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Chapter 18
Ovarian Hyperstimulation Syndrome 
(OHSS)

Robert L. Barbieri

 Précis

 1. Clinical setting: Abdominal bloating and distention, intravascular volume deple-
tion, ascites, hemoconcentration, and oliguria following a fertility intervention 
involving the administration of exogenous follicle stimulating hormone (FSH).

 2. Diagnosis:

 (a) History: Abdominal bloating, distention, abdominal and/or pelvic pain, 
acute weight gain, and shortness of breath. A recent fertility intervention 
involving the administration of exogenous FSH.  Young age, polycystic 
ovary syndrome, or low body mass. A previous history of OHSS.

 (b) Physical examination: Abdominal distention, weight gain, evidence for asci-
tes (flank dullness), or pleural effusion (dullness to percussion, decreased 
breath sounds).

 (c) Laboratory values: Hemoconcentration (Hct >50%), elevated BUN and cre-
atinine, elevated liver function tests.

 (d) Imaging: Bilateral ovarian enlargement, peritoneal fluid or ascites on ultra-
sound, pleural effusions on ultrasound.

 (e) Treatment: Close monitoring of hemodynamic status and renal function. 
Paracentesis to resolve the abdominal compartment syndrome. Administration 
of albumin or hydroxyethyl starch to improve renal function and urine out-
put. Treatment with cabergoline to reduce ovarian vascular endothelial 
growth factor (VEGF) production. Thrombosis prophylaxis to reduce the 
risk of thromboembolism.
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The most dangerous complications of OHSS are renal failure, hypovolemic 
shock, thrombosis, stroke, acute respiratory distress, ovarian torsion, ovarian rup-
ture, and death.

Ovarian hyperstimulation syndrome (OHSS) is the presence of the combination 
of ovarian enlargement due to hormone-secreting luteinized ovarian cysts and an 
associated vascular dysfunction manifested by increased capillary permeability, 
resulting in the accumulation of fluid in the peritoneal and pleural cavity, and 
hemoconcentration.

Definition and Staging of OHSS There is no established uniform definition of 
OHSS [1]. One staging system for OHSS is presented in Table 18.1 [2]. Most stag-
ing systems regard mild OHSS, which includes abdominal discomfort and disten-
tion, along with variably enlarged ovaries, as a normal physiological consequence 
of ovarian hyperstimulation regimens that stimulate the growth of multiple ovarian 
follicles. Severe OHSS is a serious problem characterized by marked fluid shifts 
into the extravascular compartment and renal dysfunction. Mathur and colleagues 
have championed the division of OHSS into early and late cases. Early cases of 
OHSS present 3–7 days after follicle luteinization [3]. Late cases of OHSS present 
12–17 days after luteinization. Early cases of OHSS are associated with excessive 
ovarian stimulation and the events surround luteinization. Late cases of OHSS are 
associated with singleton and multiple gestations with continuing stimulation of the 
ovary by rising levels of hCG from the trophoblast tissue. Late cases of OHSS are 
more severe and difficult to anticipate based on events during the follicular phase of 
the stimulated cycle [3].

Table 18.1 Ovarian hyperstimulation syndrome staging system

Category Description

Mild

Grade 1 Abdominal distention and discomfort, abdominal pain
Grade 2 Features of grade 1 plus nausea, vomiting, and diarrhea

Ovaries are 5–12 cm in diameter
Moderate

Grade 3 Features of mild OHSS plus sonographic evidence of ascites
Severe

Grade 4 Features of moderate OHSS plus clinical evidence of ascites or hydrothorax or 
breathing difficulties

Grade 5 All of the above plus hemoconcentration or diminished renal perfusion and function 
or coagulation abnormalities

Adapted from Ovarian Hyperstimulation Syndrome Staging (Golan et al. [2])
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 Pathophysiology

In most cases of OHSS, the inciting cause is fertility treatment involving the sequen-
tial administration of exogenous FSH to stimulate multiple follicle growth followed 
by administration of a hormone to induce luteinization of the large follicles. 
Occasionally, OHSS may occur following clomiphene ovulation induction, during 
the agonist phase of GnRH agonist monotherapy [4, 5] or following monotherapy 
with an anti-estrogen such as tamoxifen [6]. Rarely a spontaneous pregnancy may 
cause OHSS [7].

A goal of many fertility treatments, such as in vitro fertilization (IVF) and FSH- 
intrauterine insemination (FSH-IUI), is to stimulate the growth and luteinization 
(IVF) or ovulation (FSH-IUI) of multiple follicles. In a typical IVF cycle, exoge-
nous FSH is administered at a dose sufficient to stimulate the development of 
approximately ten or more large follicles. When the follicles are sufficiently mature, 
a luteinizing hormone is administered to cause luteinization of the granulosa and 
theca cells in the follicles. Hormones that can be used to trigger luteinization of 
mature follicles include recombinant human LH (rLH), human chorionic gonado-
tropin (hCG), or a GnRH agonist, which triggers the release of endogenous LH 
from the pituitary gland. These hormones trigger luteinization of the follicle, shift-
ing the granulosa cells from estradiol production to progesterone and estradiol syn-
thesis. They also stimulate the oocyte to resume meiotic division in order to prepare 
it for fertilization. The sequential ovarian stimulation regimen of FSH followed by 
a luteinization trigger is termed a controlled ovarian hyperstimulation (COH) or 
controlled ovarian stimulation (COS) cycle. In COH and COS cycles, hCG is the 
most commonly used hormone to trigger luteinization of the follicles.

Luteinized granulosa cells, stimulated by hCG or LH, secrete vascular endothe-
lial growth factor (VEGF). In turn, VEGF increases endothelial permeability [8–
10]. In model systems of ovarian hyperstimulation, increased capillary permeability 
caused by excessive VEGF secretion from luteinized follicles can be blocked by the 
administration of an inhibitor of VEGF, such as Flt-1 Fc [11].

In a COH cycle, the multiple luteinized cysts secrete large quantities of VEGF, 
which cause a marked increase in capillary permeability resulting in fluid shift from 
the intravascular to extravascular space. Circulating concentrations of VEGF are 
positively correlated with the risk of developing OHSS and the severity of the syn-
drome. Other proteins, which may play an auxiliary role in the development of 
OHSS, include interleukin-6, the renin-angiotensin system, the kinin-kallikrein sys-
tem, selectins, IGF-1, epidermal growth factor, transforming growth factors alpha 
and beta, basic fibroblast growth factor, platelet-derived growth factor, and interleu-
kin- 1 beta.

During fertility treatment, OHSS most often occurs after luteinization triggered 
by hCG (early cases occur 3–7 days after the administration of the luteinization 
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trigger). Compared to endogenous or recombinant LH, hCG has a much longer half-
life (>24 h for hCG versus <20 min for LH). Compared to LH, hCG has a higher 
affinity for the LH receptor and a longer duration of intracellular effect [12]. 
Interestingly, GnRH agonist stimulation of ovulatory events, by causing the endog-
enous pituitary release of LH, is associated with lower ovarian production of 
VEGF. In contrast, hCG administration is associated with greater ovarian produc-
tion of VEGF [13]. As noted below, one approach to reducing the risk of developing 
OHSS, following the use of FSH to stimulate multiple follicle growth, is to trigger 
ovulation with a GnRH agonist or rLH rather than hCG.

Among women, there is great variability in the magnitude of ovarian follicle 
response to a fixed dose of FSH. The size of the woman’s ovarian follicle pool is an 
important predictor of response to FSH. Women with large numbers of responsive 
antral follicles, such as young women and women with polycystic ovary syndrome 
(PCOS), respond more vigorously to a given dose of FSH than women with a small 
number of antral follicles, such as women >40 years of age and those with prema-
ture loss of ovarian follicles due to alkylating chemotherapy or multiple ovarian 
surgeries. Genetic mutations in proteins that regulate ovarian follicle growth may 
modulate the risk of developing OHSS by sensitizing the ovary to the stimulatory 
effects of FSH. Bone morphogenetic protein 15 (BMP15) is an important regulator 
of ovarian follicle development in sheep and mice. Certain alleles of BMP15 appear 
to be associated with increased ovarian response to FSH and an increased risk of 
OHSS [14, 15].

The ovary contains high concentrations of dopamine, and the theca-lutein cells 
of the corpus luteum contain dopamine receptors [16]. In human granulosa cells, 
cabergoline, a dopamine agonist, inhibits VEGF production. Women with PCOS are 
at increased risk for developing OHSS when treated with the sequential combina-
tion of FSH and a luteinizing hormone. Follicles from women with PCOS appear to 
have reduced ovarian dopamine concentration and decreased concentration of dopa-
mine receptors suggesting that reduced dopamine tone permits increased VEGF 
secretion in these women [17]. As noted below, cabergoline treatment appears to 
have a beneficial effect on women with OHSS.

Rare causes of OHSS include an FSH secreting pituitary tumor or genetic muta-
tions in the FSH receptor [18]. The most common FSH receptor mutation associated 
with OHSS (FSHR D567N) results in the expression of a permissive FSH receptor 
that binds not only FSH but also LH, hCG, and TSH. Women with FSH receptor 
mutations typically develop OHSS when they become pregnant due to excessive 
ovarian stimulation of the FSH receptor by placental hCG.

OHSS is associated with the accumulation of large amounts of fluid in the peri-
toneal cavity and occasionally in the pleural space. In women with OHSS, intra- 
abdominal pressure is often elevated, creating an abdominal compartment syndrome. 
In patients with mild and severe OHSS, the intra-abdominal pressure has been 
reported to be 13 and 40 mmHg, respectively [19]. Intra-abdominal pressure greater 
than 16  mmHg can cause reduced renal blood flow, decreased urine output, 
decreased cardiac output, increased systemic vascular resistance, and coagulopathy. 
Paracentesis performed early and often in the course of OHSS can reduce 
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intra- abdominal pressure and prevent the complications associated with the abdom-
inal compartment syndrome.

Epidemiology Moderate and severe forms of OHSS have been reported to occur in 
approximately 4% and 0.5%, respectively, of women undergoing ovarian stimula-
tion for IVF [20]. In a consecutive case series of 214,219 US women undergoing 
assisted reproductive treatment (ART), moderate and severe OHSS developed in 
0.7% and 0.3% of the women, respectively, but under-reporting may have occurred 
[21]. Mild forms of OHSS occur in about 30% of ART cycles.

The most important pretreatment risk factors for developing OHSS include the 
following: (1) a previous history of OHSS, (2) age <30 years, and (3) diagnosis of 
polycystic ovary syndrome. The most important risk factors identified during an 
ovarian stimulation cycle include the following: (1) elevated circulating estradiol, 
>3500 pg/mL, (2) rapidly rising estradiol, (3) large number of follicles, for example 
>20 follicles, and (4) use of hCG to stimulate luteinization [22]. On a positive note, 
OHSS is more likely to occur in women who become pregnant during their fertility 
treatment, likely because of the continued stimulation of ovarian VEGF secretion by 
hCG secreted from trophoblast cells. Women who become pregnant with multiple 
gestations, which are associated with higher levels of circulating hCG, are also 
more likely to develop OHSS.

 Clinical Presentation

Most cases of OHSS occur following ovarian stimulation with fertility medications. 
Women with mild OHSS typically present with lower abdominal pain, discomfort 
and distention, bloating, mild nausea, and occasionally vomiting. Women with 
moderate and severe forms of OHSS present with rapid weight gain, shortness of 
breath and tachypnea, reduced urine output, orthostatic hypotension, and tachycar-
dia. The differential diagnosis includes ovarian hemorrhage, ovarian torsion, pelvic 
infection, intra-abdominal hemorrhage, ectopic pregnancy, and appendicitis.

Clinical examination should include sequential measurement of body weight, 
abdominal circumference, and pelvic ultrasound to measure ovarian size and check 
for the presence of ascites. Laboratory tests that are useful include hemoglobin/
hematocrit concentration, creatinine, electrolytes, and liver function tests. Follow-up 
evaluation every 2–3 days is adequate to assess the progress of the condition. If a 
woman reports increasing and severe pain, abdominal distention, shortness of 
breath, and reduced urine output, immediate clinical reevaluation is warranted. 
Early cases of OHSS (3–7 days after administration of a luteinizing agent) tend to 
resolve within 1–2 weeks if pregnancy does not occur. Late cases of OHSS (present-
ing 12–17 days after administration of LH or hCG) are often associated with an 
ongoing pregnancy and may persist for weeks.

Women with severe OHSS should be considered for hospitalization. Specific 
conditions that may require intensive unit care include adult respiratory distress 
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syndrome, renal failure, or thromboembolism. Severe OHSS is associated with 
hematocrit >50% and hyponatremia in about 50% of cases. Oliguria is present in 
about 30% of women with severe OHSS. Abnormal liver function tests are present 
in about 30% of women with OHSS. Severe OHSS may occasionally be associated 
with pulmonary dysfunction including pneumonia, respiratory distress syndrome, 
and pulmonary embolism [23]. Chest X-ray is indicated to assess women for pleural 
effusion and coincident pulmonary infection.

Severe OHSS is associated with increased plasma levels of D-dimer, increased 
thrombin-antithrombin III complex, and decreased protein S activity [24]. Rarely, 
severe OHSS may cause arterial and venous thrombosis [25]. When the CNS is 
involved in the thrombotic process, the results can be devastating [26, 27]. Thrombosis 
can also occur in arteries supplying the limbs, rarely requiring amputation [28].

 Prevention of OHSS

 Selection of Stimulation Regimens Based on Risk Stratification

Prior to the initiation of a cycle of ovarian stimulation, higher circulating levels of 
antimullerian hormone (AMH) and a higher basal ovarian antral follicle count are 
associated with an increased risk of developing OHSS [29]. Therefore, it is possible 
to stratify women into high and low risk groups for the development of OHSS. It is 
known that certain ovarian stimulation protocols are associated with a higher risk of 
OHSS and other protocols with a lower risk of OHSS. For example, the risk of devel-
oping OHSS is lower with an ovarian stimulation protocol that uses FSH injections, 
GnRH antagonist to suppress a premature LH surge, and a GnRH agonist analog to 
trigger luteinization by stimulating the pituitary to release endogenous LH [30, 31]. 
In contrast, the risk of developing OHSS is greater with an ovarian stimulation proto-
col that uses a long downregulation regimen with GnRH agonist analog started in the 
luteal phase of the cycle preceding the treatment cycle (to suppress a premature LH 
surge), FSH injections, and hCG to trigger luteinization. Using this information, it 
has been proposed that women with high AMH (>29 pM), who are at higher risk of 
OHSS, receive the ovarian stimulation protocol that is associated with a lower risk of 
OHSS (FSH, GnRH antagonist, GnRH agonist) and women with normal AMH 
(16–29 pM), who are at a lower risk of developing OHSS receive a standard protocol 
(long-cycle downregulation GnRH agonist analog, FSH injections, hCG) [32].

Why not treat all women with the protocol associated with the lowest risk of 
OHSS? Many clinicians believe that the protocol with the lowest risk of OHSS, 
which utilizes a GnRH antagonist plus a GnRH agonist to trigger luteinization, is 
associated with lower pregnancy rates than the standard long downregulation proto-
col with a GnRH agonist or protocols that use a GnRH antagonist plus hCG to trig-
ger luteinization [33]. Experienced clinicians are concerned that the stimulation 
protocols associated with a low risk of developing OHSS increase the risk of the 
“empty follicle syndrome,” where no oocytes can be retrieved at the time of oocyte 
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harvest. Therefore, the use of the GnRH antagonist plus a GnRH agonist to trigger 
luteinization might best be limited to those women at the highest risk of OHSS and 
women who have experienced OHSS in a previous cycle.

Another option for reducing the risk of OHSS is to stratify women into high and 
low risk groups for OHSS and then give the women at high risk for OHSS, lower 
doses of FSH [34]. In a similar manner, if the treatment cycle appears to have 
resulted in excessive stimulation, the luteinization trigger can be switched from a 
standard dose of hCG to a low dose of hCG [35] or to switch, mid-cycle, to a GnRH 
antagonist plus GnRH agonist for luteinization protocol [36].

Coasting A very elevated level of estradiol (>3000 pg/mL) and/or the presence of 
a marked excess of growing antral follicles (>20 follicles >12 mm in diameter) are 
risk factors for developing OHSS. It is likely that the presence of a very elevated 
level of estradiol is a predictor for excessive ovarian production of VEGF following 
luteinization. Since estradiol levels are somewhat predictive of the risk of develop-
ing OHSS, one approach to prevention is to stop administering daily FSH when 
estradiol exceeds some predetermined threshold, such as 3000 pg/mL. Without con-
tinuing FSH stimulation, granulosa production of estradiol will decrease during the 
following days. When circulating estradiol reaches a lower level, such as 2000 pg/
mL, a luteinizing stimulus is administered, and the cycle proceeds. A major advan-
tage of coasting is that the treatment cycle is not abandoned, and for IVF cycles, in 
contrast to cryopreservation of all embryos, it allows the transfer of fresh embryos 
[37]. Coasting for more than 3 days may reduce oocyte quality and pregnancy rates. 
Some experts recommend that after 3 days coasting should be abandoned, and the 
cycle should proceed with cryopreservation of all the embryos [38]. In a systematic 
review of four randomized trials, there was no evidence that coasting reduced the 
risk of moderate or severe OHSS. However, in the review, coasting was associated 
with the retrieval of fewer oocytes [39].

Colloid Infusion at the Time of Oocyte Retrieval Women with an estradiol 
>3000 pg/mL on the day of triggering luteinization are at increased risk for OHSS. In 
one trial, women with an estradiol >3000 pg/mL, or >20 follicles on the day of hCG 
administration, were randomized to receive 500 mL of 6% hydroxyethyl starch or 
50  mL of 20% human albumin or 500  mL of 0.9% NaCl at the time of oocyte 
retrieval [40]. The rate of moderate or severe OHSS was 19%, 10%, and 6% in the 
groups receiving saline, albumin, or hydroxyethyl starch, respectively.

 Cryopreserving All Embryos and Delaying Embryo Transfer 
to Another Cycle

The goal of fertility treatments is to achieve a pregnancy. In programs involving the 
administration of FSH to stimulate multiple follicle development followed by the 
administration of an agent to trigger ovulation, the pregnancy rate is positively 
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correlated with the magnitude of the ovarian response. Within a corridor of safety, 
the greater the number of follicles stimulated, the greater the pregnancy rate. 
Clinicians who are highly focused on achieving a pregnancy recognize the increased 
risk of OHSS but want to achieve the highest pregnancy rate possible. Sometimes 
FSH stimulation results in the development of a great excess of mature ovarian fol-
licles, thereby putting the patient at a risk of OHSS. One option to prevent OHSS in 
these cases is to retrieve the oocytes, fertilize the oocytes with sperm, and then 
freeze all the oocytes at an early embryonic stage [41], or after the embryos have 
developed for a few days in vitro. The embryo transfer is then cancelled for the 
stimulation cycle complicated by a high risk of OHSS.

The “freeze all” approach reduces the risk of severe and late onset OHSS, but 
mild or moderate early onset OHSS may still occur. In one study, women with cir-
culating estradiol >3500 pg/mL had all their embryos cryopreserved after oocyte 
retrieval and fertilization. The outcomes in this experimental group were compared 
with a group of historical controls with a similar estradiol concentration, but who 
had their embryos transferred to the uterus. In this study, 60% of the historical con-
trols with an estradiol >3500 pg/mL who had embryos transferred and became preg-
nant had OHSS compared to 6% of the women who had all their embryos 
cryopreserved [42]. Following a “freeze all” cycle, the patient is prepared for a 
cryopreserved embryo transfer in a subsequent cycle. In large IVF programs, this 
approach is used in about 2% of all initiated cycles [43]. In the “freeze all” cycle 
following oocyte retrieval, the patient may be treated with agents to reduce VEGF 
and estradiol production by the ovary (GnRH antagonist, dopamine agonist, and/or 
aromatase inhibitor) in order to further reduce the risk of OHSS [44].

Cabergoline As noted above, excess ovarian production of VEGF causes increased 
vascular permeability and plays a central role in the development of OHSS. Ovarian 
theca-lutein cells contain dopamine receptors, and the dopamine agonist, cabergo-
line, appears to reduce VEGF production from these cells [16]. Clinical trials report 
that cabergoline, initiated at the time of hCG administration, in women at high risk 
reduces the severity of OHSS. For example, in one trial, women with >20 growing 
follicles >12 mm in diameter were randomized to receive cabergoline 0.5 mg daily 
or a placebo daily for 8  days starting on the day of hCG administration. 
Hemoconcentration and ascites were significantly reduced by cabergoline com-
pared to placebo. MRI scanning documented reduced vascular permeability in the 
women receiving cabergoline [45]. A meta-analysis reported that women at risk 
treated with cabergoline had a reduced incidence of OHSS (OR 0.41, 95% CI 
0.25–0.66), and a trend to a reduced severity of OHSS. Cabergoline treatment did 
not reduce clinical pregnancy rate [46]. A standard prevention dose of cabergoline 
is to administer 0.5  mg daily for 8  days beginning on the day of hCG 
administration.

The dopamine agonist, quinagolide, when administered at doses of 50, 100, or 
200 μg daily for 17–21 days starting on the day of hCG administration reduced the 
incidence and severity of OHSS in women at high risk of OHSS (≥20 follicles 
≥110 mm in diameter) [47]. Quinagolide is not approved for use in the United States.
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 Treatment of OHSS

Women with mild OHSS and many women with moderate OHSS can be managed as 
ambulatory patients. Pain can be managed with narcotics. Nonsteroidal anti- 
inflammatory drugs should not be used to treat pain in women with OHSS because they 
can reduce renal function [48]. Nausea may be treated with agents consistent with the 
possibility of a developing pregnancy, such as prochlorperazine, metoclopramide, or 
cyclizine. Strenuous exercise and sexual intercourse should be avoided by women with 
OHSS because of the risk of torsion or ovarian rupture and hemorrhage. hCG injec-
tions to support the luteal phase should not be given to women with established OHSS.

Women with severe OHSS should be considered for hospitalization. Specific 
conditions that may require intensive unit care include adult respiratory distress 
syndrome, renal failure, or thromboembolism. Increasing abdominal pain, oliguria, 
weight gain, increased abdominal circumference, and shortness of breath suggest 
worsening OHSS. In the hospital, hydration and cardiopulmonary function should 
be assessed frequently. Abdominal examination should include an assessment for 
peritoneal signs, presence of ascites (flank dullness), and paralytic ileus. Diuretics 
should not be used in women with OHSS because they may further reduce intravas-
cular volume unless hemodynamic monitoring is instituted. Women with hemocon-
centration and oliguria may benefit from the administration of 6% hydroxyethylstarch 
or albumin (see below). Paracentesis (see below) may help reduce symptoms, 
reduce intra-abdominal pressure, and increase renal perfusion.

Thromboprophylaxis should be administered to all hospitalized women with 
OHSS. Compression stockings and prophylactic heparin (5000 unit sc twice daily) 
are commonly used because they permit the patient to ambulate. If the patient is at 
bed rest, an intermittent pneumatic compression device may be used.

Paracentesis As noted above, leaky vessels and the accumulation of fluid in the 
peritoneal cavity can result in an abdominal compartment syndrome causing 
decreased cardiac output, reduced renal blood flow, and decreased urine output. In 
non-randomized case series, aggressive and early paracentesis has been reported to 
be successful in the outpatient management of OHSS [49]. Based on modeling the 
cost-effectiveness of outpatient paracentesis versus in-patient management of OHSS, 
early aggressive outpatient paracentesis was reported to result in lower costs [50].

Paracentesis can be initiated for symptom control in patients with moderate or 
severe OHSS. Paracentesis can be performed either through a transvaginal route or 
through a standard lateral abdominal wall approach historically used to treat ascites 
caused by liver disease. In both cases, paracentesis is performed under ultrasound 
guidance. Gravity drainage or controlled vacuum suction can be used to remove the 
fluid. In most patients, 500–4500 mL of fluid is removed during a paracentesis over 
the course of 30–60 min. When massive pleural effusion occurs, pleurocentesis may 
be performed, or a chest tube inserted [51].

Anticoagulation Some experts recommend full anticoagulation when the hemato-
crit rises above 50%. Heparin or enoxaparin administered through subcutaneous 
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injection have both been utilized. If the patient is hospitalized, and not mobile, the 
use of an intermittent pneumatic compression device is recommended. If the patient 
is mobile, compression stockings may be preferred.

Colloid Infusion Colloid infusion may improve hemodynamic function in women 
with OHSS. In a systematic review of three trials, hydroxyethyl starch infusion was 
reported to be more effective in reducing the risk of developing severe OHSS than 
no treatment (OR 0.12, 95% CI 0.04–0.40) [52]. In a systematic review of eight tri-
als, albumin infusion was reported to be modestly more effective than no treatment 
in reducing the risk of developing severe OHSS (OR 0.67, 95% CI 0.45–0.99) [52]. 
Building on these findings, investigators have reported that in cases of OHSS, 
hydroxyethyl starch 6% infusion is modestly more effective than albumin for 
increasing urine output, reducing the need for paracentesis, and reducing the length 
of hospitalization [53]. However, hydroxyethyl starch infusions have been reported 
to be associated with renal dysfunction and coagulopathy [54], causing some experts 
to prefer albumin infusions for the treatment of OHSS.

 Recombinant Tissue Plasminogen Activator to Treat Thrombosis

Major arterial thrombosis is a devastating consequence of severe OHSS. In one case 
of OHSS causing thrombosis of the middle cerebral artery, intra-arterial infusion of 
recombinant tissue plasminogen activator was used to lyse the clot and facilitate 
neurological recovery [55].

 Pregnancy Outcome

IVF pregnancy complicated by moderate or severe OHSS has an increased risk of 
spontaneous abortion, venous thrombosis, gestational diabetes, pregnancy-induced 
hypertension, placental abruption, premature delivery, and low birthweight com-
pared to IVF pregnancy not associated with OHSS [56, 57]. A pregnancy occurring 
following an IVF cycle complicated by OHSS is a high-risk pregnancy and should 
be monitored closely during the antepartum period.
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