 

has become the standard of care [2–4].

Mifepristone is a competitive progesterone receptor antagonist, increasing uterine 

contractility and sensitizing the myometrium to prostaglandin [5]. After oral administration, 

mifepristone is rapidly absorbed, with peak serum concentration occurring within 60 to 90 

minutes of administration, and slowly metabolized, with a half-life between 25 and 30 hours 

[6, 7]. Given this pharmacokinetic profile, medical abortion investigators have explored 

shortening the interval between mifepristone and misoprostol and have demonstrated that 

vaginal administration of misoprostol 6 to 8 hours after mifepristone is as effective as 

vaginal administration 24 hours after mifepristone [8]. Some studies of medical abortion 

suggest that mifepristone and vaginal misoprostol may be administered simultaneously [9, 

10], however, meta-analyses have shown that the time interval of > 24 hours may actually 

be most efficacious [11]. Additionally, the literature supports a 24-hour interval between 

mifepristone and misoprostol for EPL management [3, 12]. Alternative time intervals have 

been less well studied for EPL than for induced abortion.

During the conduct of a comparative effectiveness trial of mifepristone pretreatment vs. 

misoprostol alone for EPL management, we noted that many participants did not adhere 

strictly to the time interval between medications that was indicated by the protocol. Given 

this observed variability in timing intervals, we sought to preliminarily elucidate the time 

interval between mifepristone and misoprostol that is associated with the highest treatment 

success. We hypothesized that, similar to medical abortion, mifepristone and misoprostol 

could be administered at time intervals shorter than 24 hours without compromising 

treatment success.

2. Material and methods

We performed a secondary analysis of data from a randomized clinical trial of medical 

management of EPL, the Comparative Effectiveness of Pregnancy Failure Management 

Regimens trial [3]. In the primary clinical trial, 300 women diagnosed with EPL from 

multiple centers who desired medical management were randomized to misoprostol-alone 

(misoprostol 800 mcg vaginally) or mifepristone-pretreatment (mifepristone 200 mg orally 

followed by misoprostol 800 mcg vaginally 24 hours later). Women were eligible if they 

were 18 years or older and diagnosed with a nonviable intrauterine pregnancy between 5 

and 12 completed weeks gestation. The primary outcome of the study was treatment success, 
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defined by complete expulsion of the gestational sac on ultrasound evaluation within 1 to 

4 days after a single dose of misoprostol and no additional intervention within 30 days 

after treatment. The current report evaluated data from the mifepristone-pretreatment arm 

only. Study staff specified that participants should administer misoprostol 24 hours after 

mifepristone administration and wrote this planned time as a reminder on the participants 

daily diary card. Despite this protocol, we observed a range of medication time intervals. 

Staff recorded mifepristone administration time, and participants self-recorded misoprostol 

administration time through a daily written diary, allowing us to compute the time interval 

between the two.

We used a Locally Weighted Scatterplot Smoothing (LOWESS) graph to visualize a sliding 

interval average of the proportion of treatment success over the range of medication use 

timing intervals [13]. We then defined time interval cohorts for analysis based on our 

LOWESS graph. Three time intervals were defined from visual inspection of the graph and 

were driven by the distribution of treatment failures to ensure that at least one failure was 

present in every interval. Subsequent analysis sought to identify whether subject level factors 

were associated with the observed success.

Associations between time interval and treatment success were assessed after adjustment for 

identified covariates using a multivariable generalized linear regression assuming log link 

with a robust Poisson error structure. We performed bivariate analyses of treatment success 

by participant characteristics (race, gravidity, parity, age, gestational age, diagnosis, bleeding 

at time of presentation, insurance status, and enrollment site) and used a backward stepwise 

selection process for variables with p < 0.20 to obtain our final set of model covariates. 

Variables with p < 0.05 along with other important clinically important confounders such as 

gestational age, diagnosis, and bleeding at time of presentation were included in the final 

model [14, 15]. All data were analyzed using Stata 14.2 (College Station, TX).

3. Results

Of the 149 participants in the mifepristone-pretreatment arm, 148 had medication timing 

data evaluable for analysis. The majority of participants took misoprostol within 48 hours 

from mifepristone ingestion, and we chose to limit our analysis to this group (N = 139). 

Of these participants, 70 (50.4%) self-administered misoprostol before 24 hours, and 69 

(49.6%) at or after 24 hours. Using LOWESS graphing, we assessed the proportion of 

treatment success according to different medication time interval ranges and grouped 

participants in the following cohorts for analysis based on variability in success rates 

over time: 0 to 6 hours (n = 22); 7 to 20 hours (n = 29); and 21 to 48 hours (n = 88; 

Fig. 1). Participants in these timing groups did not differ statistically in age, gravidity, 

parity, or gestational age. Participants who self-identified as Black/African-American, were 

without private insurance, and enrolled at the University of Pennsylvania were more likely 

to administer misoprostol prior to 21 hours (p < 0.01, p < 0.01, and p < 0.01, respectively; 

Table 1). Gestational age, diagnosis and bleeding had a trend to-ward differences between 

timing cohorts and these clinical differences are notable even if not statistically significant.
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Treatment was successful in 96.6% of participants (n = 28) in the 7- to 20-hour cohort 

compared to 54.6% of participants (n = 12) and 87.5% of participants (n = 77) in the 0 

to 6 hours and 21 to 48 hours cohorts, respectively. When adjusting for race, gestational 

age, diagnosis, bleeding at presentation, insurance status, and enrollment site, participants 

administering misoprostol between 0 and 6 hours (adjusted risk ratio 0.58, 95% CI 0.40–

0.85) and 21 to 48 hours (adjusted risk ratio 0.91, 95% CI 0.72–0.99) had a lower risk of 

success when compared to participants administering 7 to 20 hours after mifepristone (Table 

2).

4. Discussion

The purpose of this study was to explore the relationship between medication timing and 

EPL treatment success. Other factors that have been previously shown to modulate the 

success of medical management of EPL were accounted for within our adjusted model 

including gestational age, diagnosis, and bleeding at the time of presentation [14, 15]. We 

found that the variability in success rates remained according to medication timing even 

after adjusting for these covariates. Therefore, we conclude that medical management of 

EPL is most likely to be effective when misoprostol is self-administered between 7 and 20 

hours after ingestion of mifepristone.

We hypothesized that the 24-hour time interval between misoprostol and mifepristone 

could be shortened based on previous medical abortion research. In a randomized control 

trial comparing misoprostol timing in medical abortion, women were pretreated with 

mifepristone and randomized to self-administered vaginal misoprostol at 6 to 8 hours or 

23 to 25 hours later. Completed abortion rates were equivalent between the 6 to 8 hour 

group (503/525; 95.8%) and the 23 to 25 hour group (521/531; 98.1%), indicating that for 

medical abortion misoprostol can be taken sooner than 24 hours after mifepristone without 

compromising treatment efficacy [8]. Prior studies of mifepristone and misoprostol in the 

management of EPL have utilized protocols with time intervals of 36 to 48 hours [16, 17], 

but intervals shorter than 24 hours have not been studied. In the current study, participants 

in the 0- to 6hour group experienced the lowest frequency of treatment success, suggesting 

that mifepristone requires some time to act and effectively prime the uterus for misoprostol 

in EPL. Based on these exploratory data, simultaneous administration of mifepristone and 

misoprostol may not be effective for management of EPL.

Our protocol stipulated that participants use misoprostol 24 hours after mifepristone, 

but despite this nearly half of participants used misoprostol prior to that time. In 

particular, participants who self-identified as Black/African-American and who lacked 

private insurance were significantly more likely to self-administer misoprostol at a shorter 

time interval. Participants at the University of Pennsylvania were also more likely to 

administer misoprostol prior to 21 hours. However, all participants received standardized 

counseling across the 3 sites and a reminder note on their daily diary card of the planned 

time to insert misoprostol. Future research is needed to better understand patient priorities 

during medical management of EPL in order to provide both effective and patient-centered 

care.
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This was a secondary analysis in which we examined data from a clinical trial to identify a 

possible relationship between effectiveness and medication timing interval. One limitation of 

this study design was our reliance upon participant self-report of medication use, which may 

have been inaccurate due to social desirability bias or recall bias. In addition, due to the high 

efficacy of the mifepristone pretreatment regimen, the total number of clinical failures was 

small (n = 22), which reduced our power to evaluate a more refined evaluation of timing on 

treatment success. Future prospective research in a larger cohort might compare medication 

time intervals defined a priori to confirm the optimal time interval between mifepristone and 

misoprostol in the management of EPL.

Mifepristone leads to improved efficacy of medical management of EPL and should be 

offered whenever medical management is considered. These preliminary data suggest that 

administration of misoprostol 7 to 20 hours after ingesting mifepristone is most associated 

with successful treatment.
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Fig. 1. 
A Locally Weighted Scatterplot Smoothing (LOWESS) curve for early pregnancy loss 

treatment success by mifepristone and misoprostol administration time interval. Dots 

indicate observed treatment success (1) or failure (0). The solid line is a sliding average 

estimate of the probability of treatment success.
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