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. Ovarian hyperstimulation
syndrome (OHSS) is the most
serious iatrogenic complication of
ovulation induction. OHSS is almost
always associated with exogenous
gonadotropin  stimulation,  followed
by hCG administration, for triggering
final oocyte maturation. OHSS can be
effectively prevented and managed
during the early stages.

. Since OHSS is an important topic in
the field of IVF, we reviewed the relevant
articles on the ways to have an OHSS-free
clinic. GnRH antagonist protocol, GnRHa
triggering, and freeze-all approach for
high-risk women and adjuvant therapies,
discussed in this manuscript, can
effectively prevent OHSS.

Abstract

Ovarian hyperstimulation syndrome (OHSS) is a serious
complication of ovulation induction that usually occurs after
gonadotropin stimulation, followed by human chorionic
gonadotropin administration, for infertility treatment. The
existing knowledge about the pathophysiology, risk factors, and
primary and secondary methods for the prevention of OHSS
is reviewed in this manuscript. The clinical manifestations and
characteristics of mild, moderate, severe, and critical forms of
the syndrome are defined. The methods of handling affected
cases as outpatient or in-hospital management methods as
well as indications for hospitalization are summarized in this
review. The clinical and biochemical routes of assessing and
monitoring hospitalized patients with OHSS, various drugs
and medical treatment strategies including indications for
aspiration of the ascitic fluid and pleural effusion, and also
rare indications for surgery are briefly explained in this article.
Severe OHSS, which two decades ago was considered an
iatrogenic life-threatening condition, can now be effectively
prevented or managed during the early stages. An OHSS-free
clinic can be established nowadays by carefully considering
the endocrinology of ovulation and using appropriate and dose-
adjusted pharmaceutical agents, which are summarized and
discussed in this review.
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Introduction

Ovarian hyperstimulation syndrome (OHSS) is considered
an iatrogenic consequence of ovulation induction during the
management of infertility during in vitro fertilization (IVF) cycles.’
Controlled ovarian stimulation (COS) is aimed at producing
more oocytes; nonetheless, occasionally OHSS, accompanied
by its serious complications, develops. We performed this
narrative review to summarize the latest knowledge about the
pathophysiology, risk factors, prevention, classification, and
management of OHSS. Additionally, we sought to introduce the
methods whereby OHSS-free infertility clinics can be established.
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Pathophysiolog

The hallmark of OHSS is an increase in the
permeability of the capillaries, resulting in a
fluid shift form the intravascular space to the
extravascular compartments. Vascular endothelial
growth factor (VEGF) plays a critical role in the
pathogenesis of OHSS by increasing vascular
permeability. VEGF is secreted by the granulosa
cells, and human chorionic gonadotropin (hCG)
stimulates its secretion. Severe OHSS is
associated with higher levels of VEGF.?

The other suggested factors that may act
directly or indirectly on the development or
severity of OHSS are angiotensin Il, insulin-
like growth factor, epidermal growth factor,
transforming growth factor alpha and beta, basic
fibroblast growth factor, platelet-derived growth
factor, interleukin-1B, and interleukin-6.34

The intra-ovarian renin-angiotensin system
(RAS) is another pathophysiological mechanism
implicated in OHSS. Furthermore, hCG activates
the RAS, which is confirmed by the association
of high renin activity in the follicular fluid of
women with OHSS. High levels of the VEGF and
the RAS seem to play a role in the development
of OHSS.®

Prevention of Ovarian Hyperstimulation
Syndrome

The preventionof OHSS is based onits prediction.
There is no method that can completely abolish
OHSS. However, its prevention can be lifesaving
and is principally preferred over its treatment.

The primary risk factors for OHSS are young
age, low body mass index, polycystic ovarian
syndrome (PCOS), and history of previous
OHSS.®

Serum anti-Mdillerian hormone (AMH) is a
biomarker that may predict the risk of OHSS.
Lee and colleagues’ suggested that an AMH
level >3.36 ng/mL was able to predict the
development of OHSS (sensitivity=90.5% and
specificity=81.3%). The antral follicle count
(AFC) is also predictive of OHSS. In 2012,
Jayaprakasan et al.® reported that an AFC=24
correlated with an increased risk of moderate-to-
severe OHSS.

The secondary risk factors depend on ovarian
response to COS. Ultrasound monitoring and
serum E, are the vital components of surveillance
for OHSS. A large number of growing follicles on
the day of triggering (>14 follicles with a diameter
of 11 mm) and a large number of oocytes
retrieved are the risk factors for OHSS.® During
COS, serum estradiol monitoring is a significant
predictor to control the risk of OHSS. A rapid
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rise in estradiol levels and serum estradiol
concentrations >2500 pg/mL are important
predictive factors.'>'2 However, none is capable
of independently forecasting OHSS. 314

Primary Prevention

1- Ovulation induction regimens: The risk of
OHSS should be assessed individually
based on the history, physical examination,
ultrasound results, and the AFC." Patients
with PCOS are at a higher risk for OHSS.
The minimum gonadotropin dose should be
used for ovulation induction in patients with
PCOS, and step-up regimens are considered
superior to step-down regimens. During
a step-up regimen, ovulation induction is
started with a low dose of gonadotropin
(75 1U). Gonadotropin will be increased
after 14 days only if an appropriate ovarian
response with a growing follicle >10 mm
has not been developed. The appropriate
dose will be continued until at least 1 follicle
218 mm is produced.'®

2- Metformin: Arecent Cochrane Review,
which was based on 8 randomized
controlled trials with 798 cases, concluded
that metformin significantly reduced the risk
of OHSS by 63% and increased the clinical
pregnancy rates, with no effect on live birth
rates.”” A daily dose between 1000 and
2000 mg at least 2 months prior to COS was
recommended to prevent OHSS."®

3- Aromatase inhibitors for ovulation induction:
Aromatase inhibitors act through the
downregulation of estrogen production by
inhibiting cytochrome p450 enzymes. They
eventually increase the pituitary secretion
of follicle-stimulating hormone and promote
the folliculogenesis. Consequently, the
negative feedback mechanisms remain
intact and decrease the incidence of OHSS
during ovulation induction.” However, a
recent Cochrane Review failed to show
any difference in the rates of OHSS after
aromatase inhibitors in contrast to other
ovulation induction drugs.?

4- Individualizing the treatment regimens
of in vitro fertilization. COS should
be individualized, and gonadotropin
administration should be tailored to every
single woman separately to prevent
OHSS. Acombination of the AFC and
AMH is considered to serve as the best
biomarker to predict the possibility of an
excessive response.?'

5- Laparoscopic ovarian drilling in patients with
polycystic ovarian syndrome: laparoscopic
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ovarian drilling (LOD) or cauterization of
polycystic ovaries may be regarded as an
alternative method to enhance ovulation
before ovarian stimulation. The main
advantage of LOD is decreasing the dose
and duration of gonadotropins required for
ovulation induction. LOD may be performed

for one or both ovaries, inducing 4-10

cauterization points with the depths of

4—-10 mm. Drilling fewer than 4 points on

each ovary may lead to lower pregnancy

rates, and inducing more than 10 points may
cause ovarian damage. The best outcomes
have been seen in slim women with high
serum levels of luteinizing hormone (LH).?223
Human chorionic gonadotropin alternatives
for ovulation triggering: The drug of choice
to trigger the final maturation of follicles
should be selected based on the predicted
risk of OHSS development. It should be
kept in mind that there is no agent capable
of completely eliminating the risk of OHSS.

Exogenous hCG has been used to induce

LH surge for a long time now. Nonetheless,

its prolong half-life leads to long luteotrophic

effects, whereas the half-life of LH is
approximately 60 minutes and that of hCG
exceeds 24 hours.?

a- Reducing human chorionic gonadotropin
doses: It should be noted that trial of
hCG with lower doses instead of the
conventional dose of 10000 IU has not
impacted clinical outcomes. Even so,
questions still remain over the capacity
to reduce the risk of OHSS.% It has been
suggested that with serum estradiol
concentrations >3000 pg/mL, it would
be advisable to reduce the dose of hCG
to half. There is, however, no definitive
consensus on it.2

b- Gonadotropin-releasing hormone
agonist (GnRHa): GnRHa induces
shorter mid-cycle gonadotropin surge
(for 24-36h) in contrast to hCG
by stimulation of the pituitary LH
secretion. GnRHa triggering during a
GnRH antagonist IVF protocol virtually
eliminates the risk of OHSS in a freeze-
all approach for high-risk women.?” In a
meta-analysis carried out by Griesinger
et al. after the administration of GnRHa
to trigger final oocyte maturation in
antagonists IVF cycles, the ongoing
pregnancy rates were low compared to
those in the conventional hCG triggering
cycles.?8.2°

c- Recombinant luteinizing  hormone:
The administration of recombinant LH

7-

to mimic the endogenous LH surge
with a half-life of only 10 hours is a
theoretically potential strategy for
prevention of OHSS in high-risk patients.
Nevertheless, Youssef and colleagues®®
did not report any difference in the risk
of OHSS between recombinant LH and
urinary HCG. Furthermore, recombinant
LH has been associated with a lower
pregnancy rate and a poor cost-benefit
ratio.?'
Gonadotropin-releasing hormone antagonist
as an alternative to the long agonist IVF
protocol: It has been proven that patients
who are at a high risk for developing OHSS
would have a minimal risk after undergoing
GnRH antagonist protocols.?>% However,
there have been controversies regarding the
efficacy and pregnancy rates after GnRH
antagonist protocols during the early years
of their utilization.343%536

Secondary Prevention

Secondary preventive measures should be
undertaken in patients with an exaggerated
response to COS.

1-

Coasting or delaying human chorionic
gonadotropin administration: In patients
in whom a dangerously high serum E,
concentration is reached or a large number
of follicles are developed, hCG triggering
might be delayed for several days until E,
levels decrease or plateau.’” During the
coasting period, no gonadotropin should
be administered. Serum estradiol level
usually doubles every 2 days, and follicle
diameter rises 1.5-2 mm per day when the
leading follicles have reached 8—10 mm and
the LH receptors have appeared. After the
administration of gonadotropins is stopped,
mature follicles continue to grow in size for
4 days and serum estradiol concentrations
continue to increase for about 1 or 2 days.
Withholding should not last more than 4 days
to avoid decreasing the pregnancy rates,
which would happen following longer periods
of coasting.’238 Still, there are controversies
regarding the benefits of coasting compared
to other interventions.3®

Cryopreservation of all embryos: Although
there is inadequate evidence in support
of routine cryopreservation in a Cochrane
Review with two randomized controlled
trials, recent studies have reported that the
most effective method in preventing OHSS
is the use of a GnRHa trigger and then
cryopreservation of all embryos.4%-42
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3-

Cancellation of the cycle: Withholding the final
HCG triggering is the only definite method for
prevention of OHSS,* during GnRHa IVF
protocoles when ultrasound scans show large
numbers of follicles with very high levels of
estrogens. The critical values of estradiol for
withholding hCG to hamper OHSS have been
reported from 2000 pg/mL (for intrauterine
insemination) to 4000 pg/mL (for IVF cycles)
in different studies.*-¢ However during GnRH
antagonist protocols high estrodial levels are
well tolerated.

Albumin: Intravenous administration of
albumin is suggested to prevent OHSS.
It is hypothesized that albumin prevents
vasoactive materials to be released from
the corpus luteum and inhibits the synthesis
of other additional substances that may
induce OHSS. Also, the oncotic effect of
albumin serves to maintain the intravascular
volume and can prevent the development
of hypovolemia, hemoconcentration,
ascites, and pleural effusion. Several
large randomized controlled trials have
demonstrated the efficacy of prophylactic
albumin  administration in reducing
OHSS.#*° The administration of 20-50 g of
25% albumin at the time of oocyte retrieval
has been proposed to decrease the risk of
OHSS.%° The disadvantages of albumin,
including allergic reactions, and virus/prion
transmission, should be considered® and
its routine use cannot be recommended.*
However, a systematic review published
in 2010 concluded that prophylactic
intravenous albumin not only failed to
decrease the incidence of severe OHSS but
also reduced pregnancy rates.%?

Calcium: Naredi and Karunakaran®® reported
that calcium infusion was able to prevent
severe OHSS, but the observed effect was
not greater than that of cabergoline. A dose
of 10 mL of calcium gluconate solution of
10% in 200 mL of physiologic saline was
successfully infused over a 40-minute
period during a clinical trial. This infusion
was administered 30 minutes after oocyte
retrieval on the day of ovum pick-up and the
first three days after.53%

Hydroxyethyl starch solution: Hydroxyethyl
starch (HES) is a synthetic colloid, glycogen-
like polysaccharide and is obtained via the
hydrolysis and consequenthydroxyethylation
of the highly branched amylopectin. HES
solutions are available in variable chemical
properties with different molecular weights.
Although the HES solution is a useful
volume expander and perhaps is even more
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effective than human albumin based on
several small studies, the efficacy of HES
solutions compared to albumin should be
further evaluated.® In a study on 100 patients
at high risk of OHSS with =20 follicles and
serum estradiol levels >3000 pg/mL, the
administration of 1000 mL of 6% HES during
oocyte retrieval and an additional 500 mL
48 hours later led to a significant decrease
in severe OHSS.%% Ghahiri et al.*” also
reported that by the administration of 1000
mL of 6% HES on the day of oocyte retrieval,
the incidence of OHSS was more effectively
reduced compared to the administration of
cabergoline and human albumin.’
Dopamine agonists in the prevention
of ovarian hyperstimulation syndrome
(cabergoline): VEGF, as the main cause
of OHSS, is responsible for an increase
in the capillary permeability during the
hyperstimulation of the ovarian follicles by
binding to VEGF receptor 2.5 Cabergoline
is a dopamine agonist that is suggested to
successfully reduce the incidence of moderate
OHSS (OR=0.38, 95% CI=0.19-0.78), with
no significant effect on clinical pregnancy
rates and miscarriage rates.%" A pilot study
designed by Alvarez et al.%®tried to determine
whether cabergoline could prevent OHSS
and also what its effects were on assisted
reproductive technology (ART) outcomes
such as implantation and pregnancy rates.
The authors’ high-risk patients took a daily
oral dose of 0.5 mg of cabergoline for 8 days,
starting on the day of hCG administration,
and were matched to a control group.
Their results revealed that cabergoline was
safe with comparable results to the ART
outcomes. Moreover, research has shown
that cabergoline can decrease hematocrit,
hemoglobin, amount of ascetic fluid, and rate
of moderate OHSS, with no effect on estradiol
levels.®? Similarly, a Cochrane Review by Tang
et al.®" concluded that cabergoline efficiently
reduced the rate of moderate OHSS, with
no significant effect on clinical pregnancy
rates and miscarriage rates, although it was
not able to prevent severe OHSS. Thus, the
administration of oral cabergoline, starting on
the day of hCG triggering at a dose of 0.5 mg
for 8 days, is recommended.586263
Vasopressin-induced vascular endothelial
growth factor secretion blockade:
Relcovaptan is a non-peptide vasopressin
receptor antagonist that has the ability to
inhibitthe VEGF by adjusting vascular smooth
muscle proliferation and vasoconstriction.
In a study on hyperstimulated rat models,
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with  relcovaptan  prescription, lower
concentrations of the VEGF-A in the
peritoneal fluid and lesser ovarian weight
gain and decrease in the number of corpora
lutea were observed.5

9- Low-dose  aspirin: Supraphysiological
ovarian stimulation may cause platelet
hyperstimulation, which is associated with
OHSS. Therefore, low-dose aspirin therapy
(100 mg daily, starting on the 1stday of
ovarian stimulation) may reduce the risk of
severe OHSS %566

10- In vitro maturation (IVM) of immature
oocytes: IVM can be considered as another
alternative method for fertility treatment in
over-responding patients who are at high
risk for OHSS.57%¢ Mature and immature
oocyte retrieval, followed by IVM, would
be an efficient method for the prevention
of OHSS during ovarian stimulation. In an
IVM protocol, for over-responding women
who have >20 growing follicles with a mean
diameter >10 mm, gonadotropins should be
stopped and 10000 IU of hCG should be
administered when the leading follicles reach
12-14 mm in diameter. Oocyte collection
is performed 36 hours later followed by
|VM.69,70

Treatment of Ovarian Hyperstimulation

Syndrome

The clinical treatment of OHSS depends on its
severity, complications, and absence or presence
of pregnancy.”73 The treatment involves dealing
with  electrolytic imbalance, hemodynamic
changes, liver  dysfunction, pulmonary
manifestations, hypoglobulinemia, febrile
morbidity, thromboembolic events, adnexal
torsion, and neurological manifestations.?

Clinical Manifestations and Classification

The main event in the pathogenesis of OHSS
is ovarian enlargement, secretion of vasoactive
substances, ascites, and hypovolemia resulting
from an acute extravasation of fluid into the

interstitial space.?2” OHSS is classified into 4

categories based on the severity of symptoms,

signs, and laboratory findings.

1- Mild ovarian hyperstimulation syndrome: It
is defined by the enlargement of bilateral
ovaries with multiple follicular and corpus
luteal cysts, measuring up to 8cm and
accompanied by abdominal bloating and
mild abdominal pain.

2- Moderateovarianhyperstimulationsyndrome:
It is characterized by the enlargement of
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the ovaries up to 12 cm, accompanied by
abdominal bloating due to an increase in
ovarian size and gastrointestinal symptoms
(e.g., nausea, vomiting, and diarrhea) as well
as ultrasound evidence of ascites. A rapid
weight gain of over 3 kg might be the initial
sign of moderate hyperstimulation.

3- Severe ovarian hyperstimulation syndrome:
About 2% of OHSS cases are classified
as severe. The severe form is described
by the presence of large ovarian cysts
(>12x12 cm), clinical ascites with or without
hydrothorax, hyperkalemia (potassium
>5 mmol/L), hyponatremia (sodium
<135 mmol/L), hypo-osmolarity (osmolarity
<282 mOsm/kg), hypoproteinemia (serum
albumin <35 g/L), oliguria (<300 mL/d or
<30 mL/h), creatinine 1.1-1.5 mg/dL, and
hypovolemic shock. Hemoconcentration with
hematocrit >45%, white cell count >15000,
liver dysfunction, increased blood viscosity,
and thromboembolic events occurs in the
most severe cases.?’>"’

4- Critical ovarian hyperstimulation syndrome: It
is diagnosed when there is severe ascites
or hydrothorax, hematocrit >55%, white
cell count >25000/mL, oliguria or anuria,
creatinine 21.6 mg/dL, creatinine clearance
<50 mL/min, thromboembolism, or acute
respiratory distress syndrome.275-78

Outpatient Management for Moderate

Ovarian Hyperstimulation Syndrome

Spontaneous regression occurs over 10 to
14 days in mild-to-moderate cases, but it may
take longer if implantation occurs. Mild degrees
of OHSS do not need any special treatment.
Moderate OHSS may be followed up by daily
telephone calls as a minimum in addition to office
visits twice weekly. The evaluation consists of
liver function tests, pelvic ultrasound, complete
blood count, and coagulation profile. The patients
should be directed to report to the hospital in case
of development of dyspnea, decrease in urine
volume, or upon starting any unusual symptoms
such as leg swelling, numbness, dizziness, and
neurological problems.™

In-Hospital Management of Severe Ovarian

Hyperstimulation Syndrome

1- Indications for admission: Patients with
severe OHSS should be admitted to the
hospital for treatment if they suffer from
severe abdominal pain, nausea and
vomiting, hemoconcentration, severe
ascites, profound oliguria or anuria,
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decrease in blood pressure, tachypnea or

dyspnea, light-headedness or syncope,

electrolyte disturbances (hyponatremia and
hyperkalemia), or abnormal liver function
test. Careful observation of an OHSS

patient is highly recommended because a

mild disease may suddenly progress to the

advanced stages.”"”

Biochemical monitoring in the hospital:

The laboratory results of severely

affected OHSS patients are comprised of

hemoconcentration  (hematocrit >45%),
decreased creatinine clearance (serum
creatinine >1.2 and creatinine clearance
<50 mL/min), electrolyte imbalances

(hyponatremia [sodium <135 mEg/L] and

hyperkalemia [potassium >5.0 mEq/L]),

leukocytosis (white blood cell count >15000),
and elevated liver enzymes.”7:79.80.81

Suggestions for the assessment and

monitoring of hospitalized patients with

ovarian hyperstimulation syndrome:

» Vital signs (every 2-8 hours, according
to clinical status)’®

» Complete physical examination (daily,
avoiding bimanual pelvic examination)

*  Weight (recorded daily)

»  Abdominal circumference (at the navel,
recorded daily)

» Ultrasound evaluation of ascites and
ovarian size (repeated as necessary to
guide management or paracentesis)

* Daily monitoring of fluid intake and
output

 Pulse oximetry (for patients with
symptoms of pulmonary compromise)

* Chest X-ray and echocardiogram
when pleural or pericardial effusion is
suspected (repeated as necessary)

*  Pregnancy test

»  Electrolytes (daily)

+ Complete blood count (daily, or
more often as needed to guide fluid
management)

» Liver enzymes (repeated as necessary)

»  Serum creatinine or creatinine clearance
and urine specific gravity (repeated as
necessary)

A- Medical Treatment

1-

Circulatory volume correction: The key line of
treatment is to correct the circulatory volume
and electrolyteimbalance. Every effort should
be made to maintain a normal intravascular
volume and to conserve adequate renal
function. Volume replacement should be
started with intravenous crystalloid fluids
at a rate of 125-150 mL/h. Rapid initial
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hydration may be done with a bolus of
intravenous fluids (500-1000 mL). Fluids
should be administered thoughtfully, in the
volumes required, to retain an adequate
urine output (>20-30 mL/h) and to reverse
hemoconcentration. Dextrose 5% in normal
saline is preferable to lactated Ringer’s
solution. Plasma colloid expanders may be
used if necessary. The useful effect of plasma
expanders may be transient because they
will redistribute into the extravascular space
and may exacerbate the ascites. The use of
albumin, mannitol, dextran, HES, or fresh
frozen plasma with the aim of increasing
the intravascular oncotic pressure in order
to maintain the intravascular volume is
recommended. The advantages of HES
solutions over albumin are their high
molecular weight (200-1000 kDa  vs.
69 kDa) and a nonbiological origin, lower
possibility of anaphylactic reactions, and viral
contaminations. A clinical trial demonstrated
fewer necessary paracenteses, higher urine
output, and shorter hospital stays after HES
utilization for patients with severe OHSS
compared to albumin.’* Another clinical
trial showed comparable results after the
administration of HES and HAEMACCEL.
However, HAEMACCEL was more cost-
effective than HES.#2

Electrolyte replacement: Salt and water
restriction is not broadly advocated since
sodium and water restriction does not affect
the patient's weight, peripheral edema, or
abdominal circumference.” Hyperkalemia
may lead to cardiac dysrhythmia, and acute
management includes treatments that
shift potassium into the intracellular space
(sodium bicarbonate, insulin and glucose,
and albuterol). Calcium gluconate may be
used to protect the cardiac tissue against
hyperkalemia. ECG signs of hyperkalemia
show the need for urgent treatment with
calcium gluconate. Kayexalate also may be
used to remove potassium from the body
slowly with the onset of action in 1-2 hours
and can be administered orally or rectally as
a retention enema.”¢:808

Anticoagulant therapy: Venous thrombosis
is the most significant life-threatening
complication of OHSS. When there is a
risk of thrombosis, preventive measures
are indicated. The risk factors for
thromboembolism in moderate-to-severe
OHSS are as follows:#*% immobilization,
pressure induced by large ovaries or ascites
on pelvic vessels, and hypercoagulable
states due to pregnancy or high estrogen
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levels. The incidence of deep vein thrombosis
is obviously increased in patients with Leiden
factor V mutation, antithrombin Il deficiency,
protein C and S deficiency, and personal or
familial history of thrombosis.®

The utilization of low-molecular weight
heparin improves the risk of thrombotic
complications. Enoxaparin (40 mg/d) or
dalteparin (5000 IU/d) is recommended for
thromboprophylaxis with easy administration
and no need for monitoring.® Anticoagulation
is recommended for pregnant women and
should be continued at least to the end of
the first trimester.”* There are reports on
late thrombosis even up to 20 weeks post
embryo transfer and many researchers are
in favor of the continuation of heparin therapy
for many weeks. Venous thromboemboli
may develop even in a moderate OHSS,
which might be related to the activation of
the intrinsic coagulation cascade.?”:%¢
Antibiotic treatment: The administration of
antibiotics is not unusual in the treatment of
OHSS because of repeated catheterizations,
venipuncture, pleural drainage, and
transvaginal aspiration of the ascitic fluid.
Preoperative antibiotic prophylaxis is highly
recommended.®

Diuretics: Diuretic therapy without previous
volume expansion mightbe harmfulinasmuch
as it may further constrict the intravascular
volume and worsen hypotension and its
squeals. Diuretics may raise blood viscosity
and increase the risk of venous thrombosis.
The administration of diuretics is usually
limited to the management of pulmonary
edema.®

Dopamine: Dopamine is used in oliguric
patients with severe OHSS and confers a
notable improvement in renal function.®°
Dopamine acts through increasing renal
blood flow and the glomerular filtration rate.®°
Indomethacin: Indomethacin, a
prostaglandin synthesis inhibitor, is also
hypothesized to perform potential roles in
the pathophysiology of OHSS. However,
in clinical practice, indomethacin cannot
induce clinical improvement in the amount
of the ascitic fluid in severe OHSS patients.
In addition, indomethacin may interfere with
renal perfusion, leading to oliguria and renal
failure; thus, it is not recommended for the
treatment of patients with OHSS.7
Aspiration of the ascitic fluid and pleural
effusion in severe ovarian hyperstimulation
syndrome: The development of ascites is
the hallmark of OHSS. The most common
reason for hospitalization is symptoms due

to ascites. Aspiration is not suggested for

all patients. Paracentesis is applied via the

transabdominal or transvaginal method

for severe abdominal pain, respiratory

compromise as shown by tachypnea and

pulse oximetry, and renal compromise as

demonstrated by oliguria and increased

creatinine concentrations.0-%2

a- Abdominal paracentesis: Soon after the
paracentesis procedure, urinary output
increases together with a decrease in
the patient's weight, lower extremity
edema, and abdominal circumference.
In addition, the creatinine clearance
rate is raised following the procedure.
Paracentesis decreases respiratory and
abdominal distress but since the fluid
tends to return, some patients need
frequent paracenteses and drainage
of effusions. The amount of fluid
drainage can vary between 200 and
4000 mL. Ultrasonographic guidance
minimizes the risk of damage to the
ovaries. The percutaneous placement
of a pigtail catheter may be a safe and
effective alternative to multiple vaginal
or abdominal paracenteses in severe
OHSS patients. The monitoring of
plasma proteins is necessary, and HES
or human albumin should be infused
whenever needed.’™

b- Transvaginalaspiration underultrasound
guidance: Transvaginal aspiration under
ultrasound guidance is an effective and
safe procedure. Injury to the ovaries is
avoided when the puncture is performed
under ultrasonic visualization. Since the
pouch of Douglas is the best site for the
drainage of ascites, no anesthesia is
required.®7:88

c- Autotransfusion of the ascetic fluid:
Aspiration of the ascitic fluid under
transvaginal ultrasound guidance
and autotransfusion of the aspirated
fluid have been recommended for
the management of severe OHSS.
The procedure is safe and easy and
demonstrates a prominent physiological
achievement in correcting the
maldistribution of the fluid and proteins
to the circulation without the use of
heterogeneous  biological material.
However, some researchers do not
advocate the autotransfusion of the
ascitic fluid because it possibly contains
active cytokines, which would be
reinjected into the circulation and might
prolong the symptoms.87:88
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d- Treatment of pulmonary complications
and pleurocentesis: The assessment
and treatment of patients with dyspnea
in severe OHSS starts with a complete
physical examination, chest X-ray and
ultrasound, and arterial blood gases. It
is necessary to assess any pulmonary
condition that may lead to hypoxia.
Severe ascites may be accompanied
by hydrothorax, particularly on the right
side, due to the transfer of the abdominal
fluid to the chest through the thoracic
duct. Paracentesis will usually be
effective in the resolution of hydrothorax,
and thoracentesis may be reserved for
those with bilateral or severe persistent
pleural effusions. Pericardial effusion
rarely occurs but if it does, drainage may
be necessary by an expert physician.%

B- Surgical Treatment

1- Surgery for ruptured cysts: Laparotomy
should usually be avoided in OHSS. When
proven necessary in cases with hemorrhagic
ovarian cysts, it should be done by skilled
gynecologists to perform hemostasis and to
save the ovaries.*

2- Surgery for ovarian torsion: Ovarian torsion
is a rare complication of ovulation induction
and leads to the loss of one or both ovaries
if not diagnosed and treated surgically on
time. The symptoms of ovarian torsion
include severe unilateral colicky adnexal
pain. Ultrasonography with Doppler flow
study can be diagnostic; nevertheless, a
result of a normal blood flow does not rule
out ovarian torsion.%

3- Surgery for ectopic or heterotopic pregnancy
associated with ovarian hyperstimulation
syndrome: The association between OHSS
and ectopic or heterotopic pregnancy is not
common, and the diagnosis needs a highindex
of suspicion. However, in ART cycles, due to
the presence of multiple oocytes or multiple
embryos and special manipulations, ectopic
or heterotopic preghancies may occur more
than usual. The diagnosis of tubal pregnancy
is not always possible via vaginal ultrasound
examination at early stages. The presence
of enlarged OHSS ovaries also obscures
the vision during ultrasound scanning. Also,
the presence of fluid in the pouch of Douglas
is of limited diagnostic importance in the
presence of ascites.’” All the aforementioned
issues make the diagnosis difficult. However,
when ectopic or heterotopic pregnancies are
diagnosed, surgery is indicated in the majority
of the cases.
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4- Pregnancy termination: Pregnancy
termination is done in extreme cases to save
the mother’s life. The termination of pregnancy
in critical and prolonged cases is performed
in order to stop hormone production and to
terminate the cascade of events leading to
OHSS. The termination of pregnancy has
been stated to improve the clinical respiratory,
cardiological, nephrological, hematological,
and vascular complications.’™

Conclusion

Nowadays, the establishment of OHSS-free
clinics is feasible through careful primary
evaluation of infertile couples, paying special
attention totherisk factors for OHSS development
and considering the aforementioned primary
preventive = measures. Even after the
commencement of ovulation induction, it is
possible to prevent severe OHSS in almost all
patients by careful monitoring, early prediction
of an ongoing ovarian hyper-responsiveness,
and utilization of appropriate management
strategies. Severe OHSS, which was deemed
an iatrogenic life-threatening condition two
decades ago, can now be effectively prevented
and managed during the early stages. This
advancement should be considered a great
revolution in ovulation induction and infertility
management, achieved on the basis of increasing
endocrinology knowledge and advances in the
field of pharmaceutics.
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