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Introduction: A great deal of literature has recently evaluated the prevention and management of ovarian hyper-
stimulation syndrome (OHSS) in the outpatient setting, but there remains a dearth of research evaluating OHSS
in the emergency department (ED) and its management.
Objective: This narrative review evaluates the underlying pathophysiology and clinical manifestations of OHSS
and discusses approaches to patient care in the ED based on current literature.
Discussion:OHSS is an iatrogenic complication caused by an excessive response to controlled ovarian stimulation
during assisted reproductive cycles (ART). OHSS complicates up to 30% of ART cycles, andmany of these patients
seek initial care in the ED. Risk factors for the development of OHSS include age b 35, history of polycystic ovarian
syndrome or previous OHSS, and pregnancy. Emergency physicians will be faced with several complications in-
cluding ascites, abdominal compartment syndrome, renal dysfunction, acute respiratory distress syndrome,
thromboembolic disease, and hemodynamic instability. Critical patients should be evaluated in the resuscitation
bay, and consultationwith the primary obstetrics/gynecology team is needed, which improves patient outcomes.
This review provides several guiding principles for management of OHSS and associated complications.
Conclusions:OHSSoccurs in up to 30% of IVF cycles and carries a highmorbidity. Effective care of the OHSSpatient
begins with early diagnosis while evaluating for other diseases and complications. Understanding these compli-
cations and an approach to the management of OHSS is essential to optimizing patient care.
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1. Introduction

Infertility affects 48.5–186 million people worldwide [1-3]. In the
United States, approximately 12.1% of all women between the ages of
15–44 have difficulties conceiving naturally, and nearly 7.3 million
women have at some point in their lives used fertility services [4].
While the overall rates of infertility have remained approximately the
same over the last 20 years, the use of assisted reproductive technology
(ART) has increased. Between 1996 and 2010, the number of ART cycles
performed doubled, and the number of infants born as a result nearly
tripled [5]. In 2016, there were 263,577 reported number of ART cycles
performed, compared to 142,435 cycles in 2007 [6].

While ART is considered safe, women are at risk for developing ovar-
ian hyperstimulation syndrome (OHSS), an important complication
with significant morbidity and mortality [7-10]. OHSS is an iatrogenic
complication caused by an excessive response to controlled ovarian
stimulation [11-14]. As there is no consensus definition, the total num-
ber of OHSS cases is difficult to determine. However, within the
Sam Houston, TX 78234, United
literature,moderate to severe OHSS complicates 3–10% of all ART cycles,
with an incidence of up to 20% in high risk women [15]. Many of these
patients seek initial care in the emergency department (ED), accounting
for 7.7 ED visits per 1000 cycles in 2014 [16]. There were 11,562 hospi-
talizations in the United States from 2002 to 2011 for OHSS, with ap-
proximately 4.4% of these patients experiencing a life threatening
complication [17,18]. With the increasing use of ART, emergency de-
partment physicians need to be equipped with the knowledge to both
diagnose and treat this complication.

2. Methods

This narrative review outlines the underlying pathophysiology and
clinical manifestations of OHSS and discusses current approaches to pa-
tient care in the ED. A literature review of the PubMed and Google
Scholar databases was performedwith search date from 1980 to Febru-
ary 2019 for articles using the keywords ‘ovarian hyperstimulation’ OR
‘OHSS’ OR ‘ovarian hyperstimulation syndrome’ OR ‘assisted reproduc-
tive technologies’ AND ‘complications’, AND ‘emergency’ for production
of this narrative review. Authors included case reports and series, retro-
spective and prospective studies, systematic reviews and meta-
analyses, clinical guidelines, and other narrative reviews. Commentaries
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and letters were excluded. The literature search was restricted to stud-
ies published in English. Initial literature search revealed over 550 arti-
cles. Authors reviewed all relevant articles and decidedwhich studies to
include for the review by consensus, with focus on emergency
medicine-relevant articles, including guidelines. A total of 113 resources
were selected for inclusion in this review. As this is a narrative review,
authors did not pool individual study data.

3. Discussion

3.1. ART basics

ART cycles are classified based on the source of the egg (patient vs.
donor) and the status of the embryo (fresh vs. frozen). There are 4
basic steps comprising an ART cycle: 1) Controlled ovarian hyperstimu-
lation with exogenous gonadotropins, 2) Follicle aspiration (i.e., oocyte
retrieval), 3) Fertilization/insemination of the retrieved oocyte with
spermatozoa, and 4) Embryo transfer.

3.1.1. Controlled ovarian hyperstimulation
While natural cycle in-vitro fertilization (IVF) is possible (i.e., oocyte

retrieval without medication induced controlled ovarian hyperstimula-
tion), it is associatedwith lower pregnancy rates [19,20]. Almost all ART
cycles undergo some form of controlled ovarian hyperstimulation prior
to oocyte retrieval with the goal of maximizing high quality oocytes,
while avoiding overstimulation and subsequent OHSS [21]. Ovarian
stimulation typically occurs using either exogenous follicle-
stimulating hormone (FSH) or exogenous human menopausal gonado-
tropin (hMG) [22]. Gonadotropin hormone-releasing hormone (GnRH)
is another key regulator of the reproductive axis. During IVF, a GnRH an-
tagonist or GnRH agonist is used to cause pituitary suppression to pre-
vent premature ovulation [23]. The goal is to recruit the maximum
number of mature follicles using ovarian stimulants (i.e., FSH or hMG),
while preventing ovulation with either a GnRH antagonist or GnRH ag-
onist until the desired follicle count or follicle size is achieved. Once de-
sired count or size is achieved, a patient is then “triggered” to initiate the
ovulatory cascade to lead to the final follicle maturation process [24].
The most common trigger medications used include recombinant
human chorionic gonadotropin (hCG), GnRH antagonists, or GnRH ago-
nists [25].

3.1.2. Ovarian hyperstimulation syndrome pathophysiology
The pathophysiology of OHSS relates to arteriolar vasodilation and

increased capillary permeability resulting in intravascular volume
shifting to the extravascular space (Fig. 1) [26-28]. Ovarian stimulation
causes marked ovarian enlargement associated with an overproduction
of pro-inflammatory and vasoactive cytokines leading to increased cap-
illary permeability [29,30]. The use of hCG as an ovulatory trigger is as-
sociated with the development of OHSS, as hCG directly increases
vascular endothelial growth factor (VEGF) production [31]. VEGF causes
angiogenesis and increased vascular permeability. Similarly, the sever-
ity of OHSS has been directly linked to levels of VEGF [32,33]. Elevated
levels of pro-inflammatory immune cytokines (i.e., interleukin-1β, IL-
6, IL-8, and tumor necrosis factor α) are characteristic of OHSS and are
associated with increased capillary permeability [34]. Clinical manifes-
tations of OHSS can be connected to the increased vascular permeability
and subsequent loss of protein-richfluid to the extravascular space [35].

3.2. Risk factors

Numerous risk factors (Table 1) contribute to the development of
OHSS [36]. Younger age and development of OHSS is thought to be
due to a higher number of gonadotropin receptors available in a youn-
ger ovary, therefore, making them more susceptible to stimulation
[37]. Polycystic ovarian syndrome (PCOS) also increases the risk of
OHSS, specifically those with ultrasound evidence of N10 ovarian cysts
measuring b10 mm in size [38]. Stimulation protocols using
gonadotropin-releasing hormone (GnRH) antagonists for ovulation
suppression have been shown to have a lower incidence of OHSS com-
pared with protocols that use a GnRH agonist [39-42].

3.3. Clinical presentation

The signs and symptoms of OHSS are a result ofmarked vascular per-
meability and concomitant uterine and ovarian enlargement [37,44].
Initial symptoms develop gradually with abdominal distention and
mild abdominal discomfort due to reproductive organ enlargement
with cysts [14,44,45]. These cystic ovaries may enlarge as much as
12–25 cm in some cases and have the potential to rupture or hemor-
rhage, leading to peritonitis [11,14,37]. Similarly, these patients are at
increased risk of ovarian torsion [37,46]. Increased capillary permeabil-
ity leads to third spacing and subsequent intravascular volume deple-
tion [47,48]. This pathophysiology underlies associated clinical
features and severity as it correlates to increasing organ system involve-
ment [49].

The first indication of OHSS is typically the development of ascites
[37]. Accumulation of ascitic fluid in the peritoneal cavity leads to ab-
dominal distention and pain, aswell as increased intra-abdominal pres-
sure (IAP) [50]. Increased IAP may result in end-organ dysfunction,
affecting the renal, respiratory, gastrointestinal, cardiovascular, and he-
patic systems [50]. As IAP rises above 12mmHg, intra-abdominal hyper-
tension (IAH) develops [51]. In severe cases, abdominal compartment
syndrome (ACS) may occur, defined as a sustained IAP N20 mmHg
with new organ dysfunction/failure [50-52]. Oliguria is one of the initial
signs of IAH [50,51,53]. Intra-abdominal venous drainage is impaired,
causing renal, intestinal, and hepatic edema [50]. This leads to hepatic
injury, paralytic ileus, and intestinal edema characterized by severe
emesis and diarrhea [37,49]. Further increases in IAP impairs splanchnic
and hepatic perfusion resulting in local tissue hypoxia [50,51]. Approx-
imately 30% of severe OHSS patients will have elevated levels of aspar-
tate aminotransferase and alanine aminotransferase [54]. A
concomitant elevation in γ -glutamine transpeptidase or alkaline phos-
phatase may also be seen [37]. Acute renal failure is typically character-
ized by hyponatremia due to a low serum osmolality and decreased
urinary sodium excretion [37,47]. Hyponatremia may lead to cerebral
edema, altered mental status, and neurologic complications [55].
Other metabolic abnormalities, including hyperkalemia and metabolic
acidosis, may occur [43,56].

Leukocytosis, increased hematocrit, and thrombocytosis indicate
hemoconcentration and inflammation [37]. Hemoconcentration predis-
poses to hypercoagulability and thrombotic events, complicating up to
10% of severe OHSS [37,50,57]. Pressure from enlarged ovaries or ascites
on pelvic vessels and hypercoagulable states due to pregnancy or high
estrogen levels are also risk factors [58,59]. Patientsmay have an under-
lying thrombophilia, including factor V Leiden mutation, protein C, pro-
tein S, and antithrombin III deficiencies and antiphospholipid syndrome
[59,60]. Thrombosis typically occurs in the venous system, accounting
for 81% of cases [47,50]. Venous locations of thrombotic events are, in
order of decreasing frequency, the jugular, subclavian, lower-
extremity, upper-extremity, cerebral, renal, and retinal veins [58,61-
64]. Arterial embolism occurs primarily in the pulmonary, cerebral, cen-
tral retinal, coronary, upper extremity, and lower extremity arteries
[47,58,60].

PatientswithOHSS are at a high risk for infection, as they are in a rel-
ative immunodeficient statewith decreased levels of immunoglobulin A
(IgA) and immunoglobulin G (IgG) [54,65]. N83% of hospitalized OHSS
patients will have a febrile episode, with an infectious organism being
identified in only one third of cases [65]. Urinary tract infections are
present in 20.5% of this cohort, pneumonia in 3.8%, upper respiratory
tract infection in 3.3%, intravenous line phlebitis in 2.0%, cellulitis sur-
rounding the abdominal puncture site in 1.0%, postoperative wound in-
fections in 1.0%, and gluteal abscess at the site of progesterone injection



Fig. 1. Pathophysiology of OHSS.
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in 0.5% [65]. Causative organisms include Klebsiella pneumonia, Pseudo-
monas aeruginosa, Proteus mirabilis, Escherichia coli, Proteus vulgaris, and
Morganella morganii [65]. Increased endogenous production of pro-
inflammatory cytokines likely plays a role as a non-infectious source
of fever [37,44].
Table 1
Risk factors associated with the development of OHSS [38,43].

Risk factors associated with the development of ovarian hyperstimulation
syndrome (OHSS)

Young age (b35 years)
Low body mass index – asthenic habitus
Polycystic ovarian syndrome
History of atopy or allergies
Previous episode of OHSS
Pregnancy
Higher or repeated doses of exogenous human chorionic gonadotropin
Gonadotropin-releasing hormone – agonist protocol
Use of Clomiphene citrate
Increased number of developing follicles (N35)
≥ 14 oocytes retrieved
Elevated serum estradiol (N2500 pg/mL)
Critical patients may present with any combination of hypovolemic
shock due to gastrointestinal losses or third spacing, septic shock due to
an underlying infection, distributive shock from a severe inflammatory
state, or obstructive shock secondary to pericardial effusionwith cardiac
tamponade or massive pulmonary embolism [37,47]. Pericardial effu-
sions may be present in up to 17% of women with OHSS, although it is
rarely associated with tamponade physiology [66,67].

3.4. Classification

Numerous attempts have been made to categorize and classify
OHSS. Two forms have been described based on timing of presentation:
an early form that typically occurs 3–7 days after ovulation triggering by
hCG, and a late form occurring 12–17 days after hCG administration
[68]. Early OHSS is caused by an excessive ovarian response to exoge-
nous hCG, while late OHSS is due to excessive amounts of endogenous
hCG from an implanting pregnancy [69,70]. The American Society for
Reproductive Medicine has classified OHSS into 4 stages based on clini-
cal and laboratory features (Table 2) [71]. Moderate to severe OHSS oc-
curs in approximately 1–5% of ART cycles and in up to 20% of high risk
patients [72,73]. The milder form of OHSS is seen in 20–30% of all in-
vitro fertilization (IVF) cycles [74].



Table 2
Classification of OHSS symptoms. Hct- hematocrit;WBC-white blood cell; CrCl- creatinine clearance; Cr- creatinine; Na+- sodium; K+- potassium; AST- aspartate aminotransferase; ALT-
alanine aminotransferase

OHSS Stage Clinical Features Laboratory features Prevalence

Mild ▪ Abdominal distention or discomfort
▪ Mild nausea and vomiting
▪ Diarrhea
▪ Ovarian enlargement

No important alterations Up to 30%

Moderate Presence of mild features plus:
▪ Evidence of ascites on imaging

Hct N41%
WBC N15,000/microL

3-10%

Severe Presence of mild and moderate features plus:
▪ Clinical evidence of ascites
▪ Hydrothorax
▪ Intractable nausea and vomiting
▪ Severe dyspnea
▪ Oliguria/anuria

Hct N55%
WBC N25,000/microL
Serum creatinine N1.6 mg/dL
Creatinine clearance b50 mL/min
Na+ b135 mEq/L
K+ N5 mEq/L
Elevated AST/ALT

0.1-3%

Critical ▪ Presence of severe features plus:
▪ Low blood/central venous pressure
▪ Pleural Effusion
▪ Rapid weight gain (N1kg in 24 hours)
▪ Syncope
▪ Severe abdominal pain
▪ Venous thrombosis
▪ Anuria/acute renal failure
▪ Arrhythmia
▪ Thromboembolism
▪ Pericardial effusion
▪ Massive hydrothorax
▪ Arterial thrombosis
▪ ARDS
▪ Sepsis

Worsening findings Less than 0.1%
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3.5. Considerations in history and physical examination

Specific historical information is needed to determine the potential
cause of the patient's presentation to the ED and investigations needed.
It is necessary to obtain a thorough obstetric history with information
including history of polycystic ovarian syndrome, the date of initial
ART therapy, medication used for trigger (hCG or GnRH agonist/antago-
nist), number of follicles on final monitoring scan, current therapy day,
number of eggs collected, and whether or not embryos were replaced
and if so, how many [47]. ART course, as well as any complications in-
cluding presence of an associated infection, thrombosis, hemorrhage,
ectopic, or heterotopic pregnancy should be reviewed, as this may be
a clue to a potential complication [8].

Vitals signs are crucial in the evaluation of a potential OHSS patient,
although normal vital signs do not rule out an emergent process.
Obtaining a current weight and abdominal girth is useful in comparison
to previous measures. Fever, tachypnea, or hypoxia may suggest infec-
tion, pulmonary embolism, acute pulmonary edema, or pleural effusion.
Hypotension and tachycardia may be present. While the cardiopulmo-
nary evaluation usually focuses on the heart and lungs, it should also in-
clude a broad assessment for other abnormalities such as distant heart
sounds, abnormal lung sounds, decreased perfusion, or evidence of
fluid overload. In one study of patients with severe OHSS, 100% of pa-
tients presented with tachypnea (respirations ≥30 per minute), 82%
with fever (N38 °C), 80% with decreased breath sounds, and 21% with
crackles upon auscultation [75]. In this same cohort, 92% presented
with dyspnea, and ultimately, 4% were diagnosed with pneumonia, 2%
with ARDS, and 2% with pulmonary embolism [75].

Evaluation of the abdomen should focus on the presence of perito-
neal irritation, masses, ascites, and infection, although patients with
mild OHSS may have normal abdominal examination. Overlying ery-
thema, warmth, or induration of injection sites suggests infection.
Fluctuance or drainage suggests the presence of a hematoma or abscess.
In patients with severe OHSS, 99% present with ascites, 54% with
gastrointestinal symptoms, 30% with oliguria, 13% with peripheral
edema, and 6% with peritonitis [75]. Measurement of intra-abdominal
pressure is useful when assessing for IAH or ACS. In patients with mod-
erate or severe OHSS, pelvic examination should be deferred in order to
decrease the risk of ovarian cyst rupture and associated intra-abdominal
hemorrhage [37].

3.6. Considerations in laboratory and imaging

Laboratory and imaging studies should be pursued to confirm the di-
agnosis of OHSS, evaluate for end organ dysfunction, and provide accu-
rate prognostication of the patient's clinical condition. It is beneficial to
evaluate for electrolyte and metabolic abnormalities with a basic meta-
bolic panel, venous blood gas, serum osmolality, and lactate level. He-
patic abnormalities should be investigated by obtaining liver enzymes,
direct/indirect bilirubin, alkaline phosphatase, albumin, and coagulation
studies, including fibrinogen. A pregnancy test and/or serum beta-hCG
should be obtained to determine the outcome of the treatment cycle.
A blood type and screen may be sent in cases of suspected intra-
abdominal bleeding from hemorrhagic cyst rupture. A complete blood
count typically reveals leukocytosis and thrombocytosis, which may
suggest an underlying infection or hemoconcentration. Infectious
workup may include urinalysis or peritoneal fluid analysis, as well as
blood, urine, sputum, abscess, and peritoneal fluid cultures, as applica-
ble. Similarly, C-reactive proteinmay provide insight intoOHSS severity,
although it carries a sensitivity of 69% and specificity of 71% for a diag-
nosis of OHSS when CRP ≥12 mg/L [76,77]. The clinician should have a
low threshold for obtaining an electrocardiogram in these patients.

Imaging should be guided by the patient's clinical presentation, his-
tory, and underlying comorbidities. The diagnosis of OHSS should not be
based solely on imaging. However, bedside ultrasound can evaluate
ovarian size, presence of ascites, ovarian torsion, ectopic/heterotopic
pregnancy, vascular thrombosis, interstitial pulmonary edema, pleural
effusions, pericardial effusion, and any associated tamponade
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physiology [45,47,78-80]. Ultrasound is useful to assess for other condi-
tions including intra-abdominal hemorrhage, ovarian torsion, pelvic ab-
scess, and ectopic pregnancy. The absolute incidence of ovarian torsion
ranges from 0.8% in all IVF cycles [81] to 7.5% in patients with OHSS [82].
The reported incidence of adnexal torsion is up to 16% in pregnant pa-
tients with OHSS [82]. However, the rate of false negative Doppler
flow investigations is significant, with a reported rate of 61% for preg-
nant women and 45% for non-pregnant women [83]. An intrauterine
pregnancy is found in 1.5% of OHSS patients, with an ectopic present
in 1.2% of cases [84]. Overall, pelvic infections due to ART are rare
(b1%), although there have been case reports of pelvic abscess forma-
tion [85,86].

Ultrasound may be used to determine fluid status and fluid respon-
siveness to guide resuscitation [87]. Bedside examinations may be aug-
mented by formal echocardiography, abdominal, or gynecologic
ultrasound studies. Chest x-raymay detect pleural effusions or other pa-
thologies [8,47]. In one study of patients with severe OHSS, 71% of pa-
tients had an elevated diaphragm on chest x-ray, 29% had evidence of
a pleural effusion, and 20% had evidence of atelectasis [75]. Computed
tomography pulmonary angiogram (CTPA) or ventilation/perfusion
(V/Q) scan is often warranted in the evaluation for pulmonary embo-
lism, while computed tomography (CT) of the abdomen and pelvis
may help differentiate OHSS from other potential diagnoses [8,47]. In-
travenous contrast is recommended to better evaluate the anatomic
and vascular structures of interest. CT of the brain is warranted in the
case if suspected cerebral edema. The possibility of pregnancy should
be noted if advanced imaging is considered [8].

3.7. Management

Management of OHSS is dependent on severity and presence of co-
morbid conditions [37]. Early consultationwith the obstetrics and gyne-
cology team, aswell as any needed subspecialties, is recommended. The
treatment of OHSS is primarily supportive, and in most cases, OHSS fol-
lows a self-limited course that parallels the decline in serum b-hCG
[37,47]. Mild and moderate OHSS may be treated on an outpatient
basis with symptomatic relief, monitoring, and close follow up in
2–3 days [47,49]. These patients should be counseled about the need
to monitor fluid intake (approximately 2 L water daily) and output,
body weight, abdominal girth, and the necessity of avoiding nephro-
toxic medications, including non-steroidal anti-inflammatories
[47,50]. Thromboprophylaxis with pregnancy-related low-molecular
weight heparin (LMWH) doses (e.g. 40 mg enoxaparin or 5000 IU
dalteparin daily) may be considered [47,60,62,88,89]. Clinically, pro-
gression of thromboembolism is seen in approximately 10% of cases,
and appropriate anticoagulation must be implemented promptly in
the emergency department [89,90]. Strict return precautions, including
worsening symptoms, weight gain of 1 kg/day or more, and urine out-
put b500 mL/day should be provided [50]. The patient should be
aware that her condition may worsen if pregnancy occurs [50].

For severe cases of OHSS, management is aimed towards maintain-
ing circulatory hemodynamics, mobilizing fluid from the third space
back into the vessels, correcting hemoconcentration, and respiratory
support. Restoration of adequate intravascular volume must always
remain the first priority to ensure appropriate tissue perfusion and
prevent the development of multiorgan failure. Correction of
hypovolemia, hypotension, and decreased renal perfusion takes prece-
dence, accepting that fluid administration may contribute to the accu-
mulation of ascites [50]. Either normal saline or a balanced crystalloid
solution is the initial resuscitation fluid of choice [37,50]. However, al-
bumin can be used to expand plasma volume in the presence of severe
hemoconcentration (hematocrit 45%), severe hypoalbuminemia
(serum albumin level ≤ 3.0 g/dL), or significant ascites with elevated
IAP [37,50,91,92]. Other volume expansion agents including fresh fro-
zen plasma, hydroxyethyl starch (HES), and dextran have been used
with limited success in OHSS, but are not recommended as first-line
agents [37,93-95]. Intravascular resuscitation should be titrated to
maintain an adequate urine output (N20–30 mL/h) and to reverse
hemoconcentration [43]. The addition of vasopressor therapy may be
needed to maintain adequate perfusion. While there is little empiric
data to guidemanagement, the underlying pathophysiology of OHSS fa-
vors norepinephrine and dopamine as potential options [96,97]. Dopa-
minergic agonists, including cabergoline, have been established as
effective therapies for the prevention of OHSS via blockage of vascular
endothelial growth factor expression [98,99]. Published data suggests
that dopamine itself improves the clinical evolution of established
OHSS, although no randomized controlled trials have been published
to confirm its effectiveness [96,100].

Correction of severe electrolyte abnormalities plays an important
role in OHSS management. Hyperkalemia in these patients should be
managed in the usual fashion [101]. Salt or water restriction is not rec-
ommended, as this does not affect the patient's weight, peripheral
edema, intravascular volume status, or abdominal circumference [50].
Current evidence suggests that hypertonic saline solutions, either
alone or in combination with colloid solutions, result in significant re-
duction in IAP while expanding intravascular volume and correcting
hyponatremia present in OHSS [50,102,103]. Hypertonic saline (3%)
may be considered as a 100–150 mL infusion over 5–10 min with a re-
peat bolus as needed in those with severe OHSS. The goal for serum so-
dium correction should be 1–3 mEq/L in the first hour [104].

Pulmonary support may involve thoracentesis, oxygen supplemen-
tation, non-invasive ventilation (NIV), or mechanical ventilation
[37,47,105,106]. If ARDS develops, mechanical ventilation using
6 mL/kg of predicted body weight and plateau pressure b 30 cm H2O
should be initiated [37,107]. The presence of ARDS presents a fluidman-
agement challenge, however, fluid therapy should be titrated to main-
tain systemic perfusion and adequate renal perfusion [37,107].
Diuretics may potentiate hemoconcentration and hypovolemia, predis-
posing the patient to venous thromboembolism, and should also be
avoided if at all possible [37]. Glucocorticoidsmay provide some benefit
in the treatment of ARDS in the setting of OHSS, with case reports
reporting favorable outcomes with 30 mg/kg methylprednisolone
[108].

While ascites is a hallmark feature of OHSS, paracentesis is not indi-
cated in every OHSS patient. Indications for paracentesis include symp-
tomatic complaints such as dyspnea, abdominal distention, and oliguria.
Additional indications include evaluation for spontaneous bacterial
peritonitis and the presence of IAH/ACS [50,91]. Serial IAP measure-
ments and urine output should be obtained via a urinary catheter [91].
Based on current guidelines for the management of IAH and ACS, an
IAP N20 mmHg warrants peritoneal decompression through
paracentesis [91,109]. While there is no required volume of peritoneal
fluid to be removed, 1000 mL is an appropriate initial amount
[50,110]. The average amount of peritoneal fluid drained during hospi-
talization is approximately 11 L. [111] However, there are reported
cases of patients requiring up to 7.5 L on one occasion and 45 L in
total during 1 hospitalization [112]. Large volume paracentesis may
lead to rapid re-accumulation of ascites, removing proteins from the in-
travascular compartment, thereby worsening third spacing [37]. Ultra-
sound guidance should be utilized in order to avoid puncturing large
ovarian cysts, with albumin infused as necessary to maintain intravas-
cular volume [37,43].

Non-operative management of IAH/ACS should focus on the follow-
ing: 1) evacuating intestinal contents via naso or oro-gastric tube place-
ment, 2) evacuating any intra-abdominal space-occupying lesions (e.g.
ascites), 3) improving abdominal wall compliance, 4) optimizing fluid
resuscitation and 5) optimizing systemic and regional perfusion status
[50,91]. Surgical management for OHSS is indicated in the presence of
ovarian torsion, pregnancy termination, intra-abdominal hemorrhage,
ectopic/heterotopic pregnancy, or ruptured cysts [37,113].

When infection is suspected, empiric antibiotic therapy should be
initiated [37]. Empiric antibiotics should have broad coverage against
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the most commonly encountered bacteria in this population, including
E. coli, K. pneumonia, P. aeruginosa, P. mirabilis, and P. vulgaris [37,65].
We recommend an initial regimen of a third or fourth generation ceph-
alosporin in combination with metronidazole. Alternative agents in-
clude imipenem-cilastatin, meropenem, doripenem, and piperacillin-
tazobactam.

3.8. Disposition

Mild to moderate OHSS may be managed on an outpatient basis,
while severe OHSS requires inpatient management [37,50]. Early con-
sultation with the obstetrics and gynecology team, as well as any sub-
specialties, is recommended. Patients presenting with severe
abdominal pain or distention, intractable emesis, hemoconcentration,
abnormal liver function studies, IAH/ACS, oliguria or anuria, hypoten-
sion, tachypnea, dyspnea, syncope, and/or electrolyte disturbances
such as hyponatremia or hyperkalemia should be hospitalized [50].

4. Conclusion

Contemporary use of ART is increasing, and patients are increasingly
presenting to the ED for complications. OHSS remains one of the most
common complications, occurring in up to 30% of IVF cycles. Risk factors
for the development of OHSS include age b 35, history of PCOS or previ-
ous OHSS, and pregnancy. OHSS may be categorized into mild, moder-
ate, and severe presentations based on clinical, laboratory, and
imaging parameters. OHSS may be complicated by concomitant infec-
tion, thromboembolism, acute respiratory distress syndrome, ACS, and
severe shock. Effective care of the OHSS patient begins with early diag-
nosis while evaluating for other diseases and complications. Under-
standing these complications and an approach to the management of
hemodynamically instability is essential to optimizing patient care.
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