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[bookmark: _Toc387015536]Introduction
The NICE guidelines recommend that a couple who has not conceived after 1 year of unprotected vaginal sexual intercourse should be offered further clinical assessment and investigation (1). This constitutes the definition of subfertility, whose current prevalence is around 15% (2).
In-vitro fertilisation (IVF) and intra-cytoplasmic injection (ICSI) are the increasingly popular modes of assisted reproduction techniques (ART) used for managing infertility. Indeed, in the USA, 1% of total births are now attributable to ART (3) . NICE currently recommends that IVF should be offered to women with unexplained infertility who have not conceived after 2 years of regular unprotected sexual intercourse (1). In IVF, the ovaries are subjected to controlled hyperstimulation with gonadotropins in order to obtain multiple eggs that, following ultrasound-guided retrieval, are fertilized in-vitro / injected with suitable sperm (ICSI) and suitable resultant embryo/s transferred into the uterus. 
The main risks of IVF include ovarian hyperstimulation syndrome (OHSS), bleeding, infection and risks of injury to internal organs during ovum retrieval and multiple pregnancy. OHSS is defined as an exaggerated response to ovulation induction therapy(4) (4), whose pathophysiology involves an increase in capillary permeability resulting in a fluid shift from the intravascular space to extra-vascular third space compartments. This leads to myriad symptoms/signs including nausea, vomiting, haemoconcentration, ascites, pleural effusion, thrombosis and occasionally death. OHSS is usually classified into mild, moderate, severe and critical (5) (Table 1). Mild OHSS is described when patients complain of abdominal bloating, mild abdominal pain and ovarian size is usually ‹8 cm3. Critical OHSS, on the other hand, is diagnosed when there is one of the following features - tense ascites or large hydrothorax, haematocrit ›55%, white cell count ›25,000/ml, oligo/anuria, thromboembolism or acute respiratory distress syndrome (6). Importantly, critical OHSS has been known to cause death and long term morbidity (7). 
Table 1 Classification of OHSS - Borrowed from RCOG Green top guidelines (6)
	Grade
	Symptoms

	Mild OHSS
	Abdominal bloating
Mild abdominal pain
Ovarian size usually ‹8 cm*

	Moderate OHSS
	Moderate abdominal pain
Nausea ± vomiting
Ultrasound evidence of ascites
Ovarian size usually 8–12 cm*

	Severe OHSS
	Clinical ascites (occasionally hydrothorax)
Oliguria
Haemoconcentration haematocrit ›45%
Hypoproteinaemia
Ovarian size usually ›12 cm*

	Critical OHSS
	Tense ascites or large hydrothorax
Haematocrit ›55%
White cell count ›25 000/ml
Oligo/anuria
Thromboembolism
Acute respiratory distress syndrome



Gonadotrophin stimulation also leads to an acceleration of the follicular, and shortening of the luteal phases (8). This can compromise treatment outcome because of premature vaginal bleeding before the corpus luteum can be rescued with the embryonic human chorionic gonadotrophin (hCG) (9). The risk of luteal phase insufficiency is further increased by the use of gonadotropin releasing hormone agonists (GnRH) in the treatment cycle. The downregulated pituitary is unable to maintain the corpora lutea until embryonic hCG rescue occurs during the late luteal phase due to a lack of pulsatile LH secretion (10). For this reason, patients undergoing gonadotropin stimulation for ovulation induction and hyperstimulation for IVF and ICSI cycles and especially those who receive GnRH agonists are routinely given luteal phase hormonal support. 

Luteal support can be provided by administering HCG which stimulates the corpora lutea, but this method has been associated with an increase in the risk of ovarian hyperstimulation syndrome (OHSS) (11). Alternatively, oral progesterone, vaginal progesterone pessaries (VP), progesterone gel or intramuscular progesterone (IMP) can be used as a replacement for luteal function in terms of progestin provision.


[bookmark: _Toc387015537]Pathophysiology of OHSS
It had been over three decades since ovulation has been likened to an inflammatory process (12). Ever since, there has been an active search for various mechanisms and mediators which drive the process. Among these, cytokines have been shown to play a prominent role and it is therefore unsurprising that they have been implicated in the pathophysiology of OHSS. 
OHSS is characterised by enlarged ovaries from stromal oedema with several haemorrhagic follicular and theca-lutein cysts, areas of cortical necrosis, neovascularisation and an acute body fluid shift leading to ascites and pleural effusion resulting from increased capillary permeability and marked peripheral arteriolar vasodilatation. Of particular significance are the inflammatory cytokines which lead to features similar to “vascular leak syndrome”. These mediators are produced by cells in the ovary and high levels have been found in the follicular fluid, ascitic fluid and serum of women with OHSS, with levels returning back to normal once OHSS resolves. The mediators implicated include vascular endothelial growth factor (VEGF), interleukins (IL), IL-1, IL-2, IL-6, IL-8, IL-18, tumour necrosis factor (TNF)- α), prorenin, renin and more recently, anti-Mullerian hormone (13-17). These cytokines are produced, although not exclusively, by the ovary. Their involvement is highlighted by the fact that exogenous VEGF, for example, can cause extravascular fluid shift, haemoconcentration and all the known complications of OHSS (18). Indeed, Abramov et al. showed that VEGF is the major capillary permeability factor in OHSS ascites and adding specific antibodies against VEGF (rhVEGF) can neutralise 70% of the capillary permeability activity (13). Its particular link with OHSS lies with the observation that granulosa cell VEGF expression is enhanced in patients with higher hCG levels (19), as would be anticipated in cases where this gonadotropin is used for ovulation induction or luteal support.
It has been proven that OHSS subsides or fails to develop when oophorectomy (20) is performed and also does not happen in embryo recipients despite their high levels of serum VEGF . This supports the notion that the pathophysiology of OHSS is intricately linked with its ovarian release. In turn, this means that effective luteolysis could potentially prevent OHSS (21, 22). 

The down-regulation of the ovary / luteolysis may be achieved by GnRH agonists (in the long protocol). This although needs cycle cancellation and all the embryos are frozen (23). However, cycle cancellations have profound emotional and financial implications for the couple undergoing treatment. Other current preventative strategies for OHSS include lowering hMG dosage (24), reliance on antagonist cycles (25), using metformin (26), coasting (27), decreasing hCG trigger doses (28) or using a GnRH agonist as a trigger (29). However, many of these have their disadvantages. For example, there are no RCTs investigating the efficacy of coasting on controlling OHSS (30), while metformin is not well tolerated because of its side effects and its effectiveness record is poor (31). GnRH agonist trigger is effective but is associated with a lower live birth rates and ongoing pregnancy rates (32).  By contrast, the use of a GnRH agonist triggers may also  cause early luteolysis and studies have shown decreased implantation rates even with exogenous progesterone (32, 33). Similar problems have been observed when using recombinant LH. Hence, one may postulate that in a super-ovulated ovary, oocyte maturation process is compromised with LH as opposed to with hCG. 
Progesterone, on the other hand, is absolutely essential for implantation and the aim of luteal phase support is either to provide progesterone or to stimulate its intrinsic production. Various progesterone formulations (oral, vaginal and intra-muscular) are available. Oral progesterone undergoes first pass metabolism and thus has a reduced bioavailability (34).  Vaginally administered progesterone (VP) yields lower serum level and so has no systemic benefits whilst intramuscular progesterone (IMP) results in a higher and more sustained plasma concentration which is maintained for a longer duration (34).  

[bookmark: _Toc387015538]Hypothesis 
Women are known to develop secondary amenorrhoea with reduced gonadotrophin levels after prolonged depot Provera administration for contraception (35). We propose that, similarly, following IMP administration, the sustained and significantly elevated plasma progesterone levels may cause a downregulation of the hypothalamo-pituitary-ovarian axis, thus downregulating the ovary, reducing its volume and its output of vasoactive cytokines. 

OHSS is characterised by enlarged ovaries with several corpora lutea with an allied increase in ovarian vascularity (36) and a decrease in ovarian vessel resistance (37) in the luteal phase. By contrast, it is recognised that ovarian volume decreases with pituitary downregulation (38), a phenomenon best predicted by Doppler-based assessment of ovarian artery resistance index (39). It has been proposed that the ovarian volume on the day of hCG trigger may predict OHSS (40) and, as such, ovarian volume assessment is included in the classification of OHSS severity (5) although its true value is in symptoms of ovarian pain and not in the vasoactive cytokine output of the ovaries. We hypothesised that IMP-derived elevated circulatory progesterone levels along with ovarian downregulation could also result in a decrease in ovarian blood flow and an increase in ovarian artery resistance. This change would be associated with a decrease in peak velocity and, if this hypothesis were correct, as for ovarian volume, this would correspond to a clinically apparent decrease in the rate of OHSS rate in this study polpulation.

[bookmark: _Toc387015539]Materials and methods

This was a single site, unblinded, non-crossover, parallel group study randomised controlled clinical trial of injectable compared to vaginal progesterone to determine the risk of OHSS. Ethical approval was obtained from the hospital ethics committee and National Research Ethics Service.  Eligible participants included all women aged 18-40 undergoing IVF/ICSI. They were informed about the trial and provided written informed consent. Exclusion criteria included previous adverse reaction to progesterone, thrombophlebitis, cerebral haemorrhage, severe hepatic dysfunction, undiagnosed vaginal bleeding, breast or genital tract carcinoma and metformin treatment. The study took place in the Leeds Centre for Reproductive Medicine from April 2010 to December 2012. The treatment protocol in the Leeds Centre for Reproductive Medicine is individualised in view of factors that affect outcome including BMI, baseline early follicular phase FSH, AFC and response in previous cycles. The type of treatment protocol (long, short or flare), dose and type of gonadotropin used for stimulation, day of hCG trigger and day for embryo transfer were followed as per normal routine. 

The participants received 100mg of IMP or 400mg of VP for luteal phase support as per their randomisation. Progesterone was started on the day of oocyte retrieval and continued until the day of pregnancy testing (day 14 post- oocyte retrieval) and, if this was positive, the progesterone support was continued until 10 weeks into pregnancy.
Patients were seen at various routine time-points during the course of their IVF cycle: on the day of hCG trigger, day of UDOR (ultrasound directed ovum retrieval), early luteal phase (days 3-5 after UDOR), day of pregnancy test (day 14 post-UDOR) and, if pregnant, the patients were seen again in weeks 7 and 10 of gestation. 

At each visit, the degree of OHSS was evaluated by recording the patient’s symptoms, if any, and the signs, including biophysical and biochemical assessments. The biophysical assessment was by trans-vaginal ultrasound scan where ovarian volume was calculated along with Doppler assessment of the uterine and the ovarian arteries. Uterine and ovarian artery pulsatality indices along with ovarian artery peak systolic velocity (Vmax) blood flow were also recorded. The presence of any free fluid/ascites in the pelvis was also recorded. Blood samples were obtained for hormones and biomarkers including follicle stimulating hormone (FSH), luteinizing hormone (LH), oestradiol (E2), and progesterone (P4). Serum was also frozen at -800c for subsequent planned cytokine assay.

The primary outcome measure was the incidence of mild, moderate or severe OHSS as per RCOG definitions (mild, moderate and severe OHSS) (6) in both groups. Analysis of secondary end points included clinical pregnancy and live birth rates in the two groups although the study originally was not powered for this analysis.

Trans-vaginal colour Doppler velocimetry was performed by 6 operators during the course of study. Every effort was made to avoid movement artefact by asking the subjects to remain as still as possible and by limiting movements of the transducer by the ultrasonographer. The serum was tested for gonadotropin and steroid levels at the approved laboratory which has yearly quality control checks.
Studies of high risk women at show a moderate to severe OHSS event rate of 8% (41). Women with a poor response to ovarian stimulation are less likely to develop OHSS and have rates of between 0.5 to 1%. We postulated that injectable progesterone i.e. IMP would effectively suppress the ovaries to be so quiescent that the OHSS rates would be similar to rates seen in women with reduced ovarian response at 1%. Assuming this reduction to 1% with the use of injectable progesterone at α of 0.05 and 80% power, 164 women would be required in each arm of the study. Assuming a dropout rate of 10%, the total sample size was calculated to be 360. This was calculated using Stata statistical software package version 10.

180 women were recruited to each arm, and were randomised for the trial according to GCP guidelines. A block randomisation method was used, and patients were allocated into either receiving VP or IMP from the day of UDOR, by a pharmacist not directly involved in the care of the participants
. 
The primary endpoint was diagnosis of OHSS during the luteal phase and secondary endpoints included treatment outcome rates (implantation, clinical pregnancy, miscarriage rates and live birth) in the injectable progesterone group compared with rates in the vaginal progesterone group.
[bookmark: _Toc387015540]Statistical analysis and data presentation
As there is a different baseline ovarian volume and peak systolic velocity in each individual, and this changes with the degree of ovarian responsiveness, vascularity, and age, the patients’ own pre hCG trigger ovarian volume and ovarian blood flow indices was recorded as their baseline assessment. Thereafter, during the luteal phase and in early pregnancy, the change in ovarian volumes and blood flow were expressed as percentage change from their baseline ovarian volume or blood flow indices.  

For the primary outcome to compare the rates of OHSS in each group, χ² analysis was used followed by logistic regression analysis which included the following variables; age, BMI, antral follicle count (AFC), baseline FSH, type of protocol used (long, short antagonist or short flare), total hMG dose used during ovarian stimulation, hCG dose for ovulation trigger, total number of follicles noted on day of hCG trigger and mode of progesterone delivery.  For the secondary outcomes and levels of biochemical markers, data were expressed as mean values ± standard deviations for continuous data and median ± interquartile ranges for non-continuous data. The data were analysed by using IBM SPSS Statistics version 20.0 

[bookmark: _Toc387015541]Results
[bookmark: _Toc387015542]Demographic and biochemical parameters
Out of the 360 women recruited, 307 women completed their cycles. Of those who did not complete, seven women who withdrew from the study and their data were not used for analysis. Among the remainder, 15 women did not complete their cycles (either due to poor response or reconsideration), and 14 had failed fertilisation, and therefore did not have an embryo transfer and, as such, did not require luteal phase support. In 15 further women, freezing of all embryos was performed as their risk of developing severe OHSS was perceived to be high. These too did not have a requirement for luteal support. Two patients in each group received the opposite luteal phase support than that of the group to which they were randomised (two were based on consultant decision and two were on patient choice). Overall, 153 women completed their cycles as randomised in the VP group compared to 154 in the IMP group. The demographic data of the two groups of patients are presented in Table 1. There were no statistically significant differences between groups with regard to age, BMI, AFC, baseline FSH, total hMG dose used during ovarian stimulation and hCG dose for trigger ovulation. 

Table 2  (A) Patient group demographics in vaginal (VP) and intramuscular progesterone (IMP) groups (age – median ± IQR; others – mean ± SD; no significant differences between groups); (B) patient group attrition rates throughout the trial, related rates of OHSS incidence and treatment outcome.


	Table 2 (A)
	VP
	IMP

	Age (years) 
	32±6
	34±6

	BMI (kg/m2)
	24.8±3.5
	24.9±3.5

	Antral Follicle Count (n)
	14.6±7.1
	14.3±6.8

	Baseline FSH (IU/L)
	6.3±2.8
	6±1.8

	Total hMG dose (IU)
	2994.7±1202.7
	3057.5±1245.7

	hCG dose (IU)
	9111.1±1930.7
	9153.6±1815.8

	Table 2 (B)
	VP n (%)
	IMP n (%)

	No. recruited
	180
	180

	No. starting treatment (within trial)
	164
	162

	Freeze all embryos
	7
	8

	No. completed cycles
	153
	154

	OHSS (all categories)
	86 (56)
	50 (32)

	OHSS (severe)
	25 (16.3)
	13 (8.4)

	Pregnancy test positive
	74 (48.3)
	69 (44.8)

	Clinical pregnancies
	64 (41.8)
	58 (37.6)

	Live births 
	44 (28.7)
	48 (31.1)

	Live birth rate within clinical pregnancies (%)
	68.7
	82.6






[bookmark: _Toc387015543]Biochemical indices
The results of gonadotrophin and steroid hormone assessments are also shown in Table 2. There was no significant difference in plasma FSH and LH levels across the different time points during the luteal phase between the two groups. By contrast, on the day of hCG trigger and over subsequent time points, there was a significant higher serum oestrogen levels in the OHSS compared to non-OHSS groups (independent of their allocation to VP/IMP group, p<0.05), but no differences were noted between the VP and IMP group. Although this suggests that oestrogen level may have some role in the prediction of OHSS there was no significant difference in plasma levels of at-risk women in the VP and IMP groups. Mean serum progesterone levels were significantly higher in the IMP group than in the VP group. This difference became evident as early as day 3 post-UDOR, when serum progesterone was 296.3±151 nmol/L in the VP group compared to 392.9±157.6 in the IMP group (p=0.001) (Table 2). A significant difference between the two groups was maintained thereafter up until day 14 post-UDOR (154.3±232 vs. 255±222, respectively; p<0.001). furthermore, one-way ANOVA showed that amongst women achieving a clinical pregnancy, serum progesterone levels on day 3 post-UDOR were statistically significantly higher than those of women who had a failed cycle (p<0.001). 

[bookmark: _Toc387015544]Doppler studies
Biophysical parameters during the luteal phase were compared in the two groups as a percentage change from the patient’s own basal parameters on the day of hCG (Table 2A, B). No significant difference in uterine artery pulsatility index was found between the two treatment groups. However, there was a trend towards a lower increment in ovarian artery pulsatility index in the IMP group compared to the VP group (i.e. ovarian blood flow in the IMP group had more resistance compared to its VP counterpart).  This decreased increment in resistance was statistically significant on day 3 post-UDOR in women who achieved a clinical pregnancy (p<0.05) and continued as a trend into pregnancy (Table 2A, 2B). By contrast, there was no significant difference in resistance index between the two groups. Ovarian artery blood flow increased with luteinisation of the corpora lutea and this was evident in both groups. However, by day 14 post-UDOR, there was a trend for the mean ovarian artery peak velocity (OA Vmax) to be higher in the VP group compared to the IMP group (p>0.05). A similar trend was also noted in the group achieving a clinical pregnancy when compared to those who did not, 29% vs 0.6% p=0.17). 

[bookmark: _Toc387015545]Ovarian volumes
The results of ovarian volume assessments are shown in Figure 1 A and B Ovarian volumes progressively increased in both groups during the course of the IVF/ICSI cycle in parallel with the development of the corpora lutea. The increase in the IMP group was much smaller than that in the VP group. Ovarian volumes were significantly different between groups at 7 weeks’ gestation (p<0.05): ovaries were 102% larger than on the day of hCG day in the VP group while, strikingly, ovarian size in the IMP group had actually decreased by 21%.



[bookmark: _Toc387015546]Incidence of OHSS
The results of OHSS were analysed as per RCOG definitions above. During the trial, there were no cases of critical OHSS in either group.

Clinical symptoms associated with OHSS were reported more frequently by women in the VP group (46/153, 30%) as compared women to those in the IMP group (37/154, 24%; p<0.001). More specifically, as per the RCOG definition, the incidence of moderate OHSS (moderate nausea, abdominal pain, ultrasound evidence of ascites and increase in haematocrit)was decreased by more than 4 times  in the IMP group (3.2%) versus that in the VP group (17.6%) (p<0.05).

Amongst the subgroup of women achieving a clinical pregnancy, 66% (26/64) in VP group had some symptoms of OHSS compared with 43% (20/58) in the IMP group (p=0.58); features of moderate OHSS affected 14 (21.8%) and 3 (5.1%) women in these further VP/IMP subgroups, respectively (p=0.01).

[bookmark: _Toc387015547]Likelihood of developing OHSS 
Although there was no statistically significant difference in overall rates of OHSS among the two groups, a full model was compared against a constant only model by logistic regression analysis, for moderate OHSS as compared to mild OHSS. This showed that two factors predicted the risk of developing or not developing moderate OHSS very reliably (2=37.9, p<0.001). There was a moderate/strong relationship between the likelihood of developing OHSS and the patient grouping (Nagelkerke’s R2 of 0.568). Using these parameters, overall in 81.4% cycles successful prediction was possible (74.1% for moderate OHSS and 86% for mild OHSS). Using the Wald criterion, it was shown that the route of progesterone delivery in the luteal phase (IMP or VP) and the number of follicles present on the day of HCG irrespective of their individual size (p<0.001 & p<0.01 respectively), made a significant contribution to the overall prediction, whilst other variables were not similarly significant. Amongst the subgroup achieving a clinical pregnancy, logistic regression with same variables showed that route of progesterone delivery (IMP vs VP) was the only significant in the prediction of OHSS (p=0.02; Nagelkerke’s R2 of 0.62).

[bookmark: _Toc387015548]

Discussion
Although OHSS is a cause of significant morbidity and hospitalisation, its incidence is frequently underestimated due to poor data collection. Records from registers in 25 of the 29 European countries contributing to the results of assisted reproductive techniques for treatments initiated in 2004 showed 2,858 cases of OHSS from 242,472 IVF/ICSI cycles, corresponding to a risk of OHSS of 1.2% in all stimulated cycles (7). More specifically, severe OHSS affects 0.5-8% of women (11, 17) and a number of deaths have been reported, including 4 in UK (42). In the present study, the features of OHSS were much higher at 27%, which we attribute to a more meticulous assessment and documentation of symptoms and signs driven by the study outcome measures. There were no cases of severe or critical OHSS.  

OHSS is characterised by enlarged ovaries with several corpora lutea with an allied increase in ovarian vascularity (36) and a decrease in ovarian vessel resistance (37) in the luteal phase. By contrast, it is recognised that ovarian volume decreases with pituitary downregulation (38), a phenomenon best predicted by Doppler-based assessment of ovarian artery resistance index (39). It has been proposed that the ovarian volume on the day of hCG trigger may predict OHSS (40) and, as such, ovarian volume assessment is included in the classification of OHSS severity (5) although its true value is in symptoms of ovarian pain and not in the vasoactive cytokine output of the ovaries. In support of our hypothesis, there was a trend for reduction in ovarian volume in women receiving IMP.  This trend was maintained in pregnancy despite the embryonic HCG stimulation, such that by 7th week of gestation, the ovarian volumes had actually decreased to a fifth of those relative to the day of hCG trigger. By contrast, ovaries in the VP group remained sensitive to the pituitary gonadotrophin output and subsequently the embryonic HCG, thus the corpora lutea thrived and ovarian volume almost doubled by 7th wek of gestation in the VP group. The higher mean serum progesterone levels in the IMP group on days 3 and 14 post-UDOR at the same time as relative reduction in ovarian volume represents a relative decrease in the size of the corpora lutea due to the lack of luteotrophic support from the pituitary gonadotrohpins.

We also hypothesised that IMP-derived elevated circulatory progesterone levels along with ovarian downregulation because of the lack of luteotrophic pituitary support would result in a decrease in ovarian blood flow and an increase in ovarian artery resistance. This change would be associated with a decrease in peak velocity and, if our hypothesis was correct, as for ovarian volume, this would correspond to a clinically apparent decrease in OHSS rate. As hypothesised, our study noted a progressive decrease in ovarian artery peak systolic velocity in the IMP group when compared to its VP counterpart. Studying the ovarian artery PI and RI: there was a trend for an increase in RI in the IMP group probably due to ovarian downregulation and elevated progesterone levels. There was evidence for an increase in PI in the VP group, probably due to continuing high oestrogen and progesterone output from the hyperstimulated ovaries. Noting such trends is in itself significant because of the inherently lower reproducibility and significant inter and intra-observer variability in such assessments. Of the two parameters, RI is thought to be more suitable assessment for low resistance vascular beds with continuous flow (43), such as a hyperstimulated ovary with multiple corpora lutea and, as such, may be a more suitable and representative measure of ovarian vessel behaviour. These scans were not carried out at precisely the same time of the day for patient convenience. Although diurnal variations in ovarian vessel behaviour have been reported (44), it is very unlikely that this would have influenced our findings in a hyperstimulated ovary to a considerable degree. We conclude that in the IMP group, as for ovarian volumes, the decrease in the size of the corpora lutea, reduction in ovarian vascularity, their steroidogenic and cytokine output is likely to be due to the elevated serum progesterone levels and loss of luteotrophic effect of the pituitary gonadotrophins. Additionally there may be direct ovarian effect of high serum progesterone which may be only elucidated in vitro experiments (45). 

Until the technology to mature eggs in-vitro substantially improves, it appears unlikely that the risk of OHSS can be completely eliminated. The use of hCG for luteal phase support significantly increases the risk of OHSS (11) and, while withholding it obviates this additional risk (18), it remains a necessary luteinising trigger and is essential for the completion of oocyte maturation. Although replacing the hCG with GnRH trigger has shown promise in reducing the risk of OHSS in women receiving the GnRH antagonist protocol, the success rate is also lowered and this may be due to inadequate oocyte cytoplasmic maturation with the GnRH induced endogenous LH surge (ref). The early promise of in vitro maturation (IVM) technology in reducing the risk of OHSS has also not lived up to expectation (46) such that the success rates achieved are not on a par with those of standard treatment regimes, particularly for women with PCOS who are most at risk of this condition. Moreover, given that its long term safety of IVM also remains uncertain (47), active prophylaxis against OHSS appears to remain the mainstay of clinical practice for the foreseeable future.

The present study also showed that there was no significant difference in the clinical pregnancy rates between the two arms of the study (42.4% vs. 37.1%). This finding is in keeping with the Cochrane data (48). Thus elevated circulatory progesterone levels can induce ovarian downregulation without any adverse impact on IVF/ICSI cycle outcome. However, among the women who achieved a clinical pregnancy, those in the IMP arm were significantly more likely to achieve a live birth, in contrast to Cochrane data findings (48). We attribute this improvement in the ongoing pregnancy rate to surmounting the luteal phase insufficiency in IVF cycles by achieving sustained higher serum progesterone levels (40, 48, 49). 

IMP for luteal phase support (100mg daily) given from the day of egg collection protects women at risk of OHSS from developing symptoms associated with OHSS which often lead to unnecessary hospitalisation for anxiety, support therapy and analgesia only. Additionally the cost of developing symptoms with or without systemic disturbance leads to additional significant inpatient treatment costs to the health service. Furthermore, in this trial we had the unexpected finding of an improvement in the ongoing pregnancy and live birth rate in patients receiving IMP as opposed to VP. 

[bookmark: _Toc387015549]Future direction
Several randomised controlled trials and subsequent meta-analyses have compared the effect of intramuscular versus vaginal progesterone support and clinical pregnancy rate after assisted conception cycles. However, no randomised controlled trial has attempted to assess the impact of the route of progesterone administration on the risk of developing OHSS symptoms, signs or severity. The present data have shown that the provision of exogenous IMP significantly reduced the risk of OHSS in susceptible patients whilst potentially improving success rates with ART overall. Most importantly, IMP halved the incidence of severe OHSS in our study population, a relationship which was also noted as a trend in women who achieved a clinical pregnancy.

Given that cytokines play a major role in pathophysiology of OHSS and that high serum progesterone levels can both lead to luteolysis and affect cytokine expression, the next phase of this project will focus in correlating cytokine profiles in both serum and follicular fluid with the different strategies of progesterone supplementation. In particular, we will monitor the change in cytokine levels in women who develop OHSS compared to controls. We shall then, correlate with the observed biophysical and biochemical findings associated with the presentation and resolution of tis syndrome.  This will be achieved by using a fluid=phase multiplex immunoassay cytometric approach. 
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	TABLE 3 (A)
	
	
	
	
	
	
	
	

	
	
	hCG day
	UDOR
	Day 3 post-UDOR
	Day 14 post-UDOR
	Week 7 gestation
	Week 10 gestation

	
	
	Negative pregnancy test
	Clinical Pregnancy
	Negative pregnancy test
	Clinical Pregnancy
	Negative pregnancy test
	Clinical Pregnancy
	Negative pregnancy test
	Clinical Pregnancy
	Negative pregnancy test
	Clinical Pregnancy

	FSH
(IU/L)
	Combined
	20±8
	18±11
	13.9±6
	10.3±5.9
	4.4±3
	4.5±2.5
	2.9±2.1
	0.7±.2
	
	

	
	OHSS
	16.7±4.2
	17.7±9.6
	13.7±4.3
	9.76.1
	4.8±3.2
	3.6±2.5
	4.3±3.6
	0.8±0.2
	
	

	
	No OHSS
	22.2±9.1
	18.8±15.1
	14.0±7.4
	11±6.2
	4.2±3.4
	6.2±1.9
	2.5±1.7
	0.8±0.3
	
	

	LH
(IU/L)
	Combined
	1.7±1.5
	1.8±1.3
	0.6±0.3
	0.7±0.5
	0.6±0.4
	0.6±0.3
	1.8±1.8
	0.7±0.6
	
	

	
	OHSS
	1.3±1.1
	1.5±1
	0.4±0.1 *
	0.7±0.5
	0.4±0.1
	0.4±0.1 *
	1.5±0.9
	0.4±0
	
	

	
	No OHSS
	1.9±1.6
	1.9±1.5
	0.7±0.3
	0.6±0.4
	0.6±0.4
	0.7±0.4
	1.8±1.9
	0.9±0.7
	
	

	Oestrogen
(nmol/L)
	Combined
	10509.2±7137.1
	9225.2±5854.6
	5837.8±3804.9
	5135.3±2598.9
	4336.7±3463.5
	4032.6±2223.9
	251.4±773.3
	4453±5210.8
	7081.9±5141.5
	8440.3±4841.8 ¤

	
	OHSS
	11116.1±7469.7
	11176.6±6003
	7582.4±3378.9
	5829.9±2835.6
	5273.5±4041.1
	4055.4±2150.2
	98.8±40.5
	5226.5±6124
	7867.5±5660.4
	9282.8±4694.4

	
	No OHSS
	10306.9±7092.6
	7777.4±5389.2
	5349.3±3804.2
	4624.5±2321.4
	3990.4±3204.2
	4019.3±2300.5
	281.2±843.7
	3944.7±4536.8
	6470.9±4717.5
	7843.6±4954.2 *

	Progesterone
(pmol/L)
	Combined
	3.2±1.7
	3.3±3.9
	25±22.4
	19.7±11.2
	294.5±155.4 ¤
	291.9±142.7 §
	46.1±77.7 §
	305.4±288.8
	319.4±255.8
	272.3±174.3

	
	OHSS
	2.8±1.4
	4.5±5.9
	26.0±8.4
	22.3±14.8
	353.1±180.3
	324.5±173.2
	31.5±19.4 §
	328.7±288.2
	352.9±247.6
	306.7±178.8

	
	No OHSS
	3.3±1.8
	2.6±0.9
	24.8±24.2
	18±7.9
	272.3±140.8 §
	273.1±120.8 §
	49.6±85.7 §
	290.7±292.3
	293.7±263.9
	245.8±170.1

	UA PI
(% change)
	Combined
	
	
	-15.7±59.4
	30.6±127.7
	1.3±70.2
	120.6±540
	5.8±88.2 *
	46.6±295
	11.7±135.7
	-12.3±75.3

	
	OHSS
	
	
	-32.3±39.8
	53.1±164.7
	17.9±60.3
	309.1±844
	-20.9±45.4
	144.6±433.3
	62.6±190.2
	8.1±72.1

	
	No OHSS
	
	
	-8.3±65.6
	15.9±97.9
	-4.8±73.4
	-0.15±45.1
	15.5±98.1
	-29.1±25.8
	-29.1±37.6
	-26.8±76.2

	OA RI
(% change)
	Combined
	
	
	-2.4±35.7
	3.8±35.8
	3.3±35.3
	12.1±44.7
	-2.9±32.5
	2.6±41.8
	5±44.9
	5.5±31.6

	
	OHSS
	
	
	-8.5±27.2
	1.3±40.6
	-6.9±31.9
	11.6±59.1
	-17.6±27.1
	13.8±48.9
	0.9±40.5
	6.3±30.6

	
	No OHSS
	
	
	0.4±39.2
	5.5±33.1
	8.4±36.4
	12.6±27.4
	3.6±33.1
	-6.2±33.9
	9.1±49.9
	4.6±33.5

	OA PI
(% change)
	Combined
	
	
	25.9±140.2
	82.4±238.8
	126.6±498.2
	131.2±223.6 *
	150±780
	253.3±869.5
	111.3±364.4
	164.5±640

	
	OHSS
	
	
	-23.0±62.8
	122.6±285.2
	59.2±124.8
	149.2±217.4
	-6.5±100.7
	243.9±546.8
	173.6±496.4
	44.5±109.5

	
	No OHSS
	
	
	49.6±160.9
	55.8±205.5
	157.9±598.0
	114.5±235.5
	218.8±931.1
	260.6±1074
	49.1±140.4
	275.3±883.5

	OA VMax
(% change)
	Combined
	
	
	-10.5±127
	-16.4±122.3
	28.6±105.6
	32±92.9
	40.2±180.6
	29.1±94
	19±96.2
	22.3±70.8

	
	OHSS
	
	
	-16.2±79.7
	6.9±172.1
	72.2±149.8
	50±113.9
	98.2±294.7
	40.7±112.9
	46.0±107.1
	23.6±76.2

	
	No OHSS
	
	
	-7.8±145.7
	-32.0±74.5
	6.9±68.2
	15.2±67.9
	14.7±95.5
	20.1±77.9
	-7.9±78.2
	21.2±68.7

	Ovarian Volume
(% change)
	Combined
	
	
	88.5±108.4
	62.6±41.2
	149±109.8
	151.9±120.5
	-17.2±76.9
	78.7±144.6
	102.6±327.6 *
	42.9±215

	
	OHSS
	
	
	110.3±142.5
	64.4±30.6
	172.1±92.8
	158.5±142.5
	-18.0±33.4
	64.5±126.2
	141.1±441.2
	57.3±294.2

	
	No OHSS
	
	
	80.9±94.9
	61.6±46.9
	140.4±115.5
	147.5±106.0
	-16.9±86.8
	86.9±155.7
	74.5±216.3 ¤
	32.4±139.2 *

	










TABLE 3 (B)
	
	
	
	
	
	
	
	
	

	
	
	hCG day
	UDOR
	Day 3 post-UDOR
	Day 14 post-UDOR
	Week 7 gestation
	Week 10 gestation

	
	
	Negative pregnancy test
	Clinical Pregnancy
	Negative pregnancy test
	Clinical Pregnancy
	Negative pregnancy test
	Clinical Pregnancy
	Negative pregnancy test
	Clinical Pregnancy
	Negative pregnancy test
	Clinical Pregnancy

	FSH
(IU/L)
	Combined
	20.9±8
	15.5±7
	12.5±5.1
	6.9±3.9
	4.4±1.8
	3.1±1.8
	1.8±1
	ND
	
	

	
	OHSS
	19.3±8.6
	15.6±6.8
	12.8±5.3
	8.3±4.2
	5.3±2.4
	2.5±1.5
	1.4±0.2
	ND
	
	

	
	No OHSS
	21.8±7.8
	15.4±7.5
	12.4±5.4
	5.8±3.5
	3.9±1.4
	4±2.3
	2.5±1.4
	ND
	
	

	LH
(IU/L)
	Combined
	1.5±1.1
	1.8±1.4
	0.7±0.5
	0.8±0.5
	0.7±0.7
	1.3±2
	1.2±1
	0.5±0.2
	
	

	
	OHSS
	1.3±0.6
	1.4±0.6
	0.9±0.4
	0.9±0.5
	0.5±0.3
	0.8±0.4
	1.9±2.1
	0.5±0.2
	
	

	
	No OHSS
	1.5±1.2
	1.7±1.1
	0.6±0.5
	0.8±0.5
	0.8±0.8
	1.7±2.6
	1.1±0.9
	0.5±0.2
	
	

	Oestrogen
(nmol/L)
	Combined
	10174.3±6648.2
	8577.6±4797.4
	5883.9±4670
	4701.5±2572.6
	4314.3±2630.1
	3650±2291.6
	91.5±38
	3345.2±3394.3
	5731.8±4372.1
	6004.3±3140.7

	
	OHSS
	12355.9±6858.4
	9881.3±5819.8
	7298.2±5865.2
	5386.4±2823.8
	4972.8±1732.7
	4123.3±1956.2
	121.0±23.3
	4658.8±4315.0
	8170.5±5379.1
	7000.1±3532.1

	
	No OHSS
	9737.9±6572.5
	7850.8±4002.8
	5605.3±4397.9
	4370.9±2363.2
	4196.7±2755.2
	3507.4±2522.6
	88.0±38.0
	2667.6±2699.6
	4589.3±3301.3
	5578.8±2846.3

	Progesterone
(pmol/L)
	Combined
	3.3±2.3
	2.9±1.4
	28.4±29.6
	25.1±18.6
	369.1±158.8
	398.7±147.6
	164.8±80.7
	398.9±291.4
	365.5±208.7
	311.3±152.7

	
	OHSS
	2.9±1.3
	2.9+1.5
	32.4±16.6
	33.1±23.8
	348.4±201.4
	412.5±151.5
	168.9±86.2
	452.5±322.1
	422.4±238.3
	368.5±156.6

	
	No OHSS
	3.4±2.5
	2.9±1.5
	24.4±16.9
	20.6±12.7
	373.5±149.8
	395.3±146.7
	164.0±80.4
	375.9±279.1
	335.4±192.4
	281.1±147.5

	UA PI
(% change)
	Combined
	
	
	9.2±78.5
	-6.9±77.4
	17.2±94.4
	130.9±764.5
	109.5±301.7
	28.2±193.3
	-27.3±54.5
	-20.9±73.3

	
	OHSS
	
	
	1.4±67.9
	8.8±103.8
	2.7±68.2
	24.2±102.4
	46.1±271.5
	-8.8±101.9
	-21.5±60.5
	-37.9±47.9

	
	No OHSS
	
	
	11.3±81.8
	-18.2±51.1
	20.5±99.7
	188.7±948.3
	126.3±310.8
	56.4±239.9
	-24.6±53.1
	-7.9±87.2

	OA RI
(% change)
	Combined
	
	
	2.7±33.2
	6.7±63.5
	4.7±47.4
	-1.5±33.6
	-1.6±44.3
	-8.3±37.4
	160.8±890.6
	-5.4±39.5

	
	OHSS
	
	
	-3.8±14.6
	10.3±83.9
	-3.4±46.5
	1.7±39.7
	3.4±34.4
	-7.8±38.4
	453.8±1493.4
	-21.7±36.9

	
	No OHSS
	
	
	4.6±36.9
	3.5±43.7
	6.6±48.3
	-5.9±28.7
	-3.4±47.7
	-10.0±37.0
	-0.2±43.4
	4.1±37.4

	OA PI
(% change)
	Combined
	
	
	46.3±214.6
	52.3±291.4
	89.7±229.5
	23±125.4
	46.4±201.7
	4.9±138.3
	43.5±300.5
	929.9±4644

	
	OHSS
	
	
	19.2±204.7
	-11.4±93.2
	43.7±171.3
	45.4±163.4
	-15.4±63.6
	-2.9±94.4
	136.6±495.7
	-27.9±58.6

	
	No OHSS
	
	
	54.0±220.4
	94.8±365.4
	100.3±242.5
	2.3±80.8
	67.0±227.9
	9.6±164.9
	-7.6±73.8
	1438.8±5736.0

	OA VMax
(% change)
	Combined
	
	
	22.7±137.5
	-19.1±52.3
	31.6±102
	20.5±110.3
	6.4±84
	0.63±79.6
	-7±68.4
	9.9±104.7

	
	OHSS
	
	
	1.3±62.8
	-3.9±66.4
	42.5±70.8
	21.9±141.8
	18.9±60.5
	34.1±97.9
	-4.3±55.7
	7.2±64.4

	
	No OHSS
	
	
	28.9±152.7
	-28.7±36.4
	29.0±108.9
	31.9±94.6
	2.3±91.3
	-1.6±124.9
	-8.4±75.4
	13.9±121.9

	Ovarian Volume
(% change)
	Combined
	
	
	71.3±65.9
	69.5±63
	130.3±142.7
	135.3±85.9
	-40.3±52.9
	52.6±148.3
	-21.1±83.2
	-22.1±119.7

	
	OHSS
	
	
	81.2±89
	62.5±66.6
	214.9±170.5
	127.0±84.2
	-22.1±48.8
	100.8±174.7
	7.2±112.9
	16.9±140.0

	
	No OHSS
	
	
	69.3±61.5
	77.9±63.5
	119.3±137.1
	141.3±86.9
	-43.1±53.3
	26.4±124.4
	-34.1±62.1
	-46.6±101.1



Table 3: A) VP and B) IMP; comparison of FSH, LH, serum oestradiol, serum progesterone and % changes in biophysical parameters (UA PI - uterine artery pulsatility index; OA RI - ovarian artery resistive index; OA PI - ovarian artery pulsatility index; OA Vmax - ovarian artery peak systolic flow velocity; ovarian volume). All values presented as mean ±SD. Comparisons between VP and IMP time-matched groups * p<0.05; ¤p<0.01; §p<0.001.
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