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Abstract
This study was designed to compare the effectiveness of
intramuscular progesterone with that of intravenous al-
bumin in the prevention of ovarian hyperstimulation
syndrome (OHSS). Ninety-six patients at high risk to
develop OHSS (estradiol concentration 19,000 pmol/l on
the day of hCG administration and over 20 follicles of a
diameter larger than 14 mm observed by transvaginal
ultrasonography) and undergoing in vitro fertilization-
embryo transfer were enrolled. They were randomly
treated with intramuscular progesterone (200 mg/day) or
100 ml of 20% intravenous albumin in order to estimate
the difference in the incidence of OHSS. A significant dif-
ference in the incidence of moderate OHSS and no cases
of severe OHSS were observed between the groups. Our
data show the effectiveness in preventing OHSS with
high doses of progesterone.

Copyright © 2000 S. Karger AG, Basel

Introduction

Ovarian hyperstimulation syndrome (OHSS) is the
most serious complication associated with ovulation in-
duction. The prevalence of severe forms varies between
0.3 and 5% [1]. Understanding the pathophysiology of
OHSS is essential to develop rational preventive strate-
gies. However, the underlying mechanism of OHSS is cur-
rently not yet well understood. It is known that OHSS
does not appear unless LH or hCG has been administered
to induce ovulation [2]. Symptoms increase in severity
during the luteal phase but vanish rapidly with the onset
of menstrual bleeding [3].

However, when pregnancy has been achieved, there is
a further worsening of symptoms, which persist for some
weeks [2, 4, 5].

The clinical picture of this syndrome includes a large
number of symptoms that show different associations in
relation to the grading of OHSS: ovarian enlargement,
ascites, nausea, headache, vomiting, diarrhea, generalized
edema, oliguria, hemoconcentration, pleural effusion and
coagulation disorders [3, 6, 7].

Several systems to classify OHSS have been proposed
[3, 6, 8]. The most widely accepted system describes three
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levels of the syndrome: mild, moderate and severe [9–11].
The mild form is characterized by enlarged ovaries (great-
er than 5 cm in diameter), plasma 17ß-estradiol greater
than 1,200 pg/ml and abdominal discomfort. Ovaries
with diameters of about 12 cm, abdominal pain, ascites,
nausea, vomiting and/or diarrhea mark the moderate
form. The severe form is marked by ovaries enlarged
more than 12 cm in diameter, ascites, hydrothorax, hemo-
concentration, coagulation abnormalities, renal failure,
weight gain greater than 5 kg and electrolyte imbalance.

Asch et al. [12] were the first to suggest that intrave-
nous human albumin may help to prevent the develop-
ment of the OHSS, and supportive studies have subse-
quently been reported [13]. Nevertheless, the use of albu-
min is still controversial and other authors have not sub-
stantiated these findings [14].

Other treatments, such as cortisone, antihistamine and
antiprostaglandin agents, have been suggested [8, 15].

It is possible to hypothesize at least three different
mechanisms of action of the prophylactic use of progester-
one for preventing OHSS, either acting alone or working
with other factors: (1) a general antiestrogenic effect of
progesterone mediated by a downregulation of estrogen
receptors, especially on the vascular endothelium; (2) an
effect on the endocrine ovarian tissue, with an inhibition
of hormone secretion, such as prostanoids and prorenin;
(3) an antagonistic effect against the action of aldosterone,
which is raised in the plasma of patients suffering from
OHSS, due to increased renin activity, derived from the
prorenin production by ovarian follicles.

We performed a randomized prospective study to de-
termine whether there was any benefit using progesterone
to prevent OHSS in our population.

Materials and Methods

Patients
A total of 96 patients, undergoing in vitro fertilization-embryo

transfer in our centers, were enrolled in this study. The indications
for an assisted reproduction technique were the tubal factor (61%),
polycystic ovarian syndrome (4%), endometriosis (12%), unex-
plained (14%) and the male factor (9%). Inclusion criteria were estra-
diol concentration 12,500 pg/ml on the day of hCG administration
and over 20 follicles of a diameter larger than 14 mm observed by
transvaginal ultrasonography.

No patient had a history of bleeding disorders or coagulation
abnormalities. Routine evaluation of coagulation factors before in
vitro fertilization-embryo transfer was normal in all patients.

Criteria for OHSS
According to Rabau et al. [10], OHSS was classified into mild

(ovarian enlargement less than 5 cm, no ascites and abdominal pain),

moderate (ovaries less than 10 cm, nausea, vomiting and ascites) and
severe (ovaries greater than 10 cm, ascites, hydrothorax, dehydra-
tion, nausea, vomiting and weight gain).

Treatment Protocol
The Institutional Board of Research approved the protocol, and

all patients gave their written informed consent before entering the
study.

All ovarian stimulations for patients were performed with a com-
bination of GnRH agonist (400 Ìg administered subcutaneously
twice a day from day +20 of the previous menstrual cycle until the
injection of hCG) and pure FSH. Patients were monitored by mea-
suring the plasma concentration of 17ß-estradiol and by ultrasono-
graphic determinations of follicular size and number on days +5, +7
and +12 of stimulation.

The dosage of gonadotropins was adjusted according to the indi-
vidual response.

All patients received 10,000 IU of hCG intramuscularly when the
serum concentration exceeded 200 pg/follicle and when there were at
least 3 follicles with a diameter of 18 mm. Oocytes were retrieved
34–36 h after hCG administration under vaginal ultrasound control
(day 0).

On the day of hCG administration, all patients whose characteris-
tics came under the inclusion criteria were randomly enrolled in one
of the following two groups: group A (including 42 patients) received
100 ml of 20% albumin intravenously, and starting on day +3 all
patients received an intramuscular administration of 50 mg proges-
terone daily until the ßhCG test evaluation; group B (including 54
patients) had been receiving 200 mg/day progesterone i.m. for 14
days starting immediately after the oocyte retrieval day, when the
ßhCG test was performed.

The embryo transfer was performed at the 2- to 4-cell stage. A
maximum of 2 embryos was placed.

Laboratory Determinations and Ultrasound Scans
The plasmatic concentration of estradiol was determined by

radioimmunoassay, of blood samples on day +1, +5, +9 and +12 of
the menstrual cycle, on the day of hCG administration and then eve-
ry other day.

Ultrasound monitoring was performed daily from the 5th day of
the cycle until oocyte retrieval, and afterwards on the 4th, 8th, 11th
and 14th days after ovulation. It included ovarian morphology, ovar-
ian volume, number of follicles and their dimension. Ovarian vol-
ume was calculated according to the formula 4/3 (1/2 diameter),
where the diameter was considered as the mean of the length, width
and depth of the ovary [16]. Monitoring was performed by transvagi-
nal ultrasound with a 7.5-MHz transducer.

Statistical Analysis
Statistics were performed with the SPSS® statistical package. The

¯2 and Fisher’s t tests were used. Significance was defined as a p value
!0.05.

Results

In table 1, the characteristics of the two groups of
patients are reported. No statistical differences were ob-
served between the two groups of patients in estradiol lev-
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Table 1.  Characteristics of patients who
received albumin (group A) or progesterone
(group B)

Characteristics Albumin Progesterone p value

42 54 n.s.
Age, years 29.6B4.2 30.4B4.0 n.s.
BMI 25.2B3.8 26.1B5.9 n.s.
Incidence of polycystic ovaries 21 (50%) 25 (46.3%) n.s.
History of OHSS in previous cycles 4 (9.5%) 5 (9.2%) n.s.
Baseline FSH, IU 5.8 (IQR 4.7–6.7) 6.3 (IQR 5.1–7.3) n.s.
Days of stimulation 11.4B1.1 11.5B1.6 n.s.
FSH ampoules 22.5 (IQR 18–35.8) 24 (IQR 20–32.8) n.s.
Estradiol levels on the day of

hCG administration, pmol/l 9,872B478 9,920B501 n.s.
Follicles (before retrieval) 114 mm 25B2 23B1 n.s.
Oocytes retrieved 13.8B6.1 10.3B6.4 !0.05
Embryos 8.5B1 8B2 n.s.
Pregnancy rates 22 (52.3%) 37 (68.5%) !0.05
Incidence of mild OHSS 4 (8.6%) 4 (8.6%) n.s.
Incidence of moderate OHSS 4 (8.6%) 0 (0%) !0.05
Incidence of severe OHSS 0 0 –

Results indicate means B SD. IQR = Interquartile range; BMI = body mass index
(weight/height2); n.s. = not significant.

el or in the number of follicles !14 mm on the day of hCG
administration.

Significantly, a greater number of oocytes was re-
trieved in the albumin group (group A: 13.8 B 6.1 vs
group B: 10.3 B 6.4;p ! 0.05); despite this there was no
significant difference in the number of embryos (group A:
8.5 + 1 vs group B: 8 B 2; p = 0.080).

Pregnancy rates were significantly higher in group B
[group A: 22 (52.3%) vs. group B: 37 (68.5%); p ! 0.05].

No cases of severe OHSS occurred in the two groups. A
significant difference in the incidence of moderate OHSS
was observed between the groups [group A: 4 (8.6%) vs.
group B: 0 (0%); p ! 0.05]. Cases were not related to the
occurrence of multiple pregnancy.

Discussion

The pathogenesis of OHSS is still unclear. It is believed
that in overstimulation of the ovary, the renin-angioten-
sin system may play an important role [17]. It has also
been suggested that increased capillary permeability and
new capillary formation (possibly secondary to activation
of the prorenin system), increased prostaglandin synthe-
sis, histamine and serotonin are the main physiological
features of OHSS [17, 18]. More recently, interleukin 6

and vascular endothelial growth factor have been impli-
cated as etiological factors of OHSS [19].

Asch et al. [12] were the first to suggest that intrave-
nous human albumin may help to prevent the develop-
ment of OHSS. After the initial encouraging reports, sev-
eral studies suggest that there is no advantage in the pro-
phylactic use of albumin for preventing OHSS [20–23]. In
accordance with this, our study shows that using albumin
in order to prevent OHSS in women with an excessive
ovarian response does not only produce no benefit, but it
may also reduce pregnancy rates.

Furthermore, the recent concern in bovine spongiform
encephalopathy and similar diseases in humans, such as
Creutzfeldt-Jakob disease, have led the health authorities
in many countries to increase the precautions taken in the
collection of human blood and plasma, and in the use of
blood-derived products for therapeutic applications. A
recent result of these increased precautions has been the
withdrawal of several batches of therapeutic human se-
rum albumin from use and distribution by the major com-
panies supplying this product in the USA. The available
epidemiological data do not support the transmission of
Creutzfeldt-Jakob disease via blood transfusion in hu-
mans up to now, and no transmission by intravenous
infusion of whole blood in subhuman primates has been
demonstrated.
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Our data suggest the effectiveness of high doses of pro-
gesterone in the prevention of OHSS. As our study
reports, the capacity of progesterone to prevent OHSS
was superior to all the other regimens described in the lit-
erature, especially considering that we did not suppress
any cycles.

The effectiveness of progesterone in preventing OHSS,
although it needs to be confirmed by further studies, may
help to avoid the severe complications of induction supe-
rovulation.
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