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ABSTRACT:
Background: Some women who take mifepristone, a progesterone receptor
antagonist, in order to terminate their pregnancies, change their minds and
desire to stop the medical abortion process. There are only two articles in
the medical literature documenting the reversal of the effects of mifepristone.
Objective: We present and analyze a series of women who attempted to
reverse the effects of mifepristone by taking supplemental progesterone to
determine if the reversal of the effects mifepristone with progesterone is
possible and safe. Additionally, we compare different progesterone regimens
to determine relative efficacies.
Methods: This is a retrospective analysis of clinical data of 754 patients who
decided to attempt to reverse the medical abortion process after taking mifepristone but before taking the second drug in the protocol, misoprostol. We
followed the patients, who were given progesterone in an effort to reverse
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the effects of mifepristone, and conducted statistical analyses to determine
the efficacies of different protocols compared to a control mifepristone embryo survival rate, derived from the literature.
Results: Intramuscular progesterone and high dose oral progesterone were
the most effective with reversal rates of 64% (P < 0.001) and 68% (P <
0.001), respectively. There was no apparent increased risk of birth defects.
Conclusions: The reversal of the effects of mifepristone using progesterone
is safe and effective.

Introduction
Medical induced abortion utilizing mifepristone has been available in the United States since 2000. In 2014, 31% of non-hospital induced abortions were medical
induced abortions.1 Some women decide to attempt to reverse the medical abortion
process after taking mifepristone but before taking misoprostol, and inquire about the
possibility of reversing the effects of mifepristone.2
The new FDA protocol, approved for medical abortion in 2016, involves the administration of mifepristone 200 mg orally as a single dose, which leads to embryonic
or fetal demise, followed 24-48 hours later by misoprostol 800 mcg buccally as a single
dose, which stimulates myometrial contractions. The protocol is approved up to 70
days after the first day of the last menstrual period.3 Misoprostol is part of the protocol
because mifepristone alone has an incomplete abortion rate of 20-40%, as determined
by the end point of complete expulsion.4

Pharmacology
Mifepristone is a competitive antagonist of progesterone at the progesterone receptor (PR). It binds to the PR twice as avidly as progesterone.5 Mifepristone is an orally
active compound with a nearly 70% absorption rate, but its bioavailability is reduced
to approximately 40% because of the first-pass effect.6
Demethylation and hydroxylation are catalyzed by CYP3A4; three metabolites retain
biologic activity. The half-life of mifepristone is approximately 18-25 hours. Mifepristone
and its metabolites can be measured up to 72 hours after an ingested dose.5 The half-life
of progesterone is longer, approximately 25-55 hours.6,7

Effects of Mifepristone
By blocking progesterone receptors, mifepristone leads to the separation of the
decidua basalis from the trophoblast. This separation diminishes the oxygen and nutrients that can be delivered to the embryo or fetus by the maternal circulation and is the
primary embryocidal and feticidal effect of mifepristone.4,8,9
In addition to this primary effect, mifepristone causes softening and dilatation of
the cervix.4 It also leads to myometrial contractions, increased myometrial sensitivity to
prostaglandins4,10 and the disinhibition of prostaglandin synthesis by the myometrium.11
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Progesterone has been shown to have an autoregulatory effect on progesterone
synthesis by the corpus luteum. Blocking progesterone receptors with mifepristone
decreases progesterone secretion by the corpus luteum.12

Logic of Using Progesterone to Reverse Mifepristone Effects
Mifepristone is a competitive inhibitor of the progesterone receptor. It is well
known that receptor agonism and antagonism are parts of a dynamic process that can be
influenced by changing concentrations of the agonist or antagonist. Therefore, it makes
biologic sense that increasing the progesterone levels in a pregnant woman by giving
supplemental progesterone would favor the agonist progesterone effects and blunt the
abortifacient effects of mifepristone.

An Animal Model
A Japanese rat study provides basic-science evidence of the ability of progesterone
to negate the effects of mifepristone. In this experiment, one group of pregnant rats
was given mifepristone while a second was given mifepristone and progesterone. In the
group that only received mifepristone, only 33% of the pups survived. In the group that
received mifepristone and progesterone, 100% of the pups survived. Furthermore, the
first group had characteristic changes in the myometrium and ovaries; the group that
received the combination had no such changes.13

Early Mifepristone Studies Reporting Continuing Pregnancy
When mifepristone was first studied as an abortifacient, misoprostol was not part of
the protocol. During the 1980’s, researchers determined that even though mifepristone
was effective as an abortifacient, they believed it was necessary to add a prostaglandin
analog to achieve a satisfactory complete uterine evacuation rate.4 We must emphasize
that the definition of incomplete abortion is incomplete emptying of the uterus.14 Embryo or fetus survival is not implied.
The earliest studies also revealed that some embryos survived mifepristone. Baulieu,
the principal developer of the drug, stated that at 4-7 weeks the percentages of efficacy
of the regimen were approximately 70% for complete abortions, 20% for incomplete
abortions and 10% for ongoing pregnancies (i.e., presumed embryo survival). For
gestations 8-10 weeks, the comparable rates were 50% for complete abortions, 35%
for incomplete abortions and 15% for embryo survival.15
In 2015, Grossman et al. published a review of the first case series of progesterone
reversal of mifepristone, as well as 13 studies from the 1980’s, addressing continuing
pregnancies after mifepristone. The authors concluded that there was insufficient evidence to show that progesterone therapy improved survival over expectant management,
based on the reported high ongoing pregnancy rates in some of these older studies.16
However, closer scrutiny of the studies cited for high ongoing pregnancy rates reveals
inadequate criteria for the diagnosis of continuing pregnancies. Many early researchers
focused on an efficacy end point of complete uterine evacuation, and did not distinguish missed or incomplete abortions from continuing pregnancies (embryo or fetus
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survival).17 Only eight studies cited by Grossman had criteria sufficient to determine
embryo survival and showed continuing pregnancy rates of 8-25%.17
A recent review found that 18 of the 30 articles investigating mifepristone
monotherapy had adequate criteria to determine embryo survival.17 After eliminating
duplicate publications, 12 studies were identified which utilized follow-up ultrasound
to distinguish between incomplete or missed abortion and embryo survival at the end
of the study period. The mean percentage of embryos surviving mifepristone among
all studies was 12.6%.17 A single dose of 600 mg in five studies of early gestations 4249 days in 493 subjects showed survivals of 9.4-17.1%.17,18,19,20,21 Three studies of 58
women with gestations <49 days, using the current predominant 200-300 mg doses,
noted embryo survival rates of 10-23.3%.19,22,23,24 Four studies of 83 women included
gestations up to 70 days, daily doses of 100-200 mg, and total doses 400-800 mg.; in
three of these four studies, embryo survival was <25%.25,26,27,28,29,30,31

Methods
This is a retrospective analysis of clinical data of a group of pregnant women who
took progesterone in an effort to reverse the effects of mifepristone. The study was
reviewed and approved by an institutional review board. The lead author contributed
clinical data from a variety of clinical settings across the United States and several other
countries for comparison.
Subjects were pregnant women who had taken mifepristone, but had not yet taken
misoprostol, and were interested in reversing its effects. Subjects called an informational hotline linked to an informational website and staffed by nurses and a physician
assistant. After receiving information about the reversal process, those who decided to
proceed with reversal were referred to physicians and mid-level practitioners in their
respective geographic areas for treatment. The women gave written informed consent
for treatment to their respective treating medical professionals that included permission
to track their data. Data were collected from the women themselves and from their
treating healtcare professionals.
Data were collected for different variables including gestational age at the time of
mifepristone ingestion, mode of delivery of progesterone given, amounts of progesterone received, birth defects and preterm delivery. Progesterone was given in a variety
of regimens by the 325 different medical professionals who treated these women.
The modes of delivery of progesterone were intramuscular injection of progesterone
in oil, oral administration of micronized progesterone, vaginal use of oral micronized
progesterone capsules, compounded micronized progesterone vaginal suppositories,
progesterone vaginal gel and progesterone vaginal suppositories.
We selected a 25% embryo or fetus survival rate, if mifepristone alone is administered, as a control because it is at the upper range of mifepristone survival rates and
close to the 23% survival rate of the one early study that used a single 200 mg dose,
the dose currently favored for medical abortions.17 This study is designed to ascertain
which progesterone treatments clinicians have offered to women seeking mifepristone
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reversal that demonstrate efficacy beyond the 25% embryo survival rate, and compares
the relative efficacies of different treatment protocols to the historic control.

Results
From June 24, 2012 to June 21, 2016, 1,668 calls were received by the hotline
from women who had taken mifepristone and were interested in reversal. Seven hundred
fifty-four (45%) actually initiated progesterone therapy.
Subjects were included in the study if they were 72 hours or less post-mifepristone
and had not taken misoprostol; 38 (5%) did not meet these criteria. Of the women
who started progesterone therapy and met inclusion criteria, 116 (15.4%) were lost
to follow-up at some point. Of those,112 (14.9%) were lost to follow-up prior to 20
weeks gestation and were excluded from the analysis. Four (0.5%) women remained
pregnant with viable fetuses but were lost to follow-up after twenty weeks gestation and
were included in the analysis as reversals.
Fifty-seven (7.6%) of the women, after starting progesterone therapy, changed their
minds again and either took misoprostol to complete the medical abortion or procured
surgical induced abortion. Of those 57, 39 (5.2%) chose to complete abortion medically
with misoprostol, seven (0.9%) procured surgical abortions and 11 (1.5%) completed

Figure 1

Figure 1

754 initiated progesterone
+

Excluded: 207 (27%)
◆ If >72 hours post mifepristone or ingested
misoprostol pre-progesterone:38 (5%)
◆ Lost contact <20 weeks gestation:112 (15%)
◆ Chose to complete abortion:❘ 57 (8%)

547 eligible for analysis

Reversal

Reversal Failed

abortion by unspecified means. These were not included in the analysis as they chose
to no longer attempt reversal. See Figure 1.
Women who delivered babies after progesterone therapy or who were lost to
follow-up after 20-weeks gestation were considered to have reversed their medical
abortions, since any pregnancy loss after 20 weeks would be unlikely to be attributable
to the early mifepristone exposure. The data analysis was accomplished using the Statistical Hypothesis Test on a population proportion.
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After exclusions, there were 547 patients with analyzable outcomes who underwent
progesterone therapy. There were 257 births (47%). Another four were pregnant with
viable fetuses but were lost to follow-up after 20 weeks gestation (0.7%). The overall
rate of reversal of mifepristone was 48%.
Two subgroups had the highest reversal rates. Those who received progesterone
intramuscularly (IM) initially or exclusively had a 64% reversal rate. One subject in
this group had an undocumented number of injections. The high-dose oral subgroup
received oral progesterone, 400 mg twice a day for three days, followed by 400 mg once
a day until the end of the first trimester and had a reversal rate of 68%, similar to the IM
group. These survival rates compare favorably with published embryo and fetal survival
rate of 25%, if no treatment is attempted,17 the rate used as a control. See Table 1.
The gestational age at the time of ingestion was directly related to reversal success.
See Table 2. This is not surprising since mifepristone embryocidal and feticidal rates fall
with advancing gestational age.33
There was no correlation between maternal age and rate of reversal. In the subset
of records noting time intervals, the time between mifepristone ingestion and the first
progesterone dose was not statistically significant in relation to the success rate for
reversals attempted within 72 hours of mifepristone injection.

Birth Defects
There were seven reported birth defects in the women who had reversals and
follow-up after their deliveries for a rate of 7/257 (2.7%). See Table 3. This is equal to
the birth defect rate in the general population of approximately 3%34 and suggests that
there is no increased risk of birth defects in babies born after mifepristone reversal.

Preterm Delivery
There were seven deliveries at <37weeks for a preterm delivery rate of 2.7%. The
United States average is 10%.35

Multiple Gestations
There were nine sets of twins (4.3% of the pregnancies). There were no higher
order multiples.

Discussion
Progesterone Safety
Progesterone is a naturally occurring hormone produced by the corpus luteum
and by the placenta, and is essential for maintenance of the maternal fetal interface
of pregnancy. It has been used safely in pregnancy for over 50 years.36 The American
Society of Reproductive Medicine states that no long-term risks have been identified
when progesterone is used in pregnancy.37 The FDA has given progesterone a category
B rating in pregnancy, in contrast to synthetic progestins.38
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Table 1: Reversals Compared to Reported Control of 25%
Survival if No Treatment Undertaken
All Groups

547

261

286

48%

<0.001

0.44-0.52

High Dose Oral

31

21

10

68%

<0.001

0.51-0.84

Intramuscular, All groups

125

80

45

64%

<0.001

0.56-0.72

IM, 1 Injection

50

24

26

48%

<0.001

0.34-0.62

IM, 2-5 Injec.

36

21

15

58%

<0.001

0.42-0.74

IM, 6-8 Injec.

9

9

0

100%

<0.001

0.67-1

IM, 9-10 Injec.

10

9

1

90%

<0.001

0.77-1.0

IM, 11 or More Injec.

19

17

2

89%

<0.001

0.76-1.0

Oral,

119

64

55

54%

<0.001

0.45-0.63

156

61

95

39%

<0.001

0.31-0.47

34

11

23

32%

0.161

0.17-0.48

All Groups
Oral Caps Vaginally,
All Doses
Vaginal
Suppository

A recent retrospective study of a Danish infertility cohort suggested a possible increased risk of acute lymphocytic leukemia and sympathetic neural tumors in children
born to mothers who had taken progesterone during pregnancy and before pregnancy.
The increased risk was greatest in women who had taken progesterone for three or more
cycles.39 However, the infertility population examined in the Danish study, exposed to
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Table 2: Gestational Age Compared to Reversal Rate
5 weeks

76

19

57

25%

0.5

0.15-0.35

6 weeks

113

52

61

46%

<0.001

0.37-0.55
0.39-0.59

7 weeks

102

50

52

49%

<0.001

8 weeks

88

54

34

61%

<0.001

0.51-0.72

9 weeks

30

23

7

77%

<0.001

0.62-0.92

Table 3: Birth Defects
Port Wine Stain

1

Bilateral Absent Toe

1

Unilateral Two Absent Fingers

1

Choroid Plexus Cyst

1

Cystic Kidney

1

Unilateral Failed Hearing Test

1

Heart Murmur

1

many cycles of progesterone and other medications, differs significantly from our population of fertile women who had a single exposure to progesterone.

Mifepristone Teratogenicity
While previous human studies are not large in number, the available evidence
suggests that mifepristone is not teratogenic.4,40,41 The American College of Obstetricians
and Gynecologists (ACOG) Practice Bulletin March 2014 states that there is no evidence
that mifepristone is associated with teratogenicity.42 Our data set, the largest of babies
exposed to mifepristone in utero, also indicates that the birth defect risk in women who
have reversed mifepristone abortions is no higher than the risk in the general population.

Study Limitations
This study is limited in that it is not a randomized placebo-controlled trial. However,
a placebo-controlled trial in the population of women who regret their abortion and
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want to save the pregnancy would be unethical. Furthermore, although the number of
women lost to follow-up was small, it could have affected the results. In addition, some
data collection was incomplete.
One potential confounding variable is the use of ultrasound to select for living
embryos prior to the first progesterone dose. It is possible that those embryos who were
alive at the time of sonogram may have survived without progesterone therapy. However, our study also included some women who started progesterone therapy prior to
sonographic documentation that the embryo was alive. Undoubtably, this group included
women who already had an embryonic demise prior to initiation of progesterone therapy.
Inclusion of these women would falsely lower the success rate of progesterone therapy.
The numbers of women who received or did not receive ultrasound exams prior to initiating therapy were not available to our researchers. If ultrasound is readily available,
sound practice would dictate that embryonic or fetal viability should be confirmed, or at
least suggested, before treatment is started in order to avoid giving women progesterone
unnecessarily and to exclude ectopic pregnancy before starting progesterone therapy.

Conclusions
The use of progesterone to reverse the effects of the competitive progesterone receptor blocker, mifepristone, appears to be both safe and effective. Progesterone therapy
makes biologic sense, has been previously published as effective in an animal model and
is supported by this case series which demonstrates a statistically significant difference
in survival between treatment groups and the historic control. Mifepristone is embryocidal and feticidal but not teratogenic; progesterone is not associated with birth defects.
Based on these new data, two reasonable protocols can be suggested for women
who seek to reverse the effects of mifepristone:
1. Progesterone micronized 200 mg capsule two by mouth as soon as possible and
continued at a dose of 200 mg capsule two by mouth twice a day for three days, followed
by 200 mg capsule two by mouth at bedtime until the end of the first trimester; and
2. Progesterone 200 mg intramuscular as soon as possible and continued at a dose
of 200 mg intramuscular once a day on days two and three, then every other day for a
total of seven injections. Some clinicians may choose to continue intramuscular treatment
longer since this recommendation is based on relatively small numbers.

Recommendations for Future Research
We propose that further research employing randomized controlled trials comparing progesterone doses and routes of administration are needed to confirm which mode
of delivery, dose and duration of progesterone therapy is most efficacious and carries
the least burden for the patient.
The authors wish to acknowledge Sara Littlefield for her diligence in gathering
and preparing data and assisting with organizational tasks.
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