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Aim: The present study aims to correlate AMH and AFC, with the number of retrieved oocytes , number of
Grade1 embryos and clinical pregnancy in IVF/ICSI cycles stimulated with GnRH-antagonist protocol.

Materials and Methods: 49 women who underwent grade 1 cleavage stage fresh embryo transfer fromMay
to August 2017 were included. Primary end point was clinical pregnancy i.e. positive cardiac activity at 6
weeks. Pearson’s correlation coefficient was calculated and stepwise regression analysis was done to
identify the best predictor.

Results: Out of 49 patients 21 patients (42.9%) were pregnant. Serum AMH and AFC significantly correlated
with the number of oocytes obtained (P=0.00, P=0.00). A positive correlation of serum AMH and AFC was
seen with number of grade 1 embryos , but it was not significant. AFC had a stronger correlation with
number of oocytes and grade 1 embryos than AMH . Stepwise regression analysis indicated that number of
grade 1 embryos was an independent predictor for clinical pregnancy (P= 0.19) with an overall accuracy of
63%.

Conclusion: Counselling of patients regarding outcome of IVF cycle should be based on the number of
grade1 embryos.
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of oocytes
Address for correspondence: Dr. Surveen Ghumman, B 517 New Friends Colony, Delhi 110025, India.
E-mail: surveen12@gmail.com
INTRODUCTION

The ovarian reserve is the size of the follicular pool that is
established during the fetal life. A gradual depletion of the
follicle pool occurs during a female’s reproductive life.
Therefore, an estimation of the ovarian reserve of a female
is of paramount clinical importance for determining the
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fertility potential of women. Maternal age, serum anti
mullerian hormone (AMH) and antral follicle count are the
common tools to assess ovarian reserve in clinical
practice. Basal follicle stimulating hormone (FSH) and
serum estradiol levels are influenced by the hormonal
status of the patient, show intracycle fluctuations and are
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not preferred. The markers of ovarian reserve such as AMH
and antral follicle count (AFC) are determinative for the
number of retrieved oocytes in a stimulated cycle for in vitro
fertilizatrion (IVF).However, the predictive value ofAMHor
AFC for clinical pregnancy or live birth is variable and
conflicting. Our study aims to find out the correlation of
AMHandAFCwith the number of retrieved oocytes and the
number of Gd1 embryos in women undergoing IVF/
intracytoplasmic sperm injection (ICSI) cycles stimulated
with a gonadotropin releasing hormone (GnRH)-
antagonist protocol. The AMH level, AFC, the number of
retrieved oocytes and the number ofGrade 1 embryoswill be
assessed for the prediction of clinical pregnancy.

MATERIALS AND METHODS

This retrospective study included 49 women undergoing
IVF at our IVF department from May 2016 to August
2016. The inclusion criteria were (1) age 25–45 years, (2)
the presence of both ovaries, (3) patients stimulated with
antagonist protocol and (4) patients in whom fresh
embryo transfer was performed. The exclusion criteria
were (1) patients stimulated with protocol other than
GnRH antagonist, (2) patients in whom embryo
transfer could not be done in the present cycle due to
the risk of hyperstimulation or thin endometrial thickness
(ET), (3) patients in whom severe male factor infertility
was present and (4) patients undergoing donor or
surrogate cycles. Before starting ovarian stimulation, on
Day 2 of a spontaneous menstrual cycle, patients
underwent a transvaginal ultrasound scan for the
estimation of AFC. It was conducted by measuring all
the visible follicles in both the ovaries. On the same day, a
peripheral blood sample was obtained for the
measurement of serum AMH and baseline hormonal
levels. AMH levels were measured with a Generation 2
ELISA kit. The sensitivity of the kit was 0.025 ng/ml, and
intra- and interassay variation of the assay was 7%.
Recombinant FSH or urinary purified FSH was used
for ovarian stimulation starting from Day 2 of the
cycle. The starting dose was chosen on the basis of
age, FSH, body mass index (BMI) and experience from
previous cycles. FSH doses were further adjusted
according to ultrasound findings and estradiol
measurements during monitoring. GnRH antagonist
was added from Day 5 of the cycle. When at least two
follicles reached a diameter of 18mm, 250 μg of
recombinant hCG was administered, and 35–36 h later,
oocyte retrieval was performed. The embryos were
cultured in 37°C, 5% CO2 and humidified atmosphere.
Each day, the embryos were scored by a senior
embryologist according to the criteria given by
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ESHRE Istanbul. Embryo transfers were performed
at the cleavage stage (Day 2 or Day 3) under
ultrasound guidance. The best-quality (Grade 1)
embryos determined using ESHRE Istanbul criteria
were transferred. Luteal phase was supported with
vaginal micronized progesterone and intramuscular
progesterone (50mg I/M) on every alternate day.
Serum b-hCG > 50 mIU/l was considered as positive.
Clinical pregnancy was defined as a viable intrauterine
pregnancy (positive cardiac activity) on transvaginal
ultrasound scanning performed at 6 weeks of
pregnancy.

Statistical analysis

The main outcome measures were the number of oocytes
retrieved, the number of Gd1 embryos and clinical
pregnancy. Data were analyzed with the Statistical
Package for the Social Sciences version 20 software
(SPSS Inc., Chicago, IL, United States). The
frequencies of the variables were computed. Pearson’s
correlation was calculated for a correlation of the
variables. Clinical pregnancy and age-wise comparisons
were based on t-statistics (for two groups) or one-way
analysis of variance (for more than two groups). The
prediction probability of clinical pregnancy was based on
logistic regression models by estimating the parameters
using forward likelihood technique. P value <0.05 was
considered significant for all statistical tests.

RESULTS

Out of the 49 patients, 24 patients (48.9%) had a
positive beta-hCG test. The clinical pregnancy rate
was 42.8%, that is, 21 patients out of 49 patients
had positive cardiac activity at 6 weeks of gestation.
Demographic data and parameters related to
the outcome of ovarian stimulation are presented
in Table 1.

AMH was positively correlated with AFC (r=+0.648),
the number of oocytes retrieved (r=+0.508) and the
number of Gd1 embryos (r=+0.22). A significant
positive correlation of AMH was seen with the
number of oocytes retrieved (P= 0.00) [Figure 1].
AFC was positively correlated with the number of
oocytes retrieved (r= 0.743) and the number of Gd1
embryos (r=+0.215). The significant positive
correlation of AFC was seen with the number of
oocytes retrieved (P= 0.00) [Figure 2]. Among the
AFC and AMH, AFC was found to have a stronger
correlation with the number of oocytes retrieved than
AMH (r= 0.743 vs. r= 0.507). The studied parameters,
Fertility Science and Research | Vol 4 | Issue 2 | July-December 2017



Table 1: Demographic data and the outcome of ovarian stimulation in 49 cycles

Age (years) BMI
(kg/m2)

Total FSH
given (IU)

Days of
stimulation

AMH
(ng/ml)

AFC No. of oocytes No. of grade 1 embryos

Mean 30.4082 24.2 2512.25 10.02 4.9302 16.2449 10.8571 3.3469
Std. deviation 5.10685 2.5 865.62 1.5 4.40710 7.80633 5.77711 1.46559
Minimum 21.00 18.5 1825 8 0.60 4.00 2.00 1.00
Maximum 42.00 32 5585.75 13 25.00 31.00 28.00 7.00

AFC, Antral follicle count; AMH, anti mullerian hormone; BMI. body mass index; FSH, follicle stimulating hormone.

Figure 1: Correlation of AMH with AFC (r=+0.648, P=0.00), the number of oocytes (r=+0.508, P=0.00) and the number of Grade 1 embryo
(r=+0.22, P=0.878)

Figure 2: Correlation of AFC with number of oocytes (r=+0.743, P=0.00) and number of Grade 1 embryo (r=0.215, P=0.139)
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that is, AMH, AFC or the number of oocytes, were not
found to be significantly different in clinical pregnant
vs. nonpregnant group. The only parameter that was
significantly different was the number of Grade 1
embryos. It was found that the mean number of
embryos in the clinical pregnant group was 3.9, with
2.9 in nonpregnant group [Table 2]. Stepwise regression
analysis showed that the significant parameter for the
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prediction of the clinical pregnancy was the number of
Grade 1 embryos (r= 2.421, P= 0.019). The number
of Grade 1 embryos is an independent factor for
predicting clinical pregnancy. The positive predictive
value of Grade 1 embryos for clinical pregnancy was
78.6%. The negative predictive value was 42.9%.
Overall, the accuracy of Grade 1 embryos to predict
clinical pregnancy was 63%.
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Table 2: Comparison among AMH level, AFC, the number of retrieved oocytes and the number of Grade 1 embryos in clinical
pregnant and nonpregnant women groups

Positive clinical pregnancy (N = 28) Negative clinical pregnancy (N = 21) P value
AMH 5.2 ± 1.14 4.6 ± 0.8 0.06
AFC 17.8 ± 1.5 15.0 ± 1.5 0.228
No. of oocytes 11.9 ± 1.05 10.03 ± 1.2 0.255
No. of Grade 1 embryos 3.9 ± 0.31 2.9 ± 0.3 0.019*

AMH, Anti Mullerian hormone. *P value < 0.05 significan.
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DISCUSSION

Relation of AMH with the number of oocytes

retrieved

A linear relationship between oocyte yield and AMH level
has been observed in the previous studies.[1,2] The results
of our study also show that AMH is significantly
correlated with the number of retrieved oocytes in
women stimulated with GnRH-antagonist protocol.

Relation of AFC with the number of oocytes

retrieved

The results of our study are in concordance with the
findings of other studies by Chang et al., Himabindu et al.,
Hsu et al. and Tsakos et al., which have shown that AFC
has a linear relationship with the number of retrieved
oocytes with a good predictive value.[2-5]

AMH versus AFC

The direct comparisons of AFC and AMH level have
shown similar predictive value for ovarian response and
outcome with one prospective, multicentre study that
indicated a significantly stronger predictive value for
AMH and three others that demonstrated a stronger
predictive value for AFC.[2,4,6-12] The results of our
study showed that between AMH and AFC, AFC had
a stronger correlation with the number of oocytes
retrieved.
Relation of AMH and AFC with the embryo quality

In previous studies, AFC has not been shown to be
predictive of embryo quality.[5,13] Only one study has
directly suggested that AMH level may also predict
embryo quality.[14] In our study, although AMH and
AFC are positively and linearly correlated with Grade 1
embryos, the strength of correlation was not significant.
Thus, our results support the previous studies that AMH
and AFC could not predict embryo quality.

Relation of AMH with clinical pregnancy

Given that AMH is associated with oocyte yield and oocyte
yieldhasbeen shown tobea strong predictorof livebirths, it
is plausible that AMH level could be used to predict
pregnancy outcomes.[15] Findings from several large-scale
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retrospective analyses of women undergoing IVF found a
positive association between AMH level and live birth
rates.[16-18] A recent prospective study in nearly 900
women undergoing 1230 IVF cycles confirmed these
findings, reporting that AMH level is strongly associated
with bothpregnancy and live birth rates, independentof age
andoocyte yield.[11]However, other studies have not shown
an association between AMH level and pregnancy rates or
live births including two separate meta-analyses.[19-22] A
thirdmeta-analysis found aweakassociationbetweenAMH
level and implantation and clinical pregnancy rates.[23] Thus,
AMHmay be useful in predicting pregnancy and live birth
rates, but further prospective analyses are still needed. In
our study, AMH was not found to be a predictor of clinical
pregnancy.

Relation of AFC with the clinical pregnancy

Two large studies (with 734 and 2092 participants,
respectively) on the prediction of live birth after IVF
treatment using the thresholds of AFC cohorts produced
conflicting results.[5,24] Another study demonstrated a
strong positive relationship of AFC, independent of
age, with live birth.[13] Recently, another study has
demonstrated that AFC is not a predictor of clinical
pregnancy in poor responder patients.[25] In our study,
AFC was not found to be a predictor of clinical pregnancy.

Relation of embryo quality with the clinical

pregnancy

A study conducted comparing the embryo transfer of top-
quality embryoswithpoor-quality embryos showedahigher
clinical pregnancy rate (41.5%) and live birth rate (32.3%) in
thegood-quality embryo transfer groupcomparedwith that
in the poor-quality transfer group (19.2 and 15.5%).[26] In
our study, when we compared pregnant vs. nonpregnant
women, the only statistically different parameter observed
was the number ofGd1 embryos. Because in our study only
Grade 1 embryo transfers onDay 2 orDay 3were included,
we can conclusively say that the embryo qualitywas the only
significant parameter for predicting clinical pregnancy rate.
Limitations of the study

A major limitation of our study is the small sample size,
which limits the generalization of our findings by
Fertility Science and Research | Vol 4 | Issue 2 | July-December 2017
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making them arguable in terms of statistical power.
Another limitation is that clinical pregnancy rate was
used rather than live birth rate because of the inclusion
of pregnant women who did not give birth during the
study period. The other limitations of this study are the
retrospective nature of the study. In addition, different
subgroups of the patients wherein ovarian response can
be categorized as normal, poor or hyper-responders
need to be analyzed in detail to make further
conclusions.
CONCLUSION

Our study concludes that counseling of the patient
regarding the outcome of the IVF cycle should not be
based on AMH and AFC only. The final word should be
based on the quality of embryos, which is an independent
factor for the prediction of clinical pregnancy. The factors
to predict the quality of embryos may correlate with the
cause of infertility, which needs to be elucidated in future
studies.
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