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ABSTRACT
Objectives: To investigate the ability of Anti-Müllerian hormone (AMH) and estradiol (E2) to predict OHSS in 
women using the GnRH antagonist protocol while undergoing invitro-fertilization (IVF) or intra-cytoplasmic sperm 
injection (ICSI). 
Study design: Retrospective analysis of women who had performed IVF/ICSI at assisted conception unit of Kasr Alainy 
university hospital over a period of 3 years. 
Patients and Methods: Basal serum AMH, estradiol (E2) level on the day of ovulation trigger and OHSS, among various 
other parameters were recorded and analyzed. 
Results: Thirty cases of OHSS (8.54%) were identified. There was no statistical difference in incidence of OHSS among 
age (p=0.976), FSH (p=0.286), LH (p=0.932), TSH (p=0.277), and prolactin (p=0.283), however, AMH (p=0.04), 
BMI (p=0.012), AFC (p< 0.001), and E2 before trigger (p<0.001) were significant. The overall clinical pregnancy rate 
was 27.35 % (n=96). The receiver operator analysis curve had a cut-off value of 4.45ng/ml (80%, sensitivity & 56% 
specificity). The area under the curve (AUC) was 0.661 with 95% confidence interval (CI) (0.548-0.775) (p=0.003). 
While for E2 the cut-off value was 4459 pg/ml with 76.7% sensitivity and 55.7% specificity), AUC 0.673 95% (CI) 
(0.554-0.791) (p=0.002). Combining both AMH ≥ 4.45ng/ml and E2 ≥4459 pg/ml had odds ratio 4.302 (95% CI) (1.795-
10.304), relative risk (RR) 0.891 with 95%CI (0.832-0.954) (p<0.001). 
Conclusion: AMH and serum E2 before trigger are not highly accurate tests alone for the prediction of OHSS. When 
basal serum AMH was ≥4.45ng/ml and E2 ≥ 4459 pg/ml, the patient was at 4 fold increased risk of developing OHSS.
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INTRODUCTION                                                                 

Ovarian hyperstimulation syndrome (OHSS) is a 
complication of ovulation induction treatment in assisted 
reproductive technologies (ART). This iatrogenic 
complication maybe life threatening, and is characterized 
by ovarian enlargement, abdominal distention and ascites. 
In addition to the aforementioned criteria  severe cases 
may suffer from pleural effusion, electrolyte imbalance, 
oliguria, hemoconcentration and thromboembolism1. 

While OHSS may occur spontaneously in ART, it 
has been linked to super-ovulation stimulation cycles 
with moderate to severe forms ranging from 3- 10%, and 
may reach as high as 20 % in the high risk groups2. The 
incidence of hospitalization is 1.8% and the mortality 
rate is low with an estimated incidence at 1:400 000 to 
1:500 0003, 4.

OHSS is more common in younger ages and women in 
which the response is expected to be exaggerated during 
treatment e.g. polycystic ovarian syndrome (PCOS). It 
is also more common in cycles where clinical pregnancy 
occurred, and where human chorionic gonadotropins 
(hCG) used for ovulation trigger and luteal support5.

The etiology of OHSS remains unknown and is a 
subject of great controversy. The prediction of OHSS 
cycles is very difficult given its unknown etiology; 
however E2 levels during the stimulation cycle and the 
number of follicles have been studied with no prevail1. 
The Gonadotropin releasing hormone (GnRH) antagonist 
protocol had offered advantages over the GnRH agonist 
protocol in the prevention of OHSS. This included using 
Gonadotropin releasing hormone agonist (GnRHa) trigger, 
instead of an hCG trigger6.
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Basal levels of AMH shown to be a good OHSS-
predictive with high sensitivity and specificity7, 8.

In the current study, we aimed to investigate the 
ability of AMH and E2 to predict OHSS in women 
using the GnRH antagonist protocol while undergoing 
in-vitro fertilization (IVF) or intra-cytoplasmic sperm 
injection (ICSI).

PATIENTS AND METHODS                                      

This retrospective analysis was conducted on patients 
who had performed IVF/ICSI at assisted conception unit 
of Kasr Alainy university hospital in the period  from 
January 2013 and January 2016. The study protocol was 
approved by the ethical committee. Besides, informed 
consents obtained from all of our patients to use their 
clinical data for scientific research.

The age of the women ranged from 20 -38 years, 
underwent IVF/ICSI. The gonadotropin (GnRh) antagonist 
protocol was used for ovulation induction. 

Patients were excluded from the study if they had an 
AMH level < 1ng/ml, antral follicle count (AFC) < 14, or 
had a prolactin or thyroid abnormality.

Data concerning age, BMI, basal serum follicle 
stimulating hormone (FSH), luteinizing hormone (LH), 
AFC, basal serum AMH, estradiol (E2) level on the day 
of ovulation trigger, primary or secondary infertility, type 
of trigger, whether or not coasting was done, number 
of oocytes retrieved, number of embryos transferred, 
whether or not fresh embryo transfer was done (ET) and 
clinical pregnancy were all recorded. 

In our center, the ovulation triggers included either 
human chorionic gonadotropin (hCG) 10000 IU 
(Choriomon, IBSA, Institut Biochimique SA) or triptorelin 
0.1 S.C (Decapeptil®, Ferring Pharmaceuticals).

Coasting was considered done when HMG was 
withheld ≥1 day before ovulation trigger. OHSS was 
recorded when a case underwent transvaginal aspiration 
of ascitic fluid at least once, which included moderate to 
severe forms of OHSS requiring intervention. We were not 
interested in milder forms, as most mild forms are treated 
conservatively in the outpatient clinic, which made it 
difficult to extract from retrospective data.

Data was statistically described in terms of mean ± 
standard deviation (±SD), or frequencies (number of 
cases) and percentages when appropriate. Comparison 
of numerical variables was done using Student t test. 
Chi-square test was used to compare categorical data. 
Receiver operating characteristic (ROC) curve was used 
to determine a cut-off value for predicting an OHSS event 
requiring ascitic tapping. A two-tailed P value <0.05 

was considered statistically significant. All statistical 
calculations were done using computer program SPSS 
(Statistical Package for the Social Science; SPSS Inc., 
Chicago, IL, USA) release 20 for Microsoft Windows 
(2006). 

RESULTS                                                                                

A total of 351 cases met the inclusion criteria. 
Thirty cases of OHSS (8.54%) were identified in 
that time period, all of which required trans-vaginal 
tapping of ascitic fluid. Table-1 shows some of the 
population characteristics included in the data analysis 
between the groups that experienced OHSS compared 
to those that didn’t. There was no statistical difference 
in age (p=0.976), FSH (p=0.286), LH (p=0.932), 
TSH (p=0.277), and prolactin (p=0.283). However, 
a statistically significant difference was revealed 
between the two groups in the level of AMH (p=0.04), 
BMI (p=0.012), AFC (p< 0.001) and E2 before trigger 
(p<0.001).

Table 2 shows the difference in some of the clinical 
variables between the studied groups. There was no 
statistical difference in the type of infertility (p=0.464), 
number of oocytes retrieved (p=0.09), number of 
embryos transferred (p=0.879). The overall clinical 
pregnancy rate was 27.35 % (n=96), in the OHSS 
group was 16.7% (n=5) and 28.3% (n=91) in the non 
OHSS group (p=0.170). None of the cases with OHSS 
had a GnRh agonist trigger (p=0.01), or had all their 
embryos frozen in the fresh transfer cycle (p=0.039). 
All of the women with OHSS had hCG trigger that was 
statistically significant (p=0.01).

A receiver operator analysis curve was used to 
determine the value of AMH in predicting an OHSS event 
requiring ascitic tapping. The cut-off value was 4.45ng/ml 
with a sensitivity of 80%, and a specificity of 56%. The 
area under the curve was 0.661 95% confidence interval 
(CI) (0.5480.775-) this is shown in (Fig. 1). Although, the 
value of AUC was statistically significant (p=0.003), it 
corresponds to a poor test. While (Fig. 2) shows another 
ROC curve for the ability of Estradiol before trigger to 
predict an OHSS event requiring ascitic tapping. The 
cut-off value was 4459 pg/ml with a sensitivity of 76.7% 
and a specificity of 55.7%. The area under the curve was 
0.673 95% (CI) (0.554 -0.791). The value of AUC was 
also statistically significant (p=0.002) but nevertheless 
corresponding to a poor test. The cut-off values for 
the ROC curve analysis were chosen to optimize both 
sensitivity and specificity in both graphs.

Table 3 shows the value of combining both AMH ≥ 
4.45ng/ml and E2 ≥4459 pg/ml. The calculated odds ratio 
was 4.302 95%CI (1.795- 10.304), and a relative risk (RR) 
0.891 95%CI (0.832- 0.954) for developing an OHSS event 
requiring ascitic tapping when both these conditions are 
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satisfied. Subsequently, cases with both AMH ≥ 4.45ng/
ml and E2 ≥4459 pg/ml are 4 times at risk of developing 

OHSS requiring intervention compared to other women 
who do not meet these criteria.

Fig. 1: Ability of AMH to predict OHSS. Fig. 2: Ability of E2 before trigger to predict OHSS.

Table 1: Population characteristics and hormone levels 
between cases with OHSS and those without OHSS.

OHSS Requiring 
Tapping No OHSS P value

Number (n) 30 321 -

Age (years) 29.89±3.45 30.02±3.19 0.976

BMI (kg/
m2) 25.67±3.12 30.89±11.28 0.012*

FSH (IU/
ml) 5.27±1.73 5.57±1.46 0.286

LH (IU/ml) 6.51±1.93 6.47±1.97 0.932

AFC (n) 23.03±3.49 20.98±2.51 <0.001*

AMH (ng/
ml) 4.87±1.1 4.32±0.98 0.04*

E2 before 
trigger 
(pg/ml)

5520.5±1561.5 4314.9±935.7 <0.001*

*Statistically significant.

Table 2: Comparison of clinical aspects of cycles in relation 
to OHSS

OHSS 
Requiring 
Tapping

No OHSS P value

Number (n) 30 321 -

Type of infertility 
n (%)

Primary: 
21 (70%)

Secondary: 
9 (30%)

Primary: 
244 (76%) 0.464

Coasting 16 (53.3%) Secondary: 
77 (24%)

0.533

hCG trigger 30 (100%) 190 (59.2%) 0.01*

GnRHa trigger 
trigger none 262 (81.6%) 0.01*

Freeze all 
embryos/no fresh 
transfer n (%)

none 59 (18.4%) 0.039*

Number of oocytes 
retrieved (n) 17.12±4.14 14.89±4.32 0.09

Number of 
embryos 
transferred (n)

3.53±1.05 3.02±1.17 0.879

Clinical 
pregnancy n (%) 5 (16.7%) 91 (28.3%) 0.170

Values are given as mean ± SD, & in numbers (%).
*Statistically significant.

Table 3: Odds and risk ratios for OHSS.

Number Odds ratio Risk ratio P value

AMH >= 4.45 ng/ml & E2_before_trigger>= 4459 
pg/ml 23 (76.7%) 4.302 (1.795-10.304) 0.891 (0.832-

0.954) <0.001*

Values are given as n (%) or ratio (95% CI).
*Statistically significant
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DISCUSSION                                                                  

The main problem with measures preventing OHSS 
is the difficulty in predicting OHSS in individualized 
treatment cycles. A number of patient characters and 
basal ovarian reserve parameters have been investigated 
for their ability to predict OHSS with controversy among 
results. The prevention of OHSS is a multi-step process, 
and its main goal is identifying the risk factors and 
tailoring the induction protocol appropriately according 
to ovarian response during IVF/ICSI cycle9, 10.

Although a higher basal serum AMH and E2 levels 
before trigger were statistically significant finding in 
the OHSS group as shown by the results; a cut-off value 
of 4.45ng/ml for AMH while sensitive for predicting 
OHSS (80%), the accuracy of the test appears poor 66%                        
(as illustrated by the area under the curve). Similarly 
a cut-off value of 4450pg/ml had a sensitivity of 76.7% 
but AUC was also in the range of 67%. Among the most 
important findings was the 4 fold increased odds ratio for 
the development of OHSS when AMH level was 4.45ng/
ml and E2 ≥ 4459 pg/ml. 

The use of basal serum AMH before ovarian 
stimulation has been described for the prediction of 
OHSS. Two large randomized trials revealed that 
AMH is highly predictive of OHSS. A cut-off value of 
AMH levels ~ ≥3.5 ng/ml had high sensitivities and 
specificities11, 12. Lee et al. demonstrated that basal AMH 
and serum E2 on the day of trigger are reliable predictors 
of OHSS with AMH cut-off value of > 3.36 ng/mL, with 
sensitivity of 90.5% and specificity of 81.3%. The odds 
ratio for AMH alone was 1.7856, (P= 0.0003) and for E2 
was 1.0005, (P= 0.0455). 

No precise cut-off level for E2 during stimulation 
has been agreed upon by consensus5. Normally, a high 
or rapidly rising E2 on the day of trigger is a predictor of 
OHSS13. However, other studies revealed that high serum 
level of E2 alone is a poor predictor of OHSS13- 15. 

In this study, coasting was not a significant finding 
in the development of OHSS and none of the cases 
that developed OHSS had GnRHa trigger, or had all 
their embryos frozen (no fresh ET). A Cochrane review 
suggested that coasting had no benefit in regards to the 
development OHSS which was in agreement with our 
results16. On the contrary, some researchers found that 
coasting decreases the incidence of OHSS for women at 
risk15- 19. 

None of our cases that developed OHSS had a 
GnRHa-trigger, consistent with the studies by Decleer                                    
et al20 and Humaidan et al21 and Kol et al22. Griesinger     
et al23 obtained a reduced incidence of mild and moderate 
OHSS using a GnRHa-trigger, and only one cases out of 
1924 women had an OHSS event.

Cryopreservation of all the embryos has been a 
strategy employed to reduce the risk of OHSS by 
resolving early OHSS and preventing late onset OHSS 
which is pregnancy related. In this study, no incidence 
of OHSS was obtained with the “freeze all” policy. 
This technique has proven effective in reducing but 
not completely eliminating the risk of OHSS without 
affecting the pregnancy rate24 -28. In the Netherlands, a 
retrospective review of deaths related to IVF revealed 
three women died after cryopreservation of all embryos 
due to severe early-onset OHSS29.

BMI was significantly lower in the OHSS group. 
Other Studies investigated the value of low BMI (low 
body weight) in the prediction of OHSS with reported 
contradictory results. Currently BMI is not a useful 
marker for prediction of OHSS11, 30. Similarly AFC while 
significant in the OHSS group, no cut-off value could 
be obtained (non-significant ROC analysis). Kwee et 
al, obtained a cut-off value of AFC >14 with sensitivity              
(82 %) and specificity (89 %) for predicting ovarian 
hyper response31. This value for AFC while predicts hyper 
response, it can be hardly used in clinical application as 
it would mean all patients with normal AFC or higher                
are eligible for OHSS.

Limitations of the study

Limitation of this work included its retrospective 
nature, besides, non-reporting of the mild and moderate 
forms of OHSS, which didn't require tapping.  Thus, 
they were difficult to extrapolate from, retrospective 
data. 

Since, AMH and E2 levels may have been analyzed 
in different labs, sotheir standardization  couldn’t be 
done. Patients with predicted normal response to 
ovarian hyper-stimulation were not assessed, as all 
the women included in the analysis were already at 
higher risk for OHSS (as shown by high mean AMH, 
AFC) and they were prescribed antagonist protocol 
accordingly. 

Furthermore, PCOS could not be analyzed as a risk 
factor for OHSS from retrospective data, as the data for 
its diagnostic criteria may be missing from the patient                
files (androgen profile).

CONCLUSION                                                            

Although AMH and serum E2 before trigger are 
significant factors in the prediction of OHSS, they 
are not highly accurate tests alone for its prediction. 
When basal serum AMH was ≥4.45ng/ml and E2 ≥ 
4459 pg/ml the patient was at 4 fold increased risk of 
developing OHSS. Randomized controlled studies are 
recommended to assess the value of these parameters 
and develop other test to predict OHSS.
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