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Introduction. Assessment of the fetal heart rate become
a routine manner and was found to be helpful in making
important clinical decisions. In the available literature there
are no any information about fetal heart rate in twin pregnan-
cy and it usefulness in predicting pregnancy outcome.
Objective. The aim of our study was to evaluate a range of
heart rates in the first trimester in twin pregnancy and the
influence of the rate of fetal heart on the outcome of the
pregnancy.
Material and methods. The study included 89 twin pregnan-
cies between 6 and 11 weeks of pregnancy (78 pregnancies
finished with good outcome and 11 with unfavorable outco-
me).
Results. The date shows that the heart rate of embryos / fetuses
in the first trimester of an uncomplicated twin pregnancy
progressively increases between 6 and 8 weeks of pregnancy
and then slows down in week 11. Our data shows that the rate
of fetal death in the first trimester of twin pregnancy increases
progressively with decreasing of the heart rate. In our study
none of the twins survived when the observed rate of the fetal
heart was less than 110 beats per minute and half of them died
when heart rate was between 110 and 120 beats per min.
Furthermore, the significant difference in the heart rates of a
set of twins was connected with a poor prognosis. In mono-
chorionic pregnancies with a significant difference in heart rate
(20 beats/min or more) despite a normal fetal heart rate (120
beats/min or more) TTTS syndrome was confirmed later in
pregnancy.
Conclusions. The heart rate in twin pregnancy more than 120
beats per minute is connected with a good prognosis, whe-
reas below 110 beats per minute with a poor prognosis.
Furthermore, the significant difference in fetal heart rate (20
beats/min or more) can be a marker of developing TTTS syn-
drome later in pregnancy.
Key words: fetal heart rate; twin pregnancy; first trimester;
TTTS
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INTRODUCTION
In the past and nowadays the fetal heart rate
is being used as a confirmation of the embryo/
fetal life. Large group studies have reported
changes in the heart rate in early stage of pre-
gnancy [1-10]. Furthermore, miscarriages were
observed in pregnancies with abnormal fetal
heart rate [1-7,11]. Therefore assessment of the
fetal heart rate become a routine manner and
was found to be helpful in making important
clinical decisions. However in the available li-
terature there are no any information about
fetal heart rate in twin pregnancy.

AIM
The aim of our study was to evaluate range of
heart rate in first trimester in twin pregnancy
and influence of rate of fetal heart on pregnancy
outcome.

MATERIALS AND METHODS
The study was conducted in the Ultrasound Unit
in Healthcare Center in Kutno from 2010 to
2016. In the study were included 89 twin pre-
gnancies between 6 and 11 weeks of pregnan-
cy (78 pregnancies finished with good outco-
me and 11 with unfavorable outcome). All
pregnancies with risk factors (smoking, alcohol,
drug addiction) and complications (diabetes
mellitus, hypertension, anemia) were excluded
from the study

Measurements were obtained using ultraso-
und machine (B&K Medical 3535 and Voluson
730 PRO) with vaginal probe of 6.5 MHz fre-
quency. All pregnancies were calculated accor-
ding CRL measurement. The gestational age
was given in weeks according formula: 7 we-
eks = 7 weeks + 0/6 days. The heart rate was
performed using M-mode technique for each
twin separately.
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INTRODUCTION
 Anti-Mllerian Hormone (AMH) is a member of the 

transforming growth factor-βsuperfamily [1-4]. It was 
named after mullerian duct inhibition in male fetuses 
during the embryonic sexual differentiation. 

After many years of research ,The AMH was 
discovered to be secreted by granulosa cells lining the FSH 
dependent growing preantral and small antral follicles [9-
12], Its pivotal role to regulate follicular developmental 
competence was praised [5-8] and finally, we are using it 
as an measure of follicle cohort or the residual primordial 
follicles [9,13].

Josso and his colleagues cleared that the AMH 
desensitizes the LH receptors on granulosa cell surface 
[14].

The AMH is radially available for clinical use to estimate 
the ovarian reserve because of the low discrepancy in 
assays during different times of menstrual cycle [15-17].

In addition, wider scale studies confirmed a linear 
decline of AMH value with advancement of woman age 
[16], which encouraged fertility specialized clinicians to 
apply further diverse clinical implications: to asses fertility 
in general population, detection of diminished or poor 
ovarian reserve (DOI), (POI), tailoring the stimulation 
protocol in Polycystic Ovarian Syndrome (PCOS) patients 
and fertility preservation strategies [18-21].

Upon reviewing the AMH related researches, Some 
researchers have found a suggested correlation between 
the serum AMH level and oocyte and embryo quality 
during ovarian stimulation through an IVF cycle [7,25-
29]. Some studies cleared the capability of FF AMH in 
an individual preovulatory follicle to predict embryo 
implantation [27]. 

Takahashi and his colleagues concluded that high 
levels of AMH in follicles measured related to the fertilized 
oocytes [30]. 

A recent study revealed a statistically significant 
correlation between antral follicle count and AMH in 
follicular fluid in a cohort of PCO patients [31,32] using 
minimal ovarian stimulation protocols. 

A recent study included PCO patients stimulated using 
minimal stimulation protocols , a significant correlation 
between AMH in follicular fluid and antral follicle count 
[31,32].

MATERIALS AND METHODS 

Participants and study design

This prospective observational clinical study was done 
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Background: Anti-Mllarian Hormone (AMH) is a member of the 
transforming growth factor-β superfamily. The AMH was discovered 
to be secreted by granulosa cells lining the FSH dependent growing 
preantral and small antral follicles. Some researchers have found a 
suggested correlation between the serum AMH level and oocyte and 
embryo quality during ovarian stimulation through an IVF cycle. 

Material and methods: This prospective observational clinical study 
was done at Ain Shams University, maternity hospital (IVF Unit), and 
a private ICSI center from May 2019 to June 2020. Our study used 
the ALU- QPCR technique and ELISA (Immunotech Beckman Coulter, 
Marseille, France). To accurately measure the cell-free DNA (cfDNA) level 
and FF AMH levels respectively, in 35 follicular fluid samples from 15 
patients undergoing ICSI.

Results: Our results displayed the range of FFAMH from 1 to 3.8 (ng/ ml). 
Samples were divided into 3 groups according to the FF AMH levels: (low 
group, FF AMH<2.1 ng/ mL, patient’s n=5, follicles=10), inter mediate 
group, FF AMH=2.1-3.6 ng/mL, patient’s n=6, follicles=14), (high group, 
FF AMH>3.6 ng/mL, patient’s n=4, follicles=11). FF AMH levels have no 
correlation with the embryo quality, cleavage, fragmentation, number 
of blastomeres on day 3 after fertilization (r=4.348, r=3.263, r=4.348, 
r=6.269; P=0.114, P=0.196, P=0.114, P=0.180 respectively) (Tab. 2.). Our 
data showed no significant correlation between individual follicular fluid 
AMH level, cell free DNA (cfDNA) (r=0.2920, P=0.088) (Tab. 3.) (Fig. 1.). 
Furthermore, upon reviewing the parameters and ICSI outcomes among 
the low, intermediate, and high groups, no significant differences 
observed except for basal FSH, and numbers of oocytes retrieved. In 
the other hand , cell free DNA level in individual follicular fluid was 
statistically correlated with day 3 embryo quality  

Conclusions: We have found no significant relation between individual 
follicular fluid AMH estimate, oocyte or day 3 embryo quality . In 
addition, there is no significant correlation between follicular fluid AMH 
levels and  cell free DNA (cfDNA). For which, we suggest not to use the 
Individual FF AMH as a biomarker to predicts the oocyte or embryo 
outcomes during an ICSI cycle.

Keywords: Follicular fluid AMH; Cell-free DNA; Oocytes; Embryo; 
Blastomeres

Abbreviations: AMH: Anti-Müllarian Hormone; cfDNA: Circulating 
cell-free DNA; COH: Controlled Ovarian Hyperstimulation; ET: Embryo 
Transfer; FF: Follicular Fluid; ICSI: Intracytoplasmic Sperm Injection; IVF: 
In vitro fertilization; OCCC: Oocyte Corona cumulus complexes
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RESULTS
The mean fetal heart rate in the first trimester
of twin pregnancy with good outcome is pre-
sented in Table 1. The above data show that the
heart rate of embryos / fetuses in the first tri-
mester of uncomplicated twin pregnancy pro-
gressively increases between 6 and 8 weeks of
pregnancy, reaches the nadir of 170 beats per
minute in week 8 and then slows down to 150
beats per minute in week 11. The biggest dif-
ference in heart rate between a pair of twins
was found between 6 and 7 weeks of pregnan-
cy. Later in pregnancy, up to 11+6 weeks the
difference was similar and remained low.

Tab. 2. Fetal heart rate in the first
trimester of twin pregnancies with
unfavorable outcome

No. Gestational
age

(in weeks)

Heart rate
twin A / twin B

(beats/min)

The
difference
in heart

rate
between

twins
 (beats/

min.)

Type
of complications

1. 6+0 – 6+6 118/158 30 death of both
fetuses MCDA

2. 7+0 – 7+6 115/119 4 death of both
fetuses DCDA

3. 7+0 – 7+6 138/168 30 TTTS at 28 weeks
MCDA

4. 8+0 – 8+6 105/129 14 death of both
fetuses MCDA

5. 9+0 – 9+6 104/118 14 miscarriage DCDA

6. 10+0 – 10+6 95/109 13 death of both
fetuses MCMA

7. 10+0 – 10+6 0/24 24 death of both
fetuses MCMA

8. 9+0 – 9+6 124/146 22 TTTS at 28 weeks
MCDA

9. 7+0 – 7+6 98/106 8 death of both
fetuses MCDA

10. 7+0 – 7+6 115/124 9 miscarriage at 8
weeks MCD

11. 7+0 – 7+6 110/122 12 miscarriage at 10
weeks DCDA

TTTS – Twin-to-twin transfusion syndrome

Tab. 1. The mean fetal heart rate
and the difference in heart rate
between the pair of twins betwe-
en 6 and 11 weeks of uncomplica-
ted twin pregnancy

Group Gestational
age (weeks)

The mean
heart rate

(beats/min.)

Range
(beats/min)

The difference
in heart rate

between twins
(beats/min.)

1 (n=12) 6+0 – 6+6 141 125 - 158 11
2 (n=10) 7+0 – 7+6 140 115 - 169 11
3 (n=10) 8+0 – 8+6 170 164 - 176 6
4 (n=18) 9+0 – 9+6 165 136 - 179 6
5 (n=16) 10+0 – 10+6 160 146 - 176 5
6 (n=12) 11+0 – 11+6 150 136 - 164 6

Fetal heart rate in the first trimester of twin
pregnancies with unfavorable outcome is pre-
sented in Table 2.

In the case of intrauterine fetal demise of
both twins the heart rate was below 120 beats
per minute in at least one of the twins. Further-
more, we found that the difference in the he-
art rate is as important as the heart rate itself.
In pregnancies with high difference in heart rate
(20 or more beats/min) the outcome of the
pregnancy was unfavorable (death or TTTS
syndrome). In two cases with the fetal heart rate
more than 120 beats/min and high difference
in the heart rate, TTTS syndrome was observed
later in pregnancy.

at Ain Shams University maternity hospital (IVF Unit) and 
a private ICSI center from May 2019 to June 2020.

The study included 35 follicles from 15 patients 
recruited for ICSI. The study gained ethical committee 
approval from the institution review board.

The present study defined by specific inclusion 
criteria. Monitoring carried out every other day until 
day 14, with daily monitoring when deemed necessary. 
When three or more follicles with diameters greater 
than 16 mm detected, we give patients Human Chorionic 
Gonadotropin (HCG 10,000IU, IM) via intramuscular 
injection as a triggering hormone at 8 pm on the same 
day. Oocytes retrieved 36 hours later.

Fertilization and culture applied to patient 
selection 

Patients between the ages of 18 and 35, diagnosed 
with tubal factor of infertility with tubal infertility (without 
hydrosalpinx), male infertility (excluding azoospermia or 
low fertility rate), or other factors (including unexplained 
infertility), normal uterine and cervical morphology, and 
medical health were included.

The study also employed specific exclusion criteria to 
ensure the validity and integrity of the data obtained. 
Patients who were above 35 years of age, women 
diagnosed with endometriosis, patients with severe male 
factor (azoospermia requiring testicular biopsy or with a 
previous low fertilization rate), patients with hydrosalpinx, 
patients whose Follicle-Stimulating Hormone (FSH) levels 
were greater than 12 MIU, poor endometrium, and poor 
ovarian response (POR) were excluded. POR defined 
according to the Bologna consensus criteria based on two 
of three factors: maternal age ≥ 40 years, previous POR, 
or an abnormal ovarian reserve test (i.e., Antral Follicular 
Count (AFC)<5-7 follicles, or Anti-Müllerian Hormone 
(AMH)<0.5-1.1 ng/mL).

Patients complicated by Ovarian Hyperstimulation 
Syndrome (OHSS) and those who refused to consent to 
the use of their data in the study were also excluded. 
These rigorous criteria ensured that the study participants 
represented the intended population and minimized 
potential sources of confounding or bias. All participants 
in the study provided with a detailed explanation of the 
purpose and procedures involved in the research prior 
to their recruitment. After ensuring that the participants 
understood the study's objectives, written consent 
obtained from each of them. This consent obtained in a 
fully informed manner, with all the relevant details about 
the study disclosed to the participants. Only after they 
had provided their written consent did they become part 
of the study. 

All procedures were performed in accordance with 
the ethical standards from the National Institute of Laser 
Enhanced Sciences (N.I.L.E.S) - Cairo University with the 
number EC Ref No: 018- 010. 

ICSI Stimulation protocol, oocyte retrieval, 
fertilization procedures, and embryo 
culture 

Each patient was subjected to treatment via a 
long agonist stimulation protocol that was initiated 

on cycle day 21 using triptoreline (Decapeptyl Ferring 
Pharmaceuticals, Germany) at a dosage of 0.05mg/
day S.C. An individualized dose of human menopausal 
gonadotropin 300-450 IU IM daily (HMG 75 IU, Merional, 
IBSA) was administered to each patient from days 2 to 
3 of the subsequent cycle, following confirmation of 
down-regulation, which was preceded by an examination 
of E2 levels. The dose tailored to each patient based on 
the diameter of the follicles detected during follow-up 
vaginal ultrasound.

After the oocytes retrieved, the granular cells and 
corona radiata of the cumulus oophorus removed. The 
maturity of the oocytes evaluated, and they subjected 
to ICSI treatment. Following fertilization, the zygote was 
incubated for 18 hours in an IVF nutrient solution at a 
temperature of 37 ˚C with a 5% CO

2
 atmosphere. The 

fertilization status observed at 24 hours, and the nutrient 
solution was renewed.

In the process of evaluating Oocyte Corona Cumulus 
Complexes (OCCC), a stereomicroscope utilized to assess 
their maturation. Each OCCC assigned a grade from zero 
to four based on specific criteria.

The criteria used to grade the OCCC were as follows: 
oocytes with a large nucleus in their cytoplasm and a dense 
corona cumulus layer deemed immature and assigned 
a grade of "0". Oocytes lacking a cytoplasmic germinal 
vesicle and polar body and possessing a corona layer 
smaller than the total size of five oocytes assigned a grade 
of "1st degree". Oocytes with radially placed crowded 
coronal cells, cumulus cells spreading to a relatively wider 
area than the second group, containing a polar body, and 
easily removed from the cell group when manipulated, 
assigned a grade of "2nd degree". Oocytes that lost their 
tight adherence to the coronal cells and had cumulus 
cells quite scattered but still cellular assigned a grade of 
"3rd degree". Oocytes with pale cytoplasm and cumulus 
cells that lost their cellular image and became gelatinous 
structures in their vicinity assigned a grade of "4th degree" 
mature in the classification (M2 and Late M2). It is worth 
noting that M2 oocytes have clear cytoplasm, normal 
cell size, normal zona pellucida, and a non-fragmented 
polar body. Late M2 oocytes are post-mature oocytes 
that have dark cytoplasm with cytoplasmic granulations, 
abnormalities in the zona pellucida, and fragmented 
polar bodies. M2 oocytes considered superior to late M2 
oocytes.

The following is a summary of the procedures involved 
in IVF, specifically semen collection, sperm preparation, 
and embryo culture. Semen collection and sperm 
preparation involves the careful extraction of semen and 
the processing of the sample to yield viable sperm for use 
in fertilization.

Embryo culture begins with the injection of oocytes 
and proceeds with a check for fertilization and an 
embryo morphology assessment. Fertilization ascertained 
by examining morphological indications, including the 
appearance of two pronuclei and the extrusion of the 
second polar body.

The embryo's morphology assessed at or near the 
transfer point, with early embryos analyzed for the total 
number of blastomeres, the presence of blastomere 
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regularity, and the extent of fragmentation.

•	 These procedures are critical in the IVF process and 
require careful attention to detail by all involved 
parties to ensure optimal outcomes.

Multinucleation compaction of 
blastomeres as:

Embryo Grading System The following is a list of ratings 
and their respective descriptions for embryo grading in 
the context of assisted reproductive technologies:

Grade 1: Good - Fragmentation of less than 10% - 6-8 
blastomeres - Stage-specific cell size - No multinucleation.

 Grade 2: Fair - Fragmentation between 10% and 25% - 
6-8 blastomeres - Stage-specific cell size for most cells - No 
evidence of multinucleation.

Grade 3: Poor - Severe fragmentation, more than 25% - 
Cell size not stage-specific - Presence of multinucleation.

Grade 4: Poor - Severe fragmentation, more than 40% - 
Cell size not stage-specific - Irregular blastomeres in the 
context of assisted reproductive technologies, embryo 
grading is an essential factor in determining the viability of 
embryos for procedures such as in vitro fertilization. The 
above-described criteria provide a standardized method 
for assessing embryos and determining their suitability in 
these procedures [22,23]. The three most viable embryos 
transferred to the uterus on the third day, between 66-
74 hours after insemination. If possible, embryo transfers 
were done during the second or third day after oocyte 
collection, when the embryos were in at least the two- 
cell stage. It is important to note that we only included 
patients who underwent fresh embryo transfer.

FF collection

Follicular fluid processing and Cell-free DNA 
extraction and quantification: During oocyte retrieval 
Follicular fluids aspirated individually without flushing 
for each patient. Follicle aspirates that were unclear, 
such as those contaminated with blood, discarded. After 
collecting the oocytes, the follicular fluid was centrifuged 
at 3000 g for 15 minutes, and the supernatant was filtered 
with 0.22 μm filters to eliminate cell debris, including 
granulosa cells, erythrocytes, and leukocytes. The samples 
frozen at -80 °C until FFAMH and cfDNA quantification

Cell-free DNA extraction and 
quantification

Follicular fluid samples were prepared as described 
above for cell-free DNA extraction and quantification. 
Briefly, 20 µl of each follicular fluid sample mixed with 20 
µl of a buffer containing 25 ml/l Tween 20, 50 mmol/l Tris, 
and one mmol/l EDTA. The sample then digested with 16 
µg of Proteinase K (PK) (Qiagen) at 50 °C for 20 minutes, 
followed by heat inactivation and insolubilization at 95 
°C for 5 minutes. The samples centrifuged at 10000g for 
5 minutes, and supernatants collected and stored at -80 
°C until cfDNA quantification. CfDNA was quantified 
by qPCR for human ALU repeats using two primer sets 
that generate a 115-bp amplicon (ALU115 primers) and 
a 247- bp amplicon (ALU247 primers), respectively. For 
each ALUqPCR, 1 µl of each PK-digested follicular fluid 
sample was added to a reaction mixture (final volume: 

10 µl) containing 0.25 µM of forward and reverse primers 
(ALU115 or ALU247) and 5 µl of 2X LightCycler®480 SYBR 
Green I master mix (Roche Applied Science, Germany). 
Follicular fluid cfDNA concentrations calculated based on 
a standard curve prepared with successive dilutions of 
genomic DNA. A negative control (without a template) 
added to each qPCR plate. All measures performed in 
quadruplicate [23,24].

The following hormonal assays conducted:

 FSH, estradiol, and LH. These were measured using 
Chemiluminescent Microparticle Immunoassay kits 
(Architect Abbott Lab, IL, and USA). The concentration 
of E2 in follicular fluid samples determined by 
Immunochemiluminescence using Cobas e411 kits from 
Roche Diagnostics.

Progesterone (Cyclogest 400 mg TDS vaginal sup.) 
administration used in all cases starting on the day of 
oocyte retrieval.

FF AMH measurements

FF AMH levels were measured using enzyme-linked 
immunosorbent assay (Immunotech Beckman Coulter, 
Marseille, France). The measurement range was 1-3.8 ng/
ml.

FF AMH groups

Samples divided into 3 groups according to the FF 
AMH levels: (low group, FF AMH<2.1 ng/ mL, patients 
n=5, follicles=10), inter mediate group, FF AMH=2.1-
3.6 ng/mL, patients n=6, follicles=14), (high group, FF 
AMH>3.6 ng/mL, patients n =4, follicles=11).

Statistical analysis

Data analyzed with SPSS software version 28.0 (SPSS, 
Chicago, IL, USA). Data compared by Kruskal-Wallis 
test, analysis of variance (ANOVA), or chi-square test, 
as indicated. Correlation between the FF AMH level and 
day 3 embryo grade determined by bivariate correlation 
analysis with Pearson’s correlation coefficients. The result 
considered as significant when the P value was <0.05.

Characteristics of the study patients and 
long agonist stimulation ICSI outcomes

Comparing the characteristics and ICSI outcomes 
among the low, intermediate, and high groups, no 
significant differences observed except for basal FSH, and 
numbers of oocytes retrieved.

Correlation of the FF AMH level with 
embryo quality

 FF AMH levels have no correlation with the embryo 
quality, cleavage, fragmentation, number of blastomeres 
on day 3 after fertilization (r=4.348, r=3.263, r=4.348, 
r=6.269; P=0.114, P=0.196, P=0.114, P=0.180respectively) 
(Tab. 1. and Tab. 2.). Correlation of the FF AMH level with 
FF CFDNA

Our data showed no significant correlation between 
individual follicular fluid AMH level, cell free DNA (cfDNA) 
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RESULTS
The mean fetal heart rate in the first trimester
of twin pregnancy with good outcome is pre-
sented in Table 1. The above data show that the
heart rate of embryos / fetuses in the first tri-
mester of uncomplicated twin pregnancy pro-
gressively increases between 6 and 8 weeks of
pregnancy, reaches the nadir of 170 beats per
minute in week 8 and then slows down to 150
beats per minute in week 11. The biggest dif-
ference in heart rate between a pair of twins
was found between 6 and 7 weeks of pregnan-
cy. Later in pregnancy, up to 11+6 weeks the
difference was similar and remained low.

Tab. 2. Fetal heart rate in the first
trimester of twin pregnancies with
unfavorable outcome

No. Gestational
age

(in weeks)

Heart rate
twin A / twin B

(beats/min)

The
difference
in heart

rate
between

twins
 (beats/

min.)

Type
of complications

1. 6+0 – 6+6 118/158 30 death of both
fetuses MCDA

2. 7+0 – 7+6 115/119 4 death of both
fetuses DCDA

3. 7+0 – 7+6 138/168 30 TTTS at 28 weeks
MCDA

4. 8+0 – 8+6 105/129 14 death of both
fetuses MCDA

5. 9+0 – 9+6 104/118 14 miscarriage DCDA

6. 10+0 – 10+6 95/109 13 death of both
fetuses MCMA

7. 10+0 – 10+6 0/24 24 death of both
fetuses MCMA

8. 9+0 – 9+6 124/146 22 TTTS at 28 weeks
MCDA

9. 7+0 – 7+6 98/106 8 death of both
fetuses MCDA

10. 7+0 – 7+6 115/124 9 miscarriage at 8
weeks MCD

11. 7+0 – 7+6 110/122 12 miscarriage at 10
weeks DCDA

TTTS – Twin-to-twin transfusion syndrome

Tab. 1. The mean fetal heart rate
and the difference in heart rate
between the pair of twins betwe-
en 6 and 11 weeks of uncomplica-
ted twin pregnancy

Group Gestational
age (weeks)

The mean
heart rate

(beats/min.)

Range
(beats/min)

The difference
in heart rate

between twins
(beats/min.)

1 (n=12) 6+0 – 6+6 141 125 - 158 11
2 (n=10) 7+0 – 7+6 140 115 - 169 11
3 (n=10) 8+0 – 8+6 170 164 - 176 6
4 (n=18) 9+0 – 9+6 165 136 - 179 6
5 (n=16) 10+0 – 10+6 160 146 - 176 5
6 (n=12) 11+0 – 11+6 150 136 - 164 6

Fetal heart rate in the first trimester of twin
pregnancies with unfavorable outcome is pre-
sented in Table 2.

In the case of intrauterine fetal demise of
both twins the heart rate was below 120 beats
per minute in at least one of the twins. Further-
more, we found that the difference in the he-
art rate is as important as the heart rate itself.
In pregnancies with high difference in heart rate
(20 or more beats/min) the outcome of the
pregnancy was unfavorable (death or TTTS
syndrome). In two cases with the fetal heart rate
more than 120 beats/min and high difference
in the heart rate, TTTS syndrome was observed
later in pregnancy.

Tab. 1. Characteristics of the 
study patients and long ago-
nist stimulation ICSI outcomes.

Variables

Low group (<2.1 
ng/mL)

(Patients n=5) 
(Follicles n=10)

Intermediate group 
(2.1-3.6 ng/mL)
(Patients n=6) 
(Follicles n=14)

High group (>3.6 
ng/mL)

(Patients n=4)
(Follicles n=11)

Kruska l- 
Wallis test 

value

p- value 
(Krusk al- 

Wallis)

Age (years)
29.40 ± 4.56 28.00 ± 5.73 27.50 ± 2.08

0.573 0.751
31 (23-35) 29 (20-35) 27.5 (25-30)

BMI (kg/m2)
28.80 ± 2.59 26.67 ± 5.50 26.25 ± 2.99

0.969 0.616
29 (25-32) 27.5 (19-32) 26 (23-30)

Infertility 7.60 ± 2.19 6.33 ± 3.08 7.25 ± 0.96
1.025 0.599

duration (years) 9 (4-9) 7.5 (2-9) 7.5 (6-8)

Serum FSH 5.42 ± 0.55 7.48 ± 1.14 8.85 ± 0.94
10.727 0.005

(mIU/l) 5.5 (4.8-6) 7.2 (6.1-9.4) 8.75 (7.9-10)

Number	 of 6.60 ± 0.55 7.67 ± 0.82 11.25 ± 3.30
10.485 0.005

oocytes 7 (6-7) 7.5 (7-9) 10 (9-16)

Number of days 14.60 ± 1.14 16.00 ± 0.63 16.25 ± 1.50
5.256 0.072

stimulation 15 (13-16) 16 (15-17) 17 (14-17)

Folliclesize 21.10 ± 3.21 20.71 ± 2.20 21.73 ± 1.79
1.228 0.541

(mm) 19.5 (18-25) 20 (18-25) 22 (19-24)

Number	 of 2.00 ± 0.00 2.33 ± 0.52 2.75 ± 0.50
5.250 0.072

embryos 2 (2-2) 2 (2-3) 3 (2-3)

Immature 1.50 ± 0.53 1.71 ± 0.47 1.82 ± 0.40
2.476 0.290

oocytes 1.5 (1-2) 2 (1-2) 2 (1-2)

Embryo grade
1.60 ± 1.34 3.00 ± 1.11 2.64 ± 1.03

4.878 0.087
1 (1-4) 3 (1-4) 2 (1-4)

cfDNA (ng/ml)
2.47 ± 1.14 2.01 ± 1.08 1.75 ± 0.96

2.339 0.311
2.67 (0.77-3.89) 1.83 (0.24-3.86) 1.33 (0.41-3.43)

Data shown as the mean ± SD and proportion (%) 
P<0.05 statistically significant 
BMI: Body Mass Index, cfDNA: cell free DNA

Tab. 2. Correlation of the FF 
AMH level in groups with em-
bryo quality.

Variables
Low group 
(<2.1 ng/
mL) n (%)

Intermediate 
group
(2.1-3.6 ng/
mL) n (%)

High group (>3.6 
ng/mL) n (%)

Pearson Chi- 
Square p-value

Infertility Etiology

-	 Female factor 3 (60.0%) 3 (50.0%) 2 (50.0%)

-	 Male factor 0 (0.0%) 1 (16.7%) 2 (50.0%)

-	 Mixed infertility

-	 Unexplained

1 (20.0%)

1 (20.0%)

1 (16.7%)

1 (16.7%)

0 (0.0%)

0 (0.0%)
4.396 0.623

Embryo quality

0.114

-	 Top quality embryos 
(Grades 1 and 2)

-	 Low quality embryos 
(Grades 3 and 4)

4 (80.0%)

1 (20.0%)

4 (28.6%)

10 (71.4%)

6 (54.5%)

5 (45.5%) 4.348

Cleavage

-	 Early cleavage
-	 No early cleavage

0 (0.0%)

5 (100.0%)

5 (35.7%)

9 (64.3%)

5 (45.5%)

6 (54.5%) 3.263 0.196

Fragmentation rate

    -	 ≤ 25%

    -	 >25%

4 (80.0%)

1 (20.0%)
4 (28.6%)

10 (71.4%)

6 (54.5%)

5 (45.5%) 4.348
0.114

Number of

Blastomeres

-	 <6 cells
-	 6-8 cells

-	 >8 cells

1 (20.0%)

0 (0.0%)

4 (80.0%)

6 (42.9%)

5 (35.7%)

3 (21.4%)

5 (45.5%)

2 (18.2%)

4 (36.4%)
6.269 0.180

(r=0.2920, P=0.088) (Tab. 3. and Fig. 1.).

DISCUSSION
Our study results showed no significant correlation 

between follicular fluid AMH level, oocyte quality or 
embryo quality.

We have measured FF AMH level in leading follicles 

after ovulation triggering as a part of an ICSI –after using 
long agonist protocol.

Some authors have found a correlation between FF 
AMH at ovum pick up and oocyte quality [30,33].

One retrospective study concluded the ability to 
use FFAMH as a predictive index for successful oocyte 
fertilization [30,33].
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Tab. 3.  Correlations of the FF 
AMH level with characteristics 
and outcomes of patients.

Follicular Fluid 
AMH (ng/ml)

Variables r P-value
Age (years) -0.326 0.235
BMI (kg/m2) -0.201 0.473
Infertility duration (years) -0.249 0.371
Serum FSH (IU/l) 0.942 <0.001
Total dose of gonadotropins -0.758 0.001
Number of days stimulation 0.687 0.005
Follicle size (mm) 0.076 0.666
Immature oocytes 0.269 0.118
Embryo grade 0.267 0.153
cfDNA (ng/ml) 0.292 0.088

Other authors compared serum and pooled FF AMH 
and they suggested a potential use of follicular AMH to 
predict embryo implantation, but they failed to show a 
difference between low FFAMH values and oocyte or 
embryo quality [28,34].

Upon reviewing the literature, we have found authors 
with an opposite view; they showed an inverse correlation 
between high levels of pooled FF AMH and the oocyte 
developmental competence, embryo quality and clinical 
pregnancy rate [35-38].

The individual follicular fluid represents an intimate 
developmental milieu for an oocyte competence, 
fertilization potential and subsequently, corresponding 
embryo rather than pooled follicular fluid which is 
nonspecific to a certain oocyte. It was known to us that 
there is a negative correlation between the granulosa 
cells apoptotic rates and the development of top-quality 
embryos [39,40].

In addition, there is a stage specific oocytes regulation 
of AMH mRNA expression that coordinates follicular 
competence and there is higher AMH mRNA expression 
in cultured cumulus cell of antral follicles more than mural 
granulosa cells in mice model [41,42].

CONCLUSION
We have found no significant relation between 

individual follicular fluid AMH estimate, oocyte or day 3 
embryo quality. 

In addition, there is no significant correlation between 
follicular fluid AMH levels and cell free DNA (cfDNA). For 
which, we suggest not to use the Individual FF AMH as 
a biomarker to predicts the oocyte or embryo outcomes 
during an ICSI cycle.
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RESULTS
The mean fetal heart rate in the first trimester
of twin pregnancy with good outcome is pre-
sented in Table 1. The above data show that the
heart rate of embryos / fetuses in the first tri-
mester of uncomplicated twin pregnancy pro-
gressively increases between 6 and 8 weeks of
pregnancy, reaches the nadir of 170 beats per
minute in week 8 and then slows down to 150
beats per minute in week 11. The biggest dif-
ference in heart rate between a pair of twins
was found between 6 and 7 weeks of pregnan-
cy. Later in pregnancy, up to 11+6 weeks the
difference was similar and remained low.

Tab. 2. Fetal heart rate in the first
trimester of twin pregnancies with
unfavorable outcome

No. Gestational
age

(in weeks)

Heart rate
twin A / twin B

(beats/min)

The
difference
in heart

rate
between

twins
 (beats/

min.)

Type
of complications

1. 6+0 – 6+6 118/158 30 death of both
fetuses MCDA

2. 7+0 – 7+6 115/119 4 death of both
fetuses DCDA

3. 7+0 – 7+6 138/168 30 TTTS at 28 weeks
MCDA

4. 8+0 – 8+6 105/129 14 death of both
fetuses MCDA

5. 9+0 – 9+6 104/118 14 miscarriage DCDA

6. 10+0 – 10+6 95/109 13 death of both
fetuses MCMA

7. 10+0 – 10+6 0/24 24 death of both
fetuses MCMA

8. 9+0 – 9+6 124/146 22 TTTS at 28 weeks
MCDA

9. 7+0 – 7+6 98/106 8 death of both
fetuses MCDA

10. 7+0 – 7+6 115/124 9 miscarriage at 8
weeks MCD

11. 7+0 – 7+6 110/122 12 miscarriage at 10
weeks DCDA

TTTS – Twin-to-twin transfusion syndrome

Tab. 1. The mean fetal heart rate
and the difference in heart rate
between the pair of twins betwe-
en 6 and 11 weeks of uncomplica-
ted twin pregnancy

Group Gestational
age (weeks)

The mean
heart rate

(beats/min.)

Range
(beats/min)

The difference
in heart rate

between twins
(beats/min.)

1 (n=12) 6+0 – 6+6 141 125 - 158 11
2 (n=10) 7+0 – 7+6 140 115 - 169 11
3 (n=10) 8+0 – 8+6 170 164 - 176 6
4 (n=18) 9+0 – 9+6 165 136 - 179 6
5 (n=16) 10+0 – 10+6 160 146 - 176 5
6 (n=12) 11+0 – 11+6 150 136 - 164 6

Fetal heart rate in the first trimester of twin
pregnancies with unfavorable outcome is pre-
sented in Table 2.

In the case of intrauterine fetal demise of
both twins the heart rate was below 120 beats
per minute in at least one of the twins. Further-
more, we found that the difference in the he-
art rate is as important as the heart rate itself.
In pregnancies with high difference in heart rate
(20 or more beats/min) the outcome of the
pregnancy was unfavorable (death or TTTS
syndrome). In two cases with the fetal heart rate
more than 120 beats/min and high difference
in the heart rate, TTTS syndrome was observed
later in pregnancy.
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