
Letters to the Editor

Progesterone elevation on the day of hCG: methodological

issues

Sir,

Two recent interesting and learned articles in Human Reproduc-

tion Update concerning elevations of progesterone (P) in the

follicular phase of controlled ovarian stimulation (Venetis et al.,

2007; Bosch, 2008) address a number of issues which deserve

further comment. The comments relate to technical issues

(steroid hormone measurement and study design) as well as

biological/biochemical concepts.

Both articles addressed specific critical concentration points of

P in the follicular phase, and Bosch indicated the imprecise nature

of selecting a single value (0.9 ng/ml). If we first set aside the

debate over specific concentrations of circulating P demonstrating

negative clinical consequences, presumably through advancing

endometrial development, we must consider whether the assays

used are reliable at the values observed. Most commercial

assays were developed to determine the standard clinical question

for the clinical biochemistry laboratory—whether a patient has

ovulated or not. This requires an operating concentration sensi-

tivity some 5–10-fold higher than those of the follicular phase.

Correspondingly, little development has been undertaken for

these automated and semi-automated platforms to examine the

more subtle changes taking place prior to ovulation. This matter

was addressed in preparation for the study by Adonakis et al.

(1998), and there are important lessons to be learned which

I would like to discuss below.

Three commercial, non-extraction assays were compared for

routine use in the assisted reproduction programme, and these

were compared with a validated in-house assay deploying

petroleum-ether extraction for removal of more hydrophilic

interfering factors. Table I shows the results of performance

evaluation of the four assays tested with a pool of follicular

phase samples. The in-house assay demonstrated a recovery

rate in the range of 90% at concentrations between 0.5 and

1.5 ng/ml (1.5 and 5.0 nmol/l), which was significantly more

precise than the commercial assays which varied from 0 to

�80% (assay D). This latter value was achieved by the fluori-

metric assay, which showed greater potential for measurements

at these concentration ranges than the two colourimetric enzyme

assays. The variation of control samples (both intra- and inter-

assay) in this concentration range was poorer than those gener-

ally acknowledged for commercial assays, which are usually

tested at concentration values seen in the luteal phase.

However, the most disturbing characteristics of the comparisons

were identified when tested with sequential individual follicular

phase samples. Under these circumstances, two of the assays,

the fluorimetric and one of the colourimetric assays, showed

mean concentration values leading to the day of HCG adminis-

tration which were superimposable. However, a correlation test

(r ¼ 0.58) revealed that there was little agreement between the

tests for individual samples. The samples in the critical concen-

tration range (evaluated to be in the region of 5.0 nmol/l)

showed more samples with discordant evaluation (‘elevated’ in

one assay and ‘normal’ in the other, n ¼ 28) than showed con-

cordant results (elevated in both, n ¼ 9). The discrepancies were

deemed to be patient-specific matrix effects, which may be

related to other steroidal factors, such as 17-a hydroxyprogester-

one, mineralocorticosteroids and glucocorticosteroids which are

present in high concentrations in serum, and whose interference

will be more marked when the P concentrations are lower (the

follicular phase) due to reduced competitive binding to the anti-

body. Such interference roles would be reduced by differential

extraction procedures. The actual assay used for the study

described by Adonakis et al. was that showing greater parallels

with the in-house extraction assay.

A more recent survey of routine assay systems performing

clinical tests on serum P concentrations (Coucke et al., 2007)

showed high bias evaluations and a lack of linearity in a

limited number of samples whose concentrations were

,1.0 nmol/l (absolute reference value), indicating that efficacy

and reliability have improved little if at all in this domain.

Greater reliability (Coefficient of variation ,20%) was seen in

samples .6 nmol/l for most (but not all) of the methods exam-

ined, but variation between individual samples was not assessed

in this study at any concentration.

However, the point of debate here is that evaluation of P

concentrations in samples obtained prior to HCG in controlled

ovarian stimulation are subject to extensive methodological

errors, such that a consensus of valid biological relevance

will be difficult to achieve, until the methods are validated in

more detail, and show greater consistency between them. It is

therefore no surprise that a meta-analysis could determine no

clinical relevance to P elevations in the non-luteinized

situation.

The biological considerations require consideration of a com-

bination of established and contentious matters pertaining to

ovarian biochemistry. It is established that FSH acts on granu-

losa cells, promoting cell division and steroid biosynthesis

which terminates at the production of P. Further metabolism

(to androgens) requires the intervention of thecal cells under

the influence of LH—the 2-cell, 2-gonadotrophin hypothesis

(Armstrong et al., 1978; Moon et al., 1978). It is a predictable

physiological phenomenon, therefore, that an ovary with a large

number of growing follicles, stimulated by high FSH concen-

trations, will produce and secrete more P than a single follicle

in the normal mid-follicular phase, with its declining FSH con-

centrations. In the non-luteinized environment, LH can only act

to reduce circulating P, by promoting its conversion to andro-

gens, which are then further metabolized to estrogens by the

granulosa cells.
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There is strong circumstantial evidence supporting a clinical

consequence of this biological concept in reports from the large

prospective randomized study comparing recombinant FSH

(r-hFSH) with urinary derived FSH, containing LH-like activity

(Andersen et al., 2006). In this study, young normogonadotrophic

patients were treated with moderate to high dose FSH maintained

into the mid-late follicular phase combined with potent endogen-

ous gonadotropin suppression using daily injected GnRH agonist.

The authors used a concentration of 4 nmol/l as the critical value

for defining ‘elevated P’ concentrations at the end of the follicular

phase, and they showed that elevated P was associated with high

ovarian responses (indicated by oocyte yield) in both treatment

groups. There was a higher incidence of elevated P in patients

treated with r-hFSH, as would be expected where there is

reduced further metabolism of P, in the absence of LH drive to

the thecal cells. The r-hFSH treatment group showed a higher inci-

dence of elevated circulating P (24 versus 11.8%), and also a

reduced implantation rate. This latter observation suggests that

there can be clinical consequences of a pre-hCG rise in P in

what should be ‘ideal’ (high responding) patients.

It can be debated that the reported incidences of 24% of cases

with elevated P following r-hFSH and 11.8% with urinary-derived

FSH may be higher than expected due to the specific protocol

employed, using a highly suppressive agonist treatment. In this

regard, the use of a less aggressive agonist treatment (such as intra-

nasal Nafarelin: Lockwood et al., 1995), which has been shown to

reduce the demand for FSH injections may also reduce the inci-

dence/degree of profound LH suppression, and the consequences

regarding the levels of circulating P would be interesting.

There has been much debate over the last few years related to

the requirement for LH activity in the stimulant used in controlled

stimulation (Fleming et al., 2000; Westergaard et al., 2001;

Humaidan et al., 2004; Marrs et al., 2004), and it has proven dif-

ficult to determine patients where a specific requirement is manda-

tory (Anderson et al., 2008). It is possible that the observations

above may explain the recorded consequences of excessive LH

suppression during COS with high-dose FSH protocols and

aggressive endogenous gonadotrophin suppression in high

responding women. The nature of the LH activity required to

avoid this consequence, may be a matter of conjecture, but it is

clear that thecal cells are very sensitive to LH, and there is cur-

rently no indication that HCG with its longer half-life should

show any advantage over pure r-hLH.

In a final point, it is pleasing that both papers have questioned

the use of the term ‘premature luteinization’ in the circumstances

of control with GnRH agonists. This phenomenon is clearly not

luteinization.

References

Adonakis G, Deshpande N, Yates RWS, Fleming R. Luteinizing hormone
increases estradiol secretion but has no effect on progesterone
concentrations in the late follicular phase of in vitro fertilization cycles
in women treated with gonadotropin releasing hormone agonis. Fertil
Steril 1998;69:450–453.

Andersen AN, Devroey P, Arce JC. Clinical outcome following stimulation
with highly purified hMG or recombinant FSH in patients undergoing
IVF: a randomized assessor-blind controlled trial. Hum Reprod
2006;21:3217–3227.

Armstrong D, Goff AF, Dorrington JH. Regulation of follicular oestrogen
biosynthesis. In: Ovarian Follicular Development and Function.
New York: Raven Press, 1978, p. 169.

Bosch E. Comment on: is progesterone elevation on the day of human chorionic
gonadotrophin administration associated with the probability of
pregnancy in in vitro fertilization? A systematic review and
meta-analysis. By Venetis et al. (2007). Hum Reprod Update
2008;14:194–195.

Coucke W, Devleeschouwer N, Libeer JC, Schiettecatte J, Martin M, Smitz J.
Accuracy and reproducibility of automated estradiol-17b and
progesterone assays using native serum samples: results obtained in
the Belgian external assessment scheme. Hum Reprod 2007;22:
3204–3209.

Fleming R, Rehka P, Deshpande N, Jamieson ME, Yates RWS, Lyall H.
Suppression of LH during controlled ovarian stimulation: effects differ
in cycles stimulated with purified urinary FSH and recombinant FSH.
Hum Reprod 2000;15:1440–1445.

Humaidan P, Bungum M, Bungum L, Yding Andersen C. Effects of
recombinant LH supplementation in women undergoing assisted
reproduction with GnRH agonist down-regulation and stimulation with
recombinant FSH: an opening study. Reprod Biomed Online
2004;8:635–643.

Lockwood GM, Pinkerton SM, Barlow DH. Endocrinology: A prospective
randomized single-blind comparative trial of nafarelin acetate
with buserelin in long-protocol gonadotrophin-releasing hormone
analogue controlled in-vitro fertilization cycles. Hum Reprod
1995;10:293–298.

Marrs R, Meldrum D, Muasher S, Schoolcraft W, Werlin L, Kelly E.
Randomized trial to compare the effect of recombinant human FSH
(follitropin alfa) with or without recombinant human LH in women
undergoing assisted reproduction treatment. Reprod Biomed Online
2004;8:175–182.

Moon YS, Tsang BK, Simpson C, Armstrong DT. 17 beta-estradiol
biosynthesis in cultured granulosa and thecal cells of human ovarian
follicles: stimulation by follicle-stimulating hormone. J Clin Endocrinol
Metab 1978;47:263–267

Venetis CA, Kolibianakis EM, Papanikolaou E, Bontis J, Devroey P, Tarlatzis
BC. Is progesterone elevation on the day of human chorionic
gonadotrophin administration associated with the probability of
pregnancy in in vitro fertilization? A systematic review and
meta-analysis. Hum Reprod Update 2007;13:343–355.

Westergaard LG, Erb K, Laursen SB, Rex S, Rasmussen PE. Human
menopausal gonadotropin versus recombinant follicle-stimulating
hormone in normogonadotropic women down-regulated with a
gonadotropin-releasing hormone agonist who were undergoing in vitro
fertilization and intracytoplasmic sperm injection: a prospective
randomized study. Fertil Steril 2001;76:543–549.

Richard Fleming1

Glasgow Centre for Reproductive Medicine, Glasgow, UK

1Correspondence address. E-mail: richard.fleming@gcrm.co.uk

doi:10.1093/humupd/dmn019

Advance Access publication June 2, 2008

Table I. Evaluation of three commercial assays for progesterone
concentrations in pooled follicular phase samples.

Assay Recovery %

(range)

Coefficient of

variation

(intra-assay) (%)

Coefficient of

variation

(inter-assay) (%)

In house 90 (70–120) 13 15

Assay Ca 0 (215 to 45) (18) (25)

Assay I 55 (15–90) 11 18

Assay D 80 (45–115) 10 15

The reference sample concentration was estimated to be 2.5 nmol/l (by the
in-house assay), and the added value for recovery testing was 2.8 nmol/l.
aData for assay C constituted from three test evaluations only.

Letters to the Editor

392

D
ow

nloaded from
 https://academ

ic.oup.com
/hum

upd/article/14/4/391/640607 by guest on 10 April 2024


