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Abstract Ovarian hyperstimulation syndrome (OHSS) is a
complication occurring in the luteal phase of a menstrual
cycle in which ovulation induction or ovarian hyperstimu-
lation for assisted reproduction techniques has been
performed. Our report concerns the death of a 31-year-old
woman with primary infertility on recombinant follicle
stimulating hormone therapy (Gonal-F) who developed a
fatal adult respiratory distress syndrome. Immunohisto-
chemical investigation of lung and uterine samples was
performed utilizing monoclonal antibodies for antisurfac-
tant apoprotein (PE-10) and polyclonal antibodies anti-IL-6,
IL-8, IL-10, TNF«x for lungs, and polyclonal antibodies
anti-3-HCG (human chorionic gonadotropin) for uterus.
The knowledge of macroscopic and histologic findings
should be of special interest for all those who perform
autopsies in these victims. The exact pathogenesis of OHSS
remains a mystery; so for the diagnosis of suspected OHSS,
the forensic pathologist must use all the modern laboratory
armament to validate the diagnosis in the extremely rare
fatal cases due to this syndrome.
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Introduction

Ovarian hyperstimulation syndrome (OHSS) is an iatrogen-
ic disorder arising subsequent to ovulation induction or
ovarian hyperstimulation for assisted reproduction tech-
niques (ART). It may cause severe morbidity and can even
be life threatening [1].

The reported incidence of OHSS is highly variable due
to the existing differences in patient populations, stimula-
tory agents, clinical evaluation of symptoms and clinical
signs, and finally in classification used to identify the
degree of this syndrome in the different reported series.
According to an estimate of the World Health Organization
(WHO) in developed countries, the proportion of sterile
couples—the potential users of ART—varies between 15
and 20% [2]. The incidence of syndromes due to ovarian
hyperstimulation, which is necessary with the so-called
major assisted reproduction techniques where superovula-
tion of varying degrees is expected, is calculated to be
around 23% with 7.6% mild, 11.95% moderate, and 3.9%
severe [3, 4].

The syndrome has a broad spectrum of clinical
manifestations, from mild forms requiring only careful
monitoring and observation to severe disease needing
hospitalization and intensive care. Although significant
OHSS has a relatively low incidence (=2%), it may result
in a potentially fatal condition as the mortality rate has
been estimated to be from 1 in 45,000 to 1 in 500,000
[5].

A few deaths due to complications of OHSS have been
previously reported in the literature [6—8].

Our report concerns the death of a 31-year-old woman
with primary infertility on recombinant follicle stimulating
hormone (FSH) therapy (Gonal-F) who developed a fatal
acute respiratory distress syndrome (ARDS).
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Fig. 1 Specimen of uterus and
enlarged ovaries. Both ovaries
were associated with the presence
of multiple cysts

Case history

A 3l-year-old woman with unexplained infertility under-
went ovarian stimulation by recombinant FSH (rFSH).
Plasma estradiol measurements were carried out during
ovarian stimulation and monitoring of follicle growth was
performed by vaginal ultrasound measurements. Oocyte
retrieval was performed on April 3, 2004 and follicle
aspiration was carried out by ultrasound-guided vaginal
puncture under local anesthesia. On the same day, two
administrations of albumin (20%) were applied. ICSI
(intracytoplasmic sperm injection) using testicular sperm
obtained by open biopsy (TESE: testicular sperm extrac-
tion) was performed and three oocytes were inseminated.
On April 6, 2004, two embryos were transferred into the
uterus and luteal support was given with progesterone. On
April 15, 2004, the woman complained of abdominal
discomfort and cystic, enlarged ovaries were visualized
through vaginal ultrasound. The woman was admitted to an
obstetric unit where a full clinical examination was
performed, measurements of full blood count, urea,
creatinine, and electrolyte concentrations.

The pelvic ultrasonography showed the presence of a
uterine myoma, enlarged ovaries with multiple follicular
cysts, retrohepatic gathering, and a small amount of ascitic
fluid. Albumin and heparin were administered. The day
after the woman complained of mild dyspnea and tachyp-
nea, laboratory investigations showed a very low albumin
level, neutrophilic leukocytosis, red cells 5,740,000/pl,
hemoglobin 18 g/dl, and hematocrit 50.9%. No chest
X-ray scans were made. On April 18, 2004, at 14.25 h the
woman suddenly developed respiratory arrest and died.

Autopsy findings

A complete autopsy was performed 48 h after death. The
body was that of a young woman, 161 c¢cm in height, 63 kg
in weight. Internal examination revealed 875 ml straw-
colored liquid in the left pleural cavity and 1,450 ml straw-
colored liquid in the right pleural cavity. The lungs were
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edematous, both weighing 310 g. The peritoneal cavity
contained 275 ml of straw-colored liquid. The uterus was
normal, both ovaries were associated with the presence of
multiple cysts, the left ovary measured 12.5x9%5 c¢cm and
weighed 70 g, while the right ovary measured 14x9.5x5 cm
and weighed 120 g (Fig. 1). The cardiovascular system was
unremarkable and no source of emboli was localized. All
the other organs did not show specific alterations except for
an intense vascular congestion.

Histological findings

A routine microscopic histopathological study was per-
formed by using formalin-fixed paraffin-embedded tissue
sectioned at 4 um and stained with hematoxylin—eosin and
Wilder (silver impregnation for reticular fibers) staining
methods. Immunohistochemical investigation of lung and
uterine samples was performed utilizing the monoclonal
antibodies antisurfactant apoprotein (PE-10) for the lungs
and polyclonal antibodies anti-B-HCG (human chorionic
gonadotropin) for the uterus.

In addition, an immunohistochemical investigation of
lung samples was performed utilizing polyclonal anti-IL-6,
IL-8, IL-10, and TNFa. We used 4 um thick paraffin
sections mounted on slides covered with 3-aminopropyl-
triethoxysilane (Fluka, Buchs, Switzerland). A pretreatment
for IL-6-8-10 (5 min proteolytic enzyme Dako, Copenhagen,
Denmark, 20°C), TNFa, and 3-HCG (boiled in 0.1 M citric
acid buffer), was necessary to facilitate antigen retrieval and
to increase membrane permeability to antibodies except that
the sections covered with the antibody antisurfactant
apoprotein (S-AP-PE-10). The primary antibody was applied
in a 1:2,000 dilution for IL-6 (Santa Cruz Biotechnology,
Santa Cruz, CA), in a 1:500 dilution for IL-8 (Abcam,
Cambridge, UK), in a 1:2,000 dilution for IL-10 (Peprotech
EC, London, UK), in a 1:600 ratio for TNFx (Santa Cruz
Biotechnology), in a 1:50 ratio for S-AP-PE-10 (Dako), and
in a 1:200 dilution for anti 3-HCG (Dako), and incubated
for 120 min at 20°C. A secondary antibody anti-rabbit was
used to link with the anti-3-HCG. The positive reaction was
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Fig. 2 Diffuse alveolar damage g 6"@”
(DAD). a and b Hyaline mem- v o g

branes (arrows) lining the de-
nuded alveolar walls (H&E x60;
H&E x40). ¢ and d Positive
reaction of the immunohisto-
chemical dye for surfactant
apoprotein (PE-10) (x60)
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visualized by 3,3-diaminobenzidine (DAB) peroxidation,
according to standard methods. The sections were counter-
stained with Mayer’s hematoxylin, dehydrated, covered, and
observed under a Leica optical microscope.

Histological lung examination showed alveolar septa
mildly thickened by edema and capillary congestion,
alveolar edema, hyaline membranes lining the denuded
alveolar walls, flattened pneumocytes, fibrin thrombi in
small arteries, and areas of atelectasis. Bronchial walls
presented epithelial denudation. All these findings were
indicative of a typical diffuse alveolar damage (DAD),
confirmed by the positive results to Wilder’s staining for
reticular fibers and to immunohistochemical labeling for

Fig. 3 Lungs: strongly positive
immunohistochemical reaction
for quantitative presence of in-
flammatory cytokines: a IL6,

b IL-8, ¢ IL-10, and d TNF«x
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surfactant apoprotein (PE-10) (Fig. 2). The presence of
inflammatory cytokines in the lungs was highlighted with a
positive reaction for antibodies anti-IL6, IL-8, IL-10, and
TNF«x (Fig. 3).

Routine histological examination of ovaries demonstrat-
ed follicular and stromal hyperthecosis and myxomatous
change of the interstitial stroma of bilateral ovaries was
detected. The uterus revealed a normal structure of the
different layers of the wall, and in a sample from the uterine
body, the syncytiotrophoblast composed of numerous
internal multinucleated cells with a light cytoplasm was
evident, and numerous external multinucleated cells with
dark cytoplasm. This area showed an intensive positive
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Fig. 4 The syncytiotrophoblast
consisting of numerous inner mul-
tinucleated cells with a light cyto-
plasm, and numerous external
multinucleated cells with dark cy-
toplasm (a and b) (H&E x10; H&E
x100). Intensive positive immuno-
histochemical reaction to antibody
anti-3-HCG (c and d) (x10; x100)

immunohistochemical reaction to the antibody anti-3-HCG,
proving that pregnancy had taken place (Fig. 4).

In the other organs, there were no relevant alterations
except for mild cerebral edema and polyvisceral hemosta-
sis. The genetic analysis for thrombophilic factors was
negative.

Discussion

In this case, the cause of death was attributed to ARDS due
to OHSS. OHSS is a complication occurring in the luteal
phase of a menstrual cycle in which ovulation induction or
ovarian hyperstimulation for ART has been performed. It is
characterized by cystic enlargement of the ovaries and a
fluid shift from the intravascular to the third space after
increased capillary permeability. These changes may cause
hemoconcentration, electrolyte disturbances, liver and
kidney disorders, and thromboembolic sequelae [9].

The severity of OHSS is graded according to several
criteria [10—13], recently revised with further modifications
by Rizk and Aboulghar [14], who first included complica-
tions (such as respiratory distress syndrome, renal shut-
down, or venous thrombosis) in the classification of OHSS.
The OHSS has traditionally been classified as mild,
moderate, or severe (Table 1) [15]. Progression of the
illness may, however, evolve to secondary complications
which may be life threatening [1].

Pulmonary manifestations of severe OHSS have recently
been studied in a large-scale multicenter study where
ARDS incidence was reported in up to 2% of the study
patients [16].
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To our knowledge, only three case reports have been
published reporting death due to OHSS and none reporting
ARDS as cause of death [6—8]. Mozes et al. [6] described a
case of ovarian hyperstimulation with cyst formation,
peritoneal and pleural effusions, and acute left hemiplegia
where right carotid arteriography revealed an occlusion of
the left internal carotid artery extending intracranially. The
patient died suddenly apparently from aspiration of gastric
contents but a necropsy was not performed. Recently,
clinical and pathological features of a fatal case were
reported [7] where the cause of death was attributed to a
cerebral infarction secondary to the blood hyperviscosity
related to OHSS. Semba et al. [8] documented an autopsy
case of a patient with OHSS who developed respiratory
distress due to massive pleural effusions and pulmonary
edema. Histological findings of the lungs were consistent
with massive plasma leakage and intraalveolar hemorrhage
and dilation of alveolar capillaries was described as
significant.

In the case we describe, the histological features of
ARDS are those of acute (exudative) DAD. The early
exudative phase is characterized by alveolar and interstitial
edema, capillary congestion, hyaline membranes, and
infiltration of numerous inflammatory cells, such as
neutrophils. The histological evaluation of lung samples
stained with H&E gave evidence of a pattern of diffuse
alveolar damage in the initial exudative phase, even more
evident with further specific stainings. Wilder’s staining for
reticular fibers, demonstrated the epithelial damage show-
ing focal areas of discontinuation and disappearance of
alveolar basement membrane, while the presence of
hyperplastic type II pneumocytes and hyaline membranes
was confirmed by the positive reaction of the immunohis-
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tochemical dye for surfactant apoprotein (PE-10). The
monoclonal against antisurfactant apoprotein (PE-10) anti-
bodies positively reacted with hyperplastic type Il pneumo-
cytes, appearing as cuboidal epithelial cells (the so-called
hobnail-shaped cells) lining the alveolar septal surfaces, but
moreover outlined the presence of hyaline membranes, thin
strands coating denuded alveolar surfaces, consisting of
lamellar bodies (surfactant phospholipids) released from
alveolar epithelial cells [17].

Prostaglandins and cytokines may play a role in the
pathophysiology of ARDS, as they are also incriminated in
the pathophysiology of OHSS [18]. The hallmark of OHSS
is an increase in capillary permeability resulting in a fluid
shift from the intravascular space to third space compart-
ments [19]. Several factors have been postulated as
initiators of this syndrome. Previously, the ovarian reni-
nangiotensin system (RAS) had been studied most exten-
sively [1]. Most recently, several substances have been
suggested to be responsible for the increased capillary
permeability in OHSS, specifically endothelin-1, vascular
endothelial growth factor (VEGF), angiotensin II, insulin-
like growth factor 1 (IGF-1), epidermal growth factor
(EGF), transforming growth factor (TGF) « and {3, basic
fibroblast growth factor (BFGF), platelet-derived growth
factor (PDGF), interleukin-1[3 (IL-1f), interleukin-6 (IL-6),
and tumor necrosis factor-oc (TNF-o0) [1, 19].

Interleukin-6 is markedly elevated in the peritoneal fluid
and serum of patients with severe OHSS [18]. This
syndrome may be precipitated by an ovarian product or
cytokine secreted directly into the peritoneal cavity by the
ruptured follicle and early corpus luteum. This cytokine can
also gain access to the systemic circulation from the corpus
luteum and serosal vessels [18].

In our case, the immunohistochemical reactions in the
lungs were strongly positive for the presence of the
inflammatory cytokines IL6, IL-8, IL-10, and TNF«,
confirming the clinical data [1, 18]. Again, in a sample
from the uterine body, the syncytiotrophoblast consisting
of numerous inner multinucleated cells with a light
cytoplasm, and numerous external multinucleated cells
with a dark cytoplasm were evident. This area showed an
intensive positive immunohistochemical reaction to anti-
body anti-B-HCG proving that pregnancy had taken
place. Pregnancy is an increased risk factor associated with
OHSS and therapeutic interruption of an early gestation
may be life saving when all other therapeutic measures
have failed [13].

This case deserves attention for clinical and forensic
reasons. First, from a clinical viewpoint, physicians must
pay attention to correctly evaluate the progression of the
illness and the recurrence of respiratory difficulty (dyspnea
and tachypnea) [20]. Respiratory distress in OHSS is often
due to a restrictive syndrome induced by ascites, increased
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ovarian size, and associated paralytic ileus. However, it
may mask underlying, even more serious pulmonary
complications like ARDS, pulmonary thromboembolism,
and pulmonary infections which pose a diagnostic chal-
lenge in dyspnoeic patients with severe or critical OHSS
[21]. Second, especially the pathologist or the forensic
pathologist who is involved in such cases should be aware
of these diseases. The knowledge of macroscopic and
histological findings should be of special interest for all
those who perform autopsies in these victims [22]. The
exact pathogenesis of OHSS remains a mystery, so in the
diagnostic suspicion of OHSS, the forensic pathologist
must use all the modern laboratory armament to validate the
diagnosis in the extremely rare fatal cases due to this
syndrome [23-26].
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