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Assisted reproductive technology (ART) has vastly improved over
the last 40 years, from a frequently unsuccessful and complicated
procedure requiring hospital admission and routine laparoscopy to
a fairly simple outpatient technique with relatively high success
rates. However, it is important to stress that ART is not without risk
and medical complications may still occur. The incidence of most
of these ART-related complications is associated with how women
undergo ovarian stimulation. For this reason, physicians should be
aware that a carefully thought-out ovarian stimulation protocol
and cycle monitoring are of paramount importance to maximise
the success of the treatment while avoiding potentially life-
threating complications to occur in this frequently otherwise
healthy patient population. This review discusses the rationale and
evolution of ovarian stimulation strategies over the years and the
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current developments towards finding a balance between the
retrieval of a sufficient number of oocytes and ART-related
complication prevention.

© 2018 Elsevier Ltd. All rights reserved.
Ovarian stimulation (OS) is historically regarded as a milestone for the treatment of infertility [1], as
it allowed physicians to bypass the natural phenomena of follicular dominance and atresia by artifi-
cially overcoming the follicle-stimulating hormone (FSH) threshold and inducingmulti-follicular (instead
of mono-follicular) development [2]. The generalized use of exogenous gonadotropins during assisted
reproductive technology (ART) has led to a substantial increase in pregnancy rates, from the typical
3e10% range (using no orminimal stimulation) to 20e50% [3]. While there is a clear advantage in using
OS in routine ART, one must be aware that its administration requires a comprehensive knowledge of
how the ovaries react to hyperstimulation, as an unsuspecting user may fail to adequately avoid a
premature luteinizing hormone (LH) surge, or worse, cause ovarian hyperstimulation syndrome
(OHSS) or other potentially lethal complications.

Over the last years, a fervid discussion regarding OS dosing and the “sweet spot”whichmaymaximize
ART pregnancy outcome without affecting the safety of the procedure has been ongoing. Most of the
discussion has circulated around whether an increasing number of oocytes retrieved is always associated
with better pregnancyoutcomes or not. The twofirst large registry studieswhich analysed the outcome of
only thefirst embryo transfer both concluded that live birth rates plateau as soon as at least 10e15 oocytes
are collected [4,5]. However, these studies did not account for the potential benefit of the transfer of su-
pernumerary frozen embryos in subsequent cycles e i.e. the cumulative live birth rate after one oocyte
retrieval cycleewhich isconsideredbymany tobethemostaccuratebenchmark forARTsuccess [6].When
assessing the relationship between oocyte retrieval rates and cumulative ARToutcomes, the results seem
conflicting,withsomestudiesproposing that there isaplateauassoonasapproximately15e20oocytesare
retrieved [7], while others conclude that cumulative live birth rates continue to increasewith the number
of oocytes collected [8e10]. These contrasting results have led to a frequent debate amongphysicianswho
question what the best approach for their patients may be, namely to either (a) perform a tailored stim-
ulation and thrive to obtain between 15 and 20 oocytes per oocyte retrieval in order tominimize potential
complications as much as possible or (b) to allow for the development of more retrievable oocytes and
apply secondary preventive measures to ensure patient safety whenever an excessive response occurs.

What are the main complications of ovarian stimulation and how can we prevent them?

ART has vastly improved over the last 40 years, from a highly unsuccessful and complicated procedure
that required hospital admission and consecutive laparoscopies for oocyte retrieval and/or embryo
transfer to an outpatient techniquewith relatively high success rates of 50e80% [11]. Moreover, owing to
progressive advances in the gonadotropin arsenal available for OS and procedures performed during OS
cycle monitoring, complications associated with ART have gradually reduced over time [12]. However, it
is important to stress that ART is not without risk and medical complications may still occur. Specifically,
following ovarian hyperstimulation, serious complications such as OHSS, thromboembolism and ovarian
torsion may occur at a rate which should not be deemed insignificant, especially in view of the fact that
one should expect these complications to be underreported [13]. Moreover, despite the increased safety
measures, the rate of these specific ART complications has remained relatively stable since the year 2000
[14]. In this sense, adequate stimulation is of paramount importance, given that the most relevant ART-
related complications are determined by how patients are stimulated [15].

Ovarian hyperstimulation syndrome

OHSS is an exaggerated response to OS characterized by cystic enlargement of the ovaries,
abdominal distention and fluid shift from the intravascular space to the third space which can result in
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ascites, pericardial and pleural effusions, and even generalized oedema [16]. Although this syndrome
has been extensively studied, its pathophysiology remains rather elusive. Until now, there is sufficient
evidence to believe that OHSS results from an excessive secretion of vasoactive substances during OS,
namely vascular endothelial growth factor (VEGF) and factors that derive from the renineangiotensin
system [17]. VEGF is produced by the granulosa cells after stimulation with gonadotropins and in-
creases sharply following the administration of human chorionic gonadotropin (hCG) due to a hy-
persensitivity to this latter hormone [18]. This vasoactive substance over-secretion seems to be almost
entirely dependent on the activity of LH, which is present for only a short period in the natural cycle.
During ART, however, final oocyte maturation and ovulation are frequently triggered with hCG, which,
in comparison to LH, has a substantially longer half-life [19].

While its general incidence is approximately 2%e3% per cycle, OHSS can occur in up to a third of all
cases of high-risk patients [20], namely in those with a previous history of OHSS or polycystic ovaries.
In its most severe forms, this syndrome has the potential to cause serious morbidity or mortality,
mainly due to the increased occurrence of ovarian torsion and thromboembolism [21]. In fact, OHSS in
the most frequent complication of ART [14] and, with it, comes an increase in the risk of many other
potential complications of ART. For this reason, the largest step towards a complication-free ART era
entails thriving to develop an OHSS-free clinic [22], given that between 72% and 83% of all ART com-
plications are OHSS-related (Table 1).

The key discovery that led to the first drastic reduction in ovarian hyperstimulation syndrome e gonadotropin-
releasing hormone antagonists

In the early days of ART, researchers were evaluating the use of exogenous gonadotropin-releasing
hormone (GnRH) agonists in women with hypogonadotropic hypogonadal anovulation [23]. These
investigators noted that a continuous administration of GnRH agonist would cause a GnRH receptor
depletion with subsequent pituitary desensitization and the abolition of LH and FSH production. What
was initially perceived as a failure in treatment for hypogonadotropic hypogonadal women eventually
led to the development of the long-agonist GnRH protocol [24], the mainstream co-treatment modality
for at least the first 20 years of ART [2]. By adding GnRH analogues to OS, physicians were able to reduce
cycle cancellation rates by 67% while increasing clinical pregnancy rates by 70% [25]. However, since
the year 2000, a new approach has been developed with the advent of GnRH antagonists [26].
Conversely to GnRH agonists, GnRH antagonists cause immediate pituitary suppression, obviating the
need for a more prolonged and cumbersome administration of GnRH analogues. This more patient-
friendly approach has shown to have comparable pregnancy outcomes, leading many to recommend
that it become the new “standard” in IVF [27,28]. More importantly, head-to-head trials have shown
that the use of GnRH antagonist is associated with a significantly lower incidence of OHSS. Specifically,
when pooled together in a recent meta-analysis [29], the studies evaluating the use of GnRH antagonist
co-treatment revealed that it was associated with a decreased odds-ratio of 0.61 (95% confidence in-
terval 0.51e0.72) for OHSS, which, in absolute terms, resulted in a reduction from 11% (after GnRH
agonist) to 6e9% (following GnRH antagonists).

With GnRH antagonists being recognized as the principal weapon to prevent OHSS, several re-
searchers have postulated whether extending its administration beyond OS in women with an
increased risk for OHSS may not be of added value. While the concept may be of interest, a recent
Table 1
OS-related complication and the association with OHSS.

ART-related complication Overall risk With OHSS

Thromboembolism [93] 0.04e0.2% 4%
Adnexal torsion [93] 0.08e0.11% 3%
Lobar pneumonia [94] Unknown 4%
ARDS [94] Unknown 2%
Pulmonary embolism [94] Unknown 2%
Death [95] 0.001% Present in ±50% of the cases of death

ART, assisted reproductive technology, OHSS, ovarian hyperstimulation syndrome; ARDS, Acute respiratory distress syndrome.
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systematic review has highlighted that this approach still requires validation and, for now, should not
be considered a first-line option for the prevention and/or treatment of OHSS [30].

Tailoring the approach to ovulation triggering and embryo transfer following excessive ovarian response e the
GnRH agonist trigger and “freeze-all” strategies

Even though GnRH antagonist therapy is associatedwith a significant reduction in the occurrence of
severe OHSS, the syndrome continues to exist, especially when hCG is used for final maturation and
ovulation triggering [22]. The reason for this seems to stem from the fact that hCG has a sustained
luteotropic effect, which continues for up to 6 days following the administration of the drug, even
when a dose of 5000 IU is administered [31]. Consequently, many authors have proposed that women
with a high risk of developing OHSS should perform OS under GnRH antagonist suppression and use a
GnRH agonist for triggering instead [20,32]. When administered, the GnRH agonist will cause the
displacement of the GnRH antagonist from the pituitary receptors, resulting in the induction of an LH
flare-up that lasts only for approximately 24e36 h in total [19]. Although this approach has effectively
reduced the incidence of OHSS [33], it has not eliminated the risk completely [34e38].

GnRH agonist triggering has been increasingly acknowledged as a worthy strategy to minimize the
risk of OHSS [22]. However, while seeming equally efficient in terms of oocyte competence [39], the
generalized use of GnRH agonist triggering has remained thus far limited by the fact that this approach
seems to cause an artificially shortened luteal phase with abrupt luteolysis which significantly reduces
ART pregnancy outcomes [40,41]. In light of these reduced clinical pregnancy rates, several possible
strategies have been proposed.

The first strategy is intensive luteal phase support with either an alternative supplementation of
progesterone and oestradiol [42] or a low-dose administration of hCG immediately after oocyte
retrieval [43]. While this approach seems to increase pregnancy rates after GnRH triggering, this
improvement may potentially come at the cost of once more increasing the risk of OHSS [44,45].

A second strategy (i.e. freeze-all strategy) is to electively cryopreserve all embryos and then replace
them in a subsequent frozen embryo transfer cycle [22], which, until now, has been shown to be the
method most effective at reducing the occurrence of severe OHSS [46].

Although both these approaches to resolve the low pregnancy rates after agonist triggering seem
reasonable, there is no consensus on which is the most adequate since no comparative trial has ever
been published. To that extent, an RCT comparing the efficiency and safety of both strategies has
recently recruited its last patient and is in its final stages of data accrual (further information on the
trial is available at https://clinicaltrials.gov/ct2/show/NCT02148393).

Finally, another ovulation triggering drug e kisspeptin e is also currently under investigation as a
potential alternative to both hCG and GnRH agonist triggering [47]. When administered, kisspeptin
induces a dose-dependent release of LH and FSH, thus mimicking the effect obtained by the admin-
istration of a GnRH agonist. However, concerns on the post-trigger endocrine profile of this relatively
unstudied drug [48] deem further studies necessary to confirm whether its routine use does not
decrease ART pregnancy outcomes.

The new “rule number 1” of the ART complication-free era: one cannot “go wild” on stimulation just because we
have efficient OHSS secondary prevention measures!

The systematic review of Youssef et al. [44] has shown that, in comparison to hCG, women who
perform GnRH agonist triggering have a 20-fold reduction in OHSS risk, with a mere 2 cases reported
(0,3%) in the 689 women studied. These surprising results may give the false impression that one no
longer needs to care for safety during OS and that we can now finally consider ART clinics to be OHSS-
free [22]. Moreover, the fact that the first-ever reported case of severe OHSS after GnRH agonist
triggering and freeze-all [35] was met with controversy [49] led further to a false sense of “absolute”
safety in modern-day OS. This information when taken together with recent evidence that cumulative
live birth rates could increase linearly with the number of oocytes retrieved [8e10], may also lead
physicians to believe that the days of “wild stimulation” have finally arrived.

Shortly following the first case of severe OHSS after a freeze-all strategy [35], another seven were
reported, the last of which the patient agreed to undergo whole exome sequencing in order to exclude
genetic causes of OHSS [38]. However, the fact that in none of these reports there was an apparent

https://clinicaltrials.gov/ct2/show/NCT02148393
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genetic predisposition for OHSS are a testament that caution during OS is still warranted to avoid not
only OHSS, but other complications associated with OS such as ovarian torsion and thromboembolism.

Cycle monitoring and secondary predictive factors for OHSS
Physicians frequently monitor women under OS using consecutive transvaginal ultrasound and

blood hormones evaluations in order to detect unexpected poor or excessive ovarian response and to
optimise timing for ovulation triggering [50]. Moreover, cycle monitoring is also an important tool to
assess the patient's risk for OHSS and to prevent its' occurrence. Regarding the latter, the number of
follicles with a mean diameter above 10e11 mm is currently the best predictor during cycle moni-
toring. Specifically, one of the first studies to evaluate this finding, performed by Papanikolaou et al.
[51], concluded that detecting �18 follicles above 10 mm on the day of ovulation triggering was a
reasonable predictor of severe OHSS, with an estimated sensitivity and specificity of 83% and 84%,
respectively. These results were confirmed recently in a post-hoc analysis [52] of 3 randomized
controlled trials (sensitivity and specificity 74.3% and 75.3%, respectively), albeit using a slightly
different threshold (�19 follicles above 10 mm).

Although oestradiol levels above 2500e3500 pg/mL have also been traditionally considered as a
reliable predictor of OHSS [50], it seems to deliver very little added-value when evaluated in combi-
nationwith the number of developing follicles [51,52]. Most importantly, up to 70% of all cases of OHSS
may be missed when oestradiol is used as the sole risk predictor [52]. Thus, basing the decision to
perform additional OHSS preventative strategies solely on oestradiol levels is not advisable.

Other OHSS prevention strategies
Severe OHSS is, fortunately, an uncommon iatrogenic complication of OS today. Nevertheless, as this

is an iatrogenic complication of a non-vital treatment with a potentially fatal outcome, it remains a
severe problem for specialists performing ART. Although the major advantage of the freeze-all strategy
is its potential to practically eliminate OHSS, several other strategies can also be applied, especially by
paying appropriate attention to the risk factors for OHSS development and considering tailoring OS.

Primary prevention. Although there is currently no method that can completely abolish OHSS, its pre-
vention can be lifesaving and is highly preferred over its treatment. Thus, the prevention of OHSS is
based greatly on its risk prediction. The first method to prevent OHSS is a strategic planning of the
stimulation regimen according to the circulating levels of anti-Mullerian hormone (AMH), antral fol-
licle count (AFC) and historical background of the patient. A recent Cochrane review showed no dif-
ference in the type of gonadotropin used for outcomes including live birth, OHSS, clinical pregnancy
andmultiple pregnancy rates [53]. However, the minimum gonadotropin dose should be used for OS in
patients with polycystic ovaries and step-down regimes should be considered whenever necessary.

Many studies have investigated how the suppression of insulin levels with metformin might reduce
hyperinsulinemia and its effect on ovarian response. In fact, the results of a meta-analysis including 8
RCT concluded that metformin significantly reduced the risk of OHSS by 63% and increased clinical
pregnancy rates, with no effect on live birth rates [54].

Secondary prevention. Other alternative secondary preventive measures could be considered in patients
with an exaggerated response to OS. Firstly, cycle cancellation before final follicular maturation with
hCG is a simple and safe alternative to avoid OHSS. However, as it associated with significant emotional
and financial burden for the couple, it is, therefore, a difficult decision for clinicians [55]. Another
possible option is withholding daily gonadotrophins prior to administration of hCG in IVF cycles (i.e.
coasting) has also been used to reduce this risk of OHSS. However, results of a systematic review
revealed that there was no difference in the incidence of moderate and severe OHSS between patients
who underwent this technique [56].

Based on the pathophysiological explanation of OHSS, where VEGF is responsible for an increase in
the capillary permeability by binding to VEGF receptor 2, dopamine agonists have been shown to be
able to antagonize VEGF-dependent vascular permeability by inhibiting VEGFR-2 phosphorylation and
signaling. In the prevention of OHSS, cabergoline successfully reduced the incidence of moderate OHSS
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with no significant effect on clinical pregnancy and miscarriage rates [53]. Thus, the administration of
oral cabergoline, starting on the day of hCG triggering at a dose of 0.5 mg for 8 days, can also be
recommended [57]. Furthermore, as supraphysiological OS may cause platelet hyperstimulation, some
studies have shown that low-dose aspirin therapy (100 mg daily, starting on the first day of OS) may
reduce further the risk of severe OHSS [58]. However, this strategy requires more extensive validation
prior to widespread use [53].

Lastly, in-vitromaturation can be considered as another alternativemethod for fertility treatment in
patients who are at high risk for OHSS. This simple and more economical procedure may be less
stressful for women [59] and has not had a reported case of early-onset OHSS thus far.

Ovarian torsion

Ovarian torsion is a surgical emergency which can lead to the loss of the ovary, peritonitis and even
death [60]. The incidence of ovarian torsion during ART has been reported to be between 0.08% and
0.2% [61,62]. This increased risk after OS is assumed to be due to resulting ovarian enlargement and is
seen more frequently in cases of OHSS [63]. Among women taking gonadotrophins, an association
between the increased risk of ovarian torsion, peak oestradiol levels and ovarian diameter has also
been reported [64]. Moreover, those who become pregnant following fresh embryo transfer are
especially prone to adnexal torsion as hCG continues to support the lutein cysts. During pregnancy, this
complication is generally encountered during the first trimester, although it may also sporadically
occur later in pregnancy [65].

The diagnosis strongly relies on the patient's symptoms and signs, including unilateral lower
abdominal pain, nausea, vomiting and progressive leucocytosis and/or anaemia. The most consistent
imaging finding is asymmetric enlargement of a twisted ovary [66]. Although ultrasound with doppler
may confirm the diagnosis in case there is an absence of flow at the level of the ovarian vessels, the
presence of flow does not exclude torsion and may be normal in up to 60% of all cases [60]. During
OHSS, the diagnosis of ovarian torsion is more difficult as the symptoms are less specific for torsion [21]
and during early pregnancy a differential diagnosis with an extra-uterine pregnancy is necessary.

Follow-up management for patients with an ovarian torsion should take into account that adhe-
sions around the adnexal lesion might occur [67]. Moreover, when surgery for adnexal torsion needs to
be performed during pregnancy, a miscarriage rate of 16.6% has been reported [65].

To prevent ovarian torsion, women undergoing OS should be advised to avoid strenuous physical
activity and, in case of OHSS, a freeze-all embryo approach should be considered, knowing that the
occurrence of a pregnancy can further increase the risk of late-onset OHSS and adnexal torsion [21].

Thromboembolism

A thromboembolic event is a rare ART complication, however, one associated with significant
morbidity and evenmortality. It is well known that women during pregnancy and in puerperium are at
risk to develop venous thromboembolism (VTE) e i.e. deep vein thrombosis or pulmonary embolism
[68]. In the ART setting, successful cycles are more prone to VTE [69] and, although arterial throm-
boembolic events are even rarer than VTE, this latter complication has been reported following ART as
well [70].

Initially, the overall VTE risk in women pregnant following IVF has been reported to be between
0.08% and 0.11% [71]. However, a more recent VTE risk of 0.42% after ART has been reported versus a
0.25% risk following natural conceptions [72]. To assess whether and how this elevated risk is related to
the ART procedure, confounder-adjustment strategies were of utmost importance, given that the
incidence of thromboembolic events is known to increase with age, multiple pregnancies and over
time [73,74].

In womenwith OHSS, an even more significant risk of VTE has been described from 0.78% up to 11%
[75], even after excluding the potential confounding risk of pregnancy [69]. The exact mechanism
predisposing to excessive clotting is unclear but is likely to involve multiple concomitant factors
associated with hyperstimulation such as abnormal oestradiol and VEGF levels, third-space fluid
shifting with haemoconcentration and other hypercoagulable changes [75].
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There is broad agreement that a women's VTE risk should be assessed preconceptionally and again
during pregnancy [76], however, the recommendations guiding thromboprophylaxis are not uniform
[77] and there is even less evidence guiding in the context of ART. Thromboprophylaxis should be
considered in patients with known thrombophilia and in cases of moderate or severe OHSS [70]. A
selective thrombophilia screening based on a history of a thromboembolic event is also recommended
and has been shown to be cost-effective prior to other high-risk situations such as oral oestrogen
administration, pregnancy and major orthopaedic surgery [78].
Long-term risks

As the use of ART steadily rises [79], an increasing number of researchers have shown potential
concern regarding the risk of exogenous gonadotropin use and long-term female health. These fears
are rooted in the fact that infertile women have multiple factors (e.g. anovulation, endometriosis and
nulliparity) which are frequently also associated with an increased risk of cardiovascular disease [80]
and cancer [81] and also since many cancers (e.g. breast, ovarian and uterine cancers) can be hormone-
dependent [82]. Although some studies did posit an increased risk for (borderline) ovarian [83,84],
breast [85] and endometrial [86] cancers, and melanoma [87], these concerns have been relatively
assuaged for now by large registry analyses in which special care was taken to untangle the potential
effect of OS from the confounding factors involved in infertility itself [88e92].

Summary

The vast majority of the couples performing ART are generally young and otherwise healthy. While
this apparent absence of co-morbidities may mitigate the possibility of complications, ART can still be
followed by iatrogenic events. Among these, OHSS in the most frequent complication and, with it,
comes an increase in the risk of many other potential complications such as ovarian torsion and VTE.
That said, the use of GnRH antagonist co-treatment is the most important OS-related strategy to
minimize the incidence of OHSS, followed by GnRH agonist triggering and the elective deferral of a
fresh embryo transfer. Collectively, these secondary preventive strategies have practically abolished the
modern-day risk of OHSS.

Conflicts of interest

SSR declares that he has received research grants from Ferring Pharmaceuticals, MSD and Merck
Serono, and consultancy fees from MSD and Besins. All other authors have no conflicts of interest to
declare pertaining to this article.
Practice points

� Although ART is fairly a safe and simple outpatient technique generally performed in rela-
tively young and otherwise healthy women, it is not without risk and medical complications
may still occur.

� OHSS in the most frequent complication of ART and, with it, comes an increase in the risk of
many other potential complications such as ovarian torsion and VTE. Since up to 83% of all
ART complications are OHSS-related, the largest step towards an era of complication-free
ART will be achieved by efforts towards attaining an OHSS-free ART clinic.

� The use of GnRH antagonist co-treatment is the most important OS-related strategy to
minimize ART complications, followed by GnRH agonist triggering and the elective deferral
of a fresh embryo transfer. Collectively, these secondary preventive strategies have practi-
cally abolished the modern-day risk of OHSS. However, careful cycle monitoring and
gonadotropin dosing are still recommended and “wild” stimulation should not be performed.



Research agenda

� To determine the long-term complication associated with ART
� To compare the pregnancy outcomes and OHSS rates of the “freeze-all” and luteal phase
rescue strategies after GnRH agonist triggering

� Validate the clinical usefulness of alternative drugs for final oocyte maturation such as
kisspeptin

S. Santos-Ribeiro et al. / Best Practice & Research Clinical Endocrinology & Metabolism 33 (2019) 9e1916
References

[1] Lunenfeld B, Van Steirteghem A, Bertarelli F. Infertility in the third millennium: implications for the individual, family and
society: condensed meeting report from the Bertarelli Foundation's second global conference. Hum Reprod Update 2004;
10:317e26.

[2] Macklon NS, Stouffer RL, Giudice LC, et al. The science behind 25 years of ovarian stimulation for in vitro fertilization.
Endocr Rev 2006;27:170e207.

[3] Barbieri RL, Hornstein MD. Assisted reproduction-in vitro fertilization success is improved by ovarian stimulation with
exogenous gonadotropins and pituitary suppression with gonadotropin-releasing hormone analogues. Endocr Rev 1999;
20:249e52.

[4] Sunkara SK, Rittenberg V, Raine-Fenning N, et al. Association between the number of eggs and live birth in IVF treatment:
an analysis of 400 135 treatment cycles. Hum Reprod 2011;26:1768e74.

*[5] Steward RG, Lan L, Shah AA, et al. Oocyte number as a predictor for ovarian hyperstimulation syndrome and live birth: an
analysis of 256,381 in vitro fertilization cycles. Fertil Steril 2014 Apr;101(4):967e73.

[6] Maheshwari A, McLernon D, Bhattacharya S. Cumulative live birth rate: time for a consensus? Hum Reprod 2015;30:
2703e7.

[7] Magnusson A, Kallen K, Thurin-Kjellberg A, et al. The number of oocytes retrieved during IVF: a balance between efficacy
and safety. Hum Reprod 2018;33:58e64.

[8] Ji J, Liu Y, Tong XH, et al. The optimum number of oocytes in IVF treatment: an analysis of 2455 cycles in China. Hum
Reprod 2013;28:2728e34.

*[9] Drakopoulos P, Blockeel C, Stoop D, et al. Conventional ovarian stimulation and single embryo transfer for IVF/ICSI. How
many oocytes do we need to maximize cumulative live birth rates after utilization of all fresh and frozen embryos? Hum
Reprod 2016;31:370e6.

[10] Vaughan DA, Leung A, Resetkova N, et al. How many oocytes are optimal to achieve multiple live births with one
stimulation cycle? The one-and-done approach. Fertil Steril 2017;107:397e404.

[11] Luke B, Brown MB, Wantman E, et al. Cumulative birth rates with linked assisted reproductive technology cycles. N Engl J
Med 2012;366:2483e91.

[12] Schenker JG, Ezra Y. Complications of assisted reproductive techniques. Fertil Steril 1994;61:411e22.
[13] Delvigne A. Request for information on unreported cases of severe ovarian hyperstimulation syndrome (OHSS). Hum

Reprod 2005;20:2033.
*[14] Kawwass JF, Kissin DM, Kulkarni AD, et al. Safety of assisted reproductive technology in the United States, 2000-2011.

J Am Med Assoc 2015;313:88e90.
[15] Weinerman R, Mainigi M. Why we should transfer frozen instead of fresh embryos: the translational rationale. Fertil Steril

2014;102(1):10e8.
[16] Golan A, Weissman A. Symposium: update on prediction and management of OHSS. A modern classification of OHSS.

Reprod Biomed Online 2009;19:28e32.
[17] Vloeberghs V, Peeraer K, Pexsters A, et al. Ovarian hyperstimulation syndrome and complications of ART. Best Pract Res

Clin Obstet Gynaecol 2009;23:691e709.
[18] Neulen J, Yan Z, Raczek S, et al. Human chorionic gonadotropin-dependent expression of vascular endothelial growth

factor/vascular permeability factor in human granulosa cells: importance in ovarian hyperstimulation syndrome. J Clin
Endocrinol Metab 1995;80:1967e71.

[19] Humaidan P, Kol S, Papanikolaou EG. GnRH agonist for triggering of final oocyte maturation: time for a change of
practice? Hum Reprod Update 2011;17:510e24.

[20] Acevedo B, Gomez-Palomares JL, Ricciarelli E, et al. Triggering ovulation with gonadotropin-releasing hormone agonists
does not compromise embryo implantation rates. Fertil Steril 2006;86:1682e7.

[21] Delvigne A, Rozenberg S. Review of clinical course and treatment of ovarian hyperstimulation syndrome (OHSS). Hum
Reprod Update 2003;9:77e96.

[22] Devroey P, Polyzos NP, Blockeel C. An OHSS-Free Clinic by segmentation of IVF treatment. Hum Reprod 2011;26:2593e7.
[23] Leyendecker G, Wildt L, Hansmann M. Pregnancies following chronic intermittent (pulsatile) administration of Gn-RH by

means of a portable pump (“Zyklomat”)–a new approach to the treatment of infertility in hypothalamic amenorrhea.
J Clin Endocrinol Metab 1980;51:1214e6.

[24] Porter RN, Smith W, Craft IL, et al. Induction of ovulation for in-vitro fertilisation using buserelin and gonadotropins.
Lancet 1984;2:1284e5.

http://refhub.elsevier.com/S1521-690X(18)30120-9/sref1
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref1
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref1
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref1
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref2
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref2
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref2
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref3
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref3
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref3
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref3
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref4
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref4
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref4
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref5
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref5
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref5
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref6
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref6
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref6
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref7
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref7
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref7
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref8
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref8
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref8
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref9
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref9
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref9
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref9
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref10
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref10
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref10
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref11
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref11
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref11
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref12
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref12
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref13
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref13
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref14
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref14
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref14
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref15
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref15
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref15
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref16
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref16
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref16
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref17
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref17
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref17
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref18
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref18
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref18
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref18
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref19
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref19
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref19
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref20
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref20
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref20
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref21
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref21
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref21
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref22
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref22
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref23
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref23
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref23
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref23
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref24
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref24
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref24


S. Santos-Ribeiro et al. / Best Practice & Research Clinical Endocrinology & Metabolism 33 (2019) 9e19 17
[25] Hughes EG, Fedorkow DM, Daya S, et al. The routine use of gonadotropin-releasing hormone agonists prior to in vitro
fertilization and gamete intrafallopian transfer: a meta-analysis of randomized controlled trials. Fertil Steril 1992;58:
888e96.

[26] Albano C, Felberbaum RE, Smitz J, et al. Ovarian stimulation with HMG: results of a prospective randomized phase III
European study comparing the luteinizing hormone-releasing hormone (LHRH)-antagonist cetrorelix and the LHRH-
agonist buserelin. European Cetrorelix Study Group. Hum Reprod 2000;15:526e31.

[27] Al-Inany HG, Youssef MA, Aboulghar M, et al. Gonadotrophin-releasing hormone antagonists for assisted reproductive
technology. Cochrane Database Syst Rev 2011, CD001750.

*[28] Toftager M, Bogstad J, Lossl K, et al. Cumulative live birth rates after one ART cycle including all subsequent frozen-thaw
cycles in 1050 women: secondary outcome of an RCT comparing GnRH-antagonist and GnRH-agonist protocols. Hum
Reprod 2017;32:556e67.

*[29] Al-Inany HG, Youssef MA, Ayeleke RO, et al. Gonadotrophin-releasing hormone antagonists for assisted reproductive
technology. Cochrane Database Syst Rev 2016;4, CD001750.

[30] Chappell N, Gibbons WE. The use of gonadotropin-releasing hormone antagonist post-ovulation trigger in ovarian hy-
perstimulation syndrome. Clin Exp Reprod Med 2017;44:57e62.

[31] Gonen Y, Balakier H, Powell W, et al. Use of gonadotropin-releasing hormone agonist to trigger follicular maturation for
in vitro fertilization. J Clin Endocrinol Metab 1990;71:918e22.

[32] Griesinger G, Diedrich K, Devroey P, et al. GnRH agonist for triggering final oocyte maturation in the GnRH antagonist
ovarian hyperstimulation protocol: a systematic review and meta-analysis. Hum Reprod Update 2006;12:159e68.

[33] Iliodromiti S, Blockeel C, Tremellen KP, et al. Consistent high clinical pregnancy rates and low ovarian hyperstimulation
syndrome rates in high-risk patients after GnRH agonist triggering and modified luteal support: a retrospective multi-
centre study. Hum Reprod 2013;28:2529e36.

[34] Fatemi HM, Popovic-Todorovic B, Humaidan P, et al. Severe ovarian hyperstimulation syndrome after gonadotropin-
releasing hormone (GnRH) agonist trigger and “freeze-all” approach in GnRH antagonist protocol. Fertil Steril 2014;
101:1008e11.

[35] Griesinger G, Schultz L, Bauer T, et al. Ovarian hyperstimulation syndrome prevention by gonadotropin-releasing hor-
mone agonist triggering of final oocyte maturation in a gonadotropin-releasing hormone antagonist protocol in com-
bination with a “freeze-all” strategy: a prospective multicentric study. Fertil Steril 2011;95:2029e33. 33 e1.

[36] Gurbuz AS, Gode F, Ozcimen N, et al. Gonadotrophin-releasing hormone agonist trigger and freeze-all strategy does not
prevent severe ovarian hyperstimulation syndrome: a report of three cases. Reprod Biomed Online 2014;29(5):541e4.

[37] Ling LP, Phoon JW, Lau MS, et al. GnRH agonist trigger and ovarian hyperstimulation syndrome: relook at ‘freeze-all
strategy’. Reprod Biomed Online 2014;29:392e4.

*[38] Santos-Ribeiro S, Polyzos NP, Stouffs K, et al. Ovarian hyperstimulation syndrome after gonadotropin-releasing hormone
agonist triggering and “freeze-all”: in-depth analysis of genetic predisposition. J Assist Reprod Genet 2015;32:1063e8.

[39] Herrero L, Pareja S, Losada C, et al. Avoiding the use of human chorionic gonadotropin combined with oocyte vitrification
and GnRH agonist triggering versus coasting: a new strategy to avoid ovarian hyperstimulation syndrome. Fertil Steril
2011;95:1137e40.

[40] Griesinger G, von Otte S, Schroer A, et al. Elective cryopreservation of all pronuclear oocytes after GnRH agonist triggering
of final oocyte maturation in patients at risk of developing OHSS: a prospective, observational proof-of-concept study.
Hum Reprod 2007;22:1348e52.

[41] Humaidan P, Ejdrup Bredkjaer H, Westergaard LG, et al. 1,500 IU human chorionic gonadotropin administered at oocyte
retrieval rescues the luteal phase when gonadotropin-releasing hormone agonist is used for ovulation induction: a
prospective, randomized, controlled study. Fertil Steril 2010;93:847e54.

[42] Engmann L, DiLuigi A, Schmidt D, et al. The use of gonadotropin-releasing hormone (GnRH) agonist to induce oocyte
maturation after cotreatment with GnRH antagonist in high-risk patients undergoing in vitro fertilization prevents the
risk of ovarian hyperstimulation syndrome: a prospective randomized controlled study. Fertil Steril 2008;89:84e91.

[43] Humaidan P. Agonist trigger: what is the best approach? Agonist trigger and low dose hCG. Fertil Steril 2012;97:529e30.
[44] Youssef MA, Van der Veen F, Al-Inany HG, et al. Gonadotropin-releasing hormone agonist versus HCG for oocyte trig-

gering in antagonist-assisted reproductive technology. Cochrane Database Syst Rev 2014;10, CD008046.
[45] Seyhan A, Ata B, Polat M, et al. Severe early ovarian hyperstimulation syndrome following GnRH agonist trigger with the

addition of 1500 IU hCG. Hum Reprod 2013;28:2522e8.
[46] Bodri D, Guill�en JJ, Trullenque M, et al. Early ovarian hyperstimulation syndrome is completely prevented by gonado-

tropin releasing-hormone agonist triggering in high-risk oocyte donor cycles: a prospective, luteal-phase follow-up
study. Fertil Steril 2010;93:2418e20.

[47] Abbara A, Jayasena CN, Christopoulos G, et al. Efficacy of kisspeptin-54 to trigger oocyte maturation in women at high risk
of ovarian hyperstimulation syndrome (OHSS) during in vitro fertilization (IVF) therapy. J Clin Endocrinol Metab 2015;
100:3322e31.

[48] Thomsen L, Humaidan P. Ovarian hyperstimulation syndrome in the 21st century: the role of gonadotropin-releasing
hormone agonist trigger and kisspeptin. Curr Opin Obstet Gynecol 2015;27:210e4.

[49] Kol S. A case of severe early-onset OHSS after GnRH-agonist triggering. Fertil Steril 2011;96:e151. author reply e2.
[50] Popovic-Todorovic B, Racca A, Blockeel C. Added value today of hormonal measurements in ovarian stimulation in

gonadotropin-releasing hormone antagonist treatment cycle. Curr Opin Obstet Gynecol 2018;30:145e50.
[51] Papanikolaou EG, Pozzobon C, Kolibianakis EM, et al. Incidence and prediction of ovarian hyperstimulation syndrome in

women undergoing gonadotropin-releasing hormone antagonist in vitro fertilization cycles. Fertil Steril 2006;85:112e20.
*[52] Griesinger G, Verweij PJ, Gates D, et al. Prediction of ovarian hyperstimulation syndrome in patients treated with cor-

ifollitropin alfa or rFSH in a GnRH antagonist protocol. PloS One 2016;11, e0149615.
[53] Mourad S, Brown J, Farquhar C. Interventions for the prevention of OHSS in ART cycles: an overview of Cochrane reviews.

Cochrane Database Syst Rev 2017;1, CD012103.
[54] Tso LO, Costello MF, Albuquerque LE, et al. Metformin treatment before and during IVF or ICSI in women with polycystic

ovary syndrome. Cochrane Database Syst Rev 2009, CD006105.

http://refhub.elsevier.com/S1521-690X(18)30120-9/sref25
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref25
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref25
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref25
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref26
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref26
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref26
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref26
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref27
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref27
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref28
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref28
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref28
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref28
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref29
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref29
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref30
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref30
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref30
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref31
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref31
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref31
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref32
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref32
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref32
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref33
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref33
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref33
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref33
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref34
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref34
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref34
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref34
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref35
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref35
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref35
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref35
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref36
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref36
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref36
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref37
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref37
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref37
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref38
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref38
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref38
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref39
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref39
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref39
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref39
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref40
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref40
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref40
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref40
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref41
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref41
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref41
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref41
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref42
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref42
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref42
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref42
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref43
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref43
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref44
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref44
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref45
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref45
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref45
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref46
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref46
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref46
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref46
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref46
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref47
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref47
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref47
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref47
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref48
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref48
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref48
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref49
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref50
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref50
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref50
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref51
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref51
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref51
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref52
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref52
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref53
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref53
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref54
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref54


S. Santos-Ribeiro et al. / Best Practice & Research Clinical Endocrinology & Metabolism 33 (2019) 9e1918
[55] Nastri CO, Teixeira DM, Moroni RM, et al. Ovarian hyperstimulation syndrome: pathophysiology, staging, prediction and
prevention. Ultrasound Obstet Gynecol e Offic J Int Soc Ultrasound Obstet Gynecol 2015;45:377e93.

[56] El Tokhy O, Kopeika J, El-Toukhy T. An update on the prevention of ovarian hyperstimulation syndrome. Women's Health
(London, England) 2016;12:496e503.

[57] Tang H, Hunter T, Hu Y, et al. Cabergoline for preventing ovarian hyperstimulation syndrome. Cochrane Database Syst Rev
2012, CD008605.

[58] Varnagy A, Bodis J, Manfai Z, et al. Low-dose aspirin therapy to prevent ovarian hyperstimulation syndrome. Fertil Steril
2010;93:2281e4.

[59] Ellenbogen A, Shavit T, Shalom-Paz E. IVM results are comparable and may have advantages over standard IVF. Facts
Views Vis Obgyn 2014;6:77e80.

[60] Sasaki KJ, Miller CE. Adnexal torsion: review of the literature. J Minim Invasive Gynecol 2014;21:196e202.
[61] Bodri D, Guillen JJ, Polo A, et al. Complications related to ovarian stimulation and oocyte retrieval in 4052 oocyte donor

cycles. Reprod Biomed Online 2008;17:237e43.
[62] Maxwell KN, Cholst IN, Rosenwaks Z. The incidence of both serious and minor complications in young women under-

going oocyte donation. Fertil Steril 2008;90:2165e71.
[63] Gorkemli H, Camus M, Clasen K. Adnexal torsion after gonadotrophin ovulation induction for IVF or ICSI and its con-

servative treatment. Arch Gynecol Obstet 2002;267:4e6.
[64] Romanski PA, Melamed A, Elias KM, et al. Association between peak estradiol levels and ovarian torsion among symp-

tomatic patients receiving gonadotropin treatment. J Assist Reprod Genet 2017;34:627e31.
[65] Mashiach S, Bider D, Moran O, et al. Adnexal torsion of hyperstimulated ovaries in pregnancies after gonadotropin

therapy. Fertil Steril 1990;53:76e80.
[66] Baron KT, Babagbemi KT, Arleo EK, et al. Emergent complications of assisted reproduction: expecting the unexpected.

Radiographics 2013;33:229e44.
[67] Fujishita A, Araki H, Yoshida S, et al. Outcome of conservative laparoscopic surgery for adnexal torsion through one-stage

or two-stage operation. J Obstet Gynaecol Res 2015;41:411e7.
[68] Jacobsen AF, Skjeldestad FE, Sandset PM. Incidence and risk patterns of venous thromboembolism in pregnancy and

puerperium–a register-based case-control study. Am J Obstet Gynecol 2008;198. 233.e1e7.
[69] Villani M, Favuzzi G, Totaro P, et al. Venous thromboembolism in assisted reproductive technologies: comparison be-

tween unsuccessful versus successful cycles in an Italian cohort. J Thromb Thrombolysis 2018;45:234e9.
[70] Chan WS, Ginsberg JS. Diagnosis of venous thromboembolism in pregnancy: a study in extrapolation or a science in

evolution? Expet Rev Cardiovasc Ther 2009;7:1479e82.
[71] Chan WS, Ginsberg JS. A review of upper extremity deep vein thrombosis in pregnancy: unmasking the 'ART' behind the

clot. J Thromb Haemostasis e JTH 2006;4:1673e7.
[72] Henriksson P, Westerlund E, Wallen H, et al. Incidence of pulmonary and venous thromboembolism in pregnancies after

in vitro fertilisation: cross sectional study. BMJ (Clin Res Ed) 2013;346:e8632.
[73] Heit JA, Kobbervig CE, James AH, et al. Trends in the incidence of venous thromboembolism during pregnancy or

postpartum: a 30-year population-based study. Ann Intern Med 2005;143:697e706.
[74] Rova K, Passmark H, Lindqvist PG. Venous thromboembolism in relation to in vitro fertilization: an approach to deter-

mining the incidence and increase in risk in successful cycles. Fertil Steril 2012;97:95e100.
[75] Wormer KC, Jangda AA, El Sayed FA, et al. Is thromboprophylaxis cost effective in ovarian hyperstimulation syndrome: a

systematic review and cost analysis. Eur J Obstet Gynecol Reprod Biol 2018;224:117e24.
[76] Okoroh EM, Azonobi IC, Grosse SD, et al. Prevention of venous thromboembolism in pregnancy: a review of guidelines,

2000-2011. J Womens Health 2012;21:611e5.
[77] Wu P, Poole TC, Pickett JA, et al. Current obstetric guidelines on thromboprophylaxis in the United Kingdom: evidence

based medicine? Eur J Obstet Gynecol Reprod Biol 2013;168:7e11.
[78] Wu O, Robertson L, Twaddle S, et al. Screening for thrombophilia in high-risk situations: systematic review and cost-

effectiveness analysis. The Thrombosis: risk and Economic Assessment of Thrombophilia Screening (TREATS) study.
Health Technol Assess (Winchester, England) 2006;10:1e110.

[79] Inhorn MC, Patrizio P. Infertility around the globe: new thinking on gender, reproductive technologies and global
movements in the 21st century. Hum Reprod Update 2015;21:411e26.

[80] Park K, Wei J, Minissian M, et al. Adverse pregnancy conditions, infertility, and future cardiovascular risk: implications for
mother and child. Cardiovasc Drugs Ther Spons Int Soc Cardiovasc Pharmacother 2015;29:391e401.

[81] Casagrande JT, Louie EW, Pike MC, et al. “Incessant ovulation” and ovarian cancer. Lancet 1979;2:170e3.
[82] Kroener L, Dumesic D, Al-Safi Z. Use of fertility medications and cancer risk: a review and update. Curr Opin Obstet

Gynecol 2017;29:195e201.
[83] van Leeuwen FE, Klip H, Mooij TM, et al. Risk of borderline and invasive ovarian tumours after ovarian stimulation for

in vitro fertilization in a large Dutch cohort. Hum Reprod 2011;26:3456e65.
[84] Stewart LM, Holman CD, Finn JC, et al. In vitro fertilization is associated with an increased risk of borderline ovarian

tumours. Gynecol Oncol 2013;129:372e6.
[85] Gennari A, Costa M, Puntoni M, et al. Breast cancer incidence after hormonal treatments for infertility: systematic review

and meta-analysis of population-based studies. Breast Canc Res Treat 2015;150:405e13.
*[86] Kessous R, Davidson E, Meirovitz M, et al. The risk of female malignancies after fertility treatments: a cohort study with

25-year follow-up. J Canc Res Clin Oncol 2016;142:287e93.
[87] Hannibal CG, Jensen A, Sharif H, et al. Malignant melanoma risk after exposure to fertility drugs: results from a large

Danish cohort study. Cancer Causes Control e CCC 2008;19:759e65.
[88] van den Belt-Dusebout AW, Spaan M, Lambalk CB, et al. Ovarian stimulation for in vitro fertilization and long-term risk of

breast cancer. J Am Med Assoc 2016;316:300e12.
[89] Spaan M, van den Belt-Dusebout AW, Schaapveld M, et al. Melanoma risk after ovarian stimulation for in vitro fertil-

ization. Hum Reprod 2015;30:1216e28.

http://refhub.elsevier.com/S1521-690X(18)30120-9/sref55
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref55
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref55
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref55
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref56
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref56
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref56
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref57
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref57
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref58
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref58
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref58
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref59
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref59
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref59
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref60
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref60
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref61
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref61
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref61
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref62
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref62
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref62
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref63
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref63
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref63
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref64
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref64
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref64
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref65
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref65
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref65
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref66
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref66
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref66
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref67
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref67
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref67
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref68
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref68
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref68
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref69
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref69
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref69
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref70
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref70
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref70
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref71
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref71
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref71
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref71
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref72
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref72
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref73
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref73
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref73
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref74
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref74
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref74
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref75
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref75
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref75
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref76
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref76
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref76
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref77
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref77
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref77
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref78
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref78
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref78
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref78
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref79
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref79
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref79
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref80
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref80
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref80
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref81
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref81
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref82
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref82
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref82
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref83
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref83
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref83
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref84
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref84
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref84
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref85
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref85
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref85
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref86
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref86
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref86
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref87
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref87
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref87
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref87
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref88
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref88
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref88
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref89
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref89
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref89


S. Santos-Ribeiro et al. / Best Practice & Research Clinical Endocrinology & Metabolism 33 (2019) 9e19 19
[90] Reigstad MM, Larsen IK, Myklebust TA, et al. Cancer risk among parous women following assisted reproductive tech-
nology. Hum Reprod 2015;30:1952e63.

[91] Luke B, Brown MB, Spector LG, et al. Cancer in women after assisted reproductive technology. Fertil Steril 2015;104:
1218e26.

*[92] Dayan N, Filion KB, Okano M, et al. Cardiovascular risk following fertility therapy: systematic review and meta-analysis.
J Am Coll Cardiol 2017;70:1203e13.

[93] Weinerman R, Grifo J. Consequences of superovulation and ART procedures. Semin Reprod Med 2012;30:77e83.
[94] Abramov Y, Elchalal U, Schenker JG. Pulmonary manifestations of severe ovarian hyperstimulation syndrome: a multi-

center study. Fertil Steril 1999;71:645e51.
*[95] Braat DD, Schutte JM, Bernardus RE, et al. Maternal death related to IVF in The Netherlands 1984-2008. Hum Reprod

2010;25:1782e6.

http://refhub.elsevier.com/S1521-690X(18)30120-9/sref90
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref90
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref90
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref91
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref91
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref91
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref92
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref92
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref92
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref93
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref93
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref94
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref94
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref94
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref95
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref95
http://refhub.elsevier.com/S1521-690X(18)30120-9/sref95

	Towards complication-free assisted reproduction technology
	What are the main complications of ovarian stimulation and how can we prevent them?
	Ovarian hyperstimulation syndrome
	The key discovery that led to the first drastic reduction in ovarian hyperstimulation syndrome – gonadotropin-releasing hor ...
	Tailoring the approach to ovulation triggering and embryo transfer following excessive ovarian response – the GnRH agonist  ...
	The new “rule number 1” of the ART complication-free era: one cannot “go wild” on stimulation just because we have efficien ...
	Cycle monitoring and secondary predictive factors for OHSS
	Other OHSS prevention strategies
	Primary prevention
	Secondary prevention


	Ovarian torsion
	Thromboembolism
	Long-term risks

	Summary
	Conflicts of interest
	References


