ORIGINAL ARTICLE

https://doi.org/10.5653/cerm.2022.05211
pISSN 2233-8233 - elSSN 2233-8241
Clin Exp Reprod Med 2022;49(3):202-209

2 CERME

Correlation of oocyte number with serum anti-
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Objective: The aim of this study was to assess the correlation of oocyte number with serum anti-Miillerian hormone (AMH) levels measured
by two automated methods (Access or Elecsys) in fresh stimulated in vitro fertilization (IVF) cycles.

Methods: In this retrospective study at a university hospital, data were collected from 243 fresh stimulated IVF cycles performed from August
2016 to December 2020. The serum AMH level was measured by Access in 120 cycles and by Elecsys in 123 cycles. The cut-off of serum AMH
for prediction of poor responders (three or fewer oocytes) or high responders (15 or more oocytes) was calculated by the receiver operating
characteristic curve analysis.

Results: For the two automated methods, the following equations were derived: total oocyte number=2.378+1.418x(Access-AMH) (r=0.645,
p<0.001) and total oocyte number=2.417+2.163x(Elecsys-AMH) (r=0.686, p<0.001). The following combined equation could be derived:
(Access-AMH)=0.028+1.525%(Elecsys-AMH). To predict poor responders, the cut-off of Access-AMH was 1.215 ng/mL (area under the curve
[AUC], 0.807; 95% confidence interval [Cl], 0.730-0.884; p<0.001), and the cut-off of Elecsys-AMH was 1.095 ng/mL (AUC, 0.848; 95% Cl,
0.773-0.923; p<0.001). To predict high responders, the cut-off of Access-AMH was 3.450 ng/mL (AUC, 0.922; 95% (I, 0.862-0.981; p<0.001),
and the cut-off of Elecsys-AMH was 2.500 ng/mL (AUC, 0.884; 95% Cl, 0.778-0.991; p<0.001).

Conclusion: Both automated methods for serum AMH measurement showed a good correlation with oocyte number and good perfor-
mance for predicting poor and high responders in fresh stimulated IVF cycles. The Access method usually yielded higher measured serum
AMH levels than the Elecsys method.
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Introduction

Anti-Miillerian hormone (AMH) is a dimeric glycoprotein that is a
member of the transforming growth factor 3 family. It is produced in
the Sertoli cells of testes and plays a role in male sexual differentia-
tion [1]. AMH is also produced in the granulosa cells of pre-antral and
small antral follicles in women [2,3]. The serum AMH level is widely
used to assess ovarian reserve and predict the ovarian response to
an exogenous gonadotropin in in vitro fertilization (IVF) cycles [1,4-
9]. It has been shown that the serum AMH level has similar or better
performance than the antral follicle count (AFC) for predicting the
oocyte yield in stimulated IVF cycles [10].
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Measurement of serum AMH by enzyme-linked immunosorbent
assays was first reported in the 1990s; this so-called first-generation
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AMH assay was developed and produced both by Diagnostic Sys-
tems Lab (DSL) and Immunotech (I0T). Each company’s assay used
different primary antibodies against AMH and different calibrators,
resulting in different values when the same sample was analyzed
[11]. The DSL antibody and IOT standard calibrators were later com-
bined in 2010, and the second-generation (Gen Il, original) assay was
developed by Immunotech Beckman Coulter [12,13]. Shortly there-
after, the revised Gen Il assay was introduced by adding a pre-mix
step with new AMH reference ranges in 2013 [3]. The revised Gen II-
AMH level was usually somewhat higher than the original Gen II-
AMH level [3].

In 2015, fully automated AMH assays were released by Beckman
Coulter (Access) and by Roche (Elecsys) [14,15]. The automated assay
uses recombinant AMH as a calibrator, thereby reducing the test
time and improving sample instability or variability. Ultimately, the
reproducibility was quite substantially improved compared to the
previous manual methods [16-19]. Tadros et al. [19] reported that, on
average, Access-AMH levels were 16% lower and Elecsys-AMH levels
were 20% lower than the levels reported using the revised Gen Il as-
say in patients with reduced AFC. Therefore, the AMH levels mea-
sured by the automated assays are considered to be similar to those
obtained using the original Gen Il assay [18]. However, Access-AMH
showed a better correlation with oocyte number than the revised
Gen Il assay [15,18]. Theoretically, both Access-AMH and Elecsys-
AMH levels in a single person would be expected to be similar be-
cause both methods use the same antibody. Nonetheless, the possi-
bility of a difference in these measured values in a single person still
exists, since Access-AMH uses five approximate calibration points
(0.16,0.6,4, 10, and 24 ng/mL), but Elecsys-AMH uses three points.

In previous studies, the Access-AMH levels and Elecsys-AMH levels
in the same patient showed a significant correlation, and there was a
tendency for higher levels to be measured using Access-AMH than
using Elecsys-AMH [14,20,21]. In the present study, we evaluated the
association of oocyte number with Access-AMH levels or Elecsys-
AMH levels in different cohorts of patients undergoing stimulated
IVF cycles, and determined the cut-off of Access-AMH or Elecsys-
AMH to predict poor responders (3 or fewer oocytes) or high re-
sponders (15 or more oocytes).

Methods

1. Study subjects and AMH measurements

We selected 243 fresh IVF cycles performed between August 2016
and December 2020 at Seoul National University Bundang Hospital.
The initial indication of IVF was unexplained infertility in 48 couples,
diminished ovarian reserve in 46 couples, tubal factor infertility in 38
couples, endometriosis in 24 couples, male factor infertility in 22
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couples, and mixed-cause infertility in 65 couples. The Institutional
Review Board of the Seoul National University Bundang Hospital ap-
proved the use of patients’ medical records and IVF laboratory data
(No. B-2110-714-101). As this study was a retrospective study, only
the data on the procedure already performed were used, so patient
consent was omitted.

In all cycles, full stimulation with recombinant follicle-stimulating
hormone (FSH) with or without purified human menopausal gonad-
otropin (hMG) (excluding mild stimulation or natural cycle) was used,
and the serum AMH level was measured within 1 year before ovarian
stimulation by Access (Beckman Coulter, Brea, CA, USA) in 120 cycles
and by Elecsys (Roche Diagnostics, Basel, Switzerland) in 123 cycles.
The AMH measurement method was assigned at random or at the
physician’s preference.

The Access-AMH and Elecsys-AMH assays are automated immuno-
assays that utilize chemiluminescence for detection. They are not
susceptible to interference by serum complement [22]. The total du-
ration of assay is 39 minutes for Access-AMH and 18 minutes for
Elecsys-AMH. The measurement range of Access-AMH is 0.02-24.00
ng/mL, and the intra- and inter-assay coefficients of variation are
<1.7% and < 2.8% according to the manufacturer’s instructions. For
Elecsys-AMH, the measurement range is 0.01-23.00 ng/mL, and the
intra- and inter-assay coefficients of variation are <2.6% and < 3.9%,
respectively [22].

2. Ovarian stimulation protocols

Ovarian stimulation was performed with recombinant FSH (Go-
nal-f; Merck Serono, Darmstadt, Germany) (142 cycles), recombinant
FSH and purified hMG (Menopur; Ferring Pharmaceuticals, Kiel, Ger-
many) (7 cycles), or recombinant FSH and recombinant luteinizing
hormone (Pergoveris, Merck Serono) (17 cycles). A flexible gonado-
tropin-releasing hormone (GnRH) antagonist was used for pituitary
suppression in all IVF cycles. Briefly, gonadotropins (according to the
serum AMH level and individual ovarian response of previous cycles)
were started on menstrual day 2—-4 and the doses were adjusted.
When the leading follicle reached a diameter of 14 mm, cetrorelix
(Cetrotide, 0.25 mg/day; Merck Serono) was started and when the
leading follicle reached a diameter of 18-19 mm, 250 pg or 500 pg
of recombinant human chorionic gonadotropin (hCG; Ovidrel, Mer-
ck-Serono) (171 cycles), 5,000 IU of urinary hCG (IVF-C; LG Chemical,
Seoul, Korea) (2 cycles), a GnRH agonist (Decapeptyl [0.2 mg], Fer-
ring) (3 cycles), or 250 pg of recombinant hCG with a GnRH agonist
(Decapeptyl [0.2 mg]) (67 cycles) was administered for final trigger-
ing. Oocytes were retrieved 35-36 hours later. The total oocyte num-
ber and the mature oocyte number were recorded. In most cases,
oocyte maturity could be easily evaluated under stereomicroscopy
on the basis of the cumulus pattern. In situations where the maturity

203



B CERM

was unclear due to dark cumulus cells or blood clots, the oocytes
were denuded using 85 IU/mL hyaluronidase (Cook, Bloomington,
IN, USA) and mechanical pipetting. Mature oocytes were defined ac-
cording to the presence of the first polar body and absence of a ger-
minal vesicle.

3. Data analysis

Statistical analysis was performed using IBM SPSS ver. 25.0 (IBM
Corp., Armonk, NY, USA). All variables were presented as mean+
standard deviation. Correlations between pairs of numeric parame-
ters (such as serum AMH level, serum estradiol level at triggering day,
the number of total or mature oocytes, and ovarian sensitivity [0S])
were assessed by the Spearman rank test. The OS was calculated in
two ways; The OS-TO was defined as the total oocyte number per
500 IU of total gonadotropins, and the OS-MO was defined as the
mature oocyte number per 500 IU of total gonadotropins. Equations
were derived for the relationships between pairs of numeric parame-
ters through linear regression analysis. The cut-off of serum AMH for
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mean total gonadotropin dose was significantly higher in the
Elecsys-AMH cohort than in the Access-AMH cohort. The correlation
coefficients between serum AMH levels and five stimulation out-
comes are presented in Table 2. Serum estradiol level at triggering
day, the number of total or mature oocytes, 0S-TO, and OS-MO were
all positively associated with the Access-AMH level or Elecsys-AMH
level, with statistical significance.

Figure 1 shows the linear regression lines between the Access-AMH
level or Elecsys-AMH level and the total oocyte number. Linear re-
gression analysis derived four equations to show the relationships
between four stimulation outcomes and AMH levels (Table 3). For
each stimulation outcome, when two equations (from Access-AMH
and Elecsys-AMH) were combined, a total of four equations to show
the correlations between the Access-AMH level and the Elecsys-AMH

Table 2. Correlations between serum AMH level and five stimulation
outcomes”

the prediction of poor responders (3 or fewer oocytes) or high re- .\ Access-AMH Elecsys-AMH
sponders (15 or more oocytes) was calculated using receiver operat- 7 p-value r palue
ing characteristic curve analysis. A p-value <0.05 was considered to SerumElevelatiriggeringday 0608 <0.001 0684 <0001
- T Total oocyte (TO) 0645  <0.001 0686  <0.001
indicate statistical significance.
Mature oocyte (MO) 0534  <0.001 0578  <0.001
Ovarian sensitivity-TO 0657  <0.001 0702 <0.001
Results Ovarian sensitivity-MO 057 <0001 0608 <0.001
AMH, anti-Mdillerian hormone.
The basal characteristics of two cohorts are shown in Table 1.The  ?Spearman's rank correlation test.
Table 1. Basal clinical characteristics of Access-AMH cohort and Elecsys-AMH cohort and their stimulation outcomes”
Variable Access-AMH cohort Elecsys-AMH cohort Pl
(120 cycles) (123 cycles)
Female age (yr) 36.8+4.9 371145 0.620
Male age (yr) 399+54 39.1+5.1 0.689
Cause of infertility <0.001
Male factor 12(10.0) 10(8.1)
Female factor 94(783) 70(56.9)
Combined 5(4.2) 4(33)
Unexplained 9(7.5) 39(31.7)
Serum AMH level (ng/mL) 2.19+£254 1.82+148 0.253
Duration between measurement of serum AMH and oocyte pick-up (day) 87.2+939 100.1+£96.7 0.466
Total dose of gonadotropin (IU) 2,279+ 658 2,535+632 0.004
Serum E level at triggering day 1,214+1,036 1,481+1,077 0.079
No. of total oocyte (TO) 55+54 64+5.2 0.146
No. of mature oocyte (MO) 33+34 38+35 0.140
Ovarian sensitivity-TO” 149+ 197 142+138 0.877
Ovarian sensitivity—MO‘) 0.88+1.13 0.84+0.89 0.948

Values are presented as meanzstandard deviation or number (%).
AMH, anti-Miillerian hormone.

IStudent t-test; " Total oocyte number per 500 IU of gonadotropins; “Mature oocyte number per 500 IU of gonadotropins.
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Figure 1. Linear regression lines to show correlations between the total oocyte number and serum anti-Mdllerian hormone (AMH) levels

measured by Access (blue color) and Elecsys (red color).

Table 3. The equations between serum AMH level and four stimulation outcomes and derivation of four equations between two serum

AMH levels

Access-AMH

Elecsys-AMH

Total oocyte (TO)

=2.378+1.418 X [Access-AMH]

=2.417+2.163 X [Elecsys-AMH]

—[Access-AMH] =0.028+1.525 x [Elecsys-AMH]

=1.292+1.375 X [Elecsys-AMH]

Mature oocyte (MO) =1.750+0.723 x [Access-AMH]
—{Access-AMH] =-0.633+1.902 x [Elecsys-AMH]
Ovarian sensitivity-TO =0.375+0.508 x [Access-AMH]

=0.349+0.588 x [Elecsys-AMH]

—{Access-AMH] =-0.051+1.16 X [Elecsys-AMH]

Ovarian sensitivity-MO

=0.329+0.251 x [Access-AMH]

=0.171+0.367 x [Elecsys-AMH]

—{Access-AMH] =-0.629+1.462 x [Elecsys-AMH]

AMH, anti-Miillerian hormone.

level could be derived. In the calculated four equations, the Ac-
cess-AMH level was usually higher than the Elecsys-AMH level. For
example, using the equations for the total oocyte number, the Ac-
cess-AMH level was 1.553 ng/mL when the Elecsys-AMH level was
1.0 ng/mL. When using the equation for the mature oocyte number,
an Access-AMH level of 1.269 ng/mL corresponded to an Elecsys-
AMH level of 1.0 ng/mL.

For the prediction of poor responders, the cut-off of Access-AMH
was 1.215 ng/mL (area under the curve [AUC], 0.807; 95% confi-
dence interval [Cl], 0.730-0.884; p < 0.001), and the cut-off of Elecsys-
AMH was 1.095 ng/mL (AUC, 0.848; 95% Cl, 0.773- 0.923; p < 0.001)
(Table 4, Figure 2). For the prediction of high responders, the cut-off
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of Access-AMH was 3.450 ng/mL (AUC, 0.922; 95% Cl, 0.862-0.981;
p<0.001), and the cut-off of Elecsys-AMH was 2.500 ng/mL (AUC,
0.884; 95% (I, 0.778-0.991; p < 0.001) (Table 5, Figure 3).

Discussion

In the present study, we demonstrated that two fully automated
AMH measurements could well predict the oocyte number in infer-
tile women who underwent stimulated IVF cycles. No previous study
has investigated whether there is a difference in serum AMH levels
between these two methods for fully automated measurements of
AMH. Although the data are from different cohorts, a correlation be-
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Figure 2. Receiver operating characteristic (ROC) curves of serum
anti-Millerian hormone (AMH) levels for the prediction of poor
ovarian response (total oocytes <3).

Table 4. Results of receiver operating characteristic curves of serum
AMH level for prediction of poor ovarian response (total oocytes
<3)
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Figure 3. Receiver operating characteristic (ROC) curves of serum
anti-Miillerian hormone (AMH) levels for the prediction of high
ovarian response (total oocytes >15).

Table 5. Results of receiver operating characteristic curves of serum
AMH level for prediction of high ovarian response (total oocytes
>15)

Variable Access-AMH Elecsys-AMH Variable Access-AMH Elecsys-AMH
Cut-off (ng/mL) 1.215 1.095 Cut-off (ng/mL) 3450 2.500

AUC (95% Cl) 0.807 (0.730-0.884) 0.848(0.773-0.923) AUC (95% Cl) 0.922 (0.862-0.981) 0.884 (0.778-0.991)
Sensitivity (%) 77.2 88.2 Sensitivity (%) 100 85.7
Specificity (%) 69.8 745 Specificity (%) 83.5 81.0

PPV 69.814 84.833 PPV 20.869 21.392

NPV 77.188 79.609 NPV 100.000 98.946
p-value <0.001 <0.001 p-value 0.001 <0.001

AMH, anti-Mdillerian hormone; AUC, area under the curve; Cl, confidence in-
terval; PPV, positive predictive value; NPV, negative predictive value.

tween Access-AMH and Elecsys-AMH was identified, assuming the
same number of oocytes. We believe that our results will be very
useful in interpreting AMH levels measured by other methods at
centers that usually use only one method.

The Access-AMH level was usually higher than the Elecsys-AMH
level. However, considering the OS-E and 0S-MO, it is thought that
interoperability would be difficult because the relationship between
the two was not consistent at low AMH values.

In addition, the trend for Access-AMH levels to be higher than

206

AMH, anti-Mdillerian hormone; AUC, area under the curve; Cl, confidence in-
terval; PPV, positive predictive value; NPV, negative predictive value.

Elecsys-AMH levels could be related to the higher total gonadotropin
dose in the Elecsys-AMH group than in the Access-AMH group. Ac-
cording to European Society of Human Reproduction and Embryolo-
gy (ESHRE) guidelines on ovarian stimulation for IVF and intracyto-
plasmic sperm injection, AMH and AFC could predict the ovarian re-
sponse well during ovarian stimulation. They recommended estab-
lishing the FSH starting dose considering AMH and AFC [10]. Due to
the retrospective nature of this study and differences in physicians’
preferences across groups, it is not possible to draw a firm conclusion

https://doi.org/10.5653/cerm.2022.05211
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that the total gonadotropin dose fully explains the difference in
AMH; therefore, additional research is needed to address this ques-
tion in the future.

La Marca et al. [20] reported that the Access-AMH level was usually
higher than the Elecsys-AMH level. When calculating the dose of fol-
litropin alfa, Access-AMH value was used instead of the Elecsys-AMH
value, and a > 15% difference in the starting dose occurred in only 2
of 113 patients. When calculating the dose of follitropin delta, the
Access-AMH value was used instead of the Elecsys-AMH value, and a
> 15% difference in the starting dose occurred in 21 of 113 patients.
In general, when using follitropin delta, the Elecsys-AMH level is con-
sidered the gold standard. Considering the results of this paper, the
choice between using Elecsys-AMH or Access-AMH values appears
to have little effect on the determination of the correct FSH dose
used for ovarian stimulation. The authors suggest that the two most
widely used automated AMH assays, Elecsys and Access, have mod-
est differences in values, and the clinical significance of this study’s
results lies in the reliability of the interchangeable use of AMH values
obtained from both assays.

In the present study, the correlation coefficient of Access-AMH
with the total oocyte number was 0.645, and that of Elecsys-AMH
with the total oocyte number was 0.686. Asada et al. [15] reported
that the correlation coefficient of Access-AMH with the total oocyte
number was 0.655, which is very similar to our result. Homburg et al.
[22] reported a correlation coefficient of 0.48 between Access-AMH
and the total oocyte number.

Our study also showed that both automated methods for serum
AMH measurement had good performance in predicting poor and
high responders in fresh stimulated IVF cycles. Based on our obser-
vations, the cut-off of Access-AMH was 1.215 ng/mL and the cut-off
of Elecsys-AMH was 1.095 ng/mL for predicting poor responders. The
cut-off of Access-AMH was 3.450 ng/mL and the cut-off of Elecsys-
AMH was 2.500 ng/mL for predicting high responders.

In the Bologna criteria defining poor responders, a serum AMH
level <0.5-1.1 ng/mL was presented as one of the criteria [23]. Broer
et al. [24] also presented the cut-off of AMH for predicting poor or
high responders in their meta-analysis as 2.0 ng/mL (95% Cl, 0.1-5.7
ng/mL) and 4.8 ng/mL (95% Cl, 1.3-10.2 ng/mL; p <0.001), respec-
tively. In their study, AMH was all measured by IOT. We also previous-
ly reported that the cut-offs of AMH levels measured using IOT were
1.08 ng/mL and 3.57 ng/mL, respectively, for predicting poor and
high responders (= 20 oocytes) [25].

After the introduction of automated methods, the cut-off of Ac-
cess-AMH or Elecsys-AMH for prediction of poor or high responders
should be reset. Bosch et al. [10] suggested that the FSH dose and
the drug and dose for triggering should be different for ovarian stim-
ulation in poor and high responders, considering the AMH level and
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AFC. However, they also reported that there was no consistent defi-
nition of poor and high responders.

Baker et al. [26] studied whether Access-AMH could be used to
predict poor ovarian responders. The mean value of Access-AMH
among patients with poor ovarian response to ovarian stimulation,
defined as 4 or fewer oocytes retrieved, was 0.74 ng/mL, whereas the
cut-off was 3.20 ng/mL for normal to high responders. The cut-off for
predicting poor ovarian response at 90% specificity was 0.93 ng/mL
(sensitivity, 74.1%; specificity, 90%). There was no AMH cut-off value
for high responders, and the AMH cut-off value for an AFC > 15 was
1.75 ng/mL (sensitivity, 90%; specificity, 59.1%). Homburg et al. [22]
reported that the cut-offs of Access-AMH were 0.77 ng/mL for poor
responders and 2.184 ng/mL for high responders (> 15 oocytes). In
that report, the serum AMH levels of 1,787 and 1,258 patients at two
different sites were measured by the Access-AMH method. The cut-
off level of Access-AMH for predicting poor ovarian response and
high ovarian response in our study was somewhat higher than that
of Baker et al. [26] and Homburg et al. [22]. This may have been be-
cause the average age of the Access group in our study was 39.94
years, which is higher than in previous studies.

lliodromiti et al. [27] systematically searched and analyzed the liter-
ature measured by two automated measures in the same patient co-
hort. They found that Access-AMH values were higher than those ob-
tained using Elecsys, and the correlation was linear (Access =—0.05
+1.10 x Elecsys). Access-AMH showed a higher value on average by
about 10% compared to Elecsys-AMH, and when using the AMH val-
ue measured by Access-AMH, it was reported that attention should
be paid because the patients would receive a lower dose of follitropin
delta based on the Access-AMH levels.

Tan et al. [28] prospectively measured and analyzed both Ac-
cess-AMH and Elecsys-AMH in 43 infertile women aged 21 to 45
years. They reported that the cut-off of AMH for predicting poor
ovarian response was 2.23 ng/mL for Access-AMH and 2.02 ng/mL
for Elecsys-AMH. Furthermore, the cut-off of AMH for predicting high
ovarian response was reported to be 5.19 ng/mL for Access-AMH
and 4.60 ng/mL for Elecsys-AMH. The cut-off values in Tan’s study
were all higher than in our study, which is probably due to the small
sample size. However, the results are consistent with previous pa-
pers, which reported that Access-AMH showed slightly higher values
than Elecsys-AMH.

It has been reported that very low values of AMH (1.5 pmol/L,
which is equivalent to 0.21 ng/mL [15]) for Elecsys-AMH can predict
cycle cancellation, and the cut-off value of Elecsys-AMH for a low oo-
cyte yield (defined as < 3 oocytes) was 0.56 ng/mL [29]. That result
also confirmed that the cut-off value of Elecsys-AMH was somewhat
higher than that of our study. It is presumed that these results were
caused by differences in patient groups and stimulation protocols.
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The limitations of our study are related to its retrospective nature.
The AMH measurement method was determined by the physician’s
preference, and the interval between AMH measurement and oocyte
pick-up was wide, although within 1 year. However, as in previous
studies, Access-AMH showed slightly higher values than Elecsys-
AMH. The finding that both AMH measurement methods predicted
poor and high ovarian response is also consistent with previous
studies.

In conclusion, although there is a slight difference between the
two methods, both automated AMH measurement methods show
good correlations with the number of retrieved oocytes and predict
poor and high ovarian response relatively well. In the future, a large-
scale prospective study is needed to clarify the differences between
the two test methods.
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