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Objective: To study the outcome of IVF-ET in women who used vaginal P (vaginal P4) versus those who used P in
oil via IM injection (IM-P4) for luteal support.
Design: Retrospective cohort.
Setting: Tertiary referral infertility center.
Patient(s): A cohort of 544 women.
Intervention(s): In 145 women, vaginal P4 was used, while in 399 women, IM-P4 was used for luteal support.
Main Outcome Measure(s): The primary outcome was ongoing pregnancy rate. Secondary outcomes included
other IVF-ET outcomes: rates of clinical pregnancy and pregnancy loss (chemical and miscarriage) and serum
P levels during the luteal phase and early pregnancy.
Result(s): Women who used vaginal P4 for luteal support had ongoing pregnancy rates (odds ratio [OR], 1.0675;
95% confidence interval [CI], 0.7587–1.5020) and rates of total pregnancy loss (OR, 1.0775; 95% CI,
0.7383–1.5727) that were not statistically different from those who used IM-P4. During the luteal phase, women
who used vaginal P4 had mean serum P levels that were not statistically different from thosewho used IM-P4. How-
ever, during early pregnancy, mean P levels in pregnant women who used vaginal P4 were statistically significantly
higher.
Conclusion(s): In women undergoing IVF-ET according to the GnRH agonist long protocol, luteal support with
vaginal P4 was associated with treatment outcomes that were no different from those associated with IM-P4 luteal
support. (Fertil Steril! 2010;93:554–69. "2010 by American Society for Reproductive Medicine.)
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IVF-ET has become the mainstay of infertility treatment,
with the number of IVF clinics increasing worldwide.
Women undergoing IVF-ET treatment almost always receive
controlled ovarian hyperstimulation (COH) medications
(exogenous injectable gonadotropins) to stimulate the forma-
tion of multiple mature ovarian follicles to retrieve several
oocytes (1–7).With COH and the formation of several mature
ovarian follicles, E2 levels are expected to rise to supraphy-
siological values particularly during the follicular phase. In
many patients, high E2 levels may result in a premature en-
dogenous LH surge and premature release of the oocytes un-
less such endogenous LH surge is prevented. Prevention of
premature endogenous LH surge is usually achieved by
adding GnRH analogs (GnRH agonist or GnRH antagonist)
to the COH protocol (1–3).

After ovulation, the major function of the corpus luteum is
the production of sex hormones (particularly P) and other
possible factors that are mandatory for supporting pregnancy.
This is particularly crucial during the time of implantation
and early pregnancy weeks before the establishment of the
placenta. At that time, P is known to be a crucial factor re-
quired for successful implantation and continuation of early
pregnancy. The role of P in the maintenance and support of
pregnancy has been established for more than three decades
since the classic experiments of Csapo et al. (8, 9). They dem-
onstrated that P secretion by the corpus luteum was abso-
lutely essential for the success of early human pregnancy.
Surgical removal of the corpus luteum before 7 weeks’ ges-
tation (calculated from the last menstrual period) uniformly
precipitated an abrupt decrease in serum P levels followed
by pregnancy loss. Furthermore, they found that removal of
the corpus luteum after 8 weeks’ gestation resulted in a slight
and transient decrease in P serum levels with continuation of
pregnancy (8). Interestingly, the investigators found that
exogenous P replacement after early removal of the corpus
luteum (before 7 weeks’ gestation) prevented an otherwise
inevitable pregnancy loss. These findings demonstrated obvi-
ously the crucial role of P in the success and maintenance of
early pregnancy and that such P is primarily derived from the
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corpus luteum before 7 weeks’ gestation. On the other hand,
P is believed to be derived almost entirely from the tropho-
blast beyond 9 weeks’ gestation, while in the interval be-
tween 7 and 9 weeks of gestation P is produced from both
sources to a varying extent during an interval known as the
luteal-placental shift (9).

After ovulation in women undergoing COH, multiple
follicular development results in the formation of several cor-
pora lutea in the ovaries; each is expected to secrete P. How-
ever, despite the presence of several corpora lutea,
P production has been believed to be inadequate, that is, there
is not enough to support the implantation and maintenance of
early pregnancy, and the luteal phase has been described as
inadequate in women undergoing COH for IVF-ET
(10–15). Inadequate corpus luteum functioning is thought
to be due to several reasons (15). This includes the use of
GnRH analogs that suppress endogenous gonadotropins, in
particular, LH, which is mandatory for driving an adequately
functioning corpus luteum (16, 17). Commonly used during
COH protocols for IVF-ET, GnRH agonists have an initially
agonistic effect on the pituitary to stimulate gonadotropin re-
lease directly. However, after continued stimulation, ulti-
mately they result in down-regulation of the pituitary
GnRH receptors leading to suppression of gonadotropin se-
cretion and prevention of endogenous LH surge. After
down-regulation, the anterior pituitary function is slow to re-
cover and does not return to normal (production of endoge-
nous gonadotropins, FSH, and LH) until 2–3 weeks after
GnRH agonist treatment ends (17). The dependence of a nor-
mal function of the corpus luteum on the presence of endog-
enous LH stimulation makes some form of luteal phase
support prudent, if not essential, to ensure the adequate P pro-
duction that is crucial for the success of implantation and
continuation of early pregnancy (10, 17, 18). Other reasons
that have been postulated for inadequate corpus luteum
function associated with COH for IVF-ET include the use
of exogenous injectable gonadotropins as well as the
supraphysiological levels of E2 associated with multiple fol-
licular development. In addition, other unknown factors asso-
ciated with COH and infertility diagnosis have been
suggested (19). Finally, the trauma inflicted on the ovarian
follicles during oocyte retrieval (bleeding during follicular
wall puncturing and aspirating granulosa cells) has been hy-
pothesized to be associated with a reduced steroidogenesis
capacity of the corpora lutea. However, this hypothesis has
been challenged (20).

The consensus regarding inadequately functioning corpora
lutea has led to the universal practice of administering large
amounts of exogenous P to support the luteal phase in women
undergoing IVF-ET treatment (10–12). Clinicians have been
adopting practices that ensure the achievement of adequate
levels of P that are high and steady during the luteal phase
to support implantation and early pregnancy. Those practices
include administering exogenous P and/or stimulating endog-
enous P production by hCG injections (21, 22). A recent Co-
chrane systematic review that included 59 studies concluded

that in IVF-ET cycles involving down-regulation with a long-
acting GnRH agonist, P supplementation (administered vag-
inally or by IM injections) was associated with significantly
higher ongoing pregnancy rates per ET when compared
with placebo or no P supplementation (odds ratio [OR],
2.38; 95% confidence interval [CI], 1.32–4.29) (23). Various
doses, durations, and types of luteal phase support by P ad-
ministration have been implemented without agreement on
the optimal supplementation scheme (11). Different routes
of exogenous P administration for luteal phase support have
been reported, including oral, vaginal, and parenteral routes,
for example, IM (12). Despite the several disadvantages of
IM-P4 injections including side effects and painful injec-
tions (11), as well as inflammatory reactions and abscesses
(24), this is still the most commonly used route of P ad-
ministration for luteal support in IVF centers in North
America.

When studied in the absence of endogenous P production
(absence of corpus luteum), vaginal administration of P
was found to result in significantly higher local tissue levels
in the endometrium when compared with IM-P4 (25). On the
other hand, vaginal administration of P has been found to be
associated with minimal systemic absorption and negligible
circulating serum levels of P (26), while IM-P4 has been
associated with steady significantly higher levels of circulat-
ing serum P (25). This could explain the universal practice of
luteal support by IM-P4 injection in women undergoing IVF
treatment, that is, IM-P4 injection is associated with reliable P
absorption that will lead to steady levels of serum P. Such
steady levels of serum P absorbed after IM-P4 would supply
adequate amounts of P support to the endometrium and the
uterus. Such a belief could also explain the empirical practice
of measuring serum P levels during the luteal phase to mon-
itor the adequacy of P administration for luteal support. Fur-
thermore, some clinicians even adopt the empirical practice
of increasing IM-P4 doses when P serum levels are found
to be below acceptable levels, as empirically determined by
different centers. Also, such practices seem to be based on
the unsupported thought that most of the circulating serum
P levels in IVF women receiving IM-P4 come from P ab-
sorbed after its exogenous administration (IM-P4 injections)
rather than from the endogenously produced P by the corpora
lutea.

The hypothesis of this study was that vaginal administra-
tion of P for luteal support in women undergoing IVF-ET
treatment would be associated with no differences in the
treatment outcomes (ongoing pregnancy rates and rates of
pregnancy loss) when compared with IM-P4 luteal support,
that is, vaginal P administration provides luteal support that
is no different from the IM-P4 support.

The objectives of this study were to determine the out-
comes of IVF-ET in women who used vaginal micronized
P versus those who used IM-P4 for luteal support and to inves-
tigate serum P levels during the luteal phase and early preg-
nancy in those women.
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MATERIALS AND METHODS
This is a retrospective cohort study that included a group of
544 consecutive women who underwent IVF-ET treatment
at Michigan IVF from July 2005 through January 2006.
Each woman completed one fresh treatment cycle of
IVF-ET, using her own oocytes. In 145 women (the vaginal
P group), the micronized vaginal P Endometrin (a vaginal
insert containing 100 mg of micronized P that is used at
a dose of 2 or 3 times every day; Ferring Pharmaceuticals,
Parsippany, NJ) was used for luteal support. The IM-P4

group included 399 women who received IM-P4 in oil
(100 mg injection every day) for luteal support. In both
groups, P luteal support started on the day after oocyte re-
trieval and continued until a negative pregnancy test was
confirmed, pregnancy loss occurred, or up to 12 weeks’
gestation was achieved (ongoing pregnancy). The vaginal
P group included women who were enrolled in an Institu-
tional Review Board–approved phase III multicenter
randomized controlled trial who received Endometrin as
100-mg vaginal inserts either 2 or 3 times a day as reported
elsewhere (27). The IM-P4 group included women who met
the eligibility criteria for enrollment into the same random-
ized trial (27) but declined enrollment and preferred receiv-
ing P IM for luteal support. In the Endometrin randomized
clinical trial (27), there was no significant difference in the
outcomes of IVF-ET treatment (clinical and ongoing preg-
nancy rates and rates of pregnancy loss) between the two
Endometrin subgroups who used Endometrin 100 mg 2
or 3 times a day (data not shown). In the current study,
women in the two Endometrin subgroups were included to-
gether in the analysis of the results as one combined vagi-
nal P group. Institutional Review Board approval was
obtained for the analysis of the data collected from the
charts of the vaginal and IM-P4 groups.

Included Women
The inclusion/exclusion criteria and the details of the IVF-ET
protocol were the same as those followed in the Endometrin
randomized clinical trial (27). Women were included in the
vaginal and IM groups if they met the following inclusion cri-
teria: healthy women between 18 and 42 years of age, with
a body mass index %34 kg/m2, a baseline FSH level %15
mIU/mL on day 3 of menstrual period, a history of infertility
requiring IVF, a normal uterine cavity and adnexae, and
a male partner or donor sperm with semen analysis results ad-
equate for IVF. Exclusion criteria included a history of recur-
rent pregnancy loss (defined as three or more spontaneous
miscarriages), abnormal uterine bleeding of undetermined
origin, or a history of either poor response to gonadotropins
(defined as two or fewer mature follicles) or two previous
cancelled IVF cycles. Women who had clinically relevant
systemic disease or male partners with obvious leukospermia
or signs of infection in a recent semen sample were also ex-
cluded from the study. Any woman who failed to produce
at least three oocytes for retrieval in the study cycle was
not included.

IVF-ET and P Luteal Support Protocol
The P administration for luteal support was part of the
standard IVF treatment regimen in which the IVF cycle
was divided into two phases: the first phase included a pre-
treatment phase, and the second phase included a randomiza-
tion/treatment phase. The first phase (pretreatment phase)
included screening, down-regulation using an injectable
GnRH-agonist, ovarian stimulation with gonadotropins, and
oocyte retrieval. The second phase (randomization/treatment
phase) began on the day after oocyte retrieval and lasted up to
approximately 10 weeks if the patient became pregnant (12
weeks’ gestation). In this phase, women in the vaginal P
group were randomized to receive the micronized vaginal P
2 or 3 times a day, while women in the IM-P4 group received
IM-P4 100 mg in oil once a day for luteal support. Women
who succeeded in becoming pregnant remained on their P
treatment regimen for the entire 10 weeks of pregnancy. All
women with a negative pregnancy test discontinued P supple-
mentation immediately after a second confirmatory preg-
nancy test (bhCG serum level <5 mIU/ml) that was done 2
days later.

Treatment Protocol
Screening for eligibility included medical and fertility history,
physical and gynecological examination, transvaginal ultra-
sound examination, hormone evaluations, and semen analy-
sis. Upon successful completion of the screening
procedures, pituitary down-regulation was performed with
an injectable GnRH agonist, using a long protocol. GnRH ag-
onist injections started during the luteal phase with daily in-
jections. Documentation of down-regulation of the pituitary
and ovaries was confirmed by a serum E2 level <50 pg/mL,
endometrial lining <7 mm, and no evidence of ovarian
activity on transvaginal ultrasound. Absence of ovarian activ-
ity was defined as absence of ovarian follicles with a mean
diameter >12 mm). After documentation of adequate down-
regulation of the pituitary/ovarian axis, gonadotropin treat-
ment was started. Gonadotropin therapy was performed
with the combined use of hMG (Menopur; Ferring Pharma-
ceuticals, Parsippany, NJ) and highly purified FSH (Bravelle;,
Ferring Pharmaceuticals). All women received at least one
vial of hMG daily during the period of COH. Gonadotropin
stimulation was stopped when the lead follicle mean diameter
was R18 mm, and a single IM injection of 10,000 IU hCG
(Novarel;, Ferring Pharmaceuticals) was administered to trig-
ger final follicular maturation. Oocytes were retrieved within
approximately 36 hours after hCG administration. ET was
done on day 3 or day 5 with no more than three cleaving
embryos transferred on day 3 after retrieval or no more than
two blastocysts transferred on day 5 after retrieval. About 2
weeks after ET, a serum pregnancy test was performed to doc-
ument biochemical pregnancy. If positive, a repeat serum
pregnancy test was performed about 2 days later. At about 2
weeks after a positive serum pregnancy test, clinical preg-
nancy was confirmed by transvaginal ultrasound. The women
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who were pregnant continued taking P support for 10 weeks,
until 12 weeks’ gestational age.

Outcome Measures
The primary outcome was ongoing pregnancy rate defined as
clinical pregnancy beyond 12 weeks of gestation. Secondary
outcomes included other IVF-ET outcomes: clinical preg-
nancy rate and rates of pregnancy loss (chemical and miscar-
riage), as well as serum P levels during the luteal phase and
early pregnancy. Clinical pregnancy was defined as the pres-
ence of an intrauterine gestational sac. Biochemical preg-
nancy loss was defined as dropping bhCG serum levels
before detection of a gestational sac, and miscarriage was de-
fined as loss of a clinical or ongoing pregnancy before 20
weeks of gestation.

Blood Draws for Serum P Assays
All women in this study underwent serial measurements of
the serum P levels during the luteal phase, and during the
early weeks of pregnancy in pregnant women for up to 12
weeks of gestation or until pregnancy loss occurred, which-
ever occurred earlier. The analysis included only those
women who had at least one blood draw for serum P assay
on the following days (after oocyte retrieval): day 3 or 4,
day 5 or 6, day 7 or 8, day 9 or 10, day 11 or 12, day 13 or
14, and between days 15 and 18. In pregnant women, a total
of at least three blood draws for P assays were collected dur-
ing early pregnancy (between day 19 after oocyte retrieval
and 12 weeks of gestation) as follows: at least one blood
draw during each of the following four intervals: days 19–22
interval, days 23–26 interval, day 27 or beyond until 12
weeks of gestation. Blood was drawn for P assays between
8:00 and 10:00 A.M. P (vaginal or IM-P4 injection) was ad-
ministered 1–2 hours before blood draws. Table 1 summa-
rizes the windows of blood draws for obtaining serum
P levels. A cohort of 373 women out of the total cohort of

women included in this study (544 women) completed the
blood draws (98 women from the vaginal P group and 275
women from the IM-P4 group).

P Assay
Venous blood samples were drawn in standard gel tubes and
were allowed to clot before centrifugation at 3000 g for 10
minutes to separate the serum. Samples were assayed on
the same day. P assay was performed using an Immulite-
2000 (Diagnostic Products Corporation, DPC, Los Angeles),
solid-phase, competitive chemiluminescent enzyme immu-
noassay. The assay had a calibration range of 0.2–40 ng/
mL (0.6–127 nmol/L) and analytical sensitivity of 0.1 ng/
mL (0.3 nmol/L). The analytical performance characteristics
had a coefficient of variation that was 8% and 10% for intra-
and interassay precision, respectively.

Statistical Analysis: Power Calculation for Adequacy of
Included Sample Size
To test the null hypothesis that there is no statistically signif-
icant difference in the primary outcome (ongoing pregnancy
rate) between the vaginal P and the IM-P4 groups, the follow-
ing assumptions were made:

1. Type I error or alpha error at 0.05
2. Type II error or beta error at 0.20
3. A change of ongoing pregnancy rate of 25% or more to

be clinically significant, 48% (the average ongoing
pregnancy rate in the center) down to 36%

A sample size of at least 526 women in both groups was
found to be enough to achieve a power of 0.80 to show no dif-
ference (noninferiority) in the vaginal P group compared with
the IM-P4 P group. Given that 145 women were included in
the vaginal P group and 339 women in the IM-P4 group, ac-
cording to the above assumptions, the power for the sample

TABLE 1
Windows of blood draws for obtaining serum P levels.

Window of blood draw (no. of days after the day
of oocyte retrieval) Women who underwent at least one blood draw

Day 3 or 4

All women

Day 5 or 6
Day 7 or 8
Day 9 or 10
Day 11 or 12
Day 13 or 14
Between days 15 and 18
Between days 19 and 22 Pregnant women (with ongoing pregnancies)
Between days 23 and 26
Between days 27 and 12 weeks’ gestation (day 72)

Mitwally. Vaginal P4 vs. IM-P4 for luteal support. Fertil Steril 2010.
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size (544 women) included in this study was found to be
about 0.83.

The sample size of 544 women included in this study was
powered to test some of the secondary outcomes including
the implantation rates and clinical pregnancy rates (power
calculations for the included sample size were found to be
about 93 and 87, respectively). However, the sample size
was not powered to test the rates of pregnancy loss (biochem-
ical and miscarriage). The calculated power was about 65.

Regarding the power calculation for the other secondary
outcome, mean P levels, the number of women who com-
pleted blood draws (373 women) provided a large enough
sample size to draw powered calculations. To test the null hy-
pothesis that there is no statistically significant difference in
the mean values of P levels between the vaginal P and the
IM-P4 groups the following assumptions were made:

1. Alpha error at 0.05
2. Delta (difference in population means) of 0.01
3. Sigma (SD) of 0.05
4. M (the ratio between the control and experimental pa-

tients) of 3

A sample size of at least 262 women in both groups was
found to be enough to achieve a power of 0.80. Given that
98 women were included in the vaginal P group and 275
women in the IM-P4 group, according to the above assump-
tions, the power for the sample size included in this study
was found to be 0.92.

Outcome measurements were analyzed by the appropriate
statistical tests including Student’s t-test and c2-test (for con-
tinuous and dichotomous variables, respectively). P<.05 was
considered statistically significant. Analysis of mean P levels
during the luteal phase and early pregnancy was done be-
tween the two patient groups (the vaginal group and the
IM-P4 group) using Student’s t-test and analysis of variance
(ANOVA). Student’s t-test was used to compare each two

corresponding mean P levels (samples obtained on the
same corresponding luteal or early pregnancy blood draw in-
terval window). ANOVA was done to compare between all
the samples together in the two groups. Correlation analysis
between luteal P levels and clinical pregnancy rates was ap-
plied for each group separately. Women were subgrouped ac-
cording to mean luteal P levels into five subgroups. The
ranges of mean P levels for each of the five groups were in-
crements of SD (the range between the highest and lowest
mean P level when divided by the SD the outcome of the
division was 5, ie the number of the subgroups). The trend
test was used to calculate the P-value to determine statistical
significance among the subgroups of P mean values. Statisti-
cal analysis was performed using SPSS for Windows, version
11.5 (SPSS Inc., Chicago).

RESULTS
Table 2 shows patients and cycle characteristics in the vaginal
and IM-P4 groups. The two groups were matching without
significant differences in age (women and male partner) or
cycle characteristics (number of stimulation days, E2, and P
levels on day of hCG administration or number of retrieved
mature oocytes or transferred embryos). The type and dura-
tion of infertility as well as the number of prior IVF-ET cycles
and semen characteristics were not different between the two
groups (data not shown). Table 3 shows that the number and
stage of ET were not different between the two groups either.

There was no statistically significant difference between
the vaginal and IM-P4 groups with regard to treatment out-
comes including rates of positive pregnancy tests, clinical
and ongoing pregnancy (OR, 1.0675; 95% CI, 0.7587–
1.5020; P!.71, for ongoing pregnancy rates), or rates of total
pregnancy loss, chemical and miscarriage (OR, 1.0775; 95%
CI, 0.7383–1.5727; P!.70). Also, the implantation rates were
not significantly different between the two groups. The ab-
sence of statistical difference between the two groups was

TABLE 2
Characteristics of the vaginal P and the IM-P4 luteal support groups.

Vaginal P4 IM-P4

No. of women 145 399
Age of woman, years 33.1 " 4.5 (22–41) 33.6 " 3.4 (24–41)
Age of male

partner, years
36.3 " 5.7 (24–55) 36.4 " 5.8 (24–76)

No. of stimulation days 11.5 " 1.9 (8–16) 10.8 " 1.9 (8–14)
E2 level on day of hCG

administration, pg/mL
2174 " 1008 (248–6118) 3710 " 938 (865–9650)

P level on day of hCG
administration, ng/mL

0.8 " 0.4 (0.2–2.6) 1.0 " 0.25 (0.4–1.0)

No. of retrieved oocytes 13.3 " 6.8 (3–37) 13.7 " 7.1
No. of transferred embryos 2.4 " 0.6 (1–3) 2.6 " 0.8 (1–3)

Note: Data are presented as mean " SD (range). All comparisons were statistically not significant (P>.05).

Mitwally. Vaginal P4 vs. IM-P4 for luteal support. Fertil Steril 2010.
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true when all women were included in the analysis (Table 4)
and when the analysis was done according to the woman’s
age (Table 5) and stage of ET (Table 6). When the diagnosis
of infertility was considered, women with a diagnosis of endo-
metriosis (surgical diagnosis by laparoscopy) had statistically
significantly higher implantation (P<.04) and pregnancy rates
(positive bhCG, clinical and ongoing pregnancy; P<.04) in
the vaginal P luteal support group compared with those with
endometriosis who received IM-P4 luteal support (Table 7).

There was a positive correlation between mean luteal P
levels and clinical pregnancy rates in the vaginal P group
and IM-P4 group (Table 8). The correlation coefficients
were 0.8543 and 0.7970 for the vaginal P and IM-P4 groups,
respectively. The test for trend showed a statistically signifi-
cant trend, with P<.0001 and < .003 for the vaginal and
IM-P4 groups, respectively (Table 8).

When all women were included in the analysis, during the
luteal phase (from day 3 to day 18 after oocyte retrieval),
mean serum P levels were not significantly different between
the vaginal P group and the IM-P4 group. However, during the
early pregnancy phase (after day 18 after oocyte retrieval un-
til 12 weeks of gestation), mean serum P levels were signif-
icantly higher in the vaginal P group when compared with
the IM-P4, group as shown in Figures 1 and 2.

When the analysis was restricted to women with clinical
pregnancy (Figs. 3 and 4), statistically significantly higher
mean P levels were found in women who used vaginal P dur-
ing early pregnancy but not during the ‘‘early’’ part of the lu-
teal phase. Serum P levels started to be statistically
significantly higher in the vaginal P group as early as days
9 and 10 after oocyte retrieval.

In the nonpregnant women (Figs. 5 and 6), there was insig-
nificant difference in the mean P levels along the luteal phase
between the vaginal P and the IM-P4 groups, except that the
mean P level on days 9 and 10 was statistically significantly
‘‘lower’’ in the vaginal P group. However, there was a main-
tained pattern of consistently higher (but not statistically sig-
nificant) mean P levels associated with IM-P4 compared with
the vaginal P throughout the whole luteal phase.

In all women who received IM-P4, mean serum P levels
were found to be highest during the first few days after oocyte
retrieval (peak mean level of 111 ng/mL achieved on days 5
and 6 after oocyte retrieval). Mean P levels dropped to statis-
tically significantly lower mean levels on days 7 and 8 and on
days 9 and 10 (P<.01), reaching a nadir (40 ng/mL) around
the midluteal phase (9–10 days after oocyte retrieval). At
that time, levels started to rise again, only in pregnant women,
to reach statistically significantly higher levels by the end of

TABLE 3
Number and stage of transferred embryos in the vaginal P and IM-P4 groups.

Stage of transferred embryo Vaginal P4 (n [ 145) IM-P4 (n [ 399)

Cleavage Stage (day 3):
No. of cycles 82 205
No. of transferred embryos 2.7 " 0.6 (1–3) 2.9 " 0.7(1–3)

Blastocyst stage (day 5):
No. of cycles 63 194
No. of transferred embryos 1.8 " 0.2 (1–2) 1.9 " 0.2 (1–2)

Note: Data are presented as mean " SD (range). All comparisons were statistically not significant.

Mitwally. Vaginal P4 vs. IM-P4 for luteal support. Fertil Steril 2010.

TABLE 4
Treatment outcomes between the vaginal P luteal support and the IM-P luteal support group: All
women.

Vaginal P4 (n [ 145) IM-P4 (n [ 399)

Pregnancies (positive bhCG) 84 (58) [50–66] 229 (57) [53–62]
Clinical pregnancies 71 (49) [41–57] 210 (53) [48–58]
Ongoing pregnancies 64 (44) [36–52] 188 (47) [42–52]
Chemical pregnancies 13 (16) [8–23] 19 (8) [5–12]
Miscarriage 7 (8) [2–14] 22 (10) [6–13]
Total pregnancy loss 20 (24) [15–33] 41 (18) [13–23]
Implantation rate, % 30 [23–37] 29 [25–33]

Note: Data are presented as number (%) [95% CI]. P is not statistically significant for all comparisons.

Mitwally. Vaginal P4 vs. IM-P4 for luteal support. Fertil Steril 2010.
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TABLE 5
Women <35 years and R35 years old.

Vaginal P4 (n [ 145) IM-P4 (n [ 399)

Women <35 years old (n !313):
No. of women 87 226
Pregnancies (positive bhCG) 51 (59) [48–69] 132 (58) [52–65]
Clinical pregnancies 47 (54) [44–65] 123 (54) [48–61]
Ongoing pregnancies 41 (47) [37–58] 111 (49) [43–56]
Chemical pregnancies 4 (8) [1–15] 9 (7) [33–11]
Miscarriage 6 (12) [3–21] 13 (10) [5–15]
Total pregnancy loss 10 (20) [8–31] 22 (17) [10–23]
Implantation rate, % 34% [26–42] 30% [26–34]

Women R35 years old (n! 231):
No. of women 58 173
Pregnancies (positive b-hCG) 33 (57) [44–70] 97 (56) [49–64]
Clinical pregnancies 24 (41) [29–52] 87 (50) [43–58]
Ongoing pregnancies 23 (40) [27–52] 78 (45) [38–53]
Chemical pregnancies 9 (27) [12–43] 10 (10) [4–16]
Miscarriage 1 (3) [0–9] 9 (9) [4–15]
Total pregnancy loss 10 (30) [15–46] 19 (20) [12–28]
Implantation rate 26 [17–35] 27 [23–32]

Note: Data are presented as number (%) [95% CI]. P is not statistically significant for all comparisons.
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TABLE 6
Cleavage and blastocyst stage ET.

Vaginal P4 (n [ 145) IM-P4 (n [399)

Cleavage stage ET (n ! 287):
No. of women 82 205
Pregnancies (positive bhCG) 47 (57) [47–68] 117 (57) [50–64]
Clinical pregnancies 41 (50) [39–61] 107 (52) [45–59]
Ongoing pregnancies 37 (45) [34–56] 98 (48) [41–55]
Chemical pregnancies 6 (13) [3–22] 10 (9) [4–14]
Miscarriage 4 (9) [1–17] 9 (8) [3–13]
Total pregnancy loss 10 (21) [10–33] 19 (16) [10–23]
Implantation rate, % 26 [21–31] 25 [21–29]

Blastocyst stage ET (n ! 257):
No. of women 63 194
Pregnancies (positive bhCG) 37 (59) [47–71] 112 (58) [51–65]
Clinical pregnancies 30 (48) [35–60] 103 (53) [46–60]
Ongoing pregnancies 27 (43) [31–55] 90 (46) [39–53]
Chemical pregnancies 7 (19) [6–32] 9 (8) [3–13]
Miscarriage 3 (8) [0–17] 13 (12) [6–18]
Total pregnancy loss 10 (27) [13–41] 22 (20) [12–27]
Implantation rate, % 39 [31–47] 33 [29–37]

Note: Data are presented as number (%) [95% CI]. P is not statistically significant for all comparisons.
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the luteal phase (82 ng/mL) on days 15–18 days after oocyte
retrieval and throughout early pregnancy weeks (90 ng/mL).
The P-values were < .01 and < .001, respectively.

In all women who received vaginal P luteal support, mean
serum P levels throughout the luteal phase and early preg-
nancy followed the same pattern, with an almost identical
curve to that produced by P levels achieved in women who
received IM-P4 as explained above. The peak mean serum
P level during the luteal phase (105 ng/mL) was achieved
on days 5–6 after oocyte retrieval. The peak of the mean P
level dropped to statistically significantly lower mean levels
on days 7–8 and on days 9–10 (P<.01), reaching a nadir
(29 ng/mL) around the midluteal phase (9–10 days after oo-
cyte retrieval). In pregnant women only, nadir levels started
to rise again, to reach statistically significantly higher levels
by the end of the luteal phase (83 ng/mL) on days 15–18 days
after oocyte retrieval and continued to rise further to much

higher levels throughout early pregnancy weeks (118 ng/
mL). The P-values were < .01 and < .001, respectively.

In nonpregnant women, mean P levels remained around
the nadir level attained on days 9 and 10 throughout the
rest of the luteal phase until a negative pregnancy test was
confirmed in both groups (vaginal and IM-P4 groups). The
nadir achieved around days 9 and 10 after oocyte retrieval
was statistically significantly lower in nonpregnant women
who used the vaginal P when compared with the nonpregnant
women who used IM-P4. Such a nadir was not statistically
significantly different in the pregnant women who used IM-
P4 when compared with the pregnant women in the vaginal
P group.

In the vaginal P group, there was no statistically significant
difference in mean serum P levels between women who used
the vaginal P twice versus those used it 3 times a day. Mean P

TABLE 8
Correlation between clinical pregnancy rate and mean serum P levels during the luteal phase.

Luteal support group and
range of mean P levels (ng/mL) No. of women

No. of clinical
pregnancies

Clinical
pregnancy rate P (test for trend)

Vaginal P: < .0001
16–48 37 11 30
49–80 27 15 56
81–112 22 17 77
113–144 8 8 100
145–173 4 3 75

IM-P4: < .003
11 to 46 47 27 57
47–81 142 59 42
82–116 54 33 61
117–151 20 16 80
152–193 12 10 83

Note: The ranges for each of the five groups were increments of SD (the range between the highest and lowest mean P level
divided by the SD).
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TABLE 7
Women with endometriosis.

Vaginal P4 (n [ 33) IM-P4 (n [ 49) P

Pregnancies (positive bhCG) 24 (73) [58–88]a 23 (47) [33–61]a .04
Clinical pregnancies 23 (70) [54–86]a 23 (47) [33–61]a .04
Ongoing pregnancy rate 18 (55) [30–72]a 18 (37) [24–52]a .04
Chemical pregnancies 1 (4) [0–11] 0 NS
Miscarriage 5 (21) [7–35] 5 (22) [10–34] NS
Total pregnancy loss 6 (25) [10–40] 5 (22) [10–34] NS
Implantation rate 42 [31–53]a 24 [17–31]a .03

a Statistically significant (P< .05).
Note: Data are presented as number (rate) [95% CI]. NS ! not statistically significant.
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levels in the two groups (100 mg twice and 100 mg 3 times
a day) followed identical parallel curves throughout the luteal
phase and early pregnancy. This was true for all women and
for the subgroup of women who achieved pregnancy (data not
shown).

There were no serious adverse reactions or significant side
effects reported in any of the patients in either group, vaginal
P or IM-P4, that necessitated discontinuation of treatment.
All patients tolerated the treatment with administered P for
the planned period of time.

DISCUSSION
This study shows that in women who underwent IVF-ET
treatment according to the long GnRH agonist protocol, vag-
inal P luteal support was associated with treatment outcomes
that were not different from those achieved in women who re-
ceived IM-P4 luteal support. Serum P levels during the luteal
phase were not different between the two groups (vaginal and
IM-P4 luteal support) during the early part of the luteal phase,
but significantly higher levels were found in pregnant women
who used vaginal P starting after days 9–10 after oocyte
retrieval. Interestingly, women with endometriosis who re-
ceived vaginal P luteal support had statistically significantly
better outcomes (higher implantation and pregnancy rates)
when compared with those with endometriosis who received
IM-P4 luteal support.

FIGURE 1

Mean serum P levels during the luteal phase (all women) and early weeks of gestation (pregnant women) in the
vaginal P group and in the IM-P4 group. Serum P levels are presented as mean " SEM. During the luteal phase,
the mean serum P level on days 9 and 10 after oocyte retrieval was statistically significantly higher in the IM-P4

group. However, during early pregnancy, serum P levels were statistically significantly higher in the vaginal P
group on mean days (after oocyte retrieval) of 19–22, 23–26, and 27days to 12 weeks of gestation.
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FIGURE 2

Mean P levels throughout the luteal phase (first 18
days after oocyte retrieval) in all women and
throughout early pregnancy phase (18 days after
oocyte retrieval until 12 weeks of gestation) in
pregnant women. Data are presented as the mean"
SEM. While overall the mean serum P level was not
different during the luteal phase, it was statistically
higher in the vaginal P group during the early
pregnancy phase.
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Different regimens of IM-P4 have been empirically used
for luteal phase support in women undergoing IVF-ET.
This included different doses that varied between 25 and
100 mg per day and different starting dates after oocyte re-
trieval and for variable lengths of time through the early
weeks of pregnancy. Those diverse regimens were not persis-
tently found to be associated with clinically significant differ-
ences concerning the outcome of IVF-ET treatment, that is,
achievement of pregnancy (28). Interestingly, despite several
adverse effects that have been reported with IM-P4 adminis-
tration, including painful injections, rash (29), inflammatory
reactions, and abscesses (24), as well as several case reports
of the rare, although serious, complication of acute eosino-
philic pneumonia (30), such a route is still the preferred rou-
tine practice in most of the IVF centers in North America.

Clearly, the vaginal route is associated with several advan-
tages when compared with IM injection, including reduced
local adverse effects and better compliance, as well as the an-
ticipated high P levels in the uterine environment (24, 25, 31).
P administered vaginally is expected to be associated with
high uterine P concentrations and lower systemic absorption.
This means higher P concentrations where they are desired
(endometrium) but lower concentrations where they might
not be desired (systemic). Lower systemic absorption is obvi-
ously advantageous, as less frequent systemic P side effects

should be expected. The lower serum P levels and higher
uterine endometrial tissue concentrations observed with vag-
inal P administration compared with IM-P4 are believed to be
due to two important reasons. The first reason is the counter-
current exchange in P transport between the anatomically
close blood vessels (32), and the second is due to the uterine
first pass effect, where liver metabolization is absent (33).

Part of the hypothesis in this study was that circulating se-
rum P is mainly driven from endogenous production from
corpora lutea rather than from what is absorbed from exoge-
nously administered P. The current results found administra-
tion of vaginal P for luteal support to be associated with
serum P levels that were not different from those levels
achieved after IM-P4 injections. Such levels of serum P might
be achieved from endogenous corpora luteal production of
P rather than systemic absorption from the vaginally admin-
istered exogenous P, which is known to be minimal. Interest-
ingly, in pregnant women, significantly higher serum P levels
were found to be associated with vaginal P when compared
with IM-P4 throughout the later part of the luteal phase (after
the time of implantation) and early weeks of pregnancy. The
proposed mechanism is that lower amounts of P absorbed into
the systemic circulation after vaginal P administration would
be associated with a more physiologically functioning corpora
lutea. This could be due to a less suppressive effect of lesser

FIGURE 3

Mean serum P levels during the luteal phase (only pregnant women) and early weeks of gestation in the vaginal P
group and in the IM-P4 group. Serum P levels are presented as mean " SEM. During the luteal phase, mean
serum P levels were not statistically different between the vaginal P group and the IM-P4 group. However, during
early pregnancy, serum P levels were statistically significantly higher in the vaginal P group on mean days (after
oocyte retrieval) of 19–22, 23–26, and 27 days to 12 weeks of gestation.
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amounts of systemically absorbed P on the hypothalamus-pitu-
itary-ovarian axis. Exogenously administered P is known to
suppress endogenous gonadotropin production (34–36), in-
cluding LH, which is particularly important for a properly
functioning corpus luteum (34–36). Another viable mecha-
nism could be that higher local uterine levels of P absorbed af-
ter vaginal administration (25) lead to a more favorable local
effect on the corpora lutea through the connection between
the ovarian and uterine circulation. Such a positive effect of
P locally at the level of the corpus luteum has been suggested
by several reports that found evidence for an intracrine favor-
able effect of P on the corpus luteum function, including pre-
vention of its luteolysis, as has been reviewed before (37, 38).

The results of the current study provide indirect evidence
in support of the hypothesis of a better physiologically re-
sponsive corpora lutea in association with vaginal P adminis-
tration. In support of that notion, significantly higher P levels
were found in pregnant women starting around the time of
implantation that continued throughout the studied early
pregnancy weeks. This seems to be a response to rising levels
of bhCG in those pregnant women.

When studying serum P levels during the luteal phase in
women undergoing IVF-ET while receiving exogenous P
luteal support, an important question is how much is con-
tributed by the absorbed P and how much comes from endog-
enous production by corpora lutea. The ideal method for
studying such a question would be to measure serum P levels
of exogenously administered labeled P. Such an experiment

FIGURE 4

Mean P levels throughout the luteal phase (first 18
days after oocyte retrieval) in pregnant women and
throughout early pregnancy phase (18 days after
oocyte retrieval until 12 weeks of gestation) in
pregnant women. Data are presented as the mean"
SEM. While overall the mean serum P level was not
different during the luteal phase, it was statistically
higher in the vaginal P group during the early
pregnancy phase.
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FIGURE 5

Mean serum P levels during the luteal phase (nonpregnant women) in the vaginal P group and in the IM-P4 group.
Serum P levels are presented as mean" SEM. Mean serum P levels were consistently higher in the IM-P4 group.
However, the difference was not statistically insignificant except the mean level on day 9–10 that was
significantly lower in the vaginal P group.
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would not be possible in those women attempting to achieve
pregnancy but might still be feasible in oocyte donors. In the
current study, one answer to the question of how much of
a contribution to circulating P comes from endogenous P pro-
duction could be extrapolated indirectly by looking at the de-
tails of the curve for mean P levels throughout the luteal
phase in the two study groups. Clearly, with a steady contin-
uous absorption of P as expected after IM-P4 injection,
a more or less steady mean serum P level should be antici-
pated throughout the luteal phase. This would be true if the
major fraction of the serum P level was contributed by ab-
sorbed P rather than by what was endogenously produced
from the corpora lutea. Interestingly, this was not the case.

The two parallel curves representing mean serum P levels
throughout the luteal phase and early pregnancy weeks in the
two groups (vaginal and IM-P4 luteal support groups) fol-
lowed the expected pattern for hCG levels during the same
period of time. Highest hCG levels would be expected imme-
diately after oocyte retrieval (as a result of exogenously ad-
ministered hCG for triggering ovulation). Those levels are
expected to decline to a nadir in about 9–10 days (the half-
life of the exogenously administered hCG is about 24 hours).
The hCG levels are expected to rise again after the nadir only
in pregnant women (endogenous hCG production by implant-
ing embryo and early pregnancy). In a subgroup of women,
serum levels of bhCG were assayed concurrently on the
same days of P assays. Those bhCG levels were found to fol-
low the expected pattern, with the highest levels found on
days 3–4 after oocyte retrieval and declining to a nadir around
days 9–10. In women who achieved pregnancy, bhCG levels
were found to climb again after that nadir, around days 9–10,
after oocyte retrieval (data not shown). The only discordance

between the curve for bhCG levels and P levels was encoun-
tered on days 3–4 compared with days 5–6 after oocyte re-
trievals. Beta-hCG declined between the two windows of
measurements, while P levels increased (followed an oppo-
site direction). There are two explanations for such discor-
dance. First, the maximal response of luteal granulosa cells
to hCG stimulations takes a few days to achieve after ovula-
tion when a switch from mainly estrogen production to
mainly P production occurs. This is known as the maximal
luteal P production and is physiologically achieved around
the midluteal phase (37, 38). Second, the trauma induced
by the follicular puncture, bleeding, and granulosa cell aspi-
ration during oocyte retrieval might require few days before
the corpora lutea can recover the full ability to produce P.
However, such a mechanism has been debated as explained
in the introduction.

In this study, the specific pattern of the curve for P levels
achieved throughout the luteal phase and early pregnancy,
paralleling that curve for hCG levels (exogenously adminis-
tered to trigger ovulation and endogenously produced by
the implanting embryo and early pregnancy), would support
the hypothesis of a significant contribution by the endoge-
nous P production from the corpora lutea to serum P levels.
Furthermore, there is another support for this notion. The dif-
ferences in the mean P levels between the nadir day (20 and
40 ng/mL, in the vaginal and IM-P4 groups, respectively) and
the maximal P levels (105 and 111 ng/mL) achieved during
the first few days after oocyte retrieval were 85 and 71 ng/
mL for the vaginal and IM groups, respectively. Such differ-
ences were almost twice the mean P levels on the nadir day,
which is a very significant amount, particularly when consid-
ering what has been reported in the literature as adequate lu-
teal P levels in normal cycles, levels around 10–20 ng/mL
(37, 38). On the nadir day, the corpora lutea would be ex-
pected to produce the least amount of P, while P absorption
after exogenous P administration should not be different.
The findings in this study of P levels during early pregnancy
that correlate with the pattern of hCG rise and the preovula-
tory dominant follicles are supported by what has been previ-
ously reported in the classic study by Cowan et al., who found
P production in early gestations to be regulated by prior fol-
licular events, as was the rate of hCG production (39).

Again, despite all the advantages of the vaginal route of P
administration, many clinicians are still adherent to the prac-
tice of IM administration of P for luteal support in women un-
dergoing IVF. This could be due to earlier evidence for
a superiority of IM-P4 compared with vaginal P as regards
clinical pregnancy rates. In 2002, a meta-analysis (29) in-
cluded five randomized trials comparing IM-P4 with vaginal
P application (40–43) for luteal support in women undergo-
ing IVF pooled together for a total of 891 cycles for analysis
from those studies. The clinical pregnancy rate and delivery
rate were significantly higher when IM-P4 was used (the rel-
ative risk clinical pregnancy rate/ET was 1.33 [95% CI, 1.02–
1.75], and the relative risk for the delivery rate was 2.06 [95%
CI, 1.48–2.88).

FIGURE 6

Mean P levels throughout the luteal phase (first 18
days after oocyte retrieval) in nonpregnant women.
Data are presented as the mean " SEM. Overall the
mean serum P level was not statistically different
between the vaginal P group and the IM-P4 group
during the luteal phase.
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Interestingly, despite the conclusion of such a meta-analy-
sis, the vaginal route of P supplementation in IVF patients has
gained wide application as a first choice luteal support regi-
men worldwide (except in North America). This has been
mainly due to patient compliance and comfort as well as to
increased trust in effectiveness (43). In more recent studies,
there has been accumulating evidence that compared with
IM-P4 luteal support, vaginal P is at least equally effective
(44). Such evidence has initially been shown in studies in-
volving two different forms of vaginal P that are available
on the market in Europe (at the time of those studies): natural
micronized P (Utrogestan Laboratories Besins International,
Paris) and Crinone 8% (Fleet Laboratories Ltd., Watford,
UK), a controlled and sustained-release vaginal gel. The rec-
ommended doses used in the studies were as follows: for
Utrogestan, 100 mg capsules were administered vaginally
by two capsules, 3 times daily (a total of 600 mg/day),
whereas Crinone 8% was administered vaginally once
a day, that is, 90 mg (45, 46). In more recent studies, the mi-
cronized vaginal P Endometrin has been reported to be
equally effective as Cyclogest vaginal suppositories (46)
and Crinone vaginal P gel for luteal support in women under-
going IVF (27). In a recent interim analysis of their original
data that suggested a superiority of IM-P4 injection over Crin-
one P gel (24), Yanushpolsky et al. found similar pregnancy
rates, implantation rates, and early spontaneous abortion
rates in IVF patients who received either Crinone or IM P in-
jection for luteal support. The investigators reported fewer
side effects and greater overall satisfaction by women receiv-
ing Crinone. This conclusion was achieved after an interim
analysis that included women younger than 40 years old. It
is important to mention that in this study (47), the day of P
initiation was delayed for 1 day compared with in the current
study, in which P supplementation was initiated on the day
after oocyte retrieval.

In the current study, there was no statistically significant
difference in any of the various outcomes of IVF-ET treat-
ment (pregnancy rates and rates of pregnancy loss) between
women who received vaginal P luteal support and those
who used IM-P4 support. However, in the subgroup of women
with endometriosis, interestingly, both implantation and
pregnancy rates (positive bhCG, clinical and ongoing) were
statistically significantly higher in women who used vaginal
P luteal support than in those with endometriosis who used
IM-P4 for luteal support. Serum P levels in this subgroup of
women with endometriosis consistently followed the same
pattern seen with all patients, that is, higher P levels during
the later part of the luteal phase and early pregnancy in preg-
nant women. However, it is important to mention here that the
sample size of the subgroups of women with endometriosis
was not large enough to complete an adequately powered
analysis while controlling for other factors that could affect
the tested outcomes.

Endocrine dysfunction due to luteal phase defect and lower
implantation potential has already been suggested in women
with endometriosis (48). Several mechanisms are believed to

contribute to the probable luteal phase defect in those women
including P receptor defects and dysfunction in the hypothal-
amus-pituitary-ovarian axis. Furthermore, P resistance has
been suggested due to the presence of the inhibitory P recep-
tor (PR) isoform PR-A and the absence of the stimulatory iso-
form PR-B (49). Pituitary-ovarian dysfunction has also been
suggested as a cause for the subfertility in women with endo-
metriosis with the evidence reviewed by Cahill and Hull (50).
The investigators presented evidence for impaired follicular
growth leading to a reduction in circulating E2 concentrations
during the preovulatory phase as well as to a reduction in both
E2 and P during the early luteal phase. Such lower E2 levels
were associated with disturbed LH surge patterns and reduc-
tion in LH concentrations in preovulatory follicular fluid.
Moreover, this was associated with impaired in vitro ste-
roidogenic capacity of the granulosa cells (51). The investi-
gators suggested that those mechanisms explain at least in
part the reported reduced oocyte fertilization and implanta-
tion rates in women with endometriosis (49). In addition, lu-
teal dysfunction has been suggested to lead to decreased
uterine receptivity due to associated abnormal expression
of endometrial biomarkers of implantation including integ-
rins and other adhesion molecules (52, 53).

It is important to mention here that the association of a lu-
teal phase defect with lower implantation in women with en-
dometriosis is highly controversial. Moreover, the evidence
presented involves studies of P production during unstimu-
lated cycles in women with endometriosis. In addition, the
outcome of IVF-ET in women with endometriosis-associated
infertility is still a controversial issue, with conflicting con-
clusions among different studies as reviewed by Sallam
et al. (54).

Commonly used vaginal P includes pharmacy-com-
pounded P suppositories that are known to deliver variable
and unreliable levels of P (55, 56). Interestingly, only one
out of 10 compounding pharmacies that provided P vaginal
suppositories provided a compound that was within the po-
tency range required of similar Federal Drug Administration
(FDA-) approved products (57). The scientific uncertainties
associated with compounded hormones make their use less
preferable (55), at least until supplementary clinical trials
are available to determine the efficacy and safety of those
compounded hormones (56). This led the FDA to issue
a warning against the use of compounded and bioidentical
hormones (58). It is relevant to reiterate here that, as men-
tioned earlier in a recent study, the micronized vaginal P in-
serts used in this study have been shown to provide
reproducible levels with less variability than vaginal P gel
in pharmacokinetic studies measuring serum concentrations
over time (26). The formulation of the vaginal P compounds
that have been tried in the clinical practice of luteal support
could explain some of the early controversy regarding the ef-
fectiveness of vaginal P for luteal support in women undergo-
ing IVF-ET.

In a recent Cochrane review (in 2008), the investigators
withdrew their previous one (published in 2004) (23). To
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determine the answer to three important questions—first,
whether luteal phase support after assisted reproduction in-
creases the pregnancy rate; second, what is the optimal hor-
mone for luteal phase support, that is, hCG, P, or
a combination of both; and third, what is the optimal route
of P administration, that is, vaginal or IM—the investigators
searched the Cochrane Menstrual Disorders and Subfertility
Group trials register, the Cochrane Central Register of Con-
trolled Trials (CENTRAL), MEDLINE (1971 to Deccember
2003), and EMBASE (1985 to December 2003). In addition,
they hand-searched reference lists of relevant articles and ab-
stract books from scientific meetings up to December 2003.
Such a search resulted in the inclusion of 59 studies in the re-
view and reached the following conclusions: luteal phase
support with hCG provided significant benefit, compared
with placebo or no treatment, in terms of increased ongoing
pregnancy rates (OR, 2.38; 95% CI, 1.32–4.29) and de-
creased miscarriage rates (OR, 0.12; 95% CI, 0.03–0.50).
However, such significant benefit was observed only in cycles
in which GnRH agonists were used. Furthermore, such a sig-
nificant benefit was associated with a major drawback that
was the significant increase in the risk of severe ovarian hy-
perstimulation syndrome (OHSS). The odds of OHSS in-
creased 20-fold when hCG was used in cycles with GnRH
agonists. On the other hand, P luteal support was associated
with a small but significant increase in pregnancy rates
(OR, 1.34; 95% CI, 1.01–1.79) when trials with and without
GnRH agonists were grouped together. Interestingly, P sup-
plementation had no favorable effect in reducing the miscar-
riage rate as was observed with hCG supplementation. There
was no significant difference between P and hCG or between
P and P plus hCG or estrogen in terms of pregnancy or mis-
carriage rates. However, the odds of OHSS were more than
twofold higher with treatments that included hCG than with
those that included P alone (OR, 3.06; 95% CI, 1.59–5.86).
Comparing routes of P administration, there was a lower clin-
ical pregnancy rate with the oral route compared with the IM
or vaginal routes. However, the difference did not reach sta-
tistical significance. On the other hand, there was evidence of
a benefit of the IM route over the vaginal route as regards the
outcomes of ongoing pregnancy and live birth. The vaginal P
gel and other types of vaginal P resulted in comparable preg-
nancy rates without significant differences. The investigators
concluded that luteal phase support with hCG or P after assis-
ted reproduction resulted in an increased pregnancy rate with
no superiority of hCG over P; rather, hCG was associated
with a greater risk of OHSS when used with GnRH agonists.
The available data did not support a superiority of one route
over the other for P administration, and it is to be established
with further studies (23).

In the current study, there are important limitations includ-
ing the retrospective collection of the data and the sample
size that was not large enough to allow an adequately pow-
ered analysis of important confounders (e.g., infertility diag-
nosis and duration) that could have affected the tested
primary outcome (ongoing pregnancy). Also, the study was
completed before obtaining data on all live births of ongoing

pregnancies. At the time of the analysis of the data for the cur-
rent study, all available records on birth outcomes showed
that all ongoing pregnancies included in the study had already
ended in delivery of live births or were ongoing beyond 28
weeks of gestation.

Another very important limitation in the current study is
that P levels were determined after single blood draws during
the specified time course of the study. Single blood draws for
determining P levels would obviously not account for the pul-
satile nature of P production by the corpus luteum. Such pul-
satile production results in a wide range of P concentrations,
as has been already reported during the mid- and late luteal
phases. Levels as low as 2.3 ng/mL and as high as 40.1 ng/
mL have been found within the relatively short interval of
time spanning a single secretory pulse (60–90 minutes)
(59). This has made the clinical utility of single or even serial
serum P measurements of limited clinical utility in providing
an accurate gauge of the quality of luteal function (10). More-
over, P levels during the early pregnancy weeks are known to
range widely, particularly when conception follows treatment
with ovulation-inducing drugs. This is due to the formation of
multiple corpora luteal with possibly variable function as
well as to a different potential for implantation by multiple
embryos. However, in the current study, a subgroup of 30
women had multiple blood draws (hourly for 12 hours on
the fifth day after oocyte retrieval and four hourly for 12
hours on four occasions during the luteal phase) for assays
of serum P levels and other hormones. Interestingly, the
means of P levels followed a comparable pattern of what
has been found in the rest of the women in the current study,
who had single blood draws. The curve for mean serum P
levels followed a curve comparable to that achieved after
the single P assays, including peak P in the first few days after
oocyte retrieval, significantly lower nadir around the midlu-
teal phase, and significantly higher rising levels thereafter
in pregnant women (data not shown). A recent study looked
at clinical intrauterine pregnancy rates, pregnancy loss, and
live-birth rates between two matched groups of women
who underwent IVF-ET treatment. One group received IM-
P4 for luteal support (200 women), and the second group re-
ceived vaginal P for luteal support in the form of Endometrin
100 mg twice a day (12 women), Endometrin 100 mg 3 times
a day (11 women), or Crinone 8% gel 90 mg every day (17
women). The investigators did not find significant differences
in treatment outcomes between vaginal and IM P supplemen-
tation (60).

Summary
In conclusion, in women undergoing IVF-ETaccording to the
long GnRH agonist protocol, luteal support with vaginal P
was associated with treatment outcomes including pregnancy
rates and rates of pregnancy loss that were not statistically
different from those associated with IM-P4 luteal support.
Mean serum P levels during the luteal phase were not differ-
ent in women who received vaginal P when compared with
those who received IM-P4. However, in pregnant women,
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significantly higher mean P levels were found in women who
received vaginal P luteal support. This could reflect better
physiologically functioning corpora lutea due to less suppres-
sion than that associated with nonphysiological systemic
levels of P achieved after IM-P4 injections.
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