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Abstract
Background. Ovarian hyperstimulation syndrome (OHSS), a  life-threatening complication occurring 
in stimulated ovarian cycles, arises from treatment with gonadotropin for inducing follicular maturation.

Objectives. The aim of this study was to compare the risk factors between patients with severe OHSS and 
those without OHSS after in vitro fertilization by intracytoplasmatic sperm injection/embryo transfer (IVF-
ICSI/ET). Identifying the associated risk factors may provide guidance for clinicians on how to prevent OHSS.

Material and methods. The retrospective study involved patients who had completed IVF-ICSI/ET cycles. 
The difference in markers for predicting the occurrence of OHSS between groups was compared. The potential 
protective and risk factors, as well as the predictive markers, were identified.

Results. Patients with OHSS were younger (p = 0.015), had higher basal antral follicle counts (AFC) 
(p < 0.001) and lower total dosages of gonadotropin (Gn) (p = 0.011). On the day of human chorionic go-
nadotropin (hCG) administration, significantly higher total numbers of follicles (p < 0.001), serum estradiol 
(E2) (p < 0.001) and progestrone (Pg) (p = 0.001) levels, numbers of oocytes (p < 0.001) and metaphase II 
(MII) oocytes (p < 0.001) were also observed in the OHSS group when compared to the non-OHSS group. 
A univariate regression analysis revealed that age (OR = 0.898, 95% CI = 0.822–0.981) and total dosage of Gn 
(OR = 0.999, 95% CI = 0.999–1.000) were protective factors, whereas AFC (OR = 1.090, 95% CI = 1.051–
1.131) and, on the day of hCG injection, the number of follicles (OR = 1.185, 95% CI = 1.027–1.230), serum E2 
(OR = 1.000, 95% CI = 1.000–1.000) and Pg (OR = 2.773, 95% CI = 0.510–3.370) levels, the number 
of oocytes (OR = 1.254, 95% CI = 0.894–1.472) and MII oocytes (OR = 1.238, 95% CI = 0.747–1.217) were 
risk factors for OHSS. However, a multivariate regression analysis showed that the total number of follicles 
(OR = 1.124, 95% CI = 1.027–1.230) was the only predictive factor for the occurrence of OHSS.

Conclusions. The study demonstrated that the follicle count measured on the day of hCG administration was 
the only predictive factor for the occurrence of OHSS. This provides basic guidance to clinicians on the preven-
tion of the complication when using assisted reproductive technologies (ART).
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Ovarian hyperstimulation syndrome (OHSS), a  life-
threatening complication occurring in stimulated ovar-
ian cycles, arises from treatment with gonadotropin for 
inducing follicular maturation. The syndrome is com-
monly observed in women undergoing treatment with 
controlled ovarian hyperstimulation (COH) employed 
during assisted reproductive technology (ART). It is char-
acterized by a significant increase in vascular permeability 
and ovarian enlargement,1,2 as well as hemoconcentra-
tion with increased blood viscosity and leakage of fluid 
into the extravascular space. Several possible mediators, 
such as vascular endothelial growth factor (VEGF), renin-
angiotensin system and other cytokines, may be involved 
the development of this complication.3 Patients with se-
vere OHSS may also develop ascites, pleural and peri-
cardial effusion, thromboembolism and multiple organ 
failure.2,4

The incidence of moderate-to-severe OHSS is approx. 
3.1–8% of  in vitro fertilization (IVF) cycles, but could 
be as high as 20% in high-risk women.2,5,6 Monitoring 
serum estradiol (E2) levels was deemed effective in re-
ducing the incidence of OHSS7,8; however, its relevance 
to predicting the occurrence of OHSS, especially during 
COH, remains controversial.9,10 Several factors associated 
with OHSS have been identified, including young age, low 
body mass index (BMI), polycystic ovary syndrome (PCOS) 
or polycystic ovarian morphology, high anti-Mullerian 
hormone levels, a high antral follicle count (AFC), high 
gonadotropin (Gn) dosage, previous OHSS, high serum E2 
levels, a high number of follicles or collected eggs, luteal 
support with human chorionic gonadotropin (hCG), and 
pregnancy.11–13 Since there is no specific effective treat-
ment for OHSS, there has been considerable research 
aimed at identifying predisposing factors in order to pre-
dict early onset of the complication.

In this study, patients undergoing in vitro fertilization 
procedures by intracytoplasmic sperm injection/embryo 
transfer (IVF-ICSI/ET) at our reproductive center were 
retrospectively analyzed to explore the risk factors associ-
ated with the occurrence of severe OHSS.

Materials and methods

Study population

Between January 2013 and December 2014, a total of 350 
IVF-ICSI/ET cycles were performed at our hospital. Ex-
cluding 50 cycles cancelled for cycle stimulation or with 
incomplete clinical data, 300 complete ovarian stimulation 
cycles were retrospectively analyzed. Among the 300 cycles 
included in this study, clinical data obtained from the 33 
cycles with moderate-to-severe OHSS were grouped into 
the OHSS group and the other 267 cycles were grouped 
into the non-OHSS group. All experiments on human sub-
jects were conducted in accordance with the Declaration 

of Helsinki; written informed consent was obtained from 
all the participants enrolled; and this study was approved 
by the local Ethics Committee.

IVF-ICSI/ET treatment

Gonadotropin-releasing hormone agonist (GnRH-a)/Gn/
hCG was used as treatment to induce ovulation. In this 
study, induction therapy included short-acting (n = 183), 
long-acting (n = 65) and ultra-long-acting (n = 23) long-
term treatment, micro-stimulation treatment (n = 15), 
short-term treatment (n = 9), antagonist treatment (n = 3) 
and improved ultra-long term treatment (n = 2).

Short- and long-acting  
long-term treatment

A one-third-dose or  half-dose depot of  long-acting 
GnRH-a, or a dosage of 0.05–0.1 mg per day of short-acting 
GnRH-a until the day of hCG injection was administered 
5–7 days after ovulation or after 15 days of Marvelon. Fol-
lowing 10–14 days of GnRH-a, hCG was injected when 
the following criteria were met: a) at least 1 follicle with 
a diameter of 19 mm, 2 follicles with a diameter of 18 mm 
or 3 follicles with a diameter of 17 mm; b) an average blood 
E2 level of 250–300 ng/L when each dominant follicle had 
a diameter of 16 mm or greater or at least 60% of follicles 
had a diameter greater than 16 mm. The dosage of the hCG 
injection was 5,000–10,000 IU, and oocytes were retrieved 
34–36 h after the injection.

Short-term treatment

Starting on the 2nd day of the menstrual cycle, short-
acting GnRH-a was given at a dosage of 0.1 mg per day, and 
on the first 2–3 days of the menstrual cycle, Gn was given 
until the day of hCG administration. The condition for 
hCG injection was the same as in the long-term treatment, 
and oocytes were retrieved 34–36 h after the injection.

Ultra-long-term treatment

On the 2nd day of the menstrual cycle, the 1st dose of long-
acting GnRH-a was given at a dosage of 3.75 mg, followed 
by a 2nd dose after 28 days. A total of 2 or 3 subsequent dos-
es was given at the same interval; 14–16 days after the last 
dose of GnRH-a, Gn was initiated at a dosage of 1.875 mg 
until the day of hCG administration. The conditions for 
hCG injection were the same as in the long-term treatment, 
and oocytes were retrieved 34–36 h after the injection.

Antagonist treatment

On the 2nd–3rd day of  the menstrual cycle, Gn treat-
ment was initiated to induce ovulation. When a follicle 
with a diameter of nearly 14 mm or greater was observed, 
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GnRH-a was given at a dosage of 0.25 mg per day until 
the day of hCG administration. Again, the conditions for 
hCG injection were the same as in the long-term treatment, 
and oocytes were retrieved 34–36 h after the injection.

Micro-stimulation treatment

On the 3rd day of the menstrual cycle, oral clomiphene 
citrate (50–100 mg per day) or letrozole (2.5–5 mg per 
day) in combination with Gn (150 IU per day) was started 
for a total of 5 days. On the 8th day of the menstrual cycle, 
the size of the follicles was measured using vaginal ultra
sonography. If the follicle diameter was less than 10 mm, 
the dosage of Gn was increased by 75 IU per day. Other-
wise, the dosage was maintained. Again, the condition for 
hCG injection was the same as in the long-term treatment, 
and oocytes were retrieved 34–36 h after the injection.

Collection of the clinical data

Prior to IVF-ICSI/ET therapy, the patients’ demogra
phics, including age, BMI, infertility duration and AFC, 
were collected. During the therapy, the Gn dosage, num-
ber of days of Gn treatment, the FSH, LH and E2 levels 
on the day of Gn treatment initiation, and the LH level, 
E2 level, Pg level, the total number of follicles, the number 
of oocytes and the number of metaphase II (MII) oocytes 
on the day of hCG injection were obtained. The basal an-
tral follicular count was measured using vaginal ultrasono
graphy between the 2nd and 3rd day of the menstrual cy-
cle, and antral follicles with a diameter of 2–10 mm were 
counted. The number of follicles with a diameter greater 
than 12 mm was counted on the day of hCG administra-
tion using vaginal ultrasonography. MII oocytes, defined 
as the presence of the nuclear materials or polar body af-
ter removing the cumulus granulosa cells, were collected 
and counted 16–18 h after conventional IVF fertilization. 
The MII oocytes fertilized using intra-cytoplasmic sperm 
injection during the microinjection of spermatozoa were 
counted when the first polar body was observed.

Diagnosis and classification of OHSS

According to expert consensus on the diagnosis and 
treatment of polycystic ovarian syndrome by the Endo-
crinology Group of Chinese Society of Obstetrics and 
Gynecology, OHSS can be classified as mild, moderate, 
severe, and life-threatening on the basis of clinical signs 
and symptoms, and ultrasound and laboratory findings. 
In this study, only those with moderate-to-severe OHSS 
patients were included in the OHSS group.

Statistical methods

All data was analyzed using SPSS v. 17.0 software (SPSS 
Inc., Chicago, USA). Quantitative data was expressed 

as means ± standard deviation (SD) and differences in pa-
rameters between the groups were compared using inde-
pendent sample t-tests or χ2 tests as appropriate. Logistic 
regression was used to identify risk factors.

Results

Comparison of general conditions 
between the OHSS and non-OHSS groups

The differences in general conditions between the OHSS 
and non-OHSS patients are displayed in Table 1. The mean 
age of the patients in the OHSS groups was 2 years younger 
than in the non-OHSS group; this difference was statistically  
significant (p = 0.015). A significant statistical difference in 
AFC was observed between the patients in the OHSS and 
non-OHSS groups (24.82 ±8.11 vs 16.30 ±8.86, p < 0.001). 
The results demonstrated that patients with bilateral mul-
tiple follicular development and age less than 30 years were 
a high-risk population for OHSS. No statistical difference 
in BMI or the duration of infertility was observed between 
the 2 groups.

Comparison of markers before  
and after treatment between  
the OHSS and non-OHSS groups

The differences in marker levels between OHSS and non-
OHSS groups are displayed in Table 2. The total Gn dosage 
used in the OHSS group was 353 IU lower than in non-
OHSS group; this difference was statistically significant 
(p = 0.011). On the day of hCG injection, serum E2 and Pg 
levels were significantly higher in the OHSS group than 
in the non-OHSS group (p < 0.001) and the total number 
of follicles was nearly double in the OHSS group compared 
with the non-OHSS group (p < 0.001). After egg retrieval, 
a significantly higher numbers of oocytes and MII oocytes 
was observed in the OHSS group than in the non-OHSS 
group (p < 0.001). On the day of initiation of Gn treatment, 
no significant difference was observed in the levels of FSH, 
LH and E2 between the groups; on the day of hCG injection, 
no significant difference was observed in the level of LH.

Table 1. Comparison of general conditions in the OHSS and non-OHSS 
groups

Variables OHSS group
(n = 33)

Non-OHSS 
group

(n = 267)
p-value

Age [years] 29.79 ±3.45 31.77 ±4.52 0.015*

BMI 21.66 ±2.94 21.46 ±2.81 0.706

Duration of infertility [years] 3.76 ±2.21 4.41 ±3.28 0.267

AFC 24.82 ±8.11 16.30 ±8.86 <0.001*

*statistically significant; OHSS – ovarian hyperstimulation syndrome; 
BMI – body mass index; AFC – antral follicle count.
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Logistic regression analysis  
of risk factors for OHSS

The  univariate logistic regression 
analysis demonstrated that age and 
the  total dose of  gonadotropin were 
protective factors, whereas base-
line AFC, E2 and Pg levels, the total 
number of follicles, and the numbers 
of oocytes and MII oocytes on the day 
of hCG injection were risk factors for 
OHSS. Other parameters were not as-
sociated with the occurrence of OHSS. 
In a multivariate model using logistic 
stepwise regression analysis, the  to-
tal number of  follicles was selected 
as an independent risk factor for OHSS 
(Table 3). When the total follicle count 
was more than 17 on the day of hCG 
injection, the sensitivity and specificity 
of predicting the occurrence of OHSS 
were 84.85% and 77.15%, respectively, 
according to the model. Details of these 
results are presented in Table 4.

ROC curve of predicting 
the occurrence of OHSS 
by the total number 
of follicles on the day  
of hCG injection

The area under the ROC curve was 
0.847 (95% CI = 0.775–0.919) for pre-
dicting the occurrence of severe OHSS 
with measuring the total number of fol-
licles on the day of hCG administration 
(Fig. 1). An optimal cut-off value of 17 
was determined with the ROC curve 
analysis.

Discussion

Ovarian hyperstimulation syndrome 
is a complication caused by the stimu-
lation of ovarian cycles arising from 
medical treatment with gonadotropin 
for inducing follicular maturation. 
With the increasing use of assisted re-
productive techniques and ovulation-
induction drugs, there is  a  growing 
trend for the occurrence of OHSS.14 
During IVF treatment, the incidence 
of moderate-to-severe OHSS was ap-
prox. 3.1–8%, but could reach 20% 

Table 3. Multivariate regression analysis results for predicting OHSS syndrome

Variable Regression 
coefficient

Standard 
error p-value OR (95% CI)

Number of follicles on the day 
of hCG administration

0.11 0.05 0.011* 1.124 (1.027–1.230)

*statistically significant; OHSS – ovarian hyperstimulation; hCG – human chorionic gonadotropin; 
OR – odds ratio; 95% CI – 95% confidence interval.

Table 2. Comparison of pre- and post-treatment marker levels in the OHSS and non-OHSS groups

Variable OHSS group
(n = 33)

Non-OHSS group
(n = 267) p-value

Total dosage of Gn [IU] 1,823.48 ±640.58 2,176.08 ±2,176.08 0.011*

Number of days of Gn 10.39 ±1.77 10.40 ±2.27 0.987

On the day of Gn treatment

FSH level [IU/L] 3.40 ±1.56 4.08 ±2.86 0.18

LH level [IU/L] 1.84 ±1.04 2.08 ±1.55 0.408

E2 level [ng/L] 10.50 ±9.61 14.90 ±15.95 0.123

On the day of hCG injection

E2 level [ng/L] 8,476.18 ±5,007.85 4,479.02 ±4,154.47 <0.001*

LH level [IU/L] 1.51 ±0.77 2.25 ±2.15 0.051

Pg level [ng/L] 1.10 ±0.56 0.82 ±0.46 0.001*

Total number of follicles 22.42 ±6.83 12.31 ±7.30 <0.001*

Number of oocytes 14.52 ±5.29 8.90 ±4.47 <0.001*

Number of MII oocytes 12.73 ±5.27 7.68 ±4.26 <0.001*

*statistically significant; OHSS – ovarian hyperstimulation syndrome; E2 – estradiol; FSH – follicle 
stimulating hormone; Gn – gonadotropin; hCG – human chorionic gonadotropin; LH – luteinizing 
hormone; Pg – progesterone.

Table 4. Univariate regression analysis results for risk of ovarian hyperstimulation syndrome

Variable Regression 
coefficient

Standard 
error p-value OR (95% CI)

Age [years] −0.11 0.05 0.017* 0.898 (0.822–0.981)

BMI [kg/m2] 0.02 0.06 0.705 1.025 (0.903–1.163)

Duration of infertility [years] −0.08 0.07 0.267 0.926 (0.808–1.061)

Basal AFC 0.09 0.02 <0.001* 1.090 (1.051–1.131)

Total Gn dosage [IU] 0.00 0.00 0.011* 0.999 (0.999–1.000)

On the day of Gn treatment

Number of treatment days −0.00 0.08 0.987 0.999 (0.848–1.176)

FSH level [IU/L] −0.14 0.10 0.178 0.872 (0.867–1.577)

LH level [IU/L] −0.12 0.15 0.408 0.886 (0.636–1.669)

E2 level [ng/L] −0.03 0.02 0.122 0.969 (0.909–1.010)

On the day of hCG injection

E2 level [ng/L] 0.00 0.00 <0.001* 1.000 (1.000–1.000)

LH level [IU/L] −0.39 0.19 0.051 0.685 (0.551–1.467)

Pg level [ng/L] 1.02 0.34 0.002* 2.773 (0.510–3.370)

Total number of follicles 0.17 0.03 <0.001* 1.185 (1.027–1.230)

Number of oocytes 0.23 0.04 <0.001* 1.254 (0.894–1.472)

Number of MII oocytes 0.21 0.04 <0.001* 1.238 (0.747–1.217)

*statistically significant; OR – odds ratio; 95% CI – 95% confidence interval; OHSS – ovarian 
hyperstimulation syndrome; BMI – body mass index; AFC – antral follicle count; E2 – estradiol; 
FSH – follicle stimulating hormone; Gn – gonadotropin; hCG – human chorionic gonadotropin; 
LH – luteinizing hormone; Pg – progesterone.
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in high-risk women.2,5,6 Severe OHSS is life-threatening 
and could lead to hospitalization in 0.1–2% of IVF cases.15,16 
Although the pathogenesis of OHSS is still unclear, VEGF, 
renin-angiotensin system and other cytokines may be in-
volved. It is now recognized that hCG exposure is a risk 
factor for OHSS. During controlled ovarian stimulation 
(COS), injection of hCG induces follicular maturation 
and stimulates LH to  the  peak level. However, a  high 
concentration of exogenous hCG exposure is considered 
to be a key factor in the onset of early OHSS, whereas late 
OHSS is mainly associated with endogenous hCG pro-
duced by corpus luteum.17,18 Currently, there is lack of ef-
fective clinical treatment for OHSS, but mainly preventive 
measures.

Relationship between ovarian reserve 
and moderate and severe OHSS

Age and AFC are reliable indicators of  ovarian re-
serve function. Our study demonstrated that patients 
at a younger age (less than 30 years) and with higher AFC 
(>24), which indicated that they had better ovarian reserve 
function, had a higher chance of experiencing moderate 
or severe OHSS in COS. These findings were consistent 
with a  report presented at  the 2013 European Society 
of Human Reproduction and Embryology (ESHRE) an-
nual conference that patients with PCOS are at high risk 
for OHSS.19 These patients had multiple antral follicles, 
increased numbers of follicles and high gonadotropin re-
ceptor densities, and therefore became more responsive 
to gonadotropin and subsequently more prone to the oc-
currence of OHSS.

Relationship between the use  
of Gn for COS in IVF cycles 
and the occurrence of OHSS

During COS in women undergoing the IVF-ICSI/ET 
cycle, in order to select more dominant follicles, the use 
of exogenous Gn, which increases the number of follicles, 
overcomes the inherent selectivity of a single dominant fol-
licle so that multiple follicles can grow and become mature 
or near mature at the same time. In this study, the average 
total dosage of Gn in the OHSS group (1,823.48 ±640.58 IU) 
was 353 IU lower than that in  the  non-OHSS group 
(2,176.08 ±2,176.08 IU), but the duration of the use of Gn 
did not reveal any significant difference. This demon-
strated that patients in the OHSS group have better ovar-
ian reserves: Although they required fewer dosage of Gn, 
more follicles were obtained within the same duration 
of Gn usage as in the non-OHSS group. This suggested 
that pre-COS assessment of the ovarian reserve function 
is important and when appropriate follicles were obtained 
from young PCOS patients, the initial dosage and the du-
ration of Gn usage should be reduced in order to prevent 
the occurrence of OHSS.

Relationship between the total 
number of follicles, E2 and Pg levels, 
the number of oocytes and MII oocytes, 
and the occurrence of OHSS

During an IVF cycle, GnRH-a is used for downregula-
tion to increase the number of follicles obtained. Following 
the use of Gn for a period of time to obtain the dominant 
follicle, exogenous hCG is injected to promote final fol-
licular maturation. Therefore, the total number of  fol-
licles and E2 levels on the day of hCG injection is critical. 
In our study, it was found that the total number of fol-
licles with diameters greater than 12 mm was 22.42 ±6.83 
in the OHSS group, which was significantly more than 
the number in the non-OHSS group (12.31 ±7.30). At our 
center, hCG injection was applied by the number of domi-
nant follicles obtained. As a result, there were not many 
dominant follicles although the total number of follicles 
obtained was higher in the OHSS group and the number 
of days of Gn use were basically the same as in the non-
OHSS group. This increased the probability of OHSS oc-
currence. On the other hand, in this study, the E2 and 
Pg levels and the number of oocytes and MII oocytes 
on the day of hCG injection were significantly different 
between the OHSS and non-OHSS groups. According 
to the multivariate logistic regression analysis, the total 
number of follicles on the day of hCG administration was 
the only predictive factor for the occurrence of OHSS. 
An optimal cut-off value of 17 was determined by the ROC 
curve analysis. In other words, when the total number 
of follicles was greater than 17, the sensitivity and specific-
ity of the model in predicting the occurrence of moderate 

Fig. 1. Receiver operating characteristic (ROC) curve for predicting 
the occurrence of OHSS by the total number of follicles on the day of hCG 
injection
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and severe OHSS were 84.85% and 77.15%, respectively. 
Kwan et al.20 and Aramwit et al.21 reported that the E2 
level and the number of oocytes retrieved can effectively 
predict the occurrence of OHSS. In our study, although 
both E2 levels and the number of oocytes were statisti-
cally different between the OHSS and non-OHSS groups, 
the multivariate logistic regression analysis did not reveal 
them as independent predictive factors. This may possibly 
be because the highest measurable value for the E2 marker 
was set at 4,300 ng/L, requiring dilution for measurement, 
which may have introduced a measurement error. How-
ever, in clinical settings, it is very frequent that the levels 
of E2 and the number of follicles do not match. As for 
the number of oocytes, since it depends on the surgical 
skills of doctors and the condition of the patients, it may 
not fully represent the total number of follicles, especially 
in patients who have difficulty in egg retrieval.

In summary, the multivariate logistic regression analy-
sis revealed that the total number of follicles on the day 
of hCG administration is an independent predictive factor 
for OHSS. These findings could guide clinicians regarding 
the timing and dosage for the use of Gn during COS. When 
the total number of follicles exceeds 17, appropriate mea-
sures including Gn dose reduction, hCG administration 
or GnRH-a injection should be taken, and patients should 
be recommended for embryo cryopreservation to prevent 
the occurrence of OHSS.
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