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Does administration of additional FSH at time 
of ovulation trigger benefit patients undergoing 
IVF with PGT-A? 

Introduction 

The mammalian ovulatory cycle requires an elegant inter-
play between several hormones, including sequences leading to 
the gonadotropin surge, triggering oocyte maturation and ovu-
lation [1]. Ovulation has been attributed primarily to luteiniz-
ing hormone (LH) activity, while follicle stimulating hormone 
(FSH) has been shown to be responsible for follicular growth 
and development, and other peri-ovulatory events including in-
creasing LH receptor expression [2]. FSH is capable of inducing 
ovulation in the absence of LH [3], implying that its role in cycle 
dynamics remains to be fully elucidated. 

Gonadotropin-releasing hormone (GnRH) antagonist ana-
logs are commonly used during IVF cycles to diminish mid-cy-
cle endogenous LH and FSH production, thereby preventing 
premature ovulation. In such a protocol, the last FSH dose 
is often administered at least 24 hours prior to the ovulation 
trigger. Given the relatively short half-life of FSH, serum FSH 
levels may drop in the many hours preceding the time of ovu-
lation, which physiologically differs from the natural surge of 
FSH just prior to ovulation [4].

Considering the role that FSH plays in peri-ovulation fol-
licle development and oocyte maturity [2,3], it is important to 
study what effect, if any, this peri-ovulatory decline in FSH has 
on the outcomes of IVF cycles. The clinical importance of this 

question is further emphasized by research showing a positive 
association between follicular FSH levels and IVF outcomes [5]. 
It is therefore vital to better understand the role that FSH plays 
in this process, and the clinical effects of its manipulation. 

To address these questions, we sought to use our own clin-
ical experiences to clarify the relationship between giving IVF 
patients additional FSH at the time of ovulation trigger (boost) 
and the number of retrieved oocytes, number of mature oo-
cytes, number of blastocysts and number of euploid embryos 
formed. 

Materials and methods

A retrospective cohort study was conducted of patients who 
underwent IVF or embryo banking cycles with preimplantation 
genetic testing for aneuploidy (PGT-A) at the NYU Langone 
Fertility Center from January 2015 through December 2018. 
Recombinant human chorionic gonadotropin was used for ovu-
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ABSTRACT
Background and purpose: Recent reports offer conflicting evidence on the effect of administering additional FSH (boost) 
on the day of ovulation trigger in IVF cycles. This is a retrospective cohort study evaluating the clinical benefit of a boost 
on oocyte retrieval, quality, and development, specifically in patients undergoing IVF with preimplantation genetic testing 
for aneuploidy (PGT-A), using data from the electronic medical record at the NYU Fertility Center. 
Methods: IVF patients who received an FSH boost (Boost) were grouped by Society for Assisted Reproductive Technolo-
gy (SART) age group and trigger-day estrogen levels, and then randomly matched to patients who did not receive a boost 
(No Boost) in a one-to-one ratio. Analysis was performed as one large cohort and also by age groups. Measured outcomes 
included the number of retrieved oocytes, number of mature oocytes, fertilization rate, blastocysts formation rate, and 
numbers of euploid embryos. Outcomes were compared using Student’s T test and X2, as appropriate. 
Results: 962 patients were compared. When comparing the Boost group to the No Boost group, there were a significantly 
higher number of retrieved oocytes, mature oocytes, and euploid embryos formed in the Boost group. When comparing 
Boost and No Boost patients in smaller groups, based on SART age categories, the differences were non-significant. 
Conclusions: Patients who received a trigger-day FSH boost showed modest improvements in most measured outcomes 
compared to those who did not.
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lation triggering, and patients with GnRH agonist triggers were 
excluded. Sperm parameters dictated the use of intracytoplas-
mic sperm injection. Cycles were separated into two groups for 
comparison: those who received only trigger injections on the 
trigger day (No Boost), and those who also received additional 
FSH (Boost). The decision to administer a boost was made by 
the supervising physician and based on a plateau or decrease 
of the trigger-day estradiol level. GnRH suppression regimens 
included Antagon or Cetrotide. Patients undergoing oocyte 
freeze cycles, cycles without PGS testing, or cycles that were 
cancelled prior to retrieval were excluded. 

Preliminary analysis of our data revealed that hyper-re-
sponders were less likely to have received a boost and boost 
patients had markedly and statistically significant lower trig-
ger-day estrogen levels (E2trig). Across all the months that were 
compared, the mean E2trig ranged from 1327 to 2035 pg/ml for 
Boost group versus 2052 to 2722 pg/ml for No Boost group, 
p < 0.05. Because we wanted to determine the effects of a 
boost within similar patient cohorts, we assembled compari-
son groups with comparable estrogen responses by stratifying 
Boost and No Boost patients by age and E2trig levels, and then 
randomly matching Boost and No Boost patients from the same 
age groups and E2trig strata. 

The Boost and No Boost groups’ trigger-day estrogen lev-
els (E2trig) were randomly matched as follows. Patients in the 
Boost pool were separated by Society for Assisted Reproduc-
tive Technology (SART) age group. Each SART age group was 
then further segregated into quartiles based on their trigger-day 
estrogen level mean value, and the mean +/- 1.5 standard de-
viation’s (SD’s). Patients in the No Boost pool were similarly 
divided by SART age groups and then further separated into 4 
groups by using the Boost E2trig mean and moving 1.5 SD’s in 

each direction in the No Boost population. Hyper-responding 
patients in the No Boost population with E2trig values that were 
greater than the Boost group’s maximum E2trig value were ex-
cluded from the No Boost pool, so as to create clinically sim-
ilar populations with E2trig values in the No Boost pool that 
are analogous to those in the Boost pool. Patients from the No 
Boost pool were then randomly selected from each of the cor-
responding 4 quartiles and added to form a group of No Boost 
patients that correspond in a 1:1 match for each of the 4 Boost 
quartiles: A: E2trig < (mean – 1.5 SD); B: (mean – 1.5 SD) < 
E2trig < mean; C: mean < E2trig < (mean + 1.5 SD); D. E2trig > 
(mean + 1.5 SD).

962 patients were included in this final matched compari-
son. 481 patients who received a boost, and 481 who did not. 
Each group was further sub-divided by SART age groups. Ages 
ranged from 24 through 47 years old. Demographics, days of 
gonadotropin, number of retrieved oocytes, number of mature 
oocytes, fertilization rates, number of blastocysts, and number 
of euploid embryos, were compared using Student’s t-test or X2 
on Microsoft Excel. 

Results

Baseline characteristics are displayed in Table 1. There were 
no statistically significant differences in age or trigger-day es-
trogen levels between the two groups. As was expected by our 
preliminary analysis, the Boost group received more gonado-
tropin over more days of gonadotropin administration than the 
No Boost group. Administration of a boost increased gonado-
tropin utilization by one day and resulted in a corresponding 
increase in the total administered gonadotropin. 

Table 1 Baseline demographics and characteristics.

AGE GROUP GROUPS N AGE (year) E2TRIG (pg/ml) TOTAL GONADOTROPIN (IU) DURATION OF 
GONADOTROPIN (days)

All Ages
Boost 481 38.5 ± 3.9 1419.7 ± 665.8 5078.7 ± 1562.9i 11.3 ± 2.0j 

No Boost 481 38.5 ± 4.1 1459.7 ± 611.6 4609.1 ± 1530.5i 9.9 ± 2.0j

<35
Boost 85 32.1 ± 1.7 1651.8 ± 952.6 4228.4 ± 1706.8 10.9 ± 2.0d 

No Boost 85 31.8 ± 2.4 1591.5 ± 729.1 4105.3 ± 1653.7 9.9 ± 2.2d

35 - 37
Boost 98 36.2 ± 0.8 1451.4 ± 496.1 4998.0 ± 1628.5a 11.4 ± 2.1e

No Boost 98 36.2 ± 0.8 1454.5 ± 467.5 4498.9 ± 1613.7a 9.8 ± 2.0e

38 - 40
Boost 134 39.2 ± 0.8 1453.3 ± 613.3 5340.9 ± 1359.2b 11.4 ± 1.8f

No Boost 134 39.3 ± 0.7 1530.6 ± 575.9 4574.6 ± 1350.4b 9.7 ± 2.0f

41 - 42
Boost 81 41.4 ± 0.5 1247.5 ± 549.4 5079.6 ± 1346.2 11.0 ± 2.0g

No Boost 81 41.5 ± 0.5 1332.5 ± 587.9 4932.1 ± 1541.0 10.3 ± 1.9g

>42
Boost 83 43.6 ± 0.9 1258.4 ± 596.0 5620.5 ± 1498.9c 11.7 ± 1.9h 

No Boost 83 43.9 ± 1.1 1340.5 ± 674.1 4995.5 ± 1422.0c 9.9 ± 2.0h

Data are presented as mean ± standard deviations; significant p values: a p=0.03; b p=5.7E-06; c p=0.007; d p=.002; e p=1.1E-7; f p=1.7E-12; g p=0.01; h p=3.1E-8; i 2.9E-06; j 4.8E-7
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The two groups were compared to assess the effect of a 
FSH boost on outcomes. The results (Table 2) showed small 
but statistically significant increases in the number of retrieved 
oocytes, matured oocytes, and euploid embryos formed in the 
Boost group, as compared to the No Boost group.

Our data further revealed that the boost did not prevent a 
decrease in estrogen levels following the ovulation trigger; 
i.e., there were no differences between the Boost and No Boost 
groups in the number of patients who experienced a drop in 
their estrogen levels on the day after trigger (14.3% and 11.6% 
respectively, X2 = 1.5539, p > 0.05). 

In post hoc analysis, we divided our data according to 
SART age groups, to determine whether a boost would benefit 
a particular age group more than others. There were statistical-
ly significant differences seen in the number of retrieved oo-
cytes and number fertilized in the <35 age group, as well as in 
the fertilization rate and number of euploid embryos formed, 
in the 38-40 age group. However, there were no consistent dif-
ferences found in the number of retrieved oocytes, number of 
matured oocytes, number of oocytes fertilized, fertility rate, 
number of blastocysts formed, or total number of euploid em-
bryos formed for any age group. 

There were, likewise, no significant differences found for any 
particular field across all age groups (Table 3).

Discussion

We have demonstrated that a gonadotropin boost modestly 
improves outcomes among patients who achieved similar estra-
diol levels on the day of trigger. Amongst all age groups com-
bined, there were mild but statistically significant differences 
in several key outcomes including number of retrieved oocytes, 
number of matured oocytes, and number of euploid embryos 
formed. While our post hoc analysis did not demonstrate any 
significant and consistent improvements within the individu-
al age groups across the various parameters, there was a clear 
non-significant trend favoring a boost with greater mean values 
for the number of retrieved oocytes, matured oocytes, euploid 
embryos, in the boost population. In addition, there remained 
some significant parameters in the <35 group and 38-40 group. 
The lack of statistical significance across the other outcomes 
is likely due both to the smaller population size in these sub-
groups and the size of the difference in outcomes between the 

No differences were found in E2trig levels after randomly matched cohorts were constructed. As expected, Boost patients received significantly more 
gonadotropin over more days.

Table 2 Results when comparing across all age groups. Boost patients showed improved outcomes amongst key parameters. 

Table 3 Results when broken down by SART age groups, differences between the two groups were no longer significant across most age groups, but 
a clear trend exists. 

GROUPS RETRIEVED 
OOCYTES

MATURE 
OOCYTES

TOTAL 
FERTILIZED

FERTILIZATION
RATE (%)

TOTAL
BLASTOCYSTS

EUPLOID
EMBRYOS 

Boost 8.8 ± 6.5a 7.0 ± 5.5b 5.2 ± 4.4 73.0 2.7 ± 3.0 1.2 ± 1.7c

No Boost 7.9 ± 5.0a 6.4 ± 4.3b 4.8 ± 3.5 75.6 2.4 ± 2.2 0.9 ± 1.2c

Data are presented as mean ± standard deviations or percentages; significant p values: a p=0.02; b p=0.04; c p=0.005

AGE GROUP GROUPS RETRIEVED 
OOCYTES

MATURE
OOCYTES

TOTAL
FERTILIZED

FERTILIZATION
RATE (%) BLASTOCYSTS EUPLOID

EMBRYOS 

<35
Boost 13.4 ± 10.7a 10.7 ± 8.6 8.2 ± 6.7b 76.6 4.6 ±4.8 2.6 ± 2.6

No Boost 10.7 ± 5.6a 8.8 ± 4.9 6.4 ± 4.1b 72.8 3.4 ± 2.7 1.9 ± 1.6

35-37
Boost 9.7 ± 5.4 7.4 ± 4.8 5.6 ± 3.9 76.0 3.3 ± 2.8 1.5 ± 1.5

No Boost 8.7 ± 5.4 6.9 ± 4.3 5.4 ± 3.7 81.6 2.8 ± 2.2 1.1 ± 1.3

38-40
Boost 7.8 ± 4.7 6.4 ± 4.3 4.7 ± 3.4 70.3c 2.5 ± 2.3 1.0 ± 1.2d

No Boost 7.5 ± 4.7 5.9 ± 4.1 4.5 ± 3.2 77.0c 2.6 ± 2.1 0.6 ± 0.9d

41-42
Boost 6.9 ± 4.2 5.7 ± 3.7 4.0 ± 3.0 70.0 2.1 ± 1.9 0.5 ± 0.7

No Boost 6.4 ± 3.6 5.3 ± 3.2 3.9 ± 2.8 72.6 1.6 ± 1.6 0.3 ± 0.5

>42
Boost 6.3 ± 4.2 5.0 ± 3.3 3.7 ± 2.6 72.8 1.3 ± 1.8 0.1 ± 0.3

No Boost 6.3 ± 4.5 5.0 ± 3.5 3.6 ± 2.8 71.7 1.4 ± 1.6 0.2 ± 0.4

Data are presented as mean ± standard deviations or percentages; significant p values: a p=0.03; b p=0.03; c p=0.04; d p=0.01
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Boost and No Boost patients.
Our study design is unique in the large size of the evaluated 

population, our usage of randomized matching for comparison 
of clinically similar patients, as well as in the clinical signifi-
cance of the outcomes we measured - the number of euploid 
embryos - which provides valuable insight on the effect of the 
boost on oocyte development. Previous work on this question 
analyzed smaller sample sizes, did not utilize PGT-A results in 
their outcomes, and have yielded conflicting and incomplete 
results [6-8].

Two recent randomized controlled studies revealed a partial 
benefit of administering an FSH boost. The first study of 188 
women revealed statistically significant improvements in only 
the rates of oocyte recovery (per mature follicle) and fertiliza-
tion in a treatment group that received additional FSH at the 
time of trigger, as compared to the control group. However, 
there were no differences found in either the number of collect-
ed oocytes, the clinical pregnancy rate, or the live birth rate [6]. 
Nevertheless, the increased rates of oocyte recovery and fertili-
zation with a boost suggests that FSH might play an important 
part in oocyte maturation and ovulation, and that additional 
FSH administration might be beneficial to IVF success. An-
other study that included 109 patients found a statistically sig-
nificant increase in the number of mature oocytes and embryos 
formed, in patients who received a FSH boost [7]. However, they 
too did not find any statistically significant increases in the total 
number of retrieved oocytes, or in the clinical pregnancy rates, 
of patients who received a boost. In both these prior studies, a 
FSH boost was found to provide a benefit to oocyte maturity 
and embryo development but did not result in any statistically 
significant improvement in patients’ pregnancy rates. 

A more recent double blinded randomized placebo-con-
trolled study analyzed data of 732 women and found no benefit 
of providing an FSH bolus at the time of ovulation trigger [9]. 
They found no significant differences in the clinical pregnancy 
rate, or in the number of retrieved oocytes, embryo quality, fer-
tilization rate, implantation rate, or live birth rate between the 
two groups of women undergoing GnRH agonist IVF. One lim-
iting factor in this study, however, is that the study population 
was not tailored to patients who would most likely benefit from 
a boost - patients with a deficient ovarian response. Finally, a 
fourth study evaluated a retrospective cohort analysis of 874 
IVF cycles and revealed no difference in oocyte maturation, 
fertilization, or blastocyst formation rates in patients who re-
ceived an FSH boost, as compared to those who did not [8]. 

None of these prior studies assessed the effect of an FSH 
boost on euploidy, a key factor that may elucidate the lack of 
significance in the clinical pregnancy rate or live birth rate (de-
spite the improvements in fertilization and embryo formation) 
found in the aforementioned studies. Clearly, then, given the 
conflicting and incomplete nature of the existing work, there 
remains some uncertainty as to what effect, if any at all, a trig-
ger-day FSH boost has on IVF outcomes. 

Ultimately, our work indicates that a boost portends a 
modest improvement in patient outcomes, but its benefit is not 
overwhelming. Judicious use of an FSH boost may be warrant-
ed for the right patient and in the right circumstance, and a 
risk-benefit analysis is warranted with its use. It is also pos-

sible, however, that a subset of the population may derive a 
greater benefit from a boost, but our study was not designed to 
determine which subset that might be. Although no study, to 
date, has demonstrated a significant effect on live birth rates in 
fresh cycles, additional research is needed to determine if there 
are significant effects of the Boost on live birth rates following 
transfer of frozen embryos from these cycles. 

Adding to the clinical significance of this question, and 
another important dimension of the debate on the benefits of 
a boost, are recent discussions in the literature on whether an 
FSH boost at the time of ovulation induction may be beneficial 
in mitigating the risk of ovarian hyper-stimulation syndrome 
(OHSS) [10,11]. If confirmed, this might provide an additional 
reason to administer such a boost in patients at elevated risk 
of OHSS, even in the absence of significant improvements in 
oocyte retrieval or embryo development. 

Final considerations regarding the design of our study 
pertain to its retrospective nature and the selection process by 
which patients were matched into the two groups. By random-
ly matching patients in both cohorts according to trigger-day 
estrogen level, we were able to more accurately compare the 
effect of a boost on clinically similar patient groups. The ef-
fectiveness of our randomization process is indicated in the re-
sulting statistically insignificant differences observed in E2trig 
levels and post-trigger drop of E2 between the two groups. We 
believe this to be a strength in our study design, when com-
pared to work done previously. 

In summary, we evaluated 962 IVF cycles with similar es-
tradiol responses, and compared embryology outcomes in pa-
tients who were and were not prescribed supplemental gonado-
tropin on the day of trigger. The additional dose was associated 
with small but statistically significant increases in oocyte yield, 
number of embryos and number of euploid embryos. 
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