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ABSTRACT 

Purpose: To analyze the correlation between lead 
follicle size at hCG trigger and IVF outcome. Meth-
ods: A review of all patients undergoing their first 
IVF cycle between 1/2005-12/2009 was performed. 
Four groups were evaluated (<18 mm, 18 - 18.9 mm, 
19 - 19.9 mm and ≥20 mm), based on the mean di- 
ameter of the two largest follicles on day of ovulation 
trigger (OT); cycle parameters and outcomes were 
analyzed. Results: 1577 cycles were reviewed. There 
were no significant differences noted for cycle pa- 
rameters or outcomes for the 4 groups. However, al- 
though LBR was not significantly different, there was 
a decline noted as lead follicle size increased. Conclu- 
sions: Delaying the administration of OT to enhance 
follicular growth does not appear to improve IVF 
outcome. Larger lead follicles do not yield a higher 
percentage of mature oocytes, embryos available for 
transfer or LBR. A misguided zest to achieve a higher 
quantity of fertilizable oocytes may impair oocyte and 
embryo quality. 
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1. INTRODUCTION 

The success of IVF hinges on the ability to obtain an 
adequate number of mature oocytes that subsequently 
develop into competent embryos. Identifying the follicle 
size that will yield such oocytes can be challenging. 
Therefore, designating an appropriate time for hCG 
administration, a decision which is often largely based on 
follicular size, remains controversial. While some studies 
in the literature suggest that oocytes from larger follicles 
yield superior oocytes with improved fertilization and 
implantation potential, other studies report that delaying 
ooctye retrieval neither increases the number of mature 
oocytes retrieved nor the pregnancy rate and may, in fact, 

impair embryo quality [1-24].  
Since the inception of IVF, there has been a pro- 

gression in how ovarian stimulation is managed; in the 
early days larger follicles were required because this 
correlated with oocyte maturity in the natural cycle as 
well as in a clomiphene stimulated cycle [6,7,12-15]. 
However, the introduction of injectable gonadotropins to 
achieve multi-follicular development resulted in a 
paradigm shift in the goal of IVF; multiple large follicles 
yielding multiple fertilizable oocytes supplanted a desire 
to achieve one fertilizable oocyte [20]. This push for 
“more” significantly increased the number of oocytes 
retrieved as well as IVF success rates, but came with the 
cost of an increase in cycle cancellations due to pre- 
mature LH surges [6,15]. In an effort to avoid cycle 
failures, ovulation trigger was administered earlier trans- 
lating into smaller lead follicle sizes. Their results de- 
monstrated that administering hCG in gonadotropin 
stimulated cycles when at least two follicles were 16 mm 
in diameter increased the probability of achieving a 
pregnancy [16]. The addition of GnRH agonists and 
antagonists significantly reduced the incidence of pre- 
mature LH surges and cycle cancellations and allowed 
practitioners to delay hCG trigger to achieve larger 
multi-follicular growth, which ultimately translated to a 
higher number of oocytes retrieved and improved pre- 
gnancy rates. Therefore, many IVF programs elected to 
prolong follicular stimulation to achieve larger lead 
follicle sizes, similar to those seen when natural and 
clomiphene stimulated IVF cycles were routine, with the 
hope that this delay would yield a higher number of 
mature fertilizable oocytes capable of developing into 
competent embryos and better pregnancy rates. The as- 
sumption became that bigger lead follicles yielded better 
pregnancy rates [18,19,21,22].  

Traditionally, our program administered hCG at 
relatively small sizes; when the 2 lead follicles reached 
17 mm, ovulation trigger was given. Over time as ad- 
ditional ART procedures became available, specifically, 
the microdose lupron protocol, pre-implantation genetic 
diagnosis and oocyte cryopreservation, the doctrine that *Corresponding author. 
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larger follicles were needed to attain a higher percentage 
of mature oocytes in these particular instances began to 
infiltrate our practice and gradually changed the size at 
which practitioners were administering hCG (even for 
first time IVF cycles without any of such procedures). 
Therefore, the objective of our study was to identify if 
prolonging follicular stimulation to achieve increased 
follicular growth increased the number of oocytes re- 
trieved, the percent of mature oocytes, the CPR and 
LBR. 

2. MATERIALS AND METHODS 

All patients who underwent and completed their first IVF 
cycle ever between 1/2005 to 12/2009, were analyzed 
retrospectively. Patients who had undergone a previous 
IVF cycle either at our institution or elsewhere were 
excluded. These patients were selected to limit bias as 
there would be no information available regarding fol- 
licle size and oocyte maturity. In addition, all donor 
oocyte cycles, oocyte cryopreservation cycles and ovu- 
lation induction cycles converted to IVF were excluded 
from our analysis. Of note, our center does not permit 
any patient to start a IVF cycle during the month with an 
unsuppressed day 2 serum FSH > 13.5 IU/L or E2 > 80 
pg/mL.  

Patients who met the inclusion criteria were cate- 
gorized based on the mean diameter of the two largest 
follicles recorded on the day of ovulation trigger (OT); 
<18 mm, 18 - 18.9 mm, 19 - 19.9 mm, ≥20 mm. All 
ultrasounds were performed by any one of five attending 
physicians or one of seven fellows with a similar 
technique of measuring the mean maximum diameter in 
two dimensions of each follicle.  

Stimulation was performed using a variety of standard 
protocols (luteal GnRH agonist, GnRH antagonist pro- 
tocol or microdose GnRH agonist). Stimulation protocol 
and starting gonadotropin dosage was determined by a 
combination of factors including patient age, ovarian 
reserve testing, and previous response to ovulation in- 
duction/intra-uterine insemination cycles (if applicable); 
dosage was subsequently adjusted according to indi- 
vidual response. Ultrasound and estradiol monitoring 
were performed periodically (frequency based on patient 
response to medications) throughout the IVF cycle. In all 
protocols 10,000 units of units of IM hCG were ad- 
ministered when at least two lead follicles measured 17 
mm in diameter. The two largest follicles recorded on the 
day of OT were recorded; the mean diameter of these 
two follicles were calculated and used to categorize 
patients into one of the four study groups. 

Oocyte retrieval by ultrasound guided transvaginal 
aspiration occurred 34 - 36 hours after hCG admini- 
stration. Oocytes were collected from follicular fluid and 
immediately placed in 75-μL droplets of human tubal  

fluid (HTF: Irving Scientific, Irvine, CA) supplemented 
with 6% Plasmanate (plasma protein fraction 5%; USP, 
Bayer Co., Elkhart, IN) overlaid with Sage mineral oil 
(Cooper Surgical Co., Trumbull, CT). Partner’s sperm 
was collected on day of oocyte retrieval and washed. 
Oocytes were fertilized with routine insemination at 4 - 6 
hours after retrieval or ICSI was performed when in- 
dicated for severe male factor or a prior history of poor 
fertilization. Oocytes inseminated by ICSI were trans- 
ferred to Quinn’s advantage cleavage media (Q1) (Coo- 
per Surgical) supplemented by 10% Plasmanate. Oocyte 
maturity was determined by the presence or absence of 
the polar body approximately 18 hours after oocyte 
retrieval. Fertilization was assessed 18 hours after inse- 
mination or ICSI by visualization of two pronuclei (2PN). 
Embryos that fertilized after standard insemination were 
then transferred to Quinn’s advantage cleavage media 
supplemented by 10% Plasmanate. Embryos were in- 
cubated and monitored daily for blastomere number, 
symmetry, degree of fragmentation and overall quality. 
Good quality embryos on day 3 after oocyte retrieval 
were defined as >5 cells with a grade better than 2.5. 
Embryos that were still dividing were transferred to 
Quinn’s advantage blastocyst (Q2) media supplemented 
with 10% Plasmanate and cultured to day 5. The decision 
to culture to day 5 was based on quantity and quality of 
embryos on day 3. If an excess number of good quality 
embryos are available for transfer (generally ≥3 em- 
bryos), then embryo culture would be continued. Em- 
bryos were graded on day 5 using the Gardner and Lane 
criteria. All embryo transfers were performed under 
direct ultrasound guidance. The number of 2 pn zygotes 
as well as blastocysts were recorded and analyzed. All 
patients received daily IM P (50 mg in sesame oil) for 
luteal support. If the pregnancy test on day 28 (14 days 
after retrieval) was positive, then the patient continued 
daily injections of P. Monitoring with B-hCG levels and 
trans-vaginal ultrasounds were performed to identify 
viable intra-uterine pregnancies.  

The study groups were analyzed for differences in 
clinically relevant variables. In patients suppressed using 
leuprolide acetate and/or oral contraceptives treatment 
cycle day 2/3 serum FSH were not available and there- 
fore baseline ovarian reserve testing was used for ana- 
lysis.  

Categorical variables in the study groups were com- 
pared by chi-squared analyses. Kruskal-Wallis analysis 
of variance was used for comparison of not normally 
distributed continuous variables. A p-value of <0.05 was 
considered statistically significant. A sub-group analysis 
of all patients in group 4 (mean follicular diameter ≥ 20 
mm) was performed based on the day that ovulation 
trigger was administered. In addition, results were further 
analyzed based on protocol. All statistical analyses were 
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performed using Stata 9.0 (College Station, TX). 

3. RESULTS 

In total, 1577 first time IVF cycles were analyzed. Pa-
tients were assigned to four groups; <18 mm, 18 - 18.9 
mm, 19 - 19.9 mm, ≥20 mm, based on the mean diameter 
of the two largest follicles measured and recorded on the 
day of OT. There were no differences in baseline demo- 
graphics or cycle parameters between the four groups 
(Table 1). 

No significant differences were noted in cycle 
outcomes between the four groups (Table 2). However, 
the number of oocytes retrieved approached significance 
(p = 0.06), with those in study group 1 (mean follicular 
diameter < 18 mm) having the highest number of oocytes 
retrieved. Although the CPR and LBR were not sig- 
nificantly different between the four study groups (p = 
0.57 and p = 0.62, respectively), there was a non-signi- 
ficant decline in LBR as the lead follicle size increased. 

A sub-analysis of the patients in study group 4 (mean 
diameter of the 2 lead follicles >20 mm) was performed. 
The patients were divided into 3 groups; those who 
received OT on or before day 10, those who received OT 
on days 11 or 12 and those who received OT on day 13 

or greater (Table 3). This sub-group analysis was 
performed to compare those patients who reached large 
follicles early, those who reached large follicle size on 
the average day of OT for the entire group and for those 
patients who were pushed past the average day of OT to 
achieve marked follicular growth. A significant dif- 
ference between the day 2 FSH values and the total 
gonadotropin dosage administered was noted (p < 0.0001 
for both). Earlier trigger was associated with higher FSH 
value and lower doses of administered gonadotropins. 
Despite the prolonged follicular stimulation, group 3 did 
not have a higher number of oocytes retrieved, a higher 
percentage of mature oocytes, a higher embryo pro- 
gression to blastocyst, or a higher CPR or LBR. 

The data was further analyzed by method of pituitary 
suppression (Tables 4 and 5). In those patients receiving 
a GnRH antagonist protocol (n = 933), there was a sig- 
nificant difference noted among the 4 groups with 
regard to patient age and the cycle day of OT without 
any significant differences in cycle outcomes Table 5). 
In those patients receiving a long GsnRH agonist pro- 
tocol (n = 571), women who received OT at the 
smallest lead follicle size (<18 mm) had significantly 
more oocytes retrieved (p < 0.008) without any sig- 

Table 1. Patient demographics/cycle parameters*. 

N = 1577  
Group 1 

<18 mm (n = 360) 
Group 2 

18 - 18.9 mm (n = 559)
Group 3 

19 - 19.9 mm (n = 373)
Group 4 

≥20 mm (n = 285) 
P value 

Patient Age (y) 36 (33 - 40) 36 (33 - 39) 33 (33 - 39) 36 (32 - 39) 0.37 

Day 2 FSH (IU/L) 6.5 (4.8 - 8) 6.7 (5 - 8.2) 6.7 (5.2 - 8.6) 6.5 (4.9 - 8.6) 0.25 

Total Gonadotropin Dose (IU) 2625 (1850 - 3600) 2700 (1950 - 3600) 2750 (2025 - 3600) 2712 (2025 - 3750) 0.58 

Cycle day of OT 11 (10 - 13) 11 (10 - 12) 11 (10 - 12) 11 (10 - 13) 0.31 

Serum E2 at OT (pg/mL) 1758 (1094 - 2782) 1742 (1126 - 2561) 1748 (1179 - 2562) 1792 (1177 - 2523) 0.94 

*All data are reported as median values (interquartile range); OT = ovulation trigger. 

Table 2. IVF cycle outcomes*. 

N = 1577  
Group 1 

<18 mm (n = 360) 
Group 2 

18 - 18.9 mm (n = 559)
Group 3 

19 - 19.9 mm (n = 373)
Group 4 

≥20 mm (n = 285) 
P value 

#Eggs Retrieved 14 (9 - 21) 13 (9 - 19) 13 (8 - 19) 12 (8 - 18) 0.06 

#MII 11 (7 - 17) 11 (7 - 16) 11 (7 - 16) 10 (7 - 14) 0.12 

% MII 86 (75 - 97) 86 (75 - 100) 88 (76 - 100) 88 (74 - 100) 0.62 

#2pn-zyogtes 8 (5 - 12) 8 (4 - 12) 8 (5 - 13) 7 (4 - 11) 0.35 

#Embryos Transferred 2 (2 - 2) 2 (2 - 2) 2 (2 - 2) 2 (2 - 2) 0.91 

#Blastocysts 5 (1 - 8) 5 (1 - 9) 5 (2 - 8) 4 (1 - 7) 0.46 

Clinical Pregnancy Rate 53.3% 49.6% 50.9% 48.1% 0.57 

Livebirth Rate 45.6% 43.7% 43.2% 40.4% 0.62 

*All data are reported as median values (interquartile range). 
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Table 3. Group 4 sub-analysis based on the day of OT*†. 

N = 285 Day ≤ 10 (n = 96) Day 11 - 12 (n = 107) Day ≥ 13 (n = 82) P value 

Age (y) 37 (33 - 39) 36 (32 - 39) 36 (31 - 40) 0.31 

Day 2 FSH (IU/L) 7.35 (6 - 9.2) 6.7 (5.1 - 9.6) 5 (2 - 6.8) <0.0001 

Total Gonadotropin Dose (IU) 2350 (1612.5 - 3075) 2700 (2025 - 3750) 3825 (2663 - 4950) <0.0001 

Serum E2 at OT (pg/mL) 1604.5 (1144 - 2423) 1886 (1215 - 2634) 1799.5 (1247 - 2802) 0.14 

#Eggs Retrieved 11 (8 - 15) 14 (9 - 19) 12 (8 - 19) 0.06 

% MII 86 (72 - 100) 86 (74 - 100) 90 (76 - 100) 0.34 

#2pn-zygotes 7 (4 - 10.5) 8 (4 - 12) 7 (5 - 10) 0.51 

#Blastocysts 4 (1.5 - 7) 4 (1 - 8) 4 (1 - 7) 0.89 

Clinical Pregnancy Rate 51.0% 47.7% 45.1% 0.73 

Livebirth Rate 43.8% 37.4% 40.2% 0.65 

*All data are reported as median values (interquartile range); †Group 4 included all patients where the mean diameter of the 2 lead follicles was >20 mm. 

Table 4. Patients receiving GnRH antagonist protocol*. 

N = 933 <18 mm (n = 186) 18 - 18.9 mm (n = 314) 19 - 19.9 mm (n = 240) ≥20 mm (n = 193) P value 

Age (y) 38 (35 - 41) 38 (34 - 41) 37 (34 - 41) 37 (33 - 40) 0.02 

Day 2 FSH (IU/L) 7 (5.2 - 9) 7 (5.1 - 8.9) 7.4 (5.5 - 9.1) 6.9 (5.3 - 9.2) 0.82 

Total Gonadotropin Dose (IU) 2928 (2075 - 3900) 2775 (2025 - 3600) 2948 (2025 - 3600) 2712 (2025 - 3600) 0.75 

Cycle day of OT 10 (9 - 12) 10 (10 - 12) 11 (10 - 12) 11 (10 - 12) 0.02 

Serum E2 at OT (pg/mL) 1391 (998 - 2159) 1399 (1051 - 2164) 1567.5 (1099.5 - 2293) 1692 (1166 - 2358) 0.14 

#Eggs Retrieved 12 (8 - 20) 12 (8 - 19) 12 (8 - 17) 12 (8 - 17) 0.79 

%MII 86 (75 - 97) 86 (75 - 100) 88.5 (76 - 100) 88 (75 - 100) 0.55 

#2pn-zygotes 7 (4 - 11) 7 (4 - 12) 7 (4 - 11) 7 (4 - 10) 0.90 

#Blastocysts 4 (0 - 7) 4 (1 - 8) 4 (1 - 8) 4 (1 - 7) 0.63 

Clinical Pregnancy Rate 50.30% 44.90% 46.30% 45.10% 0.67 

Livebirth Rate 43.20% 37.90% 39.20% 37.80% 0.99 

*All data are reported as median values (interquartile range). 
 
nificant differences noted in clinical outcomes. 

4. DISCUSSION 

Ovulation trigger should not be postponed to achieve 
increased follicular size or improve outcomes in patients 
undergoing their first IVF cycle. This practice increases 
patient cost and time without increasing the number of 
oocytes retrieved, the percentage of mature oocytes, the 
number of embryos available for transfer or the live birth 
rate. Furthermore, in our study, the highest number of 
oocytes retrieved was from those patients with the 
smallest lead follicles, defying the concept that bigger 
lead follicles yield a higher quantity of oocytes. In addi- 
tion, although not significantly different, as the mean  

diameter of the lead follicle increased there was a slow 
but steady decline in the LBR as the lead follicle size 
increased, suggesting that larger follicles may have a 
negative impact on IVF outcome. 

Why larger lead follicles not only failed to yield a 
higher percentage of mature oocytes but also resulted in 
a lower, albeit not significantly so, live birth rate is not 
clear. One plausible explanation can be offered by recent 
data; oocyte maturity is an intricate process that is not 
simply defined by the presence of the 2nd polar body. 
Rather, it requires “nuclear maturity” (defined by the 
presence of the 2nd polar body) as well as cytoplasmic 
maturity (defined by the appearance of the cumu- 
lus-corona complex and the cytoplasm) [1,4,9,10]. The 
completion of both events is ry to the formation necessa  
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Table 5. Patients receiving long GnRH agonist protocol*. 

N = 571 <18 mm (n = 155) 18 - 18.9 mm (n = 221) 19 - 19.9 mm (n = 117) ≥20 mm (n = 78) P value

Age (y) 34 (31 - 37) 34 (32 - 38) 34 (31 - 37) 33 (30 - 37) 0.20 

Day 2 FSH (IU/L) 6.15 (4.9 - 7.2) 6.3 (4.9 - 7.5) 6.2 (4.8 - 7.2) 6 (4.8 - 6.95) 0.73 

Total Gonadotropin Dose (IU) 2050 (1650 - 3000) 2400 (1850 - 3075) 2400 (1950 - 3150) 2400 (1875 - 3600) 0.11 

Cycle day of OT 12 (11 - 13) 12 (11 - 13) 12 (11 - 13) 12 (11 - 13) 0.12 

Serum E2 at OT (pg/mL) 2554 (1526 - 3375) 2284 (1517.5 - 2991) 2246 (1614 - 3297) 2192.5 (1520 - 3375) 0.44 

#Eggs Retrieved 18 (12 - 25) 15 (10 - 20) 16 (11 - 23) 14 (9 - 20) 0.008 

% MII 86 (75 - 94) 85 (75 - 94) 86 (75 - 95) 88.5 (74 - 96) 0.91 

#2pn-zygotes 10 (6 - 15) 9 (6 - 13) 9 (5 - 14) 7 (5 - 13) 0.16 

#Blastocysts 6 (4 - 9) 6 (3 - 10) 6 (4 - 10) 5 (3 - 9) 0.49 

Clinical Pregnancy Rate 60.70% 56.80% 63.30% 61.50% 0.67 

Livebirth Rate 51.60% 52.70% 53.00% 51.30% 0.65 

*All data are reported as median values (interquartile range). 

of an oocyte that is capable of developing into a compe- 
tent embryo. Prolonged follicular stimulation may tam- 
per with these processes damaging a cohort of oocytes 
and decreasing the likelihood of IVF success. 

There are several limitations to our study. First, while 
all follicular measurements were done in one fertility 
center, there were several different physicians perform- 
ing the ultrasounds. Although one technique was em- 
ployed by all practitioners to measure follicular diameter, 
inherent variability exists between physicians. Such sub- 
jectivity could have reduced the accuracy of the meas- 
urements recorded. Second, all first-time IVF patients 
(regardless of IVF protocol) were included in our analy- 
sis. Although we attempted to control for this confounder 
by analyzing the two most commonly prescribed proto- 
cols separately, because of small numbers we did not 
assess all protocols individually (ex; microdose lupron). 
While such patients made up a very small percent of the 
patients studied, their inclusion in our study group may 
have affected our results. Third, infertility diagnoses 
were not captured or analyzed in our review and there- 
fore the impact of infertility diagnoses on follicular size 
and IVF outcome was not assessed. Although a correla- 
tion between such parameters and ovarian stimulation 
has not been clearly identified, specific diagnoses could 
have an impact on IVF outcome and the validity of our 
results. Of note, because baseline ovarian reserve can 
have a significant impact on ovarian stimulation we 
compared day 2 FSH values; no significant differences 
were noted between the four study groups. Fourth, it is 
not our practice to routinely collect progesterone levels 
on the day of hCG administration. It is possible that such 
data would demonstrate abnormal progesterone values in 

those patients with larger follicles suggesting premature 
luteinization occurred despite the use of pituitary sup- 
pression. Lastly, our review was retrospective, in nature 
thereby limiting our ability to control for confounding 
factors.  

In summary, follicular development and its rela- 
tionship to oocyte competence is an intricate process. 
While lead follicle size may predict oocyte maturity and 
therefore advanced follicular growth should theoretically 
yield an increased number of mature oocytes, delaying 
OT may not improve oocyte quality and may in fact have 
a negative impact on the oocyte and its resultant embryos 
ability to progress and ultimately yield a baby. Thus, the 
zest to increase the quantity of fertilizable oocytes by 
creating bigger follicles appears to be a flawed theory 
and this practice may result in diminished ooctye and 
embryo quality. 
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