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Introduction

Age, polycystic ovary syndrome (PCOS), low body mass index (BMI), high antral follicle count (AFC), increased anti-Muller hormone (AMH) levels, and elevated serum estradiol (E2) concentrations are risk factors for ovarian hyperstimulation syndrome (OHSS). However, data on the relationship between risk factors and OHSS severity in patients with PCOS are rare.



Objective

This retrospective study examined the risk factors for OHSS and their effect on OHSS severity in patients with PCOS undergoing in vitro fertilization (IVF)/intracytoplasmic sperm injection (ICSI).



Method

The records of 2,699 women were reviewed and included in this study. These women were diagnosed with PCOS during their first IVF/ICSI cycle between January 2010 and December 2017. We analyzed the association between each of the interrogated risk factors (including female age, BMI, AFC, basal serum E2, and the number of oocytes retrieved) and OHSS. The effects of each risk factor on OHSS severity were further explored. Logistic regression was performed as part of the above analysis.



Results

Of the 2,699 women with PCOS who underwent assisted reproductive technology (ART), 75.2% had a normal response to controlled ovarian hyperstimulation (COH), while 24.8% developed OHSS. All OHSS patients were younger and had lower BMIs and basal serum follicle-stimulating hormone (FSH) and E2 levels but higher AFCs than those in the normal group. AFC demonstrated a strong correlation with OHSS, with a cutoff value of 24 in patients with PCOS. A total of 19.5% of the patients had mild OHSS, while 80.5% had moderate OHSS. Compared with those in the moderate OHSS group, those in the mild OHSS group were older and had higher basal serum FSH levels and lower serum E2 and T levels. However, BMI and AFC were not different between the mild and moderate OHSS groups. Basal serum E2 showed a strong correlation with OHSS severity, with a cutoff value of 37.94 pg/ml.



Conclusions

AFC is a strong marker of OHSS, and basal serum E2 is the best predictor of OHSS severity in women with PCOS undergoing IVF treatment.
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Introduction

Ovarian hyperstimulation syndrome (OHSS) is a complication that occurs frequently during controlled ovarian stimulation (COH) (1, 2). Moderate-to-severe OHSS occurs in 1%–5% of assisted reproductive technology (ART) cycles (3). OHSS is characterized by bilateral cystic enlargement of highly luteinized ovaries. Secondary complications, such as vascular hyperpermeability, which causes mortality in rare cases (4), as well as hemorrhagic ovarian cysts (5), also characterize OHSS. Because symptoms of the mild form of OHSS might go unnoticed, its morbidity is most likely underestimated. Moderate OHSS clinical manifestations include abdominal distention, nausea, and vomiting, as well as poor appetite. A total of 1.9% of patients are hospitalized because of effects that include hepatorenal failure, acute respiratory distress syndrome, hemorrhage from ovarian rupture, and thromboembolism. Severe OHSS cases may even result in death.

Previous studies have shown that polycystic ovary syndrome (PCOS), a history of OHSS, young age, low body mass index (BMI), and a high antral follicle count (AFC) might lead to OHSS. Other risk factors include a history of allergies, high levels of anti-Muller hormone (AMH), high doses of gonadotropins, and high serum E2 levels (6, 7). Following increases in human chorionic gonadotropin (HCG) in IVF/ICSI cycles, high serum E2 levels produced by ovarian follicles may cause over production of vascular endothelial growth factor (VEGF) and inflammatory factors (8, 9). Excessive VEGF and inflammatory factors cause dilatation of the vascular endothelium, which could cause a massive shift of body fluids into the interstitial space. PCOS is a common endocrine disorder, with a prevalence of 5%–8% in women of reproductive age (10–12), and it is a critical risk factor for OHSS. Patients with PCOS are characterized by hyperandrogenism, anovulation, and polycystic ovaries. Ovulation induction is a mainstay treatment for PCOS. Women with PCOS usually have higher AFCs and AMH and serum E2 levels. Due to the high sensitivity of polycystic ovaries to COH, controlling COH in patients with PCOS is difficult, and thus, COH may result in OHSS. A systematic review found an odds ratio of 6.8 for the development of OHSS with polycystic ovarian morphology (PCO) (13). OHSS has adverse effects on oocyte quality, embryo quality, and success (14–16). However, it remains controversial.

The current literature indicates that AMH values >3.4 ng/ml, AFC >24, and estradiol values >3,500 pg/ml are particularly associated with an increased risk of OHSS in patients undergoing fertility treatment (3, 17). However, the above indicators do not offer any further refinement or indications of the severity of OHSS. Previous studies have evaluated the risk factors for OHSS in the whole population being treated for infertility, especially non-polycystic ovary syndrome (NPCOS) patients, but the risk factors for OHSS in PCOS patients are still unclear. This retrospective study examines the risk factors for OHSS and their effect on OHSS severity in patients with PCOS undergoing IVF/ICSI treatment, which may help clinicians advance the management of patients with PCOS prevent the occurance of OHSS.



Materials and Methods


Study Design and Patients

A total of 50,518 records of female patients were reviewed in this study. A total of 2,699 women who attended the Center for Reproductive Medicine, The First Affiliated Hospital of Zhengzhou University from January 2010 to December 2017 were included (Supplement Figure 1). The participants had undergone the first in vitro fertilization (IVF)/intracytoplasmic sperm injection-embryo transfer (ICSI-ET) cycles using long agonist protocols and were diagnosed with PCOS based on the 2003 Rotterdam criteria. The diagnosis was based on at least two of the following three criteria: 1) Oligo/anovulation; 2) Clinical and/or biochemical signs of hyperandrogenism; or 3) Polycystic ovaries as well as exclusion of other etiologies (congenital adrenal hyperplasia, androgen-secreting tumors, Cushing’s syndrome) (18). Hyperandrogenism was determined based on the total serum T level. Polycystic ovaries were defined as ≥12 follicles of 2–9 mm in a single ovary or an ovarian volume of >10 cm3 on ultrasonography. Patients who underwent short ovarian stimulation protocols, had basal serum T level of >0.7 ng/ml and had severe systemic diseases, such as liver, cardiovascular, or kidney diseases, were excluded. Other exclusion factors included benign or malignant gynecological tumors (ovarian tumor, endometrial tumor, and cervical cancer), metabolic disorders, chromosomal abnormalities, endometriosis, and congenital uterine malformations.



Grouping Method

Patients with PCOS were divided into two groups based on the presence of OHSS (normal group vs. OHSS group). And the OHSS group was divided into mild OHSS group and moderate OHSS group according to the following criteria.(since we do not have many severe OHSS patients in our center, we don’t discuss here). The diagnosis of OHSS was based on the 2016 published clinical practice guidelines, which highlight moderate abdominal pain, nausea, and vomiting as OHSS symptoms (17). Mild hyperstimulation was defined as bilateral ovarian enlargement, while moderate hyperstimulation was identified based on documentation of patient discomfort, bloating, ascites or nausea. Ascites (or pleural fluid), oliguria (<300 ml/d or <30 ml/h), hematopoietic cell transplantation (HCT)>0.45, hyponatremia (sodium <135 mmol/L), low osmotic pressure (osmotic pressure <282 mmol/L), hyperkalemia (potassium >5 mmol/L), hypoalbuminemia (serum albumin <35 g/L), and ovarian diameter >12 cm have been used to indicate severe condition (19, 20). Ultrasound was also used to confirm and classify OHSS as follows: mild OHSS: ovarian diameter <8 cm; moderate OHSS: ovarian diameter of 8–12 cm. Once a patient was diagnosed with OHSS, all embryos were cryopreserved.



Ovarian Stimulation Protocols

All the included patients used long-acting protocol and they were given a starting dose of 87.5–225 IU human recombination follicle stimulating hormone (rFSH). Ovulation was induced using gonadotropin (Gn), and the dose was adjusted in a timely manner depending on the number, size, and growth of follicles. The clinician determined the increase or decrease based on hormone levels and follicular development. HCG injection depended on the size of one primary follicle (≥20 mm), with the diameter of the other follicle being ≥18 mm or more than 2/3 of the follicles having a follicle diameter ≥14 mm. The patient’s clinical serum E2 levels and follicle condition determined the trigger drug and HCG exposure time. Eggs were retrieved 36–37 h after HCG administration. Conventional IVF or ICSI was performed based on the semen quality and previous fertilization history. In summary, all patients were treated with a gonadotropin releasing hormone (GnRH) agonist protocol to achieve a receptive endometrium for the implantation of embryos. Intramuscular injection of progesterone was used for endometrial transformation. Luteal gel was used for luteal support after transplantation. HCG was not used.



Statistical Methods

R version 3.4.4 (14) and SAS 9.4 (SAS Institute, Cary, NC, USA) were used to analyze the data. The numerical data are presented as the mean with standard deviation (SD), while categorical variables are shown as % (n/N). A t test was used for continuous variables, while the chi-square test was used for categorical variables. We performed logistic regression to explore the effects of each risk factor on OHSS and OHSS severity. The curve fit was used to clarify the relationships between OHSS and antral follicular count and basal follicle stimulating hormone (FSH). The results are reported as adjusted odds ratios (aORs) with 95% confidence intervals (CIs). Two-tailed P<0.05 was considered statistically significant.




Results


Baseline Characteristics

Of the 50,518 ART patients who began treatment between 2010 and 2017, 2,699 who had PCOS were included in the present study. There were 2,030 (75.2%) patients who had a normal response to COH, while 669 (24.8%) developed OHSS in response to COH (Table 1). The women in OHSS group were younger (29.12 ± 3.82 VS 28.60 ± 3.59), had a lower BMI (24.08 ± 3.57 VS 23.72 ± 3.54) as well as a lower basal serum FSH (5.94 ± 1.35 VS 5.59 ± 1.34) and E2 (46.92 ± 33.96 VS 43.99 ± 30.55) levels. On the other hand, OHSS patients showed a higher basal serum PRL (17.15 ± 12.50 VS 17.83 ± 11.30) and AFC (21.54 ± 4.34 VS 23.05 ± 2.60). As hypothesized, age, BMI or AFC were significantly different between the two groups (P = 0.0036; P = 0.0393; P < 0.0001), indicating that they might be important predictors of OHSS. And the basal serum E2 concentration differed from that in previous studies, which indicates that the level of basal serum E2 is predictive of OHSS severity.


Table 1 | Baseline characteristics and hormonal profiles according to ovarian hyperstimulation syndrome (OHSS) status in women with polycystic ovary syndrome (PCOS) undergoing in vitro fertilization (IVF)/intracytoplasmic sperm injection (ICSI).



A total of 128 (19.5%) of the cycles involved mild OHSS, while 527 (80.5%) involved moderate OHSS. The baseline characteristics of the mild and moderate OHSS patients are listed in Table 2. Briefly, the mild OHSS group was older (29.42 ± 3.53 vs 28.41 ± 3.59, P=0.0027) and had a higher basal serum FSH level (5.89 ± 1.42 vs 5.48 ± 1.27, P=0.0026) and lower serum E2 (38.05 ± 30.90 vs 45.40 ± 29.61, P<0.0001) and serum T (0.34 ± 0.14 vs 0.38 ± 0.14, P=0.01) levels. Compared with mild OHSS patients, moderate OHSS patients were mostly treated with the follicular phase long-acting protocol (388/527, 73.62%). However, there was no difference in OHSS-related risk factors, such as BMI. In addition, there was no significant difference in the type of infertility or fertilization treatment between the mild OHSS and moderate OHSS groups.


Table 2 | Baseline characteristics and hormonal profiles according to ovarian hyperstimulation syndrome (OHSS) severity in women with polycystic ovary syndrome (PCOS) undergoing in vitro fertilization (IVF)/intracytoplasmic sperm injection (ICSI).





Ovarian Induction Characteristics

Compared with the normal group, the OHSS group was associated with fewer starting dosages of Gn, a longer length of stimulation, more retrieved oocytes, a lower MII oocyte rate, and fewer good-quality embryos, as shown in Table 3. We further analyzed the above indicators by comparing them between the mild and moderate OHSS groups (Table 4). The mild OHSS patients were associated with more starting dosages of Gn (117.77 ± 25.90 vs 110.39 ± 21.12, P=0.0003), a shorter length of stimulation (13.66 ± 3.14 vs 14.22 ± 2.94, P=0.0258), fewer retrieved oocytes (19.40 ± 6.29 vs 23.65 ± 7.94, P<0.0001), a lower MII oocyte rate (46.61 ± 43.10 vs 64.60 ± 36.94, P=0.0002), and a higher rate of good-quality embryos (53.91 ± 22.77 vs 47.90 ± 21.74, P=0.0057).


Table 3 | Ovarian stimulation characteristics according to ovarian hyperstimulation syndrome (OHSS) severity in women with polycystic ovary syndrome (PCOS) undergoing in vitro fertilization (IVF)/intracytoplasmic sperm injection (ICSI).




Table 4 | Ovarian stimulation characteristics according to ovarian hyperstimulation syndrome (OHSS) severity in women with polycystic ovary syndrome (PCOS) undergoing in vitro fertilization (IVF)/intracytoplasmic sperm injection (ICSI).





Hormone Level and Ovary Size During Controlled Ovarian Stimulation

The mild OHSS group had a smaller ovarian volume before and after HCG trigger (P<0.0001, left ovary size on HCG was 5.38 ± 0.85 vs 5.86 ± 0.95, P<0.0001, right ovary size on HCG was 5.89 ± 0.95 vs 6.38 ± 0.91; P<0.0001, left ovary size on HCG+3 7.00 ± 0.68 vs 8.55 ± 1.13, P<0.0001, right ovary size on HCG+3 7.04 ± 0.62 vs 8.80 ± 1.08). The moderate OHSS group had a much higher serum E2 level (P=0.0008, 2026.29 ± 730.84 vs 1790.31 ± 693.25) and thicker endometrium on HCG+3 (P=0.0386, 11.88 ± 2.21 vs 11.43 ± 2.15), as shown in Table 5. Meanwhile, there was a significant difference in the number of women with uterine effusion and cystocele on HCG+3 (P=0.00129, 23 vs 171) between the mild OHSS and moderate OHSS groups.


Table 5 | Hormone level and ovary size during controlled ovarian stimulation.





Factors Associated With OHSS and OHSS Severity in Women With PCOS

Logistic regression analysis, incorporating conventional markers such as age, BMI, baseline hormone levels and AFC in the model, showed that only baseline hormone levels (FSH, E2, PRL, and LH) and AFC were significantly predictive of OHSS (Table 6). Among the patients with values less than the median values of the reference groups, the median values for FSH, E2, PRL, and LH were 5.74, 38.65, 14.95, and 7.02, respectively. Among all the variables analyzed, AFC was the best predictor of OHSS (OR [95% CI]: 1.87(1.51–2.32)), and the median AFC was 24 (Supplement Figure 2).


Table 6 | Logistic regression analysis for OHSS.



Table 7 shows a logistic regression analysis for OHSS severity. The basal serum FSH, E2, and T levels and AFC were significant predictors. Although these baseline hormone levels were equally predictive of OHSS severity, their ability to discriminate subjects who had a potential risk of OHSS severity was only of a modest degree (FSH (OR [95% CI]: 0.71(0.47–1.08)), E2 (OR [95% CI]: 1.61(1.04–2.47)), T (OR [95% CI]: 1.15(0.74–1.79)). Among the patients with values less than the median values of the reference groups, the median values for FSH, E2 and T were 5.49, 37.94, and 0.37, respectively. In addition, AFC was another predictive factor of OHSS severity (OR [95% CI]: 1.30 (0.80–2.10)), and the median AFC was also 24. Among all the variables analyzed, the basal serum E2 level was the best predictor of OHSS severity.


Table 7 | Logistic regression analysis for ovarian hyperstimulation syndrome (OHSS) severity.






Discussion

Our study retrospectively analyzed 2,699 infertile women with PCOS who underwent their first ovarian stimulation cycles. During ovarian stimulation, PCOS patients with OHSS were younger and had lower BMIs, higher AFCs, and lower levels of basal serum FSH and E2. Moreover, PCOS patients with OHSS had more retrieved oocytes, a lower rate of MII oocytes and a lower rate of good-quality embryos. Only the AFC and basal serum levels of FSH and E2 were significantly correlated with OHSS. These results suggested that the AFC is the most important risk factor for OHSS in women with PCOS.

To further investigate the risk factors affecting OHSS severity, mild and moderate OHSS patients were compared. Compared with the moderate OHSS group, the mild OHSS group was older and had higher basal serum FSH and lower serum E2 and T levels. However, BMI and AFC were not different between the groups. Otherwise, the mild OHSS group had more starting doses of Gn, a shorter length of stimulation, fewer retrieved oocytes, a lower MII oocyte rate, and a greater number of good-quality embryos. As risk factors for OHSS, FSH, E2, and AFC were also significantly correlated with OHSS severity. The basal serum E2 level demonstrated the best correlation among them.


Female Age and OHSS

Female age is a major factor influencing fertility. Increases in age reduce the reproductive capacity of women due to a reduced ovarian reserve, poor oocyte quality, and an increased prevalence of embryonic aneuploidy (21–23). Moreover, this study shows that age may also be used to assess the risk of OHSS and OHSS severity. Young women with high AFCs, high serum E2 levels and a high number of retrieved oocytes are more susceptible to OHSS. Two prospective studies and five retrospective studies that evaluated the effect of age on OHSS development showed that younger age was indeed a risk factor (24–28). Patient age has predictive significance for the occurrence of moderate-to-severe OHSS. The younger the patients are, the greater the possibility of developing severe OHSS. In our study of patients with PCOS, the OHSS group was younger, but age was not a risk factor for OHSS. The incidence rate of OHSS for patients aged between 25 and 30 years old, compared with those aged ≤ 25 years old, was increased (OR [95% CI]: 1.14(0.85–1.53)), but the severity of OHSS for the same age stratification was decreased (OR [95% CI]: 0.79(0.39–1.60)). This finding was probably because the patients in our study were generally young, which was inconsistent with previous studies.



BMI and OHSS

BMI is another patient characteristic that was considered when assessing the risk of developing OHSS and OHSS severity. The initial Gn dosage for COH was determined based on patient characteristics, including BMI. A prospective observational cohort study showed that women with a BMI of ≥25 kg/m2 had significantly fewer mature oocytes, required a higher total dose of rFSH and had a higher risk of developing severe OHSS (29). However, a cohort study of 262 IVF cycles showed that BMI had no predictive value for OHSS (30). In contrast, our results showed that whereas there was no significant difference in BMI between OHSS patients with PCOS and patients with PCOS but no OHSS, OHSS patients had a lower BMI (23.72 ± 3.54 vs 24.08 ± 3.57). However, patients with mild OHSS and patients with moderate OHSS showed little difference in terms of BMI. Therefore, the influence of BMI on the development of OHSS and OHSS severity require further study.



AFC and OHSS

Markers for ovarian reserve, especially serum AMH and AFC, may also be used to assess the risk of OHSS. The basal serum AMH level correlates well with the antral follicle count ultrasonographic findings (31). Regression analysis resulting from a retrospective study revealed that the AFC (OR, 95% CI; 4.3, 2.7–6.9) was the most important predictor of OHSS among non-polycystic ovary (NPCO) patients undergoing IVF/ICSI (24). In addition, Pelinalso et al. showed that AFC (AUC = 0.74) had moderate accuracy for predicting OHSS (32). Our study highlights that the mean FSH level was significantly lower (P < 0.0001) in women with OHSS than in those without OHSS. In a prospective analysis of 1,012 first ART cycles, the risk of OHSS increased from 2.2% in women with AFC < 24 to 8.6% in those with AFC≥24. Similarly, data from our study showed that the AFC cutoff value for OHSS in patients with PCOS was 24. In addition, AFC ≥24 correlated with an increased risk of moderate-to-severe OHSS. Compared with patients with mild OHSS, patients with moderate OHSS had a higher cutoff value (22.80 ± 2.84 vs 23.13 ± 2.42). Based on the data, our study shows that AFC predicts OHSS. Thus, knowledge of AFC levels is crucial in planning and managing the risks of over response and OHSS.



Basal Serum E2, the Number of Oocytes Retrieved and OHSS

The development of OHSS is almost always accompanied by elevated estradiol (E2) levels, and estrogen has been implicated as a potential etiologic factor, one of the possible reason is that when the estradiol elevated, capillary permeability and the chemical mediators or precursors that augment fluid extravasation increased and thus moderate OHSS developed (33). The results from our study indicate that the level of basal serum E2 is predictive of OHSS, and the differences between the mild OHSS group and the moderate OHSS group have statistical significance (38.05 ± 30.90 vs 45.40 ± 29.61 P<0.001). Therefore, basal serum E2 showed a stronger correlation with OHSS severity and needs further study. A previous study showed that the number of retrieved oocytes is a risk factor for the occurrence of OHSS, and those with very high blood E2 levels and too many oocytes retrieved have an increased incidence of moderate-to-severe OHSS (34). In our study, the number of retrieved oocytes in the OHSS group was higher than that in the normal group (22.96 ± 7.93 vs 15.31 ± 6.84), but the rate of good-quality embryos was lower (49.06 ± 22.13 vs 58.54 ± 27.86). In addition, compared with the mild OHSS group, the moderate OHSS group generally had more oocytes retrieved. These results may help clinicians pay more attention to the basal serum E2 and the number of retrieved oocytes of patients with PCOS, which may prevent the occurance of OHSS.



Strengths and Limitations

Our study revealed that AFCs have the most important impact on the occurrence of OHSS, especially in patients with PCOS. However, our study was conducted retrospectively and only involved a single medical center. In addition, serum AMH was measured in only a few patients, and thus these measurements were not included in this study. Finally, all patients undergoing ovarian induction were treated with a gonadotropin releasing hormone (GnRH) agonist protocol, weakening the generalizability of the findings.

In summary, AFC is an independent risk factor for OHSS in women with PCOS undergoing their first ovarian stimulation cycle. Besides, basal serum E2 is a predictive factor for OHSS severity. Meanwhile, patients with PCOS undergoing IVF/ICSI who are at risk of OHSS can be identified by careful ultrasonography of the ovaries before treatment. AFC >24 specifically is associated with an increased risk of OHSS, and the cutoff value is the same with NPCO patients, which indicates that patients with PCOS do not need the use of GnRH agonist cycles with low-dose FSH. This strategy will guide cycles of fresh embryo transfer instead of using a freeze-all strategy, improve the rates of live birth and lower the risks of OHSS.



Database

The data were obtained from the ART electronic medical record system (CCRM) at the Reproductive Medicine Center of the First Affiliated Hospital of Zhengzhou University (a tertiary-care teaching hospital, Zhengzhou, China). All medical histories, ART treatment processes and the outcomes of every cycle are recorded in the CCRM. The records are validated by the Technical Standard for Human Assisted Reproduction issued by the Chinese Ministry of Health. The surveillance staff consults the patient information and performs quality control periodically.
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