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ABSTRACT: Early pregnancy loss (EPL) is the most common form of miscarriage and establishing its exact etiology
is vital for the proper prognosis and management of possible future pregnancies. The aim of our study was to assess
the incidence and types of chromosome abnormalities in product-of-conception (POC) samples analyzed by
Quantitative Fluorescent Polymerase Chain Reaction (QF-PCR). Two hundred fifty-seven POC samples meeting EPL
criteria were referred to the Human Genomics Laboratory of the University of Medicine and Pharmacy of Craiova,
Romania. DNA was extracted from both POC tissue and maternal blood samples, while PCR products were migrated
on the ABI3730xI platform. A total of 124 samples were successfully analyzed, 46 cases (37.1%) showing various types
of abnormalities, while no aneuploidies were found in the remaining 78 samples (62.9%). The most common
abnormalities were monosomy X, followed by triploidy, trisomy 18, 16 and 15. The basic QF-PCR kit had an overall
detection rate of 25.8%, but the detection rate rose to 37.1% when employing the extended kit. Our study proves that
QF-PCR can be used as a first approach in the genetic analysis of POC, followed by conventional karyotyping (KT) or
Chromosomal Microarray Analysis (CMA) as follow-up. QF-PCR is able to identify maternal cell contamination, as well
as provide timely results.
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Introduction

Pregnancy loss is arguably a common
traumatic experience in couples’ lives. According
to a review compiling data from nine large cohort
studies in North America and Western Europe,
the pooled risk of pregnancy loss was 15.3% of
all recognized pregnancies, with approximately
23 million miscarriages occurring worldwide
every year [1].

Early pregnancy loss (EPL) is the most
common form of miscarriage, occurring in about
20% of pregnancies [2-4].

According to the American College of
Obstetricians and Gynecologists (ACOG), EPL is
defined as a nonviable, intrauterine pregnancy
with either an empty gestational sac or a
gestational sac containing an embryo or fetus
without fetal heart activity within the first 12 6/7
weeks of gestation [5], while the European
Society of Human Reproduction and Embryology
(ESHRE) uses the term early pregnancy loss to

define any miscarriage occurring before 10 weeks
of gestation [6].

EPL is a broad term which includes multiple
clinical entities, such as: biochemical pregnancy
loss, asymptomatic pregnancy loss, complete and
incomplete pregnancy loss, as well as recurrent
pregnancy loss (RPL) [7].

Establishing the exact etiology of EPL is vital
for the proper prognosis and management of
possible future pregnancies [8].

Chromosome abnormalities account for more
than half of EPL cases between six and ten
weeks’ gestation [9,10], with aneuploidies mostly
occurring de novo and being the product of
random errors occurring mainly during oogenesis
and early embryogenesis [11,12].

Endometrial decidualization defects are also
involved in the etiology of EPL. The risk factors
for endometrial breakdown include immune
(insufficient local inflammatory response during
implantation and placentation, intolerance to
partner alloantigens, and defects in the decidual
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immune surveillance of senescent cells) [13-15],
endocrine (thyroid hormone levels) [16], and
metabolic (obesity) [17] alterations.

Moreover, there is a strong association
between female age at the moment of conception
[18], as well as the number of previous miscarriages
[19], and early pregnancy loss. Lifestyle factors also
seem to play a role in the occurrence of EPL [20].

Quantitative Fluorescent Polymerase Chain
Reaction (QF-PCR) is a fast, reliable, relatively
easy and low-cost molecular technique that is
high-throughput and does not require cultured
cells. It can be used as either a stand-alone
method for the quick detection of product-of-
conception aneuploidy, or as a complementary
technique to conventional karyotyping (KT), not
only for the exclusion of maternal cell
contamination (MCC), but also as a rescue
method in case of cell culture failure [12,21,22].

QF-PCR is used for detecting chromosome
copy numbers by amplifying chromosome-
specific polymorphic DNA markers (short
tandem repeats, STRs). Fluorochromes are
incorporated into PCR amplification products by
means of fluorescently-labeled primers specific
to each STR [23].

The usage of the extended QF-PCR assay for
POC analysis allows for the detection of
aneuploidies of chromosomes 13, 14, 15, 16, 18,
21, 22, X, and Y, triploid and molar pregnancies,
uniparental disomy (UPD), as well as the
exclusion of MCC, while providing valuable
information on the paternal and meiotic origin of
aneuploidies [22,24,25].

The aim of our study was to assess the
incidence and types of chromosome
abnormalities in product-of-conception samples
analyzed by QF-PCR.

Materials and Methods

All product-of-conception (POC) samples
included in this study were referred to the Human
Genomics Laboratory of the University of
Medicine and Pharmacy of Craiova, Romania for
QF-PCR analysis between January 2013 and
September 2024, by the Departments of
Obstetrics and Gynecology of the Emergency
Clinical County Hospital and the “Filantropia”
Clinical Municipal Hospital of Craiova.

Data regarding reproductive history, including
maternal and gestational ages were recorded. In
the present study, maternal ages ranged between
18 and 46 years old, with gestational ages varying
between 6 and 12 6/7 weeks.

The study was conducted in accordance with
the Declaration of Helsinki and approved by the

Ethics Committee of the University of Medicine
and Pharmacy of Craiova, Romania
(no. 44/24.03.2022).

DNA was extracted from POC tissue and
maternal blood samples using PureLink®
Genomic DNA Mini Kit (Invitrogen, Carlsbad,
CA, USA) and Promega Wizard™ Genomic
(Promega, Madison, W1, USA), respectively.

QF-PCR testing involved the usage of the IVD
Devyser Extend kit (Devyser AB, Stockholm,
Sweden), which contains one mix allowing for
the detection of chromosome 13, 18, 21, X, and
Y aneuploidies, and an additional polymerase
chain reaction (PCR) mix for the testing of
chromosomes 15, 16, and 22. This allows for a
cost-efficient step-by-step approach.

PCR products were migrated on the
ABI3730xI platform (Applied Biosystems, Foster
City, CA, USA), with GeneMarker v2.2 software
(SoftGenetics, State College, PA, USA) being
used for electropherogram interpretation. Upon
analyzing amplicon length by an automated DNA
sequencer, a normal heterozygous individual
shows two equal peaks of fluorescent activity
signifying the presence of two different alleles at
one locus (1:1 peak ratio). In contrast, a trisomic
individual may present either a 1:1:1 peak ratio
(trisomic triallelic) or 2:1 (trisomic diallelic) [26].

All resulting data was subsequently analyzed
by using IBM SPSS Statistics for Windows,
Version 22.0. Armonk, NY, USA: IBM Corp.

Results

Two hundred fifty-seven POC samples
meeting EPL criteria were submitted for QF-PCR
analysis, 133 (51.8%) being subsequently
excluded due to MCC. A total of 124 samples
were successfully analyzed and 78 samples
(62.9%) showed no aneuploidies, while the
remaining 46 cases (37.1%) showed various
types of abnormalities (Table 1, Figure 1).

Table 1. Aneuploidy detected in POC samples via
QF-PCR (rounded values).

chromosome T TN s
ATEE abnormalities analyzed
Aneuploidy of
chromosomes 11 239 8.9
13,18, 21
Aneuploidy of
chromosomes 14 30.45 11.3
15, 16, 22
Sex chrgmosome 13 28.95 105
aneuploidy
Triploidy 8 174 6.4
No aneuploidy 78 - 62.9
Total 124 100 100
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Figure 1. Partial electropherograms of chromosome abnormalities detected by QF-PCR
(a) Monosomy X; (b) Triploidy; (c) Trisomy 18; (d) Trisomy 15.

The basic QF-PCR kit, accounting for
aneuploidies of chromosomes 13, 18, 21, X, and
Y, had an overall detection rate of 25.8%. When
employing the extended Kkit, the detection rate
rose to 37.1% out of all cases analyzed.

The most common autosomal aneuploidy
detected was trisomy 18 (six cases, 13% of
anomalies detected), followed by trisomy
21 (four cases, 8.7%). We found a single case of
trisomy 13 in a case of pregnancy loss that
occurred at 12 weeks’ gestation. The male to
female ratio for aneuploidies of chromosomes 13,
18, and 21 was 7:4.

The only sex chromosome aneuploidy found
was monosomy X, accounting for 28.3% of all
anomalies (13 cases).

We detected five cases each of both trisomy
15 and trisomy 16 (10.9% of anomalies detected),
as well as four cases of trisomy 22 (8.7%). The
gender of the products of conception in this
category was overwhelmingly female, with a
male to female ratio of 1:6.

Triploidies accounted for 17.4% of all
anomalies detected (8 cases).

Out of the 46 chromosome abnormalities
detected in the present study, we could establish
the parental origin of the anomaly in 43 cases.

Autosomal aneuploidies were mostly triallelic
(91.3%) and of maternal origin (87%), while
most cases of monosomy X were of paternal
origin. We also found that 57.1% of triploidies
were digynic, while 42.9% were diandric
(Table 2).

Table 2. The parental origin of aneuploidies
detected by QF-PCR.

Parental origin

Chromosome

; n Maternal Paternal
abnormality n (%) n (%)
Aneuploidy of
chromosomes 9 8 (88.9) 1(11.1)
13,18,21
Aneuploidy of
chromosomes 14 12 (85.7) 2(14.3)
15, 16, 22
Sex 10
chromosome 13 3(23.1)
. (76.9)
aneuploidy
Triploidy 7 4 (57.1) 3(42.9)
Total 43 35(81.4) 8(18.6)
Discussion

Early pregnancy loss (EPL) is a burden on the
mental health of women worldwide, the majority
of patients reporting symptoms of depression,
anxiety, and perinatal loss [27].

Establishing the exact cause of EPL not only
can help reduce those symptoms [28], but also
guide future pregnancies [29].

Around half of early pregnancy loss cases
occur due to chromosome abnormalities, an
overwhelming majority of those anomalies being
aneuploidies [30].

Chromosome segregation during meiosis
relies on both the integrity of the microtubule
spindle apparatus and the checkpoint signaling
pathway overseeing the attachment of spindle
microtubules to kinetochores [31], therefore
failures concerning these elements increase the
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risk of missegregation and aneuploid daughter
cells.

Non-disjunction seems to occur most
frequently during the first meiotic division of
oogenesis [32], with proven correlation between
advanced maternal age and fetal trisomy [33].

Given the fact that maternal ages are currently
on the rise [34], EPL will likely continue to be a
major health issue.

Our study provides relevant information
regarding the types and incidence of
chromosomal abnormalities in early pregnancy
loss patients, our results showing a chromosome

abnormality rate of 37.1%, as detected by the
QF-PCR extended kit. We detected aneuploidies
in 77.2% of all abnormal cases, in line with
meta-analysis reports by van den Berg et al [12]
and Smits and al. [35], the remaining cases being
triploidies.

There is limited data regarding the usage of
QF-PCR as a sole molecular technique for the
genetic diagnosis of first-trimester pregnancy
loss POCs.

However, we provide a limited literature
comparison in Table 3 [22,36-39].

Table 3. QF-PCR abnormality rates in early pregnancy loss POC samples.
Data adjusted to the terms of the present study (rounded values).

Aneuploidy of Aneuploidy of Sex chromosome Triploid Total
Study chromosomes chromosomes aneuploidy (%) (OB )a) y abnormality
13,18,21 (%) a) 15, 16, 22 (%) a) a) 5 rate (%)
Present study 23.9 30.45 28.25 174 37.1
D'ego'A'Va[VZeZZ]Et al., 2005 4538 16.7 125 125 36.4b)
Zou et al., 2008 [36] no data no data no data no data 36.7
Coelho et al., 2016 [37] 25.35 49.3 14.1 11.25 54.6
Pauta et al., 2021 [38] 28.3 39.1 15.2 8.7 42c)
Bozhinovski et al., 2023 [39] 14.8 34.3 10.4 15.3 56.25d)

3 05 of cases with chromosome abnormalities detected
b Includes one case of trisomy 2, one case of trisomy 7, and one unspecified double trisomy
% Includes two cases of trisomy 7 and three unspecified double trisomies
9 Includes other trisomies, as well as partial and multiple chromosome abnormalities

In our present study, QF-PCR results showed
abnormalities in 37.1% of cases (n=46) when
using the extended Kkit, while a previously-
published study conducted in our center showed
that chromosome abnormalities were detected in

58.7% of cases when using conventional
karyotyping [40].

In both our studies, the most common
abnormalities detected were trisomies of
chromosomes 15, 16 and 22, as shown in Table 4.

Table 4. Comparative view of chromosome abnormalities
using KT and QF-PCR, relative to group values (rounded values).

Chromosome abnormality

% of cases analyzed

% of cases with chromosome
abnormalities

KT QF-PCR KT QF-PCR
Aneuploidy of chromosomes 13, 18, 21 10a) 8.9 17a) 23.9
Aneuploidy of chromosomes 15, 16, 22 17.8b) 11.3 30.4b) 30.5
Aneuploidies of other autosomes 6.1c) - 10.4¢) -
Sex chromosome aneuploidy 104 10.5 17.8 28.5
Poliploidy Triploidy 7.8d) 6.4 13.3d) 174
Tetraploidy 2.2e) - 3.7¢) -
Structural abnormality 3.1 - 5.2 -
Mosaic abnormality 13 - 2.2 -
Total 58.7 37.1 100 100

Note: a) Includes one double trisomy case (48,XXY,+13) and one 46,XY,der(13;21)(q10;q10),+21 case.
b) Includes one double trisomy case (48,XYY,+22), one 46,XX,der(14;15)(q10;910),+15 case, and one
46,XY,der(15;15)(q10;910),+15 case
c) Includes one double trisomy case, 48,XX,+6,+10, and one 46,XX,der(13;14)(q10;q10),+14 case
d) Includes two hypertriploidy cases, 71,XXY,+3,+20 and 71,XXY,+5,+9
e) Includes one hypertetraploidy case, 92, XXXX,+15

Out of the 230 cases previously analyzed by
conventional  karyotyping  [40], 48.1%
chromosome abnormality cases (28.3% of all
cases analyzed, 65/135 cases) could have also

been detected by the QF-PCR kit focused on
chromosomes 13, 18, 21, X, and Y. The extended
kit would have increased the detection rate to
78.5% (106 cases out of 135 anomalies detected,

10.12865/CHSJ.51.01.06
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46.1% of all cases analyzed). The remaining
21.5% (29 cases) comprise of aneuploidies of
other  autosomes, tetraploidies, structural
abnormalities, and low-level mosaicism cases
which remain undetectable by QF-PCR alone.

Moreover, if we would have included STRs
for chromosomes 8 and 9 (the next two common
aneuploidies found by conventional karyotyping
in our previous study), QF-PCR’s detection rate
would have reached 83% of all chromosome
abnormalities (48.7% of all cases analyzed).

However, even with STRs for all
chromosomes  involved in  undiagnosed
aneuploidies (chromosomes 2, 7, 10, 12, and 14),
the overall detection rate could not have been
higher than 87.4% anomalies detected by
QF-PCR.

On the other hand, QF-PCR would have
identified four cases of unbalanced Robertsonian

translocation as trisomy 14, 15, and 21
respectively.

Robertsonian translocation trisomies hold
great impact on couples’ genetic counseling and
future pregnancies, given the risk of recurrent
pregnancy loss, potential Patau or Down
syndrome live births, and the risk of UPD and
imprinting disorders [41].

Therefore, parental karyotyping is
recommended in all trisomy cases involving
acrocentric chromosomes.

Compiling data reported in cytogenetic
studies of early pregnancy loss POCs [40,42-48],
we found that, if the authors would have chosen
to employ the extended QF-PCR kit as a
diagnostic method in their studies, they would
have missed between 21.8 and 38.4% of
chromosome abnormalities detected by KT
(Table 5).

Table 5. Relative frequency of abnormality types detected by conventional karyotyping
in early pregnancy loss POC samples. Data adjusted to the terms of the present study.

Aneuploid Aneuploid . VGl
uof v uof v Anefuptlgldles h st Structural Trioloid et Total ,Z?e”;’;{’;;';‘by.e
Study chromosomes  chromosomes oto er c romc;sqcrine abnormalities rzg olay € ':;p oldy abnormality by the
mma  asiez2 NGRS TGERY ess o ®99 ®99 0 Caeey 2R,
(%) a) (%) a) (%)
oL 17 30.4 10.4 17.8 5.2 13.3 3.7 58.7b) 78.5
Hassold et
al-,[‘aSO 9.9 214 18 242 43 151 7.1 46.3 70.6
Ljunger et
al,,[42??]05 10.7 30.8 18.2 18.25 7.55 10.7 3.8 61.4 70.45
Menasha et
al. (?3;1]2005 17.1 29.7¢) 20.4c) 7.4 3.9 11.5c) 2.3d) 65.8 73.4
2016 L16] 21.1 295 13.2 133 4.9 143 37 48.75 78.2
Sol .,
01y 1ag] 19 35.4 16 10.1 5 131 1.4 70.3 77.6
Pty 20 26.2 16.6 8.2 7 17.8 4.2¢) 50.1 722
L,
2001 148l 10.9 30.1 21.1 11.8 5.7 8.2 3.1 53.2f) 61.6

Note: a) % of abnormality cases detected
b) Includes mosaic abnormalities
¢) Only includes trisomies
d) Does not include unspecified mosaic cases, representing the remaining 0.3% of polyploidies
e) Includes tetraploidies and near-pentaploidies
f) Includes 3% mosaic cases (5.5% of abnormalities) and 1.6% (3% of abnormalities) consisting of other unspecified chromosome aneuploidies

Common techniques used for the genetic
diagnosis of chromosome abnormalities in early
pregnancy loss samples include conventional
karyotyping, QF-PCR, Fluorescence in Situ
Hybridization (FISH), and, more recently,
microarray-based assays [49].

Conventional karyotyping of product-of-
conception samples can detect balanced
translocations and polyploidies [50,51], with
major disadvantages lying in long wait times and
a high risk of culture failure and maternal cell
contamination [52,53].

FISH involves hybridizing a set of
fluorescently-labeled probes to the interphase
nuclei of uncultured cells [49].

Given the fact that the probes are
chromosome-specific, the number of fluorescent
signals is equal to chromosome copy numbers,
FISH being able to detect aneuploidy, polyploidy,
and the presence of male products of conception
in samples with heavy MCC, but
indistinguishable from fetal XX cells [2].

Therefore, interphase FISH is a fast, targeted
approach limited to locus-specific probes, unable
to detect structural rearrangements.

QF-PCR is a fast, reliable, cost-effective
genetic technique to detect common or specific
aneuploidies; however, it is unsuitable for the
detection of structural chromosome
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abnormalities, microdeletions,
microduplications, and tetraploidy [22].

Structural chromosome abnormalities occur in
~5% of early pregnancy losses [44], while the
reported incidence of microdeletions and
microduplications (pathogenic copy number
variants shorter than 10 Mb) is variable, generally
ranging between 6.2 and 8.2% [54-56].

While QF-PCR can safely detect triploidy,
tetraploidy, which can occur with an incidence as
high as 7.1% [57] in EPL samples, is, in most
cases, undetectable by this technique (e.g. when
the mechanism is endoreduplication or cell
fusion). In addition, QF-PCR can also detect
mosaic cases, as long as the abnormal cell line is
more than 15-20% [58]; however, this may prove
difficult to do in practice and it also requires
parental DNA [22].

However, a number of cases showing
undetected chromosomal aberrations by QF-PCR
would escape diagnosis, highlighting the need for
comprehensive genetic (conventional
karyotyping) or genomic analysis (Microarray-
based Comparative Genomic Hybridization) in
pregnancy loss [11,59].

Molecular karyotyping techniques, such as
Chromosomal Microarray Analysis (CMA), have
shown higher detection rates of genetic
abnormalities  compared to  traditional
karyotyping, identifying submicroscopic copy

number variations (CNVs) that are often missed
by conventional methods. It may prove added
benefits over karyotyping in EPL [60], as could
SNP  (single  nucleotide  polymorphism)
microarray and shotgun sequencing
(CNV-seq)/QF-PCR [61].

Microarray-based Comparative  Genomic
Hybridization (aCGH) scans the entire genome
for chromosomal gains and losses at a higher
resolution than conventional karyotyping [2].

However, it remains an expensive test that is
not widely available in laboratories, and one that
is not covered by many health insurance systems,
especially for patients experiencing sporadic
early pregnancy loss. Unlike aCGH, which can
only detect CNVs, SNP microarray is also
capable of detecting triploidy, as well as
copy-neutral loss of heterozygosity (CN-LOH)
regions across the genome in instances such as
consanguinity and UPD, and some cases of MCC
and placental mosaicism [62,63].

CN-LOH can be associated with an increased
prevalence of autosomal recessive diseases, as
well as imprinting disorders [64,65].

SNP microarray is also used in the diagnosis
of molar pregnancy and its subtypes [66].

A comparative view of some of the genetic
techniques used in the analysis of POC samples
can be found in Table 6 [22,67-69].

Table 6. Advantages and limitations of genetic techniques used for POC analysis.

KT FISH  QFPCR acGH _ SNP
microarray
MCC male POCs  male POCs + —2) +b)
Aneuploidy + + + + +
Triploidy + + + - +
Tetraploidy + + - - -
Balanced structural abnormalities + + - -
Large unbalanced structural abnormalities® + +/-9 +/-9 + +
Microdeletions/ _ /) _ + +
microduplications

Mosaic anomalies + + +-9 +-9 +/-9
UPD - - + - +
Parental and/or meiotic origin of anomaly - - + - +

Note: a) can mimic POC mosaicism; high percentage of MCC might alter results
b) if MCC is over 5-10%
c) larger than 5 Mb
d) detectable with targeted probes or primers
e) not able to detect low-level mosaicism (<15-20%)

Shah et al. found substantial diagnosis overlap
between KT, aCGH and SNP microarray
(k=0,65), following a comparative study
performed on EPL POC samples.

The differences in call rate arose from the
individual limitations of each method, the authors
recommending choosing a technique based upon
availability and clinical context [70].

In another EPL comparative study, Cai et al.
highlighted the difference in success rates
between KT (78,5%) and SNP microarray
(100%) owed to cell culture failure.

However, when analysis could be performed
successfully, the chromosome abnormality
detection rates were comparable (53,8% for KT
and 53,3% for SNP microarray).

10.12865/CHSJ.51.01.06
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The authors suggest simultaneously testing
POC samples by using both methods when
possible; if not, KT should be performed,
followed by SNP microarray in case of normal
karyotype or cell culture failure [71].

A meta-analysis performed by Smits et al.
found comparable chromosome abnormality
rates between KT (47%) and aCGH (48%), with
both lower than SNP microarray detection rates
(60%), with the percentage of chromosome
abnormalities not differing between spontaneous
and recurrent pregnancy loss (46%) [35].

The detection of aneuploidy in the context of
RPL can be reassuring for patients, giving the fact
that aneuploidy seems to occur at the same rate as
age-matched women not experiencing RPL [72].

Moreover, it can help guide further testing and
discussions on prognosis [73].

In 2016, Chen et al. implemented a
new molecular technique called High-throughput
Ligation-dependent Probe Amplification (HLPA)
[74], which aimed to detect aneuploidies of all
24 chromosomes by using 170 DNA probes in a
single reaction. This method has already been
reproduced successfully [75,76].

A dual QF-PCR/HLPA approach yielded an
abnormality detection rate of 59.6% in EPL
samples, similar to that of chromosomal
microarray analysis (60.3%) [77], while also
proving faster and most cost-efficient.

However, QF-PCR is also an excellent tool for
excluding maternal cell contamination and
determining the origin of the aneuploidy.

Since a larger number of samples are
processed at the same time, it is also faster, less
labor-intensive and less expensive than
conventional karyotyping.

The genetic assessment of EPL product-of-
conception samples relies on careful sampling,
handling and dissection, since there is a relatively
high chance that analysis could be hampered by
MCC and/or bacterial or fungal contamination,
and therefore providing no results [24].

The reported MCC rate ranges between
10.5 and 22% [53,78,79], but can go as high as
89.7% [80] in some cases, depending on sample
inclusion criteria and the type of procedure used
to obtain POC specimens [81].

In our study the MCC rate detected by
QF-PCR was 51.8% (n=133), this molecular
technique proving valuable not only in detecting
MCC, but also in successfully analyzing samples
where long-term cell cultures failed to be
established.

Our higher MCC rate can be due to the
inclusion of all samples meeting EPL criteria,

regardless of tissue quantity or quality. DNA
analysis is independent of cell culture; DNA
extraction can be performed on small tissue
pieces, yielding adequate amounts of DNA for
analysis [82].

Our study is limited by the small sample size,
requiring further studies to develop a faster,
cheaper, more reliable management protocol of
product-of-conception samples in EPL cases, in
other to provide more informed and detailed
genetic counsel to patients experiencing EPL.

Conclusions

Our study shows that QF-PCR can be used as
a first approach in the genetic analysis of POC,
followed by conventional karyotyping or CMA as
follow-up.

Genetic testing based on short tandem repeat
analysis, including QF-PCR, remains the gold
standard for MCC, as well as providing timely
results.

At present, there is no single genetic
diagnostic technique that is sufficient for the
complete analysis of EPL products of conception;
the integration of both targeted and broad-
spectrum analysis techniques (e.g. conventional
karyotyping, aCGH, SNP microarray, next-
generation sequencing) can offer a more robust
approach in EPL.
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