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Relationship of early follicular phase sera
follicle stimulating hormone and luteinizing
hormone levels as measured by a
radioimmunoassay and an enzyme-linked
immunosorbent assay to number

of oocytes retrieved

J.H. CHECK - A. NAZARI - R. KUHN - C. LAUER

Summary: A study was performed to see if the level of serum follicle stimulating hormone

(FSH) or luteinizing hormone (LH) obtained in the early follicular phase could predict the num-
ber of oocytes retrieved following in vitro fertilization (IVF). For each patient the sera FSH and
LH were measured by both an enzyme-linked immunosorbent assay (ELISA) and a radioimmuno-
assay (RIA) method. With the ELISA method when early follicular phase serum FSH was < to
the group median (9.0 mIU/mL) 16.5 oocytes were retrieved vs 6.7 when FSH was greater than
the median. Comparable values using the median of the RIA assay were 17.5 vs 8.1 oocytes.
Similar analysis for serum LH failed to show any relationship between baseline LH and the num-
ber of oocytes retrieved. This study thus demonstrates that at least one non-isotopic method is

equal to a specific RIA method in distinguishing good from average or poor responders.

Key words: Ovarian response; In vitro fertilization; Non-isotopic assay; Gonadotropin.

INTRODUCTION

The value of measuring early follicular
phase serum follicle stimulating hormone
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(FSH) levels for in vitro fertilization
(IVF) programs has been clearly establi-
shed to help predict the number of oocy-
tes that are likely to be retrieved (*-3).
High FSH levels may alert the clinician to
either cancel the cycle or to consider uti-
lizing a different controlled ovarian hyper-
stimulation regimen. However, differen-
ces of opinion may and often do occur
as to what constitutes a “high” level. An
absolute cut-off point established in one
facility under highly controlled conditions
(specimens drawn at exactly the same ti-
me, all specimens assayed in one run,
etc.) may not exhibit as high a predictive
value when utilized in other facilities un-
der less ideal conditions. A relative cut-
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off established within each facility might
prove more useful under actual clinical
conditions.

A prospective study was designed to
determine if sera FSH levels above the
median determined for early follicular
phase are predictive of the number of
oocytes available for retrieval. Two ad-
ditional questions we attempted to answer
were 1) would the predictive value be
consistent across assay methodologies?
and 2) would sera luteinizing hormone
(LH) levels be equally useful?

The study presented herewith attemp-
ted to determine if early follicular phase
sera LH and FSH (as measured by tradi-
tional double antibody radioimmunoassay
(RTA) and the newer automated enzyme-
linked immunosorbent assay [ELISA]
would correlate with the number of coocy-
tes retrieved in patients undergoing iden-
tical IVF controlled ovarian hyperstimu-
lation regimens.

MATERIALS AND METHODS

Forty-seven consecutive patients seeking IVF
treatment at a large university hospital were en-
rolled in the study. The patients agreed to have
their medical records released for research purpo-
ses as long as their confidentiality was assured in
compliance with the guidelines of the Institu-
tional Review Board. Follicle stimulating hor-
mone and LH levels were measured on day threz
of the patients’ cycles using an ELISA by Boeh-
ringer Mannheim Corporation (BMC) (India-
napolis, IN) and an RIA by Diagnostic Products
Corporation (DPC) (Los Angeles, CA). The
inter-assay coefficients of variation were FSH
(BMC): 23%; FSH (DPC): 5.6%; LH
(BMC): 4.7%; and LH (DPC): 8.3%. The
intra-assay coefficients of variation were FSH
(BMC): 2.1%; FSH (DPC): 6.5%; LH (BMC):
38%; and LH (DPC): 3.6%.

All patients were placed on a controlled ova-
rian hyperstimulation regimen employing luteal
phase leuprolide acetate for a minimum of 10
days followed by leuprolide acetate and 300 IU
of human menopausal gonadotropins daily. Pa-
tients were monitored by periodic ultrasound
and serum estradiol measurements. When a mi-
nimum of two follicles greater than 20 mm in
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mean diameter with concomitant estradiol le-
vels of 200 to 300 pg/mL per follicle were
attained, 10,000 IU of human chorionic gona-
dotropin were administered. Retrieval was per-
formed 36 hours after human chorionic gona-
dotropin.

The mean number of oocytes per retrieval
and the median sera FSH and LH levels as de-
termined by both assay methods were calculated.
Patients were grouped according to median
analyte level; the mean number of oocytes per
group above and below the median FSH and
LH levels were calculated. Data were analyzed
by t-test with p value of < 0.05 to determine
statistical significance.

RESULTS

Retrievals were performed in 45 of
47 enrolled patients. The ages ranged
from 27 to 50 years with a mean of
34.7%+5.1. The mean number of oocytes
per retrieval was 14.3+12.7.

The correlation coefficient between the
two FSH assays was 0.885 (p < .001)
(Fig. 1). The group mean FSH levels in
mIU/mL using the ELISA assay were 8.8
compared to 10.8 using the RIA. The
median FSH levels were 9.0 and 11.0
mIU/mL, respectively. The correlation
between FSH and the number of oocytes
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Fig. 1. — The correlation between an ELISA
and a RIA assay of serum FSH.



Comparison of ovarian response according to FSH assay method

retrieved, — 0.468 (p=.003) using ELISA
and — 0.430 (p=.008) for RIA, indicates
that the number of oocytes retrieved de-
creases as FSH increases (Fig. 2).

The mean number of oocytes per retrie-
val decreased to below ten at the median
level of FSH regardless of the method
used. Therefore, the patients were divi-
ded into two groups, group 1 having
FSH levels equal to or less than the me-
dian and group 2 having FSH levels
greater than the median. The ELISA
group 1 patients had a mean of 16.5
oocytes retrieved vs 6.7 for group 2. The
RIA group 1 had 17.5 oocytes retrieved
vs 8.1 for group 2. Regardless of the
assay used, there was a statistically signi-
ficant (p=.002 and p=.003, respectively)
increase in the mean number of oocytes
retrieved when the patient’s follicular
FSH was at or lower than the group
median.

Similar analysis for baseline LH levels
failed to show any relationship between
early follicular phase serum LH and the
number of oocytes retrieved. The corre-
lation coefficient between LH and number
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Fig. 2. — The correlation between early folli-
cular phase FSH levels and the number of
oocytes retrieved.

of oocytes retrieved was 0.097 (p=NS)
for the ELISA assay and 0.295 (p=NS)
for RIA. Grouping patients by the me-
dian LH levels (ELISA: 4 mIU/mL,
RIA: 7 mIU/mL), the mean number of
cocytes retrieved was 13.7 for ELISA
group 1 and 14.4 for group 2; for RIA,
the mean number of oocytes were 12.4 and
15.5 for groups 1 and 2, respectively. In
neither case were the differences statisti-
cally significant (p>>0.05).

DISCUSSION

This study indicates that by deter-
mining the median serum FSH level prior
to initiating controlled ovarian hypersti-
mulation in the early follicular phase for
their patient population, IVF facilities can
easily establish a cut-off value predictive
of those patients who will produce the
most oocytes for IVF. Sera LH levels do
not seem useful.

Furthermore, the BMC non-isotopic
assay and the DPC RIA were equally
useful in distinguishing good from poor
responders. The main disadvantage of
using RIA assays, i.e., the need for ra-
dioactive waste disposal, can therefore be
overcome. However, it is imperative that
laboratories involved in the analysis of
IVF patient specimens, when switching
to non-RIA FSH assays, ensure that the
new assay does not merely correlate across
the assay range (including the high meno-
pausal ranges), but that it is also accu-
rate at the lower levels that are useful in
predicting the number of follicles availa-
ble in that cycle’s cohort.

The mean age for the IVF patients at
the Cooper Center for IVF was 34.7.
Possibly in IVF facilities using a younger
population the median will not prove to
be as adequate a method to determine the
discriminating cut-off; certainly if they
are using the BMC non-isotopic assay or
the DPC RIA the levels that have been
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established in this manuscript would still
be applicable to their age population.
However, for other assays they may have
to separately determine what FSH level di-
stinguishes good from average or poor
responders.
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