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INTRODUCTION 

Ovarian hyperstimulation syndrome (OHSS) is a rare but 

serious complication of controlled ovarian stimulation 

(COS) during assisted reproductive technology (ART) 

treatments.1 COS drives the simultaneous development of 

multiple follicles, substantially increasing oocyte yield but 

also the risk of an exaggerated systemic response.2 

Severity is classified into four grades, namely mild, 

moderate, severe, and critical, based on clinical, 

sonographic, and laboratory parameters.3-5 
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The overall incidence of OHSS varies across studies. 

Moderate OHSS is reported in 3-6% of ART cycles, while 

severe OHSS occurs in 0.1-2%.6 Established pre-treatment 

risk factors include a previous history of OHSS, polycystic 

ovarian syndrome (PCOS), now termed polycystic 

metabolic ovarian syndrome (PMOS), as well as young 

age, low body weight, and elevated anti-Müllerian 

hormone (AMH) levels.2,7-12 During stimulation, 

controlled ovarian hyperstimulation (COH)-related risk 

factors include retrieval of more than 20 oocytes, increased 

follicle number and size, and high serum estradiol (E2) 

concentrations.6,8,13 PCOS is particularly relevant in this 

context, as the condition is associated with a large resting 

follicle pool, exaggerated gonadotropin sensitivity, and 

amplified E2 and AMH responses during stimulation, all 

of which potentiate OHSS risk.7-10 The pathophysiology of 

OHSS involves vascular endothelial growth factor 

(VEGF)-mediated increases in vascular permeability and 

hemoconcentration under the influence of exogenous 

gonadotropins.14,15 Activating mutations in the FSH 

receptor that permit cross-reactivity with human chorionic 

gonadotropin (hCG) have also been implicated in a subset 

of cases.16 

There is a paucity of data from low- and lower-middle-

income countries (LMICs) on OHSS incidence and its 

biochemical predictors in women undergoing IVF.17 

Pakistan represents such a setting, where sociocultural, 

economic, and religious barriers significantly limit ART 

access and utilization, resulting in small patient volumes 

and limited institutional experience with high-risk ovarian 

stimulation. PCOS prevalence is substantial in South 

Asian populations, making this population particularly 

susceptible to OHSS during IVF, yet data characterizing 

the biochemical risk profile of OHSS in this specific 

population remain extremely limited.8,9 The primary 

objective of this study was to identify biochemical 

predictors of OHSS and describe its clinical outcomes in 

women undergoing IVF at a tertiary fertility center in 

Khyber-Pakhtunkhwa, Pakistan. 

METHODS 

We conducted a retrospective cohort study analyzing the 

medical records of 316 infertile women treated at the 

Center for Reproductive Medicine, Peshawar General 

Hospital, Peshawar, Pakistan, from December 2023 to 

December 2024. The study was approved by the 

Institutional Ethics Committee of Peshawar General 

Hospital, and all data were anonymized prior to analysis in 

accordance with the declaration of Helsinki.18 This study 

was reported in accordance with the STROBE guidelines 

for observational studies.19 

Inclusion criteria were all female patients who underwent 

at least one complete IVF cycle at the center during the 

study period. Exclusion criteria were: incomplete medical 

records with missing primary outcome data; patients who 

withdrew from treatment before oocyte retrieval; and and 

cycles cancelled prior to trigger due to poor ovarian 

response. Data were collected by convenience sampling. 

Ovarian stimulation was performed using a standard 

ovarian stimulation protocol. Gonadotropin type and 

starting dose were individualized based on patient age, 

BMI, AFC, and AMH levels. Final oocyte maturation was 

triggered with hCG alpha 250 µg, administered when the 

leading follicle reached a mean diameter of 18 mm on 

transvaginal ultrasound. Oocyte retrieval was performed 

34-36 hours after trigger under ultrasound guidance.  

Data extracted from records included patient 

characteristics (age, BMI, parity, occupation, education 

level, area of residence), medical and obstetric history, 

infertility diagnosis, duration of infertility, number of prior 

IVF attempts, and cycle outcomes. Biochemical variables 

collected included serum AMH levels, peak serum E2 on 

the day of trigger, antral follicular count (AFC) on baseline 

transvaginal ultrasound, total number of oocytes retrieved, 

and maximum follicular diameter at time of trigger. 

Estradiol levels were recorded in ng/ml as per the 

laboratory reporting format at this center. 

OHSS was classified according to the Golan and 

Weissman (2009) criteria: mild OHSS was defined as 

bilateral ovarian enlargement with multiple follicular cysts 

up to 8 cm, with abdominal bloating and mild pain; 

moderate OHSS shared these features with additional 

sonographic ascites; severe OHSS was defined by ovarian 

cysts >12 cm, clinical ascites with or without hydrothorax, 

hemoconcentration (hematocrit >45%), oliguria (<300 

ml/day), and electrolyte disturbances; and critical OHSS 

required hematocrit >55%, white cell count >25,000/ml, 

oliguria/anuria, creatinine ≥1.6 mg/dl, or acute respiratory 

distress syndrome.3,4,5 

Statistical analysis was performed using IBM SPSS 

statistics version 26. Continuous variables were expressed 

as mean (standard deviation not available from records; 

see limitations) and described separately for the OHSS and 

non-OHSS groups; formal inferential comparison between 

groups was not possible given the absence of standard 

deviations. Categorical variables were expressed as 

frequencies and percentages; no formal inferential 

comparison of categorical variables between groups was 

performed. Univariate binary logistic regression was 

planned to quantify the independent predictive association 

of each biochemical marker (AFC, AMH, estradiol, 

oocytes retrieved) with OHSS development; however, this 

analysis could not be completed due to missing standard 

deviations and variable-level data (see limitations). Cases 

with missing primary outcome data were excluded from 

analysis. 

RESULTS 

A total of 316 women underwent IVF during the study 

period and met inclusion criteria. The mean age of the 

cohort was 32.21±4.85 years and mean BMI was 
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27.42±1.71 kg/m². The mean duration of infertility post-

marriage was 6.27±2.63 years, and the mean number of 

prior IVF attempts was 1.03±0.175, indicating the vast 

majority were undergoing their first IVF cycle. Most 

patients resided in urban settings (town or city: 91.4%; 

village: 8.5%). Regarding educational attainment, 51.2% 

held a bachelor’s degree, 21.8% had completed higher 

secondary education, 14.2% held a master’s degree, 12.6% 

had secondary education, and none had only primary-level 

education. Most patients were unemployed (65.8%). A 

history of PCOS was present in 220 patients (69.6% of the 

total cohort). No patient had a prior history of OHSS. 

Table 1: Social demographics and medical history of 

total patients.  

Variables Mean±SD/percentage 

Age (years) 32.21±4.85) 

BMI (kg/m2) 27.42±1.71 

Duration of infertility 

post marriage (years) 
6.266±2.63 

No of IVF attempts 1.03±0.175 

Occupation 
Unemployed 65.8 

Employed 34.2 

Education level 

Primary 0.0  

Secondary 12.6 

Higher secondary 21.8 

Bachelors 51.2 

Masters 14.2 

Residency 
Village 8.54 

Town/city 91.4 

History of PCOS N=220 69.62 

History of OHSS N=0 0.0 

Of the 316 patients, 16 (5.06%) developed OHSS. PCOS 

was identified as a contributing risk factor in all 16 OHSS 

patients. Notably, despite a 69.6% PCOS prevalence in the 

overall cohort, OHSS occurred in only 5.06% of all 

patients, underscoring the role of additional biochemical 

markers in discriminating which PCOS patients are at 

highest risk. Among the 16 OHSS cases, no patient had 

mild OHSS; 4 (25.0%) had moderate, 10 (62.5%) had 

severe, and 2 (12.5%) had critical OHSS. Recovery from 

OHSS occurred within 7-10 days. The predominance of 

severe and critical cases likely reflects the use of standard 

hCG triggering in all patients and the absence of routine 

prophylactic OHSS protocols at this center. 

Comparison of laboratory characteristics between OHSS 

(n=16) and non-OHSS (n=300) patients is summarized in 

Tables 2 and 3. On descriptive comparison, mean AFC was 

24 in OHSS patients versus 13 in non-OHSS patients. 

Mean AMH was 6.5 ng/ml in the OHSS group versus 3.4 

ng/ml in non-OHSS patients. Mean peak serum estradiol 

was 35 ng/ml in the OHSS group versus 18 ng/ml in non-

OHSS patients. The mean number of oocytes retrieved was 

15 in the OHSS group versus 9 in non-OHSS patients. The 

mean diameter of the leading follicle at trigger was 18 mm 

in both groups, and hCG alpha 250 µg was used as the 

trigger in all patients. Standard deviations and inferential 

p values were not available from records; these differences 

are reported descriptively only. 

Table 2: Severity and laboratory characteristics of 

OHSS patients (n=16). 

Variables N/mean 

Mild OHSS N=0 

Moderate OHSS N=4 

Severe OHSS N=10 

Critical OHSS N=2 

Antral follicular count Mean=24 

Anti-müllerian hormone levels Mean=6.5 ng/ml 

Estradiol levels Mean=35 ng/ml 

Average size of mature follicle at 

time of trigger 
18 mm 

Trigger for final maturation was 

induced by hCG alpha 
250 µg 

Average time of recovery from 

OHSS 
7-10 days 

Number of oocytes retrieved > Mean=15 

Table 3: Laboratory characteristics of non-OHSS 

patients post IVF (n=300). 

Variables N/mean 

Antral follicular count Mean=13 

Anti-müllerian hormone levels Mean=3.4 ng/ml 

Estradiol levels Mean=18 ng/ml 

Average size of mature follicle 

at time of trigger 
18 mm 

Trigger for final maturation 

was induced by hCG alpha 
250 µg 

Number of oocytes retrieved > Mean=9 

 

Figure 1: Comparison of biochemical markers in 

OHSS positive versus negative patients. 

The four markers, namely AFC, AMH, peak serum 

estradiol, and total oocytes retrieved, demonstrated the 

largest descriptive differences between groups and 

represent the strongest candidates for formal regression-

based predictor analysis in future prospective studies with 

complete data. 
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Regarding embryo transfer strategy and reproductive 

outcomes, frozen embryo transfer (FET) was performed in 

13 of 16 OHSS patients (81.25%). A total of 9 of 16 OHSS 

patients (56.25%) achieved a live birth (take-home baby), 

all following FET. Of the 9 live births, 7 occurred in 

patients with severe OHSS and 2 in patients with moderate 

OHSS. No live births were recorded in the 2 patients with 

critical OHSS, though the small number precludes firm 

conclusions. Remaining cryopreserved embryos were 

retained for future ART use. Outcomes of the 7 OHSS 

patients who did not achieve a live birth were not available 

from records. No thromboembolic events or maternal 

deaths were recorded during the study period. 

DISCUSSION 

This retrospective cohort study from Khyber-

Pakhtunkhwa, Pakistan, contributes data on OHSS in a 

PCOS-predominant IVF cohort from an LMIC setting, 

where such data remain scarce. The biochemical markers 

most strongly associated with OHSS in our cohort, 

specifically AFC, AMH, peak serum estradiol, and total 

oocyte yield, are consistent with those identified in studies 

from higher-income settings, suggesting broadly similar 

risk factor profiles across contexts, though formal cross-

setting comparisons were not within the scope of this 

study.20 

The overall OHSS incidence of 5.06% in our cohort 

represents all-severity cases and falls within the 1-10% 

range reported for total OHSS incidence globally.6,21,22 

This rate should not be compared directly with severity-

specific benchmarks: globally, moderate OHSS occurs in 

3-6% and severe OHSS in 0.1-2% of ART cycles.6 The 

high proportion of severe (62.5%) and critical (12.5%) 

cases within our OHSS cohort is clinically notable. A key 

contributing factor was the universal use of hCG alpha 250 

µg as the trigger agent in all patients. In a cohort where 

69.6% had PCOS, a condition strongly associated with 

exaggerated ovarian response, the continued use of 

standard hCG triggering rather than a GnRH agonist 

trigger is among the most modifiable risk factors in this 

dataset. GnRH agonist triggering in GnRH antagonist 

cycles substantially reduces the risk of severe OHSS by 

producing a physiological LH surge of limited duration, 

avoiding the prolonged luteotropic stimulus of exogenous 

hCG; this approach is most applicable in GnRH antagonist 

IVF protocols.23,24 The absence of this strategy in a high-

risk PCOS cohort likely accounts substantially for the 

severe and critical OHSS distribution observed. 

Furthermore, the high PCOS burden in the overall cohort 

(69.6%) yet OHSS rate of only 5.06% underscores that 

PCOS alone is insufficient to predict OHSS: it is the 

combination of elevated AFC, AMH, estradiol, and oocyte 

yield that identifies the highest-risk patients within a 

PCOS-predominant population.7-10 

The predominance of severe and critical OHSS in this 

cohort highlights the need for proactive risk stratification 

and targeted prevention in LMIC fertility centers. In terms 

of management, the use of frozen embryo transfer (FET) 

in 81.25% of OHSS patients in this cohort is commendable 

and consistent with current evidence supporting elective 

freeze-all strategies to decouple ovarian stimulation from 

embryo implantation, thereby reducing the amplifying 

effect of endogenous HCG from an early pregnancy on an 

already hyper-stimulated ovary.23,25 This practice likely 

contributed to the 56.25% live birth rate achieved despite 

the high severity distribution. However, FET manages 

OHSS once it has occurred; it does not prevent it. The 

primary prevention gap in this cohort was the use of 

standard hCG triggering in all patients. Prophylactic 

strategies that should be incorporated into local protocols 

for high-risk patients (defined by AFC >15, AMH >3.5 

ng/ml, or retrieval of >15 oocytes, per ASRM guideline 

thresholds include: GnRH agonist triggers where a GnRH 

antagonist protocol is employed; prophylactic cabergoline 

0.5 mg daily for 8 days post-trigger, which has 

demonstrated efficacy in reducing moderate-to-severe 

OHSS in Cochrane-level evidence; and individualized 

gonadotropin dosing guided by AFC and AMH from the 

outset of stimulation.23,24,26-29 Comprehensive prevention 

protocols for high-risk patients are detailed in current 

clinical practice guidelines.30 Intravenous albumin has a 

role in secondary prophylaxis at the time of oocyte 

retrieval in very high-risk cases and in management of 

established severe OHSS but is not a primary preventive 

strategy.31 

The descriptive differences between OHSS and non-OHSS 

patients are numerically substantial across all four 

biochemical markers. Mean AFC was nearly double in 

OHSS patients (24 versus 13), consistent with published 

thresholds of AFC ≥14-16 as the upper-risk boundary for 

excessive response.20 Mean AMH was 6.5 ng/ml in OHSS 

patients versus 3.4 ng/ml in non-OHSS patients, a near-

twofold difference corroborating the meta-analytic data of 

Broer et al, who identified AMH as the strongest 

individual predictor of excessive ovarian response, 

consistent with prior evidence.32-34 Mean peak estradiol 

was 35 ng/ml in OHSS patients versus 18 ng/ml in non-

OHSS patients. Mean oocytes retrieved was 15 in the 

OHSS group versus 9 in non-OHSS patients, consistent 

with Asch et al who defined retrieval of >20 oocytes as a 

high-risk threshold.13 These findings corroborate Enskog 

et al, who prospectively demonstrated that elevated AFC 

and estradiol during COH were the strongest markers for 

OHSS development.7 Formal regression analysis in future 

studies would quantify these associations with precision 

and adjust for confounders. 

The 56.25% take-home baby rate in our OHSS cohort, all 

achieved via frozen embryo transfer, is a reassuring 

reproductive outcome given the severity distribution. 

Ganer Herman et al demonstrated that OHSS does not 

preclude satisfactory reproductive outcomes; our findings 

are consistent with this reassurance and support elective 

cryopreservation with deferred FET as an effective 

management strategy in LMIC settings.1 Courbiere et al 

similarly reported acceptable pregnancy rates in OHSS 
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patients managed with FET, supporting the strategy 

employed at this center.35 The absence of thromboembolic 

events or maternal deaths in our cohort, despite 12.5% 

critical OHSS, reflects adequate clinical management of 

the most severe cases, which include thromboembolic 

disease and respiratory compromise as the most feared 

complications.36 

Our cohort profile sheds light on the sociocultural 

landscape of IVF utilization in Khyber-Pakhtunkhwa. 

Despite a relatively educated sample (51.2% held a 

bachelor's degree and 14.2% a master's degree), 65.8% of 

patients were unemployed, reflecting the predominantly 

dependent economic status of women in this region and the 

financial inaccessibility of ART for many infertile couples. 

The small dataset (316 patients over 12 months at a single 

center) itself reflects the limited uptake of ART in this 

population. These findings are consistent with qualitative 

evidence from Pakistan on barriers to ART utilization, 

including financial constraints, social stigma, and limited 

awareness of fertility services.37 While IVF is broadly 

permissible under Islamic jurisprudence when conducted 

within marriage, misinformation and cultural barriers 

persist in conservative communities. Targeted public 

health education and subsidized ART programs may be 

necessary to improve access in this population. 

Several limitations of this study merit consideration. First, 

the retrospective single-center design is susceptible to data 

incompleteness, referral bias, and selection bias; results 

may not be generalizable to the broader Pakistani IVF 

population. Second, the small number of OHSS events 

(n=16) substantially limits statistical power and precludes 

multivariate logistic regression, meaning the influence of 

individual markers cannot be adjusted for confounders; all 

estimates should be interpreted cautiously. Third, standard 

deviations for the biochemical variables were not available 

from records, precluding formal inferential statistical 

comparison between groups; the reported differences are 

descriptive only. Fourth, the specific ovarian stimulation 

protocol (GnRH agonist long versus antagonist) and 

individualized gonadotropin doses were not systematically 

captured from records, representing important 

unstandardized confounders. Fifth, long-term obstetric and 

neonatal outcomes beyond the index live birth were not 

recorded. Sixth, outcomes of the 7 OHSS patients who did 

not achieve a live birth were not available from records, 

representing a data gap in the reproductive outcome 

analysis. 

Despite these limitations, this study provides a 

foundational real-world dataset on OHSS characteristics 

and outcomes from Khyber-Pakhtunkhwa, Pakistan, and 

reports locally observed mean values for AFC, AMH, 

estradiol, and oocyte yield that provide a baseline for risk 

characterization in similar LMIC settings. Prospective 

multicenter studies with standardized stimulation 

protocols, complete laboratory data including standard 

deviations, precise OHSS onset timing, and long-term 

follow-up are needed to build a robust evidence base for 

OHSS prevention and management in Pakistan.38 

CONCLUSION 

This study demonstrates that AFC, AMH, peak serum 

estradiol, and total oocyte yield are the principal 

biochemical markers associated with OHSS in women 

undergoing IVF at a tertiary center in Khyber-

Pakhtunkhwa, Pakistan. PCOS was present in all OHSS 

cases, reinforcing its central role as a predisposing 

condition. The predominance of severe and critical OHSS 

despite the use of FET in 81.25% of affected patients 

reflects the absence of upstream preventive strategies, 

specifically GnRH agonist triggering where antagonist 

protocols are employed and prophylactic cabergoline, and 

highlights the need for their adoption in LMIC fertility 

centers. Future prospective multicenter studies with 

standardized stimulation protocols and complete 

laboratory data are essential to build a robust evidence base 

for OHSS prevention and management in Pakistan and 

similar settings.  
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