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Abstract

Ovarian hyperstimulation syndrome (OHSS) is a potentially life-threating iatrogenic complication of the early luteal
phase and/or early pregnancy after in vitro fertilization (IVF) treatment. The aim of the current study was to identify
the most effective methods for preventing of and reducing the incidence and severity of OHSS in IVF patients. A sys-
tematic review of systematic reviews of randomized controlled trials (RCTs) with meta-analysis was used to assess
each potential intervention (PROSPERO website, CRD 268626) and only studies with the highest quality were included
in the qualitative analysis. Primary outcomes included prevention and reduction of OHSS incidence and severity.
Secondary outcomes were maternal death, incidence of hospital admission, days of hospitalization, and reproductive
outcomes, such as incidence of live-births, clinical pregnancies, pregnancy rate, ongoing pregnancy, miscarriages,
and oocytes retrieved. A total of specific interventions related to OHSS were analyzed in 28 systematic reviews of RCTs
with meta-analyses. The quality assessment of the included studies was high, moderate, and low for 23, 2, and 3
studies, respectively. The certainty of evidence (CoE) for interventions was reported for 37 specific situations/popula-
tions and resulted high, moderate, and low-to-very low for one, 5, and 26 cases, respectively, while it was not reported
in 5 cases. Considering the effective interventions without deleterious reproductive effects, GnRH-ant co-treatment
(36 RCTs;: OR 0,61, 95% C 0.51 t0 0.72, n=7,944: 1>=31%) and GnRH agonist triggering (8 RCTs; OR 0.15, 95% Cl 0.05

t0 0.47, n=989; I>=42%) emerged as the most effective interventions for preventing OHSS with a moderate CoF,
even though elective embryo cryopreservation exhibited a low CoE. Furthermore, the use of mild ovarian stimulation
(9 RCTs: RR0.26, C1 0.14 to 0.49, n=1,925; I>=0%), and dopaminergic agonists (10 RCTs; OR 0.32, 95% Cl 0.23 to 0.44,
n=1,202; I>=13%) coadministration proved effective and safe with a moderate CoE. In conclusion, the current study
demonstrates that only a few interventions currently can be considered effective to reduce the incidence of OHSS
and its severity with high/moderate CoE despite the numerous published studies on the topic. Further well-designed
RCTs are needed, particularly for GnRH-a down-regulated IVF cycles.
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Introduction

Ovarian hyperstimulation syndrome (OHSS) was first
described over six decades ago [1] and remains a signifi-
cant complication associated with ovarian stimulation
using gonadotropins, particularly in in vitro fertilization
(IVF) cycles, with financial burden [2, 3]. Despite the lack
of a formal consensus definition, OHSS is recognized as
a potentially life-threatening iatrogenic complication that
occurs during the early luteal phase and/or early preg-
nancy due to an excessive response to ovarian stimula-
tion [4]. Some cases of OHSS cannot be predicted, as
they appear to be idiosyncratic reactions to gonadotro-
pins, and spontaneous OHSS cases not related to ovarian
stimulation have been reported [5].

OHSS primarily develops when patients with an exces-
sive response to exogenous gonadotropins receive human
chorionic gonadotropin (hCG) to complete oocyte
maturation, leading to the formation of numerous cor-
pora lutea. The longer half-life of hCG compared to
endogenous luteinizing hormone (LH) causes sustained
luteotropic activity, inducing vasodilation, increased
capillary permeability, and fluid shift from intravascular
to extravascular spaces (third space), resulting in hypo-
volemic hyponatremia [6-8]. Clinically, OHSS is char-
acterized by ovarian cystic enlargement, abdominal
distention and pain, and fluid shift from the intravascu-
lar space to the third space, potentially leading to ascites,
pericardial and pleural effusions, and generalized edema
[9]. Life-threatening complications such as, adult respira-
tory distress syndrome, thromboembolism, and acute
renal failure may arise during OHSS [9].

Vascular endothelial growth factors (VEGFs) are key
molecules responsible for high vascular permeability
[8, 10, 11]. VEGFs are produced by the granulosa cells
following gonadotropin stimulation, and their produc-
tion increases substantially after hCG administration.
Additionally, other systemic and local vasoactive sub-
stances, including interleukin (IL)-2, IL-6, IL-8, IL-10,
IL-18, angiotensin II, histamine, prolactin, prostaglan-
dins, insulin-like growth factor (IGF) 1, and transform-
ing growth factor (TGF) b are also directly and indirectly
implicated in OHSS pathogenesis [7, 8, 10, 11]. Genetic
predisposition, involving genetic variants of VEGF
receptor genes, has also been proposed as a critical fac-
tor in OHSS development [10, 12].

The true incidence of the OHSS is challenging to
determine due to underreporting [7]. According to the
American Society for Reproductive Medicine (ASRM)
classification [13], moderate-to-severe OHSS occurs in
approximately 1-5% of IVF cycles with an incidence of
up to 20% in high-risk patients [7]. Importantly, many
OHSS patients seek initial care in the emergency depart-
ments. From 2002 to 2011 in the United States (US) there
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were 11562 hospitalizations due to OHSS and about 4.4%
of these cases experienced life-threatening events [9]. A
mortality rate of 3/100,000 after IVF cycles due to OHSS
was previously estimated in Europe prior to the intro-
duction of the gonadotropin releasing hormone agonist
(GnRH-a) trigger protocol [14]. In addition, both in sin-
gleton and twin pregnancies, the OHSS is also associ-
ated with increased risk of pregnancy complications with
a significant incidence of low birth weight and preterm
delivery [3].

Various attempts have been made to categorize and
classify OHSS [4], with two primary classification modal-
ities described. The first is based on the timing of presen-
tation, distinguishing early and late OHSS forms [15]. The
second is based on severity, with numerous classifications
proposed in the literature [4]. The most widely used clas-
sification delineates OHSS into four stages according to
clinical and laboratory features: mild, moderate, severe,
and critical forms [16]. However, these grades are not
strictly separate and can quickly transition.

A GnRH antagonist (GnRH-ant) cycle followed by a
GnRH-a trigger and a “freeze all” policy has proven to
be the most effective strategy against OHSS develop-
ment [17], significantly changing ovarian stimulation
and transfer policies worldwide, particularly for women
deemed to be at high risk of OHSS. Moreover, following
GnRH-a triggering, the risk of early and severe OHSS
is not totally cancelled [18]. Due to the effectiveness of
the GnRH-a trigger, limited data has subsequently been
published on other potential interventions for OHSS pre-
vention/reduction in GnRH-ant co-treated cycles, with
conventional hCG triggering or in GnRH-a controlled
cycles which are still widely performed globally and in
trials exploring new gonadotropin formulations [19-21].

Previous systematic reviews have primarily focused on
specific interventions, with clinical guidelines predating
recent developments [22] or consensus papers [23], and
few attempts were made to summarize the clinical effi-
cacy of many interventions [24]. In light of these short-
comings, we undertook a systematic umbrella review to
identify the best evidence-based interventions to prevent
or reduce the incidence and severity of OHSS in patients
undergoing IVF treatment.

Methods

This umbrella review was conducted in accordance with
the Preferred Reporting Items for Overviews of Reviews
(PRIOR) guidelines [25]. The Population, Intervention,
Comparison, Outcome (PICO) model [26] guided the
study design. The review protocol (CRD 268626) was reg-
istered on the PROSPERO website (http://www.crd.york.
ac.uk/PROSPERO).
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Review question

The primary question was: Which interventions are
most effective, based on the best clinical evidence, for
preventing and reducing the incidence and severity of
OHSS in patients undergoing IVF?

PICO model

In accordance with the PICO model [26], the “Popu-
lation” comprised infertile patients undergoing IVF
and/or intracytoplasmic sperm injection (ICSI) treat-
ment. The “Intervention” encompassed each strat-
egy, procedure, or treatment employed before, during
or after ovarian stimulation that potentially affects
OHSS risk and severity. The “Comparison” involved
no intervention or a placebo/sham arm or another
potentially active intervention. Primary and second-
ary “Outcomes” were ranked by importance in evalu-
ating intervention effects. Incidence and severity of
OHSS were considered primary (critical) outcomes.
Secondary outcomes included maternal death (criti-
cal), incidence of hospital admission (critical), days
of hospitalization (important), live birth rate (criti-
cal), clinical pregnancy rate (critical), pregnancy rate
(important), ongoing pregnancy rate (important),
miscarriage rate (important), and number of oocytes
retrieved (important).

Data sources and search strategy

An initial search was conducted in November 2022
using the keywords “OVARIAN HYPERSTIMULA-
TION SYNDROME” and “OHSS” in PubMed, The
Cochrane Library and Web of Science. The literature
search aimed to identify all potential interventions
that assessed the incidence and/or severity of OHSS.
A subsequent formal search was performed, pairing
each specific intervention identified with “OVARIAN
HYPERSTIMULATION SYNDROME” or “OHSS” to
detect all interventions analyzed in systematic reviews.

Eligibility criteria

Inclusion criteria encompassed human studies pub-
lished in English. No publication period restrictions
were applied. For the first search, no additional spe-
cific inclusion and exclusion criteria were considered.
During the second literature search for each identified
intervention, only systematic reviews of randomized
controlled trials (RCTs) with meta-analyses with data
related to OHSS were included in the final analysis.
Systematic reviews were defined as studies that collect
data from primary research studies using organized,
repeatable procedures and subsequently synthesize the
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quantitative or qualitative results. Studies with different
designs, including network meta-analyses [27, 28] were
excluded.

If two or more studies were available, the inclusion cri-
teria prioritized the highest quality study, followed by the
most recent study. Overlapping systematic reviews were
included only if they had similar quality and were pub-
lished in the same year or if the selected study did not
report important sub-analyses. No additional searches
for supplemental primary studies were performed, and
unpublished studies were not specifically sought. The
authors also hand-searched the reference lists of included
articles and previous reviews to find additional data rel-
evant to the of interest to the study’s aim. Searches were
re-run prior to the final analysis.

Data collection process

Two authors (SP, FC) performed, extracted, and tabulated
all searches with three others (DC, PH, SMN) check-
ing the results. For each specific intervention, a custom
table to extract data was created to extract data. Data
extracted and tabulated included the first author, year of
publication, country, study design (systematic reviews
and supplemental primary RCTs), population character-
istics, studies included, sample size, ovarian stimulation
protocols, primary and secondary outcomes (as detailed
earlier), and the certainty of evidence (CoE). No attempts
were made to obtain original data by contacting corre-
sponding authors.

Quality assessment

Two authors (SP, FC) assessed the quality of all
included studies. The Assessing the Methodological
Quality of Systematic Reviews 2 (AMSTAR-2; http://
www.amstar.ca) [29] was used for systematic review
evaluation (Table 1).

Data analysis
A qualitative analysis was performed for each interven-
tion, alone or in combination. Quantitative analysis,
using aggregate data, was reported as detailed in the
original papers. Similarly, the CoE regarding the inter-
vention effect on OHSS risk/severity and data heteroge-
neity (inconsistency measure, I%) [30] were reported as
detailed in the original meta-analysis papers. The CoE
was reported for each specific intervention (for exam-
ple GnRH-ant for general, unselected, PCOS, and poor-
responder population).

Data were also sub-analyzed according to use of
GnRH-a or GnRH-ant for pituitary down-regulation, to
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Table 1 Quality assessment of systematic reviews according to AMSTAR-2 [29]

HIGH

MODERATE

LOW
critical weaknesses

CRITICALLY LOW

Critical domains
- Protocol registered before commencement of the review (item 2)
- Adequacy of the literature search (item 4)
- Justification for excluding individual studies (item 7)
- Risk of bias from individual studies being included in the review (item 9)
- Appropriateness of meta-analytical methods (item 11)

No or one non-critical weakness

More than one non-critical weakness*

One critical flaw with or without non-

More than one critical flaw with or
without non-critical weaknesses

The systematic review provides an accurate and com-
prehensive summary of the results of the available
studies that address the

question of interest

The systematic review has more than one
weakness but no critical flaws. It may provide

an accurate summary of the results of the available
studies that were included in the review

The review has a critical

flaw and may not provide an accurate and compre-
hensive summary of the available

studies that address the question of interest

The review has more than one critical flaw and should
not be relied on to provide an accurate and compre-
hensive summary of the available studies

- Consideration of risk of bias when interpreting the results of the review (item 15)

Non-critical weakness
+ PICO model (item 1)
- Explain the selection for the inclusion (item 3)
- Selection of studies in duplicate (item 5)
- Data extraction in duplicate (item 6)
- Describe the included studies (item 8)
- Funding sources for the studies included in the review (item 10)

- Potential impact of risk of bias in individual studies on outcomes (item 12)

- Consideration of the risk of bias in individual studies when interpreting/discussing the results (item 13)

« Heterogeneity observed (item 14)
- Conflict of Interest (item 16)

*Multiple non-critical weaknesses may diminish confidence in the review, and it may be appropriate to move the overall appraisal down from moderate to low

confidence

hCG or GnRH-a for ovulation trigger, and to different
populations (unselected, PCOS, and so on).

Ethics

No formal ethical approval was required as the study did
not involve humans or the use of human tissue or hospi-
tal records samples, and no personal data were recorded
and analyzed.

Results

In our initial search, 8,976 items were identified and
assessed through abstract and full-text examination as
necessary. This led to the identification of 46 potential
interventions. Following the second literature search,
1,450 records were obtained, with 1,236 being excluded
due to duplication. Of the remaining 214 records, 103
were chosen for eligibility assessment after title and
abstract evaluation. Subsequently, 76 out of 103 records
were excluded for the following reasons: 57 had supe-
rior evidence available, 8 lacked data synthesis, and
10 featured meta-analyses that included non-RCTs or

insufficient data. Ultimately, 28 studies representing
37 interventions were included in this umbrella review
(Fig. 1). Table 2 presents all intercepted interventions
with potential effects on OHSS risk analyzed or did not
analyze in systematic reviews with meta-analyses of
RCTs. Table 3 outlines the main characteristics of the
studies included in the final analysis.

For each intervention analyzed, we provide the ration-
ale for its use, available/intercepted studies (if more than
one and avoiding citing papers subsequently updated),
primary outcomes, CoE, and study quality. Table 4 sum-
marizes the primary and secondary outcomes for each
intervention. The quality assessment for the 28 included
systematic reviews of RCTs with meta-analysis was
deemed high, moderate, and low for 23, 2, and 3 studies,
respectively. We assessed the CoE for the effect on OHSS
risk of the interventions intercepted on specific popu-
lations or clinical situations (a total of 37 items) result-
ing high, moderate, and low to very low for one, 5, and
26 cases, respectively. Five interventions lacked reported
CoE (Table 4).
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Records identified from:
Databases n = 1279
Registers n =171

Records removed before screening:
Duplicates n = 1236
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y

Records removed after title and
abstract evaluation (no systematic

Records screened by title and
abstract evaluation:
n=214

review with meta-analysis):
— n=111

\4

Records excluded

Records assessed for eligibility
n =103

T—>| * Greater evidence was present
n=57

\
[ Screening [ Identification }
J

A4

e Systematic review without meta-
analysis
n=8

Systematic reviews included

* Meta-analysis not performed only
on RTCs studies or insufficient data
n= 10

n=28

n=28

Total systematic reviews included

Fig. 1 PRIOR flow diagram [25]

Tailoring ovarian stimulation and monitoring using OHSS
risk factors

Numerous risk factors, individually or combined, have
been shown to increase the overall OHSS risk. Clinical
guidelines [13, 17] identify specific risk factors for rec-
ognizing OHSS high-risk patients, which may emerge
before or during the IVF cycle.

Risk factors and predictive models

OHSS-associated risk factors are classically divided into
demographic, clinical, and ovarian reserve markers. Key
demographic and clinical factors include young age, polycys-
tic ovary syndrome (PCOS) [31], ovulatory disorders [3], low
body mass index (BMI) [32], history of previous OHSS [13],
genetics factors [33] In terms of ovarian reserve markers,
serum anti-Miillerian hormone (AMH) level above 3.36 ng/
mL (with over 90% sensitivity) [34] and late follicular phase
serum estradiol levels above 3,500 pg/mL [13, 35] can predict
the risk of OHSS. A total antral follicle count (AFC) of 24 or
higher was associated with an increased risk of moderate-to-
severe OHSS [36]. On the other hand, no difference in ovar-
ian response was detected among blood groups [37].

Various algorithms incorporating demographic/clini-
cal and ovarian reserve data have been developed to
minimize the OHSS risk, and multiple systematic reviews
with meta-analyses have been conducted [38—40]. The
most recent meta-analysis, comparing an ovarian reserve
test-based algorithm (basal FSH, AFC and AMH) with no
algorithm, found a reduction of the likelihood of moder-
ate or severe OHSS [4 RCTs; odds ratio (OR) 0.58, 95% CI
0.34 to 1.00, n=2823; >=0%] with the use of the ovarian
reserve test-based algorithm [40]. No differences in live
birth / ongoing pregnancy and clinical pregnancy were
observed. The CoE was low [40], and the quality assess-
ment indicated a high-quality study.

Monitoring and surveillance of ovarian stimulation

Multifollicular development, elevated estradiol levels,
and numerous recruited oocytes are established predic-
tors of OHSS development [13]. Specifically, the pres-
ence of over 20 follicles during ovarian stimulation [36],
retrieval of more than 24 [41] or 30 [3], oocytes, and
estradiol levels exceeding 3,500 pg/mL [35] have been
associated with an increased risk of OHSS. Consequently,
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Table 2 All interventions identified to potentially modify OHSS
risk

Interventions Systematic review

with meta-analysis

3

Alternative hCG protocol

Aspirin

Calcium infusion

Carbegoline

Clomiphene citrate

Coasting

Corifollitropin alfa

Cycle cancellation

Diosmin

Dopaminergic agonists

Dual trigger

Elective cryopreservation

Elective single embryo transfer (e-SET)
Follitropin delta

FSH dose decrease

Glucocorticoid

GnRH analogs

Inositol

Insulin sensitizing drugs

In vitro maturation of cocytes
Intensified luteal phase support with hCG
Intensified luteal phase support: GnRH agonist
Ketoconazole

Kisspeptin

Letrozole

LH addition

Luteal GnRH antagonist administration
Luteal phase support / GnRH agonist
Luteal phase support / hCG

Luteal phase support / progesterone
Melatonin

Metformin

Mild ovarian stimulation

Monitoring and surveillance

Natural IVF cycles

Oral contraceptives

Ovarian drilling

Personalization

Predictive models

Progestin-primed ovarian stimulation
Triggering / hCG dose

Triggering / GnRH agonist

Triggering / r-hLH

Triggering / hCG type
Gonadotropins

Vitamin D

Volume expanders / albumin

AU R SN T TR0 U U U U U U U 0 T T U U U 0 U R B T MR B VR R N R R R S Wk S NI R T U N U N YR

Volume expanders / hydroxyethyl starch
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monitoring and surveillance of ovarian stimulation may
serve as a useful strategy to mitigate OHSS risk.

Two studies in the literature address this issue [42,
43]. A recent systematic review and meta-analysis
reported inconclusive results regarding OHSS preven-
tion through monitoring multifollicular development
using a combination of estradiol levels and transvaginal
ultrasound (TV-US) compared to TV-US alone (6 RCTs;
OR 1.03, 95% CI 0.48 to 2.20, n=781; I*=0%) [43]. Simi-
larly, uncertain results were observed for the number of
retrieved oocytes and pregnancy rates [43]. The certainty
of evidence (CoE) was low [43], with the quality assess-
ment indicating high quality.

Natural cycle IVF

Natural cycle IVF involves the retrieval of an oocyte from
a dominant follicle during a natural cycle, which is subse-
quently fertilized and cultured in vitro [44].

A systematic review with data synthesis, including only
one RCT, found no evidence of a statistically significant dif-
ference in OHSS rates between natural cycle and standard
IVF (1 RCT; OR 0.19, 95% CI 0.01 to 4.06, n=60; I*=not
applicable) [45]. However, a reduction in oocyte retrieval
rate was observed in natural cycle IVFE, with no differences
in ongoing and clinical pregnancy rates [45]. The CoE was
very low [45], and the quality assessment indicated high

quality.

Pre-treatment with oral contraceptives

Pretreatment with oral contraceptive pills (OCP) has
been proposed for IVF patients to enhance treatment
efficacy by synchronizing the antral follicle pool prior to
ovarian stimulation. Additionally, OCPs can reduce local
and systemic androgen levels, especially for patients with
PCOS [46].

In GnRH-ant co-treatment no effect on OHSS inci-
dence was observed between OCP pre-treated cycles
and non-pretreated cycles (2 RCTs; OR 0.98, 95% CI
0.28 to 3.40, n=642; *=0%) [47]. Live birth or ongoing
pregnancy rates were lower in pretreated women, and
evidence for pregnancy loss was insufficient [47]. Com-
paring OCP combined with the GnRH-ant protocol to
the GnRH-a protocol, insufficient evidence was found to
demonstrate differences in OHSS incidence (2 RCTs; OR
0.63, 95% CI 0.20 to 1.96, n=290; I*=0%) or live birth or
ongoing pregnancy rates. However, a reduction in mis-
carriage rates was observed [47]. In that study, no pri-
mary research on progestogen or estrogen pre-treatment
for ovarian stimulation IVF protocols was analyzed due
to a lack of data on risk of OHSS [47]. The CoE for the
data was low [47], and the quality assessment indicated a
high quality.
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Table 3 Characteristics of the studies included in the final analysis according to the specific intervention
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Interventions Evidence Country Ovarian Population CoE Assessment of
stimulation quality
protocol

Predictive models Lensenetal, 2018 New Zealand 4 RCTs: 2 agonists; 1 General infertile Low High
antagonists; 1 no OS  population
performed

Monitoring and Kwan et al,, 2021 England 6 RCTs: 3 agonists;  General infertile Low High

surveillance 1 both agonists population
and antagonists;

1 hMG alone; 1
unknown

Natural IVF cycles  Allersmaetal, 2013 Netherlands 1 RCT: Natural IVF General infertile Very low High
cycles vs. agonist population

Pre-treatment with Farquharetal, 2017 New Zealand 2 RCTs: antagonists ~ General infertile Low High

oral contraceptives vs. pre-treatment population
with OC +antago-
nists
2 RCTs: pre-
treatment
with OC +agonists

Personalization Lensenetal, 2018  New Zealand 1 RCT: agonists General infertile Very low High
OR agonists+100 Ul population
vs. 150 Ul FSH

Mild ovarian Datta et al, 2021 England Normal-responder 9 General infertile Moderate High

stimulation RCTs: 6 antagonists ~ population
Vs. agonists; 2 ago-
nists; 1 no treatment
Vs. agonists
Hyper-responder
2 RCTs: 1 antago-
nists vs. agonists; 1
agonists or antago-
nists

Urinary vs.recom- van Wely etal, 2011 Netherlands 32 RCTs: 29 agonists; General infertile High High

binant gonado- 1 antagonists, 2 population

tropin unknown

Corifollitropin alfa Cozzolino et al, Spain 5RCTs: antagonists ~ General infertile Not available Moderate

2018 population

r-LH Mochtar et al, 2017  England 6 RCTs: 4 agonists, 2 General infertile Low High
antagonists population

Clomiphene cit- Kamath etal, 2017  India 5RCTs: 2 agonists; 2 General infertile Low High

rate or letrozole agonists vs. antago-  population
nists; 1 antagonists

Clomiphene Bechtejew et al, Brazil 4 RTCs: unknown General infertile Moderate Moderate

citrate 2017 population

Letrozole Bechtejew et al, China 1 RTC: unknown General infertile Low Moderate

2017 population

Metformin Tsoetal, 2020 Brazil 11 RCTs: 9 agonists;  PCOS Patients Low High
2 antagonists

Melatonin Seko et al, 2014 Brazil 1 RCT: agonists PCOS Low High

Coasting D'Angeloetal, 2017 England 2 RCTs: coasting vs.  General infertile Low High
no coasting population

GnRH analogs Al-lnany etal, 2016 Egypt 36 RCTs: antagonists  General infertile Moderate High

Unselected popu- VS. agonists population

lation

GnRH analogs Lambalk et al, 2017  Netherlands 22 RCTsand 9 RCTs:  General infer- Not available High

General popula- antagonists vs. tile population

tion agonists and PCOS patients

GnRH analogs Kadoura etal, 2022 Syrian Arab Republic 9 RCTs: antagonists ~ PCOS Very low High

PCOS population

Vvs. agonists
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Interventions Evidence Country Ovarian Population CoE Assessment of
stimulation quality ?
protocol

GnRH analogs Wang et al, 2017 China 21 RCTs: antagonists  Normal responders  Not available High

Normo-responders VS. agonists

GnRH analogs Lambalketal, 2017  Netherlands 6 RCTs: antagonists  Poor-responders Not available High

Poor-responders VS. agonists

Progestin-primed  Guan et al, 2021 China 6 RCTs: 5 antago- General infertile Low Low

ovarian stimula- nists, 1 agonists population

tion

Triggering: type Youssef et al, 2016a  Egypt 3 RCTs: 2 agonists, 1 General infertile Low High

of hCG antagonists population

Triggering: GnRH  Youssefetal, 2014  Egypt 8 RCTs: 8 antago- General infertile Moderate High

agonist nists population

Triggering: r-hLH  Youssefetal, 2016a  Egypt 2 RCTs: 2 agonists General infertile Very low High

population

Elective cryo- Zaat et al, 2021 Netherlands 6 RCTs: 3 antago- General infertile Low High

preservation nists, 2 agonists, 1 population
no GnRH analogs

In vitro maturation Siristatidis et al,, Greece 11 prospective Patients Very low Low

of oocytes 2018 and retrospective with and without
studies. PCOS
No cases of OHSS
were reported

Dopaminergic Tang etal, 2021 Netherlands 10 RCT: unknown General infertile Moderate High

agonists population

Diosmin Tang etal, 2021 China 1 RCT: unknown General infertile Very low High

population

Volume expand- Youssef etal, 2016b  Egypt 7 RCTs: 6 agonists; 1 General infertile Very low High

ers: albumin unknown population

Volume expand- Youssef et al, 2016b  Egypt 2 RCTs: 2 agonists General infertile Very low High

ers: hydroxyethyl population

starch

Glucocorticoid Boomsma et al,, Netherlands 3 RCTs: 3 agonists General infertile Very low High

2022 population

Luteal phase sup-  Van der Linden etal, Netherlands 1 RCT: agonists General infertile Low High

port: hCG 2015 population

Luteal phase sup-  Van der Linden etal, Netherlands 5RCTs: 5 agonists General infertile Low High

port: progesterone 2015 population

Luteal phase van der Linden et al, Netherlands 1 RCT: agonists General infertile Very low High

support: GnRH 2015 population

agonist

(vs. progesterone)

Intensified luteal Ma et al, 2019 China 2 RCTs: 1 agonists; 1 General infertile Not available Low

phase support: antagonists population

GnRH agonist

Calcium infusion ~ Tangetal, 2021 China 2 RCTs: 2 agonists General infertile Very low High

population

Ovarian drilling Bordewijk et al, Netherlands 1 RCT: agonists Infertile population  Very low High

2020

with PCOS

CC Clomiphene citrate, CoE Certainty of evidence, FSH Follicle-stimulating hormone, h(MG Human menopausal gonadotrophin, IVF In vitro fertilization, LH Luteinizing
hormone, OC Oral contraceptives, PCOS Polycystic ovary syndrome, SR Systematic review, Ul International unit

2 Assessing the Methodological Quality of Systematic Reviews 2 (AMSTAR-2, http://www.amstar.ca) [29]

Gonadotropin starting dose

Personalization

A systematic review and meta-analysis assessed the

efficacy and safety of individualized gonadotropin dos-
ing, utilizing ovarian reserve markers such as AMH, AFC

and/or basal FSH [40]. The data synthesis demonstrated


http://www.amstar.ca
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that personalized treatment is effective and safe for pre-
dicted high-responders, but not for predicted low- and
normal-responders. In fact, a gonadotropin dosage equal
to 150 UI daily or lower reduced the likelihood of moder-
ate or severe OHSS in high-risk patients (1 RCT; OR 2.31,
95% CI 0.80 to 6.67, n=521; I>=not applicable) [40].
Insufficient evidence was available regarding live birth,
and no difference in the clinical pregnancy was found
across the treatment groups [40]. However, the evidence
was scarce in terms of quality and the number of studies.
The CoE was very low [40], and the quality assessment
indicated a high quality.

Mild ovarian stimulation

Mild ovarian stimulation is defined as “a procedure in
which the ovaries are stimulated with gonadotropins
and/or other compounds, in the intention to limit the
number of oocytes obtained for IVF to fewer than seven”
[48]. Three different systematic reviews with meta-analy-
sis were identified in the literature [49-51].

The most recent meta-analysis with the highest qual-
ity confirmed a lower OHSS risk in patients receiving
mild stimulation, defined as a gonadotropin adminis-
tration using doses equal to or lower than 150 IU daily,
compared to controls receiving a higher conventional
stimulation gonadotropin dose (greater than 150 UI)
in normal- (9 RCTs; RR 0.26, CI 0.14 to 0.49, n=1,925;
2=0%) and hyper-responders (2 RCTs; RR 0.47, CI 0.31
to 0.72, n=931; >=0%) [51]. Conversely, no significant
effect was observed in poor responders [51]. No differ-
ence was detected among normal-, poor-, and hyper-
responders in terms of live-birth rates [51]. A reduction
in the number of oocytes retrieved was noted in poor-
and normal-responders undergoing mild stimulation
compared to conventional stimulation; however, no dif-
ference between the two protocols was found in ongoing
pregnancy rate [51]. The CoE was moderate [51], and the
quality assessment indicated high quality.

Drug formulation for ovarian stimulation

The first generation of gonadotropins, used in the 1970s,
comprised menotropin (human menopausal gonadotro-
pin, HMG) extracted from the urine of postmenopausal
women, containing a combination of luteinizing hor-
mone (LH) and FSH in a 1:1 ratio. Subsequently, from the
early 1980s, various gonadotropins were produced, such
as purified FSH (p-FSH), with less than 1 IU of LH for 75
IU of FSH, until the early 1990s, when the highly purified
third-generation urinary gonadotropins (highly purified
ESH, hp-FSH) were introduced, reducing the LH content
to less than 0.1 IU for 75 IU of FSH. In the late 1990s,
the fourth generation of gonadotropins emerged, pro-
duced through recombinant DNA technology (r-FSH),
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followed by the development of a recombinant LH (r-LH)
formulation.

Recently, a new form of recombinant FSH was devel-
oped, corifollitropin alfa, featuring a different pharma-
cokinetic profile, resulting in a longer duration compared
to r-FSH and requiring one injection for the first seven
days of stimulation. Even more recently, follitropin delta,
an r-FSH expressed only in human retinal fetal cell lines,
was developed [19] along with a new recombinant human
chorionic gonadotropin beta (rh-CG) [21]. To date only
systematic reviews with meta-analyses comparing uri-
nary and recombinant gonadotropins, and corifollitropin
alfa and traditional gonadotropins are available.

Urinary vs. recombinant gonadotropins

Several systematic reviews and meta-analyses compared
different gonadotropin [52-56]. The most recent high-
quality study, encompassing a total of 42 trials, and 9,606
couples demonstrated no difference in the OHSS risk
when comparing urinary vs. recombinant gonadotropins
(32 RCTs; OR 1.18; 95% CI 0.86 to 1.61, n=7,740 cou-
ples; 12=0%) [56]. Furthermore, no significant differ-
ence was observed in live birth and ongoing pregnancy
rates [56]. The CoE of data was high [56], and the quality
assessment indicated high quality.

Corifollitropin alfa

Five studies in the literature showing no significant effect
of corifollitropin alfa vs. traditional gonadotropins on
OHSS risk [20, 57, 58] or an increased OHSS risk [59,
60] are available. The most recent systematic review with
meta-analysis reported no difference between corifolli-
tropin alfa vs. traditional gonadotropins concerning the
total risk of OHSS (5 RCTs; RR 1.15, 95% CI, 0.83 to 1.57,
n=3,749; ’=0%) and the risk of moderate-to-severe
OHSS (4 RCTs; RR 1.17, 95% CI, 0.54 to 2.56, n=3,349;
I’=0% [20]. Moreover, no difference was observed
regarding live birth, ongoing pregnancy, clinical preg-
nancy, and miscarriage rates [20]. The CoE data was not
reported [20], and the quality assessment indicated mod-
erate quality.

r-LH

LH supplementation is effective in improving pregnancy
rates in patients with severe LH deficiency [61]. Even if
with scarce scientific evidence, it is also used in the clini-
cal practice in presence of hypo-response to r-hFSH and
in patients with serum LH levels deeply suppressed.
Proofs-of-concept and experimental data also suggest
that r-hLH supplementation may reduce OHSS risk, as
LH appears to suppress the small antral follicles during
gonadotropin ovarian stimulation [62].
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A systematic review of RCTs with meta-analysis ana-
lyzed the effects on OHSS incidence of r-LH combined
with r-FSH in ovarian stimulation in comparison with
r-FSH alone, demonstrating no significant effect (6 RCTs;
OR 0.38, 95% CI 0.14 to 1.01, n=2,178; [*=10%) [63]. No
significant difference in the live birth rate and miscar-
riage rate was found, although the ongoing pregnancy
rate was reduced [63]. The CoE data was low [63], and
the quality assessment indicated high quality.

Regimens of ovarian stimulation

Clomiphene citrate (CC) and/or letrozole

The incorporation of CC and/or letrozole with gon-
adotropins has been proposed to mitigate OHSS risk
through a mechanism not entirely understood. CC
stimulates endogenous FSH and LH secretion by com-
peting for estrogen receptors at the hypothalamic level,
potentially leading to the initial growth of fewer domi-
nant follicles during subsequent ovarian stimulation
with exogenous gonadotropins [64]. Letrozole, an aro-
matase inhibitor, increases endogenous FSH and LH
release and exerts negative feedback on the pituitary
by reducing circulating estradiol levels through inhibi-
tion of androgen aromatization into estrogens in ovar-
ian granulosa cells, without impacting peripheral tissue
estrogen receptors [64, 65].

A study incorporating data on CC or letrozole admin-
istration showed a reduction in the OHSS risk for nor-
mal- and poor-responder patients in both GnRH-a and
GnRH-ant co-treated cycles (5 RCTs; OR 0.21, 95% CI
0.11 to 0.41, n=1067; I*=0%) [66]. Concurrently, no sig-
nificant differences were observed in live birth and clini-
cal pregnancy rates, although a reduction in the number
of oocytes retrieved was noted in the general unselected
population [66]. The CoE data was low [66], and the qual-
ity assessment indicated moderate quality.

Available studies [67, 68] on CC corroborated the benefi-
cial effect of CC on OHSS risk. The most recent systematic
review with meta-analysis revealed a significant reduction
in the risk of OHSS in CC-treated patients compared to a
standard ovarian stimulation (4 RCTs; OR 0.15, 95% CI, 0.07
t0 0.32 n=1,251; >=0%) [68]. Both GnRH-a and GnRH-ant
IVF cycles were included [68]. Despite a significant reduc-
tion in oocyte retrieval in CC cycles, no differences were
detected between the two groups regarding clinical preg-
nancy and live birth rates. The CoE was moderate [68], and
the quality assessment indicated moderate quality.

A significant reduction in OHSS risk was reported in
letrozole-treated patients compared to standard ovar-
ian stimulation protocols with GnRH-a or GnRH-ant
co-treatment (1 RCT; OR 0. 1.95% CI, 0. 0 to 0. 6 n=94;
I>=not applicable) [68]. Due to data scarcity and low
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evidence level, no conclusions could be drawn concern-
ing other assessed outcomes [68]. The CoE was low [68],
and the quality assessment indicated moderate quality.

Metformin

Several mechanisms have been proposed to explain
metformin’s beneficial effects on OHSS risk reduction
[69]. These include insulin-sensitizing actions with
reductions in insulin and IGF-1 level, anti-inflamma-
tory effects with reductions in serum VEGF levels, and
anti-androgenic effect with reductions in intraovarian
androgen levels and restoration of a normal FSH sen-
sitivity of the granulosa cell [69]. Numerous systematic
reviews and meta-analyses were evaluated [70-77].

The selected meta-analysis study demonstrated that
metformin supplementation in GnRH-a IVF cycles sig-
nificantly reduces the OHSS risk (9 RCTs; RR 0.40, 95%
CI 0.26 to 0.60, n=2898; 2=13%) [77]. However, these
results were not replicated in GnRH-ant IVF cycles (2
RCTs; RR 0.97, 95% CI 0.32 to 2.98, n=193; I*=26%)
[77]. In long GnRH-a down-regulation protocols, met-
formin improved clinical pregnancy rate, although no
effect on live birth rates was observed [77]. Conversely,
in GnRH-ant protocols, metformin appeared to reduce in
live birth rates [77]. The CoE was low [77], and the qual-
ity assessment indicated high quality.

Melatonin
Melatonin, a free radical scavenger that stimulates anti-
oxidant enzymes to protect cells from oxidative stress
[78], has been studied to improve oocyte quality in IVF
programs.

A systematic review of RCTs, which included only one
study, demonstrated that melatonin supplementation did
not influence the OHSS risk (1 RCT; RR 1.01, 95% CI 0.33
to 3.08, n=358; I>=not applicable) [79]. No significant
differences were observed in clinical pregnancy and mis-
carriage rates [79]. The CoE was very low [79], and the
quality assessment indicated high quality.

Coasting

Coasting, an OHSS prevention strategy involving gon-
adotropin suspension and delaying hCG administration
until a significant reduction in serum estradiol level is
achieved [80].

A meta-analysis showed that coasting effectively reduces
OHSS risk (2 RCTs; OR 0.11, 95% CI 0.05 to 0.24, n=207;
I2=0%) [81]. However, insufficient evidence was available
to assess the procedure’s efficacy in terms of live birth,
clinical pregnancy, and miscarriage rate [81]. The CoE was
low [81], and the quality assessment indicated high quality.
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Strategies for controlling the LH surge

Inhibition of the LH surge is crucial for optimizing safety
and efficacy in IVF cycles. GnRH agonists, GnRH antago-
nists, or progestogens are currently used for this purpose.

GnRH analogues

The two primary and effective approaches for LH surge
prevention in IVF cycles involve pituitary desensitiza-
tion via prolonged daily administration of a GnRH-a or
immediate LH secretion blocking with a GnRH-ant.
Several studies evaluating their efficacy and safety in the
general population [82-84], in PCOS patients [84—89],
in normal responders [90, 91], and poor responders [84]
have been intercepted.

A systematic review with meta-analysis, which
included all RCTs comparing the efficacy and safety of
GnRH-ant to the long-course GnRH-a protocol without
restriction for the type of IVF population, demonstrated
a significantly lower incidence of any grade of OHSS in
GnRH-ant cycles compared to GnRH-a cycles (36 RCTs;
OR 0.61, 95% C 0.51 to 0.72, n=7,944; >*=31%) [83].
No significant difference was seen in live birth, ongoing
pregnancy rates, clinical pregnancy rates and miscarriage
[83]. The CoE was moderate [83], and the quality assess-
ment indicated high quality.

General population In a systematic review with meta-
analysis of RCTs including general IVF patients (unse-
lected for ovarian response or other characteristics), the
incidence of any grade of OHSS was significantly lower
in GnRH-ant cycles compared to long GnRH-a down-
regulation cycles (22 RCTs; OR 0.63, 95% CI 0.50 to 0.81,
n=5,598; I>’=0%) [84]. A reduction in ongoing pregnancy
rates and clinical pregnancy rates was detected, with-
out a significant effect on live birth rates [84]. However,
the type of GnRH-ant administration (flexible or fixed)
influenced the efficacy data because no evidence of a dif-
ference in any clinical outcome was observed between
GnRH-ant and GnRH-a when a fixed antagonist protocol
was used with and without OCP pre-treatment [84]. The
CoE of data was reported as moderate [84]. The quality
assessment showed a high quality.

PCOS In PCOS patients [89], a reduction in the risk
of OHSS was observed in those treated with GnRH-ant
compared to those receiving a long-course GnRH-a pro-
tocol (9 RCTs; OR 0.65, 95% C 0.52 to 0.82, n=1,114;
I>=0%). However, no differences in live birth rate, ongo-
ing pregnancy rate, clinical pregnancy rate and miscar-
riage rate were observed [89]. The CoE was very low
[89], and the quality assessment indicated high quality.
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Unfortunately, a sub-analysis for GnRH-ant protocols
was not performed [89].

A previous high-quality systematic review of RCTs
with meta-analysis confirmed that the use of a GnRH-
ant was effective in reducing OHSS risk in PCOS
patients, both when used as a fixed (3 RCTs; RR 0.94,
95% CI 0.63 to 1.40, n=434; 1>=0%) and flexible (7
RCTs; RR 1.02, 95% CI 0.79 to 1.36, n=814; I*=0%)
protocol [84]. No differences in ongoing pregnancy rate,
live birth, and clinical pregnancy rate were observed in
that sub-analysis [84]. In all primary studies, OCP was
administered before ovarian stimulation. The CoE of
data was moderate [84], and the quality assessment indi-
cated high quality.

Normal responders A study analyzing the efficacy of
GnRH-ant in presumed normal responders, ie., IVF
patients with a normal ovarian reserve, found a signifi-
cantly lower risk of OHSS using the GnRH-ant protocol
compared to the GnRH-a long-protocol was seen (21
RCTs; OR 0.69, 95% CI 0.57 to 0.83, n=5,763; I*°=15%)
[91]. No differences in live birth rate, ongoing pregnancy
rate, clinical pregnancy rate and miscarriage was observed
between two protocols, even though a lower oocyte num-
ber was retrieved in GnRH-ant protocols [91]. No sub-
analysis for GnRH-ant protocols (fixed and flexible) was
performed [91]. The CoE of data was not reported [91],
and the quality assessment indicated high quality.

Poor responders A systematic review with meta-anal-
ysis of RCTs comparing the GnRH-ant protocol with
the long-course GnRH-a protocol and including poor
responders did not find any primary study with OHSS
data (6 RCTs; n=780) [84]. No difference in live birth,
ongoing pregnancy, clinical pregnancy rate was detected
[84]. The CoE of data was moderate [84], and the quality
assessment indicated high quality.

Progestin-primed ovarian stimulation (PPOS)

PPOS involves the oral administration of exogenous
progestogens, such as medroxyprogesterone acetate or
dydrogesterone, from the early follicular phase. This
approach prevents the activation and transmission
phases of estradiol-induced LH surges in IVF cycles [92]
and is combined with a “freeze-all” strategy.

Only one systematic review with meta-analysis of
RCTs compared the PPOS protocol with other protocols,
such as GnRH-ant, GnRH-a, and natural cycle [93]. The
data were sub-analyzed according to different ovarian
reserves, including poor responders, normal responders,
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and PCOS patients [93]. The PPOS protocol was associ-
ated with a reduced risk of OHSS (6 RCTs; OR 0.52, 95%
CI 0.36 to 0.75, n=240; I>*=0%) [93]. No differences in
live birth/ongoing pregnancy, clinical pregnancy rate,
and the number of retrieved oocytes were observed [93].
Data sub-analysis demonstrated no difference between
the PPOS protocol and other specific protocol sub-
groups, except for the comparison with the GnRH-ant
protocol in OHSS incidence (4 RCTs; RR 0.54, 95% CI
0.37 to 0.79, n=901; I>=0%). The CoE of data was low
[93], and the quality assessment indicated low quality.

Ovulation triggering strategies

OHSS is a postovulatory syndrome resulting from
spontaneous or iatrogenic ovulation induction. There-
fore, specific ovulation induction strategies in IVF
cycles are crucial for OHSS prevention.

hCG

The hCG trigger is currently the gold standard trigger
concept in normal and poor responder patients undergo-
ing autologous fresh embryo transfer [17].

Type of h(CG

The only systematic review with meta-analysis of RCTs
aimed to compare the different types of hCG demon-
strated no significant differences between recombinant
hCG (r-hCG) and urinary hCG (u-hCG) concerning
OHSS risk (3 RCTs; OR 1.18, 95% CI 0.50 to 2.78, n=495;
I2=0%) [94]. Moreover, no difference in live birth, clinical
pregnancy, ongoing pregnancy, and miscarriage rates was
seen [94]. The CoE of data was low [94], and the quality
assessment indicated high quality.

GnRH-a

GnRH-a administration is effective for triggering final
oocyte maturation in IVF cycles downregulated with
a GnRH-ant. Several systematic reviews of RCTs with
meta-analysis were identified [94—96]. The most recent
and highest quality systematic review with meta-analy-
sis of RCTs [96] demonstrated the efficacy of the GnRH-a
trigger compared to an hCG trigger for final oocyte mat-
uration in terms of lowering the OHSS risk (8 RCTs; OR
0.15, 95% CI 0.05 to 0.47, n=989; I*=42%) [96]. However,
a reduction in live birth and ongoing pregnancy rates,
and an increase in early miscarriage rates were observed
in fresh autologous transfer cycles after GnRH-a trigger-
ing (without hCG rescue) compared to the standard hCG
trigger [96]. The CoE of data was moderate [96], and the
quality assessment indicated high quality.
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r-LH

r-LH possesses the same biological and pharmacokinetic
characteristics as human pituitary LH, making it effective
for inducing final follicular maturation with a significant
reduction in OHSS when a single dose of up to 30,000 IU
is used for triggering [97].

Only one systematic review with meta-analysis of
RCTs was intercepted [94]. Meta-analytic data found no
significant difference in OHSS risk in IVF patients who
received r-LH compared to patients who received u-hCG
(2 RCTs; OR 0.83, 95% CI 0.40 to 1.70, n=289; I*=6%)
[94]. No differences were observed for live birth/ongoing
pregnancy rate, clinical pregnancy rate, miscarriage rate,
and the number of oocytes retrieved between treatment
[94]. The CoE of data was very low [94], and the quality
assessment showed high quality.

Elective cryopreservation

One of the first strategies used to prevent/reduce the
OHSS risk was the freezing of the embryos. The cryo-
preservation of all embryos avoiding the transfer may
reduce the hCG production and stimulus from initial
pregnancy and, consequently, the early OHSS form [15].
Elective cryopreservation, also known as the “freeze-all
strategy’, is a strategy consisting of planning an IVF cycle
in which all embryos are frozen and transferred in sub-
sequent frozen-thaw embryo cycles, also known as “cycle
segmentation” [98].

Two systematic reviews with meta-analysis of RCTs
were intercepted [99, 100]. The first [99] is an updat-
ing of previous studies and analyzed the effective-
ness of embryo freezing in comparison with human
intra-venous albumin infusion or with fresh embryo
transfer. Only two RCTs were identified (one for each
comparison). No difference was found in all the out-
comes (including OHSS) showing insufficient evidence
to support routine embryo freezing for reducing the
OHSS risk. These results have been incorporated in
most recent meta-analysis [100].

Individual meta-analysis reported that elective cryo-
preservation is associated with a reduction in OHSS risk
(6 RCTs; OR 0.26, 95% CI 0.17 to 0.39, n=4,478; I*=0%)
compared to conventional embryo transfer in woman
scheduled for IVF, which consists of fresh embryo trans-
fer followed by the subsequent transfer of supernumer-
ary embryos [100]. No difference was found in live birth,
cumulative pregnancy and miscarriage rates between
elective cryopreservation and the conventional strategy
[100]. The CoE of data was low [100], and the quality
assessment indicated high quality.
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In vitro maturation (IVM) of oocytes

In vitro maturation (IVM) refers to the maturation in
culture of immature oocytes, which may or may not have
been exposed to short periods of gonadotropin stimu-
lation. After retrieval, the final stages of maturation are
completed in vitro during culture [101]. Our systematic
search detected only systematic review with meta-anal-
ysis of RCTs comparing IVM vs. IVF or ICSI in PCOS
patients. No OHSS case was detected in IVM patients
(2 RCTs; OR: not estimable, n=71, >’=not applicable)
[102]. A higher clinical pregnancy rate was observed in
IVM compared to IVF [102]. Other data were not avail-
able because both RCTs were published as abstracts. The
CoE of data was very low [102], and the quality assess-
ment indicated high quality.

Other treatments or procedures

Dopaminergic agonists

Dopaminergic agonists, such as cabergoline, quinagolide,
and bromocriptine, bind to dopaminergic receptors,
promoting endocytosis of the VEGF receptor and subse-
quently reducing neovascularization and vascular perme-
ability [103].

Several systematic reviews with meta-analyses have
been conducted [104—106]. The most recent analysis
demonstrated that dopaminergic agonists effectively
prevent moderate-severe OHSS compared to no treat-
ment and/or placebo (10 RCTs; OR 0.32, 95% CI 0.23 to
0.44, n=1,202; I>=13%) [106]. Furthermore, their effi-
cacy was significantly superior compared to other co-
interventions, such as coasting, albumin, prednisolone,
calcium infusion, etc. (4 RCTs; OR 0.48, 95% CI 0.28 to
0.84, n="748; I>=40%) [106]. No difference was observed
regarding live birth, clinical pregnancy, and miscarriage
rates [106]. The CoE of data was moderate [106], and the
quality assessment indicated high quality.

Diosmin

Diosmin, a natural flavonoid commonly used to treat
chronic venous diseases, exerts various pharmacologi-
cal effects, including anti-inflammatory and antioxidant
actions [107].

Only one systematic review with meta-analysis
was identified [106]. It included only one RCT and showed
no difference in OHSS risk between diosmin and cabergo-
line (1 RCT; OR 2.85, 95% CI 1.35 to 6.00, n=200; I*=not
applicable) [106]. No differences in clinical pregnancy and
miscarriage rates were also observed between patients
treated with diosmin and those who received cabergo-
line. The CoE of data was very low [106], and the quality
assessment showed high quality.
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Volume expanders

Various volume expanders, including albumin, hydroxye-
thyl starch (HES), mannitol, polygeline, and dextran, have
been used over the years to prevent OHSS with inconclu-
sive results [108, 109]. Several mechanisms have been pro-
posed to explain the potential effect of volume expanders
on OHSS prevention, including increased intravascular
volume, osmotic pressure, reduction in platelet aggrega-
tion and reduction in blood coagulation [110].

A single systematic review and meta-analysis of RCTs
has been identified [111]. Meta-analytic data demonstrated
that intravenous administration of human albumin at the
time of oocyte retrieval reduced the incidence of moder-
ate-to-severe OHSS compared to no treatment or placebo
in OHSS high-risk patients (7 RCTs; OR 0.67, 95% CI 0.47
to 0.95, n=1,452; >’=69%) [111]. However, a reduction in
pregnancy rate was observed [111]. HES administration
also reduced OHSS risk compared to placebo (2 RCTs;
OR 0.27, 95% CI 0.12 to 0.59, n=272; I*=0%) but did not
affect the pregnancy rate [111]. The CoE of data was very
low for both albumin and HES administration [111], and
the quality assessment indicated high quality.

Glucocorticoid administration

Glucocorticoids have been suggested to improve fol-
liculogenesis and pregnancy rates and enhance the
intrauterine environment by functioning as immu-
nomodulators, reducing the number and activity of
natural uterine killer (NK) cells, normalizing the endo-
metrial cytokine expression profile, and suppressing
endometrial inflammation [112].

As a result, supplementation has been proposed dur-
ing ovarian stimulation [113] and the peri-implantation
period [114]. Regarding the peri-implantation period
[115], no difference in OHSS was found compared to
placebo/ no treatment (3 RTCs; OR 1.07, 95% CI 0.60 to
1.90, n=370; I>=0%). No difference was detected in live
birth, ongoing pregnancy, clinical pregnancy, and mis-
carriage rates. The CoE data was very low [114]. and the
quality assessment was high. On the other hand, con-
cerning glucocorticoid supplementation for ovarian stim-
ulation, no studies reported OHSS or side effects [113].

Traditional luteal phase support

The luteal phase of all stimulated cycles is disrupted, as
supraphysiological steroid levels (estradiol and proges-
terone) during the early-mid luteal phase exert a negative
feed-back on the hypothalamic-pituitary axis, reducing
LH secretion during the early luteal phase [115]. Con-
sequently, luteal phase support is critical in bridging the
gap between the disappearance of the exogenous hCG
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administered for ovulation trigger and the initiation of
endogenous hCG secretion by the trophoblast of the
implant [116].

In the systematic review with meta-analysis on RCTs
intercepted the administration of hCG for luteal phase
support after the classic hCG ovulation trigger sig-
nificantly increases the risk of OHSS compared to no
treatment (1 RCT; OR 4.28, 95% CI 1.91 to 9.6, n=387;
I>=not applicable) [117]. However, a beneficial statistical
trend of hCG vs. no treatment in live birth and ongoing
pregnancies was found. No difference in clinical preg-
nancy and miscarriage was also found [117]. Proges-
terone administration resulted in a lower risk of OHSS,
when compared to hCG (5 RCTs; OR 0.46, 95% CI 0.30 to
0.71, n=1,293; 1>=48%), and no difference in live birth,
ongoing pregnancy, clinical pregnancy, and miscarriage
rate was detected [117]. No difference was observed in
OHSS rate when exploring the use of the GnRH-a for 3
days after embryo transfer in association with progester-
one compared with progesterone alone (1 RCT; OR 1.00;
95% CI 0.33 to 3.01, n=300; I>=not applicable) [117].
Higher live birth, ongoing pregnancy and clinical preg-
nancy rates were detected. No difference in miscarriage
rate was found [117]. The CoE data was low for all pre-
vious comparisons [117]. and the assessment of quality
indicated high quality.

Intensified luteal phase support

GnRH-a GnRH-a administration was used as intensive
luteal phase support after GnRH-a trigger [118, 119].

A recent systematic review of RCTs with meta-analysis
detected in our search showed no difference in OHSS risk
in patients who received, GnRH agonist as luteal phase
support compared to progesterone (2 RCTs; RR 0.96;
95% CI 0.32 to 2.89, n=523; I>=0%) [120]. Improved live
birth, clinical pregnancy, ongoing pregnancy, and preg-
nancy rates were detected [120]. The CoE data was not
reported [120]. and the assessment of quality indicated
high quality.

Calcium infusion

Increased serum calcium levels may inhibit cyclic
adenosine monophosphate (cAMP)-stimulated renin
secretion, decrease the production of angiotensin-con-
verting enzyme II synthesis, and reduce VEGF expres-
sion in human luteinized granulosa cells [121, 122].
Based on this rationale, the intravenous administration
of calcium on the day of oocyte retrieval and days 1, 2,
and 3 after oocyte retrieval was studied as an interven-
tion to decrease the risk of OHSS. Only one systematic
review with meta-analysis of RCTs was intercepted. This

Page 19 of 25

meta-analysis compared dopamine agonists to calcium
infusion and detected no difference in OHSS incidence
between the two groups (2 RCTs; OR 1.83, 95% CI 0.88 to
3.81, n=230; I>=81%) [106]. No difference was detected
in a live birth, clinical pregnancy, and miscarriage rates
[106]. The CoE data was very low [106], and the quality
assessment indicated high quality.

Ovarian drilling

Ovarian drilling is a surgical laparoscopic or vaginal tech-
nique performed in patients with PCOS and consisting in
the destruction of ovarian tissue. The result is endocrine
modifications characterized by the reduction in andro-
gens and LH levels and the increase in FSH levels leading
to both reduced follicular androgenic dominance in favor
of estrogenic dominance [123] and the reconstitution of
the physiological pituitary ovary feedback mechanisms,
promoting follicular recruitment and ovulation, and min-
imizing the risks of OHSS [124].

A systematic review of RCTs with meta-analysis dem-
onstrated no effect of LOD in infertile patients with
PCOS who IVF cycles (1 RCT; OR 0.27, 95% CI 0.04 to
1.69; n= 50; I>= not applicable) [125]. No difference in
live birth, clinical pregnancy, ongoing pregnancy, and
miscarriage rates was seen [125]. The CoE of data was
very low [125], and the quality assessment indicated high

quality.

Discussion

This is the first systematic umbrella review that aims to
comprehensively identify and critically analyze the most
effective evidence-based interventions for preventing or
reducing the incidence and severity of OHSS in patients
undergoing IVE. Systematic reviews with meta-analy-
sis were intercepted using the PICO model [26] and in
accordance with the PRIOR guidelines [25], that over-
come methodological challenges of the previous over-
views of reviews using pragmatic approach.

We confirm the efficacy of several interventions in
reducing the incidence and severity of OHSS. The use
of GnRH-ant, with or without GnRH-a triggering (with
embryo freezing) remains the best strategy to prevent
OHSS, even if a reduction in clinical pregnancy rates
was also found in general/unselected IVF populations. In
“freeze all” IVF cycles, PPOS protocol seems to be also
effective in reducing OHSS risk. Additionally, other inter-
ventions may also be clinically beneficial for high-risk
OHSS patients who undergo GnRH-a down-regulation,
as they appear to reduce the risk of OHSS with minimal
or no minimal impact on reproductive outcomes. Such
interventions include lower doses of exogenous gonado-
tropins for ovarian stimulation, metformin coadministra-
tion, and dopamine agonists. On the other hand, many
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interventions, including coasting and CC administration,
have a negative impact on reproductive outcomes, and
cannot be suggested. Intriguingly, limited data exists on
potential interventions for preventing OHSS and reduc-
ing its severity in GnRH-ant cycles, aside from GnRH
trigger.

Our systematic analysis identified a total of 37 inter-
ventions for OHSS prevention analyzed in 28 system-
atic reviews of RCTs with meta-analyses. We included
27 systematic reviews of RCTs with meta-analyses. The
AMSTAR-2 methodological quality assessment of the
studies was high, moderate, and low for 23, 2, and 3 stud-
ies, respectively. The CoE, reported for each specific
intervention and in each specific situation/population,
was high in only one case, while it was moderate to very
low for the others.

Six years ago, another previous review of reviews
was published [24]. It summarized evidence from 27
Cochrane systematic reviews on interventions for pre-
vention or treatment of moderate, severe, and overall
OHSS in patients undergoing IVF [24]. The systematic
reviews analyzed were generally of high quality, albeit
only evidence of moderate quality was identified. Specifi-
cally, the use of metformin before and during IVF cycles,
the use of GnRH-ant protocols and GnRH-a triggering
in oocyte donors or ‘freeze-all’ programs were effective
[24]. In comparison with previous review of Cochrane
reviews [24], current umbrella review includes 13 new
interventions and 4 updated Cochrane reviews includ-
ing one non-Cochrane review [24]. Thus, our data sig-
nificantly update and expand the knowledge about the
potential interventions for reducing the risk of OHSS in
IVF patients.

We decided to exclude systematic reviews with net-
work meta-analyses from our protocol design, as they
provide mixed evidence from direct and indirect com-
parisons and are based on the assumption of transitivity
among comparisons [126]; importantly, their scientific
and clinical results remain under debate [27]. However,
our systematic research identified two well-performed
recent network meta-analyses of RCTs [127, 128].
Marino et al. [127] reported that algorithm-based strat-
egies were more effective in reducing OHSS compared
to experience-based treatment and standard gonadotro-
pin dosing. No significant differences were observed in
live birth and clinical pregnancy rates between strategies
[127] Wu et al. [128] demonstrated a significant effect of
HES and cabergoline in reducing the incidence of mod-
erate-to-severe OHSS compared to placebo or blank
controls. Letrozole, aspirin, albumin, metformin, and
quinagolide did not prevent moderate-to-severe OHSS
[128]. All interventions had a grade of evidence ranging
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from moderate to high and were considered safe in terms
of reproductive outcomes [128].

Current review has strengths and limitations. The
strengths include an extensive literature search of specific
potential interventions affecting the incidence of OHSS,
adherence to the PICO model [26] and thorough qual-
ity assessment following PRIOR guidelines [25] to detect
potential biases (AMSTAR-2). The main limitations are
the low quality of evidence in the available studies and
overlapping interventions in many meta-analyses intro-
ducing confounders. In many cases, little populations
were studied with few events reported, which may not
coincide with common clinical evidence. For example,
no effect of the use of natural cycles was detected, even
if it is obvious that mono-follicle development is associ-
ate with a risk clearly lower in OHSS risk when compared
to multiple follicular development. Several systematic
reviews with meta-analyses are outdated. To this regard,
we did not consider the publication period as a restric-
tion criterion and included the most recent studies with
the highest evidence hierarchy in the final analysis. In
addition, crucial secondary endpoints, such as the inci-
dence of maternal deaths, and the incidence and length
of the hospital admission for OHSS, were not included
and analyzed in the included studies. Regarding the effect
of the interventions on the reproductive outcomes, the
live birth and pregnancy rates were generally reported
per fresh ET in the original studies, even ifs the cumula-
tive rate of live births / pregnancy per stimulation cycle
should be a more effective measure to assess the inter-
vention safety. Finally, several other promising interven-
tions, such as follicotropin delta [129-131] or kisspeptin
[132], were not analyzed and discussed because not yet
supported by meta-analytical evidence (see Table 2).

Several considerations arise from reviewing the avail-
able literature. First, much data concerning GnRH-ant
cycles have been published in recent years, while evi-
dence-based data about GnRH-a cycles are dated. This is
of particular interest as a large number of GnRH-a cycles
are still performed worldwide [133] and recent clinical
trials in new gonadotropin formulations [19-21] seem
to reintroduce the use of GnRH-a also in scientific and
academic settings. Although, the GnRH-ant protocol
should be preferred in the presumed high-risk OHSS
patients [17], identifying high-risk patients remains an
unsolved issue, and a formal consensus defining a patient
as a “hyper-responder” is currently lacking. Moreover,
OHSS should be considered in all women undergoing
ovarian stimulation for fertility treatment, as the condi-
tion is largely unpredictable and genetic predisposition
plays a crucial role [22]. Testing the efficacy of various
interventions without an adequate underlying scientific
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background, which is surprising considering the substan-
tial human and economic resources required for clini-
cal trials. We emphasize the need to follow the standard
clinical trial phases; however, we encountered numerous
phase 3 clinical trials without adequate preceding phase 1
or 2 studies. Third, we did not find further studies aiming
to optimize the dose, timing, or other characteristics of
treatments/interventions, even for clinical studies show-
ing a moderate effect of specific interventions on OHSS
risk. Lastly, despite inconsistencies in available evidence-
based data, our systematic review identified recent stud-
ies with conflicting findings. Similarly, recent systematic
reviews of non-randomized studies obtained mixed
results on letrozole [128, 133], while others confirmed
efficacy of metformin in non-obese PCOS patients [71].
These studies may confuse readers and affect the clinical
management of IVF patients.

In conclusion, present comprehensive umbrella review
identified specific evidence-based interventions to pre-
vent or reduce the incidence and severity of OHSS in IVF
patients. Specifically, in suspected high-risk patients the
use of GnRH-ant should be preferred, and the GnRH-a
triggering with embryo freezing considered in case of
persistent high-risk. PPOS protocol may be a valid option
in case of elective embryo transfer or for cancer patients
in the context of fertility preservation or for donor
patients. In patients who undergo GnRH-a down-regu-
lated cycles, the use of mild stimulation seems to be a safe
approach, and metformin coadministration during ovar-
ian stimulation may be effective to reduce the risk such
as dopamine agonists administration after oocyte trigger-
ing. Even if not based on solid evidence but according to
the common sense, the embryo freezing should be con-
sidered in all cases of persistent high-risk for OHSS.

However, our review also highlighted a scientific gap
regarding interventions in both GnRH-ant and GnRH-
a co-treated IVF cycles. As OHSS remains a significant
clinical challenge, further well-designed studies are war-
ranted to provide updated, reliable, and consistent evi-
dence on prevention and management strategies. Before
the use of genomics in reproductive medicine will be able
to select patients at risk for OHSS, these advancements
will ultimately help clinicians to tailor personalized treat-
ment plans to reduce OHSS risk and improve patient
safety and reproductive outcomes in assisted reproductive
technology.

Abbreviations

AFC Antral follicle count

AMH Anti-Mullerian Hormone

AMSTAR-2  Assessing the Methodological Quality of Systematic Reviews 2
ART Assisted reproductive technology

ASRM American Society for Reproductive Medicine

Page 21 of 25

BMI Body mass index

cAMP Cyclic adenosine monophosphate
CcC Clomiphene citrate

CoE Certainty of evidence

FSH Follicle-stimulating hormone
GnRH Gonadotropin releasing hormone

GnRH-a  Gonadotropin releasing hormone agonist
GnRH-ant  Gonadotropin releasing hormone antagonist
hCG Human chorionic gonadotropin

HES Hydroxyethyl starch

HMG Human menopausal gonadotropin

hp-FSH Highly purified follicle stimulating hormone
ICSI Intracytoplasmic sperm injection

IGF Insulin-like growth factor

IL Interleukin

IVF In vitro fertilization

VM In vitro maturation

LH Luteinizing hormone

NK Natural uterine killer

ocCpP Oral contraceptive pills

OHSS Ovarian hyperstimulation syndrome

OR Odds ratio

PCOS Polycystic ovary syndrome

PPOS Progestin-primed ovarian stimulation

p-FSH Purified follicle stimulating hormone

PICO Population, Intervention, Comparison, Outcome
PRIOR Preferred Reporting Items for Overviews of Reviews

RCT Randomized controlled trial

r-FSH Recombinant follicle stimulating hormone
r-hCG Recombinant human chorionic gonadotropin
r-LH Recombinant luteinizing hormone

RR Relative risk

TGF Transforming growth factor

TV-US Transvaginal ultrasound

u-hCG Urinary human chorionic gonadotropin

us United States
VEGF Vascular endothelial growth factor

Acknowledgements
Not applicable.

Authors’ contributions

SP conceptualized and designed the study, acquired the main data, tabulated
data, performed the study quality assessment and drafted the article. FC
acquired the main data and additional references, tabulated data, performed
the study quality assessment, and drafted the article. SN, DC and PH checked
the searches, improved the interpretation of data, and critically revised the
article. All authors have provided their final approval of the version to be
published and agree to be accountable for all aspects of the work especially
regarding its accuracy and integrity.

Funding
None.

Availability of data and materials

The data underlying this article will be shared on reasonable request to the
corresponding author.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.



Palomba et al. Reproductive Biology and Endocrinology

(2023) 21:67

Author details

'Department of Surgical and Medical Sciences and Translational Medicine,
Sapienza University of Rome, Sant/Andrea Hospital, via di Grottarossa, n.
1035/1039, Rome 00189, Italy. 2School of Medicine, University of Glasgow,
Glasgow, UK. >NIHR Bristol Biomedical Research Centre, University of Bristol,
Oakfield House, Oakfield Grove, Bristol, UK. “TFP, Oxford Fertility, Institute

of Reproductive Sciences, Oxford, UK. °The Fertility Clinic, Faculty of Health,
Skive Regional Hospital, Aarhus University, Aarhus C, Denmark.

Received: 15 May 2023 Accepted: 21 June 2023
Published online: 21 July 2023

References

1.

Taymor ML, Sturgis SH. Induction of ovulation with human post-
menopausal gonadotropin. II. Probable causes of overstimulation.
Fertil Steril. 1966;17:736-41.

Rotshenker-Olshinka K, Badeghiesh A, Volodarsky-Perel A, Steiner

N, Suarthana E, Dahan MH. Trends in ovarian hyperstimulation syn-
drome hospitalization rates in the USA: an ongoing concern. Reprod
Biomed Online. 2020;41:357-60.

Schirmer DA 3rd, Kulkarni AD, Zhang Y, Kawwass JF, Boulet SL, Kissin
DM. Ovarian hyperstimulation syndrome after assisted reproductive
technologies: trends, predictors, and pregnancy outcomes. Fertil
Steril. 2020;114:567-78.

Humaidan P, Nelson SM, Devroey P, Coddington CC, Schwartz LB,
Gordon K, Frattarelli JL, Tarlatzis BC, Fatemi HM, Lutjen P, et al. Ovarian
hyperstimulation syndrome: review and new classification criteria for
reporting in clinical trials. Hum Reprod. 2016;31:1997-2004.

Dey AK, Dubey A, Mittal K, Kale S. Spontaneous ovarian hyperstimula-
tion syndrome - understanding the dilemma. Gynecol Endocrinol.
2015;31:587-9.

Grossman LC, Michalakis KG, Browne H, Payson MD, Segars JH. The
pathophysiology of ovarian hyperstimulation syndrome: an unrecog-
nized compartment syndrome. Fertil Steril. 2010;94:1392-8.

Nastri CO, Teixeira DM, Moroni RM, Leitdo VM, Martins WP. Ovarian
hyperstimulation syndrome: pathophysiology, staging, prediction
and prevention. Ultrasound Obstet Gynecol. 2015;45:377-93.

Kwik M, Maxwell E. Pathophysiology, treatment and prevention of
ovarian hyperstimulation syndrome. Curr Opin Obstet Gynecol.
2016;28:236-41.

Timmons D, MontriefT,Koyfman A,LongB.Ovarian hyperstimulation syndrome:
a review for emergency clinicians. Am J Emerg Med. 2019;37:1577-84.
Goémez R, Soares SR, Busso C, Garcia-Velasco JA, Simén C, Pellicer A.
Physiology and pathology of ovarian hyperstimulation syndrome.
Semin Reprod Med. 2010;28:448-57.

Palumbo A, Avila J, Naftolin F. The ovarian renin-angiotensin system
(OVRAS): a major factor in ovarian function and disease. Reprod Sci.
2016;23:1644-55.

Stouffs K, Daelemans S, Santos-Ribeiro S, Seneca S, Gheldof A, Giirbiiz
AS, De Vos M, Tournaye H, Blockeel C. Rare genetic variants potentially
involved in ovarian hyperstimulation syndrome. J Assist Reprod Genet.
2019;36:491-7.

Practice Committee of the American Society for Reproductive
Medicine. Prevention and treatment of moderate and severe ovarian
hyperstimulation syndrome: a guideline. Fertil Steril. 2016;106:1634-47.
Braat DD, Schutte JM, Bernardus RE, Mooij TM, van Leeuwen FE. Mater-
nal death related to IVF in the Netherlands 1984-2008. Hum Reprod.
2010;25:1782-6.

Mathur RS, Akande AV, Keay SD,HuntLP, Jenkins JM. Distinction between early
and late ovarian hyperstimulation syndrome. Fertil Steril. 2000;73:901-7.
Golan A, Weissman A. Symposium: update on prediction and manage-
ment of OHSS. A modern classification of OHSS. Reprod Biomed Online.
2009;19:28-32.

TEGGOOvarian Stimulation, Bosch E, Broer S, Griesinger G, Grynberg

M, Humaidan P, Kolibianakis E, Kunicki M, La Marca A, Lainas G, Le Clef
N, et al. ESHRE guideline: ovarian stimulation for IVF/ICSI. Hum Reprod
Open. 2020;2020:h0aa009.

lorio GG, Carbone L, Conforti A, Rovetto MY, Picarelli S, Cariati F, Strina

I, Papanikolaou E, Alviggi C. Ovarian hyperstimulation syndrome after

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33

34

35.

36.

37.

Page 22 of 25

GnRH agonist triggering and freeze-all protocol? Never not, hardly ever: a
systematic review of case reports. Gynecol Obstet Invest. 2022,87:259-65.
Lunenfeld B, Bilger W, Longobardi S, Kirsten J, D'Hooghe T, Sunkara SK.
Decision points for individualized hormonal stimulation with recombi-
nant gonadotropins for treatment of women with infertility. Gynecol
Endocrinol. 2019;35:1027-36.

Cozzolino M, Vitagliano A, Cecchino GN, Ambrosini G, Garcia-Velasco
JA. Corifollitropin alfa for ovarian stimulation in in vitro fertilization: a
systematic review and meta-analysis of randomized controlled trials.
Fertil Steril. 2019;111:722-33.

Fernédndez Sanchez M, Visnova H, Larsson P, Yding Andersen C, Filicori
M, Blockeel C, Pinborg A, Khalaf Y, Mannaerts B, Rainbow Study Group.
A randomized, controlled, first-in-patient trial of choriogonadotropin
beta added to follitropin delta in women undergoing ovarian stimula-
tion in a long GnRH agonist protocol. Hum Reprod. 2022,37:1161-74.
Green-top guideline No. 5: The management of ovarian hyperstimula-
tion syndrome. https://www.rcog.org.uk/media/or1jgxbf/gtg_5_ohss.
pdf (11 Jan 2023 date last accessed).

Boothroyd C, Karia S, Andreadis N, Rombauts L, Johnson N, Chapman

M. Australasian CREI Consensus Expert Panel on Trial evidence (ACCEPT)
group. Consensus statement on prevention and detection of ovarian
hyperstimulation syndrome. Aust N Z J Obstet Gynaecol. 2015;55:523-34.
Mourad S, Brown J, Farquhar C. Interventions for the prevention of
OHSS in ART cycles: an overview of cochrane reviews. Cochrane Data-
base Syst Rev. 2017;1:.CD012103.

Gates M, Gates A, Pieper D, Fernandes RM, Tricco AC, Moher D, Brennan
SE, LiT, Pollock M, Lunny C, et al. Reporting guideline for overviews of
reviews of healthcare interventions: development of the PRIOR state-
ment. BMJ. 2022;9:378e070849.

Frandsen TF, Bruun Nielsen MF, Lindhardt CL, Eriksen MB. Using the full
PICO model as a search tool for systematic reviews resulted in lower
recall for some PICO elements. J Clin Epidemiol. 2020;127:69-75.

LiT, Puhan MA, Vedula SS, Singh S, Dickersin K. Ad Hoc Network Meta-
analysis methods meeting Working Group. Network meta-analysis-
highly attractive but more methodological research is needed. BMC
Med. 2011;9:79.

Christofilos SI, Tsikopoulos K, Tsikopoulos A, Kitridis D, Sidiropoulos K,
Stoikos PN, Kavarthapu V. Network meta-analyses: methodological
prerequisites and clinical usefulness. World J Methodol. 2022;12:92-8.
Shea BJ, Reeves BC, Wells G, Thuku M, Hamel C, Moran J, Moher D, Tug-
well P, Welch V, Kristjansson E, et al. AMSTAR 2: a critical appraisal tool
for systematic reviews that include randomised or non-randomised
studies of healthcare interventions, or both. BMJ. 2017;358:j4008.
Higgins JPT, Green S. Cochrane handbook for systematic reviews of
interventions. Version 5.1.0 (updated March 2011). The Cochrane Col-
laboration; 2011. www.cochrane-handbook.org.

Tang K, Wu L, Luo Y, Gong B. In vitro fertilization outcomes in women
with polycystic ovary syndrome: a meta-analysis. Eur J Obstet Gynecol
Reprod Biol. 2021;259:146-52.

Koning AM, Mutsaerts MA, Kuchenbecker WKH, Broekmans FJ, Land JA,
Mol BW, Hoek A. Complications and outcome of assisted reproduc-
tion technologies in overweight and obese women. Hum Reprod.
2012,27:457-67.

Tang H,Yan Y, Wang T, Zhang T, ShiW, Fan R, Yao Y, Zhai S. Effect of
follicle-stimulating hormone receptor Asn680Ser polymorphism on the
outcomes of controlled ovarian hyperstimulation: an updated meta-
analysis of 16 cohort studies. J Assist Reprod Genet. 2015;32:1801-10.
Lee TH, Liu CH, Huang CC, Wu YL, Shih YT, Ho HN, Yang YS, Lee MS.
Serum anti-Mullerian hormone and estradiol levels as predictors of
ovarian hyperstimulation syndrome in assisted reproduction technol-
ogy cycles. Hum Reprod. 2008;23:160-7.

Hendriks DJ, Klinkert ER, Bancsi LF, Looman CW, Habbema JD, te Velde
ER, Broekmans FJ. Use of stimulated serum estradiol measurements

for the prediction of hyperresponse to ovarian stimulation in in vitro
fertilization (IVF). J Assist Reprod Genet. 2004,21:65-72.

Jayaprakasan K, Chan'Y, Islam R, Haoula Z, Hopkisson J, Coomarasamy A,
Raine-Fenning N. Prediction of in vitro fertilization outcome at different
antral follicle count thresholds in a prospective cohort of 1,012 women.
Fertil Steril. 2012;98:657-63.

Zhao J,Yao Z, Hao J, Xu B, Wang Y, Li Y. Association of ABO blood
groups with ovarian reserve, and outcomes after assisted reproductive


https://www.rcog.org.uk/media/or1jqxbf/gtg_5_ohss.pdf
https://www.rcog.org.uk/media/or1jqxbf/gtg_5_ohss.pdf
http://www.cochrane-handbook.org

Palomba et al. Reproductive Biology and Endocrinology

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

52.

53.

54.

55.

(2023) 21:67

technology: systematic review and meta-analyses. Reprod Biol Endo-
crinol. 2021;19:20.

Fauser BC, Diedrich K, Evian Annual Reproduction Workshop Group
2007. Predictors of ovarian response: progress towards individualized
treatment in ovulation induction and ovarian stimulation. Hum Reprod
Update. 2008;14:1-14.

Broer SL, Délleman M, van Disseldorp J, Broeze KA, Opmeer BC, Bossuyt
PM, Eijkemans MJ, Mol BW, Broekmans FJ, IPD-EXPORT Study Group.
Prediction of an excessive response in in vitro fertilization from patient
characteristics and ovarian reserve tests and comparison in subgroups:
an individual patient data meta-analysis. Fertil Steril. 2013;100:420-9.
Lensen SF, Wilkinson J, Leijdekkers JA, La Marca A, Mol BWJ, Marjori-
banks J, Torrance H, Broekmans FJ. Individualised gonadotropin dose
selection using markers of ovarian reserve for women undergoing

in vitro fertilisation plus intracytoplasmic sperm injection (IVF/ICSI).
Cochrane Database Syst Rev. 2018;2:CD012693.

Kahnberg A, Enskog A, Brannstrdom M, Lundin K, Bergh C. Prediction

of ovarian hyperstimulation syndrome in women undergoing in vitro
fertilization. Acta Obstet Gynecol Scand. 2009;88:1373-81.

Martins WP, Vieira CV, Teixeira DM, Barbosa MA, Dassuncéo LA, Nastri CO.
Ultrasound for monitoring controlled ovarian stimulation: a systematic
review and meta-analysis of randomized controlled trials. Ultrasound
Obstet Gynecol. 2014;43:25-33.

Kwan |, Bhattacharya S, Woolner A. Monitoring of stimulated cycles

in assisted reproduction (IVF and ICSI). Cochrane Database Syst Rev.
2021;4:CD005289.

Pelinck MJ, Hoek A, Simons AH, Heineman MJ. Efficacy of natural cycle
IVF: a review of the literature. Hum Reprod Update. 2002;8:129-39.
Allersma T, Farquhar C, Cantineau AE. Natural cycle in vitro fertilisation (IVF)
for subfertile couples. Cochrane Database Syst Rev. 2013;2013:CD010550.
Wei D, ShiY, Li J,Wang Z, Zhang L, Sun'Y, Zhou H, Xu Y, Wu C, Liu L, et al.
Effect of pretreatment with oral contraceptives and progestins on IVF
outcomes in women with polycystic ovary syndrome. Hum Reprod.
2017;32:354-61.

Farquhar C, Rombauts L, Kremer JA, Lethaby A, Ayeleke RO. Oral
contraceptive pill, progestogen or oestrogen pretreatment for ovarian
stimulation protocols for women undergoing assisted reproductive
techniques. Cochrane Database Syst Rev. 2017;5:CD006109.
Zegers-Hochschild F, Adamson GD, de Mouzon J, Ishihara O, Mansour
R, Nygren K, Sullivan E, Vanderpoel S, International Committee for
Monitoring Assisted Reproductive Technology, World Health Organiza-
tion. International Committee for Monitoring assisted Reproductive
Technology (ICMART) and the World Health Organization (WHO)
revised glossary of ART terminology. Fertil Steril. 2009,92:1520-4.
Matsaseng T, Kruger T, Steyn W. Mild ovarian stimulation for in vitro
fertilization: are we ready to change? A meta-analysis. Gynecol Obstet
Invest. 2013;76:233-40.

FanY, Zhang X, Hao Z, Ding H, Chen Q, Tian L. Effectiveness of mild
ovarian stimulation versus GnRH agonist protocol in women undergo-
ing assisted reproductive technology: a meta-analysis. Gynecol Endo-
crinol. 2017,33:746-56.

Datta AK, Maheshwari A, Felix N, Campbell S, Nargund G. Mild versus
conventional ovarian stimulation for IVF in poor, normal and hyper-
responders: a systematic review and meta-analysis. Hum Reprod
Update. 2021;27:229-53.

Daya S. Updated meta-analysis of recombinant follicle-stimulating
hormone (FSH) versus urinary FSH for ovarian stimulation in assisted
reproduction. Fertil Steril. 2002;77:711-4.

Van Wely M, Bayram N, van der Veen F. Recombinant FSH in alternative
doses or versus urinary gonadotrophins for ovulation induction in sub-
fertility associated with polycystic ovary syndrome: a systematic review
based on a Cochrane review. Hum Reprod. 2003;18:1143-9.

Van Wely M, Westergaard LG, Bossuyt PM, Van der Veen F. Human
menopausal gonadotropin versus recombinant follicle stimulation hor-
mone for ovarian stimulation in assisted reproductive cycles. Cochrane
Database Syst Rev. 2003;1:CD003973.

Coomarasamy A, Afnan M, Cheema D, van der Veen F, Bossuyt PM, van
Wely M. Urinary hMG versus recombinant FSH for controlled ovarian
hyperstimulation following an agonist long down-regulation protocol
in IVF or ICS| treatment: a systematic review and meta-analysis. Hum
Reprod. 2008;23:310--5.

57.

59.

60.

61.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Page 23 of 25

Van Wely M, Kwan |, Burt AL, Thomas J, Vail A, Van der Veen F, Al-Inany
HG. Recombinant versus urinary gonadotrophin for ovarian stimulation
in assisted reproductive technology cycles. Cochrane Database Syst
Rev. 2011;2011:CD005354.

Saz-Parkinson Z, Lopez-Cuadrado T, Bouza C, Amate JM. Outcomes of
new quality standards of follitropin alfa on ovarian stimulation: meta-
analysis of previous studies. BioDrugs. 2009;23:37-42.

Griesinger G, Boostanfar R, Gordon K, Gates D, McCrary Sisk C, Steg-
mann BJ. Corifollitropin alfa versus recombinant follicle-stimulating
hormone: an individual patient data meta-analysis. Reprod Biomed
Online. 2016;33:56-60.

Fensore S, Di Marzio M, Tiboni GM. Corifollitropin alfa compared to daily
FSH in controlled ovarian stimulation for in vitro fertilization: a meta-
analysis. J Ovarian Res. 2015;8:33.

Mahmoud Youssef MA, van Wely M, Aboulfoutouh |, EI-Khyat W,

van der Veen F, Al-Inany H. Is there a place for corifollitropin alfa in
IVF/ICSI cycles? A systematic review and meta-analysis. Fertil Steril.
2012;97:876-85.

Orvieto R, Venetis CA, Fatemi HM, D'Hooghe T, Fischer R, Koloda Y, Hor-
ton M, Grynberg M, Longobardi S, Esteves SC, Sunkara SK, Li Y, Alviggi
C. Optimising follicular development, pituitary suppression, triggering
and luteal phase support during assisted reproductive technology: a
Delphi consensus. Front Endocrinol (Lausanne). 2021;12:675670.
Alviggi C, Clarizia R, Mollo A, Ranieri A, De Placido G. Outlook:

who needs LH in ovarian stimulation? Reprod Biomed Online.
2006;12:599-607.

Mochtar MH, Danhof NA, Ayeleke RO, Van der Veen F, van Wely M.
Recombinant luteinizing hormone (rLH) and recombinant follicle
stimulating hormone (rFSH) for ovarian stimulation in IVF/ICSI cycles.
Cochrane Database Syst Rev. 2017;5:CD005070.

Palomba S. Aromatase inhibitors for ovulation induction. J Clin Endo-
crinol Metab. 2015;100:1742-7.

Buzdar AU, Robertson JF, Eiermann W, Nabholtz JM. An overview of
the pharmacology and pharmacokinetics of the newer generation
aromatase inhibitors anastrozole, letrozole, and exemestane. Cancer.
2002;95:2006-16.

Kamath MS, Maheshwari A, Bhattacharya S, Lor KY, Gibreel A. Oral medi-
cations including clomiphene citrate or aromatase inhibitors with gon-
adotropins for controlled ovarian stimulation in women undergoing

in vitro fertilisation. Cochrane Database Syst Rev. 2017;11:.CD008528.
Figueiredo JB, Nastri CO, Vieira AD, Martins WP, Clomiphene com-
bined with gonadotropins and GnRH antagonist versus conventional
controlled ovarian hyperstimulation without clomiphene in women
undergoing assisted reproductive techniques: systematic review and
meta-analysis. Arch Gynecol Obstet. 2013;287:779-90.

Bechtejew TN, Nadai MN, Nastri CO, Martins WP. Clomiphene citrate and
letrozole to reduce follicle-stimulating hormone consumption during
ovarian stimulation: systematic review and meta-analysis. Ultrasound
Obstet Gynecol. 2017;50:315-23.

Palomba S, Falbo A, Zullo F, Orio F Jr. Evidence-based and potential
benefits of metformin in the polycystic ovary syndrome: a comprehen-
sive review. Endocr Rev. 2009;30:1-50.

Unanyan A, Pivazyan L, Krylova E, Eskin A, Zakaryan A, Sarkisova A,
Ishchenko A. Effectiveness of inositol, metformin and their combination
in women with PCOS undergoing assisted reproduction: systematic
review and meta-analysis. Gynecol Endocrinol. 2022,26:1-12.

Magzoub R, Kheirelseid EAH, Perks C, Lewis S. Does metformin improve
reproduction outcomes for non-obese, infertile women with polycystic
ovary syndrome? Meta-analysis and systematic review. Eur J Obstet
Gynecol Reprod Biol. 2022;271:38-62.

Huang X, Wang P, Tal R, Lv F, LiY, Zhang X. A systematic review and
meta- analysis of metformin among patients with polycystic ovary
syndrome undergoing assisted reproductive technology procedures.
Int J Gynaecol Obstet. 2015;131:111-6.

Costello MF, Chapman M, Conway U. A systematic review and meta-
analysis of randomized controlled trials on metformin co-administra-
tion during gonadotrophin ovulation induction or IVF in women with
polycystic ovary syndrome. Hum Reprod. 2006;21:1387-99.

Moll E, van der Veen F, van Wely M. The role of metformin in polycystic ovary
syndrome: a systematic review. Hum Reprod Update. 2007;13:527-37.



Palomba et al. Reproductive Biology and Endocrinology

75.

76.

77.

78.

79.

80.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

(2023) 21:67

Palomba S, Falbo A, La Sala GB. Effects of metformin in women with
polycystic ovary syndrome treated with gonadotrophins for in vitro
fertilization and intracytoplasmic sperm injection cycles: a system-

atic review and meta-analysis of randomised controlled trials. BJOG.
2013;120:267-76.

Wu'Y, Tu M, Huang Y, Liu Y, Zhang D. Association of metformin with
pregnancy outcomes in women with polycystic ovarian syndrome
undergoing in vitro fertilization: a systematic review and meta-analysis.
JAMA Netw Open. 2020;3:22011995.

Tso LO, Costello MF, Albuquerque LET, Andriolo RB, Macedo CR. Met-
formin treatment before and during IVF or ICSI in women with polycys-
tic ovary syndrome. Cochrane Database Syst Rev. 2020;12:CD006105.
Cipolla-Neto J, Amaral FGD. Melatonin as a hormone: new physiological
and clinical insights. Endocr Rev. 2018;39:990-1028.

Seko LM, Moroni RM, Leitao VM, Teixeira DM, Nastri CO, Martins WP.
Melatonin supplementation during controlled ovarian stimulation

for women undergoing assisted reproductive technology: systematic
review and meta-analysis of randomized controlled trials. Fertil Steril.
2014;101:154-61.

Delvigne A, Rozenberg S. A qualitative systematic review of coasting, a
procedure to avoid ovarian hyperstimulation syndrome in IVF patients.
Hum Reprod Update. 2002,;8:291-6.

D'Angelo A, Amso NN, Hassan R. Coasting (withholding gonadotro-
phins) for preventing ovarian hyperstimulation syndrome. Cochrane
Database Syst Rev. 2017;5:CD002811.

Bodri D, Sunkara SK, Coomarasamy A. Gonadotropin-releasing hor-
mone agonists versus antagonists for controlled ovarian hyperstimula-
tion in oocyte donors: a systematic review and meta-analysis. Fertil
Steril. 2011;95:164-9.

Al-Inany HG, Youssef MA, Ayeleke RO, Brown J, Lam WS, Broekmans FJ.
Gonadotrophin-releasing hormone antagonists for assisted reproduc-
tive technology. Cochrane Database Syst Rev. 2016;29:4CD001750.
Lambalk CB, Banga FR, Huirne JA, Toftager M, Pinborg A, Homburg

R, van der Veen F, van Wely M. GnRH antagonist versus long agonist
protocols in IVF: a systematic review and meta-analysis accounting for
patient type. Hum Reprod Update. 2017;23:560-79.

Mancini F, Tur R, Martinez F, Coroleu B, Rodriguez |, Barri PN. Gonadotro-
phin-releasing hormone-antagonists vs long agonist in in-vitro fertiliza-
tion patients with polycystic ovary syndrome: a meta-analysis. Gynecol
Endocrinol. 2011,27:150-5.

Pundir J, Sunkara SK, El-Toukhy T, Khalaf Y. Meta-analysis of GnRH
antagonist protocols: do they reduce the risk of OHSS in PCOS? Reprod
Biomed Online. 2012;24:6-22.

Xiao J, Chen S, Zhang C, Chang S. Effectiveness of GnRH antagonist in
the treatment of patients with polycystic ovary syndrome undergo-
ing IVF: a systematic review and meta-analysis. Gynecol Endocrinol.
2013;29:187-91.

LinH, LiY, Li L, Wang W, Yang D, Zhang Q. Is a GnRH antagonist protocol bet-
ter in PCOS patients? A meta-analysis of RCTs. PLoS One. 2014;9: €91796.
Kadoura S, Alhalabi M, Nattouf AH. Conventional GnRH antagonist
protocols versus long GnRH agonist protocol in IVF/ICSI cycles of poly-
cystic ovary syndrome women: a systematic review and meta-analysis.
SciRep. 2022;12:4456.

Xiao JS, Su CM, Zeng XT. Comparisons of GnRH antagonist versus GnRH
agonist protocol in supposed normal ovarian responders undergoing
IVF: a systematic review and meta-analysis. PLoS One. 2014;9: e106854.
Wang R, Lin S, Wang Y, Qian W, Zhou L. Comparisons of GnRH antago-
nist protocol versus GnRH agonist long protocol in patients with
normal ovarian reserve: a systematic review and meta-analysis. PLoS
ONE. 2017;12:e0175985.

Yu S, Long H, Chang HY, LiuY, Gao H, Zhu J, Quan X, Lyu Q, Kuang Y, Ai
A. New application of dydrogesterone as a part of a progestin-primed
ovarian stimulation protocol for IVF: a randomized controlled trial
including 516 first IVF/ICSI cycles. Hum Reprod. 2018;33:229-37.

Guan S, Feng Y, Huang Y, Huang J. Progestin-primed ovarian stimulation
protocol for patients in assisted reproductive technology: a meta-
analysis of randomized controlled trials. Front Endocrinol (Lausanne).
2021;12:702558.

Youssef MA, Abou-Setta AM, Lam WS. Recombinant versus urinary
human chorionic gonadotrophin for final oocyte maturation triggering
in IVF and ICSI cycles. Cochrane Database Syst Rev. 2016;4:CD003719.

95.

96.

97.

98.

99.

101.

102.

103.

104.

105.

107.

109.

110.

1.

113.

115.

Page 24 of 25

Griesinger G, Diedrich K, Devroey P, Kolibianakis EM. GnRH agonist for
triggering final oocyte maturation in the GnRH antagonist ovarian
hyperstimulation protocol: a systematic review and meta-analysis. Hum
Reprod Update. 2006;12:159-68.

Youssef MA, Van der Veen F, Al-Inany HG, Mochtar MH, Griesinger G,
Nagi Mohesen M, Aboulfoutouh I, van Wely M. Gonadotropin-releasing
hormone agonist versus HCG for oocyte triggering in antagonist-
assisted reproductive technology. Cochrane Database Syst Rev.
2014;4:.CD008046.

The European Recombinant Human LH Study Group. Recombinant
human luteinizing hormone (LH) to support recombinant human
follicle-stimulating hormone (FSH)-induced follicular development in
LH- and FSH-deficient anovulatory women: a dose-finding study. J Clin
Endocrinol Metab. 1998:83:1507-14.

Oktay K, Cil AP, Bang H. Efficiency of oocyte cryopreservation: a meta-
analysis. Fertil Steril. 2006;86:70-80.

ZaatT, Zagers M, Mol F, Goddijn M, van Wely M, Mastenbroek S. Fresh
versus frozen embryo transfers in assisted reproduction. Cochrane
Database Syst Rev. 2021;2:.CD011184.

D'Angelo A, Amso NN. Embryo freezing for preventing ovarian hyper-
stimulation syndrome. Cochrane Database Syst Rev. 2007;3:CD002806.
Walls ML, Hart RJ. In vitro maturation. Best Pract Res Clin Obstet Gynae-
col. 2018;53:60-72.

Siristatidis CS, Maheshwari A, Vaidakis D, Bhattacharya S. In vitro
maturation in subfertile women with polycystic ovarian syndrome
undergoing assisted reproduction. Cochrane Database Syst Rev.
2018;11:CD006606.

Basu S, Nagy JA, Pal S, Vasile E, Eckelhoefer IA, Bliss VS, Manseau EJ,
Dasgupta PS, Dvorak HF, Mukhopadhyay D. The neurotransmitter dopa-
mine inhibits angiogenesis induced by vascular permeability factor/
vascular endothelial growth factor. Nat Med. 2001;7:569-74.

Youssef MA, van Wely M, Hassan MA, Al-Inany HG, Mochtar M, Khattab
S, van der Veen F. Can dopamine agonists reduce the incidence and
severity of OHSS in IVF/ICSI treatment cycles? A systematic review and
meta-analysis. Hum Reprod Update. 2010;16:459-66.

Leitao VM, Moroni RM, Seko LM, Nastri CO, Martins WP. Cabergoline
for the prevention of ovarian hyperstimulation syndrome: systematic
review and meta-analysis of randomized controlled trials. Fertil Steril.
2014;101:664-75.

Tang H, Mourad SM, Wang A, Zhai SD, Hart RJ. Dopamine agonists for
preventing ovarian hyperstimulation syndrome. Cochrane Database
Syst Rev. 2021;4:CD008605.

Benavente-Garcia O, Castillo J. Update on uses and properties of citrus
flavonoids: new findings in anticancer, cardiovascular, and anti-inflam-
matory activity. J Agric Food Chem. 2008;56:6185-205.

Jee BC, Suh CS, Kim YB, Kim SH, Choi YM, Kim JG, Moon SY. Admin-
istration of intravenous albumin around the time of oocyte retrieval
reduces pregnancy rate without preventing ovarian hyperstimulation
syndrome: a systematic review and meta-analysis. Gynecol Obstet
Invest. 2010;70:47-54.

Venetis CA, Kolibianakis EM, Toulis KA, Goulis DG, Papadimas |, Tarlatzis
BC. Intravenous albumin administration for the prevention of severe
ovarian hyperstimulation syndrome: a systematic review and metaanal-
ysis. Fertil Steril. 2011;95:188-96.

Morris RS, Miller C, Jacobs L, Miller K. Conservative management of
ovarian hyperstimulation syndrome. J Reprod Med. 1995;40:711-4.
Youssef MA, Mourad S. Volume expanders for the prevention of
ovarian hyperstimulation syndrome. Cochrane Database Syst Rev.
2016;2016:CD001302.

Lédée N, Prat-Ellenberg L, Chevrier L, Petitbarat M, Simon C, Irani EE,
et al. Impact of prednisone in patients with repeated embryo implanta-
tion failures: beneficial or deleterious? J Reprod Immunol. 2018;127:11-5.
Kalampokas T, Pandian Z, Keay SD, Bhattacharya S. Glucocorticoid
supplementation during ovarian stimulation for IVF or ICSI. Cochrane
Database Syst Rev. 2017;3:CD004752.

Boomsma CM, Kamath MS, Keay SD, Macklon NS. Peri-implantation
glucocorticoid administration for assisted reproductive technology
cycles. Cochrane Database Syst Rev. 2022;6:CD005996.

Tavaniotou A, Devroey P. Luteal hormonal profile of oocyte donors
stimulated with a GnRH antagonist compared with natural cycles.
Reprod Biomed Online. 2006;13:326-30.



Palomba et al. Reproductive Biology and Endocrinology

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

131

132.

133.

(2023) 21:67

Shoham G, Leong M, Weissman A. A 10-year follow-up on the practice
of luteal phase support using worldwide web-based surveys. Reprod
Biol Endocrinol. 2021;19:15.

Van der Linden M, Buckingham K, Farquhar C, Kremer JA, Metwally

M. Luteal phase support for assisted reproduction cycles. Cochrane
Database Syst Rev. 2015;7:CD009154.

Bar Hava |, Yafee H, Omer Y, Humaidan P, Ganer Herman H. GnRHa for
trigger and luteal phase support in natural cycle frozen embryo transfer
- A proof of concept study. Reprod Biol. 2020;20:282-7.

Bar-Hava I, Mizrachi Y, Karfunkel-Doron D, OmerY, Sheena L, Carmon

N, Ben-David G. Intranasal gonadotropin-releasing hormone agonist
(GnRHa) for luteal-phase support following GnRHa triggering, a

novel approach to avoid ovarian hyperstimulation syndrome in high
responders. Fertil Steril. 2016;106:330-3.

Ma X, DuW, Hu J, Yang Y, Zhang X. Effect of gonadotrophin-releasing hor-
mone agonist addition for luteal support on pregnancy outcome in vitro
fertilization/intracytoplasmic sperm injection cycles: a meta-analysis based
on randomized controlled trials. Gynecol Obstet Invest. 2020;85:13-25.
Beierwaltes WH. The role of calcium in the regulation of renin secretion.
Am J Physiol Renal Physiol. 2010;298:F1-11.

Herr D, Duncan WC, Hack G, Konrad R, Kreienberg R, Wulff C. Regulated
expression of the renin-angiotensin-system in human granulosa lutein
cells: angiotensin Il increases VEGF expression but its synthesis is
reduced by hCG. Arch Gynecol Obstet. 2010;281:409-16.

Aakvaag A, Gjgnnaess H. Hormonal response to electrocautery of the
ovary in patients with polycystic ovarian disease. BJOG. 1985;92:1258-64.
Balen A, Tan SL, Jacobs H. Hypersecretion of luteinising hormone. A
significant cause of infertility and miscarriage. BJOG. 1993;100:1082-9.
Bordewijk EM, Ng KYB, Rakic L, Mol BWJ, Brown J, Crawford TJ, van Wely
M. Laparoscopic ovarian drilling for ovulation induction in women with
anovulatory polycystic ovary syndrome. Cochrane Database Syst Rev.
2020;2:CD001122.

Rouse B, Chaimani A, Li T. Network meta-analysis: an introduction for
clinicians. Intern Emerg Med. 2017;12:103-11.

Marino A, Gullo S, Sammartano F, Volpes A, Allegra A. Algorithm-based
individualization methodology of the starting gonadotropin dose in
IVF/ICSI and the freeze-all strategy prevent OHSS equally in normal
responders: a systematic review and network meta-analysis of the
evidence. J Assist Reprod Genet. 2022;39:1583-601.

Wu D, ShiH, YuY,YuT, Zhai J. Comparison of the effectiveness of various
medicines in the prevention of ovarian hyperstimulation syndrome: a
network meta-analysis of randomized controlled trials. Front Endocrinol
(Lausanne). 2022;13:808517.

Ishihara O, Arce JC, Japanese Follitropin Delta Phase 3 Trial (STORK)
Group. Individualized follitropin delta dosing reduces OHSS risk in japa-
nese IVF/ICSI patients: a randomized controlled trial. Reprod Biomed
Online. 2021;42:909-18.

Nyboe Andersen A, Nelson SM, Fauser BC, Garcfa-Velasco JA, Klein BM,
Arce JC, ESTHER-1 study group. Individualized versus conventional
ovarian stimulation for in vitro fertilization: a multicenter, randomized,
controlled, assessor-blinded, phase 3 noninferiority trial. Fertil Steril.
2017;107:387-396e4.

Abbara A, Jayasena CN, Christopoulos G, Narayanaswamy S, Izzi-Engbeaya C,
Nijher GM, Comninos AN, Peters D, Buckley A, Ratnasabapathy R, Prague
JK, Salim R, Lavery SA, Bloom SR, Szigeti M, Ashby DA, Trew GH, Dhillo WS.
Efficacy of kisspeptin-54 to trigger oocyte maturation in women at high
risk of ovarian hyperstimulation syndrome (OHSS) during in vitro fertiliza-
tion (IVF) therapy. J Clin Endocrinol Metab. 2015;100:3322-31.

Yang R, Guan'Y, Perrot V, Ma J, Li R. Comparison of the long-acting
GnRH agonist follicular protocol with the GnRH antagonist protocol in
women undergoing in vitro fertilization: a systematic review and meta-
analysis. Adv Ther. 2021;38:2027-37.

Zhao J, Xu B, Huang X, Yan Y, Li Y. Whether letrozole could reduce the
incidence of early ovary hyperstimulation syndrome after assisted
reproductive technology? A systematic review and meta-analysis.
Reprod Health. 2020;17:181.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 25 of 25

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Interventions to prevent or reduce the incidence and severity of ovarian hyperstimulation syndrome: a systematic umbrella review of the best clinical evidence
	Abstract 
	Introduction
	Methods
	Review question
	PICO model
	Data sources and search strategy
	Eligibility criteria
	Data collection process
	Quality assessment
	Data analysis
	Ethics

	Results
	Tailoring ovarian stimulation and monitoring using OHSS risk factors
	Risk factors and predictive models
	Monitoring and surveillance of ovarian stimulation

	Natural cycle IVF
	Pre-treatment with oral contraceptives
	Gonadotropin starting dose
	Personalization

	Mild ovarian stimulation
	Drug formulation for ovarian stimulation
	Urinary vs. recombinant gonadotropins
	Corifollitropin alfa
	r-LH

	Regimens of ovarian stimulation
	Clomiphene citrate (CC) andor letrozole
	Metformin
	Melatonin

	Coasting
	Strategies for controlling the LH surge
	GnRH analogues
	Progestin-primed ovarian stimulation (PPOS)

	Ovulation triggering strategies
	hCG
	Type of hCG
	GnRH-a
	r-LH

	Elective cryopreservation
	In vitro maturation (IVM) of oocytes
	Other treatments or procedures
	Dopaminergic agonists
	Diosmin
	Volume expanders
	Glucocorticoid administration
	Traditional luteal phase support
	Intensified luteal phase support
	Calcium infusion
	Ovarian drilling


	Discussion
	Acknowledgements
	References


