Journal of Assisted Reproduction and Genetics (2024) 41:223-229
https://doi.org/10.1007/510815-023-02985-8

ASSISTED REPRODUCTION TECHNOLOGIES q

Check for
updates

Live birth rates in in vitro fertilization cycles with five or fewer follicles

Michelle J. Bayefsky'® - Sarah D. Cascante? - David H. McCulloh?3 - Jennifer K. Blakemore?

Received: 31 May 2023 / Accepted: 31 October 2023 / Published online: 18 November 2023
© The Author(s), under exclusive licence to Springer Science+Business Media, LLC, part of Springer Nature 2023

Abstract

Purpose To evaluate live birth rates (LBRs) for in vitro fertilization (IVF) cycles with <5 follicles at trigger, with the goal
of helping patients with low follicle counts decide whether to proceed to retrieval.

Methods This is a retrospective cohort study from an urban, university-affiliated fertility center. All IVF cycles that yielded
<10 oocytes between 2016 and 2020 were reviewed. Cycles were included if <5 follicles measuring >14 mm were verified
on trigger day. The primary outcome was LBR per retrieval after fresh or frozen transfer. Secondary outcomes were number
of oocytes, mature oocytes, 2-pronuclear zygotes (2-PNs), blastocysts for transfer/biopsy, and euploid blastocysts (if preim-
plantation genetic testing for aneuploidy (PGT-A) was used).

Results 1502 cycles (900 with PGT-A) from 972 patients were included. Mean number of oocytes, mature oocytes, 2-PNs,
blastocysts for transfer/biopsy, and euploid blastocysts differed by follicle number (p < 0.001). Across all age groups, there
were differences in LBR associated with follicle number (p < 0.001). However, within age groups, not all results were sig-
nificant. For example, for patients <35 years, LBR did not differ by follicle number and among patients 35-37 years; LBR
with two or three follicles was lower than with five (p < 0.02). LBR for patients 35-40 years was <20% with 1-3 follicles
and 25-40% with 4-5 follicles. LBR for patients >41 years was <5% with 1-3 follicles and <15% with 4-5 follicles.
Conclusion As expected, LBR is higher with more follicles. Providing patients with <5 follicles with specific data can help
them weigh the emotional, physical, and financial costs of retrieval.
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Introduction

In vitro fertilization patients (IVF) with five or fewer folli-
cles at the time of trigger face a difficult choice: should they
cancel or proceed with oocyte retrieval? Patients with a low
follicle count often consider cancelling because their cycles
may be less likely to result in live birth, and oocyte retrieval
is uncomfortable and poses surgical risks. Furthermore,
many patients have limited or no insurance coverage for [IVF
and oocyte retrieval is costly [1]. However, by the time these
patients reach trigger and are faced with this decision, they
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have already made significant financial, time, and emotional
investments in their cycle. Moreover, there is no guarantee
they will have an improved response to ovarian stimulation
in a future cycle. Thus, the decision of whether to cancel
or proceed to oocyte retrieval with a low follicle count is
very personal. Nevertheless, if physicians are armed with
relevant and accurate data, they can better guide patients as
they navigate this challenging decision.

At present, limited data are available to help counsel
patients with five or fewer follicles, as existing studies have
focused on patients with three or fewer follicles. Klinkert
et al. found that approximately 30% of patients with three or
fewer follicles after stimulation chose to cancel their cycles
[2]. Biljan et al. compared outcomes for patients with three
or fewer follicles to outcomes for patients with more than
three follicles [3]. They identified similar live birth rates
(LBRs) per cycle started for patients younger than 40 years
old, and a non-significant trend towards lower LBRs per
cycle started for women aged 40 years or older with three or
fewer follicles. However, this study had a very small number

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s10815-023-02985-8&domain=pdf
http://orcid.org/0000-0003-3891-5188

224

Journal of Assisted Reproduction and Genetics (2024) 41:223-229

of patients with three or fewer follicles who proceeded to
retrieval. Shrem et al. examined LBRs among women with
one or two follicles on the day of trigger [4]. They found
increases in LBR with lower patient age and higher folli-
cle counts. Reichman et al. compared patients with three
or fewer follicles who either chose to continue with oocyte
retrieval or convert to intrauterine insemination (IUT) [5].
They found an advantage to oocyte retrieval for patients with
two or three follicles but not one follicle. However, patients
in the study with three follicles were encouraged to proceed
with oocyte retrieval, and patients with one follicle were
encouraged to pursue IUI, introducing bias. None of these
studies incorporate the use of preimplantation genetic test-
ing for aneuploidy (PGT-A), which is increasingly utilized
in modern assisted reproduction practices.

While current data may inform patients with a low (three
or fewer) follicle count, to our knowledge, there are no studies
examining outcomes for patients in a greyer area, with four or
five follicles at trigger. For these women, it is more challenging
to decide whether oocyte retrieval is worthwhile, or cancellation
is more prudent. Therefore, our aim was to evaluate LBRs for
women with five or fewer follicles at the time of trigger, with
the goal of providing data for clinicians to counsel their patients
with low follicle counts at trigger about whether to cancel or
proceed with oocyte retrieval. Secondarily, we also investigated
number of oocytes, M2s, 2PN, blastocysts available for transfer
or biopsy, and euploid blastocysts.

Material and methods
Design

With an Institutional Review Board approval (NYU Grossman
School of Medicine #S13-00389), we performed a retrospec-
tive cohort study of all IVF cycles performed between January
2016 and December 2020.

Subjects

All patients who started an IVF cycle at our center that
yielded ten or fewer oocytes during the study period were
reviewed. Study participants were identified in this man-
ner because our electronic medical record does not permit
a search based on follicle number at trigger. It was therefore
assumed that if five or fewer follicles were present at trigger,
it was unlikely that greater than ten oocytes were obtained at
retrieval. Cycles were included if five or fewer follicles meas-
uring greater than or equal to 14 mm were verified on the day
of trigger, and the cycle proceeded to retrieval. The size 14
mm or greater was chosen in order to be consistent with prior
studies [3, 5]. Cycles involving oocyte donors or that were
intended for oocyte cryopreservation or embryo banking were
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excluded. PGT-A is offered routinely at our center to all IVF
patients, risks and benefits are discussed, and patients decide
whether to proceed. No exclusion criteria based on age or
infertility diagnosis were applied but cycles without known
pregnancy outcomes were excluded. Cycles that did not result
in oocyte retrieval were also excluded. Multiple cycles from
the same patient were included. Cycles that had not resulted
in live birth but had resulted in remaining untested or euploid
embryos available for transfer at the time of data collection
were excluded from LBR analysis because there were addi-
tional embryos that could result in live birth that patients had
not utilized. Howeyver, these cycles were included for analy-
sis of secondary outcomes and cycle characteristics, which
involved information leading up to transfer.

Variable and data collection

Data were collected from the electronic medical record
between January and April 2022. Collected data
included age at cycle start in years, anti-mullerian hor-
mone (AMH) level in nanograms per milliliter, day two
or three follicular follicle stimulating hormone (FSH)
level in milli-international units per milliliter, estradiol
level on day of trigger in picograms per milliliter, total
gonadotropins dose in international units, protocol type
(gonadotropin-releasing hormone (GnRH) antagonist,
GnRH antagonist with clomiphene citrate, microdose
leuprolide acetate, or microdose leuprolide acetate with
clomiphene citrate), number of stimulation days, number
of oocytes retrieved, number of metaphase II oocytes
(M2s) retrieved, number of 2PNs, number of blastocysts
available for transfer or biopsy, number of euploid blas-
tocysts (if PGT-A was used), and live birth outcomes.
Cycles were in the “non-PGT-A group” if PGT-A was not
performed on any of the embryos. Cycles in the PGT-A
group had PGT-A performed for all non-fresh transfers.

The primary outcome was LBR. LBR was defined as the
rate of at least one live birth per retrieval after fresh and/
or frozen embryo transfer. In other words, live birth was a
binary outcome, and more than one live birth from a single
retrieval cycle (either multiples or multiple singleton births)
was counted as a single live birth event. Patients may have
had multiple transfers, both fresh and frozen, associated with
a single retrieval. The secondary outcomes were number
of oocytes, M2s, 2PNs, blastocysts available for transfer or
biopsy, and euploid blastocysts.

Statistical analysis

Age at cycle start was subdivided into the Society for
Assisted Reproductive Technologies (SART) age groups
and treated as categorical data. Medians with the 25th—75th
percentile interquartile ranges (IQRs) were used to describe
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the following variables because they were found to be not
normally distributed by the Kolmogorov-Smirnoff test: age,
AMH level, early follicular FSH level, estradiol level on day
of trigger, total gonadotropins dose, and number of stimu-
lation days. The Kruskal Wallis test was used to assess for
differences by follicle number for these variables, and a post
hoc analysis was performed to confirm differences between
groups to a p-value of <0.05. Oocytes, M2s, 2PN, blasto-
cysts available for transfer or biopsy, and euploid blastocysts
were represented as means with standard deviations after
determining that they fit a Poisson distribution. Differences
in these variables were analyzed with the chi-square test.
LBR by follicle number was also analyzed using the chi-
square test when the expected number in a category was
greater than or equal to five and Fisher’s exact test when
at least one expected value was less than five. Given that
some subjects had more than one cycle included, a robust
sandwich standard error was used for comparisons of means
and proportions as well as a robust regression to confirm the
analyses. An alpha error of 0.05 was deemed significant.

Results

In total, 1502 IVF cycles from 972 patients were included
(Fig. 1). During the study period, there were 239 IVF cycles
that resulted in 1, 2, 3, 4, or 5 follicles and were cancelled
prior to retrieval; these cycles were excluded from analysis.

The median age of all included patients at the time of cycle
start was 40 years (range, 26-48). By SART age group, 10%
(155/1502) of cycles were among patients younger than 35
years, 17% (254/1502) were among patients aged 35-37 years,
27% (407/1502) were among patients aged 38—40 years, 25%
(379/1502) were among patients aged 41-42 years, and 20%
(307/1502) were among patients older than 42 years. Median
age differed significantly by follicle number (p < 0.001), but
there were no differences in total gonadotropin dose (p =
0.25) or number of stimulation days (p = 0.68) based on fol-
licle number (Table 1). There were also no differences in stim-
ulation protocol types based on follicle number (p = 0.31).
PGT-A was performed in 900 of the 1502 cycles (59.9%).
Among cycles with PGT-A, 329 (36.6%) had at least one
euploid blastocyst available for transfer, and among cycles
without PGT-A, 217 (36.0%) had at least one untested
blastocyst available for transfer. By the time of data extrac-
tion, 467 cycles resulted in at least one transfer, 237 cycles
(50.7%) resulted in euploid embryo transfers only, 210
cycles (45.0%) resulted in untested embryo transfers only,
18 cycles (3.9%) resulted in mosaic embryo transfers only,
one cycle (0.2%) resulted in an untested embryo transfer and
a euploid embryo transfer, and one cycle (0.2%) resulted
in both a mosaic embryo transfer and a euploid embryo
transfer (mosaic embryo was transferred first for sex selec-
tion purposes, followed by a euploid embryo from the same
retrieval). Among the 19 cycles that resulted in mosaic
embryo transfers, 18 had no euploid embryos available.

1502 cycles
900 PGT-A / \ 602 non-PGT-A
cycles (60%) cycles (40%)
571 with no euploid 329 with euploid 385 with no 217 with
blastocysts (63%) blastocysts (37%) blastocysts (64%) blastocysts (36%)

18 with 1 with 4 with 237 with 1 with
only mosaic | | mosaic + || untested || only euploid untested
transfers euploid fresh frozen freslh ;
(3%) frozen transfers transfers ef‘::Z:L
transfers (1%) (72%) transfer
l (0.3%) (0.3%)
v | v
7 with 1withLB || 2 with 166 with 0 with LB
LB (39%) (100%) || LB (50%) | | LB (70%) (0%) f
1

7 with additional
euploid blastocysts
available and no LB*

Fig.1 Overview of in vitro fertilization cycles, embryo transfers and
live birth rates. All fresh transfers were of untested embryos, includ-
ing in the PGT-A group (PGT-A was performed on all other embryos

86 with 174 with 15 with 17 with 11 with no
no untested fresh untested || untested fresh transfer
transfer transfers frozen +frozen (5%)*
(26%)* (80%) transfers || transfers (8%)
|
36 with 5 with LB 8 with LB
LB (21%) (33%) (47%)
\ )
I
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untested blastocysts
available and no LB*

from those cycles). Asterisks (*) indicate cycles excluded from live
birth rate analysis. PGT-A, preimplantation genetic testing for ane-
uploidy; LB, live birth
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Table 1 Cycle characteristics by follicle number

1 follicle (n = 50) 2 follicles (n =217) 3 follicles (n = 341) 4 follicles (n = 435) 5 follicles (n = 459)

Median age in years* (IQR) 42 (38-43) 41 (38-43) 41 (38-42.5) 40 (37-42) 40 (37-42)
Median AMH in ng/mL* (IQR) 0.23 (0.14-0.42)  0.47 (0.26-0.82)  0.56 (0.38-0.91)  0.79 (0.40-1.12)  1.57 (0.54—1.4)
Median early follicular FSH in mIU/ 7.8 (4.4—11) 6.9 (3.6-10.1) 7.0 3.7-10.1) 7.5 (4.5-9.9) 7.3 (4.3-9.3)
mL (IQR)
Median estradiol at trigger in pg/ 375 (268-500) 712 (504-959) 1027.5 (771-1303) 1259 (962-1583) 1507 (1213-1901)
mL* (IQR)
Median total gonadotropin dose in 4875 (3600-5700) 4800 (3900-5850) 4800 (4050-5700) 4800 (4050-5700) 4650 (4050-5400)
IUs (IQR)

Median days of stimulation (IQR) 11.5 (10-13) 11 (9-13)

11 (10-12) 11 (10-12) 11 (9-12)

IOR interquartile range
*Significantly different based on follicle number (p < 0.001)

A total of 1384 cycles from 913 patients, 807 of which
involved PGT-A (58%), were included in the LBR analysis.
These cycles either resulted in live birth (n = 225) or had no
remaining euploid or untested blastocysts available for trans-
fer (n = 1159). A total of 118 of 1502 cycles were excluded
from the live birth analysis because they did not result in
live birth but produced euploid or untested blastocysts that
had not yet been transferred at the time of data collection.
Of the 196 cycles that involved fresh transfers, there were 41
live births from the fresh transfers. Of the 289 cycles with
frozen transfers (including cycles with both fresh and frozen
and mosaic embryo transfers), there were 182 live births
from the frozen transfers. There were differences in LBR
associated with follicle number across all ages combined
(p < 0.001) (Table 2, Fig. 2). Overall, LBR was 4% (2/48)
for cycles with one follicle, 8% (17/206) for cycles with two
follicles, 10% (30/315) for cycles with three follicles, 18%
(70/393) for cycles with four follicles, and 25% (106/422)
for cycles with five follicles. However, for patients younger
than 35 years old, there were no significant differences in
LBR by follicle number. In the 35- to 37-year-old age group,

Table 2 Live birth rate (LBR) by age group and follicle number

LBR with two or three follicles was lower than LBR with
five (p < 0.02). In the 38- to 40-year-old group, LBR with
three follicles was lower than LBR with four or five follicles
(» < 0.02). In the 41- to 42-year-old age group, LBR with
two or three follicles was lower than LBR with five follicles
(p < 0.03). In the greater than 42-year-old age group, LBR
with four follicles was lower than LBR with five (p < 0.03).
There were no other differences in LBR by follicle number.

There were 787 PGT-A cycles with at least one blastocyst
that either resulted in live birth or had no remaining euploid
blastocysts. The cumulative LBR from these PGT-A cycles was
22.4% (176/787). In contrast, there were 206 non-PGT-A cycles
with at least one blastocyst that either resulted in live birth or had
no remaining blastocysts. The cumulative LBR from these non-
PGT-A cycles was 23.8% (49/206). The cumulative LBRs were
not significantly different between the PGT-A and non-PGT-A
cycles (p =0.71).

With regard to secondary outcomes, mean number of
oocytes, M2s, 2PNs, blastocysts available for transfer or
biopsy, and euploid blastocysts all differed significantly by
follicle number (p < 0.001) (Table 3). For cycles with one

1 follicle (n = 48)

2 follicles (n = 206)

3 follicles (n =315) 4 follicles (n = 393) 5 follicles (n = 422)

LBR, all ages (n = 1384) 4% [1-14%] 8% [5-13%]

(n=2/48) (n =17/206)
LBR, age <35 years (n = 130) 25% [5-70%) 27% [11-52%)]
(n=1/4) (n = 4/15)
LBR, age 35-37 years (n = 219)  14% [3-51%] 7% [2-23%]
(n=1/7) (n=2/28)
LBR, age 38-40 years (n = 368) 0% [0-32%] 18% [10-31%]
(n=0/8) (n =9/50)
LBR, age 41-42 years (n =367) 0% [0-28%] 2% [0-10%]
(n=0/10) (n = 1/55)
LBR, age >42 years (n = 300) 0% [0-17%] 2% [0-9%]
(n=0/19) (n=1/58)

10% [7-13%] 18% [14-22%] 25% [21-29%]

(n = 30/315) (n = 70/393) (n = 106/422)
32% [15-54%] 38% [25-52%] 43% [29-58%]
(n=6/19) (n = 17/45) (n = 20/47)
16% [8-29%] 25% [16-37%] 37% [27-48%]
(n =7/44) (n = 16/64) (n = 28/76)
11% [6-21%] 26% [19-35%] 28% [21-36%]

(n = 8/70) (n=29/112) (n =36/128)
5% [2-12%) 7% [3-13%) 15% [9-23%)

(n = 5/97) (n=17/102) (n = 15/103)
5% [2-11%] 1% [0-8%] 10% [5-20%]

(n = 4/85) (n = 1/70) (n="1/68)

95% confidence intervals are displayed for each LBR
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Live Birth Rate by Age Group and Follicle Number

Percent of patients with live birth
S

1 follicle 2 follicles

Fig.2 Live birth rate by age group and follicle number

follicle at the time of trigger, 12% (n = 6/50) of cycles had no
oocytes retrieved. This number decreased to 5% (n = 11/217)
for patients with two follicles, 0% (n = 0/341) for patients with
three follicles, 0.4% (n = 2/435) for patients with four folli-
cles, and 0% (n = 0/459) for patients with five follicles. With
regard to euploid or untested blastocysts available for transfer,
we found that for cycles with one follicle present at trigger, 18%
(n = 9/50) resulted in at least one euploid or untested blasto-
cyst. This rate increased to 25% (n = 55/217) for cycles with
two follicles, 33% (n = 112/341) for cycles with three follicles,
40% (n = 176/435) for cycles with four follicles, and 44% (n =
201/459) for cycles with five follicles.

Discussion
The concept of “poor ovarian response” was established in

2011 in order to define a population of patients who are
likely to obtain a small number of oocytes at retrieval [6, 7].

Table 3 Secondary outcomes by follicle number

3 follicles
M Age<35y MW Age35-37y M Age 38-40y

25

15

10

: [ I |
0 I

5 follicles
Age >42y

4 follicles
Age 41-42y

Because patients who fit the description of a poor ovarian
responder are counseled that they are likely to obtain few
oocytes if they proceed to retrieval [8], they often inquire
about the chance of live birth. After all, live birth, not a cer-
tain number of oocytes, is the outcome that is most impor-
tant for patients [9]. Moreover, some patients might have a
reasonable antral follicle count and AMH and nonetheless
have five or fewer oocytes at trigger. Thus, detailed, specific
data regarding LBR per retrieval for patients with five or
fewer follicles at the time of trigger is crucial.

According to the findings of this study, patients older
than 41 years can be counseled that live birth rate is likely
less than 5% with one to three follicles and less than 15%
with four or five follicles. Patients aged 35—40 years can
be counseled that LBR is likely less than 20% with one to
three follicles and 25-40% with four or five follicles. While
our sample size for patients under 35 years old is small and
the confidence intervals for their LBRs are large, our data
suggest that patients younger than 35 can expect a LBR of
approximately 25-30% with one to three follicles and 40%

1 follicle (n = 50)

2 follicles (n = 217)

3 follicles (n = 341) 4 follicles (n = 435) 5 follicles (n = 459)

Mean oocytes (SD)* 1.7 (1.5) 2.9 (1.8)
Mean M2s (SD)* 1.3(1.1) 2.2 (1.5)
Mean 2PNs (SD)* 1.1(1.1) 1.6(1.2)
Mean blastocysts (SD)* 0.5 (1.0) 0.8 (0.9)
Mean euploid blastocysts 0.1 (0.6) 0.2 (0.4)
(SD) for cycles with PGT-
A*

43 (2.0) 56(2.2) 6.5 (2.0)
3.4 (1.7) 4.4 (2.0) 5.1(2.0)
24 (1.5) 33(1.7) 3.7(1.8)
1.3 (1.1) 1.8 (1.4) 1.9 (1.4)
0.2 (0.5) 0.3 (0.7) 0.5 (0.8)

SD standard deviation, M2s metaphase Il oocytes, 2PNs embryos with 2-pronuclear fertilization, PGT-A preimplantation genetic testing for ane-

uploidy
*Significantly different based on follicle number (p < 0.001)
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with four or five follicles. Our data on this topic provide
patients with realistic expectations and empower them to
make informed decisions.

The LBRs in our study for patients with one, two, or three
follicles were overall similar to LBRs reported in the litera-
ture. For example, Reichman et al. found that for patients
aged 40 years or younger, LBR for one follicle was 4.5%,
LBR for two follicles was 14.1%, and LBR for three follicles
was 19.3%. For patients older than 40 years old, LBR for
one follicle was 0%, LBR for two follicles was 3.7%, and
LBR for three follicles was 4.0%. Shrem et al. found that
for patients with one or two follicles, LBR was 15.6% for
patients aged 34 years or younger, 6.5% for patients aged
35-39 years old, and 2.7% for patients aged 40 years or older
[4]. Furthermore, for reference, LBRs for patients with five
follicles in our cohort were similar to SART-reported LBR
per intended retrieval from our clinic for all patients (45.7%
for patients <35 years old, 37.8% for patients 35-37 years
old, 23.4% for patients 38—40 years old, 13.4% for patients
41-42 years old, and 6.1% for patients >42 years old) [10].
For patients with four or fewer follicles, LBRs were lower
in our cohort relative to SART-reported LBRs for our clinic.

We found that, as expected, LBR increased with increas-
ing follicle number across all age groups. However, among
patients less than 35 years, LBR did not differ significantly
by follicle number. It is unclear whether there were no signifi-
cant differences noted in this age group because of superior
oocyte quality in younger patients or because of an insuffi-
cient sample size to detect differences. Biljan et al. also found
that younger women had similar pregnancy rates despite a
lower number of oocytes retrieved, as compared to women
aged 40 or older [3]. However, their study had a very small
sample size and may have been underpowered to detect dif-
ferences between age groups. In our study, there were some
significant differences in LBR by follicle number in patients
aged 35 or above. Similarly, across all age groups combined,
mean number of oocytes, M2s, 2PNs, blastocysts available
for transfer or biopsy, and euploid blastocysts decreased by
decreasing follicle number. On average, we found that there
were more oocytes than follicles (Table 3), which is likely
because we counted follicles sized 14 mm or greater in order
to align with prior studies, but it is possible to harvest oocytes
and M2s from smaller follicles. We also found that cumula-
tive live birth rates were equivalent in PGT-A and non-PGT-
A cycles. Thus, unlike other studies suggesting that PGT-A
may be detrimental to LBR [11, 12] or could improve LBR
in older age groups [13], there was no evidence in our cohort
that PGT-A increased or decreased the chance of live birth
among patients with a low follicle count.

For patients with a small number of follicles, an alterna-
tive to cancelling the cycle altogether is conversion from IVF
to IUI Data are mixed on whether conversion to IUI results
in the same LBR as proceeding with retrieval. A systematic
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review by Fujii et al. found that when patients had two or
more follicles, oocyte retrieval resulted in no difference in
clinical pregnancy rate, but a higher LBR [14]. However, the
authors of this study noted a high degree of heterogeneity
among included studies, and not all the studies reported both
clinical pregnancy rates and LBRs. By contrast, one retro-
spective study not included in the Fujii review found a similar
LBR for women with five or fewer follicles regardless of
whether they underwent oocyte retrieval or converted to IUI
[15]. There is currently an ongoing multicenter, randomized
controlled trial aimed at determining whether women with
two to four follicles measuring 14 mm on the day of trigger
have higher LBR with IVF or conversion to IUI [16]. Hope-
fully, the results of this study will provide additional infor-
mation for patients with a small number of follicles weigh-
ing whether to proceed with oocyte retrieval. Until there is
a clearer answer regarding the benefit of converting to IUI,
the results of our study can help patients with five or fewer
follicles who are inquiring about their chances of live birth.

This study has a number of strengths. To the best of our
knowledge, it is the largest study to examine LBR for IVF
patients with a small number of follicles. Furthermore, our
study did not restrict patients by age or infertility diagnosis.
Compared with prior studies focusing on patients with three
or fewer follicles, our study is the only one to investigate
outcomes for patients with four and five follicles present at
trigger. It is also the first study of its kind to examine the
number of euploid embryos, which was possible because a
large percentage of cycles involved PGT-A.

With regard to limitations, the study took place at a single
urban academic medical center, which restricts the generaliz-
ability of our outcome data. Further studies from a variety of
center types and geographic locations are warranted. Since we
could not search our electronic medical record by follicle num-
ber, we identified patients with five or fewer follicles at trigger
by screening patients with ten or fewer oocytes at retrieval. It
is possible that some patients with five or fewer follicles had
more than ten oocytes at retrieval and were missed in our study
sample. However, as the mean number of oocytes retrieved
for patients with five follicles at trigger was 6.5, with a stand-
ard deviation of 2, it is unlikely that very many patients with
greater than ten oocytes at retrieval were missed. Addition-
ally, not all patients had an AMH level that was identifiable
in the electronic medical record, although the proportion of
patients without an AMH value did not differ significantly by
follicle number. Another potential limitation is that we chose to
exclude cycles with unused euploid or untested embryos from
our LBR analysis, which could have negatively biased our live
birth rates, since there were further opportunities to achieve a
live birth. We also excluded cycles that were cancelled prior to
retrieval, since our goal was to determine LBR for those who
chose to continue with retrieval. However, we recognize that
there may be a selection bias regarding which cycles resulted
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in retrieval and which were cancelled. Moreover, we included
multiple cycles from a single patient, and although we ran a
robust sandwich standard error and robust regression to con-
firm our analyses, there is still a residual possibility of bias.
Finally, we had a small number of patients under 35 years old
who had three or fewer follicles and overall few patients with
one follicle who chose to proceed to retrieval. Low numbers for
these groups might make it difficult to generalize their LBRs
to other patients. In the future, patients who had remaining
oocytes or embryos may return to use their cryopreserved
materials, and we can examine their live birth rates, as well. It
would also be interesting to compare live birth rate by fertil-
ity diagnosis, to compare the characteristics of patients who
cancelled their cycles with patients who proceeded to oocyte
retrieval, and to examine how patients who cancelled their
retrievals fared in future cycles.

This is the first study to date to examine LBR based on fol-
licle number for patients with five or fewer follicles present at
trigger. We provide clear, specific data on LBR per retrieval—
the most helpful parameter when counseling patients with
a low follicle count about whether to proceed to retrieval.
Particularly for patients with limited insurance coverage or
financial means to pay for IVF, our data can be instrumental
in helping patients decide whether to cancel their cycle or
proceed to oocyte retrieval. At the same time, our data can
be used to reassure patients younger than 35 with one to five
follicles that their chances of live birth remain reasonable.

Data availability Data for this study can be made available upon
request.
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