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Objective: To investigate whether temporarily withholding FSH and adding androgen could improve follicular response during a

microdose flare protocol in women with slow follicular growth or asynchronous follicular development.

Design: Observational pilot study.

Setting: University-affiliated private fertility center.

Patient(s): Twenty-six women aged 34-47 years with poor response to stimulation or a previous cancelled IVF cycle and with slow or

asynchronous follicular growth during a microdose flare cycle.

Intervention(s): For 13 women, after initiation of ovarian stimulation using the microdose flare protocol, gonadotropin administra-

tion was interrupted and transdermal testosterone gel was added for several days (4.4 £ 1.2 d) starting after cycle day 7 (mean cycle

day 10 + 2.6).

Main Outcome Measure(s): FSH, E,, follicular growth, and total number of mature oocytes retrieved were determined for all of the

patients. Cycle cancellation rate as well as pregnancy rate following embryo transfer were also documented when applicable.

Result(s): FSH levels declined (25.2 + 6.5 to 6.8 & 3.2 IU/L), E, levels increased (896 + 687 to 2,163 + 1,667 pmol/L), and follicular

growth improved significantly during gonadotropin interruption and were tracked for 2 days during this time frame. The average num-

ber of oocytes retrieved was 5.3 &+ 2.6, and the ratio of mature to total oocytes was 4:5. Four of the 13 women in the interruption group

conceived following frozen embryo transfer, whereas none in the control group did.

Conclusion(s): The androgen-interrupted FSH protocol may improve follicular response to go-

nadotropins in cycles that might otherwise be cancelled. (Fertil Steril® 2016;105:100-5. ©2016
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oor responders comprise a broad
P category of patients that respond

suboptimally to ovarian stimula-

tion. A unanimous consensus regarding
the precise description of poor re-
sponders is lacking and >35 definitions
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are currently available (1). According to
the Bologna definition, two of three
criteria should be met for the diagnosis
to be made (1). These include advanced
maternal age (=40 years) or another
risk factor, an earlier poor response cy-
cle (<3 oocytes with the use of conven-
tional stimulation), and an abnormal
ovarian reserve test (antral follicle count
<5-7 or antimullerian hormone <0.5-
1.1 ng/mL). Two previous poor response
cycles after maximal stimulation are
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considered to be sufficient for making a diagnosis. Poor re-
sponders are a challenging category of patients to treat, pri-
marily because of the low number of oocytes and embryos
obtained following ovarian stimulation.

Over the years, numerous adjunctive treatments have
been proposed, but few seemed to add much benefit to the
outcome (2). Recently, a meta-analysis, based on limited
data, concluded that transdermal testosterone may improve
clinical pregnancy and live birth rates in poor responders.
Lower doses of gonadotropin and significantly fewer days
of stimulation were also observed (3). The rationale for this
treatment is based on primate studies showing that increasing
intrafollicular androgen levels may up-regulate FSH receptors
on granulosa cells, enhance response to gonadotropins, and
augment follicular growth (4).

Poor responders are given large quantities of gonado-
tropin to improve follicular response. Unfortunately, admin-
istering ever-increasing quantities of gonadotropin in this
category of women very often does not improve follicular
response, oocyte yield, or overall outcome (5, 6). In fact,
maximal dosage requirements are unclear and poor
responders often purchase excessive quantities of expensive
gonadotropins with cycles often culminating in high costs,
poor response, and cancellation. Maximum gonadotropin
dosage for optimal response often relies on arbitrary rules
or habits. We recently demonstrated that response to
gonadotropins may be predicted and titrated based on
fluctuating serum levels of FSH (7). Serum FSH levels of
>20 IU/L on cycle day 7 (day 4 of stimulation) may indicate
FSH receptor saturation in the granulosa cells, and therefore
the addition of more exogenous FSH would not result in
increased follicular response.

Antral follicles express a wide spectrum of sensitivities
to FSH, especially in poor responders. This phenomenon
may account for the asynchronous and occasional monofol-
licular growth despite a larger cohort of small antral follicles
seen earlier in the cycle (8). The exposure of a cohort of
follicles with a differential sensitivity to extremely high
serum concentrations of FSH may result in the rapid devel-
opment of one or two follicles that are more sensitive while
not allowing enough time for the remaining follicles to
develop and mature. This result may be even more frequent
in short microdose flare protocols, where GnRH agonist
stimulates pituitary secretion of FSH and LH during the first
week of administration and augments the ovarian stimula-
tion of exogenously administered FSH.

We present here a pilot study of poor responder stimula-
tion cycles that began with slow follicular growth or asyn-
chronous follicular development. The objective of this
preliminary observational study was to determine if with-
drawal of the gonadotropins and supplementation of trans-
dermal testosterone, once poor response was observed,
could sensitize as well as synchronize follicular growth.

MATERIALS AND METHODS
Study Population

This observational pilot study included a total of 13 women
who had at least one previous failed or cancelled IVF cycle
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with suspected gonadotropin resistance (serum FSH >20
mIU/L on day 7, as we have previously described [7], in
conjunction with absent or minimal follicular growth) during
the current cycle. Follicles that grew <0.5 mm per day
(average diameter) after 5-8 days of high-dose stimulation
were considered to be slow growing. IVF treatments including
ultrasound monitoring, and follow-up was carried out at
TCART Fertility Partners (Toronto, Ontario, Canada) from
October 2013 to December 2014. Institutional Review Board
approval (protocol no. 15-0013-C) was obtained from the
Mount Sinai Research Ethics Board on February 6, 2015.
Six of these patients were confirmed poor responders based
on the Bologna criteria. The remaining women had earlier
failed IVF cycles, and some of them were expected to be
poor responders (Table 1).

Control Group

To compare the effect of gonadotropin interruption and
addition of topical androgens to common practice we assem-
bled a control group. A medical student (C.A.M.), masked to
the purpose of the study, was instructed to search for records
of IVF cycles stimulated with an uninterupted microdose
flare protocol that showed either poor or no synchronous
follicular development. These cycles were conducted in
2011 and earlier, before the use of topical testosterone gel
began in our clinic. Chosen cases had to include a complete
data set and show a serum FSH level suggestive of gonado-
tropin resistance. The 13 patients’ stimulation cycles that ful-
filled the above criteria took place from April 2006 to
November 2011.

Ovarian Stimulation Protocol

The microdose flare protocol was used for ovarian stimulation.
After confirming normal baseline blood levels and excluding
any functional ovarian cysts, gonadotropin treatment was initi-
ated on the 3rd day of menses with the use of recombinant FSH
(Gonal F, EMD Serono; or Puregon, Merck). Serum concentra-
tions of FSH and E, were measured by means of immunoassay
with the use of the Vitros ECiQ Immunodiagnostic System
(Ortho-Clinical Diagnostics, Johnson and Johnson). Baseline
FSH levels < 15 IU/L and E, levels <200 pmol/L were necessary
for starting stimulation; otherwise the cycle was cancelled.

TABLE 1

Patient characteristics (average values for each group of 13 patients).

Characteristic Study group Control group P value

Age (y) 37.53+44 39.85 NS
Basal FSH (IU/L) 7.8+3.66 9.36+6.48 NS
Basal E, (pmol/L) 106 + 41 133 £55 NS
Basal AFC 69+284 457+206 <.05
AMH (ng/mL) 08+1.2 NA

No. of cancelled cycles 241 1.9+1.3 NS

for women with history
of cycle cancellation

Note: AFC = antral follicle count; AMH = antimiillerian hormone.
Mitri. Androgen-interrupted FSH protocol. Fertil Steril 2016.
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The GnRH agonist buserelin acetate (Suprefact; Sanofi-Aventis)
was administered at a dose of 50 ug subcutaneously twice
daily beginning on cycle day 3. Five women were given 150
IU and eight women 200 IU recombinant FSH twice daily start-
ing on cycle day 3. Serum FSH, LH, P, and E, levels were
measured at baseline and at every visit for all patients.

When serum FSH levels exceeded 20 IU/L on cycle day 7
or any time thereafter and follicular growth was considered to
be slow or asynchronous, gonadotropins were discontinued
for 4-7 days. Patients were given the option to come back
to the clinic at any point during this time frame and
gonadotropins were immediately restarted at the same dose.
In addition, 25 mg of daily transdermal testosterone (2.5 g
1% Androgel; Abbott) was administered from the day FSH
injections were interrupted until the day of the ovulation
trigger. This is one of the standard treatments offered at
TCART to patients that respond in the manner described
above. Follicular growth was considered to be asynchronous
when one or two leading follicles were >4 mm larger
(average diameter) than the rest of the cohort. The stimulation
protocol for patients that were included in the control group
did not include withholding of gonadotropin treatment or
use of topical testosterone. When at least three dominant
follicles were noted and at least two had attained a size of
>18 mm, 10,000 IU hCG (Pregnyl; Merck) was administered
subcutaneously for ovulation trigger. Thirty-six hours later,
the oocytes were retrieved by means of ultrasound-guided
transvaginal needle aspiration. Following egg retrieval, intra-
cytoplasmic sperm injection was performed for 12 patients,
conventional IVF for one, and egg freezing for three (13 intra-
cytoplasmic sperm injection, 1 conventional IVF, 3 egg
freezing, and 9 converted to intrauterine insemination—a to-
tal of 26 for the 2 groups). All embryos were transferred at the
cleavage or blastocyst stage at the discretion of the physician
and patient, and some embryos were vitrified (Table 2).

Statistical Analysis

Statistical analysis was performed with the use of Graphpad
Prism version 5.02. The distribution of the data was first

analyzed, and both the Wilcoxon matched-pairs test and
paired f test were used to compare necessary parameters.

RESULTS

All of the 13 patients completed one cycle of ovarian stim-
ulation with the use of the interrupted microdose flare pro-
tocol, and the 13 patients in the control group completed
a conventional microdose flare protocol. Nine of the 13
patients in the control group were converted to intrauterine
insemination instead of IVF owing to an unsatisfactory
number of mature follicles (Table 2). Baseline characteris-
tics and gonadotropin levels were recorded (Table 1). The
two groups were of similar age, BMI, and basal serum
FSH and E,. There was a difference in basal antral follicle
count between the groups that may have been partially the
result of a lower resolution of the ultrasound machines
used in the earlier years. Antimillerian hormone measure-
ment was not done in our clinic before 2012. For the inter-
ruption group, gonadotropins were withdrawn on cycle day
10 + 2.6 (Supplemental Fig. 1, available online at
www.fertstert.org). The duration of gonadotropin with-
drawal was determined by the attending physician and
varied between 3 to 7 days (mean 4.4 £+ 1.2 d). FSH, E,,
and follicle sizes were recorded on the first day of gonad-
otropin interruption and on the day of resumption for all
participants (Supplemental Table 1, available online at
www.fertstert.org). These values were also determined at
every visit (Supplemental Fig. 1). When gonadotropin stim-
ulation was resumed, FSH levels had significantly declined,
approximating baseline (mean 25.2 + 6.5 IU/L to 6.8 + 3.2
IU/L; Fig. 1). Surprisingly, estrogen levels and the number
of follicles >1 cm increased dramatically during the inter-
val of gonadotropin withdrawal (Supplemental Table 1;
Supplemental Fig. 1). The average number of oocytes ob-
tained closely resembled the average number of follicles
>1.6 cm measured at the time of ovulation trigger (5.9 +
4.1 vs. 4.9 + 2.7; Table 2). For the majority of patients,
the total number of oocytes obtained correlated with the
basal antral follicle count (Supplemental Fig. 2, available
online at www.fertstert.org). A reasonable proportion of

TABLE 2

Cycle characteristics and outcomes for each group of patients.

Interrupted group n Control group n P value
Duration of gonadotropin withdrawal (d) 4.4+ 12 13 NA 13
First day of gonadotropin withdrawal (cycle day) 10+2.6 13 NA 13
No. of follicles > 1.6 cm (at ovulation trigger) 492 +£2.73 13 1.69 + 0.85 13 <.001
Ovulation trigger injection (cycle day) 17.7 £1.07 13 12.46 £ 0.5 13 <.05
Total dose of FSH 3,407 £+ 580.7 13 3,685+ 1,113.6 13 NS
Serum E, on trigger day 5,802 + 3,765.7 13 2,222.84 + 1,748.49 13 <.01
Serum FSH on trigger day 15.46 £+ 5.96 13 28.13 £ 10.17 6 <.01
No. converted to IUI 0 9
No. of oocytes 592 £4.11 13 4.25 + 2.06 4 NS
No. of MIl oocytes 453 +2.98 13 275+ 13 4 NS
No. of cleavage embryos 3.46 + 2.81 11 3.33 +2.08 3 NS
No. of pregnancies 4 0

Note: IUl = intrauterine insemination; MIl = metaphase II.
Mitri. Androgen-interrupted FSH protocol. Fertil Steril 2016.
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mature to total oocytes was obtained, and a total of four
pregnancies, including a twin gestation, was noted among
the ten women who had embryo transfers (Table 2). On
trigger day, the control group (Fig. 1; Table 2) had a signif-
icantly lower number of mature follicles (>1.6 cm) and
serum E, levels, whereas serum FSH levels were signifi-
cantly higher and the total dose of FSH consumption in
both groups was similar. None of the control cycles re-
sulted in a pregnancy.

FIGURE 2
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DISCUSSION

Poor responders are resistant to gonadotropin stimulation
and have inadequate follicular growth. Some of these pa-
tients have a very low number of small antral follicles at
the beginning of the cycle. Others may have more antral
follicles during the early follicular phase but fail to respond
to gonadotropin stimulation, resulting in a small oocyte
yield. The problem is further aggravated by the fact that
most of these patients are relatively older and have previ-
ously produced embryos of poor quality. The objective in
either case is to obtain a sufficient number of oocytes and
embryos to improve pregnancy rates.

On the other end of the spectrum, hyperresponders
exhibit a high level of sensitivity to gonadotropin stimula-
tion and are at risk of developing ovarian hyperstimulation
syndrome (OHSS). Before the discovery of GnRH antago-
nists, the use of GnRH agonists to trigger ovulation and
minimize the risk of OHSS was not possible. Consequently,
the long protocol was widely used for high-risk patients,
and “coasting” was implemented as a safeguard against
OHSS. Coasting involves withholding gonadotropin stimu-
lation following rapid follicular growth and significantly
rising E, levels (9). During coasting, E, levels usually
continue to rise for 1 or 2 days after withdrawal of
gonadotropins, before declining abruptly (10, 11).
Follicles >1.5 cm normally continue to grow and may
survive for several days in the absence of gonadotropin
support (12). Granulosa cells within the smaller follicles,
however, undergo apoptosis, resulting in follicular
atresia (13).

In the present study, gonadotropins were withheld in a
manner similar to coasting. The outcome, however, was
clearly different, because E, levels continued to rise and
follicles kept growing even after 1 week of gonadotropin
cessation (Fig. 2). A large proportion of the follicles
<1 cm continued to grow steadily while maintaining
significantly lower serum FSH levels compared with the
preinterruption period and the control group. This highlights
differences in the effect of gonadotropin withdrawal between
women with poor response compared with those with
hyperresponse.

Perhaps the most plausible factor to explain the differ-
ence between these two groups is the difference in gonado-
tropin “utilization rates.” Compared with urinary gonadotropins,
recombinant FSH is more acidic and therefore has a shorter
half-life and higher bioactivity. The half-life of recombinant
FSH is estimated to range between 24 and 40 hours, and
steady state levels are achieved after 3-5 days of treatment
(14). It is known that clearance of FSH from the serum in-
volves FSH receptor binding (7). Therefore, hyperresponders
with a large cohort of large and small follicles, and conse-
quently with a large number of FSH receptors, rapidly remove
FSH from the serum. Withholding gonadotropins would result
in a rapid FSH withdrawal leading to follicular atresia. Coast-
ing therefore results in a sharp decline in E, levels and
apoptosis of the smaller follicles which are unable to sustain
growth following gonadotropin withdrawal. On the other
hand, poor responders have a much lower number of growing
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follicles with fewer FSH receptors and utilize gonadotropins
in a much slower, more delayed manner. This is reflected by
the high serum level of FSH after administration of a stan-
dard dose of FSH and by an average of 5 days required for
serum FSH to decline back to prestimulation levels (7)
(Supplemental Fig. 1). The slowly declining FSH levels were
associated with follicular growth and rising E, levels during
this interval. Remarkably, growth of follicles < 1 cm continued
even in the presence of larger follicles and declining FSH
levels. A similar growth of the smaller follicles did not take
place in the control group, in which gonadotropins were not
discontinued (Fig. 1). Smaller ovarian follicles contain fewer
FSH receptors, have higher FSH thresholds, and require
greater levels of gonadotropin to respond, yet they continued
to grow despite declining FSH levels. This suggests that these
follicles may have also become “more efficient” in utilizing
gonadotropins, possibly as a result of the added androgen
coincident with the interruption of FSH. Maximum FSH levels
before gonadotropin withdrawal remained higher than
maximum FSH levels after resumption of gonadotropin
treatment for all of the patients (Supplemental Fig. 3), sug-
gesting improved follicular sensitization and gonadotropin
utilization.

The second factor is related to the stimulation protocol
used. The microdose flare protocol is generally reserved for
suspected or confirmed poor responders. Compared with a
long luteal protocol, there is likely a milder degree of pituitary
suppression, reflected in more sustained follicular growth
when coasting occurs during flare cycles to prevent hyper-
stimulation (15-17). Thus, interrupting gonadotropins in
the present study may have resulted in some residual
endogenous gonadotropin that facilitated the growth of
small antral follicles.

The third factor involves a possible direct stimulatory ef-
fect of GnRH agonists on the ovaries. E, levels decline more
abruptly during coasting when both GnRH agonist and go-
nadotropins are concomitantly withdrawn than when GnRH
agonist is maintained and only FSH is withdrawn (18, 19).
In addition, the fall in E, is quicker and the duration of
coasting generally shorter for antagonist cycles compared
with GnRH agonist-based cycles (19). It is possible that
GnRH agonists may bind to ovarian GnRH receptors to
stimulate follicular growth directly (20). Local intraovarian
factors also regulate ovarian function. FSH induces the
expression and secretion of FSH-binding inhibitor (FSHBI)
from granulosa cells. This inhibitory peptide blocks the bind-
ing of FSH to its receptor (21). Therefore, administering exces-
sive doses of exogenous FSH may increase the production of
FSHBI and other local inhibitory factors suppressing follicular
growth and development.

Finally, transdermal testosterone was used during gonad-
otropin interruption. The use of transdermal androgen ther-
apy during infertility is still controversial. Adverse effects of
androgen supplementation include oily skin, acne, excess
hair, skin irritation, and possibly deepening of the voice, espe-
cially after long-term treatment. The patients in the present
study received transdermal testosterone over a short period
of time and reported minimal side effects. Androgens are
crucial for granulosa cell differentiation and signaling,

particularly during the early stages of follicular development.
Excessive intraovarian androgen levels may be detrimental
to follicles and may result in apoptosis, whereas insufficient
levels of androgen may impair follicular growth and develop-
ment. Androgens have been shown to up-regulate FSH recep-
tor expression (4, 22). Therefore, androgen induction of FSH
receptors along with declining serum FSH levels resulting
from withdrawal of recombinant FSH may add together to
sensitize growing follicles to gonadotropins and increase
gonadotropin utilization “efficiency.” Androgens also provide
a substrate for FSH-induced aromatization, possibly contrib-
uting to increased E, levels during the gonadotropin
interruption.

This observational pilot study included a small group of
gonadotropin-resistant patients with elevated serum FSH
levels and minimal follicular growth after gonadotropin
administration. More than one-half of these women were
already confirmed poor responders and some of the rest
may have been “delayed” or normal responders. Although a
head-to-head comparison between current and previous
cancelled cycles was not conducted, these patients seem to
have had improved overall response during the current cycles,
all of which progressed to oocyte retrieval. E, levels and the
number of follicles >1 cm almost tripled during the short in-
terval of gonadotropin interruption (Supplemental Fig. 1) and
were significantly higher compared with the control group.
This is suggestive of improved gonadotropin utilization after
the intervention. To some extent, the total number of oocytes
retrieved correlated with the basal antral follicle count
(Supplemental Fig. 2). The number of dominant follicles
(> 1.4 cm) at the time of the ovulation trigger also correlated
with the number of mature oocytes retrieved, suggesting
optimal stimulation of the antral follicles present.

During gonadotropin interruption, serum FSH consump-
tion was maintained, as indicated by the declining FSH levels
and simultaneous follicular growth that occurred, resulting in
the production of higher estrogen levels. Furthermore, the
addition of transdermal testosterone likely contributed to
the significantly higher peak serum E, both as a substrate
for the aromatase enzyme and as an FSH sensitizer leading
to induction of more aromatase in granulosa cells.

The emotional and psychologic burden of having
cancelled stimulation cycles can not be underestimated,
particularly in patients who have already received a large
number of injections and incurred high medication costs
(23). A certain level of depression or anxiety may be noted
in these women (24). Better outcomes in future stimulation
cycles can not be guaranteed, either. Temporarily interrupting
gonadotropin and supplementing with transdermal testos-
terone seems to be a simple cost-effective alternative to cycle
cancellation. This strategy can be used to sensitize and syn-
chronize the growth of follicles and may help rescue cycles
that would otherwise be cancelled. If, after gonadotropin
interruption, response is subsequently deemed to be subopti-
mal, the cycle can still be cancelled with no added expense.
Patients that require large doses of gonadotropins or have
elevated FSH levels (>20 IU/L) during stimulation in conjunc-
tion with minimal or asynchronous follicular growth may
benefit the most from this strategy. Higher basal antral follicle
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counts seem to correlate with better outcome. Interestingly,
follicular growth persisted even after 7 days of withholding
gonadotropins, although earlier studies suggests that inter-
rupting gonadotropins for >5 days is not recommended and
may be detrimental to oocytes (25).

Limitations to our study include the small sample size,
retrospective nature, and multiple interventions used. To
reduce bias, all of the patients who underwent interven-
tion with the use of this protocol were included in the study.
Larger randomized studies are necessary to support and
validate our findings, determine the quality of oocytes and
embryos obtained with the use of our interrupted gonado-
tropin-androgen strategy, and elucidate the underlying re-
ceptor dynamics.
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Combined figures and tables portraying serum E, and FSH and follicle size in relation to cycle day number. Interrupted intervals are highlighted in
blue on both graphs and tables. The first highlighted day indicates gonadotropin withdrawal and the subsequent highlighted day indicates
gonadotropin resumption. Only follicles >10 mm and baseline antral follicle (AF) counts are represented.
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SUPPLEMENTAL FIGURE 2
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Baseline antral follicle count plotted against the total number of
oocytes retrieved for all 13 patients. Each dot represents a patient.
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SUPPLEMENTAL FIGURE 3
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SUPPLEMENTAL TABLE 1

Hormone levels and follicular growth before and after gonadotropin interruption.
First day of gonadotropin resumption

Variable (average values) First day of gonadotropin interruption (after interruption) Pvalue
FSH (IU/L) 252+ 6.5 6.8 £3.2 <.05
E; (pmol/l) 896 + 687 2163 + 1667 <.05
No. of follicles >1 cm (ultrasound) 154+£1.2 49423 <.05
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