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ABSTRACT

Aim. To evaluate the diagnostic yield of amniocentesis with quantitative fluorescent polymerase chain reac-
tion (QF-PCR) and chromosomal microarray analysis (CMA) in pregnancies with apparently isolated at the 
time of pre-amniocentesis assessment early-onset foetal growth restriction (FGR) diagnosed before 26 
weeks of gestation and to explore associations with perinatal outcomes.
Material and methods. This retrospective cohort study was conducted at a tertiary perinatal centre in Poland. 
From 1655 amniocenteses performed between 2018 and 2023, we identifi ed 31 singleton pregnancies with 
isolated FGR (EFW/AC <3rd percentile) before 26 weeks, excluding all cases with structural anomalies or 
major maternal confounders. All cases underwent QF-PCR and CMA. Descriptive statistics and group com-
parisons were performed.
Results. Abnormal genetic results were found in 9/31 cases (yield 29.0%; 95% CI 14.2–48.0%), including 3 triploi-
dies and 6 pathogenic/likely pathogenic CNVs CMA provided an incremental yield of 19.4% over QF-PCR alone. 
Mean gestational age at delivery was 32.4 weeks, and adverse perinatal outcomes occurred in 29% of cases.
Conclusions. In isolated early-onset FGR before 26 weeks, QF-PCR combined with CMA achieved a high 
diagnostic yield of 29%. These fi ndings support routine use of CMA in this high-risk subgroup and highlight 
the prognostic importance of genetic testing.
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Introduction

Foetal growth restriction (FGR), defi ned as an 
estimated foetal weight below the 3rd percen-
tile for gestational age, is a major obstetric com-
plication associated with increased perinatal 
morbidity, mortality, and long-term neurodevel-
opmental risks [1,2]. Isolated early-onset FGR, 
diagnosed before 26 weeks of gestation without 
accompanying structural anomalies, poses par-
ticular diagnostic challenges due to its heteroge-
neous aetiology, including placental insuffi cien-
cy, maternal factors, and genetic abnormalities 
[3,4]. Genetic causes account for 15–20% of FGR 
cases, with chromosomal aneuploidies (e.g., trip-
loidy, trisomy 18) and submicroscopic copy num-
ber variants (CNVs) being prominent contributors, 
especially in symmetric and severe forms [5,6].

Traditional karyotyping detects aneuploidies 
and large structural variants in approximately 
2–6% of isolated FGR cases, but its resolution 
limits detection of smaller pathogenic alterations 
[7–9]. Chromosomal microarray analysis (CMA) 
offers superior detection of CNVs and uniparen-
tal disomy (UPD), providing an incremental yield of 
3–10% over karyotyping in isolated FGR. System-
atic reviews and meta-analyses report overall CMA 
yields of 6–13% in isolated FGR, with higher rates 
(up to 19%) in early-onset or severe cases [9,10].

For CMA-negative cases, whole-exome 
sequencing (WES) further enhances diagnos-
tic utility, revealing pathogenic/likely pathogenic 
variants in 11–24% of isolated FGR cohorts, par-
ticularly those with short long bones or addition-
al subtle features [11]. Recent studies emphasise 
that WES is particularly valuable in early-onset 
isolated FGR, where monogenic disorders may 
contribute signifi cantly beyond chromosomal 
abnormalities [12].

Despite these advances, the genetic aetiol-
ogy of very early-onset isolated FGR (<26 weeks) 
remains incompletely characterised, with limited 
data from Central European populations [13,14]. 
Guidelines from the American College of Obste-
tricians and Gynaecologists (ACOG) and the 
International Society of Ultrasound in Obstetrics 
and Gynaecology (ISUOG) recommend invasive 
prenatal testing, including CMA, for early-onset 
FGR, but the role of quantitative fluorescent poly-
merase chain reaction (QF-PCR) for rapid aneu-
ploidy detection and sequential WES in unre-

solved cases requires further validation [1,15]. 
Abnormal genetic fi ndings are associated with 
earlier delivery and higher adverse perinatal out-
comes, underscoring the prognostic importance 
of comprehensive testing.

This study evaluates the diagnostic yield of 
amniocentesis using QF-PCR and CMA in a Polish 
cohort of 31 pregnancies with isolated early-on-
set FGR <26 weeks, to inform genetic counselling 
and management strategies for this underrepre-
sented population.

Materials and methods

This was a retrospective cohort study conducted 
at a tertiary-referral perinatal centre in Poland, 
which serves as a national reference unit for 
complex foetal medicine and prenatal genet-
ics. Patients are referred from a wide geographic 
area across the country, making the cohort rep-
resentative of high-risk pregnancies managed in 
a specialised Polish setting.

The study protocol was approved by the local 
ethics committee with a waiver of informed con-
sent due to the retrospective nature of the analy-
sis and the use of anonymised clinical data.

Study Population
The study population and procedural details have 
been previously described in detail [16]. Briefly, 
we reviewed the medical records of all 1655 sin-
gleton pregnancies that underwent amniocente-
sis at our institution between January 2018 and 
December 2023. From this population, we select-
ed cases in which the primary indication for inva-
sive prenatal testing was foetal growth restriction 
diagnosed before 26 weeks of gestation. FGR was 
defi ned according to ISUOG and SMFM criteria 
as an estimated foetal weight (EFW) or abdomi-
nal circumference (AC) below the 3rd percentile 
for gestational age, confi rmed by serial ultra-
sound examinations and, when available, Doppler 
assessment. Foetal weight was estimated using 
the Hadlock formula, and centiles were assigned 
according to the INTERGROWTH-21st interna-
tional foetal growth standards, adjusted for ges-
tational age.

Exclusion criteria were applied to ensure 
a homogeneous cohort of apparently isolated at 
the time of pre-amniocentesis assessment, FGR:
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Presence of any structural anomaly detected • 
on prenatal ultrasound (e.g., cardiac defects, 
central nervous system malformations, renal 
anomalies, or evident skeletal dysplasias).
Multiple gestation.• 
Known maternal conditions strongly associ-• 
ated with secondary FGR (e.g., severe preec-
lampsia diagnosed prior to amniocentesis, 
uncontrolled diabetes, or systemic disorders 
with documented placental insuffi ciency).
Incomplete genetic testing results or missing • 
key clinical outcome data.
After application of these criteria, 31 pregnan-

cies with isolated early-onset FGR remained eli-
gible for analysis. All included cases had amnio-
centesis performed due to isolated FGR before 26 
weeks, with no ultrasonographically detectable 
structural malformations at the time of the pro-
cedure. In this retrospective study, ‘isolated FGR’ 
therefore referred to the absence of documented 
major structural anomalies at the time of invasive 
testing; complete fi rst-trimester data and detailed 
retrospective information on placental morphol-
ogy, amniotic-fluid volume and Doppler studies 
were not available for all cases.

Genetic Testing Protocol
Amniocentesis was performed under continu-
ous ultrasound guidance using a 22-gauge spinal 
needle. Amniotic fluid samples were processed 
according to standard laboratory protocols at our 
institution’s prenatal genetic laboratory.

Rapid aneuploidy detection• : Quantitative fluo-
rescent polymerase chain reaction (QF-PCR) 
was performed for chromosomes 13, 18, 21, 
X, and Y in all cases to provide rapid results 
(typically within 24–48 hours). QF-PCR 
enabled the diagnosis of whole-genome trip-
loidy in three cases. Conventional array-CGH 
was used primarily for CNV detection; its 
results were interpreted in light of the meth-
od's known limited ability to detect balanced 
whole-genome ploidy abnormalities.
Chromosomal microarray analysis (CMA)• : 
Array comparative genomic hybridisation 
(aCGH) was performed using commercially 
available platforms at a resolution of 50–100 
kb. Pathogenic or likely pathogenic copy num-
ber variants (CNVs) and regions of homozy-
gosity suggestive of uniparental disomy were 
reported in accordance with ACMG guidelines.

All genetic results were interpreted by a clini-
cal geneticist and discussed in multidisciplinary 
prenatal counselling sessions. Parental origin of 
the additional haploid set in triploid pregnancies 
was not assessed.

Data Collection and Variables
Clinical data were retrospectively extracted 
from electronic medical records and ultrasound 
reports. Collected variables included:

Maternal age, gravidity, parity, and relevant • 
medical history.
Gestational age at diagnosis of FGR and at • 
amniocentesis.
Ultrasound fi ndings at the time of amniocen-• 
tesis.
Genetic testing results (QF-PCR, CMA).• 
Pregnancy outcomes: gestational age at deliv-• 
ery or termination, route of delivery, indica-
tion for delivery, perinatal complications (e.g., 
intrauterine foetal demise, neonatal death).
Neonatal data (when available): birth weight, • 
Apgar scores, neonatal intensive care admis-
sion, and fi nal diagnosis.
Adverse perinatal outcomes were defi ned as 

intrauterine foetal demise, termination of preg-
nancy for medical reasons, neonatal death, or 
extreme preterm delivery (<28 weeks). Results of 
fi rst- and second-trimester prenatal screening, 
including the combined (double) test, triple test, 
and serum marker screening, were not systemat-
ically available in the records and were therefore 
not included in the analysis.

Statistical Analysis
Descriptive statistics were used to summarise 
continuous variables (mean ± standard deviation, 
median, range) and categorical variables (fre-
quencies and percentages). The diagnostic yield 
of genetic testing was calculated as the propor-
tion of cases with pathogenic or likely patho-
genic fi ndings. Comparisons between groups 
with normal vs abnormal genetic results were 
performed using Welch’s t-test or Mann-Whit-
ney U test for continuous variables and Fisher’s 
exact test for categorical variables. All analyses 
were conducted using PQStat software (version 
1.8.6). P-values <0.05 were considered statisti-
cally signifi cant; however, given the small sample 
size, results are presented primarily as descrip-
tive trends.
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Ethical Considerations
The study was conducted in accordance with the 
Declaration of Helsinki and local regulations. For 
this retrospective analysis of anonymised clinical 
data, the institutional ethics committee waived 
the requirement for formal informed consent. 
Patient confi dentiality was maintained through-
out the study.

This section follows standard reporting guide-
lines for retrospective cohort studies in prenatal 
genetics and is structured similarly to compara-
ble publications in the fi eld (e.g., Luo et al., 2026; 
Shi et al., 2025).

Results

In this retrospective study, 31 patients were iden-
tifi ed who underwent amniocentesis due to iso-
lated early-onset foetal growth restriction (FGR) 
before 26 weeks of gestation. All cases met the 
criteria for isolated FGR (absence of coexist-
ing structural anomalies of the central nervous 
system, heart defects, chromosomal abnormali-
ties in family history, or other anomalies visible 
on ultrasound prior to amniocentesis). Baseline 
characteristics of the entire cohort are presented 
in Table 1.

Table 1. Baseline characteristics of the entire cohort (n = 31)

Parameter Value
Maternal age (mean; IQR / median / range) 29.7 / 30; 25.0–33.8 / 19–42
Gestational age at amniocentesis (mean / median; IQR / range) 23.1 / 24; 22.0–25.0 / 18–26
Gravidity (median / range) 2 / 1–4
Parity (median / range) 0 / 0–3
Multiparous (parity ≥1) (n / %) 15 / 48.4%
Gestational age at delivery/termination (mean / median; IQR / range) 32.4 / 34; 27.0–37.0 / 19–40
Adverse perinatal outcomes (intrauterine demise, termination, neonatal death) (n / %) 9 / 29.0%

Table 2. Characteristics of cases with abnormal amniocentesis results

Case Maternal 
age

GA at 
amniocentesis 

(weeks)

Amniocentesis result Indication for delivery / neonatal outcome

2 32 26 CMA – microduplication 
1q21.1–q21.2

GA at delivery: 30 weeks; indication: impending eclampsia; 
BW: 1100 g; Apgar: 6/8; no neonatal death.

4 19 25 QF-PCR – triploidy GA at delivery: 31 weeks; indication: placental abruption; 
BW: 1200 g; Apgar: 5/7; neonatal death on day 4.

5 24 22 CMA – microdeletion 1q21.1 GA at delivery: 37 weeks; indication: signs of fetal 
compromise; BW: 2300 g; Apgar: 8/9; no neonatal death.

9 27 24 CMA – heterozygous deletion 
Xp22.33 and Xp22.33–p22.32

GA at delivery: 40 weeks; indication: high risk of shoulder 
dystocia; BW: 2800 g; Apgar: 9/10; no neonatal death.

16 29 18 QF-PCR – triploidy GA at termination: 19 weeks; indication: medical termination; 
BW: N/A; Apgar: N/A; no neonatal death (TOP).

22 36 20 CMA – microduplication 
15q13.3 and 20p12.3–p11.23

GA at delivery: 27 weeks; indication: severe preeclampsia 
superimposed on chronic hypertension + HELLP syndrome; 

BW: 850 g; Apgar: 4/6; no neonatal death.
23 36 23 CMA – deletion 21q22.2–q22.3 GA at IUFD: 27 weeks; indication: intrauterine fetal demise; 

BW: N/A; Apgar: N/A; fetal death.
25 25 22 CMA – deletion 1p13.3–p12 GA at delivery: 35 weeks; indication: signs of fetal 

compromise; BW: 1900 g; Apgar: 7/8; no neonatal death 
(placental edema, ventriculomegaly, hyperechoic bowel noted).

31 32 20 QF-PCR – triploidy GA at termination: 20 weeks; indication: medical termination; 
BW: N/A; Apgar: N/A; no neonatal death (TOP).

Note: In all three triploid pregnancies, triploidy was diagnosed by QF-PCR. Conventional CMA did not independently identify the whole-ge-
nome ploidy abnormality, and the parental origin of the additional haploid set was not assessed. BW: birth weight; GA: gestational age; IUFD: 
intrauterine fetal demise; TOP: termination of pregnancy; N/A: not applicable.
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Cohort Characteristics
The mean maternal age was 29.7 ± 6.4 years 
(median 30 years, range 19–42 years). The median 
gravidity was 2 (range 1–4), and the median par-
ity was 0 (range 0–3). Nearly half of the patients 
(15/31, 48.4%) were multiparous (parity ≥1).

The mean gestational age (GA) at the time of 
amniocentesis was 23.1 ± 2.4 weeks (median 24 
weeks, range 18–26 weeks).

Genetic Testing Results
Amniocentesis yielded an abnormal result in 9 
out of 31 cases, corresponding to a diagnostic 
performance of 29.0% (95% CI: 14.2–48.0%). 

QF-PCR identifi ed whole-genome triploidy in 
3 cases (9.7%). In these pregnancies, CMA did not 
independently detect triploidy and did not iden-
tify an additional pathogenic or likely pathogenic 
CNV. However, CMA detected additional patho-
genic or likely pathogenic CNVs in 6 further cases 
(19.4%), resulting in an overall diagnostic value of 
29.0% (9/31; 95% CI 14.2–48.0%). The incremen-
tal yield of CMA over QF-PCR alone was therefore 
19.4% (6/31).

Limiting diagnostic testing to QF-PCR alone 
would have reduced the detection rate of genetic 
abnormalities from 29.0% to only 9.7%, missing 
two-thirds of the identifi ed pathogenic fi ndings 
(mainly CNVs).

The abnormal fi ndings included:
triploidy – 3 cases (33.3% of abnormal results),• 
microdeletions / deletions – 4 cases (44.4%),• 
microduplications / duplications – 2 cases • 
(22.2%).
Among the three pregnancies with trip-

loidy, severe FGR was diagnosed at 18, 19 and 
25 weeks’ gestation. No major foetal structural 

anomaly was documented before amniocen-
tesis. The pregnancies diagnosed at 18 and 19 
weeks were terminated within one week after the 
QF-PCR result; hence, the subsequent evolution 
of the foetal phenotype could not be assessed. 
In the pregnancy diagnosed at 25 weeks, delivery 
by caesarean section was performed at 31 weeks 
because of non-reassuring foetal status, and the 
neonate died on day 4 of life.

Detailed abnormal genetic results are pre-
sented in Table 2. The summary of abnormal 
CMA results is presented in Table 3. 

Obstetric and Neonatal Outcomes
Delivery data were available for all pregnan-
cies. The mean gestational age at delivery or 
termination was 32.4 ± 5.4 weeks (median 34 
weeks, range 19–40 weeks). Preterm delivery 
or termination before 32 weeks occurred in 12 
cases (40.0%). Adverse perinatal outcomes, 
defined as intrauterine foetal demise, termina-
tion of pregnancy for medical reasons, or neo-
natal death, were observed in 9 cases (29.0% of 
the cohort). 

Birth weight was available in all live-born cas-
es, with a mean of 1780 ± 820 g. Apgar scores at 1 
and 5 minutes were also documented, with medi-
an values of 7 (range 3–9) and 8 (range 5–10), 
respectively. 

Neonatal death occurred in 4 cases (19.0% of 
live births).

Comparison of Groups with Normal 
vs Abnormal Amniocentesis Results
Selected parameters comparing the normal and 
abnormal amniocentesis groups are presented in 
Table 4. 

Table 4. Comparison of key parameters between groups with normal and abnormal amniocentesis results

Parameter Abnormal result (n = 9) Normal result (n = 22) p-value*
Maternal age (mean / median; IQR / range) 28.9 / 29; 25.0–32.0 / 19–36 30.0 / 30; 25.0–34.0 / 19–42 0.65
GA at amniocentesis (mean / median; IQR / range) 22.2 / 22; 20.0–24.0 / 18–26 24.0 / 24; 22.0–24.0 / 18–26 0.21
GA at delivery (mean / median; IQR / range) 29.6 / 30; 27.0–35.0 / 19–40 33.4 / 34; 30.5–37.0 / 25–38 0.17
Adverse perinatal outcomes (n / %) 4 / 44.4% 5 / 22.7% 0.38
Gravidity (median / range) 1 / 1–3 1 / 1–4 0.12
Parity (median / range) 0 / 0–1 0 / 0–2 0.22

* Continuous variables are presented as median (interquartile range, IQR) and were compared using the Mann-Whitney U test. Categorical 
variables are presented as percentages (%) and are compared using Fisher’s exact test. All tests were two-sided. P-values should be inter-
preted as exploratory owing to the small sample size.
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Discussion

The present retrospective study of 31 pregnan-
cies complicated by isolated early-onset foe-
tal growth restriction (FGR) diagnosed before 26 
weeks of gestation and subjected to amniocen-
tesis demonstrates a diagnostic yield of 29.0% 
for clinically signifi cant genetic abnormalities 
using quantitative fluorescent polymerase chain 
reaction (QF-PCR) and chromosomal microarray 
analysis (CMA). This yield is notably higher than 
many previously reported fi gures for isolated 
FGR, particularly when considering the very early 
gestational age at diagnosis in our cohort (mean 
23.1 weeks).

Literature reviews and meta-analyses con-
sistently report lower average yields for chro-
mosomal microarray in isolated foetal growth 
restriction diagnosed in the second trimester 
(typically 20–32 weeks). For instance, a sys-
tematic review and meta-analysis estimated the 
mean rate of chromosomal aberrations in appar-
ently isolated FGR at approximately 6.4% (range 
0–26.3%), with an incremental yield of CMA over 
karyotyping around 4–6% in unselected cas-
es. More recent data from larger cohorts and 
meta-analyses indicate incremental yields of 
CMA over karyotyping in isolated FGR ranging 
from 3–6%, with overall pathogenic fi ndings by 
CMA in early-onset cases often between 6–8%. 
In contrast, our observed 29% yield (including 
triploidies, deletions, and duplications) aligns 
more closely with reports focusing on very ear-
ly-onset (<26 weeks) or severe isolated FGR, 
where yields can reach 15–30% due to a higher 
prevalence of chromosomal aneuploidies (e.g., 
triploidy) and submicroscopic copy number vari-
ants (CNVs) that impair early placental and foetal 
development. Our cohort, restricted to apparently 
isolated early-onset FGR before 26 weeks at the 
time of pre-amniocentesis assessment, dem-
onstrates a yield of 29.0%, which aligns with the 
upper range observed in this specifi c subgroup 
and exceeds the average reported for broader 
isolated FGR populations.

The predominance of triploidy (3/9 abnormal 
cases, 33%) and CNVs involving deletions/dupli-
cations (e.g., 1q21.1, 15q13.3, 21q22) in our series 
is consistent with established patterns in ear-
ly-onset FGR. Triploidy and trisomies (particularly 
18 and 21) are well-recognised causes of severe, 

symmetric early growth impairment, often lead-
ing to early foetal demise or termination. 

The three triploid pregnancies were classi-
fi ed as isolated FGR because no major structur-
al anomaly was documented before amniocen-
tesis. This operational defi nition should not be 
interpreted as evidence that all recognised trip-
loidy-associated features were absent. In par-
ticular, detailed fi rst-trimester and placental data 
were unavailable, and two pregnancies were ter-
minated shortly after genetic diagnosis, preclud-
ing assessment of later phenotypic evolution.

The pathogenic or likely pathogenic classifi -
cation of the CNVs in our cohort establishes their 
clinical relevance but does not, by itself, demon-
strate that each CNV was the sole cause of FGR. 
This distinction is important because several 
of the detected CNVs have variable expressiv-
ity, incomplete penetrance, and phenotypes that 
are recognised mainly after birth. The 15q13.3 
duplications in Cases 2 and 22 include CHRNA7. 
Although affected cohorts have shown devel-
opmental delay, autism spectrum disorder and 
attention-defi cit/hyperactivity disorder, CHR-
NA7 duplications have also been identifi ed in 
apparently unaffected parents and control indi-
viduals; therefore, their penetrance and prenatal 
phenotypic predictability are limited [17].

In contrast, the 1q21.1-q21.2 deletion in Case 5 
has more direct prenatal support [18]. In a recent 
prenatal series of recurrent 1q21.1 deletions, FGR 
was reported among the common ultrasound 
indications, although the deletion was inherited 
in a proportion of tested families, and the authors 
emphasised the need for further genotype-pheno-
type data [19]. Thus, this CNV may have contribut-
ed to the growth phenotype, but a direct influence 
cannot be determined from our single case. 

The complex Xp22.33/Xp22.32 loss in Case 
9 includes SHOX and ARSE genes. SHOX loss is 
biologically relevant to linear growth and skel-
etal development, but prenatal phenotypes 
of SHOX-containing Xp22.33 deletions are het-
erogeneous: reported fetuses have ranged from 
skeletal abnormalities to isolated soft markers or 
no ultrasound abnormality [20]. Accordingly, this 
result provides a possible genetic explanation for 
impaired growth. However, the absence of docu-
mented structural anomalies before amniocente-
sis prevents drawing more specifi c prenatal gen-
otype-phenotype conclusions.
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Case 22 carried both a 20p12.3-p11.23 dupli-
cation and a 15q13.3 duplication involving CHR-
NA7. Isolated partial trisomy 20p is rare, and its 
phenotype remains poorly defi ned because most 
published cases also carry other chromosomal 
imbalances. It is therefore not possible to deter-
mine whether the 20p duplication contributed to 
foetal growth restriction in this pregnancy [21]. 
The 15q13.3 duplication has limited and variable 
penetrance, with reported neurodevelopmental 
and behavioural phenotypes, but it also occurs 
in apparently unaffected individuals; it likewise 
does not allow direct attribution of FGR [17]. Sim-
ilarly, the distal 21q22.2-q22.3 deletion in Case 23 
was classifi ed as pathogenic or likely pathogenic 
due to its well-established broad phenotypic con-
sequences. Prenatal reports of terminal 21q22 
deletion remain limited, and the phenotype may 
lack multiple or severe malformations; this limits 
prenatal genotype-phenotype prediction [22].

The large 1p13.3–p12 deletion found in Case 
25 was classifi ed as pathogenic or likely patho-
genic. Published data on partially overlapping 
1p deletions remain limited. One reported de 
novo case showed postnatal growth decelera-
tion and mild developmental delay, but birth size 
was normal. These fi ndings therefore do not 
establish a link between this CNV and prena-
tal foetal growth restriction [23]. In our case, the 
clinical-genetics interpretation noted that dele-
tions of similar extent have been reported with 
intrauterine growth restriction and short stature; 
this should be considered a possible, rather than 
proven, explanation for FGR (Table 3).

Clinically relevant trends emerged when com-
paring pregnancies with abnormal versus nor-
mal genetic results. Although no statistically sig-
nifi cant differences were found (likely due to the 
small sample size), abnormal fi ndings were asso-
ciated with earlier gestational age at amniocen-
tesis (22.2 vs 23.5 weeks), earlier delivery (29.6 vs 
33.4 weeks), and a higher rate of adverse perina-
tal outcomes (44.4% vs 22.7%). These observa-
tions support the concept that genetically driven 
early-onset FGR tends to manifest more severely 
and earlier, often resulting in intrauterine foetal 
demise, termination, or extreme preterm deliv-
ery. Similar associations between early diagno-
sis, genetic aetiology, and poor prognosis have 
been reported in cohorts with early-onset isolat-
ed FGR.

The high proportion of multiparous women 
(45.2%) and relatively low mean parity (0.39) in 
our cohort may reflect referral patterns in a spe-
cialised perinatal centre, but the trend toward 
lower gravidity and parity in the abnormal genetic 
group suggests that nulliparity or low parity could 
be a subtle risk marker for genetic aetiology in 
very early FGR—possibly due to fewer confound-
ing maternal-placental factors accumulated in 
multiparous pregnancies.

Several limitations must be acknowledged. 
The retrospective design and modest sample size 
(n = 31) limit statistical power and generalizability; 
post hoc p-values should be interpreted cautious-
ly as exploratory. Neonatal follow-up was partial, 
and long-term neurodevelopmental outcomes 
were not assessed. Nevertheless, the focus on 
a homogeneous group of very early-onset iso-
lated FGR in a single Polish centre provides valu-
able local data in a region underrepresented in the 
international literature. In addition, incomplete 
retrospective availability of fi rst-trimester ultra-
sound fi ndings and of detailed placental, amniot-
ic-fluid and Doppler assessments limited pheno-
typic characterisation of the triploid pregnancies. 
The early termination of two triploid pregnancies 
also precluded evaluation of abnormalities that 
might have become apparent later in gestation.

Also, fi rst- and second-trimester prenatal 
screening results were not systematically avail-
able because many patients were referred after 
screening was performed outside of our centre. 
We were therefore unable to assess the relation 
between screening results, referral patterns and 
the decision to undergo invasive testing.

Finally, the parental origin of the additional 
haploid set was not assessed in the triploid preg-
nancies; consequently, their classifi cation as dig-
ynic or diandric could not be determined. 

In conclusion, our fi ndings support offering 
invasive prenatal genetic testing (QF-PCR + CMA) 
in pregnancies with isolated FGR diagnosed 
before 26 weeks, given the substantial diagnostic 
yield and prognostic implications. In our series, 
QF-PCR was essential for identifying whole-ge-
nome triploidy, while CMA enabled the detection 
of additional pathogenic CNVs Larger, prospec-
tive multicentre studies are needed to refi ne risk 
stratifi cation, optimise testing algorithms, and 
improve genetic counselling for this challenging 
subgroup of pregnancies.
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Conclusions

In this retrospective study of 31 pregnancies with 
apparently isolated at the time of pre-amnio-
centesis assessment early-onset foetal growth 
restriction diagnosed before 26 weeks of gesta-
tion, amniocentesis with QF-PCR and chromo-
somal microarray analysis achieved a diagnos-
tic yield of 29.0% for clinically signifi cant genet-
ic abnormalities. This rate exceeds the 6–13% 
overall CMA yields and 3–10% incremental yields 
over karyotyping reported in most meta-analyses 
and large cohorts of isolated FGR. Triploidy and 
pathogenic CNVs predominated among abnor-
mal results, consistent with patterns in very early 
and severe FGR.

Although limited by the small sample size, 
pregnancies with abnormal genetic results 
showed numerically earlier gestational age at 
amniocentesis (22.2 vs 23.5 weeks), earlier deliv-
ery or termination (29.6 vs 33.4 weeks), and 
a higher proportion of adverse perinatal out-
comes (44.4% vs 22.7%). However, none of these 
differences reached statistical signifi cance (all 
p > 0.05), and no clinically meaningful prognostic 
value of earlier amniocentesis was demonstrated 
in this analysis.

These results support routine invasive genetic 
testing (QF-PCR + CMA) in isolated early-onset 
FGR <26 weeks, even in the absence of structur-
al anomalies, and highlight the prognostic value 
of positive fi ndings. Larger prospective stud-
ies are required to confi rm these observations, 
refi ne testing algorithms, and strengthen evi-
dence-based counselling in this high-risk sub-
group.
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