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Abstract 
 
Background: Nuchal translucency (NT) measurement is widely used in prenatal screening to detect 

chromosomal abnormalities, but its role in identifying congenital defect remains variably reported. Con‐
genital heart disease (CHD) refers to structural malformations of the heart and/or great vessels, which pre‐
dispose affected individuals to multiple morbidities across their lifespan and contribute to reduced 
long‐term survival. Although numerous studies have evaluated NT, none have specifically summarized the 
diagnostic sensitivity and specificity that reflect how well this screening performs when applied independ‐
ently without adjunctive examinations. To address this gap, this systematic review was conducted to syn‐
thesize findings from previous studies and provide evidence‐based insights into the diagnostic performance 
of NT for early detection of CHD. 

Methods: A systematic review was conducted following PRISMA guidelines. PubMed, Embase, and Web 
of Science were searched from inception to August 2025 for studies assessing NT measurement in detecting 
CHDs and other structural anomalies. Eligible studies included prospective or retrospective designs involv‐
ing pregnant women, with NT assessed at any gestational stage and outcomes confirmed by postnatal ex‐
amination, autopsy, or detailed follow‐up imaging. Data extraction included study characteristics, NT cut‐off 
values, diagnostic accuracy metrics, and risk of bias. Due to heterogeneity in methods and outcomes, find‐
ings were synthesized qualitatively. This study was registered prior to the study in PROSPERO 
CRD420251125707. 

Results: Twenty studies published between 1999 and 2023 met the inclusion criteria, encompassing 
diverse populations from Asia, Europe, South America, the Middle East, and Africa. NT cut‐off values and 
measurement protocols varied widely. For CHDs, reported sensitivities ranged from 0.15 to 1.00 and speci‐
ficities from 0.62 to 0.98, with most studies showing high specificity but variable sensitivity. NT measure‐
ment demonstrated higher accuracy for certain complex cardiac anomalies but lower performance for 
minor defects. For other structural anomalies—including neural tube defects, abdominal wall defects, and 
skeletal dysplasias—NT measurement showed moderate to high specificity but variable sensitivity, and 
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Introduction 
 
Congenital heart disease (CHD) refers to struc‐

tural malformations of the heart and/or great ves‐
sels, which predispose affected individuals to 
multiple morbidities across their lifespan and con‐
tribute to reduced long‐term survival. CHD are the 
most common congenital malformations, affecting 
approximately 8–12 per 1,000 live births, and are a 
leading cause of perinatal morbidity and mortality 
(1). Early detection of CHD allows for timely referral 
to tertiary care, prenatal counseling, and delivery 
planning, which can significantly improve neonatal 
outcomes (2). First‐trimester screening has tradi‐
tionally focused on detecting chromosomal abnor‐
malities, but advances in ultrasound technology have 
broadened its role to include structural anomaly as‐
sessment (3). Among the markers assessed during 
first‐trimester ultrasound, nuchal translucency (NT) 
measurement‐performed between 10+0 and 13+6 
weeks gestation has gained recognition not only for 
its association with aneuploidy but also for its poten‐
tial role in detecting major structural anomalies, in‐
cluding CHD (4). 

Several studies have demonstrated a correlation 
between increased NT thickness and a higher risk of 
CHD and other major fetal malformations, even in 

karyotypically normal fetuses (5). The proposed 
mechanisms include cardiac dysfunction, altered 
lymphatic drainage, and developmental abnormali‐
ties that manifest early in gestation (6). NT measure‐
ment is a relatively simple, non‐invasive marker that 
can be incorporated into routine first‐trimester 
scans, making it an attractive tool for early risk strat‐
ification (7). However, its predictive value for CHD 
and non‐cardiac structural anomalies varies across 
studies, influenced by factors such as NT threshold, 
population characteristics, sonographer expertise, 
and the use of additional ultrasound markers or bio‐
chemical tests (8, 9). 

Despite an increasing number of studies exploring 
NT’s role in structural anomaly detection, the evi‐
dence remains fragmented, with inconsistent 
methodologies, heterogeneous populations, and 
varying definitions of abnormal NT. To date, no com‐
prehensive synthesis has evaluated the diagnostic 
accuracy of first‐trimester NT measurement specifi‐
cally for detecting CHD and other major structural 
anomalies in a broad clinical context. Therefore, this 
systematic review aims to collate and critically ap‐
praise existing evidence, quantify diagnostic per‐
formance where possible, and identify factors 
influencing accuracy, with the goal of informing clin‐
ical practice and guiding future research. 
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performance was enhanced when combined with other ultrasound markers or biochemical screening. Risk 
of bias was generally low to moderate, with variability mainly due to study design and follow‐up complete‐
ness. 

Conclusion: NT measurement is a valuable early screening tool for CHDs and other major structural 
anomalies, particularly when used alongside targeted follow‐up imaging. Its high specificity supports its 
use in risk stratification, but variable sensitivity underscores the need for standardized protocols and in‐
tegration with complementary screening methods. 

 
Keywords: Nuchal translucency, congenital heart defects, anomalies, prenatal screening, diagnostic 

accuracy.



Methods 
 
Study design 
This study was conducted as a systematic review 

following the updated guidelines of the Preferred Re‐
porting Items for Systematic Reviews and Meta‐
Analyses (PRISMA) (10). The protocol and 
methodology were developed to ensure trans‐
parency, replicability, and methodological rigor in 
appraising evidence on the diagnostic accuracy of NT 
measurement for the early detection of congenital 
heart defects and other major structural anomalies. 

 
Literature search strategy 
A comprehensive literature search was conducted 

in PubMed, Embase, and Web of Science from data‐
base February to August 2025. Both controlled vo‐
cabulary (e.g., MeSH and Emtree terms) and free‐text 
keywords related to NT measurement, congenital 
heart defects, and structural anomalies were em‐
ployed. Search terms included: “nuchal translu‐
cency,” “first trimester screening,” “congenital heart 
defect*,” “CHD,” “structural anom*,” “major congeni‐
tal abnormalit*,” “prenatal ultrasonography,” and re‐
lated synonyms. Boolean operators (AND, OR) and 
truncation were applied as appropriate. Search 
strategies were adapted to the syntax and subject 
headings of each database. The search was restricted 
to human studies and English‐language publications. 
Reference lists of all included studies and relevant 
reviews were screened manually to identify addi‐
tional eligible records. The complete search strate‐
gies for each database are presented in Table 1. 

 
Eligibility criteria 
Studies were eligible if they involved pregnant in‐

dividuals undergoing nuchal translucency measure‐
ment, with subsequent confirmation of congenital 
heart defects and/or other major structural anom‐
alies through prenatal detailed echocardiography 

and/or postnatal examination. Eligible designs in‐
cluded randomised controlled trials, cohort studies, 
cross‐sectional studies, and case–control studies re‐
porting diagnostic accuracy measures (e.g., sensitiv‐
ity, specificity, predictive values) or providing 
sufficient data to construct 2×2 tables. Studies were 
excluded if they focused on second‐trimester nuchal 
fold rather than NT, reported only chromosomal out‐
comes without separate structural anomaly data, or 
were case reports, narrative reviews, editorials, in 
vitro or animal studies, or conference abstracts lack‐
ing full text. 

 
Study selection and data extraction 
All search results were imported into a reference 

management tool, and duplicate records were re‐
moved. Two reviewers independently screened titles 
and abstracts, followed by full‐text assessment 
against the eligibility criteria. Disagreements were 
resolved through discussion or consultation with a 
third reviewer. Data extraction was performed using 
Endnote to capture: study design, year, country, sam‐
ple size, participant characteristics, NT measurement 
protocol, reference standard used, type of anomalies 
assessed, NT cut‐off values, diagnostic accuracy met‐
rics, and follow‐up details. Detailed quality assess‐
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Table 1. Sensitivity and Specificity of First 
Trimester CHD Screening Using Ultrasound Guid‐
ance. 

Author (Year)                       Sensitivity (95% CI)         Specificity 
Borrell et al. (2013)                   0.41 (0.25–0.58)                    0.95 
Eleftheriades et al. (2012)      0.27 (0.11–0.50)                    0.98 
Pereira et al. (2011)                  0.35 (0.25–0.46)                    0.95 
Volpe et al. (2011)                     0.39 (0.17–0.64)                    0.94 
Abu‐Rustum et al. (2010)        0.75 (0.35–0.97)                    0.98 
Timmerman et al. (2010)        0.92 (0.75–0.99)                    0.62 
Lombardi et al. (2007)             1.00 (0.03–1.00)                    0.95 
Muller et al. (2007)                   0.15 (0.02–0.45)                    0.98 
Michailidis et al. (2001)           0.33 (0.07–0.70)                    0.87 
Hyett et al. (1999)                      0.56 (0.41–0.70)                    0.96 

 



ment results are presented in Table 2. 

Data synthesis 
Due to heterogeneity among studies in terms of 

NT cut‐off values, measurement protocols, study de‐
signs, population risk profiles, and outcome assess‐
ment methods, quantitative pooling of results was 
not always feasible. Therefore, a qualitative descrip‐
tive synthesis was conducted. Findings related to the 
diagnostic accuracy of NT measurement for detect‐
ing congenital heart defects and other structural 
anomalies were summarised narratively to evaluate 
its effectiveness in early detection compared with 
other screening approaches or standard care. 

Result 

Study characteristics 
The initial database search yielded 894 records, 

of which 594 remained after duplicate removal (Fig‐
ure 1). Following screening of titles and abstracts, 36 
full‐text articles were assessed for eligibility. Ulti‐
mately, 20 studies met the inclusion criteria and 
were incorporated into this systematic review. These 
studies were published between 1999 and 2023, 
representing a cumulative sample of over 20 preg‐
nancies assessed for nuchal translucency in relation 
to congenital heart defects and other major struc‐
tural anomalies. 

The studies were conducted across multiple re‐
gions, including Asia, Europe, South America, and 
Africa, with both single‐center and multicenter de‐
signs. Sample sizes ranged from fewer than 100 par‐
ticipants to over 10,000, and gestational age at NT 
assessment varied from early first trimester to late 
second trimester, depending on the study objectives. 
Most studies used standardized ultrasound proto‐
cols to measure NT, but definitions of increased NT 
differed, employing either fixed cut‐offs (e.g., ≥3.0 
mm or ≥3.5 mm) or percentile‐based thresholds 

(≥95th or ≥99th percentile). 
Diagnostic confirmation methods included de‐

tailed fetal anomaly scans, targeted echocardiogra‐
phy, genetic testing where indicated, and postnatal 
follow‐up. In addition to congenital heart defects, 
many studies reported detection rates for other 
structural anomalies such as diaphragmatic hernia, 
skeletal dysplasia, abdominal wall defects, and cen‐
tral nervous system malformations. Follow‐up peri‐
ods extended from the immediate prenatal period to 
the neonatal stage. Characteristics of the 
included studies are summarized in Table 3 and 
Table 4. 
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Figure 1. ROC Curve for PT in Prediction of Macrosomia.



Risk of bias assessment 
Overall, most studies demonstrated low to mod‐

erate risk of bias in the domains of patient selection, 
index test, and flow and timing. Prospective cohort 
studies such as those by Hyett et al. (1999), Michai‐
lidis et al. (2001), and Volpe et al. (2011) generally 
reported clear inclusion criteria, standardized NT 
measurement protocols, and blinded outcome as‐
sessment, contributing to lower bias risk. 

Conversely, some retrospective analyses (e.g., Tang 
et al., 2019; Kristensen et al., 2023) lacked detailed 
reporting on blinding or consistency in follow‐up 
verification, raising concerns in the “reference stan‐
dard” and “flow and timing” domains. Variability in 
NT cut‐off values and measurement protocols across 
studies introduced applicability concerns, particu‐
larly in multicenter designs such as Jin et al. (2021) 

and Karadzov et al. (2019). Despite these limitations, 
the majority of included studies were considered 
methodologically sound enough to contribute mean‐
ingfully to the synthesis. 

 
Diagnostic accuracy for congenital heart defects 
Several more recent studies without detailed sen‐

sitivity/specificity reporting still contributed to the 
qualitative synthesis. For example, Zhang et al. 
(2023) reported a higher incidence of CHDs among 
fetuses with increased NT. Bottelli et al. (2023) fo‐
cused on false‐negative CHD cases, underscoring lim‐
itations of NT as a standalone screening tool, and 
Kristensen et al. (2023) examined mortality out‐
comes in CHD cases with increased NT. These find‐
ings reinforce that while NT can be a useful early 
marker, its sensitivity varies substantially and is 
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Table 2. Search strategies used for online databases. 
Database                                                                                    Search strategies                                                                                      Records 
PubMed                                            ("Nuchal Translucency"[Mesh] OR "nuchal translucen*"[tiab])                                                 197 
                                                                                                                    AND                                                                                                             
                                  ("Heart Defects, Congenital"[Mesh] OR "congenital heart"[tiab] OR "cardiac defect*"[tiab]                           
                                                                                   OR ("Congenital Abnormalities"[Mesh]                                                                            
                                                                                                                    AND                                                                                                             
                                               ("Ultrasonography, Prenatal"[Mesh] OR "Pregnancy Trimester, First"[Mesh]                                        
                                                                         OR "first trimester"[tiab] OR "11‐14 week*"[tiab]                                                                  
 
Web of Science                                                                TS=(("nuchal translucen*")                                                                                  482 
                                                                                                                    AND                                                                                                             
                                                  (("congenital heart" OR "cardiac defect*" OR "congenital heart disease*")                                           
                                                                                                                     OR                                                                                                              
                                  (("congenital abnormalit*" OR "fetal anom*") AND (structural OR major OR noncardiac)))                           
                                                                                                                    AND                                                                                                             
                                                 ("first trimester" OR "11 NEAR/1 14 week*" OR "prenatal ultrasonogr*"))                                          
 
Medline and EMBASE                 (( 'nuchal translucency'/exp OR 'nuchal translucen*':ti,ab,kw)                                                 170 
                                                                                                                    AND                                                                                                             
    (('congenital heart disease'/exp OR 'heart malformation'/exp OR 'congenital heart':ti,ab,kw OR 'cardiac defect*':ti,ab,kw) 
                                                                                                                     OR 
                        ('congenital anomaly'/exp AND ('structural':ti,ab,kw OR 'major':ti,ab,kw OR 'noncardiac':ti,ab,kw)))                 
                                                                                                                    AND 
('prenatal ultrasonography'/exp OR 'first trimester pregnancy'/exp OR 'first trimester':ti,ab,kw OR '11 NEAR/1 14 week*':ti,ab,kw) 
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often improved when combined with other ultra‐
sound or biochemical markers. 

 
Diagnostic accuracy for other major structural 

anomalies 
Thirteen studies assessed NT’s performance for 

detecting non‐cardiac major structural anomalies, 
including neural tube defects, abdominal wall de‐
fects, skeletal dysplasias, and genitourinary anom‐
alies. Detection rates for these anomalies varied 
widely, with higher NT measurements generally as‐
sociated with increased risk of major malformations, 
even in chromosomally normal fetuses. 

Esteves et al. (2023) demonstrated that detailed 
ultrasound assessment in fetuses with increased NT 
improved detection of multiple structural anomalies 
beyond CHDs. Tang et al. (2022) found that NT re‐
mains a strong predictor for a range of anomalies in 
both low‐ and high‐risk pregnancies. Karadzov et al. 
(2019) and Tang et al. (2019) showed improved 
screening performance when NT was combined with 
ductus venosus Doppler and tricuspid regurgitation 
assessment. Dulgheroff et al. (2019) and Dilek et al. 
(2023) reported that while first‐trimester detection 
is valuable, second‐ and third‐trimester scans still 
identify additional anomalies missed earlier. 

Jin et al. (2021) and Zhang et al. (2023) both ob‐
served significant rates of extracardiac malformations 
among fetuses with isolated increased NT, supporting 
its use as a general structural anomaly risk marker. 
Abu‐Rustum et al. (2010) and Timmerman et al. 
(2010) also included broader structural anomalies in 
their outcomes, reporting improved detection when 
NT measurement was part of a multi‐parameter 
screening approach. Collectively, the evidence sug‐
gests that while NT has limitations as a standalone 
tool, its integration into comprehensive prenatal 
screening protocols enhances early detection of both 
cardiac and non‐cardiac major anomalies (Hyett et al., 
1999; Michailidis et al., 2001; Muller et al., 2007). 

Discussion 
 
The present systematic review synthesized evi‐

dence from 20 studies published between 1999 and 
2023 evaluating the role of nuchal translucency (NT) 
measurement in detecting congenital heart defects 
(CHDs) and other major structural anomalies across 
both low‐ and high‐risk pregnancies. Overall, NT en‐
largement was consistently associated with an in‐
creased risk of structural anomalies, although 
diagnostic accuracy varied widely across studies and 
conditions. While several investigations reported high 
specificity, sensitivity estimates for CHD detection 
ranged from 15% to 100%, reflecting heterogeneity 
in populations, NT cut‐offs, and the use of adjunctive 
screening modalities. For non‐cardiac anomalies, find‐
ings reinforced NT as a valuable but imperfect early 
screening marker, with optimal performance achieved 
when integrated into a comprehensive ultrasound and 
biochemical screening program. 

In the study by Timmerman et al., the specificity of 
nuchal translucency (NT) in predicting congenital 
heart defects (CHD) was relatively low (62%) when 
compared to its sensitivity. Several factors may explain 
this finding. First, the study population was limited to 
euploid fetuses, since all cases with chromosomal ab‐
normalities were excluded from the analysis. As a con‐
sequence, the number of fetuses with enlarged NT but 
without CHD remained relatively high, thereby inflat‐
ing the false‐positive rate and lowering specificity. This 
reflects the fact that enlarged NT is not only associated 
with structural cardiac anomalies, but also with chro‐
mosomal abnormalities and other genetic or develop‐
mental disorders, many of which were removed from 
the dataset. 

For CHDs, pooled qualitative evidence indicated 
that NT has moderate diagnostic performance, with 
high specificity but variable sensitivity. This aligns 
with previous reviews which have similarly reported 
that increased NT is a significant but not definitive 
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predictor of cardiac anomalies (11, 12). The variabil‐
ity in sensitivity among the included studies may be 
explained by differences in gestational age at the 
time of scanning, operator expertise, image resolu‐
tion, and the spectrum of CHDs included in outcome 
definitions (13). Some defects, such as hypoplastic 
left heart syndrome or transposition of the great ar‐
teries, may be more likely to produce early cardiac 
hemodynamic changes and fluid accumulation in the 
nuchal region, leading to increased NT (14). In con‐
trast, smaller septal defects or lesions with delayed 
hemodynamic impact may remain undetected in 
early gestation, contributing to false negatives (15). 
Physiologically, increased NT in CHDs may result 
from altered cardiac function, impaired venous re‐
turn, or abnormal lymphatic development, which 
cause transient fluid accumulation in the fetal neck 
(16). However, because NT can also be elevated in 
chromosomally normal fetuses without CHDs, its 
predictive value improves substantially when com‐
bined with other first‐trimester assessments such as 
ductus venosus Doppler, tricuspid regurgitation eval‐
uation, or biochemical markers (17). 

For other major structural anomalies, our synthe‐
sis supports prior findings that increased NT is as‐
sociated with a wide range of extracardiac 
malformations, including skeletal dysplasias, di‐
aphragmatic hernia, omphalocele, and renal anom‐
alies (18). Several mechanisms may account for this 
association. For example, in skeletal dysplasias, de‐
layed ossification and abnormal connective tissue 
development can impair lymphatic drainage, leading 
to NT fluid accumulation (19, 20). In abdominal wall 
defects, increased NT may reflect generalized fetal 
edema due to disrupted venous return (21). Further‐
more, some anomalies may share underlying devel‐
opmental pathways with cardiac defects, explaining 
their co‐occurrence in certain cases (22). The re‐
viewed studies also indicated that some extracardiac 
anomalies manifest later in gestation, which explains 

why NT alone cannot detect all cases and why sec‐
ond‐ and third‐trimester follow‐up is critical (23, 24). 
The literature emphasizes that while NT measure‐
ment is not a comprehensive anomaly screen, it 
serves as an early warning sign prompting targeted 
fetal echocardiography and detailed anatomical as‐
sessment (25). The mechanism linking increased NT 
to extracardiac anomalies remains multifactorial, in‐
volving genetic factors, structural malformations af‐
fecting lymphatic or venous flow, and early 
embryonic developmental disturbances (26, 27). 

Despite the strengths of including a large number 
of studies spanning diverse populations and struc‐
tural anomaly types, this review has several limita‐
tions. First, heterogeneity in NT cut‐off values, 
gestational age at assessment, ultrasound protocols, 
and operator expertise complicates direct compari‐
son of diagnostic performance across studies. Sec‐
ond, several included studies were retrospective or 
conducted in tertiary referral centers, potentially in‐
flating diagnostic accuracy due to higher anomaly 
prevalence compared with the general population. 
Third, the absence of uniform follow‐up protocols in 
some reports raises the possibility of underestimat‐
ing false negatives, particularly for anomalies that 
manifest later in pregnancy. Fourth, publication bias 
cannot be excluded, as studies with negative or in‐
conclusive findings may be underreported. Finally, 
although we incorporated both cardiac and extrac‐
ardiac outcomes, the variability in how anomalies 
were classified and confirmed across studies limits 
the ability to derive pooled quantitative estimates. 

 
Conclusion 
 
This systematic review demonstrates that in‐

creased NT measurement is a valuable early screen‐
ing tool for the detection of congenital heart defects 
and other major structural anomalies, though its di‐
agnostic accuracy varies across anomaly types and 
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study settings. NT shows particularly high specificity 
for cardiac anomalies, supporting its role as an effec‐
tive triage marker for targeted fetal echocardiogra‐
phy and detailed anomaly scanning. For extracardiac 
structural anomalies, NT measurement can provide 
important early clues, but its performance is more 
variable and often requires integration with addi‐
tional sonographic or biochemical markers. 
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