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Ovarian hyperstimulation syndrome (OHSS) is a well-known complication of ovarian stimulation. The clinical entity of OHSS has been described in mild, moderate and severe categories depending on the extent of clinical symptoms and signs. Although mild OHSS is relatively common, it is of low clinical relevance. In contrast, severe OHSS is fairly infrequent but is a more serious condition characterised by significant ovarian enlargement, ascites, pleural effusion, oliguria, haemoconcentration, and a tendency to thrombosis. It is a potentially fatal condition requiring prompt hospitalisation for therapy aimed at symptom relief, fluid management to restore plasma volume and renal perfusion, and prevention of thrombosis. Because of the seriousness of this condition, it is important to take steps to prevent it from occurring.


Several preventative strategies have been developed and will be reviewed. However, because the pathophysiology of this condition is not clearly understood, and factors predicting its occurrence have not been identified with confidence, the preventative strategies are not completely effective. Nevertheless, the first approach in prevention is to identify the patient at risk for OHSS before ovarian stimulation is commenced so that careful monitoring can be instituted.

Identification of the at-risk patient


Women with polycystic ovarian syndrome (PCOS) are very vulnerable to developing OHSS because they appear to have a greater sensitivity to gonadotropins (1,2) resulting in the recruitment of large numbers of follicles at varying stages of maturity. The presence of follicles of intermediate maturity and those that are immature is associated with an increased risk of OHSS. Hence, ultrasonography is important for monitoring the response to treatment during ovarian stimulation. It is also important to identify women with polycystic ovaries because they tend to have a brisk response to ovarian stimulation. Increased ovarian volume (3), and increased number of antral follicles and the ‘necklace’ or ‘string of black pearls’ appearance of the ovaries is a negative prognostic sign indicating an increased sensitivity to gonadotropins (4).


Young women and those with lean body mass are also more vulnerable to OHSS, although there is some debate on the prognostic value of these indicators (5). Women with a previous history of OHSS are also at higher risk of developing OHSS in a subsequent treatment cycle; usually because they have one or more of the recognised risk factors as well (6).


Despite taking great care to carefully monitor patients with risk factors, it is well recognised that a good proportion of women who develop OHSS cannot be identified as being at risk before ovarian stimulation is commenced, the condition only becoming apparent once treatment has begun (7).

Method to prevent OHSS

a) Dose of gonadotropin

Although the risk of OHSS is increased with higher doses of gonadotropins administered for ovarian stimulation because a larger pool of follicles is recruited, the relationship is not linear. Consequently, the precise threshold dose of gonadotropin below which the risk of OHSS can be eliminated without diminishing the numbers of mature follicles for oocyte retrieval has not been identified. Women taking a relatively low dose of gonadotropin are still at risk of developing OHSS (7). However, using a low dose stimulation protocol is associated with a lower incidence of OHSS (8). Thus, it is advisable to use a lower starting dose that is minimally effective when risk factors are present.

b) Regimen for gonadotropin stimulation
For ovulation induction in women with PCOS, it is well established that a low  dose and small increments in dose after a period of time (such as one week) has passed with no response is a safe approach. In assisted reproduction (ART) cycles, there have been no comparative studies between a step-up protocol (in which the starting dose is low followed by gradual increases in dose during the cycle depending on the response) and step-down protocol (in which the starting dose is high followed by gradual reductions in dose during the cycle depending on the response).

c) Coasting (withholding gonadotropins)
The principle behind coasting is to decrease the number of small follicles and granulosa cell pool by apoptosis as a result of withholding gonadotropin stimulation. During coasting, estradiol levels initially increase and then fall, suggesting that the dominant follicles are able to continue growing despite a lack of exogenous gonadotropin stimulation, whereas the intermediate-sized follilces undergo atresia. The response to coasting should be monitored by observing the decline in estradiol levels until a safe level is reached. The number of LH/hCG receptors on the remaining granulosa cells is reduced thereby lowering the amount of luteinisation and activation of vasoactive stimulant factors such as VEGF (9).

The hCG trigger for final oocyte maturation and oocyte retrieval can be administered when the estradiol levels have fallen below the threshold of risk, which has yet to be defined but is generally believed to be 3000 pg/ml (6). Several different protocols have been proposed for the estradiol level at which coasting should be commenced with varying degrees of success. Prolonged coasting is associated with lower rates of pregnancy. Measurement of serum FSH levels has been found to be useful in improving the outcome with coasting; with this approach coasting can be discontinued when serum FSH is < 5 IU/L (10).

A systematic review of coasting for the prevention of OHSS was undertaken, but only one trial (out of 13 identified) met the inclusion criteria. Thus, the evidence to date on the efficacy of coasting is inconclusive and further trials are awaited before confident inferences can be drawn on its value.

d) Withholding hCG
Withholding the hCG trigger and abandoning the cycle is very effective in preventing OHSS in cycles with down regulation using gonadotropin releasing hormone (GnRH) agonists. In the absence of GnRH agonists, the risk of spontaneous LH surge is relatively high and requires careful monitoring of the cycle and strict instructions to the couple to avoid intercourse (especially if the faloppian tubes are patent). By withholding hCG, the granulosa cells undergo apoptosis. Also, because luteinisation does not occur, vasoactive substances believed to be necessary for initiating and maintaining OHSS are not released. Although relatively simple, this approach to preventing OHSS is rarely used because the patients have already invested time, effort and finances into the cycle and prefer to consider other alternatives.

e) Early administration of hCG

It has been suggested that the administration of hCG earlier in the cycle, particularly in women with PCOS at risk of OHSS, may be effective (11,12). This approach involves administering hCG when the follicles are < 15 mm in diameter and then subjecting the retrieved oocytes to in vitro maturation and intracytoplasmic injection. Although effective in preventing OHSS, its efficacy has not been evaluated in randomised trials. Also, it is a labour-intensive method that requires specialised laboratory facilities and expertise in in vitro maturation techniques. Consequently, it is not a commonly used method to reduce the risk of OHSS.

f) Cryopreserving all embryos for future transfer
The option of continuing with the cycle until oocyte retrieval and then cryopreserving all the resulting embryos for transfer at a later date has been proposed as an effective strategy to reduce OHSS. It is appealing to patients because the cycle is not cancelled and the rate of pregnancy using thawed embryos is quite high. However, this strategy can only prevent late onset OHSS which is induced by endogenous hCG from the implanting trophoblast of pregnancy. Early onset OHSS is theoretically not affected because this condition is believed to occur in response to the acute effect of exogenously administered hCG as trigger for ovulation (10). Several observational and controlled trials have supported this treatment option (5). However, the only evidence from a randomised controlled trial is in women with estradiol levels > 1500 pg/ml and > 15 oocytes in whom it was observed that pregnancy rates were similar to the control group and OHSS was prevented (13).

Because ovarian quiescence is maintained for at least two weeks after stopping GnRH agonists, the question of whether continuing GnRH agonist treatment in cases of elective cryopreservation has not yet been resolved.

g) Luteal phase support
In cycles with GnRH agonist down regulation, it has been shown in a systematic review that luteal phase support with hCG or progesterone is necessary to optimise pregnancy rates (14). However, the likelihood of OHSS is significantly increased when hCG is administered. Consequently, in women at risk of OHSS, it is prudent to use progesterone for luteal phase support and avoid the use of hCG.

h) GnRH antagonist use
The current availability of GnRH antagonists has provided an option that is more patient-friendly because the duration of gonadotropin stimulation is reduced, the cost of treatment is lower, and pregnancy rates are unaffected compared to using GnRH agonists (15). Furthermore, the risk of OHSS was found to be significantly lower with antagonist use. These observations suggest that GnRH antagonists may become the preferred alternative for ART , especially for women with risk factors for OHSS development.

i) Intravenous albumin
It has been proposed that the marked shift of fluid from the intravascular space to the extravascular space in women with OHSS can be managed by administering albumin intravenously. It is believed to act by both increasing the plasma oncotic pressure and binding the vasoactive factors that act as mediators of OHSS. However, the positive effect on oncotic pressure is likely to be short-lived because of the increase in capillary permeability associated with OHSS. Hence, any benefit from albumin is likely to be limited.

Although a systematic review of randomised trials demonstrated that intravenous albumin is efficacious (16), the evidence from a recent large randomised trial, with many more patients than were included in the systematic review, suggests otherwise. After combining the results from the new trial and those in the systematic review, the conclusion is that there is insufficient evidence to support a role for intravenous albumin in the prevention of OHSS.

j) Hydroxyethyl starch
The concern about the potential for transmission of viruses when administering albumin has led some investigators to consider the use of hydroxyethyl starch solution as a safe, non-biological substitute with comparable physical properties. Evidence from controlled trials have demonstrated a significant reduction in OHSS with hydroxyethyl starch (5). Interestingly, there was no difference in outcome when compared to albumin suggesting that hydroxyethyl starch may be a better alternative that requires further evaluation as a potentially efficacious agent in preventing OHSS because it is safer and cheaper.

k) Corticosteroids
Evidence from two randomised trials of corticosteroid use has produced opposing inferences (6). Further trials are necessary before conclusions can be drawn on the efficacy of corticosteroids in the prevention of OHSS.

l) Follicular aspiration
Aspiration of follicles from one ovary prior to hCG injection has been proposed as a method to reduce the rate of OHSS in high risk women. It is believed to act by causing bleeding into the follicles thereby modifying the intra-ovarian mechanisms responsible for the syndrome. However, the results to date have not provided conclusive evidence in support of this treatment strategy (5,6). Furthermore, its invasive nature and the requirement of two oocyte retrieval procedures in close succession are disadvantages for its use in practice.

m) Ovarian cauterisation
The increased interest in ovarian cauterisation for the treatment of resistant cases of PCOS has spilled over into the field of ART. The results from a few small studies suggest that the risk of OHSS may be reduced (5,6). However, the need to destroy a considerable amount of healthy ovarian tissue and the increased likelihood of developing post-operative pelvic adhesions are serious adverse effects that prevent it from being used in routine practice.

Summary


It is well known that ovarian stimulation is necessary to increase the numbers of oocytes retrieved and thereby result in higher pregnancy rates because more ebmryos can be transferred in ART cycles. However, the consequence of this type of protocol is an increased risk of OHSS that can be serious and life-threatening. Although there is no method that can completely prevent OHSS, it is important to identify women at high risk for developing this syndrome so that preventative strategies can be considered. The use of low doses of gonadotropins , avoidance of hCG support in the luteal phase, and the incorporation of GnRH antagonist in the stimulation regimen are useful and effective methods to reduce the risk of OHSS. Methods such as coasting, elective cryopreservation of all embryos for transfer at a later stage, and other adjuvants await adequate evaluation by randomised trials.

References

1. Raj SG, Berger MJ, Grimes EM, Taymour ML. The use of gonadotrophin for the induction of ovulation in women with polycystic ovarian disease. Fertil Steril 1977;28:1280-1284.

2. Schenker JG, Ezra Y. Complications of assisted reproduction techniques. Fertil Steril 1994;61:411-422.

3. Lass A, Vassilev A, Decosterd G, Warne D, Loumaye E. Relationship of baseline ovarian volume to ovarian response in World Health Organization II anovulatory patients who underwent ovulation induction with gonadotropins. Fertil Steril 2002;78:265-269.

4. Navot D, Bergh PA, Laufer N. Ovarian hyperstimulation syndrome in novel reproductive technologies: prevention and treatment. Fertil Steril 1992;58:249-261.

5. Delvigne A, Rozenberg S. Epidemiology and prevention of ovarian hyperstimulation syndrome (OHSS): a review. Hum Reprod Update 2002;8:559-577.

6. Aboulghar MA, Mansour RT. Ovarian hyperstimulation syndrome: classifications and critical analysis of preventive measures. Hum Reprod Update 2003;9:275-289.

7. Enskog A, Henriksson M, Unander M, Nilsson L, Brannstrom M. Prospective study of the clinical and laboratory parameters of patients in whom ovarian hyperstimulatiom syndrome developed during controlled ovarian hyperstimulation for in vitro fertilization. Fertil Steril 1999;71:808-814.

8. Marci R, Senn A, Dessole A, Loumaye E, De Grandi P, Germond M. A low-dose stimulation protocol using highly purified follicle-stimulating hormone can lead to high pregnancy rates in in vitro fertilization patients with polycystic ovaries who are at risk of a high ovarian response to gonadotropins. Fertil Steril 2001;75:1131-1135.

9. Waldenstrom U, Kahn J, Mark L, Nilsson S. High pregnancy rates and successful prevention of severe ovarian hyperstimulation syndrome by prolonged coasting of very hyperstimulated patients: a multicentre study. Hum Reprod 1999;14:294-297.

10. Al-Shawaf T, Grudzinskas JG. Prevention and treatment of ovarain hyperstimulation syndrome. Best Practice and research Clin Obstet Gynaecol 2003;17:249-261.

11. Trounson A, Wood C, Kausche A. In vitro maturation and the fertilization and developmental competence of oocytes recovered from untreated polycystic ovarian patients. Fertil Steril 1994;62:353-362.

12. Jaroudi K, Hollanders J, Elnour AM, Rocca GM, Altared AM, Coskun S. Embryo development and pregnancies from in vitro matured and fertilized human oocytes. Hum Reprod 1999;14:1749-1751.

13. Ferraretti AP, Gianaroli L, Magli C, Fortini D, Selaman HA, Feliciani E. Elective cryopreservation of all pronucleate embryos in women at risk of OHSS: efficiency and safety. Hum Reprod 1999;1457-1460.

14. Daya S, Gunby J. Cochrane review of luteal phase support in ART. 2004 (submitted).

15. Daya S, Gunby J. Systematic review of gonadotropin releasing hormone agonists and antagonists in ART. 2004 (submitted).

16. Aboulghar M, Evers JH, Al-Inany H. Intravenous albumin for preventing severe ovarian hyperstimulation syndrome: a Cochrane review. Hum Reprod 2002;17:3027-3032.

