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Introduction

Older literature suggests that ovarian hyperstimulation syn-
drome (OHSS) affects in the range of 1-14% of all in-vitro 
fertilization cycles, with severe OHSS complicating 0.1-0.5% 
of cycles [1]. The current rates of OHSS, stratified according 
to severity, are unknown. Preventive strategies for OHSS have 
been developed over the last 20 years, including the use of 
dopamine agonists, gonadotropin-releasing hormone (GnRH) 
antagonist IVF cycles, GnRH agonist trigger, freeze-all cycles, 
and metformin in subjects with polycystic ovarian syndrome 
(PCOS) [2]. However, despite the development of GnRH ago-
nist triggers in GnRH antagonist cycles and the use of dopa-
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mine agonists, current evidence obtained from the Society 
for Assisted Reproductive Technology database suggests that 
OHSS remains a persistent issue [3]. Severe OHSS can oc-
cur even after the administration of a GnRH agonist trigger, 
without the addition of human chorionic gonadotropin (hCG) 
[4-6].

After controlled ovarian hyperstimulation (COH) and either 
an hCG or GnRH agonist trigger, vascular endothelial growth 
factor (VEGF) released from the granulosa cells leads to an 
increase in vascular permeability, allowing intravascular fluid 
to leak into the abdominal and thoracic compartments when 
OHSS occurs. This fluid shift leads to intravascular hypovole-
mia and, if not managed appropriately, can cause significant 
hemoconcentration, putting patients at risk of thrombotic 
events. OHSS can also cause end-organ damage resulting 
from decreased organ perfusion [7]. To prevent OHSS, it is 
first necessary to understand the pathophysiology of the syn-
drome. VEGF, which is expressed in ovarian granulosa cells, 
is elevated after COH [8]. VEGF increases vascular perme-
ability through interactions with its receptor, VEGF receptor 
2 (VEGFR-2) [9]. One of the ways to prevent OHSS is to block 
the interaction between VEGF and VEGFR-2, thereby pre-
venting an increase in vascular permeability. Cabergoline, a 
dopamine receptor-2 agonist, inhibits the phosphorylation of 
VEGFR-2 [10].

Multiple studies have demonstrated that cabergoline ad-
ministration can reduce the incidence of OHSS in high-risk 
patients. The first use of a dopamine agonist to treat OHSS 
was published in 1992, using a case series of seven oliguric 
patients with OHSS [11]. However, there is still no standard-
ized protocol for cabergoline administration in patients at risk 
of OHSS. Baumgarten et al. [12] performed a meta-analysis 
in 2013 and concluded that while dopamine agonists seem 
to help prevent OHSS, they could not draw any conclusions 
regarding optimal drug, dose, or regimen. A 2014 systematic 
review and meta-analysis of eight randomized controlled tri-
als (RCTs) found lower rates of moderate and severe OHSS; 
however, the studies varied with regard to cabergoline dose, 
timing of initiation, length/pattern of treatment, and wheth-
er additional measures were taken to prevent OHSS [13]. 
Similarly, in 2016, a Cochrane Review of 16 RCTs concluded 
that dopamine agonists lower the rates of moderate to se-
vere OHSS without compromising IVF outcomes; however, 
further research is needed to clarify the optimal dose [14]. 
This makes it difficult to determine the optimal timing for ca-

bergoline administration, which is most effective in prevent-
ing OHSS.

A potential problem with blocking VEGF is the unknown 
impact that this could have on follicular growth, final oocyte 
maturation, and IVF outcomes. The use of cabergoline, if 
given too early, could theoretically impact fertilization rates, 
implantation rates, and ongoing pregnancy rates [15]. From 
animal studies, we know that the VEGF/VEGFR-2 interaction 
is necessary for both the development of ovarian follicles to 
the preovulatory stage and gonadotropin-induced angiogen-
esis later in folliculogenesis [16]. This raises a concern as to 
whether giving cabergoline to prevent OHSS could inadver-
tently have a negative impact on oocyte maturation, endo-
metrial angiogenesis, implantation, and pregnancy rates [8], 
especially if administered before oocyte retrieval. However, 
hCG, which is often used to trigger ovulation in IVF cycles, 
is known to increase the VEGF protein level by increasing 
VEGF mRNA concentrations in ovarian granulosa cells [17]. 
If, in an attempt to avoid potential detrimental effects on 
the developing follicles and subsequent IVF outcomes, we 
delay cabergoline administration until the day of oocyte 
retrieval instead of initiating treatment on the day of hCG 
trigger (36 hours earlier), it is concerning that cabergoline 
may be less effective in preventing OHSS. While the effect 
of blocking VEGF/VEGFR-2 in humans remains unclear with 
regard to IVF success rates, there is considerable debate over 
the most appropriate timing of cabergoline administration 
when attempting to prevent OHSS [15]. Two questions arise 
concerning the initiation of cabergoline either before or after 
oocyte collection: First, does the timing of cabergoline ad-
ministration have an impact on the final oocyte maturation 
and subsequent IVF outcomes? Second, does the timing of 
cabergoline administration affect its ability to prevent OHSS?

To answer the first question, a retrospective pilot study 
conducted in 2007 concluded that cabergoline administra-
tion starting on the day of hCG injection did not affect the 
rates of implantation or ongoing or term pregnancies [18]. 
In that study, however, the control group was not at risk of 
developing OHSS. In 2013, Seow et al. [15] published the 
first prospective RCT including 200 women, investigating the 
impact of the timing of cabergoline administration on final 
oocyte maturation, fertilization rates, and clinical outcomes. 
They found that the timing of cabergoline administration had 
no impact on any of these markers of IVF success. The OHSS 
rate was a secondary outcome in this study, but cabergoline 
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seemed to have the same effect on lowering rates of moder-
ate and severe OHSS in this study, regardless of when it was 
initiated. Gaafar et al. [17] conducted a case series study 
involving 126 patients in 2019, wherein cabergoline was 
administered before the hCG trigger (when the leading fol-
licle reached a size of 15 mm). They found that early admin-
istration of cabergoline was effective and safe in preventing 
early OHSS, and that it did not compromise pregnancy rates, 
although the study had no control group [17]. The results of 
these studies would suggest that administering cabergoline 
at the time of hCG trigger or earlier does not adversely affect 
IVF outcomes in humans. Two potential explanations for this 
are as follows: 1) the dose of cabergoline may be too low 
to impact the final oocyte maturation, and 2) that the high 
levels of VEGF produced by multiple follicles and the long 
duration hCG trigger may overcome the effect of partially 
blocking VEGF receptor function [15]. In terms of the second 
question, there are no studies yet with the primary goal of 
evaluating the timing of cabergoline administration on OHSS 
rates. 

Material and methods

Our study was a retrospective cohort analysis of 285 patients 
with exuberant stimulations who underwent treatment with 
IVF at McGill University Health Centre from June 1, 2011, to 
December 31, 2019. The inclusion criteria (which ensured 
that all patients were at high risk of mild or moderate OHSS) 
were  patients with PCOS [19], using the Rotterdam criteria 
established by the Rotterdam consensus group in 2004 [20], 
having 17 or more follicles greater than 10 mm in diameter 
on the day of trigger [21,22], peak estradiol (E2) levels >3,500 
pg/mL (the equivalent of approximately 13,000 pmol/L)  
[19], use of a GnRH antagonist protocol, use of a GnRH 
agonist trigger, and cycles in which all embryos were frozen. 
Exclusion criteria included patients who had a poor response 
to ovarian stimulation (and therefore were not at risk of de-
veloping OHSS), low E2 levels, patients who developed fewer 
than 17 follicles >10 mm, those who had an allergy to either 
cabergoline or other dopamine agonists, and those who 
were consistently on a dopamine agonist during their stimu-
lation for a history of hyperprolactinemia.

In our institution, GnRH antagonist cycles are primarily 
used as good responders. In cases where there is a risk of 

OHSS, a GnRH agonist trigger is used as part of a freeze-
all strategy. Although these patients are at a very low risk of 
severe OHSS, these subjects represent a legitimate group to 
compare outcomes based on the timing of cabergoline initia-
tion. The ages of the patients in the study ranged from 26 to 
39 years. 

1. Stimulation protocol
All patients in our study received a GnRH antagonist. COH 
was achieved using either one or a combination of recombi-
nant follicle-stimulating hormone and highly purified human 
menopausal gonadotropin. The starting dose of gonadotro-
pin was chosen based on patient age, basal follicle stimulat-
ing hormone (FSH) levels, antral follicle count, body mass 
index, and previous response to ovarian stimulation. Adjust-
ments to the starting dose of gonadotropin occurred based 
on ovarian response to the stimulation, which was monitored 
by transvaginal ultrasound and serial E2 measurements. Oo-
cyte retrieval was performed using the technique described 
by Rose in 2014 [23]. 

2. Study groups
In this study, patients were allocated to two study groups. 
The first group received cabergoline 0.5 mg orally, once daily, 
for 7 days, starting on the day of trigger with a GnRH ago-
nist trigger. The second group received cabergoline 0.5 mg 
orally, once daily, for 7 days, starting on the day of oocyte 
collection. All patients consented to a “freeze-all” strategy, 
where all high-quality blastocysts were frozen using a vitrifi-
cation technique, and there were no fresh embryo transfers.

After oocyte collection, all patients returned to the clinic 
within 4-5 days for the assessment of signs and symptoms 
of OHSS. Examination and investigation included transvagi-
nal and transabdominal ultrasound that intended to detect 
intraperitoneal free fluid and the measurement of ovarian 
size, and in select cases, OHSS bloodwork. Serum laboratory 
evaluation included hematocrit; platelets; sodium, potassium, 
and albumin levels. Bloodwork was ordered if the patient 
reported discomfort, urinary retention, weight gain, or free 
fluid visible on ultrasound. The OHSS classification was based 
on the definitions established by Navot et al. in 1992 [24]. 
Under this system, mild OHSS is limited mainly to abdominal 
distension and discomfort, and moderate OHSS includes ul-
trasound evidence of mild ascites. Severe OHSS includes the 
features of moderate OHSS plus clinical/tense ascites, ana-
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sarca, evidence of hemoconcentration, coagulation abnor-
malities, renal dysfunction, oliguria, and hepatic dysfunction. 
Finally, critical OHSS is diagnosed when there is progression 
of any of the features of severe OHSS, or if there is evidence 
of thromboembolic phenomena, renal failure, or ARDS. 

3. Statistical analysis
The demographic data of all patients were obtained. Statisti-
cal analysis was performed with analysis of variance or chi-
squared (X2) testing where appropriate, with a P-value of 
0.05, as the significance cutoff using SPSS 23.0.0 (IBM Corp., 
Armonk, NY, USA). Continuous variables were checked for 
normal distribution using the Kolmogorov-Smirnov test. All 
continuous variables were normally distributed. Stepwise 
multivariate logistic regression was performed to determine 
the risk factors for OHSS development. Variables used in the 
model included female age, basal serum FSH level, antral 
follicle count (AFC), PCOS diagnosis, number of stimulated 
follicles 10-14 mm in diameter at trigger, number of follicles 
>10 mm in diameter at trigger, peak serum E2 level, number 

of 2pronuclear (PN) embryos, and timing of cabergoline ini-
tiation. 

Results

All 285 patients in our study were at high risk of developing 
OHSS, were on a GnRH antagonist protocol, and received a 
GnRH agonist trigger as part of a freeze-all strategy. The risk 
of developing severe OHSS was low because of the trigger-
ing medication used. Nevertheless, they were considered an 
excellent group to determine the role of dopamine agonists 
in OHSS symptomatology as related to the timing of admin-
istration. Patients in the first group began treatment with 
cabergoline on the day of GnRH agonist trigger (Trig), while 
patients in the second group started treatment with caber-
goline on the day of oocyte retrieval (Retriev).

The baseline and demographic data of the patients are 
described in Table 1. There was a statistically significant dif-
ference between the AFCs of Trig and Retriev (20.2±4.2 vs. 

Table 1. Baseline data comparing the two protocols 

Characteristic
Group 1=Trig Group 2=Retriev

P-valueCabergoline at time of trigger
(n=101)

Cabergoline on day of collection
(n=184)

Age of female (yr) 35.1±1.9 35.0±2.4 0.72

Serum basal FSH level (IU/L) 7.4±1.9 7.0±2.1 0.11

Antral follicle count 20.2±4.2 19.0±4.3 0.02

PCOS diagnosis 42 (42) 83 (45) 0.57

Values are presented as mean±standard deviation or number (%).
FSH, follicle stimulating hormone; PCOS, polycystic ovarian syndrome.

Table 2. Stimulation parameters comparing cabergoline initiated at trigger or at collection

Group 1=Trig Group 2=Retriev
P-valueCabergoline at time of  

trigger (n=101)
Cabergoline on day of  

collection (n=184)

Number of follicles 10 to 14 mm at triggering 15.4±5.4 15.2±4.9 0.75

Number of follicles at least 10 mm at triggering 25.7±7.0 22.8±8.3 0.003

Peak serum E2 levels at triggering (pmol/L) 17,325±2,542 14,822±3,098 0.0001

Oocytes collected 24.5±5.2 (19-40) 23.3±5.2 (17-39) 0.06

2PN embryos 14.7±6.0 14.0±5.6 0.33

Frozen high-quality blastocysts 4.4±2.3 4.4±2.0 1.0

Values are presented as mean±standard deviation (range).
PN, pronuclear.
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19.0±4.3; P=0.02). No significant differences were found in 
the baseline data between the two groups.

Table 2 shows the stimulation parameters and outcomes 
between the groups. Trig had a significantly higher number 
of follicles at least 10 mm at the time of trigger (25.7±7.0 
vs. 22.8±8.3, P=0.003) as well as higher peak serum E2 
levels (17,325±2,542 vs. 14,822±3,098; P=0.0001). Based 
on these data, Trig was at slightly higher risk of OHSS than 
Retriev. The remaining outcomes did not differ between the 
study groups.

The OHSS outcomes based on the timing of cabergoline 
administration are shown in Table 3. There were no cases of 
severe OHSS in either group. Overall, Trig had lower rates 
of OHSS than Retriev, where the rate of mild or moderate 
OHSS in Trig was 24%, and the rate of mild or moderate 
OHSS in Retriev was 36% (P=0.045). This was further dem-
onstrated when patients in the Trig group had less pelvic free 
fluid (13% vs. 23%; P=0.03), lower hematocrit (37.8±4.8% 
vs. 40.5±4.2%; P=0.0001), higher albumin concentrations 
(30.4±2.7% vs. 29.5±2.0%; P=0.01), lower potassium con-
centrations (3.9±0.5 vs. 4.2±0.7; P=0.0002), and higher 
sodium concentration (133.8±2.1 vs. 133.1±2.3; P=0.01). 
Blood workup was ordered only for patients who had signs 

or symptoms concerning for OHSS, which included 78 pa-
tients in Trig, and 103 patients in Retriev. The rest of the 
outcomes showed no significant differences between the 
groups.

A multivariate stepwise logistic regression analysis was per-
formed to determine the risk factors for mild and moderate 
OHSS, while controlling for the effects of confounding fac-
tors. Variables used in the model included female age, basal 
serum FSH level, AFC, PCOS diagnosis, number of stimulated 
follicles 10-14 mm in diameter at trigger, number of follicles 
>10 mm in diameter at trigger, peak serum E2 level, number 
of 2PN embryos, and timing of cabergoline initiation. The 
significant risk factors for mild or moderate OHSS were num-
ber of follicles 10 mm to 14 mm in diameter at the time of 
GnRH agonist trigger (OR 1.6, 95% CI: 1.4 to 1.9, P=0.001), 
peak serum E2 level (OR 1.2, 95% CI: 1.05 to 1.4, P=0.001), 
PCOS diagnosis (OR 1.5, 95% CI: 1.1 to 1.8, P=0.02), and 
starting cabergoline on the day of oocyte collection as com-
pared to at the time of trigger (OR 1.4, 95% CI: 1.2 to 1.6, 
P=0.01).

Table 3. OHSS outcomes comparing cabergoline initiated at trigger or at collection

Group 1=Trig Group 2=Retriev
P-valueCabergoline at time of 

trigger (n=101)
Cabergoline on day of 

collection (n=184)

Presence of free pelvic fluid 13 (13) 43 (23) 0.03

Weight gain 0 2 (1) NS

Discomfort/bloating 20 (20) 40 (22) 0.70

Severe OHSS 0 0 -

Mild or moderate OHSS 24 (24) 66 (36) 0.045

Laboratory testing done 4-5 days after oocyte retrieval n=78 n=03

Hemoglobin (g/dL)
Normal range (12-16 g/dL)

12.6±1.6 13.5±1.4 0.0001

Albumin (g/L)
Normal range (35-52 g/L)

30.4±2.7 29.5±2.0 0.0001

Na (mmol/L)
Normal range (133-143 mmol/L)

133.8±2.1 133.1±2.3 0.01

K (mmol/L)
Normal range (3.5-5 mmol/L)

3.9±0.5 4.2±0.7 0.0002

Platelet count (103/micro L) 205±48 213±38 0.12

Values are presented as mean±standard deviation or number (%).
OHSS, ovarian hyperstimulation syndrome; NS, not statistically significant.
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Discussion

This study investigated whether the timing of cabergoline 
administration affects the rate of OHSS in high-risk patients. 
To the best of our knowledge, this is the first study that 
looked specifically at when cabergoline was initiated, with 
the primary outcome being OHSS rates.

In a previous study that investigated clinical outcomes ac-
cording to the timing of cabergoline initiation, the primary 
outcome was the rate of metaphase II oocytes between the 
study and control groups, and the incidence of moderate/se-
vere OHSS was a secondary outcome [15]. In that study, early 
administration of cabergoline did not have any impact on 
the final oocyte maturation or fertilization rate, suggesting 
that starting cabergoline at the time of triggering does not 
have any negative impact on IVF outcomes. They also found 
no difference in the incidence of OHSS between their two 
groups, both before and after reanalyzing their data when 
isolating only those patients who were at the highest risk of 
OHSS, although they admit that their study was underpow-
ered to draw conclusions with certainty in this regard [15].

Why did our study show that the timing of cabergoline 
administration did impact the rate of mild and moderate 
OHSS, while the previous study showed no difference? First, 
the two studies used different stimulation protocols and trig-
gers. In the 2013 study, all women received a “long proto-
col,” which employs a GnRH agonist to prevent premature 
ovulation and necessitates the use of hCG to trigger the final 
oocyte maturation [15]. In our study, all the women were 
on an “antagonist protocol,” allowing all patients to receive 
a GnRH agonist trigger instead of hCG, drastically reducing 
the likelihood of OHSS. It is possible that the different trig-
ger medications in both studies contributed to the different 
rates of OHSS. Second, none of our patients had fresh em-
bryo transfers, effectively eliminating the risk of late-onset 
OHSS, and we reported zero cases of severe OHSS in either 
group. In the study by Seow et al. [15], women had a fresh 
embryo transfer on day 3 following oocyte retrieval, and 
late-onset OHSS contributed to two out of the three cases of 
severe OHSS in their control group. Third, in Seow et al. [15]’s 
study, they only reported cases of moderate or severe OHSS, 
whereas in our study, the two categories we looked at were 
mild or moderate OHSS and severe OHSS. This may explain 
why we found a statistically significant difference, while the 
previous study did not.

In our study, 24 of 101 patients in the Trig group devel-
oped mild or moderate OHSS (24%), compared to 66 of 184 
patients in the Retriev group (36%) with a P-value of 0.045, 
and no patients in either group developed severe OHSS. 
The risk difference for developing mild to moderate OHSS 
depending on whether cabergoline was initiated at the time 
of trigger or following oocyte collection was 8% (36-24%), 
with a number needed to treat 12.5% (1/0.08). In other 
words, 12.5 patients would need to start taking cabergoline 
at the time of trigger to prevent one case of mild to moder-
ate OHSS. We would expect women who received hCG trig-
gering to have different rates of severe OHSS, as compared 
to what was seen in our study. The number needed to treat 
should be different among women who received hCG trig-
gering. When considering the clinical relevance of decreasing 
rates of mild and moderate OHSS, it should be noted that 
mild to moderate symptoms may increase patient discomfort 
and anxiety, patient phone calls, and post-retrieval clinic vis-
its, occupying more time and effort from the entire health-
care team.

Using cabergoline in a cohort that received a GnRH agonist 
trigger was performed to examine the role of the timing of 
cabergoline administration on outcomes, which may now 
be investigated in hCG-triggered women in future studies. 
Although we found no improvement in reported discomfort 
or in the rates of severe OHSS with different timings of ca-
bergoline, this may not be the case in hCG-triggered cycles. 
Given that the only proposed change to the protocol is the 
timing of cabergoline initiation, and because multiple studies 
have shown that earlier cabergoline administration has no 
negative impact on IVF outcomes [7,14,15,17,18], one could 
argue that there is no risk, and only potential benefit, to ad-
ministering cabergoline starting at the time of trigger instead 
of following oocyte collection to reduce the rate of OHSS 
in moderate and high-risk patients. As demonstrated in the 
literature, our Trig group did not seem to have any negative 
outcomes related to oocyte collection and embryo develop-
ment when compared to the group that received cabergoline 
at the time of oocyte collection. In particular, the number of 
oocytes collected, the number of two PN embryos, and the 
number of frozen high-quality blastocysts (Gardner grade BB 
or better) did not differ between groups in our study. 

The strengths of this study are that, to the best of our 
knowledge, this is the first study to examine the impact of 
the timing of cabergoline administration on the rates of 
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OHSS as a primary outcome. The fact that patients in both 
the Trig group and the Retriev group were on a GnRH an-
tagonist protocol received a GnRH agonist trigger for final 
oocyte maturation, received no luteal hCG, and had all of 
their blastocysts cryopreserved suggests that the timing of 
cabergoline reduced the rates of mild and moderate OHSS in 
the Trig group. This finding will be important to note in fu-
ture studies looking at the timing of cabergoline as a method 
of preventing OHSS in patients using GnRH agonist protocols 
and in patients using GnRH antagonist protocols who are ex-
posed to hCG either at the time of trigger or for luteal sup-
port. 

The most apparent limitation of our study is the fact that 
it was a retrospective cohort analysis, with the potential for 
undetected confounders or bias. In addition, serum anti-Mul-
lerian hormone was unavailable at the time of data collec-
tion, as it was not routinely drawn at our clinic until recently. 
From a statistical standpoint, the Trig group was at higher 
risk of OHSS than the Retriev group. However, the Trig group 
ultimately demonstrated lower rates of OHSS rates. While 
the purpose of this study was to evaluate whether the tim-
ing of cabergoline administration affected the rate of mild or 
moderate OHSS, it should be noted that the use of a GnRH 
agonist trigger and a freeze-all strategy made it impossible 
to draw conclusions regarding the impact of cabergoline tim-
ing on severe OHSS as well as on late-onset OHSS. This study 
should be used as evidence to evaluate the outcomes of cab-
ergoline timing on mild/moderate OHSS rates in women who 
are not candidates for GnRH agonist triggering. 

In conclusion, our retrospective data suggest that cabergo-
line should be considered at the time of triggering in women 
at risk of OHSS. Larger, prospective studies in groups receiv-
ing an hCG trigger are needed to support these findings, so 
that they can be better extrapolated to the general popula-
tion of IVF patients. 
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