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FSH co-trigger after ovarian stimulation has been shown to improve oocyte competence and a recent report suggested that the FSH co-trigger can com-
pletely prevent OHSS. We report two cases of late OHSS after the FSH co-trigger was administered, underscoring the need for further research on the
mechanisms, effects, benefits, and potential risks of FSH co-trigger. (Fertil Steril� 2012;97:534–5. �2012 by American Society for Reproductive
Medicine.)
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A
recent publication has shown

that the addition of a follicle-

stimulating hormone (FSH)

bolus administered at the time of the

human chorionic gonadotropin (hCG)

trigger significantly increased oocyte

retrieval and fertilization rates (1). In

that study, patients received a long

luteal phase protocol and were given

450 IU of FSH at the time of the HCG

trigger. Patients were excluded from

the study if they had an estradiol (E2)

concentration R4,500 pg/ml. Eleven

patients had an E2 concentration be-

tween 3,500 and 4,500 pg/ml. There

were no cases of moderate or severe

OHSS.

A subsequent study, presented at

the ASRM 2011 annual meeting in Or-

lando, Florida suggested that an FSH

co-trigger can prevent OHSS (2). Their

study randomized patients who were

at very high risk for OHSS to an FSH

bolus or to coasting until reaching an

E2 level of <1,500 pg/ml prior to trig-

ger with 10,000 IU of HCG. The mean

dose of FSH administered with the

hCG trigger was 375 � 50.5 IU with

a range of 225 to 600 IU. The FSH bolus

was equivalent to the last dose of hMG

administered. The mean (E2) level on

the day of randomization was 4456 �

542 and 4528 � 683 pg/ml and the

mean number of follicles was 38.5 �

3.1 and 37.4 � 4.2 for the coasting

and FSH bolus group, respectively. In

the coasting group (mean E2 at trigger

910 � 385 pg/ml) the incidence of

OHSS (10 moderate, 4 severe, and 1

critical) was significantly higher

(P< .001) than with the FSH bolus (no

moderate or severe OHSS), and the au-

thors concluded that the FSH bolus

completely prevented the initiation of

significant OHSS by the HCG trigger.

The mean weight of the coasting group

patients who developed OHSS was 40.6

� 4.1 with a range of 32–49.4 (Egbase

PE, personal communication, Decem-

ber 2011). The clinical pregnancy rates

in the coasting and FSH groups were

similar (48.6 and 51.8%, respectively).

Recently, we have become aware of

two cases of OHSS after use of 450 IU of

FSH as a co-trigger. Both women were

low in body weight and developed late

OHSS requiring paracentesis with preg-

nancy. One woman weighed 135 lb and

was coasted one day when the E2 level

was over 4,200 and received hCG

(10,000 IU) the next day with E2 over

3,500 pg/ml. The second woman

weighed 110 lb, was given co-

treatment with growth hormone (GH)

because of prior poor embryo quality,

was coasted one day before meeting

follicle criteria and was triggered the

next day with 10,000 IU of hCG

when the E2 level had risen to over

3700 pg/ml.

Previous data have shown that BMI

is negatively correlated with ovarian re-

sponse to gonadotropins. It has also been

shown that circulating hCG levels fol-

lowing a fixed hCG dose are negatively

correlated with BMI (3). Thus, it is possi-

ble that BMI can influence the apparent

protective effect of the FSHco-trigger. In

the study by Egbase et.al, themajority of

their patients were obese. The mean BMI

in the coasting and FSH groups was 34.8

� 6.2 and 33.7 � 5.3 with ranges of

27–49.4 and 26.8–50.4 (Egbase PE, per-

sonal communication, December 2011).

Therefore, the findings by Egbase and

colleagues of no OHSS after a bolus of

FSH at the time of trigger in these high

risk patients may have been influenced

by the relatively high BMI of their pa-

tients. In the original study by Lamb

et al, their exclusion of subjects with

an E2 of R4,500 pg/ml limited their

ability to examine the protective effect

of FSH on OHSS. However, 5 out of

their11 patients with estradiol concen-

trations >3,500 pg/ml who received an

FSH co-trigger of 450 IU had a BMI

<25and didnot developOHSS.Recently

they have had 8 more patients with BMI

<25 and 15 patients with a BMI <30

with estradiol levels between 3,500 and

4,500 pg/ml who received the FSH

co-trigger with no OHSS.
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In the primate, FSH alone is capable of causing final oo-

cyte maturation, vascularization and rupture of the mature

follicle, and similar production of VEGF by non-luteinized

granulosa cells (NLGC) compared to hCG (4, 5). We presume

an additive effect of FSH was responsible for the increase of

oocyte retrieval and fertilization rates observed by adding

450 IU of FSH to the hCG trigger (1). It is more difficult to

understand how FSH co-trigger could block VEGF production

and vascularization of the follicle and subsequent corpus lu-

teum (CL) and to our knowledge, the effect of simultaneous

exposure of NLGC to FSH and hCG has not been examined.

However, downregulation of the LH/hCG receptor by hCG is

well-described and has been shown to be associated with re-

duced VEGF production (6, 7). The period following the LH

surge or hCG trigger may be critical for vascularization and

normal function of the CL. It is plausible that the FSH bolus

could contribute to downregulation of LH/hCG receptors or

decreased post-receptor expression, resulting in a marked

reduction of VEGF production. Unfortunately the precise

mechanisms whereby FSH affects peri-ovulatory events are

not defined. However, hCG-induced resumption of meiosis

is already underway by 15 hours post hCG, whereas vascular-

ization, a largely VEGF-mediated phenomenon, is relatively

late in the progression of hCG-induced effects on the mature

follicle. It is therefore possible that downregulation or factors

influencing post-receptor expression (6) could differentially

affect these follicular processes. The FSH bolus could also

have different effects on small to medium size follicles that

are most involved in causing OHSS (8).

The two cases described had additional factors that could

have influenced their risk of OHSS. Growth hormone stimu-

lates GC proliferation and IGF-1 stimulates VEGF (9). GH

has been used predominantly for low-responders. A high re-

sponse may therefore be a relative contra-indication for GH

co-treatment. The other patient received hCG before the E2

level had been allowed to fall to <3,000 pg/ml, whereas the

excellent results of coasting have generally been described

with allowing the E2 level to fall below 3,000 pg/ml. Women

of low body weight with high ovarian response are at partic-

ular risk of OHSS and may develop symptoms more readily

due to their lower intra-abdominal volume, better abdominal

muscle tone and the greater ovarian production of VEGF rel-

ative to their smaller size. In the investigation by Egbase et al,

only 6 of their subjects who received the FSH co-trigger had

a BMI <30 (all >26) and all of those women received an

FSH bolus of 225 IU (Egbase PE, personal communication,

December 2011). Therefore relative to their body weight, the

two women described here with late OHSS received an FSH

bolus that was over twice as high as in the Egbase and col-

leagues study, and their hCG levels also would have been

about twice as high (3).

In summary, we have diverged from presenting only peer-

reviewed investigations in this review because of the provoc-

ative results of the abstract presented by Egbase et al, and to

emphasize that the dose of the FSH co-trigger they used was

moderate and was lower than that used by Lamb et al. (1) to

improve oocyte competency. For this reason we suggest con-

sidering all risk factors of OHSS including low BMI and follic-

ular size profile at the time of trigger prior to administering

the FSH co-trigger for the purpose of improved oocyte com-

petence. We suggest that although the beneficial effects of

a bolus less than 450 IU of FSH on oocyte competency have

not been tested, that a more moderate FSH bolus may be con-

sidered for women at higher risk. Currently a GnRH antago-

nist protocol with the option of GnRH agonist trigger

appears to be the preferred approach to avoid OHSS in high

risk patients. If the apparent protective effect of FSH co-

trigger on the occurrence of OHSS described by Egbase

et al. is confirmed, the long agonist protocol may remain

a viable option for patients at high risk of OHSS. We hope

that this review will spur further research on the mechanisms,

effects, benefits, and potential risks of FSH co-trigger.
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