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A prospective randomized study of the optimum timing of human
chorionic gonadotropin administration after pituitary
desensitization in in vitro fertilization
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Objective: To determine if there is an optimum time for the administration of human chorionic
gonadotropin (hCG) after pituitary desensitization with gonadotropin-releasing hormone agonists
(GnRH-a) has been achieved before ovarian stimulation for in vitro fertilization (IVF).

Design: Prospective randomized study.

Patients: Two hundred forty-seven patients undergoing an 1VF treatment cycle who were ran-
domly divided into three groups.

Interventions: All patients were administered subcutaneously buserelin scetale 500 ug/d from
day 1 of the menstrual cycle. After pituitary desensitization had been achieved at least 14 days later,
ovarian stimuiation with human menopausal gonadotropin was commenced. Ovarian stimulation,
eyele monitoring, oocyte recovery, and IVF and embryo transfer (ET) tochniquss were identical in
all three groupa. Patients in group 1 (n = 79) had hCG administered when the mean diameter of
the largest follicle had reached 18 mm, at least two other [ollicles were > 14 mm, and serum estradiol
{E,) levels were consistent with the number of follicles observed on ultrasound. Patients in groups
2 (n = 84) and 3 (n = 84) had hCG administered 1 day and 2 days, respectively, after the above
criteria had been reached.

Results: The mean day of hCG administration (P < 0.01), maximum serum F; concentration
{P = 0.08), number of days of serum E; rise (P = 0.08), and mean diameter of the largest follicle
(P < 0.0001) were significantly different. There were, however, no significant differences in the mean
number of preovulatory and medium size follicles, number of oocytes recovered or embryos transferred.
There were also no significant differences in the oocyte recovery, fertilization and cleavage rates,
in the number of embryos frozen, or in the pregnancy rates per initiated cycle and per ET.

Conclusions: There is no significant advantage in the precise timing of hCG adminisiration after
pituitary desensitization with GnRH-a.  Fertil Steril 1982;567:1259-64
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All successful in vitro fertilization (IVF}) programs
currently use pharmacological agents to stimulate
the ovaries to induce the development of multiple
preovulatory follicles. During conventional ovarian
stimulation with gonadotropins, either alone or in
combination with ¢lomiphene citrate (CC), accurate
timing of human chorionic gonadotropin (hCG) ad-
ministration is critical because of the fear of a pre-
mature spontaneous surge of luteinizing hormone
(LH) and even of premature ovulation that may lead
to cancellation of the treatment cycle. Despite close
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monitoring of follicular growth with repeated pelvic
ultrasound examinations and hormonal assays, it
hae been reported that 15% to 30% of treatment
cycles are canceled before the stage of cocyte recov-
ery on this account (1).

Since the original description of the use of go-
nadotropin-releasing hormone agonists (GnRH-a)
and gonadotropins for ovarian stimulation in IVF
{2), the method has gained widespread popularity,
and many IVF programs currently use the technique
as the main method of ovarian stimulation. Because
by using this combination spontaneous LH surges
and spontaneous ovulation are prevented, there is,
therefore, greater flexibility allowed for the timing
of hCG administration. Many IVF centers have used
this to extend the follicular phase of the treatment
cycle tv allow oocyte recoveries to be performed
during weekdays only or even on certain days of the
week. It remains to be established, however, whether
there is an optimum time for hCG administration
when GnRH-a are used to desensitize the pituitary
before ovarian stimulation for IVF,

MATERIALS AND METHODS

Two hundred forty-seven patients who were re-
ferred to the Hallam Medical Centre for IVF were
recruited for the study that hiad Institutional Review
Board approval, They were prospectively random-
ized by drawing serially numbered sealed envelopes,
which randomly allocated them to groups 1, 2, or 3.
All patients were administered the GaRH-a, bus-
erelin acetate (D-Ser{tBu)6,PRo9-NHEt) LH-re-
leasing hormone (Suprefact; Hoechst, Hounslow,
United Kingdom) starting on the let day of the
menstrual period. The GnRH-a was administerad
by subcutaneous (SC) injection in & dose of 500 pg/d,
and afier 14 days of administration the serum
estradiol (E;) concentration was measured and a
pelvic ultrasound (US) examination performed. If
pituitary desensitization had been achieved, as
shown by a serum E, concentration < 100 pmol/L
and the absence of follicular activity on pelvic ul-
trazonography, the administration of human meno-
pausal gonadotropin (hMG, Pergonal; Serono, Wel-
wyn Garden City, United Kingdom) was commenced
and SC buserelin acetate 200 ug/d continued until,
and including, the day of hCG (Profasi; Serono) ad-
ministration. If pituitary desensitization had not
been achieved after 14 days of treatment, adminis-
tration of buserelin acetate was continued until de-
sensitization was achieved, and then treatment with
hMG was commenced, The standard dose of hMG
used was three ampules per day, but four and five
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ampules per day were given if the patient was over
the age of 35 and 40 years, respectively. Monitoring
of follicular growth was achieved with daily US scans
and serum E; measurements. The dose of hMG was
increased if there was poor follicular growth.

In group 1, hCG 10,000 1L was administered when
the mean diameter of the largest follicle had reached
18 mm, there were at least two other follicles > 14
mm, and serum E. concentrations were consistent
with the number of follicles observed on US. In
groups 2 and 3, the same dose of hCG was admin-
istered 1 day and 2 days, respectively, after the above
criterin had been reached,

Transvaginal US-directed oocyte recovery (3} was
performed 35 hours after hCG administration. One
to three pre-embryos were transferred approxi-
mately 48 hours after oocyte recovery,

The age of the patient, number of previous IVF
attempts, number of years of infertility, day of hCG
administration, maximum serum E; concentration,
diameter of the largest follicle on the day of hCG
administration, number of preovulatory and medium
size follicles, number of oocytes collected, number
of cases of ovarian hyperstimulation syndrome,
number of embryos frozen and the cocyte recovery,
fertilization, cleavage, implantation and pregnancy
rates (PRs) per initiated cycle and per embryo
transfer {ET) were recorded. The results of the three
groups were compared using ANOVA and X tests,

RESULTS

There were 79 patients in group 1 and 84 each in
groups 2 and 3. There were no significant differences
in the indications for IVF in the three groups (Table
1). The mean age of the patients, number of previous
IVF attempts and years of infertility were compa-
rable in the three groups (Table 2). The mean day
of hCG administration {P < 0.01), maximum serum
E, concentration (P = 0.06), number of days of
serum E, rige (P = 0.03), and the mean diameter of
the largest follicle (P < 0.0001) were significantly
different in the three groups (Table 2). The mean

Table 1 Indications for [VF in the Three Groups
of Patients®

Group 1 Group 2  Croup 3

Tubal damage a2 39 34
Unexplained infertility i7 23 20
Male factor infertility 20 16 26
Endometrioisiz 5 4 3
Failed donor insemination 13 3 1

* Nbo slgnificant ditferences in all categories.
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Table 2 Ovarian Rezpunse to Standard and Prolonged Btimulation hy 1 or 2 Days

Group 1* Group 2t Group 3§
in~ 79) (n = B4} (n = 84) Probability

Age (y) 3244 1 4.26 33.61 * 3.6 33.07 £ 3,97

(23 10 44 (21 to 4 {2310 41} NS§
No. of previous IVF attempts 092 1 1.30 0.80 + 1.03 068 + 1.08 NS
Length of infertility {y)} 476 + 3.11 5.81 * 3.08 480+ 291 NS
Abandoned for poor responen 8 3 [ NS
Day of hCG administention 10.45 £ 1.27 10.86 * 1.23 1112 2 145 P < 0.01
Meazimum E; concentration (pmol/1.) 6,943 £ 2871 6,895 + 3,169 8,001 + 3,780 P =008
No. of days of E; rise 626 ¢ 1.13 687 + 1.05 730+ 128 P =003
Diameter of largest follicle {mm) 19.47 * LB 2047 +1.18 22.47 = 142 P < 0.0001
No. follicies > 14 mm 833 & 4.69 8.72 £ 3.51 10.21 = 5.05 NS
No. follicles 1210 13 mm 548 + 3.88 5.82 + 573 532+ 4.34 NS
No. lollicles aspirated 1634 £ 6.75 14.38 = 7.76 1549+ 8.0 NS
No. of oocyles collected 1246 £ 6.17 11.38 £ 7.04 12,01 £ 6.88 NS

* Standard stimatation.
t Prolonged atimulation hy 1 day.
1 Prolonged stimulation by 2 dava.

number of follicles aspirated and oocytes callected
in the three groups were 15.34 + 6.75, 14.38 = 7.75,
and 15.49 + 8.0 and 12.45 £ 6.17, 11.38 = 7.04, and
12.01 + 6.88, respectively. These differences were
not statistically significant. The mean cocyte recov-
ery (79.79% + 16.5%, 77.41% x 20.1%, and 77.55%
+ 19.1%, respectively), fertilization (69.07%
+ 28.7%, 78.90% =+ 28.4%, and 72.14% + 27.1%, re-
spectively), and cleavage (76.77% + 26.3%, 83.14%
* 23.7%, and 80.29% t 26.9%, respoctively) rates
were comparable in the three groups (Table 3).
There were three, five, and three cases of failed fer-
tilization in the three groups, respectively. The mean
number of embryos transferred in the three groups
were virtually identical (2.58 % 0.99, 2.56 £ 1.05,
and 2.55 + 1.02 in groups 1, 2, and 3, respectively).

§ NB, not significant.
{ Values are meane + SD with ranges in parentheses.

The PRs per initiated cycle and per ET were 26.82%
and 32.356% in group 1, 25.31% and 28.98% in group
2, and 33,76% and 38.80% in group 3, respectively.
These differences were not statistically significant.
There was also no significant difference in the first
trimester abortion rates, which were 19.05%, 23.8%,
and 14.81% in groups 1, 2, and 3, respectively.

DISCUSSION

Maturation of oocytes begins during the latter
part of fetal life, but the process is arrested at the
diplotene stage of the first meiotic division, and it
remains 8o into adult life until the preovulatory surge
of LH occurs at midcycle of each menstrual cycle.
The rise in LH levels leads to a reduction in the

Tehle 3  Qutcome of Cyrles After Btandard and Prolonged Ovarian Stimulation by 1 or 2 Days

Group 1* Group 21 Group 33
No. of viable oocyles 10.95  5.568 10.00 * 6.14 10.83 £ 6.17
recovery rate (%) 79.79 £ 18,5 T7.41 £ 201 T7.55 % 18.1

Fertilized cocytes 7.62 % 5.15 7.93 + 5.81 7.63 + 5,14
Fertilization rate (%) 69.07 + 2B.7 78.90 + B4 7214+ 271
No. of cases failed fertilization 3 5 3
Cleaved embryos 5.88 + 4.51 6.72 £5.19 6.28 + 464
Cleavage rate (%) 76.77 + 253 B3.14 £ 23.7 80.28 + 269
No. of cases of ovarian

hyperstimulation syndrome 2 mild 3 mild & mild

1 severe

No. of ET 2.58 £ 0.99 2.58 £ 1.05 256+ 1.02
‘Total embryos frozen 84 (16} 119 (20) B4 (19
PR/initiated cycle {%) 28.82 25.31 33.76
PR/ET (%) 32.35 28.98 38.80

* Standard stimulstion.
T Prolonged stimulation by | day.
 Prolonged stimuation by 2 days.
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§ Values are means * SD. Resulte are not significant in all
parameters.
¥ Number of patients are in parentheses.
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evelic adenosine monophosphate content of the oo-
eyte through disruption of its microanatomical links
with cumulus granulosa cells, which, in turn, leads
to resumption and completion of the first meiotic
division of the oocyte {4). Approximately 36 hours
later, ovulation occurs with release of an oocyte of
appropriate maturity for fertilization. Timing of
hCG administration, which is designed to mimic the
LH surge, is therefore critical when the avaries are
stimulated in the presence of an intact hypotha-
lamic-pitvitary ovarian axis. Evidence obtained in
the Rhesus monkey has shown that premature ad-
ministration of hCG during follicular maturation
leads to atresia of the dominant follicle and arrest
of cyclic ovarian function (5). Similarly, when hCG
is administered to women before maturation of the
preovulatory follicle, ovulation is suppressed, and
resumption of ovulatory menstrual cycles is delayed
{6). On the other hand, if the administration of hCG
is delayed, there may have been a preceding spon-
taneous LH surge, and if the interval between these
two events is prolonged beyond 12 hours, subsequent
embryo cleavage is impaired {7). Because of the ne-
cessity for this critical timing of hCG administretion,
close monitoring of follicular growth is, therefore,
mandatory during conventional ovarian stimulation
with CC and/or hMG. Unfortunately, despite this
close monitoring, approzimately 15% to 30%h of
treatment cycles have to be canceled because of an
unscheduled premature discharge of LH (1).

Since the original description of the use of GnRH-a
to block endogenous gonadotropin secretion fol-
lowed by gonadotropic stimulation of the ovaries (2),
numerous studies of the role of GnRH-a in assisted
reproduction have been published. In general, it is
agreed that the major advantage of this technique
is that endogenous LH surges are almost completely
eliminated (8). As & result of the greater flexibility
afforded for the timing of hCG administration, a
number of assisted conception programs have used
this approach to simplify cycle programming so as
to avoid weekend oocyte retrievais (8, 10) or even
to schedule vocyle retrievals on as few as 3 working
days per week {11). The safety of this approach hes
heen reported by various groups of workers {12, 13).
Nevertheless, it remains to be established whether
there is an ideal time for hCG administration when
the combination of GnRH-a end gonadotropins are
uzed for ovarian stimulation for assisted conception.

In the present study, all patients underwent the
traditional long protocol of GnRH-a administration
in which ovarian stimulation with hMG was com-
menced only after pituitary desensitization had been
achieved. The patients in the three groups were
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comparable in terms of age, number of previous IVF
attempts, length, and eticlogy of infertility. As ex-
pected, there was a significant difference in the mean
day on which hCG was administered, the maximum
serum E; concentration, the number of days of serum
E; rise, and the mean diameter of the largest follicie.
There was, however, no significant difference in the
number of preovulatory or medium size follicles or
the number of oocytes collected.

Interestingly, extending the duration of ovarian
stimulation by 2 days did not affect the rates of oo-
cyte recovery, fertilization, or embryo cleavage. The
numbers of cases of failed fertilization and ovarian
hyperstimulation syndrome were not significantly
different in the three groups. The total number of
embryos available for cryopreservation and the
number of patients in whom this was achieved were
also comparable. The mean number of embryos
transferred in the three groups were virtually iden-
tical, and there were no significant differences in
the PRs per initiated cycle and per ET. Indeed, it
was calculated Lthat if the same proportion of patients
in the three groups achieved pregnancy in an iden-
tical but much larger study of 10,000 patients, there
would still have been no significant difference in
the PRs,

These results are at variance with those reparted
by Clark et al. (14) who found that prolongation of
follicular stimulation by 1 day significantly reduced
the PR, despite an increase in the number of large
follicles at the time of hCG administration. They
found that the reduced PR was not related to the
number of oocytes recovered or embryo quality, and
they suggested that it could be caused by postma-
turity of the oocyte. However, their study differs
from ours in one critical aspect, namely, in their use
of the short protocol of GnRH-a administration in
which treatment with hMG was started, together
with GnRH-a, at the beginning of the menstrual
cycle before pituitary desensitization had been
achieved. In a recent prospective randomized study
(15), we found that the long protocol of GnRH-a
administration was superior to the shorl protoco} in
terms of significantly greater follicular recruitment,
oocyte recovery and fertilization rates, and in the
significantly greater number of embryos available
for transfer. It has been shown that the degree of
LH suppression is more variable when the short
protocol is used (16, 17), and it has been suggested
that 5% to 10% of such cycles may still be compli-
cated by & premature LH surge (18). These Auctu-
ations of serum LH concentrations may well explain
the deleterious effects of delayed hCG administra-
tion in the study of Clark et al. (14) because a pro-
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portion of the patients may have experienced a pre-
mature rise of LH levels that triggered completion
of the first meiotic division. Delay in hCG admin-
istration may have prolonged the interval between
completion of bocyte maturation and ovulation so
that the oocytes released would have been function-
ally aged and less able to generate pregnancies (4).

Besides the trial of Clark and co-workers (14),
there has been only one other study investigating
the effects of delayed hCG administration {13). As
in our study, the long protocol of GnRH-a admin-
istration was used, and no significant difference be-
tween those who had hCG administered at the stan-
dard time (47 patients) and those who had it delayed
by 24 hours (98 patients) was found in the mean
number of oocytes retrieved, the fertilization rates,
the proportion of patients whe achieved ET or the
implantation rate in those who had two or three
embryos transferred (13). The authors did, however,
find that the PR per ovocyte retrieval was signifi-
cantly greater when hCG was administered 1 day
later. The reason for this difference between their
gtudy and ours is not exactly clear,

What are the clinical implications of our study?
Given the difficulty that patients undergoing IVF
have to face to achieve pregnancy and the frequent
necessity of repeated IVF attempts before pregnancy
and live birth are achieved (19), there is an under-
standable reluctance for IVF programs to modify
their management unless there is clear evidence that
it is in the patients’ interests 10 do so. It has, there-
fore, remained an article of faith that close moni-
toring of ovarian stimulation is required even when
GnRH-a are used to desensitize the pituitary be-
fore ovarian stimulation for IVF. The major im-
plication of our study is the notion that when the
long protocol of GnRH-a is used, much less moni-
toring of ovarian stimulation is necessary, There is
8 window of at least 3 days during which hCG can
be given with good results, and there is no significant
advantage in timing hCG administration any more
accurately. Because repeated US scans and hor-
monal assays are expensive, inconvenient, and time
consuming, and add not only {o the cost of running
the IVF program but also to the stress experienced
by patients undergoing assisted conception, the
ability to reduce monitoring to an absolute minimum
would be 2 mosl welcome development. Indeed, over
the past year, some IVF programs have completely
abandoned the use of hormonal assays when GnRH-a
are used in the long protocol. For example, in one
IVF program in which hormonal assays have been
abandoned and patients have on average three US
scans only during each treatment cycle, PRs/ET of
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approximately 30% have been maintained (Parsons
J., personal communication).

The major clinical development in IVF practice
over the past few years hes been simplication of
treatment procedures. From laparoscopic oocyte re-
covery under general anaesthesia, we have graduatly
moved to outpatient US-guided oocyte retrievals
under sedation. Similarly, a number of recent pro-
spective randomized studies comparing espiration
only with aspiration and flushing for transvaginal
US-directed oocyle recovery have shown that as-
piration elone produces comparable oocyte recovery
rates as aspiration and flushing while decreasing the
operating time significanily (20, 21). In the same
spirit, the present study suggests that precise timing
of hCG administration is unnecessary when pitu-
itary desensitization is achieved before ovarian
stimulation in IVF and supports the notion that if
we cannot improve results for patients undergoing
IVF, we should at least endeavor to make it as easy
as possible for them.
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