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Abstract

Purpose The purpose of this study was to identify if switching from intramuscular (IM) to vaginal progesterone compared to
staying on IM progesterone after a positive pregnancy test following embryo transfer (ET) is associated with miscarriage risk.
Methods A retrospective cohort study was performed in a private university-affiliated fertility clinic and included women
aged 18-50 years with a positive pregnancy test following ET. The two groups studied were: women who stayed on IM
progesterone following a positive pregnancy test and those who switched to vaginal progesterone after a positive test. The
main outcome measured was risk of miscarriage <24 weeks gestation as a proportion of non-biochemical pregnancies.
Results 1988 women were included in the analysis. Among the baseline characteristics, the presence of prior miscarriages
as well as prior failed ETs, and frozen cycles (vs fresh) as type of transfer were associated with IM progesterone use (p
values <0.01). As per miscarriage risk <24 weeks, 22.4% (274/1221) of patients in the IM progesterone group experienced
a miscarriage compared with 20.7% (159/767) in the vaginal progesterone group (OR 0.90; 95% CI10.73-1.13). A multivari-
able logistic regression model revealed an adjusted OR (aOR) of 0.97 (95% CI1 0.77-1.22).

Conclusion This study suggests that switching from IM to vaginal progesterone after a positive pregnancy test following an ET is
not associated with miscarriage risk. Considering that IM progesterone imposes substantial discomfort, this study offers reassur-
ance and some flexibility in treatment protocols. Further prospective studies are necessary to corroborate the results of this study.
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What does this study add to the clinical work Introduction

This is the first study to our knowledge evaluating
the effect of switching luteal support from intra-
muscular to vaginal progesterone in the same treat-
ment cycle. This study can reassure clinicians and
patients that this switch is unlikely to be detrimental
with regard to miscarriage.

In IVF treatment protocols, exogenous progesterone is used
to overcome the luteal phase deficiency caused by disturbed
feedback mechanisms along the hypothalamic—pituitary—ovar-
ian axis, which prohibits endogenous progesterone secretion
in both fresh stimulated IVF cycles and substituted frozen
embryo transfer (ET) cycles, both by different mechanisms [1,
2]. Among available routes of administration for progesterone,
the vaginal and intramuscular (IM) routes are most popular
and have been most heavily studied. The vaginal route which
requires one to three applications per day, versus the IM route
which requires only one, is the preferred route by patients due
to lower discomfort and ease of administration [3—6]. Vaginal
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(LPS) in IVF in terms of clinical outcomes. Most of these stud-
ies compared similar formulations of progesterone; however,
doses of progesterone, study design, patient populations and
outcome definitions varied.

For fresh cycles, the most recent meta-analysis included
seven randomized controlled trials (RCTs) of various sizes
comparing the vaginal to the IM route for LPS and revealed
a summary OR of 1.24 (95% CI 1.03-1.50) for a combined
outcome of either live birth (LB) or ongoing pregnancy, in
favor of the vaginal route [2]. Other prospective studies and
meta-analyses either reported neutral results [8—12], favored
the vaginal route [13] or favored the IM route [14] for clini-
cal pregnancy, ongoing pregnancy or LB. Miscarriage was
not reported by all studies nor was the primary outcome
studied. Among the prospective studies that reported on this
outcome, there was no difference between the two routes
of administration [8, 13, 15]. Retrospective studies report
conflicting results [16-23].

For frozen ET cycles, there have been two recent RCTs
comparing IM progesterone to vaginal progesterone, studying
two slightly different populations. The most recent was a well-
designed three-arm RCT comparing IM progesterone alone to
vaginal progesterone alone to a combination of daily vaginal
progesterone with IM progesterone every 3rd day [24]. Results
revealed a statistically significantly higher miscarriage rate and
lower LB rate in patients receiving only vaginal progesterone
compared to the other two groups. The second RCT on 1447
patients revealed no difference in clinical outcome, including
risk of miscarriage, between the two routes of administration
[25]. Several retrospective studies and abstracts have been pub-
lished with conflicting results [26-31]. In all studies published
so far, both in fresh and frozen cycles, the type and route of
progesterone used was consistent throughout the entire luteal
cycle and early pregnancy.

Overall, vaginal progesterone seems as effective as IM
progesterone for attaining a LB in fresh IVF cycles; how-
ever, in frozen ET cycles this may not be the case. In IVF
practices however, old habits die hard, and in certain coun-
tries IM is still the default choice for progesterone [32].
Moreover, for the outcome of miscarriage, results are con-
flicting. Therefore, this study was performed to determine
if beginning LPS with IM progesterone and then switching
to vaginal progesterone once a positive pregnancy test is
established yields a higher miscarriage risk than staying on
IM progesterone.

Methods
Study design

A retrospective cohort study was performed in a single uni-
versity-affiliated private fertility clinic in Montreal, Canada,
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comparing two regimens of LPS: (1) IM progesterone up
until the positive pregnancy test, followed by a switch to
vaginal (PV) progesterone until 10 weeks’ gestation versus
(2) IM progesterone during the entire luteal phase through
to 10 weeks’ gestation. It was the patients’ choice whether
to switch to vaginal or stay on IM progesterone.

The study population consisted of females aged
18-50 years with a positive pregnancy test after a stimu-
lated fresh IVF cycle or substituted frozen ET performed
between 2013 and 2016. Only autologous transfers and first
IVF pregnancies were included. Biochemical pregnancies
were excluded as they are often diagnosed at the time of the
initial pregnancy test when beta-hCG levels are low or drop-
ping, which also corresponds to the time of progesterone
switch. Also excluded were pregnancies from oocyte donor
or surrogacy cycles, and pregnancies from natural fresh [IVF
or natural frozen cycles as vaginal progesterone is generally
used all throughout for LPS.

The main outcome measured was risk of miscar-
riage < 24 weeks gestation per non-biochemical pregnancy,
and miscarriage was defined as per the European Society
of Human Reproduction and Embryology (ESHRE) defini-
tion [33]. The secondary outcome measured was miscarriage
risk <12 weeks per non-biochemical pregnancy. It was not
possible to calculate implantation or LB risks as the dataset
contained only patients with a positive pregnancy and bio-
chemical pregnancies were excluded from this study.

Treatment protocols

In fresh IVF cycles, controlled ovarian stimulation protocols
included GnRH antagonist, long GnRH agonist and short
microdose flare. The choice of protocol and gonadotropin
dosage was made by the treating physician and dosage modi-
fications were made during cycle monitoring. Ovulation was
triggered with hCG 5000 IU SC when > 3 follicles reached
18 mm in diameter and oocyte retrieval was performed
36 h later. Fertilization was performed by intracytoplasmic
sperm injection or standard IVF based on sperm parameters.
Luteal phase support with IM progesterone 50 mg daily and
transdermal 178 estradiol (Climara, Bayer Inc.) 100 ug was
started on the day of oocyte retrieval and either cleavage or
blastocyst ET was performed in the following days. If preg-
nancy test was positive 15 days after oocyte retrieval, the
patient could choose to stay on IM progesterone or switch
to PV progesterone. Progesterone treatment was contin-
ued until 10 weeks’ gestation and estrogen until 8 weeks’
gestation.

For substituted frozen ET cycles, one dose of leuprolide-
acetate 3.75 IM (Lupron-depot, AbbVIE Corp.) was given
on day 20 of the preceding cycle. Endometrial preparation
was initiated on day 3 of the cycle with transdermal estro-
gen (Cimara) 100ug and increased to 200 ug on day 7. IM
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progesterone 50 mg daily was initiated when endometrial
thickness generally reached 8 mm on ultrasound, and ET
was performed on the 3rd, 4th or 6th day of progesterone for
day 2, 3 or 5/6 embryos, respectively. The offer to switch to
vaginal progesterone was done similarly to the fresh cycles
and the duration of LPS was similar as well. In both fresh
and frozen cycles, the indication to switch from IM to PV
progesterone was based on patient preference.

Power calculation

A sample size of 1988 patients provides 84% power, at
the 0.05 significance level, to detect a difference of 6% in
miscarriage risk between staying on IM progesterone and
switching to vaginal progesterone after a positive pregnancy
test.

This calculation was based on results of an RCT interim
analysis showing that pregnancy loss risks were 23% ver-
sus 11% when vaginal progesterone alone was compared to
vaginal alternating with IM progesterone or IM progesterone
alone [34]. The lower miscarriage proportion was increased
to 17% for the power calculation in order to be conservative
as 11% is very low, and this study reflects fresh and frozen
ETs.

Statistical analyses

Continuous variables were recoded as categorical either for
simplicity (duration of infertility, parity, previous miscar-
riages, prior failed ETs and number of good quality embryos
from the fresh IVF cycle), by convention (BMI) or by lev-
els of ovarian reserve (antral follicle count (AFC), anti-
mullerian hormone (AMH), follicle stimulation hormone
(FSH)), with the reference category for each being the low-
est category.

Descriptive analyses were performed to assess baseline
characteristics by exposure and outcome groups in turn,
using two-sided t tests for continuous variables and Chi-
squared tests for categorical variables. Logistic regression
was used to evaluate the crude association between proges-
terone type and miscarriage as well as adjusted ORs for this
association adjusted for each potential confounder in turn.
Effect modification was assessed by comparing stratum
specific ORs and their confidence intervals between each
other as well as by a test of homogeneity for each variable.
A multivariable logistic regression analysis was performed
to assess the association between type of progesterone and
miscarriage, controlling for BMI, prior failed ETs, prior
miscarriages and type of ET (fresh vs frozen). A complete
case analysis was performed, therefore missing values were
dropped for all variables included in the final models. In
all analyses, a p value <0.05 was considered statistically
significant.

All statistical analyses were carried out using STATA
13.1 (StataCorp. 2013. Stata Statistical Software: Release
13. College Station, TX: StataCorp LP.).

Ethics

Access to patients’ files was approved by the Quebec Com-
mission of access to information (ref: 1014586-S). Ethics
approval was obtained by University of Montreal Hospi-
tal Center Research Ethics Committee (CR-CHUM; ref:
15.387).

Results

Overall, there were 1988 patients with complete data on
exposure and outcome and with a positive pregnancy test
after ET between 2013 and 2016 that were included in the
analysis. Of these women, 1221 stayed on IM progesterone
and 767 women switched to PV progesterone after a posi-
tive pregnancy test. Table 1 presents the baseline charac-
teristics of these women by exposure status. The majority
of those who switched over to vaginal progesterone used
Endometrin (Ferring Pharmaceuticals Inc.) 100 mg three
times daily (744 women), 6 used Prometrium (Merck Can-
ada Inc.) 300 mg twice daily, 12 used Crinone gel (EMD
Serono Inc.) 8% once daily, and for 5 women this was not
specified. Women who stayed on IM progesterone had more
frequently experienced at least one prior miscarriage (25.9%
vs 20.6%, p=0.005) and at least one previously failed ET
(46.8 vs 36.0%, p <0.001) than women who switched to vag-
inal progesterone. There were more fresh than frozen ETs
overall; and within exposure groups, the proportion of fresh
transfers was higher in the vaginal compared to IM group
(66.1% vs 60.4%, p=0.011).

With regard to the primary outcome measure, miscar-
riage risk <24 weeks, 22.4% (274/1221) of patients in the
IM progesterone group experienced a miscarriage compared
with 20.7% (159/767) in the vaginal progesterone group
(p=0.37) (Fig. 1). The mean gestational age at the time of
miscarriage was similar between the groups (8.4 +2.2 weeks
in IM group, 8.5 + 3.3 weeks in PV groups; p=0.61). There
were only 12 patients in both groups who experienced a
miscarriage between 12 and 24 weeks, and associations for
those with miscarriage < 12 weeks were similar to results for
miscarriage < 24 weeks. Significant associations (p <0.05)
were found between miscarriage and age at oocyte pickup,
BMI, AMH, AFC, parity, prior number of miscarriages,
prior failed ETs as a binary variable, type of ET (fresh or
frozen), and number and stage of embryo(s) transferred.

A univariate analysis revealed an unadjusted OR of 0.90
(95% CI10.73-1.13) for the association between progesterone
type and miscarriage. Factors found to be associated with
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Table 1 Baseline patient
characteristics by progesterone
type and associations with type
of progesterone

@ Springer

IM prog PV prog p value*
N=1221 N=767

Age at oocyte pickup (mean + SD) 34.1 (+4.5) 33.9 (£4.5) 0.214
20-29 (n, %) 237 (19.4) 157 (20.5)
30-34 442 (36.2) 281 (36.6) 0.858
35-39 414 (33.9) 256 (33.4)
>40 128 (10.5) 73 (9.5)

Age at embryo transfer (mean + SD) 34.5 (+4.5) 34.2 (£4.5) 0.072

BMI, kg/m? (mean, SD) 25.7(£5.2) 253 (£5.1) 0.077
<185 32 (2.6) 23 (3.0)
18.5-24.9 593 (48.6) 407 (53.1)
25-29.9 328 (26.9) 193 (25.2) 0.274
>30 251 (20.6) 140 (18.3)
Missing 17 (1.4) 4(0.5)

FSH (mean + SD) 6.1 (+2.3) 6.2 (£2.3) 0.917
<10 1060 (86.8) 664 (86.6)
>10 63 (5.2) 36 (4.7) 0.669
Missing 98 (8.0) 67 (8.7)

AMH (ng/ml) (mean +SD) 336 (£34) 3.30 (+3.0) 0.729
<1 195 (16.0) 127 (16.6)
1-2.49 384 (31.5) 224 (29.2)
2.5-4.99 338 (27.7) 228 (29.7) 0.667
>5 229 (18.8) 143 (18.6)
Missing 75 (6.1) 45(5.9)

Antral follicle count (mean +SD) 21.2(x£13.3) 21.0 (£13.2) 0.745
<13 (n, %) 355(29.1) 231 (30.1)
14-24 446 (36.5) 290 (37.8)
>25 342 (28.0) 199 (26.0) 0.572
Missing 78 (6.4) 47 (6.13)

Parity (mean =+ SD) 0.41 (£0.77) 0.42 (+0.65) 0.852
None (n, %) 839 (68.7) 504 (65.7)
>1 374 (30.6) 262 (34.2) 0.118
Missing 8 (0.7) 1(0.1)

Previous miscarriages 0.42 (£0.92) 0.29 (0.67) 0.001
None (n, %) 900 (73.7) 609 (79.4)
>1 316 (25.9) 158 (20.6) 0.006
Missing 5(0.4) 0(0.0)

Duration of infertility, y (mean, + SD) 2.7(x£24) 2.8 (£2.3) 0.754
<2 years (n, %) 655 (53.6) 418 (54.5)
>2 years 539 (44.1) 334 (43.6) 0.753
Missing 27 (2.2) 15 (1.96)

Cause of infertility (n, %)
Tubal/severe endometriosis 136 (11.1) 88 (11.5) 0.885
Male factor 421 (34.5) 284 (37.0)
Unexplained 447 (36.6) 266 (34.7)
Ovulatory dysfunction 104 (8.5) 62 (8.1)
Mixed 75 (6.1) 43 (5.6)
Other 35(2.9) 22 (2.9)
Missing 3(0.3) 2(0.3)

Prior failed ETs (mean + SD) 0.92 (x1.3) 0.68 (+1.2) <0.001
None (n, %) 647 (53.0) 491 (64.0)
>1 571 (46.8) 276 (36.0) <0.001
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Table 1 (continued)

IM prog PV prog p value*
N=1221 N=T767
Missing 3(0.3) 0(0.0)
No. of good quality embryos produced in the 33521 3.21(1.9) 0.140
original cycle (mean +SD)
1-2 (n, %) 471 (38.6) 311 (40.6)
>3 749 (61.3) 455 (59.3) 0.376
Missing 1(0.1) 1(0.1)
Type of ET (n, %)
Fresh 738 (60.4) 507 (66.1) 0.011
Frozen 483 (39.6) 260 (33.9)
No. of embryo(s) transferred (mean + SD) 1.20 (£0.4) 1.18 (£0.4) 0.304
1 (n, %) 1001 (82.0) 649 (84.2)
2 198 (16.2) 100 (13.0) 0.119
3 22 (1.8) 18 (2.4)
Stage of embryo(s) transferred (1, %)
Cleavage stage 549 (45.0) 354 (46.2) 0.604
Blastocyst 672 (55.0) 413 (53.9)

For variables with no “missing” category, there are no missing values

IM prog intramuscular progesterone, PV prog vaginal progesterone, BMI body mass index, ET embryo
transfer, AMH anti-mullerian hormone, F'SH follicle-stimulating hormone

*p value from chi-squared test for categorical variables, or # test for continuous variables

Fig. 1 Clinical outcomes 23.0% .
by type of Progesterone. IM 22.4%
intramuscular, PV vaginal; o
p value 0.370 for miscar- 22.0%
riage <24 weeks and 0.161 for
miscarriage < 12 weeks 21.0%

20.0%

19.0%

18.0%

17.0%

Miscarriage <24 weeks

both exposure and outcome were history of prior miscar-
riage, prior failed ETs and type of ET (fresh vs frozen). A
test of homogeneity yielded a statistically significant result
for AFC (p=0.023), showing a lower odds of miscarriage
with vaginal progesterone in patients with a lower AFC.
Table 2 presents results of the multivariable logistic regres-
sion. A complete case analysis was performed; therefore, 6.5%
of data (accounting for missing data) was dropped. This anal-
ysis yielded an aOR of 0.97 (95% CI 0.77-1.22, p=0.778)

B IM progesterone

21.8%

20.7%

19.2%

Miscarriage <12 weeks

PV progesterone

when controlling for BMI, prior failed ETs, prior miscarriages
and type of ET (fresh vs frozen). Controlling for the interac-
tion between type of progesterone and AFC showed that in the
lower level of AFC, those on vaginal progesterone had 37%
lower chance of miscarriage than those on IM progesterone
(aOR 0.63, 95% C10.42-0.93).

When the main association was tested in fresh and frozen
cycles separately, no association was found in either of these
groups, although this analysis was likely underpowered.
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Table 2 Results of multivariable logistic regression models for the
association between type of progesterone and miscarriage <24 weeks
(N=1858)

aOR (95% CI) p value

IM progesterone 1.00
Vaginal progesterone 0.97 (0.77-1.22) 0.778
By level of AFC (effect modi-

fication)

AFC<13 0.63 (0.42-0.93) 0.020

AFC 14-24 1.13 (0.78-1.64)* 0.531

AFC>25 1.39 (0.90-2.16)* 0.139

aOR adjusted odds ratio, adjusted for BMI, prior miscarriage, prior
failed ET and type of ET (fresh vs frozen)

2OR represents increase in odds from one category to the next

Discussion

The findings of this study suggest no association between
type of progesterone supplementation and miscarriage after
a positive pregnancy test following ET, and this even after
adjusting for potential confounders. The association between
staying on IM progesterone and a history of prior miscar-
riage and prior failed ETs can likely be explained by opting
for a more “aggressive” form of progesterone with a history
of negative outcome. An interesting finding is that once con-
trolled for effect modification by level of AFC, a lower odds
of miscarriage with vaginal compared to IM progesterone
is revealed in women with a low AFC (aOR 0.63, 95% CI
0.42-0.93). The direction of this OR shifts in the higher
AFC category. The same trend was found per strata of AMH
and FSH; however, AMH was not included in the final model
as AMH and AFC are collinear, and FSH is a less reliable
marker of ovarian reserve [35]. A hypothesis for these find-
ings may be that in women with lower ovarian reserve, the
luteal phase is less negatively affected by a lower estradiol
level during stimulation, and therefore requires less proges-
terone supplementation; however, this would only hold true
for fresh cycles.

Miscarriage risks in this study are higher than those typi-
cally reported in the literature. This may be because most
studies report miscarriage risk as a proportion of positive
pregnancies, whereas in this study we reported miscarriage
as a proportion of all non-biochemical pregnancies.

This is the first study to our knowledge evaluating the
effect of switching from one type of progesterone to another
during the same cycle. For this reason, as well as because
pregnancy loss is studied as a proportion of non-biochemical
pregnancies, head-to-head comparison with other studies is
difficult. The majority of studies published on the matter did
not perform a priori sample size or power calculations, and
when present it was to detect a difference in pregnancy or
LB rates. There seems to be consensus in the literature that
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for fresh ETs, there is no difference in LB risks between the
two types of progesterone [2]. This may explain the finding
in our study that there was a higher proportion of fresh trans-
fers in the group of women who chose to switch to vaginal
progesterone. Among all RCTs on fresh autologous cycles
reporting on miscarriage, the difference between the two
routes of progesterone also does not seem to differ [8, 12,
13, 15, 16, 19-22], except in two RCTs: one of which dates
back to 1992 and includes techniques which are no longer
relevant [10]; and another comparing vaginal progesterone
to a synthetic IM progesterone rather than natural [14]. For
frozen cycles, the evidence is less uniform in both retrospec-
tive studies and RCTs [12, 24, 25, 28, 29, 36, 37]. The most
recent and well-designed RCT by Devine et al. (2021) shows
that vaginal progesterone alone leads to higher miscarriage
risk that the other two groups receiving IM progesterone
alone or a combination of IM and vaginal progesterone (27%
vs 19% vs 15%, respectively). In our study, results did not
differ when the analysis was performed in fresh and frozen
groups separately (aOR 0.83, 95% CI 0.62-1.12; aOR 1.26,
95% CI 0.86-1.83, respectively; data not shown), although
our study was not powered for this analysis. Interestingly, the
daily dosage of vaginal progesterone in the Devine study was
higher than that used in our study, likely reinforcing that IM
progesterone is crucial in the early period of LPS.

Strengths and limitations

The number of patients in this study is larger than that in
most prior studies [3, 4, 6, 8-10, 13, 15, 17-24, 26-30, 37],
even when considering that fresh and frozen cycles are pub-
lished together in our study. Also, this study is adequately
powered to detect a difference in miscarriage risks, whereas
the prior retrospective and some of the prospective literature
did not provide sample size calculations or study miscar-
riage as a primary outcome. In addition, many variables
were considered, allowing to evaluate confounding and to
clearly display the demographic distribution of this popula-
tion, pertinent for external validity.

This study has several limitations, notably its retrospec-
tive design. Sources of bias with regard to data collection
include: potential misclassification of type of progesterone
exposure due to charting errors if these errors were related
with outcome, as well as substantial missing data for certain
variables, such as ovarian reserve markers. However, distribu-
tion of missing values was not different in exposure and out-
come groups, and when variables were assessed sequentially
in the multivariable model, the effect estimate did not change
once data with missing values were dropped. Some potential
confounders may not have been accounted for, such as pre-
implantation genetic testing (PGT), for which data were not
available but which is known to affect miscarriage risk [38,
39]. The type of ovarian stimulation protocol from which the
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embryos were derived was also not considered in the analysis;
however, the type of protocol has not been shown to affect
miscarriage risk in the majority of studies on this matter
[40—44]. A stratified analysis by fresh and frozen ET lacked
adequate power; however this would have been interesting as
the effect of IM and vaginal progesterone in these two groups
seems to differ in the literature. In this study, 63% of ETs were
fresh, and this may have contributed to the null result.

Conclusions

The results of this study can reassure clinicians and patients
that switching from IM progesterone to vaginal progesterone
after a positive pregnancy test is unlikely to be detrimental
with regard to miscarriage and may offer some new flexibil-
ity in treatment options. This corroborates with studies that
show that effects of progesterone are most crucial during
the 2 weeks between its initiation and the pregnancy test in
fresh cycles [45, 46]. This has not yet been shown for frozen
cycles; however the importance of progesterone in the early
luteal phase seems apparent [24], and the results of our study
support this.

Future research should be performed to corroborate
results of this study, ideally as RCTs, and most interestingly
if limited to frozen cycles. Although this study did not find
an association in the frozen ET group specifically, this study
was not powered to study this specifically.
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