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ABSTRACT

Objectives The aim of this study was to investigate whether there is an association between 
enlarged nuchal translucency (NT) and orofacial clefts.
Methods The pregnancy outcome of women who underwent an NT measurement between 
January 2000 and November 2008 was reviewed. All orofacial clefts detected prenatally 
and postnatally in karyotypically normal fetuses/infants were reviewed and a distinction 
was made between isolated defects and clefts as part of multiple congenital anomalies 
(associated). 
Results The cohort included 8638 fetuses. The NT was enlarged in 746 (8.6%). The 
karyotype was normal in 8347 fetuses, including 513 of the fetuses with an enlarged NT. 
Isolated or associated cleft lip, with or without cleft palate (CL/P), or cleft palate (CP) 
were diagnosed in 18 chromosomally normal fetuses (an incidence of 2.2 per 1000). In 
eight of these cases the NT was normal (8/7834; an incidence of 1.0 per 1000) and in 
the remaining 10 it was enlarged (10/513; an incidence of 19.5 per 1000). CL/P and CP 
were isolated or associated in three and seven of the chromosomally normal fetuses with 
an enlarged NT, respectively. Euploid fetuses with an enlarged NT had a relative risk for 
any clefts of 19 and a relative risk for isolated or associated clefts of 8 and 53, respectively 
(P < 0.001).
Conclusions Chromosomally normal fetuses with an enlarged NT have an increased risk 
of orofacial clefts. CL/P and CP are, in these fetuses, mostly associated findings, frequently 
part of a genetic syndrome. A detailed ultrasound examination with special attention given 
to the orofacial area is indicated in these fetuses.
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INTRODUCTION

Orofacial clefts are among the most common major congenital anomalies, with an 
incidence of 1–2 per 10001,2. There are large geographical and racial differences in the 
prevalence of cleft lip with or without cleft palate (CL/P), and males are more frequently 
affected. By contrast, cleft palate without cleft lip (CP) is more frequent in females. 
Prenatal detection of clefts is important because orofacial clefts are often associated with 
other structural defects, syndromes or chromosomal anomalies3. Moreover, also in the 
case of isolated clefts, prenatal diagnosis is essential to prepare parents for the postnatal 
care that their baby will require.
Detection of (isolated) CL/P by routine ultrasound examination is variably effective, 
ranging from 18 to 58% 4,5. This variation can be explained, at least in part, by cohort 
heterogeneity in a priori risk based on family history 6 and the use of teratogenic drugs 
(such as corticosteroids or phenytoin 7). Other risk factors for clefts, such as poor nutritional 
status (including folate acid deficiency) 8,9, alcohol abuse 10 or nicotine abuse 11,12, are 
considered rather aspecific and do not categorize fetuses as being at high risk. Prenatal 
detection of isolated CP is even more challenging, as the palate cannot be examined 
using the conventional two-dimensional (2D) ultrasound technique.
In a previous study we observed that, of all the structural anomalies found in euploid 
fetuses with an enlarged nuchal translucency (NT), orofacial clefts were the second most 
frequent, after cardiac defects 13. This association between enlarged NT and orofacial 
clefts had not been reported previously and prompted the present study, in which we 
determined the prevalence of CL/P and CP in fetuses in which NT had been measured. 
The aim of this study was to investigate if an enlarged NT is associated with orofacial 
clefts.

METHODS

The prenatal database of the Fetal Medicine Unit (FMU) of the Academic Medical Centre 
in Amsterdam was searched for all NT measurements performed between January 2000 
and October 2008. 
First-trimester ultrasound screening is offered routinely to women booking at our hospital 
or living in the surrounding areas. Furthermore, our institution acts as a tertiary referral 
centre for a large geographical area. Cases with an enlarged NT diagnosed in other 
centres are referred to our FMU for specialized firsttrimester ultrasound screening, invasive 
tests and (genetic) counselling. NT is measured between 11 + 0 and 13 + 6 weeks by certified 
ultrasonographers according to The Fetal Medicine Foundation guidelines 14. Enlarged NT 
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was defined as a measurement equal to or above the 95th centile for the normal range, 
according to The Fetal Medicine Foundation. 
Karyotyping was offered to all patients with a risk for Down syndrome of more than 1 
in 200, based on maternal age, NT and first-trimester levels of pregnancy-associated 
plasma protein-A (PAPP-A) and beta-human chorionic gonadotropin (β-hCG). Before first 
trimester serum screening was available in our region (in 2002), karyotyping was offered 
according to an NT measurement-adjusted risk of 1 in 200 at 12 weeks, or maternal age 
≥36 years. 
In all cases of an enlarged NT and a normal karyotype, a two-step ultrasound investigation 
at 13–16 and 20–24 weeks of gestation was performed to exclude structural anomalies. 
In addition, specialized scans with attention to the fetal face were performed in the event 
of maternal use of teratogenic drugs or a family history of clefts. Until 2007, routine 
ultrasound investigation was not part of the standard pregnancy care available in The 
Netherlands. Therefore, a structural anomaly scan was not routinely offered to women 
with a normal NT before 1 January 2007.
Demographic data, including information on maternal age, parity, maternal weight, 
smoking and drug use, were reviewed.
Pregnancy outcome was obtained in all cases from questionnaires filled in by patients, 
maternity wards, or (in the case of home birth) midwife practices, and by reviewing 
neonatal, pathology and clinical pediatric notes. When a baby was born without structural 
defects or dysmorphic features, the chromosomes were assumed to be normal. In all cases 
of an enlarged NT or an antenatal suspicion of abnormal development the infant was 
investigated by a neonatologist, a pediatric cardiologist or geneticists, as indicated.
Adverse pregnancy outcome was defined as chromosomal anomalies, structural 
anomalies, genetic disorders, intrauterine death (IUD), neonatal death (NND) and 
termination of pregnancy (TOP).
All facial clefts detected prenatally and postnatally in karyotypically normal fetuses/infants 
were included in the analysis. Associated cleft was defined as CL/P or CP in combination 
with other (structural) anomalies or in the setting of a recognizable genetic syndrome. 
Statistical analysis was performed using SPSS 16.0 (SPSS Inc., Chicago, IL, USA). 
Chi-square tests were used for intergroup comparison. Values of P < 0.05 were considered 
statistically significant. 

RESULTS

The study population consisted of 8638 fetuses, of which 746 (8.6%) had an enlarged NT. 
Demographic characteristics are reported in Table 1.
Adverse pregnancy outcome was recorded in 8.4% of the study population. The adverse 
outcome rate was 49.9% when the NT was enlarged and 4.5% when the NT was within 
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the normal range (Table 1). Chromosomal anomalies were recorded in 291 fetuses: 
233 (31.2%) were found in fetuses with an enlarged NT and 58 (0.7%) were found in 
fetuses with a normal NT. In the chromosomally abnormal cases, clefts were diagnosed 
in seven fetuses: five had trisomy 13, one had trisomy 18 and one had trisomy 21. CP 
was also diagnosed in a fetus with an enlarged NT and multiple congenital anomalies. 
The karyotype was normal in this case, but additional molecular genetic investigations 
(subtelomere multiplex ligation-dependent probe amplification (MLPA)) revealed partial 
monosomy 4q and partial trisomy 7q. 
In the 8347 chromosomally normal fetuses, CL/P was diagnosed in 18 cases (2.2 per 
1000), of which 10 were fetuses with an enlarged NT (Tables 2 and 3). The defect was 
isolated in nine cases (four with CP and five with CL/P) and associated with other anomalies 
in nine cases (five with CP and four with CL/P). In three cases (two with an enlarged NT 
and one with a normal NT) there was a positive family history for orofacial cleft, whereas 
in the remaining 15 cases there were no known risk factors.
Of the 513 chromosomally normal fetuses with an enlarged NT, three had an isolated cleft 
(one had CP and two had CL/P) and seven had clefts associated with other anomalies 
(four had CP and three had CL/P). Therefore, in cases with an enlarged NT, the relative 
risk was 7.6 for isolated clefts and 53.5 for clefts associated with other anomalies (P < 
0.001; Table 3). 

Table 1 Demographic and outcome data of cases with normal and enlarged nuchal translucency (NT) 

Normal NT
(n = 7892

NT ≥ 95th percentile
(n = 746)

Demographic data

CRL (mm) 58 (45 – 84) 61 (45 – 84) *

Age (years) 37.0 (16 – 47) 34.8 (18 – 45) *

Parity ≥ 1 (%) 65.0% 64.6%

BMI (kg/m2) 22.9 (16 – 44) 22.9 (17 – 43)

Smoking (%) 5.7 % 9.8%

Outcome data

Alive & well 7535 (95.5%) 374 (50.1%) *

Miscarriage/ IUD / immature † 135 (1.7%) 32 (4.3%) *

Structural anomalies 116 (1.5%) 67 (9.0%) *

Genetic anomalies 24 (0.3%) 10 (1.3%) *

Chromosomal anomalies 58 (0.7%) 233 (31.2%) *

TOP because of hydrops 1 (0.0%) 19 (2.5%) *

TOP for other reason 23 (0.3%) 11 (1.5%) *

Demographic data are expressed as median (range) or as % and outcome data as n (%). *Significant 
difference between normal and enlarged NT groups. BMI, body mass index; CRL, crown–rump length; 
IUD, intrauterine fetal death; TOP, termination of pregnancy.†Delivery <24 weeks.
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Table 2 Nuchal translucency (NT) measurement, family history of orofacial cleft, time of detection, type 
of facial cleft, associated anomalies and pregnancy outcome in all cases with facial clefts and a normal 
karyotype 

NT Family 
history

First scan Later scan(s) Outcome Postpartum / 
pathology

Isolated clefts

1 1.1 - No anomalies No anomalies Live born CP 

2 1.3 + (father) No anomalies Unilateral 
CL and CP

Live born CL(left sided) and CP 

3 1.3 - No anomalies No anomalies Live born CL

4 1.4 - No anomalies Not performed Live born Bilateral CL and CP 

5 1.6 - No anomalies Not performed Live born CP

6 1.8 - No anomalies Not performed Live born CP

7 2.9 - No anomalies No anomalies Live born CP

8 3.0 - No anomalies Bilateral CL, CP 
suspected

Live born Bilateral CL and CP

9 4.0 - No anomalies Bilateral CL and CP TOP Bilateral CL and CP 
confirmed, no autopsy

Associated clefts

10 1.4 - No anomalies No anomalies Live born CP, small VSD, Pierre-
Robin sequence

11 1.8 - No anomalies Bilateral CL and 
CP, Micro- and 

holoprosencephaly, 
heart dysplastic 

valves

TOP Holoprosencephaly, 
bilateral CL and CP

12 3.4 + (mother 
Stickler 

syndrome)

Micrognathia Micrognathia, CP 
suspected

Live born CP, micrognathia, Pierre 
Robin sequence

13 3.4 - No anomalies Larynxatresia, CP 
suspected

TOP Larynxatresia, CP, talipes 

14 5.0 - Strawberry shaped 
skull, CL, edema, 
ventriculomegaly

Not applicable TOP Encephalomeningocele 
of skullbase, CL (right 

sided)

15 5.6 - No anomalies No anomalies Live born CP, hip dysplasia, 
epilepsy

16 7.7 + (mother 
and sibling)

SUA, unilateral 
cleft, generalised 
edema, scoliosis

As first scan + 
hydrocephalus

TOP Hydrocephalus, vertebral 
anomalies, SUA, bilateral 

CL and CP, abnormal 
ear position

17 9.0 - Hydrops Not applicable Miscarriage Bilateral CL and CP

18 10.0 - Arthrogryposis Not applicable TOP Joint contractures, low-
set ears, CP

CL, cleft lip; CP, cleft palate; SUA, single umbilical artery; TOP, termination of pregnancy; VSD, ventricular 
septal defect.
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The prenatal detection rate of CL/P was 60% (2/10 were detected at the first-trimester scan 
in fetuses with an enlarged NT and multiple anomalies and another four were detected at 
later scans). None of the eight CPs was diagnosed prenatally, although CP was suspected 
in a fetus with an enlarged NT, micrognathia and a positive family history (mother) for 
Stickler syndrome. The fetus was also affected by this autosomal-dominant condition. 

DISCUSSION

This study demonstrates a clear association between excessive nuchal fluid accumulation 
in the first trimester and orofacial clefts. Chromosomally normal fetuses with an enlarged 
NT have a 19-fold greater chance of having CL/P or CP than fetuses with a normal NT. 
More than half (56%) of the clefts observed in this study occurred in such fetuses.
Merging of orofacial prominences and shelves occurs early in the fetal head-shaping 
process. Palatogenesis is complete at around 14 weeks of gestation 15. Craniofacial 
development is highly complex, with a large array of genes required to complete normal 
palatogenesis16. In fetuses with CL the accompanying CP is probably secondary, resulting 
from the defect in facial prominence fusion. As this is not the case when CP occurs in the 
absence of CL, CP without CL is considered to be an etiologically distinct entity 15, probably 
involving disturbances in different genetic pathways. A variety of genes are currently being 
analyzed as candidates for non-syndromic orofacial clefting 15,16.
Nuchal fluid accumulation is visible during the last phase of organogenesis of the 
fetal face and palate. Ontogenesis of the orofacial region and nuchal area are linked 

Table 3  Incidence of isolated, associated and all clefts in fetuses with normal karyotype, in cases with 
enlarged nuchal translucency (NT) compared with normal NT

Type of cleft Overall NT < P95 NT ≥ P95 RR (95% CI)

Isolated All 1.1 : 1000
(9 / 8347)

0.8 : 1000
(6 / 7834)

5.8 : 1000 
(3 / 513)

7.6 (1.9 – 30) *

CL/P 5 3 2 10.2 (1.7-61) *

CP 4 3 1 NS

Associated All 1.1 : 1000 
(9 / 8347)

0.3 : 1000 
(2 / 7834)

13.6 : 1000 
(7 / 513)

53.5 (11 – 257) *

CL/P 4 1 3 45.8 (4.8-440) *

CP 5 1 4 61.1 (6.8-546) *

All 
(isolated and 
associated)

All 2.2 : 1000
(18/8347)

1.0 : 1000
(8/7834)

19.5 : 1000 
(10/513)

19.1 (7.6 – 48) *

CL/P 9 4 5 19.1 (5.1-71) *

CP 9 4 5 19.1 (5.1-71) *

Data expressed as incidence or n. *Significant difference between normal and enlarged NT groups. CL/P, 
cleft lip with or without cleft palate; CP, cleft palate; RR, relative risk.
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by the migration of neural crest cells (NCC) to both areas. NCC also migrate, in the 
early embryonic period, to certain regions of the heart 17,18 and to the ductus venosus 

19,20. Recent studies have confirmed the role of NCC in the development of craniofacial 
structures and of the heart in transgenic mice with Noonan syndrome 21,22.
Because an enlarged NT is common in Noonan syndrome, these studies confirm that 
NCC disturbances may be involved in the ontogeny of a range of cardiac and craniofacial 
defects observed in association with an enlarged NT 21,22.
The prevalence of clefts associated with other anomalies varies considerably in the 
literature, from 3 to 64%, depending on differences in selection criteria, definitions, length 
of follow-up, population characteristics, and the knowledge and technology available to 
achieve syndrome recognition 23. Two recent large (European) studies found associated 
clefts in 47% and 37%, respectively 4,5 of cases. CL/P was more frequently associated with 
structural anomalies 4, whereas CP was more often found in syndromic cases 4,5. This study 
confirms that in fetuses with an enlarged NT, CP is frequently observed in the setting of 
abnormal development or a recognizable (genetic) syndrome. 
In our population, the overall incidence of clefts was 2.8 per 1000 pregnancies and 1.4 
per 1000 live births. Although this is in agreement with the findings of a recent large 
European cohort study 4, the prevalence figures of this study cannot be extrapolated to 
the general population because about half of our population consisted of fetuses referred 
to our FMU for further assessment and karyotyping as a result of the presence of an 
enlarged NT. This explains the high percentage of enlarged NT (8.6%) in the cohort. 
The incidence of clefts observed in fetuses with chromosomal anomalies (2.4%) is an 
underestimation. Detailed first-trimester scans were not performed in all cases with an 
abnormal karyotype and, when pregnancies were terminated surgically, ascertainment of 
clefts was not possible. The prevalence of clefts in fetuses with trisomy 13 and trisomy 18 
is known to be up to 41% and 7%, respectively 24.
In chromosomally normal fetuses the incidence of orofacial clefts was 0.1% when the NT 
was normal and 2.0% when the NT was enlarged. An enlarged NT seems to be equally 
associated with CL/P and CP. In fetuses with an enlarged NT, clefts were predominantly 
associated with other anomalies (70% of cases; CL/P was present in three of five fetuses 
and CP was present in four of five fetuses), while in fetuses with a normal NT, clefts 
occurred predominantly in isolation (75% of cases).
In five cases with an enlarged NT the associated cleft was probably part of a genetic 
syndrome: in one case the mother had Stickler syndrome; and in one case subtelomere 
analysis using MLPA revealed a subtle unbalanced chromosomal aberration. This suggests 
that microscopic genetic aberrations can be at the root of genetic syndromes, with an 
enlarged NT as the only obvious first-trimester signal. Subtelomere analysis using MLPA 
was not performed in any of the other cases, as at that time it was not available. In another 
case, CP was detected postnatally in an infant which as a fetus had an enlarged NT. 
Later, also hip dysplasia and epilepsy were diagnosed. This stresses that clefts in fetuses 
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with an enlarged NT are often associated with other forms of abnormal development. In 
fact, of the fetuses with an enlarged NT and clefts, only two (out of 10) are still alive and 
developing normally. In view of this, the finding of an enlarged NT in otherwise normal 
fetuses requires detailed ultrasound investigation of the fetal face and palate, especially 
when other subtle anomalies or ultrasound markers are present. CP should be suspected 
in all cases of micrognathia and unexplained polyhydramnios.
An isolated orofacial cleft is considered to be an anomaly of variable severity, but with a 
generally good prognosis. Prenatal diagnosis is important to exclude associated anomalies, 
to define the need for karyotyping or other genetic investigations (for example, to search 
for 22q11 deletion) and to counsel parents about the prognosis and management 25. 
Prenatal detection enables parents to be adequately prepared for the special feeding 
requirements of their baby. 
The accuracy of prenatal diagnosis of CL/P varies considerably in the literature, from 18 
to 58% 4,5, and detection rates are even lower for isolated CPs 3. Clefts that are part of 
multiple anomalies are more frequently diagnosed prenatally 24. In a recent evaluation 
of all clefts diagnosed in our FMU over the last 10 years, 25/85 clefts diagnosed in 
chromosomally normal fetuses were associated with other anomalies 26.
Variation in the detection rates of orofacial clefts may be dependent on the referral 
policies for detailed scans of women at increased risk for clefts as a result of a positive 
family history 6 or the use of teratogenic drugs 7. In these women, three-dimensional (3D) 
ultrasound examination of the fetal face and palate can be an extra tool that often enables 
the correct prenatal diagnosis of severity of CL/P or even CP 27–30.
In conclusion, the risk of orofacial clefts is increased in the presence of an enlarged NT. 
Detailed (3D) scans, with special attention given to the fetal face and palate, should be 
performed in all fetuses with an enlarged NT and a normal karyotype. CL/P and CP 
are, in these fetuses, mostly an associated finding, which are frequently part of a genetic 
syndrome. In such cases, cooperation with a geneticist, in an attempt to identify the 
syndrome, is mandatory for appropriate parental counselling.
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