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Objective. To describe a case of successful oocyte retrieval, fertilization and clinical pregnancy despite very low -hCG level, twelve
hours after ovulation trigger. Design. Case report. Setting. Academic medical center. Patient. A 38-year-old patient inadvertently
administered 2,000 IU hCG for final oocyte maturation; serum hCG twelve hours later was 16 IU/L. Interventions. Effort to
obtain and administer a booster dose of hCG over the next twenty-seven hours failed. Main Outcome. Successful oocyte
retrieval. Results. Fourteen oocytes were retrieved of which twelve were in metaphase II and nine fertilized after intracytoplasmic
sperm injection (ICSI). Of these, eight embryos survived to day 5 and were subjected to preimplantation genetic screening
(PGS) by comparative genomic hybridization (CGH). Results were available the next day, three of the embryos were euploid
and one was transferred on day 6. Pregnancy was confirmed twelve days later and currently the patient has an ongoing
singleton intrauterine pregnancy. Conclusion. Reproductive Endocrinology and Infertility specialists should be aware that final
oocyte maturation could occur following injection of a lower dose of hCG with excellent fertilization rate and embryo development.

1. Introduction

Assisted reproductive technology is now an established and
successful treatment for infertile couples. Assisted concep-
tion units have incorporated teaching sessions to educate
patients as to what to expect and what their responsibilities
are during treatment. Despite this, patients inadvertently
get things wrong.

One such situation occurs when patients fail to adminis-
ter the correct dose of hCG or inject saline only instead, for
final oocyte maturation prior to ultrasound directed follicle
aspiration. This may lead to failure to retrieve oocytes from
mature follicles in the face of appropriate estradiol (E2) levels

despite repeated aspiration and flushing [1] a phenomenon
termed empty follicle syndrome (EFS).

The pathophysiology of inability to retrieve oocytes is
due to an inadequate level of serum S-hCG. An adequate
level of serum p-hCG is required to promote the detachment
of the cumulus-oocyte complex (COC) from the follicular
wall allowing COC to freely float in the follicular fluid, from
where it can be aspirated [2, 3]. This phenomenon is called
“false empty follicle syndrome (FEFS)” as against its other
counterpart called “genuine empty follicle syndrome (GEFS)”
defined as adequate serum B-hCG (>40IU/L) and a lack of
oocytes retrieved from mature follicles [4]. “False empty folli-
cle syndrome” therefore is the inability to retrieve oocytes
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when f-hCG level is <40 IU/L immediately before or during
oocyte retrieval.

However, different authors have reported a wide range of
serum $3-hCG levels (5 to 161 IU/L) on the day of oocyte col-
lection as the minimum B-hCG concentrations consistent
with adequate hCG triggering [4-8]. One group [9] went
further, stating that serum S-hCG of <10 mIU/mL is 100%
sensitive, specific, and predictive of EFS. Live births have
resulted after administration of a rescue course of hCG and
repeat oocyte retrieval 24-36h later in the setting of false
[9-11] and genuine [12] empty follicle syndrome.

Here, we report the case of a 38-year-old patient who
inadvertently administered 2,000 IU of hCG for final oocyte
maturation and her serum B-hCG 12 hours later was
16 IU/L. Effort to obtain and administer a booster dose of
hCG over the next 27 hours failed. Thirty-nine hours after
the initial administration of the hCG trigger, a decision was
made to proceed to egg collection with the understanding
that if oocytes were not retrieved after aspiration of a reason-
able number of follicles from one ovary the procedure would
be abandoned until a booster dose of hCG could be adminis-
tered, and oocyte collection was postponed accordingly.
Oocytes were retrieved and fertilized by ICSI with the trans-
fer of one euploid blastocyst on day 6, resulting in an ongoing
singleton pregnancy.

2. Materials and Methods

2.1. Case Report. The patient is a 38-year-old female who pro-
vided informed consent to report clinical details and data of
the case. Her past medical history includes polycystic ovarian
syndrome (PCOS), endometriosis, and tubal and male (part-
ner with testicular cancer and right orchidectomy) factor
infertility. She underwent controlled ovarian hyperstimula-
tion for in vitro fertilization (IVF) using a GnRH antagonist
protocol. Superovulation was with follitropin alfa (Gonal F)
and menotropins (Menopur) for 10 days. Two hundred and
fifty micrograms of Ganirelix acetate daily was added on
day six to prevent a premature LH surge. On day 10, there
were 10 follicles that measured 16 mm or greater, and the
serum estradiol level was 2,818 pg/mL. The decision was
made to proceed with hCG trigger, and the patient was
instructed to inject a dose of 10,000 IU intramuscularly.

The patient had attended our mandatory IVF class and
verbalized understanding of the instructions, which included
aspirating 1 mL of saline solution from the 5mL vial and
injecting it into the vial of sterile dried powder of hCG
(10,000 usp units per vial).

The patient, however, inadvertently aspirated the entire
5mL of saline and injected the entire volume into the
10,000IU vial of hCG, mixed the solution, aspirated 1 mL
of the solution, and administered this to herself. Thus, the
patient only injected 2,000IU of hCG instead of the pre-
scribed 10,000 IU. The patient did not volunteer this infor-
mation until she was confronted, which occurred after her
serum S-hCG level came back at 16 IU/L twelve hours after
she administered her hCG trigger.

It is our practice to routinely draw blood for serum
B-hCG 12 hours post-hCG administration to detect errors in
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hCG administration as in the case presented. Unfortunately,
this occurred on a Sunday and efforts made to obtain and
supply the patient with a supplemental rescue dose of hCG
proved abortive. This effort continued until Monday morn-
ing without success.

After much discussion, we decided to proceed with the
egg collection as 39 hours had passed since her initial hCG
trigger. The plan was to attempt to empty a reasonable num-
ber of follicles in one ovary, and if no oocytes were retrieved
to stop the procedure, give a booster hCG later that Monday
morning, and have the patient return the following day to
complete the oocyte retrieval procedure. At the attempted
retrieval, oocytes were retrieved after emptying the first few
follicles; hence, the retrieval was completed.

3. Results

We retrieved fourteen oocytes out of eighteen follicles, twelve
of which were in metaphase II and nine fertilized after intra-
cytoplasmic sperm injection (ICSI). Eight embryos survived
to day five. The patient and her partner had requested preim-
plantation genetic testing of their embryos. Of the eight
embryos biopsied and tested, three were euploid and one
was transferred on day six. The patient was confirmed preg-
nant twelve days later and now has an ongoing singleton
intrauterine pregnancy at the time of this report.

4. Discussion

False empty follicle syndrome is a rare event the etiology of
which is attributed to errors in hCG administration at the
time of ovulation trigger. We report a case in which clinical
pregnancy resulted when the serum B-hCG level twenty-
four hours before oocyte retrieval was 16 IU/L (12 hours after
the patient inadvertently administered the wrong hCG dose)
in which effort to administer an additional hCG trigger dose
failed. Typically, a threshold of 40 IU/L is used 36 hours after
hCG administration to ensure oocytes are collected at time of
retrieval. Others have suggested a serum f-hCG level of
20TU/L on the day of retrieval as the threshold to verify that
the correct dose of hCG has been administered, since this is
the serum level that will result in a positive urinary pregnancy
test [13]. The level of serum 3-hCG on the day of egg collec-
tion below which an attempted oocyte retrieval will result in
an empty follicle is reported as <12IU/L [9, 14]. However,
Ndukwe and colleagues [9] went further stating that a serum
B—-hCG<10IU/L is certain to lead to failure to retrieve
oocytes despite adequate follicular development and com-
mensurate estradiol rise. Our case report suggests that the
threshold below which final oocyte maturation would not
be accomplished and therefore oocytes may not be retrieved
is lower than once thought.

There are many factors that affect the pharmacokinetics
of hCG. The half-life of hCG is affected by route of adminis-
tration, BMI of the patient, and formulation of hCG [15, 16].
In this case, based on the contributing factors, it can be
approximated that the half-life of hCG is 35 hours, and the
drug would have reached its maximum concentration after
12 hours [16, 17]. Therefore, we can speculate that in our case
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when the serum B-hCG level was drawn 12 hours after
administration, we were capturing the serum S-hCG level
at its peak concentration of 16 IU/L. Furthermore, at the time
of oocyte collection, which was 39 hours after hCG adminis-
tration, the S-hCG level in vivo was likely <8 IU/L. Undoubt-
edly, the serum B-hCG concentrations that reach the follicles
should be at a level capable of initiating meiosis and trigger-
ing the release of the cumulus-oocyte complex into the follic-
ular fluid. However, there is currently no consensus on the
optimal hCG dose requirements for initiating final oocyte
maturation prior to oocyte collection in IVF; doses that range
from 2,500 to 15,000 IU have been used [18-20] and often
depended on the number of follicles that developed, the
peak serum estradiol (E2) level, and the perceived risk of
ovarian hyperstimulation syndrome (OHSS). In addition,
Hoyos and colleagues [21] found that a lower dose of hCG
(2,5001U) was effective for oocyte maturation in IVF and
that such a dose did not affect the clinical pregnancy and live-
birth rates irrespective of patients’ BMI. We could not find
any report in the literature that advocates for the use of
2,000IU hCG for ovulation trigger. Such low doses are only
used for dual trigger with GnRh analogs to optimize clinical
outcomes for high ovarian responders in GnRH-antagonist
protocols [22].

Most cases of FEFS can be avoided by confirming that the
patient self-administered her prescribed hCG dose by mea-
suring the amount of f-hCG in her blood the morning after
the hCG was administered, as is the practice in our unit and
as advocated by others [9]. However, measuring the level of
serum f-hCG on the day of retrieval and redosing when
low and delaying the oocyte collection may result in sponta-
neous ovulation before the scheduled oocyte collection
procedure if the patient had adequate serum $-hCG to com-
plete final oocyte maturation as in the case presented. It is of
note though that premature ovulation in cases of reported
EFS even with GEFS have not been reported to date.

Our report suggests that the level of serum S-hCG below
which oocytes will not be collected due to errors in hCG
administration is lower than reported in the literature. This
is true, given that the serum -hCG 39 hours after ovulation
triggering in our case is bound to be <8 IU/L; however, we did
not draw blood to ascertain the serum [3-hCG level at the
time of oocyte retrieval. It is known that the prevalence of
FEFS ranges from 0.07 to 0.32% [13]. The significance of this
can be expressed by calculating the number needed to treat.
Utilizing this method, 400 (NNT =1/0.0007 — 0.0032) IVF
cycles would need to be performed to prevent one case of
FEFS. Therefore, it remains debatable whether this will be
cost effective given the low incidence of the condition [9].
A positive urine pregnancy test may suffice, given that this
reflects a serum $-hCG level of 20IU/L [13].

As depicted by our case, there may be circumstances in
which a rescue hCG dose may not be possible. In such cases,
it may be beneficial to attempt oocyte retrieval in at least one
ovary if serum 3-hCG is equal to or greater than 16 IU/L the
day before attempted or on the day of oocyte retrieval. If
oocytes are retrieved, physicians should be reassured that
completing the oocyte retrieval procedure will not com-
promise pregnancy rates. Even if oocytes are not retrieved

after emptying a reasonable number of mature follicles,
the retrieval can be abandoned, a rescue dose given, and
the patient brought back 24-36 hours later for a second
oocyte collection. This can be done even with normal bio-
availability of B-hCG (>40IU/L) as with genuine empty
follicle syndrome as advocated by Awonuga and colleagues
[12], provided the oocyte collection is performed by an
experienced operator.

It is also important to note that this experiment of nature
became necessary not because it was planned but resulted
from inadvertent administration of the wrong dose of hCG
and our inability to obtain and administer a rescue hCG.
This, however, has given us invaluable information as to
the pharmacokinetics of hCG necessary for final oocyte mat-
uration in ART. Notwithstanding the successful outcome of
this case, the importance of patient education on correct
hCG administration cannot be overemphasized, since this
is a common cause of FEFS.

In conclusion, this is the first case reported in the literature
in which a pregnancy resulted when the serum f-hCGlevel on
the day before oocyte retrieval was 16 IU/L. This represents an
opportunity for additional research to further understand
the complexity of oocyte maturation and to pinpoint the
lower threshold of serum 3-hCG necessary for this process,
as the level needed may be lower than previously thought.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

References

[1] F. Hirahara, P. H. Wooley, H. S. Luthra, C. B. Coulam, M. M.
Griffiths, and C. S. David, “Collagen-induced arthritis and
pregnancy in mice: the effects of pregnancy on collagen-
induced arthritis and the high incidence of infertility in
arthritic female mice,” American Journal of Reproductive
Immunology and Microbiology, vol. 11, no. 2, pp. 44-54, 1986.

—_—

[2] J. Choi and J. Smitz, “Luteinizing hormone and human
chorionic gonadotropin: origins of difference,” Molecular and
Cellular Endocrinology, vol. 383, no. 1-2, pp. 203-213, 2014.

J. Choi and J. Smitz, “Luteinizing hormone and human chori-
onic gonadotropin: distinguishing unique physiologic roles,”
Gynecological Endocrinology, vol. 30, no. 3, pp. 174-181, 2014.

W
R

[4] T.L. Stevenson and H. Lashen, “Empty follicle syndrome: the
reality of a controversial syndrome, a systematic review,”
Fertility and Sterility, vol. 90, no. 3, pp. 691-698, 2008.

[5] G. L. Driscoll, J. P. Tyler, J. T. Hangan, P. R. Fisher, M. A.
Birdsall, and D. C. Knight, “A prospective, randomized, con-
trolled, double-blind, double-dummy comparison of recombi-
nant and urinary HCG for inducing oocyte maturation and
follicular luteinization in ovarian stimulation,” Human Repro-
duction, vol. 15, no. 6, pp. 1305-1310, 2000.

[6] M. Aktas, N. G. Beckers, W. G. van Inzen, A. Verhoeff, and
D. de Jong, “Oocytes in the empty follicle: a controversial syn-
drome,” Fertility and Sterility, vol. 84, no. 6, pp. 16431648,
2005.

[7] T. Madani and N. Jahangiri, “Empty follicle syndrome: the

possible cause of occurrence,” Oman Medical Journal,
vol. 30, no. 6, pp. 417-420, 2015.



(8]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

T. C. Berkelbach, D. R. Reichman, and T. E. Markland,
“Reduced density matrix hybrid approach: an efficient and
accurate method for adiabatic and non-adiabatic quantum
dynamics,” The Journal of Chemical Physics, vol. 136, no. 3,
article 034113, 2012.

G. Ndukwe, S. Thornton, S. Fishel, K. Dowell, M. Aloum, and
S. Green, “Curing' empty follicle syndrome,” Human Repro-
duction, vol. 12, no. 1, pp. 21-23, 1997.

J. O. Doyle, J. A. Attaman, A. K. Styer, M. E. Sabatini, J. C.
Petrozza, and T. L. Toth, “Rescue human chorionic gonado-
tropin for false empty follicle syndrome: optimism for success-
ful pregnancy outcome,” Fertility and Sterility, vol. 98, no. 2,
pp. 450-452, 2012.

E. Snaifer, J. Hugues, C. Poncelet, C. Sifer, M. Pasquier, and
I. Cedrindurnerin, “"Empty follicle syndrome" after human
error: pregnancy obtained after repeated oocyte retrieval in a
gonadotropin-releasing hormone antagonist cycle,” Fertility
and Sterility, vol. 90, no. 3, pp. 850.e13-850.e15, 2008.

A. Awonuga, J. Govindbhai, S. Zierke, and K. Schnauffer,
“Continuing the debate on empty follicle syndrome: can it be
associated with normal bioavailability of beta-human chori-
onic gonadotrophin on the day of oocyte recovery?,” Human
Reproduction, vol. 13, no. 5, pp. 1281-1284, 1998.

S. Canosa, A. Moggio, A. Brossa et al., “Angiogenic properties
of endometrial mesenchymal stromal cells in endothelial
co-culture: an in vitro model of endometriosis,” Molecular
Human Reproduction, vol. 23, no. 3, pp. 187-198, 2017.
D. E. Reichman, M. D. Hornstein, K. V. Jackson, and
C. Racowsky, “Empty follicle syndrome-does repeat adminis-
tration of hCG really work?,” Fertility and Sterility, vol. 94,
no. 1, pp. 375-377, 2010.

C. C. Chan, E. H. Ng, M. M. Chan et al., “Bioavailability of
hCG after intramuscular or subcutaneous injection in obese
and non-obese women,” Human Reproduction, vol. 18,
no. 11, pp. 2294-2297, 2003.

I. Trinchard-Lugan, A. Khan, H. C. Porchet, and A. Munafo,
“Pharmacokinetics and pharmacodynamics of recombinant
human chorionic gonadotrophin in healthy male and female
volunteers,” Reproductive Biomedicine Online, vol. 4, no. 2,
pp. 106-115, 2002.

L. A. Cole, “Biological functions of hCG and hCG-related mol-
ecules,” Reproductive Biology and Endocrinology, vol. 8, no. 1,
p- 102, 2010.

L. Detti, M. F. Mitwally, A. Rode et al., “Serum human chori-
onic gonadotropin level after ovulation triggering is influenced
by the patient's body mass index and the number of larger fol-
licles,” Fertility and Sterility, vol. 88, no. 1, pp. 152-155, 2007.
E. M. Kolibianakis, E. G. Papanikolaou, H. Tournaye,
M. Camus, A. C. Van Steirteghem, and P. Devroey, “Trigger-
ing final oocyte maturation using different doses of human
chorionic gonadotropin: a randomized pilot study in patients
with polycystic ovary syndrome treated with gonadotropin-
releasing hormone antagonists and recombinant follicle-
stimulating hormone,” Fertility and Sterility, vol. 88, no. 5,
pp. 1382-1388, 2007.

L. Tsoumpou, J. Muglu, T. A. Gelbaya, and L. G. Nardo, “Sym-
posium: update on prediction and management of OHSS.
Optimal dose of HCG for final oocyte maturation in IVF
cycles: absence of evidence?,” Reproductive Biomedicine
Online, vol. 19, no. 1, pp. 52-58, 2009.

(21]

(22]

Case Reports in Obstetrics and Gynecology

L. R. Hoyos, S. Khan, J. Dai et al., “Low-dose urinary human
chorionic gonadotropin is effective for oocyte maturation in
In Vitro fertilization/ intracytoplasmic sperm injection cycles
independent of body mass index,” International Journal of
Fertility & Sterility, vol. 11, no. 1, pp. 7-14, 2017.

S. Li, D. Zhou, T. Yin et al., “Dual trigger of triptorelin and
HCG optimizes clinical outcome for high ovarian responder
in GnRH-antagonist protocols,” Oncotarget, vol. 9, no. 4,
pp. 5337-5343, 2018.



	Successful Oocyte Retrieval, Fertilization, and Clinical Pregnancy with Low Serum β-hCG on the Day of Oocyte Collection: A Reappraisal of the Definition of the Empty Follicle Syndrome
	1. Introduction
	2. Materials and Methods
	2.1. Case Report

	3. Results
	4. Discussion
	Conflicts of Interest

