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Abstract

Objective
To investigate the congenital heart defects (CHDs) found in association with an increased nuchal 

translucency (NT) at 11-14 weeks gestation in chromosomally normal and abnormal fetuses.

Methods
Patients referred from January 1998 until May 2007 with an increased NT (≥ 95th percentile) where a 

CHD was diagnosed were included. Chromosome analysis, fetal and postnatal echocardiography were 

performed. A post mortem examination followed pregnancy termination when possible.

Results 
Major CHDs were identified in 68 of 967 fetuses with an increased NT (median NT 4.8mm, range 

2.5–22mm). 

Major CHDs were found in 34 of 693 fetuses (4,9%) with a normal karyotype and increased NT 

(median 5.2mm, range 2.5–9.6mm). The CHD frequency increased from 1,9%, with NT between 

2.5 and 3.5mm, to 27.7% when NT was ≥ 6.5mm.  Septal defects predominated when the NT was 

≤3.5mm. With NT >3.5mm an equal distribution of CHD types was seen.

Major CHDs were identified in 34 of the 274 fetuses with an abnormal karyotype and increased NT 

(median 4.2mm, range 2.5-22mm). 

Conclusions
A variety of CHDs is associated with an increased NT in the first trimester of pregnancy. Conotruncal 

defects, branchial arch derivative defects, left and right obstructive lesions (inflow and outflow) and 

shunts were seen. 
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Introduction

Nuchal translucency (NT) is a transient subcutaneous collection of fluid behind the fetal neck 

seen ultrasonographically at 11-14 weeks gestation (Nicolaides et al., 1992). An increased NT is 

associated with an increased risk of chromosomal abnormalities (Snijders et al., 1998). When the 

chromosomes are normal the risk of structural anomalies and genetic syndromes is increased (Souka 

et al., 2005; Westin et al., 2006; Bilardo et al., 2007). The most common structural defects found in 

association with an increased NT are cardiac defects, reported in both chromosomally normal and 

abnormal fetuses (Hyett et al., 1996, 1997; Ghi et al., 2001; Orvos et al., 2002; Galindo et al., 2003; 

Makrydimas et al., 2003; Souka et al., 2005; Westin et al., 2006; Bilardo et al., 2007).  

Objective 

The aim of this study was to document the major congenital heart defects (CHDs) found in association 

with an increased NT in a cohort of fetuses referred to our Prenatal Diagnostic Centre because of an 

increased NT between January 1998 and May 2007. 

Methods

Between January 1998 and May 2007 967 fetuses with an increased NT measurement at the first 

trimester scan between 11 and 14 weeks gestation were referred to our Fetal Medicine Unit for further 

investigation and management. Trained ultrasonographers (diploma Fetal Medicine Foundation) 

had carried out all first trimester scans. The NT was measured according to the guidelines of the 

FMF. (Nicolaides http://www.fetalmedicine.com) Women with an increased risk for chromosomal 

anomalies (≥1: 200), calculated on the basis of maternal age, fetal NT measurement and crown-

rump length (CRL) by the software provided by the FMF, were referred to our centre and offered 

invasive testing for fetal karyotyping in the form of chorionic villus sampling or amniocentesis. 

In those cases where prenatal chromosome determination was refused, the chromosomal analysis 

was done postnatally. Women with a NT measurement above the 95th percentile and normal fetal 

karyotype were offered a fetal echocardiogram when possible at 13-16 weeks and in all cases at 20 

weeks of pregnancy, in view of the high risk for structural defects, especially a CHD in these fetuses. 

Septated cystic hygromas were included in this cohort of fetuses with an enlarged NT. The fetal 

echocardiograms were performed using the following ultrasound machines; ATL HDI 5000, Philips 

IU22 (Philips Medical systems, Bothwell, WA, USA) and General Electric Voluson Expert 730 and 

Voluson E8 (GE Medical Systems, Milwaukee, WI). Where the chromosomes were abnormal and 

parents requested a termination of pregnancy, a fetal echocardiogram was not always performed. In 

cases where parents consented to a post-mortem examination, including specialized investigation of 

the fetal heart, the diagnosis of a CHD was confirmed or made at pathological examination. In cases 

of surgical termination of pregnancy care was taken in isolating the fetal heart, when possible, from 

the fetal tissues. The specialized post mortem examination consisted of a detailed dissection with 
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the help of a dissecting microscope, if needed, as well as differential assessment of heart weight. In 

liveborn babies a post-natal physical examination and/or echocardiography was/were carried out to 

confirm the CHD diagnosis. 

The CHD was classified as major if the fetus suffered a cardiac related death or cardiac surgery or 

interventional heart catheterization was required or expected to be required in the future.

Results

During the study period 967 fetuses with an increased NT measurement were referred to our Unit. 

Two hundred and seventy four (28,4%) had an abnormal karyotype. Two of the 693 fetuses with a 

normal karyotype and 16 of the 274 fetuses with aneuploidy were lost to follow-up. In fetuses with 

a NT measurement above the 95th centile a total of 68 were identified with a major CHD either 

pre or postnatally. The median NT measurement in the fetuses with a CHD was 4.8mm (range 

2.5–22mm). 

Major CHDs were found in 34 of the 693 fetuses (4,9%) with a normal karyotype. The median 

NT measurement in this group was 5.2mm (range 2.5 –9.6mm). The cardiac diagnoses are reported 

in Table 1. In 3 of these 34 fetuses (8,8%) a genetic disorder was diagnosed including Coffin-Siris 

Syndrome, Holt-Oram Syndrome and spinal muscular atrophy. Figure 1 shows the association 

between the degree of NT enlargement and the frequency of CHDs in the chromosomally normal 

fetuses. The prevalence of major CHDs increased from 1.9% with a NT measurement ≥2.5 and < 

3.5mm to 27.7% when NT was ≥6.5mm.  Figure 2 shows the distribution of the different types of 

CHDs found in the chromosomally normal fetuses according to the NT thickness. In fetuses with a 

NT measurement >3.5mm the different types of CHDs were roughly equally distributed. In fetuses 

with a NT measurement ≤3.5mm septal defects predominated. 

Figure 1. Nuchal translucency 
measurement distribution in 
fetuses with normal karyotype 
and cardiac defects.
CHD, congenital heart disease.
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Table 1. Major congenital heart defects identified in fetuses with an increased NT measurement and normal karyotype.   

No NT Karyotype Outcome Gest. age Diagnosis
 thickness   (weeks) at
 (mm)   Diagnosis

1 7.4 Normal Surgery 19+3 HLHS- unbalanced AVSD, aortic hypoplasia 
2 3.5 Normal Surgery PN HLHS-mitral and aortic stenosis
3 4.7 Normal TOP + PM 15+4 HLHS-mitral and aortic atresia
4 7.6 Normal TOP + PM 19+1  HLHS- Left isomerism, AVSD, DORV, interrupted vena 

cava inferior, heart block 
5 2.5 Normal IUD 22+4  HLHS- mitral stenosis, VSD, hypoplastic left ventricle 

and DORV
6 5.2 Normal Surgery PN VSD (perimembranous), ASD, TR
7 3.9 Normal Follow up* 25+4 VSD  (muscular)
8 2.8 Normal Follow up* 21+4 VSD
9 7 Normal Follow up* 19+4 VSD
10 7 Normal Surgery 22 TGA, VSD, PS 
11 2.8 Normal Surgery PN TGA with intact ventricular septum
12 8 Normal Surgery 21+6 TGA with VSD, Crisscross heart
13 6.7 Normal TOP 22+3 Double discordance, VSD, pulmonary stenosis
14 5.8 Normal Surgery 25+4  Double discordance, VSD, pulmonary stenosis, Ebstein’s 

anomaly of the tricuspid valve
15 8 Normal TOP 15+0 AVSD 
16 6 Normal IUD 14+5 AVSD with heart block 
17 3.3 Normal Follow up* 19+4 AVSD- incomplete,  AV-valve regurgitation  
18 4.3 Normal TOP 14+5 Complex cardiac defect, with severe hydrops
19 7.4 Normal IUD 12+4 Complex cardiac defect with severe hydrops
20 3.8 Normal Catheter PN Patent ductus arteriosus
   intervention
21 2.9 Normal Follow up* 16+1  Patent ductus arteriosus, muscular ventricular septal 

defect 
22 9 Normal TOP + PM 20+1 Aortic regurgitation, bicuspid aortic valve
23 3.7 Normal Surgery PN Coarctation of the aorta
24 5.6 Normal Surgery 25  Tricuspid atresia I B, aberrant origin of the right 

subclavian artery
25 6.8 Normal TOP + PM 14+3 Tricuspid stenosis, VSD, hypoplastic right ventricle
26 3.7 Normal Surgery 20+3 Pulmonary atresia with ventricular septal defect 
27 4.7 Normal IUD + PM 18+4  Pulmonary atresia with VSD, polysplenia and situs 

inversus of abdominal organs
28 6.5 Normal Surgery, † PN DCRV, dysplastic pulmonary valve, ASD II, HCM
29 4.5 Normal TOP + PM 16 Tetralogy of Fallot 
30 5.2 Normal Follow up* PN Supravalvular pulmonary stenosis
31 5.2 Normal TOP + PM 15+3 Absent ductus venosus, persistent right umbilical vein
32 2.8 Holt-Oram  Follow up* PN ASD II
  Syndrome
33 5 Coffin-Siris Catheter PN Large ASD, VSD, pulmonary stenosis
  Syndrome Intervention
34 8 SMA TOP + PM 13+2 HLHS-mitral and  aortic atresia, hypoplastic aortic arch

* intervention expected in the future; †,died; ASD, atrial septal defect; AV, atrioventricular, AVSD, atrioventricular 
septal defect; DCRV, double chambered right ventricle; DORV, double outlet right ventricle; Gest, gestational; HCM, 
hypertrophic cardio-myopathy; HLHS, hypoplastic left heart syndrome; IUD, intra-uterine death; LVCS, left vena 
cava superior; No, number; NT, nuchal translucency; PM, post mortem examination; PN, diagnosed postnatally; PS, 
pulmonary stenosis; SMA, spinal muscular atrophy; TGA, transposition of the great arteries; TOP, Termination of 
pregnancy; TR, tricuspid regurgitation; VSD, ventricular septal defect.
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A major CHD was detected in 34 fetuses with an abnormal karyotype, including Trisomy 21 in 13, 

Trisomy 18 in 9, Monosomy X in 3, 22q11 deletion in 3, unbalanced chromosome arrangement in 

3, terminal 18p deletion in 1, Trisomy 13 in 1 and Trisomy 9 in 1. The median NT measurement in 

this group was 4.2mm (range 2.5 to 22mm). The CHDs diagnosed in these fetuses are reported in 

Table 2.

The selected NT measurement cut-off for the performance of an echocardiogram was ≥ 2.5mm (95th 

centile). Had a cut off for referral for echocardiography of ≥ 3.5mm (99th centile) been used, then 

6 defects (17.7%) in the chromosomally normal fetuses with an increased NT would have been 

missed.

The time of CHD diagnosis is reported in Tables 1 and 2. 30/68 (44%) were diagnosed at or 

before 16 weeks gestation. Post mortem examination confirmed the prenatal diagnosis in 8/34 of 

the chromosomally normal and 15/34 chromosomally abnormal cases. A postnatal echocardiogram 

confirmed the prenatal diagnosis in 28/38 (74%) of babies born alive. In 13 cases the CHD was 

diagnosed postnatally.

Discussion

In this study we present an overview of the major CHDs diagnosed over a 9 year period, in pre and 

postnatal life, in a population of fetuses referred to our Fetal Medicine Unit in view of an increased NT 

measurement at the 11-14 weeks scan. A major CHD was diagnosed in 4.9% of the chromosomally 

normal fetuses with a prevalence ranging from 1.9% when the NT measurement was between the 

95th and 99th percentile, to 27.7% when the NT measurement was ≥6.5mm. This is similar to that 

reported by Ghi et al., 2001 and Atzei et al., 2005 and confirms that the chance of finding a CHD 

in the setting of an enlarged NT increases exponentially with increasing NT measurement, from a 

Figure 2 Distribution of dif-
ferent types of major cardiac 
defects with different nuchal 
translucency measurement in 
fetuses with a normal karyo-
type.                                     
CHD, Congenital Heart Di-
sease; NT, Nuchal translu-
cency.
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Table 2. Major congenital heart defects identified in fetuses with an increased NT measurement and abnormal karyotype.

No NT  Karyotype Outcome Gest. age Diagnosis
 thickness    (weeks) at 
 (mm)   diagnosis

35 3.5 Trisomy 21 TOP 11+2 AVSD 
36 3.7 Trisomy 21 TOP 12+0 AVSD 
37 3.5 Trisomy 21 Surgery PN AVSD 
38 2.8 Trisomy 21 IUD 21+1 AVSD 
39 8 Trisomy 21 Surgery 21+1 AVSD, single atium
40 4.5 Trisomy 21 TOP + PM 12 AVSD, single atium 
41 4.8 Trisomy 21 TOP + PM 15  AVSD, aberrant origin of the right subclavian artery
42 3.2 Trisomy 21 TOP 13+5  AVSD, unbalanced with hypoplastic left ventricle
43 3.8 Trisomy 21 Surgery 21+2 Tetralogy of Fallot 
44 8.2 Trisomy 21 Surgery 16 Inlet VSD 
45 7 Trisomy 21 TOP + PM 14 Inlet VSD 
46 3 Trisomy 21 TOP + PM 12 Non compaction of right ventricle
47 3.8 Trisomy 21 [12]/ TOP 13+6 AVSD
  normal[2] 
  (mosaic)
48 3 Trisomy 18 TOP + PM 15+4 Malalignment VSD 
49 2.9 Trisomy 18 TOP 13+4 DORV 
50 6 Trisomy 18 TOP + PM 13+  Hypoplastic left ventricle, abnormal mitral valve, 

small VSD and enlarged right atrium 
51 2.9 Trisomy 18 TOP + PM 14  Anomalous origin of left vertebral artery from Aorta 

with absence of the subclavian artery
52 7 Trisomy 18 TOP + PM 14  Hypoplasia of transverse arch and isthmus, bicuspid 

pulmonary valve and small VSD (perimembranous)
53 3.5 Trisomy 18 TOP + PM 13+  Polyvalvar dysplasia (AV and arterial valves), 

marked PS and small VSD 
54 4.8 Trisomy 18 TOP + PM 12  Polyvalvar dysplasia, nodular TV, bicuspid Aortic 

and pulmonary valves, small sub-aortic VSD
55 4 Trisomy 18 TOP + PM 12   Absent pulmonary valve, non committed inlet 

VSD, TVdysplasia, right ventricular hypertrophy
56 9.5 Trisomy 18 IUD 34+1  AVSD, aberrant origin of the right subclavian artery
57 13 Monosomy X TOP 15 HLHS- aortic stenosis, coarctation of the aorta
58 12 Monosomy X Surgery 21+4  HLHS- mitral stenosis, aortic atresia, coarctation of 

the aorta, unroofed coronary sinus, LVCS 
59 22 Monosomy X IUD 18+4  Hydrops fetalis, aortic stenosis, hypoplastic aorta, 

coarctation of the aorta
60 4.3 46,XX.ish TOP + PM 14+5 Truncus arteriosus
  del(22)(q11.2)
61 3.6 46,XX.ish Surgery +  PN VSDs (multiple apical and perimembranous),
  del(22)(q11.2) catheter  ASDII, aberrant origin of the right subclavian
   intervention  artery
62 5.6 46,XX.ish Surgery PN DORV, VSD  and 2 VSDs (muscular) 
  del(22)(q11.2)
63 2.9 46,XX,rec(18) Surgery 22+3 HLHS- aortic stenosis, bicuspid aortic valve,
  dup(18q)inv(18)   hypo-plastic aortic arch, coarctation of the aorta,
  (p11.2q21)mat   ventricular septal defect  (muscular)
64 7.8 46,XX,der(6)t TOP + PM 14+0 Truncus arteriosus
  (6;16)(q25; 
  p13.3)pat 
65 7.3 46,XY,der(4)t TOP + PM 16 DORV, VSD, infundibular PS, LVCS
  (4;7)(q33;q34)mat
66 3.7 Trisomy 13 Died 25+3  Polyvalvular dysplasia (arterial valves), 

perimembranous VSD 
67 5 Trisomy 9 TOP + PM 11 Truncus arteriosus 
68 4 46,XX,del(18) Surgery PN TGA with intact ventricular septum
  (p11.31)

ASD, atrial septal defect; AV, atrioventricular; AVSD, atrioventricular septal defect; DORV, double outlet right ventricle; Gest., 
gestational; HLHS, hypoplastic left heart syndrome; IUD, intra-uterine death; LVCS, left vena cava superior; No, number; 
NT, nuchal translucency; PM, post mortem; PN, diagnosed postnatally; PS, pulmonary stenosis; TGA, transposition of the 
great arteries; TOP, termination of pregnancy; TV, tricuspid valve; VSD, ventricular septal defect.
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frequency almost double that of patients with a generic risk in the case of marginal enlargement, to 

27.7% in the group with a NT measurement ≥6.5mm.

The finding of a correlation between an increased NT at 11-14 weeks gestation and a CHD in 

chromosomally normal fetuses has attracted much attention. The hypothesis that the NT measurement 

may also act as a screening test for the detection of CHDs in fetuses without other risk factors for 

cardiac anomalies has been studied extensively (Hyett et al., 1997, 1999; Ghi et al., 2001; Michalilides 

and Economides, 2001; Orvos et al., 2002; Galindo et al., 2003). More recently this has been 

questioned in unselected low risk pregnancies (Mavrides et al., 2001; Hafner et al., 2003; Westin et 

al., 2006; Muller et al., 2007; Simpson et al., 2007). A meta-analysis indicated that the sensitivity of 

NT screening for major CHDs is 31%, (37% when the 95th percentile is used) instead of the initially 

proposed 56% (Hyett et al., 1999, Makrydimas et al., 2003).

The present study was not designed to address the value of the NT measurement as a screening 

tool for CHDs, but rather to investigate the association between CHDs and an increased NT 

measurement in a population of fetuses selected due to their enlarged NT. The study confirms the 

strong relationship between an enlarged NT and CHDs. Simpson et al., 2007 looked at various 

cut-offs of NT enlargement for referral to specialized units for fetal echocardiography in order to 

maximise the yield of echocardiography. They suggest that a nuchal translucency ≥ the 99th percentile 

should be considered as an indication for fetal echocardiography. Allan, 2006, advocated performing 

a fetal echocardiogram at 14 weeks in all fetuses with a NT measurement of 3.5mm or above. In those 

where the measurement is between 2.5 and 3.5 mm fetal echocardiography can be scheduled at 20 

weeks gestation. In her series of 1210 fetuses seen between 11-14 weeks, 980 had a NT above 3.5mm. 

In 38 of those with a normal karyotype, a CHD was found in the first trimester of pregnancy. In the 

present study CHDs were diagnosed both pre- and postnatally. Of 967 fetuses with an enlarged NT, 

a major CHD was observed in 34 chromosomally normal fetuses. Twenty-eight of these had a NT 

≥3.5mm. Had this cut-off been used as a criterion to perform specialized fetal echocardiography, six 

cases with a major CHD would possibly have been overlooked. 

Our study extends over a 9-year period during which time fetal echocardiography and our expertise 

has developed. The diagnosis of a CHD was made at or before 16 weeks gestation in 47%. The 

time of diagnosis was affected by the gestational age at referral. Many patients were only referred for 

fetal echocardiogram at around 20 weeks of gestation. In 13 cases (19%) the CHD was diagnosed 

postnatally. We have included these cases as the purpose of this study was to document the CHDs 

associated with an increased NT. Atrial septal defect and isolated persistent ductus arteriosus can only 

be diagnosed postnatally. Mitral and aortic stenosis with a hypoplastic left ventricle and a coarctation 

of the aorta were missed in two patients where the 20-week echocardiogram was interpreted as normal. 

Possibly, if a follow-up scan had been performed in the third trimester these two defects would have 

been detected.  In three cases diagnosed postnatally, the patients did not show up for the specialized 

echocardiography and the opportunity for prenatal diagnosis of the CHD was thus missed. 
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In this study a number of genetic disorders were found among the fetuses with a CHD. These 

included microdeletions, unbalanced chromosome rearrangements, a terminal deletion, and genetic 

syndromes. It is known that CHDs are commonly associated with genetic disorders and that the 

currently known disorders my only represent the tip of the iceberg (Lecro, 2000; Hollis et al., 2001; 

Bijlsma et al., 2005; Piacentini et al., 2007). As is the case with 22q11 deletion, other, as yet unknown, 

genetic disorders may account for both cardiac defects and nuchal fluid accumulation in the fetus. As 

22q11 deletion is only looked for on request, it is possible that some fetuses with this defect have been 

inadvertently included in the normal chromosome group in this and in previous studies.  

Prenatal heart examination was only available in a limited number of fetuses with chromosomal 

abnormalities (56), as in the early years of this study termination of pregnancy was often carried out 

without prior performance of fetal echocardiography, or at such an early stage in pregnancy that the 

accuracy of transabdominal fetal echocardiography was limited. Moreover, parents only consented to 

post mortem examination in a minority of cases. In light of the above limitations, we are unable to 

report on the true incidence of CHDs in fetuses with an abnormal karyotype. However, thanks to the 

collaboration of developmental and cardio-vascular pathologists with expertise in the examination of 

even very small specimens, we were able to include information about CHDs found in hearts from 

terminations performed at a very early gestational age. 

The cardiac defects observed in association with Trisomy 21, 18, 13 and Monosomy X fit in with 

the most commonly known spectra of heart defects observed with these chromosomal abnormalities 

(Jones, 1988; Hyett et al., 1995a,b, 1997a; Lecro, 2000). Some trisomy 21 and Monosomy X fetuses 

showed no cardiac anomaly despite having an increased NT suggesting that the genetic defect and not 

the cardiac defect may be the cause of the increased NT (Brand-Saberi et al., 1994, von Kaisenberg 

et al., 1999). Recently an aberrant origin of the right subclavian artery from the descending aorta has 

been reported to be present in between 19 and 35% of Trisomy 21 fetuses, and has been proposed as a 

potential prenatal marker for Trisomy 21 (Chaoui et al., 2005). Only one of the Trisomy 21 fetuses in 

this study (7.7%) had an aberrant origin of the subclavian artery. We did not deliberately look for this 

anomaly and as such no conclusion can be drawn as to its true frequency in our Trisomy 21 patients. 

As it may be difficult to detect, on both prenatal and postnatal echocardiography, it is advisable to 

specifically look for it.

The range of CHDs observed in fetuses with an increased NT was very wide. In Table 3 an overview 

is given of the defects described in the literature in chromosomally normal fetuses (Hyett et al., 1997; 

Simpson and Sharland, 2000; Ghi et al., 2001; Mavrides et al., 2001; Michailides et al., 2001; Orvos 

et al., 2002; Galindo et al., 2003; Atzei et al., 2005; Hafner et al., 2003; Makrydimas et al., 2005; 

Simpson et al., 2007). In this study we have excluded cardiomyopathies, conjoined twins and genetic 

syndromes associated with a cardiac lesion if no CHD was found.    

18175_Clur binnenwerk.indd   77 18-10-2010   14:00:14



78

Chapter 5

Table 3. Congenital heart defects identified in karyotypically normal fetuses with an increased NT measurement, as 
reported in different studies.

Study No CHDs / No No CHDs with CHDs found in fetuses with increased
(Cut off for with increased increased NT / NT and normal karyotype (number
increased NT) NT (Total  total CHDs found)
 cohort)  (%)

Hyett et al., 1997 28 /1822 (29154)  28/50    (56)  Coarct/ interruption Ao / AS/ AoA (10),
(>95th percentile)    VSD/ AVSD (4), TGA (4), HRHS (2), TOF (2), 

HLHS (2), DORV (2), Ectopia cordis (1), PS (1) 
Simpson and  51 /323 (6795)        51/83    (62) HLHS(10), Coarct (6), Heterotaxy (6),
Sharland, 2000   Tricuspid Atresia (5), VSD (5), AVSD (4),
(≥95th percentile)    TGV (3), DORV (3), TOF/ PA (3),
   TV abnormalities (2), PS (1), AS (1), 
   RV EFE (1) Noonan’s syndrome (1) 
Ghi et al., 2001 60 /1319 (1319) – AVSD (12), TOF/ PA (9), Coarct (7),
(≥2,5mm)    PA (+IVS /complex) (7), HLHS (5), DORV (4), 

Tricuspid Atresia (4),TGV (3), AS (2), VSD (2), 
DILV (2),Truncus arteriosus (1), A-P window (1), 
Absent pulmonary and aortic valve(1) 

Mavrides et al., 2001  4 /258 (7339) 4 /26   (15) HLHS (2), Truncus Arteriosus (1), 
(≥2,5mm)   narrow Ao isthmus (1)
Michailides et al.,  4 /235 (6606) 4 /11   (36)  Large VSD, hydrops (1), HLHS (1)
2001 (≥95th  44 aneuploidy   Conjoined twins (1), Univentricular heart (1)
percentile)  
Orvos et al., 2002 18/101 (3655) 18/35  (51)  ASD, VSD, TOF, Coarct, AS, HLHS,TGA, Other, 
≥3mm) 15 aneuploidy   Complex
Galindo et al., 2003 32 /353 (353) – AVSD (5), Tricuspid Atresia (5), HLHS (5), Ectopia
≥95th percentile =    cordis (5), TOF/ PA (3), VSD(3), PS (2), Dilated CM
≥3,9mm)   (1), ASD (1), Heterotaxy (1), not specified (1)
Atzei et al., 2005 107 /3444 (6921) 107/132 (81)  Left outflow obstruction (Coarct, AS, AoA) (28), Left
(≥95th centile)    inflow obstruction (HLHS, DORV) (22), Right 

outflow obstruction (TOF, PA+VSD) (19), Septal 
defects (AVSD / VSD / TrA) (17), Other (TGA, 
DILV, heterotaxy, complex)(14), Right inflow 
obstruction (TA) (7)

Hafner et al., 2003 27 / - (12978)    7/27 (26) Ectopia cordis (2), HLHS (1), Coarct (1),
(≥2,5mm)   HRHS (1), TA (1), AVSD (1)
Makrydimas et al.,  637 cases of 238/397 (60) Left heart lesions (53), Complex (46), 
2005 (≥2,5mm) CHDs,   Septal defects (42), Outflow (34), Right heart lesions
 240 aneuploidy    (24), Laterality (17), Other (12), Not classified (9), 

TAPVD (1),
Simpson et al., 2007 224/569 (34266)  19/224 (8,5) Septal defects (13), HLHS (4), HRHS (1), TGA (1) 
(≥2,5mm/)  8 major CHDs  

Ao, aortic; AoA, aortic atresia; A-P, aorto-pulmonary; AS, aortic stenosis; ASD, atrial septal defect; AVSD, 
atrioventricular septal defect; CM, cardiomyopathy; Coarct, coarctation of the aorta; CHD, congenital heart defect; 
DILV, double inlet left ventricle; DORV, double outlet right ventricle; HLHS, hypoplastic left heart syndrome; HRHS, 
hypoplastic right heart syndrome; IVS, intact ventricular septum; MA, mitral atresia; No, number;  PA, pulmonary 
atresia; PS, pulmonary stenosis; RV EFE, Right ventricular endocardial fibroelastosis; TA, tricuspid atresia; TAPVD, 
total anomalous pulmonary venous drainage; TGA, transposition of the great arteries; TOF, Tetralogy of Fallot; TrA, 
truncus arteriosus; TV, tricuspid valve; VSD, ventricular septal defect.
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CHDs found with an increased NT

The CHDs described in the literature in fetuses with an increased NT and in this study include 

septal defects and right and left obstructive lesions (both inflow and outflow) and other complex 

lesions. Isolated totally abnormal pulmonary venous drainage was only found once in the 568 fetuses 

described with CHDs and an increased NT in these studies. This may purely be due to the low 

incidence of this defect or, alternatively, it may provide insight to a patho-physiological process linking 

the increased NT and CHDs.

Over the years several hypotheses have been forwarded regarding the underlying mechanism linking 

the increased NT and CHDs. These include flow disturbances in the neural crest (Harh et al., 1973; 

Stekelenberg et al., 2003; Sedmera et al., 2005), narrowing of the aortic isthmus causing excessive 

fluid accumulation in the first trimester (Hyett et al., 1995A), transient cardiac failure (Hyett et al., 

1995) and  venous congestion together with venous compression (Johnson et al., 1992). Recently, it 

has been suggested that a delay or disturbance in the development of lymphatic vessels in the neck 

may explain the excessive nuchal fluid accumulation (Haak et al., 2002). 

A possible, all inclusive, scenario linking the increased NT and CHDs could be an environmental 

insult at 6-8 weeks gestation plus the influence of chromosomal and genetic factors causing fluid 

collection with subsequent disturbances in hemodynamics and lymphoangiogenesis resulting in the 

increased NT and CHD (Allan, 2006; Haak et al., 2002).   

Conclusion

The CHDs associated with an increased NT have been described. A wide range of CHDs are seen 

including conotruncal defects, branchial arch derivative defects, left and right obstructive lesions 

(inflow and outflow) and shunts. This confirms, with the exception of isolated total anomalous 

pulmonary venous return and cor triatriatum, an indiscriminate association between the CHD type 

and an increased NT. 
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