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Introduction

The fetal nuchal translucency is a small translucent area in the posterior neck region1. It 

can be detected by ultrasound in the first trimester of pregnancy and disappears after 14 

weeks of gestation2. Increased nuchal translucency represents nuchal edema and is associ-

ated with aneuploidy. The nuchal translucency measurement between 10 and 14 weeks of 

gestation has been established, together with maternal age and serum biochemistry, as a 

sensitive, accurate and effective method of first-trimester screening for chromosomal abnor-

malities1,3,4. It has a sensitivity of  90% for a false-positive rate of 5%5,6.

The most common chromosomal abnormality diagnosed in fetuses with nuchal edema is 

trisomy 21, followed by trisomy 18, trisomy 13 and monosomy X7,8. Increased nuchal trans-

lucency also occurs in fetuses with a normal karyotype. These fetuses are at risk for isolated 

cardiovascular defects, other structural malformations, dysplasias and a variety of rare genetic 

syndromes9,10. The risk of an adverse pregnancy outcome increases with nuchal translucency 

thickness. For example, the change of an adverse outcome, including chromosomal abnor-

mality, is 32% in case of a nuchal translucency between 3.5-4.5 mm and is raised to 89% 

in case of an increased nuchal translucency above 6.5 mm3. Nevertheless, there remains a 

group of fetuses with nuchal edema and a normal outcome of pregnancy11.

Although the nuchal translucency measurement is a worldwide and common used screening 

method, an explanation of its pathophysiology is still lacking12. Several hypotheses have been 

pointed out but fail to explain both regional and temporary presence of nuchal edema13-16. 

Furthermore, a link between nuchal edema and the spectrum of associated anomalies has 

not been elucidated. 

Recently, a disturbed lymphangiogenesis has been suggested as cause for increased nuchal 

translucency, since trisomy 16 mouse embryos with nuchal edema showed jugular lymphatic 

distension17. The trisomy 16 mouse is considered an animal model for human trisomy 21 as 

the mouse chromosome 16 contains the syntenic region for the human chromosome band 

21q2218. Retrospective analysis in a small number of human fetuses confirmed the ultraso-

nographic appearance of enlarged jugular lymphatic sacs19. The lymphatic system starts to 

develop in the neck by the formation of paired jugular lymph sacs from the cardinal veins. 

Subsequently, four additional lymph sacs (the retroperitoneal lymph sac, the cysterna chili 

and the paired posterior lymph sacs) are formed to collect lymph from the lower trunk and 

extremities. Several connections arise between the four lower lymph sacs. The cysterna chili 

drains into the paired thoracic ducts, which empty into the internal jugular vein. The lym-

phatic development completes by remodeling of the lymph sacs into lymph nodes and the 

ingrowth of the unpaired definitive thoracic duct into the left jugular sac, which thereby 

connects several lymph vessels of the upper and lower lymph system. Consequently, the 

connection of the thoracic duct into the internal vein is the main site of lymphatic drainage 

into the system circulation20, 21. A delayed or disturbed jugular lymphatic development might 

explains the accumulation of fluid in the nuchal region as the drainage of this area is served 

by the jugular lymph sacs.
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The aim of this thesis was to study the relationship between the jugular lymphatic develop-

ment and nuchal edema in order to provide more insight in the developmental pathway 

leading to increased nuchal translucency.

Chapter 2 gives an overview and comparison of the different hypotheses on the pathophysi-

ology of an increased nuchal translucency. The association of increased nuchal translucency 

with cardiac morphology and function, extracellular matrix alterations, lymphatic develop-

ment and others are discussed. In Chapter 3 the presence of enlarged jugular lymphatic 

sacs on first-trimester ultrasound was prospectively investigated in fetuses with normal and 

increased nuchal translucency.

An association between distended lymph sacs and nuchal edema, however, does not directly 

implicate a causal relation. Therefore, in chapter 4 a longitudinal analysis was performed in 

fetuses with nuchal edema to investigate the development of nuchal edema thickness and 

jugular lymph sacs volume with advancing gestation. Just as nuchal edema, the distension of 

the lymph sacs disappears during development. Chapter 5 describes a more severe and per-

sistent form of lymphatic jugular distension in fetuses with Noonan syndrome. In chapter 6, 

the neuronal and vascular development in the neck, cardiac and ductus venosus region was 

studied in wild type and trisomy 16 mouse embryos in order to link the jugular distension, car-

diovascular anomalies and ductus venosus flow alterations in human fetuses with increased 

nuchal translucency. The developmental background of the jugular lymphatic distension was 

further explored in chapter 7. The jugular lymphatic development was investigated by post-

mortem examination in human aneuploid fetuses with nuchal edema and euploid controls, 

using different lymphatic endothelial and blood vascular endothelial markers. Also, we inves-

tigated the jugular lymphatic endothelial differentiation in the trisomy 16 mouse model. 

Monosomy X or Turner syndrome presents with a massively increased nuchal edema. This is 

referred to as cystic hygroma. There is an ongoing debate whether cystic hygroma must be 

seen as a severe nuchal edema or represents a different entity. In chapter 8 the morphol-

ogy of the jugular lymph system was compared between a monosomy X fetus with a cystic 

hygroma, a fetus with trisomy 21 and nuchal edema and an euploid control fetus. This thesis 

ends with a general conclusion and future prospects in chapter 9. A summary of the pre-

sented data is given in chapter 10 and chapter 11.
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Abstract

First-trimester nuchal translucency (NT) measurement is a commonly used technique to deter-

mine the risk of fetal aneuploidy. The developmental background of increased NT is however 

still uncertain. In this review we have studied the different hypotheses on the etiology of 

increased NT. The findings in ultrasound and postmortem morphological studies of fetuses 

with increased NT are numerous and can be classified in three main categories. Firstly, an 

association between increased NT and cardiac abnormalities, combined with abnormal 

ductus venosus velocities, is found, leading to the theory that cardiac failure causes NT 

enlargement. Secondly, various kinds of abnormalities are found in the extracellular matrix 

of the nuchal skin of fetuses with increased NT. Thirdly, abnormal lymphatic development is 

demonstrated in fetuses with increased NT. We conclude that many theories on NT enlarge-

ment are based on associations and speculations. This study provides an overview of the 

different hypotheses in an attempt to fit the different associations into a single hypothesis of 

abnormal embryological development.

16
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Introduction

First trimester ultrasound offers the advantages of identifying and measuring small subcuta-

neous collections of fluid behind the fetal back and neck1, later known as nuchal translucency 

(NT) (Figure 1)2-4. The size of the nuchal translucency (NT) increases with gestational age and 

fetal crown rump-length5-8. The translucent area disappears after 14 weeks’ gestational age, 

when the subcutaneous tissue becomes more echogenic. NT is therefore a transient phenom-

enon9. This translucent area in the fetal neck can be considerably enlarged (Figure 2), which 

is defined as NT above the 95th percentile for the gestational age5-7. A NT > 95th percentile 

is strongly associated with fetal chromosomal abnormalities2-4,10-24, although some centers 

report less significant results25,26. Currently, it is possible to estimate the individual risk of 

chromosomal abnormalities in a fetus by combining maternal age with NT thickness4. 

In the presence of a normal karyotype in fetuses with enlarged NT, there is still an increased 

risk of isolated heart defects, intra-uterine fetal demise, structural malformations and rare 

genetic syndromes18,20,27-43. Not explained, are the cases in which a markedly increased NT 

resolves spontaneously around 14 weeks of gestation7,44. The significance of this phenom-

enon is still uncertain. The frequent occurrence of a healthy outcome, as well as the variety 

of malformations and syndromes found in these fetuses, makes the understanding of the 

pathophysiology of increased NT difficult. This review study describes and compares the dif-

ferent hypotheses on the pathophysiology of an increased NT. 

Figure 1: Ultrasound picture of a fetus at 12+4 weeks gestational age, with a normal 
nuchal translucency (CRL 67 mm, NT 1.4 mm).
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Methods

Using a computerized database (PubMed), articles on the etiology of NT were retrieved. The 

search strategy consisted of the keywords ‘nuchal translucency’ and ‘hygroma colli’. Then, 

articles on NT as a screening method for chromosomal abnormalities and follow-up studies 

were excluded. Furthermore, the cited references in the studied articles were used to find 

additional articles.

I Cardiac malformations and failure

Studies on cardiac malformations 
Hyett et al. examined fetal heart morphology in a group of 36 fetuses with increased NT and 

trisomy 2145. Twenty out of 35 (55%) had either a ventricular septal defect or an atrioven-

tricular septal defect and the incidence of these defects was correlated with NT thickness45. 

He concluded that the frequency of these defects is higher than in newborns with Down 

syndrome. This overrepresentation of heart defects was interpreted as a possible causal 

factor in the development of NT enlargement. In trisomy 18 fetuses, Hyett et al. demon-

strated, however, the same frequency of cardiac defects compared to newborns with trisomy 

1846. The defects consisted of ventricular septal defects and valvular abnormalities46. This 

group also performed aortic arch measurements in 34 trisomy 21 fetuses with increased 

Figure 2: Ultrasound picture of a fetus at 12+5 weeks gestational age, with an 
increased nuchal translucency (trisomy 21, CRL 70 mm, NT 4.2 mm).
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NT47. In these fetuses a narrowing of the aortic isthmus, which is the part of the aortic 

arch immediately before the entry of the ductus arteriosus, was demonstrated. There was 

a positive association between the size of the fetal NT and the extent of aortic isthmus nar-

rowing of the examined fetuses, suggesting that a more severe narrowing produced a larger 

NT. Hyett et al. hypothesized that increased NT was caused by an overperfusion of the fetal 

head, due to preferential blood flow to the head and neck as a result of the obstruction in 

the aortic arch. The transient nature of NT was explained by subsequent differential growth 

of the aortic arch with advancing gestation, by which the haemodynamic consequences of 

the narrowing would be overcome. In this hypothesis, however, edema of the upper extremi-

ties should also be present, as the offspring of the subclavian arteries lies before the aortic 

isthmus. Edema of the upper extremities is, however, seldom encountered in fetuses with 

increased NT. Furthermore, only 49% of the studied fetuses with increased NT actually had 

an aortic isthmus < 5th percentile.

The same group of authors published on cardiac defects and aortic arch malformation in a 

larger group of fetuses with increased NT, consisting of 60 trisomy 21 fetuses, 29 trisomy 18 

fetuses, 17 trisomy 13 fetuses, 6 monosomy X fetuses and 21 euploid fetuses32,48. Compared 

to newborns with the same type of aneuploidy, the prevalence of cardiac defects was higher 

in trisomy 21 fetuses, but the same in trisomy 13, 18 and monosomy X fetuses. Narrowing of 

the aortic isthmus in the trisomy 21, 18, 13, monosomy X and chromosomally normal fetuses 

was present in respectively 55%, 36%, 77%, 100% and 57% of the cases. In the trisomy 13 

and monosomy X fetuses the aortic isthmus narrowing was, however, accompanied by a 

narrowing of the ascending aorta, immediately above the aortic valve. This is in contrast to 

the findings in the trisomy 21 and 18 fetuses, in which this part of the aorta was widened. 

Therefore, NT enlargement in trisomy 13 and monosomy X fetuses cannot be explained by 

overperfusion of the fetal head and neck, as the ascending aorta was relatively hypoplastic.

The above described results prompted Martinez and co-workers49 to study the flow velocity 

waveforms in the carotid artery and the jugular vein of first-trimester fetuses with increased 

NT, to ascertain the theory that overperfusion of the fetal head causes the fluid accumulation 

in the fetal neck. No differences were found between the data of normal fetuses compared 

to fetuses with increased NT. Furthermore no correlation was found between the pulsatility 

index of the carotid artery and the jugular vein and the size of the NT. The authors conclude 

that overperfusion or venous congestion of the head is not likely a causative mechanism in 

increased NT.

Following the morphological reports, Hyett et al. found increased levels of mRNA of both 

atrial natriuretic peptide and brain natriuretic peptide in trisomic fetuses with increased NT50. 

From these findings, he stated that, analogous to induced heart failure in adult rats, human 

trisomic fetuses with increased NT suffer from cardiac failure, due to an increase in afterload 

resulting from the narrowing of the aortic isthmus. In adults, cardiac failure can result in 

the development of edema, but the fact that in first trimester fetuses with increased NT the 

edema is restricted to the nuchal area, is not explained with this finding. A second molecular 

biological study did not show any difference in the level of calcium ATPase in the cardiac 
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tissue of normal and increased NT fetuses51. Calcium ATPase is known to be down regulated 

in heart failure in postnatal life. The authors state that with these results cardiac failure 

cannot be excluded, because the total expression of calcium ATPase in fetal life is already low 

and therefore a further down-regulation would be difficult to detect.

Studies on cardiac function
Besides the morphological findings in the fetal hearts, several Doppler studies were per-

formed to assess the haemodynamics in fetuses with increased NT. These studies all showed 

changes in the flow velocity waveforms of the ductus venosus of fetuses with increased 

NT and chromosomal abnormalities52-56. The demonstrated low forward, or even absent or 

reversed, velocity during the atrial contraction of the fetal heart (a-wave) was attributed to 

cardiac failure, analogous to the observation in second- and third-trimester fetuses with overt 

cardiac failure57,58. The underlying cardiac defects in aneuploid fetuses are suggested as the 

causal factor for the cardiac decompensation52-56,59,60. It has been reported that abnormal 

ductus venosus flow velocities in euploid fetuses with increased NT, identifies fetuses with 

an underlying major cardiac defect61. This is also supported by the finding that abnormal 

ductus venosus flow velocities in fetuses with increased NT and a normal karyotype are asso-

ciated with isolated heart defects or intra-uterine fetal demise56,61. Some authors have even 

hypothesized that the majority of spontaneously aborted fetuses may have a cardiac defect, 

suggesting that the same process that causes the excessive fluid accumulation in the nuchal 

region may also be responsible for their fetal demise33.

However, the relationship of the ductus venosus flow velocities (as an indicator of the severity 

of the cardiac failure) and the thickness of the NT remains unclear. In two studies there was 

found to be no correlation between NT thickness and the ductus venosus pulsatility index for 

veins54,55, in contrast to another study that indeed did describe a correlation56. The results 

of this study may have been biased by the high frequency of aneuploidy in the studied group 

of fetuses, since in aneuploid fetuses abnormal ductus venosus flow velocity waveforms are 

more frequently encountered than in euploid fetuses62.

Two publications described longitudinal follow-up of aneuploid fetuses with abnormal ductus 

venosus flow velocity waveforms with advancing gestation53,63. In these three cases, both 

the NT enlargement and the abnormal ductus venosus velocities resolved. The authors con-

cluded the cardiac failure to be temporary. 

It is still unclear if the demonstrated haemodynamic changes in the fetuses of the described 

publications can solely be explained by cardiac failure. The fact that abnormal ductus venosus 

velocities are also found in trisomic fetuses with increased NT and a normal heart64 is, for 

instance, still not explained by cardiac failure. The description of a trisomy 18 fetus with an 

abnormal heart and an abnormal flow velocity waveform in the ductus venosus, but with 

a normal NT (1.2 mm, GA 13 weeks), also suggests that there is no direct causative link 

between altered haemodynamics and increased NT65. Low or reversed velocities during the 

atrial contraction of the heart, indicate that the pressure in the right atrium is higher than in 

the portal circulation. This does not necessarily mean that the fetal heart is ‘failing’66
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More recent studies focus on the assessment of the cardiac function by intracardiac Doppler 

measurements across the AV-valves67-69.  Rizzo et al.68 found a decrease of the e-wave of 

both the mitral and the tricuspid valve. They ascribe their findings to reduced fetal myocardial 

relaxation. A major limitation of this study is that their data were collected between a ges-

tational age of 20 and 23 weeks, with the inclusion of only euploid and structurally normal 

fetuses. In all but two of the studied fetuses, the fluid accumulation in the fetal neck was 

already disappeared at the time of the data collection and no relationship between the size 

of the NT and the e-wave values was found. Furthermore, their findings are not in accordance 

with the findings in the ductus venosus of first-trimester fetuses with increased NT, because 

then specifically changes in the a-wave should be expected and not in the e-wave only. 

Two other studies compared intracardiac flow velocity waveforms between normal fetuses 

and fetuses with increased NT, either euploid or aneuploid and with or without a heart 

defect69,70. Huggon et al.	performed these measurements in a large population of fetuses 

and found no differences in the cardiac Doppler parameters between normal fetuses and 

euploid fetuses with increased NT. Others performed a similar study, but in a smaller study 

population70. Postmortem examination of the fetal heart was performed if the pregnancy 

was terminated, to ascertain the heart defects diagnosed by ultrasound. No differences were 

found in the intracardiac flows between normal fetuses and fetuses with NT > p95. Within 

the group of fetuses with increased NT, those with aneuploidy showed a decreased e- and a-

wave compared to the euploid fetuses. This could, however, not be explained by the presence 

of cardiac defects, because there was no difference in the intracardiac flows between fetuses 

with and without a cardiac defect, within the group of fetuses with increased NT. Thus, both 

studies could not prove cardiac dysfunction in fetuses with increased NT.

Another study71 using intracardiac Doppler, showed regurgitation across the tricuspid valve 

in the 27% of fetuses with increased NT, of whom 83% were aneuploid. The regurgitation 

was found in fetuses with a heart defect as well as in fetuses with a normal heart, although 

less frequent in the latter group. The authors question the role of their findings in the devel-

opment of increased NT, because it was not consistent in all types of aneuploidies. The 

findings were not explained as cardiac failure, because in a subgroup of fetuses without a 

heart defect, this finding was also present, especially in fetuses with trisomy 21. The authors 

speculate on subtle changes in pre- or afterload explaining this finding.

An increased heart rate in trisomy 21, 13 and monosomy X fetuses, is mentioned as a com-

pensatory response to cardiac failure72. In contrast, in trisomy 18 and triploid fetuses, the 

heart rate was lower than normal72. No significant association between NT thickness and 

heart rate was found72. No differences could be demonstrated in the pulsatility index of the 

umbilical artery of normal fetuses and fetuses with increased NT, irrespective of the karyo-

type73. Cardiac failure is mentioned as the causal factor in the development of increased NT in 

a diversity of other syndromes and conditions, such as twin-to-twin transfusion syndrome74; 

22q11 deletion syndrome75; umbilical cord encircling the fetal neck76, present in about 8% of 

the screened fetuses77; or congenital arthrogryposis40.
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Studies opposing to cardiac dysfunction
Morphological studies and population based studies30,38,78,79 demonstrate a clear associa-

tion between abnormalities of the heart and great arteries and enlarged NT. This association 

was, however, less obvious in two large studies amongst a unselected population11,80. Never-

theless, the association between enlarged NT and heart defects does not provide a uniform 

pathophysiological explanation for the development of enlarged NT in the different trisomies 

and in fetuses with normal outcome. Two recent publications in which the types of cardiac 

lesions were studied amongst fetuses with increased NT, oppose the theory that increased 

NT is caused by cardiac failure66,81. Simpson and Sharland demonstrated no difference in 

the types of heart malformations between fetuses with and without enlarged NT. Defects 

primarily characterized by left heart obstruction, right heart obstruction and septal defects 

were equally represented in both the group with and the group without increased NT66. They 

stated that if increased NT is due to abnormal fetal haemodynamics, it remains unknown 

why some fetuses with a particular cardiac lesion have an increased NT and others do not. In 

another study amongst a mixed population of euploid and aneuploid fetuses with increased 

NT, septal defects were the most commonly found defects81. The authors state that this 

type of cardiac defect is not commonly associated with haemodynamic compromise during 

fetal life. The high pulmonary pressure minimizes shunting of blood across such defects and 

thus, changes in haemodynamics are not easily explained by the presence of these defects. 

Therefore, the authors concluded that the increased NT in these fetuses could not be caused 

by cardiac failure81. 

To explore if the abnormal flow velocity patterns in the ductus venosus in fetuses with 

increased NT could be caused by local changes in morphology or development, this tiny 

vessel was studied in trisomy 16 mouse embryos82. The ductus venosus sphincter contains 

neural crest derived adrenergic nerves, causing contraction and relaxation, which could 

influence the blood flow. Morphological data of trisomy 16 mice embryos show a thick-

ening of the endothelium of the ductus venosus and an upregulation of NCAM, which is 

involved in vasculogenesis as well as neurogenesis and effects migration of neural crest cells. 

Interestingly, the NCAM upregulation was not linked to a specific cardiac morphology. The 

morphological alterations in the endothelium might explain the ductus venosus blood flow 

alterations in human fetuses with increases NT, which are also observed in fetuses without 

cardiac anomalies.

II Extracellular matrix alterations

The first studied extracellular matrix component in the skin of normal and trisomy 21 fetuses 

was collagen VI83. In skin samples of trisomy 21 fetuses, collagen VI was found to form a 

dense, intensely staining, but randomly oriented network, reaching from the epidermal basal 

membrane to the subcutis83,84. In normal fetuses, collagen VI was only sparsely present 
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in the dermis83,84. These changes were explained by the presence of a triplicate set of the 

genes encoding for collagen VI, as the genes of two of the three chains of collagen VI are 

located on chromosome 21 (COL6A1 and 2). The overexpression of genes was confirmed by 

a later study that demonstrated increased expression of mRNA of the α1 chain of collagen 

VI in the skin of trisomy 21 fetuses85. Collagen VI is known to bind hyaluronan, a hydro-

philic glycosaminoglycan. The distribution of hyaluronan precipitate was found abundantly 

in the skin of the trisomy 21 fetuses, in contrast to the small amount of hyaluronan found in 

the normal83,84 and trisomy 13 and 18 fetuses86. Lymphatic and blood vessels were neither 

dilated nor hyperplastic in these skin samples83,84. With these findings, the authors explained 

nuchal translucency as an interstitial edema, due to the presence of large amounts of hyal-

uronan, which binds interstitial fluid because of its negative charge83,84. Furthermore, the 

authors hypothesized on the additional effect of an overexpression of super-oxide-dismutase 

gene, also coded on chromosome 21, which stabilizes the hyaluronan molecule against free 

radicals. This would increase the amount of hyaluronan. All the demonstrated changes in the 

extra-cellular matrix components were, however, similar in samples of the nuchal skin and 

in samples of the skin of the fetal leg. The authors explained the edema to be restricted to 

the nuchal region due to a less close attachment of the skin to the underlying tissues in this 

area83,84. A relationship between the severity of the extracellular matrix changes and the size 

of the NT thickness was not explored. 

Following these findings, collagen VI, hyaluronan and other extra-cellular matrix compo-

nents were studied in normal and trisomy 21, 13 and 18 fetuses84,86,87. Additionally, the 

skin of trisomy 16 mouse embryos (the animal model for human Down syndrome, which 

also demonstrates nuchal edema) and normal littermates were studied by light and elec-

tronmicroscopy87. Although trisomy 21, 13 and 18 fetuses are all known to demonstrate an 

increased NT in the majority of cases4,17, the extra-cellular matrix showed a characteristic 

composition for each trisomy87 (Figure 3). In trisomy 21, the findings were as described 

above. Additionally, collagen I fiber bundles were found to be more widely spaced than in the 

skin of normal fetuses87. In trisomy 18, intercellular cavities and dilated vessels were found 

(Figure 3). The collagen fibers, predominantly collagen III (encoded by chromosome 2), were 

thinner and shorter87. In trisomy 13, the collagen fiber bundles alternate between loosely 

arranged areas with little precipitate and ‘patchy’, more dense areas with intense staining 

and excessive collagen type III and VI (Figure 3)87. In the trisomy 16 mouse embryos wide 

intercellular spaces were found that contained precipitate of glycosaminoglycans, resembling 

the pattern in human trisomy 21 fetuses87. In the mouse embryos this cannot be the effect 

of overexpression of collagen VI, because the genes encoding COL6A1 and COL6A2 are 

located on the mouse chromosome 10. The super-oxide dismutase gene is, however, located 

on the mouse chromosome 16. The authors conclude that the changes in the extracellular 

matrix components can only partially be explained by single dosage effects of genes on the 

extra chromosome 21, 18 or 1387. A similar study by the same group of investigators focused 

on the distribution of a number of other glycosaminoglycans (dermatan, heparan sulphate, 

keratan sulphate, chondroitin-6-sulphate and chondroitin-4-sulphate proteoglycan) and 
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biglycan (BGN, gene encoding for BGN is located on the X chromosome) in the extracellular 

matrix88. Chondroitin-6-sulphate and chondroitin-4-sulphate proteoglycan were increased in 

Turner syndrome fetuses. BGN seemed to be underexpressed in these fetuses compared with 

controls. The other studied glycosaminoglycans showed a similar distribution in the trisomies 

21, 13, 18 compared with normals88.

The common phenotype of nuchal edema in all these aneuploidies remains difficult to explain 

solely by the altered extra-cellular matrix components. Furthermore, it does not explain 

the transient nature of the nuchal translucency. The changed extra-cellular matrix could, 

however, contribute to an impairment of neural crest cell migration84,88,89. Many organs 

receive cell contributions from the neural crest, like the fetal heart, aortic arch, face and the 

enteric nervous system. This may lead to alterations in the development of these different 

organs84,88,89. The specific pathophysiological relation to the nuchal edema is, however, not 

yet elucidated and remains to be investigated. 

Alteration of the extra-cellular matrix is mentioned as the causal factor in the development of 

increased NT in a diversity of other syndromes, such as achondrogenesis type II, achondro-

plasia, thanatophoric dysplasia or Zellweger syndrome37.

Figure 3: Schematic drawing illustrating the 
main morphological characteristics of the 
nuchal skin of fetuses with trisomy 21 (top	
left), trisomy 18 (top	 right) and trisomy 13 
(bottom	left) and the nuchal skin of a normal 
control fetus (bottom	 right).	 In trisomy 21 
there is a high number of collagen bundles 
in waveforms, irregularly arranged and 
densely packed; there are no cavities; the 
dermis is thickened; collagen type VI and gly-
cosaminoglycans (hyaluronan) are abundant 
in the dermis; and collagen type I fiber bundles 
are more widely spaced than in the normal 
control. In trisomy 18, the dermis contains 
fluid-filled cavities and dilated vessels crossing 
from the subcutis to dermis; the collagen 
fibres are thinner and shorter, predominantly 
collagen type III. In trisomy 13, the collagen 
fibres alternate between loosely arranged 
areas with little precipitate and ‘patchy’ more 
dense areas with intense staining and excess 
of collagen type III and VI. 1 epidermis, 2 
dermis, 3 subcutis, 4 fluid-filled cavities.

fibrillar bundles of collagen type I

collagen type III 

collagen type VI 

hyaluronan 

blood and/or lymphatic vessels 

free interstitial fluid
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III Lymphatic maldevelopment

Before the extensive use of first-trimester ultrasound, it was already known that spontane-

ously aborted fetuses could show cystic hygromas90,91. The morphology of the lymphatic 

vessels in the nuchal skin and other organs were already being studied in the late seventies 

in second-trimester fetuses with cystic hygromas and assumed monosomy X90 or proven 

monosomy X91. Malformations of both the main lymphatic trunks and the peripheral lym-

phatic system were found90. It was speculated that the development of cystic hygromas 

would be the result of impaired lymphatic drainage, due to malformations of the jugular lym-

phatic sacs, which results in a lack of connection with the venous system in these monosomy 

X fetuses90-92. Others speculate that increased lymphatic pressure associated with jugular 

lymphatic sac malformation distends the para-aortic lymph vessels and the thoracic ducts, 

which compress the ascending aorta, altering intracardiac blood flow. Redirection of intra-

cardiac blood flow might cause the aortic arch in monosomy X fetuses93. In the skin of the 

limbs, van der Putte found hypoplasia of the lymphatics as well as extremely dilated lymphat-

ic vessels90. Chitayat et al. studied the nuchal region and the lymphatic morphology in the 

skin of 4 monosomy X fetuses, 2 trisomy 21, 1 trisomy 13 and 2 euploid fetuses with nuchal 

edema94. In this study all fetuses were karyotyped. The results were compared to 5 appar-

ently normal fetuses. Endothelial cells lined the walls of the cystic hygromas of monosomy 

X fetuses. In the trisomy 21, 13 and euploid fetuses with nuchal edema, the cavities were, 

however, lined by connective tissue. In the latter group, the cavities were smaller in size94, 

which was confirmed by others89. In the monosomy X fetuses, the peripheral lymphatic 

vessels were absent or hypoplastic, whereas in the trisomic and euploid fetuses with nuchal 

edema these vessels were numerous and dilated. Thus, the contradicting description of the 

lymphatic vessels in the skin described in the study of van der Putte, can be explained by 

the fact that karyotyping was not performed in these fetuses and he probably described 

both monsomy X as trisomic fetuses90. Chitayat et al. agreed with the hypothesis of van der 

Putte90 that in monosomy X fetuses the cystic hygroma is the result of a delayed connection 

between the jugular lymphatic sac and the venous system94. He explained the generalized 

cutaneous edema in monosomy X fetuses as the result of peripheral lymphatic hypoplasia94. 

In the non-45 X fetuses Chitayat et al. hypothesized the cutaneous edema to be the result of 

numerous hyperplastic lymph vessels; an explanation for the nuchal cavities was not given94. 

The lymphatic hypoplasia in the monosomy X fetuses was confirmed by von Kaisenberg et 

al. with immunohistochemical staining methods95. In his study, however, the distribution of 

lymphatic vessels in the nuchal skin of trisomy 21, 18 and 13 fetuses were similar to normal 

fetuses95. Von Kaisenberg	et al. attributed the abnormal lymphatic development to changes 

in the extracellular matrix95. 

When normal lymphatic development is studied in detail, jugular lymphatic sacs are found 

to derive from the early jugular veins, which thereafter become isolated, relatively large and 

are positioned in the anterolateral neck region next to the jugular vein and carotid artery. 

Subsequently the sacs reorganize into lymph nodes and reconnect to the jugular vein96-98. 
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This process is completed in human embryos of 10 weeks’ gestational age. It is tempting to 

speculate that a delay or a maldevelopment of these structures could result in edema of the 

fetal neck, on the basis of the gestational age at which this process should be completed, 

which is the time NT starts to develop.

The development of these jugular lymphatic sacs was studied in normal and trisomy 16 

mouse (the animal model for human Down syndrome, presenting with cardiac defects and 

nuchal edema99-101) embryos. Extremely enlarged lymphatic sacs were found in the trisomy 

16 mouse embryos102. Using transvaginal ultrasound in first trimester fetuses with increased 

NT, the enlarged lymphatic sacs could be visualized in transverse sections through the fetal 

neck in the majority of cases (Figure 4), in which trisomy 21, 18, as well as normal outcome 

fetuses were represented102,103. The authors speculated that the enlargement of the jugular 

lymphatic sacs could be the result of a delay in reconnection with the venous system. Further 

morphological investigation of aneuploid human fetuses and trisomy 16 embryos with nuchal 

edema, showed that the endothelial differentiation of the enlarged jugular sacs is disturbed 

and differs significantly from cases without nuchal edema104. In this study, the enlarged 

jugular sacs occasionally contained blood cells and the subendothelium of the enlarged lym-

phatic sac expressed smooth muscle actin (SMA), which is normally only observed in blood 

vessels or the large collecting lymphvessels105. The endothelium of the enlarged jugular sacs 

showed an upregulation of vascular endothelial growth factor-A (VEGF-A), which is associ-

ated with edema and a downregulation of podoplanin which is described to cause lymphatic 

distension106,107. Furthermore, the fetuses with increased NT showed an overexpression of 

Figure 4: Transverse plane ultrasound picture through the neck of a human fetus at 
12+6 weeks gestational age, with an increased NT (46 XX, CRL 66 mm, NT 3,4 mm). 
The enlarged bilateral jugular lymphatic sacs can been seen. J = jaw, S = spine, JLS = 
jugular lymphatic sac, NT = nuchal translucency.   
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neuropilin-1 (NP-1), a receptor for VEGF-A, which is also involved in neurogenesis108. Interest-

ingly, VEGF-A and NP-1 are also involved in cardiovascular development and could therefore 

be involved in the development of cardiac abnormalities seen in fetuses with increased 

NT109,110.  The overexpression of NP-1 is also in agreement with the impaired neurogenesis 

seen in the heart and neck and ductus venosus region of trisomy 16 mice embryos82. The 

authors therefore speculate that a disturbed interaction between vasculogenesis and neuro-

genesis, related to an altered neural crest migration, links different aspects of the spectrum 

of anomalies associated with increased NT.

With continued development, the lymphatic sacs are remodeled into lymph nodes and the 

excess fluid drains away, which explains the transient nature of the increased NT102. The reor-

ganization into lymph nodes was delayed but not morphologically altered in the fetus with 

increased NT104. At a gestational age of 14 weeks, the changes in the placental circulation 

will result in a drop in peripheral resistance that will help to drain the excess fluid. 

Thus, jugular lymphatic distension is described in euploid as well as aneuploid fetuses with 

nuchal edema. In Turner syndrome, however, a more extensive amount of edema is present, 

which is not transient and referred to ‘cystic hygroma’. The edema cavities in the posterior 

neck are suggested to represent the jugular lymphatic sacs, which have become so enlarged 

that they extend from their normal position in the anterolateral neck towards the posterior 

neck region. In monosomy X fetuses the enlarged lymphatic jugular sacs are thought become 

only partly re-organized and do not find a proper reconnection into the jugular veins94. As a 

consequence, the edema persists. It is also speculated that the excessive edema in the cystic 

hygroma in the posterior neck are caused by an aplasia of the jugular lymphatic sacs and 

therefore become so enlarged90. Translucent cystic areas in the human fetal lateral neck were 

described earlier and were assumed to be the jugular lymphatic sacs111. A relationship with 

increased NT could not, however be established in this study, possibly due to the exclusion of 

fetuses with septated nuchal enlargement and the definition of increased NT as > 4 mm.

IV Miscellaneous theories

Venous congestion
In fetuses with congenital diaphragmatic hernia and esophageal atresia, it has been proposed 

that mediastinal compression causes increased impedance to venous return and therefore 

causes venous congestion of the head and neck31,36,39. In congenital diaphragmatic hernia, 

the increased intrathoracic pressure is caused by the intrathoracic herniation of abdominal 

viscera39. In esophageal atresia, it is speculated that a distension of the blind ending of the 

esophagus causes compression of the great vessels of the head and neck36. 

In some skeletal dysplasias, increased intrathoracic pressure occurs due to impaired thoracic 

growth. In these cases the association with increased nuchal translucency can also be 
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explained by venous congestion of the head and neck or impaired cardiac function due to 

the high intrathoracic pressure112. 

Fetal infection
In a study of 426 chromosomally normal fetuses with first trimester increased NT, maternal 

serum infection screening was carried out113. The incidence of fetal infection was similar 

to the general population. Therefore, the authors concluded that first trimester increased 

NT is not associated with fetal infection, in contrast to fetuses with second or third trimes-

ter hydrops, where an increased incidence of infections was found113. They advised not to 

screen for maternal infections in chromosomally normal fetuses with increased NT, unless the 

translucency evolves into second or third trimester edema or generalized hydrops. In three 

cases with fetal hydrops at 12 weeks’ gestational age, due to a parvovirus infection, it was 

suggested that the hydrops was the result of cardiac failure due to (a temporary) myocardial 

infection114. In all three fetuses the hydrops resolved in the second trimester and healthy 

neonates were delivered.

Comment

A complete pathophysiological explanation for increased nuchal translucency, encompassing 

both normal outcome as well as the wide variety of malformations, has been lacking until 

now. Based on ultrasonographic and postmortem morphological studies in human fetuses 

as well as in trisomy 16 mouse embryos, it can be concluded that the findings in enlarged 

NT fetuses can be classified into three categories. Firstly, there is an association between 

cardiac abnormalities30,32,45,47,48, abnormal ductus venosus flow velocities59 and increased 

NT. Secondly, various kinds of abnormalities are found in the extracellular matrix of the 

nuchal skin of fetuses with increased NT83-87. Thirdly, abnormal lymphatic development is 

demonstrated in trisomy 16 mouse embryos and also in human fetuses82,95,102-104. 

A pathophysiological explanation for increased NT must correspond to all above described 

findings and associations. The link between all three categories of abnormal findings is, in 

our opinion, delayed or altered development.

The local accumulation of fluid in the nuchal region is best explained by the alterations in the 

jugular lymphatic sacs102-104. It seems logical that a local disturbance of a system, which is 

responsible for the drainage of interstitial fluid, produces edema in that specific region. The 

jugular lymphatic system undergoes a finalization of its development at the time an increased 

NT normally occurs96-98. A delay in this process explains the local accumulation of fluid in the 

nuchal region and not in other areas of the fetal body, as the jugular lymphatic sacs serve 

the drainage of interstitial fluid of the nuchal area. Jugular sac distention was demonstrat-

ed in human fetuses with increased NT with different types of trisomies as well as fetuses 

with normal karyotypes. Furthermore, it gives an explanation for the time window in fetal 
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development in which increased NT occurs. With advancing gestational age and the fetus 

increasing in size, a system that drains interstitial fluid back to the circulation is necessary. A 

delay in the development of such a system results in edema. It is hypothesized that there is a 

delay in remodeling of the endothelial system, at the time the jugular lymphatic sacs differen-

tiate from the early venous system104. With continued development, the lymphatic sacs are 

remodeled into lymph nodes, reconnect to the venous system and the excess fluid can drain 

away. This explains the transient nature of the increased NT. The disturbance of endothelial 

development and neurogenesis provides a link to the cardiac abnormalities found, including 

aortic arch malformations, as endothelial development and innervation fulfils an important 

role in cardiac (and aortic arch) development82,115

The interaction between endothelial development and the changes in the extracellular matrix 

is not yet elucidated. It is, however, not unlikely that an altered environment affects develop-

mental processes that have to take place at that site. The variations in the extracellular matrix 

between the different types of trisomies could actually explain the fact that some trisomies 

have larger NT than others, by a unequal effect on local developmental processes, with 

effects differing in site or extent. An example of such interaction between developmental 

processes is the impaired migration of the neural crest cells in a changed extra-cellular matrix, 

which is a possible explanation of the link between cardiac defects and nuchal edema, first 

proposed by Miyabara et al.89.

The abnormal ductus venosus velocities could be the result of abnormal endothelial develop-

ment and innervation at that specific region82. On the other hand, the absent or reversed 

a-wave of the ductus venosus can solely be explained as the result of delayed development. 

Only few data are available on ductus venosus flow velocity waveforms before a gestational 

age of 10 weeks116 . It is not known if reversed, absent or low velocities during atrial contrac-

tions are physiological before 10 weeks’ gestational age. Furthermore, the ductus venosus 

flow velocity waveforms could be secondary to the increased nuchal translucency, as the 

amount of fluid that is accumulated in the nuchal region might have an effect on the blood 

viscosity and therefore might produce haemodynamic changes.

Despite the numerous publications on increased NT and the frequent use of this measure-

ment to inform women about their specific risk of fetal aneuploidies, the exact etiology is 

still unknown. Many theories are based on associations and speculations. This study provides 

an overview of the different theories and an attempt to fit the different associations in one 

common developmental abnormal process. Further research, however, is needed to explore 

the etiology of increased NT, to be able to provide an answer to the parents’ question why 

their fetus demonstrates nuchal edema, especially in cases with normal karyotypes.  
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Abstract

Objective: To investigate the presence and volume of jugular lymphatic sacs (JLS) in first-

trimester fetuses with normal nuchal translucency thickness (NT) and in those with increased 

NT. 

Study design: This was a prospective study of 26 fetuses with NT >95th percentile, which 

were compared with 137 fetuses with normal NT. Following crown-rump length (CRL) and 

NT measurement the neck region of the fetus was studied by transvaginal ultrasound. The 

JLS presented as spheroid translucencies in the anterolateral region of the neck. 

Results: The prevalence of JLS significantly differed between fetuses with enlarged NT 

and control group (p< 0.0001). In the group of 26 fetuses with increased NT, 22 fetuses 

had clearly visible JLS. Chorion villus sampling revealed aneuploidy in 10 and euploidy in 

16 fetuses. In the control group 2 fetuses, with NT values of 2.8 mm and 2.9 mm, had JLS; 

pregnancy outcome was normal in both cases. Logistic regression analysis in the total study 

group showed that an increase in NT was associated with a greater probability of JLS being 

present (for NT 3-3.5 mm probability = 0.67; for NT > 3.5 mm probability = 0.93). In the 

fetuses with JLS, an increase in CRL was associated with a significant increase in right JLS 

volume (r = 0.51; p= 0.01) and a non-significant left JLS volume (r =0.40, p =0.09). Increase 

in NT was not associated with a significant increase in JLS volume.

Conclusion: There is a significant association between increased NT and the presence of 

JLS on first-trimester ultrasound. In our opinion, the pathophysiological explanation for the 

increased NT lies in a disturbance in lymphangiogenesis. 
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Introduction

Ultrasonographic measurement of the nuchal translucency (NT) in the human fetus at a ges-

tational age between 10 and 14 weeks is a widely used and sensitive screening method for 

chromosomal abnormalities1,2. Increased NT is associated with Down syndrome and other 

chromosomal abnormalities, such as trisomy 13 and 18, but also occurs in fetuses with a 

normal karyotype. These latter fetuses are known to be at risk for a variety of structural abnor-

malities. A major part of these anomalies are isolated cardiac defects3-5. 

An explanation of the pathophysiology of enlarged NT in relation to the complete spectrum of 

associated findings is still lacking. Suggested explanations are cardiac failure, alterations in the 

extracellular matrix components and a disturbance in the lymphangiogenesis6-10. However, 

both cardiac failure and extracellular matrix alterations fail to explain the regional accumula-

tion of fluid in the neck region and the temporary character of the NT enlargement.

In a previous study we found increased NT being associated with jugular lymphatic disten-

sion11,12. The theory of a disturbance in the lymphangiogenesis is based on a morphological 

study of the neck region of both trisomy 16 mice embryos and human fetuses. The study 

showed that the nuchal region in fetuses with increased NT is in fact mesenchymal edema 

and is accompanied by distended lymphatic jugular sacs.   

We hypothesize that a disturbed lymphangiogenesis is a common nominator in the develop-

ment of increased NT. The presence of jugular lymphatic sacs on first-trimester ultrasound in 

relation to nuchal translucency has never been investigated. In this study we investigated the 

presence or absence of jugular lymphatic sacs by ultrasound in fetuses with increased and 

normal nuchal translucency prospectively and related the volume of the sacs to the size of 

the NT. 

Methods 

Women referred to our center for tertiary care, because of an enlarged NT, and women 

attending our hospital for routine first-trimester ultrasonography were asked to participate 

in the study. A total of 163 women with singleton pregnancies were examined. Twenty-six 

fetuses had an increased NT and 137 had normal NT. Increased NT was defined as a NT 

above the 95th percentile.

All patients received written information and gave informed consent. The medical ethical 

committee of the VU University Medical Center approved the study. The gestational age was 

calculated by the reported last menstrual period and was adjusted to crown-rump length 

where appropriate. 

Ultrasound examination was performed between 11-14 completed weeks gestation by three 

experienced ultrasonographers (M.B., M.H. and M.R.) In each fetus crown-rump length and 

nuchal translucency (NT) were measured using a transabdominal probe (2-4 MHz; ATL HDI-



40

5000).  The NT measurement was performed according to the guidelines of the Fetal Medical 

Foundation13. 

Following the CRL and NT measurement the anterior and posterior neck region of the fetus 

was extensively studied in both transverse and sagittal planes for the presence of jugular 

lymphatic sacs. The neck region was examined transvaginally (8-4 Mhz probe; ATL HDI-

5000) in all fetuses. The jugular lymphatic sacs presented as spheroid translucencies in the 

antero-lateral region of the neck (Figure 1). If present, the volume of the sacs was calculated 

by measuring the jugular sacs in 3 directions. In the transverse plane the length and width 

of the sacs were measured. In the sagittal plane the height of the sacs were measured. The 

volume was calculated by using the formula of a spheroid: length * height * width * ¾ π. 

The karyotype of the fetus was not known at the time of the examination. Digital images and 

videotapes of each examination were stored. Each of the digital images and videotapes were 

reviewed by the principal investigator (M.B.). 

Follow-up was obtained in each case either by questionnaires, by telephone contact, 

autopsy reports and by karyotype results whenever chorion villus biopsy or amniocentesis 

Figure 1: Transverse planes through the neck region of (A) a fetus with normal nuchal translucency thickness 
(NT) and absence of the jugular lymphatic sacs (JLS) (crown-rump length (CRL) 54.6 mm;gestational age (GA) 
86 days; NT 1.2 mm) and (B) a fetus with increased NT and present JLS (CRL 68.6 mm; gestational age; NT 5.6 
mm; 46 XX). (C) and (D) represent sagittal and coronal planes, respectively, of the neck region of the fetus in 
(B). J, jaw; S, spine.
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was performed. Also, in case of ongoing pregnancies with enlarged NT (> 95th percentile) a 

second-trimester ultrasound examination was performed, as routinely is done in our hospital.

Statistical analysis
Pearson chi-square test was used to evaluate the rate of presence or absence of the jugular 

lymphatic sacs in fetuses with normal and increased NT. In the total group of examined 

fetuses, logistic regression analysis was performed to determine whether absolute values 

of increased NT were associated with the presence of jugular lymphatic sacs. Therefore, the 

group of fetuses with increased NT (defined as above the 95th percentile) was, randomly, 

divided into two subgroups with a cut off of 3.5 mm.

In the group of fetuses with present jugular lymphatic sacs, linear regression analysis was 

used to examine the relationship between absolute values of nuchal translucency, fetal crown-

rump length or gestational age and the volume of the jugular lymph sacs. Because volume 

data were skewed to right, logarithmic transformation was carried out before performing 

linear regression analysis. The volumes of left and right lymphatic sac were compared using 

the Wilcoxon signed rank test. All analysis was performed with SPSS 10.0 software.

Results

The median nuchal translucency was 1.5 (0.9-9) mm. Median gestational age and crown-rump-

length were 86 (77-97) days and 61.8  (41.0- 79.0) mm respectively. Median maternal age was 

32 (21-42) years. The fetal neck region was successfully examined in all cases (n = 163). 

The prevalence of jugular lymphatic sacs on ultrasound significantly differed between the 

group of fetuses with and without enlarged NT (chi-square p< 0.0001). In the group of 26 

fetuses with increased NT 22 fetuses had clearly visible jugular lymphatic sacs. In 4 fetuses 

the lymphatic sacs were not observed. Two fetuses with normal NT also presented with 

jugular lymphatic sacs. In the other 135 cases jugular lymphatic sacs were absent (Table 1). 

Table 1: Presence or absence of jugular lymphatic sacs on ultrasound in the 163 examined fetuses

NT Jugular lymphatic sacs (n)

Present Absent Total (n)

Normal NT ( ≤p95) 2 135 137

Increased NT (>p95) 22 4 26

Total 24 139 163

NT= nuchal translucency thickness;  Pearson chi-square:  p < 0.0001

Fetuses with increased NT
Characteristics of the 26 fetuses with increased NT are shown in Figure 2. Table 2 presents 

the 4 fetuses without visible jugular lymphatic sacs. Chorionic villus sampling was offered 

in all cases, but refused by two women. In these two cases, healthy neonates without dys-
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morphic features were born. In further analysis, these two infants were considered to have 

a normal karyotype. In 16 of 26 cases a normal karyotype was found (62 %), 10 fetuses 

were aneuploid (38 %). In all cases of aneuploidy the parents chose to terminate the preg-

nancy. In the ongoing pregnancies with normal karyotype the second-trimester ultrasound 

examination revealed structural anomalies in 3 fetuses. In one fetus holoprosencephaly was 

diagnosed. This pregnancy was terminated and the diagnosis was confirmed by pathological 

examination. Another fetus presented with tricuspid atresia. Post partum echocardiography 

confirmed the diagnosis. The baby received cardiac surgery after birth. Pierre-Robin sequence 

was diagnosed in the third fetus. The neck region of all fetuses had a normal ultrasonograph-

ic appearance at the second-trimester ultrasound.

Figure 2: Characteristics of the 26 cases of increased nuchal translucency. Tris, trisomy

Table 2: Data for the 4 of 26 fetuses with increased nuchal translucency (NT) which did not show jugular lym-
phatic sacs  

GA (days) CRL (mm) NT (mm) Karyotype Pregnancy outcome

78 52.9 3.0 47 XX + 21 Termination

81 51.0 3.0 47 XX + 21 Termination

86 68.0 3.1 46 XX Uneventful

97 76.1 3.4 46 XY Uneventful

GA= gestational age; CRL= crown-rump length



43

N
u

ch
al tran

slu
cen

cy an
d

 ju
g

u
lar lym

p
h

atic sacs o
n

 u
ltraso

u
n

d
C

h
ap

ter 3

Fetuses with normal NT
Follow-up was complete and in all but one case healthy infants were born. In one case a 

miscarriage occurred at gestational age of 13 weeks. Postmortem examination revealed no 

abnormalities. Two fetuses with normal NT presented with jugular lymphatic sacs. The char-

acteristics of these fetuses are listed in Table 3. Both fetuses had a NT on the 90th percentile 

and presented with normal outcome at birth.

Logistic regression analysis in the total population showed that an increment of NT in the 

fetus was associated with a higher probability of the presence of jugular lymphatic sacs on 

ultrasound (NT 3-3.5 mm: P 0.67 OR 45; NT > 3.5 mm: P 0.93 OR 317) (Table 4). 

A larger fetal crown-rump length was significantly correlated with enlargement of the volume 

of the right lymphatic sac (r = 0.51, p= 0.01). The volume of left lymphatic sac also showed 

an enhancement by increasing crown-rump length. However, this association was not signifi-

cant ( r= 0.40, p= 0.09). Gestational age showed a similar association with the volume of 

both sacs as fetal crown-rump length and is therefore not shown.

The volume of the jugular lymphatic sacs on both sides was positively, but less strongly and 

not significantly, associated with increasing NT. Regression coefficients are listed in Table 5. 

Figures 3 and 4 show the relationship between the volume of the jugular lymphatic and 

crown- rump length sac and nuchal translucency, respectively.  

Table 4: Values derived from logistic regression analysis for the presence of jugular lymphatic sacs in relation 
increased nuchal translucency thickness (NT) 

NT (mm) Probability OR 95 % CI

0-3 0.04 - -

3- 3.5 * 0.67 45 (7-298)

> 3.5 * 0.93 317 (36-2828)

* increased NT was defined as NT >  95th percentile. OR, odds ratio

Table 3: Data for the 2  of the 137 fetuses with normal nuchal translucency (NT) which presented with jugular 
lymphatic sacs (JLS)

GA (days) CRL  (mm) NT  (mm) Volume of JLS (mm3) Pregnancy outcome

Right Left

77 46.4 2.8 41.8 39.8 Uneventful

96 75.8 2.9 88.8 70.7 Uneventful

GA= gestational age; CRL= crown-rump length

Table 5: Values derived from linear regression analysis of the volume of the jugular lymphatic sacs in relation to 
nuchal translucency and crown-rump length

Volume of left lymphatic sac Volume of right lymphatic sac

Nuchal translucency  0.05 (p=0.82) 0.19 (p=0.39)

Crown-rump length 0.40 (p=0.09) 0.51 (p=0.01)
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The mean volume of the left jugular lymphatic sac was 419 (range 9-880) mm3. The mean 

volume of the right lymphatic sac was 433 (range 11-948) mm3. The difference between the 

volume of the left and right jugular lymphatic sac was not significant (p=  0,11). 

Discussion 

An explanation of the pathophysiology of enlarged NT is still lacking. Suggested explanations 

like cardiac failure, alterations in the extracellular matrix components 6,7,9,10 fail to explain the 

regional and temporary character of the NT enlargement.

This study demonstrates a strong association between increased NT and the presence of 

jugular lymphatic sacs on first-trimester ultrasound. This suggests a role for lymphangiogen-

esis in the development of nuchal translucency. 

The ultrasonographic appearance of the jugular lymphatic sacs almost exclusively presented 

in fetuses with increased NT, regardless of having a chromosomal defect. When the jugular 

lymphatic sac reaches a certain size it becomes visible on ultrasound. In two cases there were 

visible lymphatic sacs in fetuses with normal NT. However, both NT’s were on the 90th per-

centile and the size of the sacs were relatively small (Table 3).

In four fetuses with increased NT there were no visible jugular lymphatic sacs on ultrasound. 

The four fetuses had an NT of 3.0 (GA 87 days), 3.0 (GA 81 days), 3.1 (GA 86 days) and 3.4 

(GA 97 days) mm respectively. Two fetuses had trisomy 21. The other two fetuses had a normal 

karyotype. In this cross-sectional study we could not elucidate the time window in which the 

Figure 3: Relationship between crown rump length 
and the volume of the jugular lymphatic sacs (Y-axis 
represents Ln (natural logarithm))

Figure 4:  Relationship between NT and the volume 
of the jugular lymphatic sacs ( Y-axis represents Ln 
(natural logarithm))
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lymphatic sacs are present on ultrasound. It might be possible that the jugular lymphatic sacs 

were already decreasing in volume and therefore not visible on ultrasound. Another explana-

tion could also be that the lymphatic sacs were visible at a later gestational age. 

Linear regression analysis showed an association between enhancement of the volume of 

the jugular lymphatic sac and increasing of both crown-rump length and nuchal translucency. 

The association was only significant between crown-rump length and the right lymphatic sac. 

However, the number of fetuses studied with jugular lymphatic sacs was relatively small. 

Consequently, more data should be gathered to further explore these relationships. A pro-

spective longitudinal study to gain further insight in the temporal relationship between 

presence of the jugular lymphatic sac and the size of the nuchal translucency should be 

performed. 

To our knowledge no other ultrasonographic studies of the presence of the jugular lymphatic 

sacs in relation to the size NT have been reported. Translucent cystic areas in the human fetal 

lateral neck were described earlier and were assumed to be the jugular lymphatic sacs14. A 

relationship with increased NT could not, however be established in this study, due to exclu-

sion of fetuses with septated nuchal enlargement and the definition of NT as > 4 mm. Several 

other studies have described a pathophysiological role for impaired drainage of the jugular 

lymphatic sacs or altered lymphangiogenesis in the development of cystic hygroma15-19.  

The jugular lymphatic sacs are the first part of the lymphatic system to develop. Bilaterally, 

the internal jugular veins give rise to buds, which fuse and form the jugular lymphatic sac. 

The peripheral lymphatic system is formed by sprouting from these sacs20-22. The jugular 

lymphatic sacs in human fetuses normally reorganize into lymphatic nodes after 10 weeks 

of gestation. The formation of the lymphatic system in human is completed by the ingrowth 

of the thoracic duct into the left lymphatic sac, which thereby connects several lymphatic 

vessels. After reorganization of the jugular lymphatic sac into lymphatic nodes, the connec-

tion of the thoracic duct into the internal vein is the main site where drainage of lymphatic 

fluid takes place21,22. A complete but delayed reorganization could explain both regional 

and temporary characteristics of increased NT. After connection to the venous system the 

fluid accumulation in the lymphatic sacs and neck region can drain away. Therefore, after 

14 weeks of gestation we would expect a decline of the volume of the jugular sacs to be 

followed by a reduction of the NT. 

Altered composition of the extracellular matrix10,23,24, which is another proposed mecha-

nism in the pathophysiology of increased NT, does not explain the temporary nature of this 

finding. Furthermore, the altered composition of the extracellular matrix is only observed 

in chromosomally abnormal fetuses. Thereby, the presence of increased NT in fetuses with 

normal karyotype is not clarified by this theory.

Also, other theories of the pathophysiology of increased NT, like cardiac decompensation, fail 

to elucidate the regional characteristics of increased NT7,25,26. Additionally, pleural effusion 

and ascites, which are common signs of cardiac decompensation, are seldom seen in fetuses 

with increased NT. Early cardiac function impairment is also suggested because of the finding 

of abnormal ductus venosus flow velocities in fetuses with increased NT. Nevertheless, fetuses 
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with increased NT show abnormal ductus venosus blood flow velocities regardless of having a 

cardiac defect27-30. Other authors have also questioned the involvement of cardiac failure31-33.

In our opinion, disturbed lymphangiogenesis plays a significant role in the pathophysiology 

of the increased NT. A delayed lymphatic development explains both the regional and tem-

porary characteristics of increased NT. Nevertheless, the pathophysiology of increased NT is 

probably a complex and multifactorial process. Impaired cardiac function and cellular matrix 

alterations may also contribute to its development.

An interesting issue is whether a delayed connection of the jugular lymphatic sacs with the 

venous system influences the venous blood flow in the fetal head. Martinez et al. investi-

gated the relationship between increased NT and blood flow impedance in the jugular vein. 

They found no difference in pulsatility indexes of the jugular vein between fetuses with 

normal and increased NT33. This suggests that fetuses with increased NT do not have a status 

of overperfusion and venous congestion in the neck. No other studies of the blood flow in 

the head of fetuses with increased NT have been carried out, so far. 

Our ultrasonographic results are in accordance with the morphological data of the neck 

region of trisomy 16 mice embryos and human fetuses11,12. Endothelial pathophysiological 

processes are known to play an important role in the development of cardiovascular malfor-

mations. Disturbance of timing and differentiation of endothelial development could be the 

common factor underlying lymphatic abnormalities, abnormal ductus venosus flow velocities 

and cardiac malformations in fetuses with increased nuchal translucency8,9,15,34,35. Cardiac 

defects form the severe end of the spectrum.

In conclusion, presence of jugular lymphatic sacs on first-trimester ultrasound is associated 

with increased NT. The process of lymphangiogenesis in the human fetus deserves to be 

further studied by ultrasound.

References
 1. Snijders RJ, Noble P, Sebire N, Souka A, Nicolaides KH. UK multicentre project on assessment of risk 

of trisomy 21 by maternal age and fetal nuchal-translucency thickness at 10-14 weeks of gestation. 
Lancet 1998; 352: 343-346

 2. Pandya PP, Santiago C, Snijders RJM, Nicolaides KH. First trimester fetal nuchal translucency. Curr. 
Opin. Obstet. Gynecol. 1995; 7: 95-102

 3. Brady AF, Pandya PP, Yuksel B, Greenough A, Patton MA, Nicolaides KH. Outcome of chromosomally 
normal livebirths with increased fetal nuchal translucency at 10-14 weeks’ gestation. J. Med. Genet. 
1998; 35: 222-224

 4. Hyett J, Perdu M, Sharland G, Snijders R, Nicolaides KH. Using fetal nuchal translucency to screen for 
major congenital cardiac defects at 10-14 weeks of gestation: population based cohort study. BMJ 
1999; 318: 81-85

 5. Souka AP, Snijders RJM, Novakov A, Soares W, Nicolaides KH. Defects and syndromes in chromosom-
ally normal fetuses with increased nuchal translucency thickness at 10-14 weeks of gestation. Ultra-
sound Obstet. Gynecol. 1998; 11: 391-400



47

N
u

ch
al tran

slu
cen

cy an
d

 ju
g

u
lar lym

p
h

atic sacs o
n

 u
ltraso

u
n

d
C

h
ap

ter 3

 6. Montenegro N, Matias A, Areias JC, Castedo S, Barros H. Increased fetal nuchal translucency: Possible 
involvement of early cardiac failure. Ultrasound Obstet. Gynecol. 1997; 10: 265-268

 7. Hyett J, Moscoso G, Nicolaides K. Abnormalities of the heart and great arteries in first trimester chro-
mosomally abnormal fetuses. Am. J. Med. Genet. 1997; 69: 207-216

 8. Von Kaisenberg CS, Nicolaides KH, Brand-Saberi B. Lymphatic vessel hypoplasia in fetuses with Turner 
syndrome. Hum. Reprod. 1999; 14: 823-826

 9. Von Kaisenberg CS, Krenn V, Ludwig M, Nicolaides KH, Brand-Saberi B. Morphological classification of 
nuchal skin in human fetuses with trisomy 21, 18, and 13 at 12-18 weeks and in a trisomy 16 mouse. 
Anat. Embryol. 1998; 197: 105-124

 10. Von Kaisenberg CS, Prols F, Nicolaides KH, Maass N, Meinhold-Heerlein I, Brand-Saberi B. Glycosamino-
glycans and proteoglycans in the skin of aneuploid fetuses with increased nuchal translucency. Hum. 
Reprod. 2003; 18: 2544-2561

 11. Haak MC, Bartelings MM, Jackson DG, Webb S, Van Vugt JMG, Gittenberger-de Groot AC. Increased 
nuchal translucency is associated with jugular lymphatic distension. Hum. Reprod. 2002; 17: 1086-
1092

 12. Gittenberger-De Groot AC, Van Den Akker NM, Bartelings MM, Webb S, van Vugt JM, Haak MC. 
Abnormal lymphatic development in trisomy 16 mouse embryos precedes nuchal edema. Dev. Dyn. 
2004; 230: 378-384

 13. Pandya PP, Snijders RJM, Johnson SP, De Lourdes Brizot M, Nicolaides KH. Screening for fetal trisomies 
by maternal age and fetal nuchal translucency thickness at 10 to 14 weeks of gestation. Br. J. Obstet. 
Gynaecol. 1995; 102: 957-962

 14. Achiron R, Yagel S, Weissman A, Lipitz S, Mashiach S, Goldman B. Fetal lateral neck cysts: early second-
trimester transvaginal diagnosis, natural history and clinical significance. Ultrasound Obstet. Gynecol. 
1995; 6: 396-399

 15. Chitayat D, Kalousek DK, Bamforth JS. Lymphatic abnormalities in fetuses with posterior cervical cystic 
hygroma. Am. J. Med. Genet. 1989; 33: 352-356

 16. Chervenak FA, Isaacson G, Blakemore KJ, Breg WR, Hobbins JC, Berkowitz RL, Tortora M, Mayden K, 
Mahoney MJ. Fetal cystic hygroma. Cause and natural history. N. Engl. J. Med. 1983; 309: 822-825

 17. Miyabara S, Sugihara H, Maehara N, Shouno H, Tasaki H, Yoshida K, Saito N, Kayama F, Ibara S, Suzu-
mori K. Significance of cardiovascular malformations in cystic hygroma: a new interpretation of the 
pathogenesis. Am. J. Med. Genet. 1989; 34: 489-501

 18. Gallagher PG, Mahoney MJ, Gosche JR. Cystic hygroma in the fetus and newborn. Semin. Perinatol. 
1999; 23: 341-356

 19. Byrne J, Blanc WA, Warburton D, Wigger J. The significance of cystic hygroma in fetuses. Hum. Pathol. 
1984; 15: 61-67

 20. Van der Putte SC. The development of the lymphatic system in man. Adv. Anat. Embryol. Cell Biol. 
1975; 51: 3-60

 21. Van der Putte SC, van Limborgh J. The embryonic development of the main lymphatics in man. Acta 
Morphol. Neerl. Scand. 1980; 18: 323-335

 22. Sabin FR. The lymphatic system in human embryos, with a consideration of the morphology of the 
system as a whole. Am. J. Anat. 1909; 9: 43-91

 23. Moscoso G. Fetal nuchal translucency: a need to understand the physiological basis. Ultrasound Obstet. 
Gynecol. 1995; 5: 6-8

 24. Von Kaisenberg CS, Brand-Saberi B, Christ B, Vallian S, Farzaneh F, Nicolaides KH. Collagen type VI 
gene expression in the skin of trisomy 21 fetuses. Obstet. Gynecol. 1998; 91: 319-323



48

 25. Hyett J, Moscoso G, Papapanagiotou G, Perdu M, Nicolaides KH. Abnormalities of the heart and great 
arteries in chromosomally normal fetuses with increased nuchal translucency thickness at 11-13 weeks 
of gestation. Ultrasound Obstet. Gynecol. 1996; 7: 245-250

 26. Carvalho JS. Nuchal translucency, ductus venosus and congenital heart disease: an important associa-
tion--a cautious analysis. Ultrasound Obstet. Gynecol. 1999; 14: 302-306

 27. Haak MC, Twisk JW, Bartelings MM, Gittenberger-de Groot AC, Van Vugt JM. Ductus venosus flow 
velocities in relation to the cardiac defects in first-trimester fetuses with enlarged nuchal translucency. 
Am. J. Obstet. Gynecol. 2002; 188: 727-733

 28. Matias A, Huggon I, Areias JC, Montenegro N, Nicolaides KH. Cardiac defects in chromosomally normal 
fetuses with abnormal ductus venosus blood flow at 10-14 weeks. Ultrasound Obstet. Gynecol. 1999; 
14: 307-310

 29. Montenegro N, Matias A, Areias JC, Barros H. Ductus venosus revisited: a Doppler blood flow evalua-
tion in the first trimester of pregnancy. Ultrasound Med. Biol. 1997; 23: 171-176

 30. Kiserud T, Eik-Nes SH, Hellevik LR, Blaas HG. Ductus venosus blood velocity changes in fetal cardiac 
diseases. J. Matern. Fetal Invest. 1993; 3: 15-20

 31. Simpson JM, Sharland GK. Nuchal translucency and congenital heart defects: heart failure or not? 
Ultrasound Obstet. Gynecol. 2000; 16: 30-36

 32. Hecher K. Assessment of ductus venosus flow during the first and early second trimesters: what can 
we expect? Ultrasound Obstet. Gynecol. 2001; 17: 285-287

 33. Martinez JM, Echevarria M, Gomez O, Del Rio M, Borrell A, Puerto B, Fortuny A. Jugular vein and 
carotid artery blood flow in fetuses with increased nuchal translucency at 10-14 weeks’ gestation. 
Ultrasound Obstet. Gynecol. 2003; 22: 464-469

 34. Dumont DJ, Jussila L, Taipale J, Lymboussaki A, Mustonen T, Pajusola K, Breitman M, Alitalo K. Cardio-
vascular failure in mouse embryos deficient in VEGF receptor-3. Science 1998; 282: 946-949

 35. Stalmans I, Lambrechts D, De Smet F, Jansen S, Wang J, Maity S, Kneer P, Von Der OM, Swillen A, 
Maes C, Gewillig M, Molin DG, Hellings P, Boetel T, Haardt M, Compernolle V, Dewerchin M, Plaisance 
S, Vlietinck R, Emanuel B, Gittenberger-De Groot AC, Scambler P, Morrow B, Driscol DA, Moons L, 
Esguerra CV, Carmeliet G, Behn-Krappa A, Devriendt K, Collen D, Conway SJ, Carmeliet P. VEGF: A 
modifier of the del22q11 (DiGeorge) syndrome? Nat. Med. 2003; 9: 173-182



49

Ed
ito

rial co
m

m
en

t
C

h
ap

ter 3



50



51

Ed
ito

rial co
m

m
en

t
C

h
ap

ter 3



52



53

Ed
ito

rial co
m

m
en

t
C

h
ap

ter 3



54



C  h  a  p  t  e  r

4
Temporal relationship between increased 
nuchal translucency and enlarged jugular 
lymphatic sac

Mireille N. Bekker1,3, Jos W.R. Twisk2, Margot M. Bartelings3, Adriana C. 

Gittenberger-de Groot3, John M.G. van Vugt1

Departments of Obstetrics and Gynecology1 and Clinical Epidemiology & Biostatistics2, VU University 

Medical Center, Amsterdam, the Netherlands Department of Anatomy and Embryology3, Leiden 

University Medical Center, Leiden, the Netherlands

Obstet. Gynecol. 2006;108(4):846-53



56

Abstract 

Objective: To study the relationship between the volume of the jugular lymphatic sacs and 

nuchal translucency thickness in fetuses with increased nuchal translucency with advancing 

gestation.

Methods: Seventy-four fetuses with a nuchal translucency greater than the 95th percentile 

were examined weekly between 11 and 17 weeks of gestation. The fetal neck region was 

studied by ultrasonography, followed by measurement of nuchal translucency and jugular 

lymphatic sacs. The measurements were analyzed using multilevel analysis. In case of termi-

nation of pregnancy postmortem examination was performed. 

Results: In 40 euploid fetuses and 34 aneuploid fetuses 159 measurements of jugular lym-

phatic sac volume and nuchal translucency thickness were analyzed. The volume of the 

jugular lymphatic sacs and gestational age showed a quadratic relation, which differed 

between euploid and aneuploid fetuses (p<0.01). The maximum volumes were larger and 

longer present in fetuses with aneuploidy as compared to euploidy (p <0.01). In case of a 

cardiac anomaly jugular lymphatic sac volume was larger compared to cardiac normal fetuses 

(non-significant).

Furthermore, the development of jugular lymphatic sac volume and increased nuchal translu-

cency were related, whereby an increase of the nuchal translucency preceded enlargement 

of the jugular lymphatic sacs (p<0.001). In each fetus an increase in jugular lymphatic sac 

volume was followed by a decrease, with advancing gestation. The gestational age at 

maximum jugular lymphatic sac volume differed between fetuses, indicating a fetus-specific 

pattern. Nuchal translucency development showed a similar pattern. Postmortem examina-

tion confirmed distension of the jugular lymphatic sac in all cases.

Conclusion: Increased nuchal translucency is associated with a disturbed lymphatic develop-

ment in which nuchal translucency enlargement precedes enlargement of jugular lymphatic 

sac on ultrasound. Aneuploid fetuses have a more disturbed lymphangiogenesis.
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Introduction

Measurement of the nuchal translucency (NT) in the first-trimester of pregnancy has become 

a world wide established method for identifying fetuses at risk for aneuploidy1,2.  Enlarged 

NT is besides aneuploidy associated with a variety of structural, mainly cardiovascular defects, 

genetic syndromes and also normal outcome3-5. The pathogenetic mechanisms causing NT 

enlargement remain insufficiently understood. Different theories have been suggested in the 

last decades, like cardiac failure, altered extracellular matrix composition and a disturbance 

of lymphangiogenesis6-11. A delayed but completed jugular lymphatic development seems 

to be a promising explanation, as this supposition is able to explain both temporary and 

regional character of increased NT12.

Former histological studies in trisomy 16 embryos and human fetuses have shown that 

nuchal edema is associated with distension of the jugular lymphatic sacs (JLS)11,13. Ultrasound 

studies of first-trimester fetuses show a similar association between fetuses with increased 

NT and the presence of enlarged JLS, which existed both in aneuploid fetuses and fetuses 

with a normal karyotype12,14,15. As the JLS are not visible under normal circumstances, the 

ultrasonographic appearance of the JLS indicates a distended state12. 

Nevertheless, the association between the presence of distended JLS and nuchal edema 

does not inevitably implicate that there is a causal relationship. Therefore, a temporal rela-

tionship between the development of the nuchal translucency and the JLS must exist. Also, 

the number of human fetuses with increased NT studied in previous studies was small11,12. In 

this study we prospectively investigated the relationship between volume of the JLS and NT 

thickness during development in fetuses with increased NT.

Methods

Seventy-four consecutive pregnant women with singleton pregnancies, who were referred 

to our hospital for tertiary care because of a NT > 95 percentile were asked to participate in 

the study from 2003 to 2005. All patients received written information and gave informed 

consent. The medical ethical committee of the VU University Medical Center approved the 

study. The gestational age was calculated by the reported last menstrual period and was 

adjusted to crown-rump length where appropriate. 

Ultrasound examination was performed weekly from the initial scan at 11-14 weeks of ges-

tation untill a maximum of 17 weeks gestational age. The number of examinations differed 

because of different gestational ages at referral date, termination of pregnancies and 

patients’ cooperation. 

After nuchal translucency measurement a detailed anomaly scan was performed by one 

experienced sonologist (M.B.) using transvaginal (8-4 Mhz probe; ATL HDI-5000) or abdomi-

nal (2-4 MHz; ATL HDI-5000) ultrasound (Advanced Technology Laboratories, Seattle, WA, 
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USA). The NT measurement was performed according to the guidelines of the Fetal Medical 

Foundation16. The choice between transvaginal and abdominal ultrasound depended on ges-

tational age, fetal position and resolution quality. Before 14 weeks of gestation, transvaginal 

ultrasound was performed in all cases. 

The neck region was examined for the presence of the JLS, which appear as spheroid trans-

lucencies in the antero-lateral region of the neck (Figure 1). The volume of the sacs was 

calculated by measuring the JLS in 3 directions. In the transverse plane the length and width 

of the sacs were measured. In the sagittal plane the height of the sacs were measured. The 

volume was calculated by using the formula of an ellipsoid (i.e. prolate spheroid): length * 

height * width * ¾ π. Digital images and videotapes of each examination were stored. 

After counseling and election by the parents karyotyping was performed by chorionic villus 

sampling or amniocentesis. If the parents requested termination of pregnancy, this was per-

formed through induction of labor following misoprostol administration (after 14 completed 

weeks of gestation) or by suction aspiration (before 14 completed weeks of gestation). 

Postmortem morphological examination was carried out if the parents approved. The whole 

fetus or aspiration tissue was fixed in formalin 4% and subsequently examined macroscopic 

or under a dissection microscope. Examination of the whole fetus was followed by excision 

of the neck region. The neck region was further analyzed by microscopic examination of 

paraffin-embedded serial sections, stained with hematoxylin/eosin. The morphology and size 

of the JLS were compared with euploid human controls with normal nuchal skin (n=3). These 

fetuses where obtained at our center after termination of pregnancy because of maternal 

disease or spontaneous loss of pregnancy due to cervical failure. These patients also received 

written information and gave informed consent.

Figure 1: Transverse plane through 
the neck region of a fetus with 
increased nuchal  translucency of 3.8 
mm (arrows) and visible jugular lym-
phatic sacs (asterisks) (gestational 
age  96 days, karyotype 46XY)
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Examination of the neck region was not possible in case of suction aspiration. The aspira-

tion tissue was investigated for the presence of fetal organs. If the heart could be identified, 

further analysis of the morphology was performed.

In ongoing pregnancies a second-trimester ultrasound examination was performed, which 

is a routine procedure in our center. After delivery, the parents completed questionnaires 

concerning the newborns health. 

Statistical analysis
The association between the volume of the JLS and the gestational age was estimated in 

the total group of fetuses with increased NT. In addition, differences between euploid and 

aneuploid fetuses and between fetuses with normal heart and cardiac anomaly were studied 

by multilevel analysis. To investigate if the volume of the JLS can predict aneuploidy, detec-

tion rates (sensitivity) and false positive rates (1- specificity) were calculated and plotted in a 

receiver operating characteristics (ROC) curve. Subsequently, the area under the curve was 

calculated. In addition, multiple of the medians (MoMs) of the JLS volumes were calculated 

and a prediction model for aneuploidy was created using logistic regression analysis. 

In the group of fetuses, which were examined multiple times (minimum of 3 subsequent 

measurements with a time interval of 7 days), further analysis was performed to study the 

development of the volume of the JLS within each fetus and to determine the relationship 

between the development of the NT and the volume during progression of gestation. There-

fore, a marginal analysis (NT thickness and JLS volume were modeled simultaneously) was 

compared to a time-lag analysis (NT thickness and JLS were modeled in time).

The data were analyzed using multilevel analysis17.  Multilevel analysis takes into account that 

the same patients are repeatedly measured and uses all available data, irrespective of the 

number of repeated measurements, which indicates that missing observations are allowed. 

Furthermore, multilevel analysis is capable of dealing with irregularly spaced time intervals. 

Multilevel analysis was performed with the statistical software package MlwiN18. The sta-

tistical significance level was set on p= 0.05. Because volume data were skewed to right, 

logarithmic transformation was carried out before performing analysis.

For the cross-sectional comparisons between the two groups, we assumed a standard devia-

tion of approximately 2 mm for the nuchal translucency. We expected to find a difference 

of about 1.5 mm between the groups (based on previous studies). With a significance level 

of 5% and a power of 80%, we needed 28 subjects in each group to “detect” this differ-

ence. For development over time, we expected the difference between the groups to be less 

(on average 1.25 mm). Furthermore, we expected a within-person correlation coefficient 

between measurements of approximately 0.6 (based on previous studies). When we added 

this information to the sample size calculation, assuming an average of three measurements 

for each subject, we calculated that we needed approximately 30 subjects in each group to 

“detect” this difference. To deal with possible violations of the assumptions, we decided to 

sample a few more subjects.
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Results  

The characteristics of the 74 fetuses with increased NT are listed in Table 1. Invasive tests 

were offered in all but refused in 4 cases. In 3 of these cases babies with dysmorphic features 

were born and additional tests revealed trisomy 21. In the other case a healthy neonate 

without dysmorphic features was born. In further analysis, this infant was considered to 

Table 1: Seventy-four fetuses with NT above the 95th percentile.

Characteristics Normal karyotype n= 40 Aneuploidy n= 34

Maternal age (years) 31.6 ± 4.6 (22-41) 34.9 ± 5.3 (24-45)

Nullipara 16 (41) 12 (35)

Ethnic origin

Caucasian 33 27

Afro-Caribbean 2 0

Asian 0 1

Oriental 4 5

Hispanic 1 1

Gestational age at presentation (weeks) 12+3 ± 0+6 (11+1 to 13+6) 12+2 ± 0+5 (11+1 to 13+6)

Nuchal translucency at presentation (mm) 4.1 ± 1.4 (2.6-9.2) 5.7 ± 2.7(2.9-12.3)

Crown-rump length (mm) 60.7± 11.4 (40.2-80.6)  60.1 ± 9.8 (43.2-79.8)

Data are reported as (n) % or mean ± standard deviation (range).

Table 2: Number of examinations per fetus in euploid (n=40) and aneuploid (n=34) fetuses.

Number of examinations Euploid Aneuploid

1 8 21

2 9 10

3 13 1

4 8 2

5 2 0

Total 40 34

Table 3: Data for the six fetuses (8.1 %) with increased nuchal translucency (NT), which did not show jugular 
lymphatic sacs (JLS) during ultrasound examination(s).

Number of 

examinations

GA (days)* NT (mm) Karyotype TOP Post mortem examination/

Pregnancy outcome

1 81 8.5 XO SA Left hypoplastic hart

1 83 5.9 69 XXY SA Ventricular septal defect

1 87 2.9 47 XX + 21 IL Distended JLS; normal heart

1 94 8.6 XO SA Hypoplastic tricuspid valve

3 91,98, 112 2.8, 1.2, 0 46 XY - Uneventful

2 97,104 4.2, 1.8 46 XY - Uneventful

*at ultrasound examination; GA: gestational age, TOP; termination of pregnancy; SA: suction aspiration, IL: 
induction of labor
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have a normal karyotype. Figure 2 shows the disposition of the fetuses included in the study. 

Follow-up was complete. In 40 of the 74 (54 %) a normal karyotype was found; 34 (46 %) 

fetuses were aneuploid. 	In 26 of the 30 fetuses (86.7 %) that underwent pregnancy termina-

tion, postmortem examination was performed. In 20 (29.4%) of the 68 fetuses, in which the 

cardiac status was known by follow-up or postmortem examination, a cardiac anomaly was 

identified. The most frequently encountered cardiac malformations were septal defects.

Weekly ultrasound investigation in the 74 fetuses with increased NT between 11-17 weeks 

of gestational age revealed 159 measurements of the JLS volume. The distribution of the 

Figure 2: Flow chart showing the 74 fetuses with increased NT included in the study.
* IUFD at GA 39 weeks, no malformations or evidence for intrauterine infection were found at postmortem 
examination. †Postmortem examination was unsuccessful due to absence of the heart in aspiration specimen. ‡ 
Cardiac anomalies (n=20) encompassed septal defects (n=10), left outflow tract obstruction (n=2); right outflow 
tract obstruction (n=2), left inflow tract obstruction (n=1); right outflow tract obstruction (n=1), other (n=2). 
Abbreviations: Unb. transl. unbalanced translocation. 
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number of examinations per fetus in euploid and aneuploid fetuses is shown in table 2. 

In 6/74 (8.1%) fetuses the JLS could not be detected by ultrasound (Table 3). Postmortem 

examination confirmed the presence of nuchal edema and enlargement of the JLS in all of 

the fetuses (n=11), which were available for morphological neck examination, as compared 

to 3 control fetuses (Figure 2).

The volume of the JLS showed a quadratic relation (p <0.01) with gestational age, which 

differed (p< 0.01) between euploid and aneuploid fetuses (Figure 3). In aneuploid fetuses 

the JLS reached a larger volume and remained present longer than in euploid fetuses. The 

mean JLS volume of fetuses with a cardiac anomaly was larger as compared to fetuses with a 

normal heart but the relation between JLS volume and gestation did not differ significantly.

Estimation of the discriminating value of JLS volume for aneuploidy revealed an area under 

the ROC curve of 0.69 (data not shown). Also, the prediction model for the probability of 

aneuploidy, based on MoM JLS volumes, shows that if JLS become visible on ultrasound the 

probability of aneuploidy is 30%. This probability increases moderately at higher MoM JLS 

volumes (Figure 4).

In fetuses with a data set of minimal 3 examinations (n=92 measurements) a similar quadratic 

relation within each individual fetus was found. With advancing gestation, a progressive 

increase in JLS volume was followed by subsequent decrease. However, the gestational age 

at which the maximum size of the JLS was reached differed per fetus, showing a fetus-specific 

pattern. A similar pattern was also observed for NT development. The median gestational 

Figure 4: Probability of aneuploidy at different multiples 
of the median (MoM) jugular lymphatic sac volumes.

Figure 3: Development of the jugular lymphatic 
sac volume with advancing gestational age in 
euploid (continuous	line)	and aneuploid (dashed	
line)	fetuses with increased nuchal translucency. 
Y-axis represents Ln (natural logarithm) volume 
of the jugular lymphatic sac.
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age at which the maximum JLS volume was reached was 96 days, whereas the median ges-

tational age for the maximum NT thickness was 88 days. 

In addition, the development of JLS volume and NT thickness were significantly related in 

time (with advancing gestation), whereby NT expansion preceded JLS expansion. The time-

lag relationship was twice as strong as the simultaneous relationship (time-lag regression 

coefficient 0.86 (p < 0.001) versus simultaneous regression coefficient 0.43 (p=0.004)). 

All p-values, graphs and numbers are shown for the right JLS. The left JLS showed similar 

results (data not shown).

Discussion 

This study indicates that a disturbed lymphatic development is a common denominator in 

the pathophysiology of increased NT. Distended JLS were visible in the majority (91.9%) 

of fetuses with increased NT. Moreover, the development of the JLS volume and NT thick-

ness were significantly related, whereby NT expansion preceded JLS enlargement. Also, in all 

fetuses, which were available for postmortem neck examination the presence of distended 

JLS were confirmed in contrast to controls.

Both NT and JLS showed a fetus-specific pattern, meaning that each fetus reaches a peak NT 

thickness followed by a peak JLS volume at a specific gestational age, which varied between 

the examined fetuses. This fetus-specific pattern is already known for the development of the 

nuchal translucency and is considered a normal variation in development19.  The fact that a 

similar pattern was present in the development of the JLS volume supports the supposition 

of a common developmental pathway. A limitation of our study was the number of aneu-

ploid fetuses available for time-lag analysis due to pregnancy termination (Table 2).

In 6 fetuses the JLS were not observed. Four of these fetuses were examined once. In these 

cases the examinations may have been performed out of the expansion phase of the JLS. As 

for the fetuses with uneventful outcome, the expansion phase might have been before 11 

weeks gestational age. Another explanation is that increased NT in these fetuses is caused by 

another mechanism, especially in case of Turner’s syndrome. Turner’s syndrome is associated 

with a hypoplasia of the lymphatic system and an extensive nuchal edema, also referred to 

as cystic hygroma20,21. 

We suggest that both a disturbed lymphangiogenesis caused by hyperplasia with enlargement 

of the JLS or as a result of hypoplasia in case of Turner syndrome, are able to cause nuchal 

edema. In case of hypoplasia, however, the JLS cannot be visualized by ultrasound. 

The pathophysiology of increased NT has been disputed for the last three decades.  Increased NT 

is associated with a wide range of associated anomalies3-5. A single origin is therefore not likely. 

We suggest that the majority of disorders is linked to a common developmental process, which 

can be delayed or disturbed at different times in development, but eventually leads to increased 

NT. Lymphatic development seems to be a promising candidate for this process because it is 
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able to explain regional and temporal characteristics of NT12. This study further substantiates this 

hypothesis by showing a temporal relationship between expansion of NT and JLS. 

Nevertheless, there remains a group of rare conditions associated with increased NT, like hemo-

dynamic alterations in case of first-trimester monochorionic twin fetuses, which are not likely to 

be correlated to lymphatic development and are probably caused by a different pathway22. 

The disturbed lymphatic development can range from a physiological variation in which the 

development is delayed, but remains without consequences after completion, to a more 

severe disturbance. In a morphological study of the JLS in aneuploid human fetuses and 

mouse embryos with nuchal edema we found an abnormal endothelial differentiation of 

the jugular lymphatic system23. The abnormal endothelial development was associated with 

increased vascular permeability and diminished cell adhesion with the consequence of edema. 

Abnormal endothelial development might also account for the numerous cardiovascular 

defects in fetuses with increased NT as pathological endothelial processes are described to 

play an ethological role in the cardiac malformations24-27.  This remains to be investigated.

The initiation of a disturbed lymphatic or blood vascular endothelial development can be 

either environmental or genetic. For example, hypoxic and/or nutritional insults during 

gestation can influence endothelial development and cause cardiac defects28. A disturbed 

migration of neural crest cells is suggested as one of the causes for abnormal lymphatic 

and cardiovascular development in fetuses with nuchal edema. Neuronal and endothelial 

pathways have mutual influences and this interaction was disturbed in the surrounding of 

JLS, aortic arch and ductus venosus in trisomy 16 mouse embryos, which are an animal 

model for human trisomy 2129. An abnormal innervation of the ductus venous and thickening 

of the endothelium might attribute to the abnormal flow velocities in fetuses with increased 

NT29.  In a morphological study of human fetuses with nuchal edema and an enlarged JLS 

Miyabara et al. also suggest the involvement of neural crest cells in lymphatic and cardiovas-

cular malformations30. They underline that neural crest cells migrate in a hyaluronate-rich 

matrix and that altered neural crest cell migration can be accompanied by extracellular matrix 

alterations. This provides an interesting link with the extracellular matrix alterations observed 

in aneuploid fetuses with increased NT8,31. 

Aneuploid fetuses seem to form the severe end of the spectrum of anomalies of increased 

NT. This is indicated by the fact that the JLS was larger and remained present longer in aneu-

ploid fetuses. The predictive value of JLS volume for aneuploidy was fair and does not seem 

to be useful for implementation in a screening model so far. Larger data sets might show 

better results, as our data set was moderate. On the other hand, the time lag between peak 

NT thickness and JLS volume requires different optimal times of measurement. As the prob-

ability of aneuploidy was 30% when the JLS are detectable on ultrasound we suggest that 

visible JLS can serve as soft marker for aneuploidy. The role for enlarged JLS as sonographic 

marker for cardiac defects needs further investigation.

The finding that NT expansion preceded JLS enlargement differs from previous histological 

data of trisomy 16 mouse embryos with nuchal edema13. In these embryos the appearance 

of distended JLS seemed to coincide with nuchal edema. However, different mouse embryos 
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were compared at subsequent embryonic stages and were not in vivo longitudinal followed 

as in the present study. The difference can also be explained by the fact the JLS has to reach 

a certain size to become visible on ultrasound and is, in contrast to the NT captured between 

other anatomical structures, which make it more difficult to visualize the enlarged JLS in an 

early stage. More important is the finding of the present study that the development of NT 

and JLS with advancing gestation was significantly related.  

In conclusion, this study shows a temporal relationship between distension of the jugular lym-

phatic system and enlargement of increased NT. This finding implies that a disturbed lymphatic 

development is a common denominator in the spectrum of anomalies associated with NT. Also, 

aneuploid fetuses seem to have a more severe disturbance of the lymphangiogenesis.
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Abstract

Objective: Noonan syndrome is one of the most common genetic syndromes manifesting 

at birth. Still, it is diagnosed late, often during infancy. Diagnosis is difficult because prenatal 

ultrasound findings are unspecific and the dysmorphias after birth can be subtle. 

Cases: Two women were referred to our university hospital because of an increased nuchal 

translucency in the first trimester of pregnancy. Further ultrasound examination showed the 

bilateral presence of distended jugular lymph sacs. Karyotyping revealed euploidy in both 

fetuses. The second trimester ultrasound scan showed a persistence of the jugular lymph sacs 

together with a nuchal fold, indicating a disturbed lymphatic development. There were no 

other anomalies. In 1 case the jugular lymph sacs containing newly formed lymph node tissue 

remained visible until 35 weeks’ gestation. Both newborns were diagnosed with Noonan 

syndrome after birth. Postnatal echocardiography revealed a mild pulmonary stenosis. 

Conclusion: Distension of the jugular lymph sacs is known to cause nuchal edema and 

normally resolves after the first trimester. In case of persistence of the jugular lymphatic sacs 

beyond the second trimester of pregnancy, the diagnosis of Noonan syndrome and subse-

quent DNA testing should be considered. 

68
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Case reports

Case 1 
A 34-year-old woman, G3P1A1, with a gestational age of 13+1 weeks visited our hospital 

for first-trimester Down syndrome screening. Ultrasonography showed an increased nuchal 

translucency (NT) (9.2 mm) and distended jugular lymphatic sacs (JLS) (Figure 1A,B). Due to 

the increased risk for aneuploidy, chorionic villus sampling was performed and demonstrated 

a normal male karyotype. 

Second trimester ultrasound scan at 19+2 weeks of gestation showed a thickened nuchal 

skinfold (10.3 mm) and bilateral JLS. Fetal biometry was normal and no structural anomalies 

were observed. Repeat ultrasound examination at GA 32+2 weeks showed a nuchal skinfold 

thickness of 8 mm. The JLS were not visible anymore. During routine check-up at 36 weeks’ 

gestation supraventricular extrasystoles were observed with normal ventricular conduction. 

Nuchal skin fold thickness was unchanged (8mm). 

After an uncomplicated vaginal delivery a male baby was born at term with dyspmorphic 

features, including low-set posteriorly rotated ears, hypertelorism, a webbed neck, short 

stature and bilateral testicular maldescent. Echocardiography showed a mild pulmonary 

stenosis. As the findings were suspicious for Noonan syndrome the parents requested genetic 

DNA testing, which showed no PTPN11 mutation. A second opinion in another university 

hospital confirmed the clinical diagnosis of Noonan syndrome. 

Figure 1: Case 1: Ultrasound images at 13+1 weeks’ gestation showing (A) an increased nuchal translucency of 
9.2 mm (sagittal plane) and (B) the bilateral presence of jugular lymphatic sacs (JLS) (transverse plane).

A B
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Case 2
A 27-year old primigravida was referred at 12+0 weeks’ gestation because of an increased NT 

at a routine first-trimester ultrasound scan. Ultrasound examination showed an increased NT 

(6.0 mm) and the presence of bilateral JLS in the fetal neck region. No other anomalies were 

observed. Chorionic villus sampling demonstrated a normal female karyotype. 

Second trimester ultrasonography at 18+4 weeks’ gestation still showed a midsagittal nuchal 

edema (4.6 mm) and bilateral JLS. Fetal biometry was normal. Structural anomalies were 

not observed. Repeat ultrasound examination at 24 weeks showed a nuchal skin fold of 9.3 

mm with visible jugular lymph nodes (Figure 2A-C). Further examination showed a mild renal 

pelvic dilation of the left kidney (8.5 mm) with a normal bladder and a normal amount of 

amnion fluid. Repeat ultrasound examinations at 32, 35 weeks’ gestation showed a similar 

nuchal fold and a reduction of the jugular lymph nodes. The mild left renal pelvic dilation was 

unchanged. At 37 weeks both renal pelvices had a normal size and the jugular lymph nodes 

were not visible anymore. The nuchal skin fold was still present (8 mm).

The baby was born at term by an uncomplicated vaginal delivery. After 3 months, echo-

cardiography was performed because of a heart murmer at routine pediatric check-up and 

revealed a mild pulmonary stenosis. At further examination the infant showed dysmorphic 

features susceptive for Noonan’s syndrome, including  low-set ears, hypertelorism, a short 

Figure 2: Case 2: Ultrasound images at 24 weeks’ 
gestation showing (A-B) a thickened nuchal skin fold 
(A, sagittal; B, transverse plane) and (C) a jugular lym-
phatic sac (*) (sagittal plane). The inner wall of the sac 
shows newly formed lymph tissue.

A

B C

*
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webbed neck and hypotonia. Physical examination of the lymph nodes revealed no abnor-

malities. DNA testing confirmed the PTPN11 gene mutation in the infant. Both parents tested 

negative for the mutation in the PTPN11 gene. 

Discussion

Noonan syndrome is a developmental disorder with a variable phenotype comprising typical 

facial changes, short stature and congenital heart defects1. Characteristic dysmorphias 

include hypertelorism, a downward eyeslant, epicanthic folds, low-set ears, a short webbed 

neck, a broad thorax and pectus carinatum/excavatum. Other manifestations are lymphatic 

dysplasias, testicular maldescent, deafness, hypotony, motor delay, mild mental retardation 

and a bleeding diathesis1,2.

Most cases of Noonan syndrome occur sporadically but it is autosomal dominant inherited 

in approximately 30-40% of the cases. In 50% of the patients with the clinical diagnosis of 

Noonan syndrome a mutation of the PTPN11 gene, also referred to as NS-1 gene, mapped on 

chromosome 12, can be detected. Recently, new mutations have been described2,3. 

With a reported incidence of 1 in 1000-1500 births, Noonan syndrome is one of the most 

common genetic diseases manifesting at birth1. The diagnosis is difficult and often recog-

nized late, presumably because of discrete dysmorphic changes at birth and heart defects 

that stay unnoticed until severe hemodynamic changes occur 4. A study of 151 cases of 

Noonan syndrome reports a mean age at diagnosis of 9.0 years5. In addition, there are no 

accurate ultrasonographic criteria for prenatal detection. 

Most of the ultrasonographic signs reported in Noonan syndrome are unspecific, like polyhy-

dramnios, renal pelvic dilatation, short femur length1,4,6. Heart anomalies are found in 70% 

of Noonan syndrome  patients, mostly pulmonary stenosis, atrial septum defects and hyper-

trophic obstructive cardiomyopathy. However, these types of cardiac anomalies are difficult 

to detect by ultrasound and often missed. Also, the obstructive cardiomyopathy is a progres-

sive disorder, which becomes more clear postnatally1,4.

Here, we report two fetuses of Noonan syndrome, which presented in the first trimester with 

increased NT and the bilateral presence of distended JLS, which persisted until the second 

trimester. The jugular lymphatic system is under normal circumstances indistinguishable by 

ultrasound7. A delayed or disturbed jugular lymphatic development leads to distension and 

subsequently the ultrasonographic appearance of the jugular sacs. The disrupted jugular lym-

phangiogenesis causes nuchal edema and was recently described as a common denominator 

in the pathophysiology of the increased NT8-10. After reorganization of the JLS into lymphatic 

nodes and connection to the venous system the fluid accumulation can drain away and the 

NT resolves7. 

In the majority of fetuses with nuchal edema the translucency and JLS resolve before the 

second trimester7,11,12. The persistence of nuchal translucency -in the second trimester 
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referred to as nuchal skin fold- is described in fetuses with aneuploidy, Noonan syndrome 

and some other rare syndromes13. We did not find other reports of persistent JLS beyond 

the second trimester. Nuchal fold and persistent JLS probably reflect a more severe lymphatic 

disturbance. Normal values for third trimester nuchal skin edema have not been reported. 

Persistent nuchal edema might be related to the webbed neck after birth in neonates with 

Noonan syndrome.

The prenatal reports of a disturbed lymphatic drainage in Noonan syndrome range from first 

trimester nuchal edema with enlarged JLS, cystic hygroma, hydrothorax to an even more 

generalized lymph edema1,3,6,14-16.  Yet, not all fetuses with Noonan syndrome endure a dis-

turbance of the lymphatic development1. Absence of lymph edema should therefore never 

exclude the diagnosis. 

In conclusion, prenatal ultrasound findings in Noonan syndrome are usually unspecific. 

However, in case of a persistent nuchal translucency and distended JLS until the second 

trimester in a fetus with a normal karyotype, the diagnosis of Noonan syndrome and sub-

sequent DNA testing should be considered.  Postnatal examination for dysmorphias and 

echocardiography is indicated in these cases. 
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Abstract

Increased nuchal translucency in the human fetus is associated with chromosomal abnormali-

ties, enlarged jugular lymphatic sacs, cardiac defects and changed flow through the ductus 

venosus. The developmental background of this nuchal edema in relation to the associated 

anomalies remains elusive. We studied the morphological correlation between neurogenesis 

and vasculogenesis in neck, heart, and ductus venosus region of wild type and trisomy 16 

mice embryos (E10- E18), using an antibody against Neural Cell Adhesion Molecule (NCAM). 

Trisomy 16 mice are a model for the above described human phenotype. From E12 trisomy 

16 mice showed an altered arrangement of cranial nerves IX, X and XI, which are positioned 

between the carotid artery, jugular vein and enlarged lymphatic sac. The vagal nerve was 

significantly smaller, compared to wild type embryos. NCAM was over expressed in both 

neuronal and cardiovascular structures in trisomy 16 mice, being particularly prominent in the 

4th and 6th pharyngeal arch arteries, and the ductus venosus. In the 4th and 6th pharyngeal 

arch arteries, NCAM over expression was located to the part of the vessel wall, that is closely 

related to the vagal and recurrent nerve. In case of 4th pharyngeal arch artery abnormalities 

NCAM expression, on the other hand, was reduced. In conclusion, the interaction between 

neurogenesis and vasculogenesis is disturbed in the trisomy 16 mouse model, and might 

be a common denominator in the spectrum of anomalies associated with increased nuchal 

translucency.
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Introduction

Ultrasonographic measurement of nuchal translucency (NT) in the human fetus at gestational 

age between 10 to 14 weeks is a common screening method to detect trisomy 21. Increased 

NT is associated with a spectrum of anomalies, including aneuploidy, isolated cardiac defects, 

and changed flow velocities through the ductus venosus1-3. 

The developmental background of increased NT and associated findings is still insufficient-

ly understood. Recently, a disturbed lymphangiogenesis has been suggested as a basis for 

the nuchal edema because of the concomitant abnormal enlargement and persistence of 

the jugular lymphatic sacs (JLS) in both human fetuses and mouse embryos with nuchal 

edema4,5. This theory explains both the regional accumulation of the fluid in the neck region 

and the temporary character of the NT enlargement. Other suggested theories, like tempo-

rary cardiac failure6-8 and the alteration of extracellular matrix components9-11, might be part 

of the causal pathway, but fail to completely elucidate this phenomenon. 

A study4 of trisomy 16 embryos showed that the endothelium of the enlarged JLS was abnor-

mally thickened, specifically at the lymphatic-venous membrane with the jugular vein. There 

was a very close correlation of nerves with the JLS and other vascular structures. A mutual 

influence of nerves and endothelium could play a role in the development of nuchal translu-

cency, since vessels and nerves are known to share many developmental genes12. 

The hypothesis for this study was that a disturbance in the interaction between neurogenesis 

and vasculogenesis is a common denominator in the spectrum of associated (lymphatic) 

vascular and cardiovascular abnormalities in fetuses with increased NT. 

Innervation and vascular morphology in neck, heart, and ductus venosus region of wild type 

and trisomy 16 mouse embryos were investigated. Trisomy 16 mice embryos have nuchal 

edema, enlarged JLS and cardiac defects. Also, the trisomy 16 mouse is proposed as an 

animal model for human trisomy 21 (Down syndrome) as the mouse chromosome 16 contains 

the syntenic region for the human chromosome band 21q2213. 

In this model we studied the expression of Neural Cell Adhesion Molecule (NCAM) because 

it has been described to be expressed both in nerves and the cardiovascular system14. NCAM 

is of special interest, as this protein is regulated by Runt-related gene-1 (RUNX1), which is 

described as triplicated gene in the trisomy 16  mouse and human trisomy 2115,16.

Methods

Embryos
Wild type and trisomy 16 mouse embryos from gestational age day 10 (E10) to E18 (Table 

1) were collected17. The study was approved by the Animal Care and Use Committee of St. 

George Hospital, London. The embryos were fixed in 4% paraformaldehyde at 4°C overnight. 

After dehydrating the embryos through an alcohol series to xylene, they were embedded in 
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paraffin and sectioned into serial sections of 5 µm (from E10 to E16 and E18) or 7 µm (E17). 

The subsequent sections were mounted on 5 different slides, so that 5 different staining 

procedures could be performed on subsequent sections of the same part of the embryo. The 

slides were dried at 37° C for at least 24 hours. 

Immunohistochemistry 
Consecutive transverse sections were stained with an NCAM antibody. The Neural Cell 

Adhesion Molecule (NCAM) is involved in cell-cell interactions between nerve cells. Using an 

antibody against NCAM (provided by S. Hoffman, Charleston, S.C., U.S.A.) in an immunohis-

tochemical staining is considered to stain all cells derived from neural tissue.

First, the slides were deparaffinated. Between all steps the slides were rinsed twice with 

phospate-buffered saline (PBS) and once with PBS/0.05%Tween unless indicated otherwise. 

Before the NCAM staining, the slides were microwave-processed by heating them 3 times for 

4 min to 99° C in a citric acid buffer (0.01 M in distilled water, pH= 6.0). Then the slides were 

rinsed twice with PBS and incubated for 15 min in a 0.3% H2O2 solution to block the endog-

enous peroxidase activity. Subsequently, the slides were incubated overnight with the specific 

antibody against NCAM. After that, the sections were incubated for 90 min with the second 

antibody, GAR-Ig. The third antibody used was R-PAP, with which the slides were incubated for 

90 min. Afterwards, the slides were rinsed twice with PBS and once with Tris/Maleate (pH 7.6). 

As chromogen, DAB (3-3’diaminobenzidin tetrahydrochloride) was used. A counter staining 

was performed by dipping the slides for 10 sec in Mayer’s haematoxylin. The slides were rinsed 

for 10 min in tap water, dehydrated to xylene and coated before attaching a cover slip.

Morphometric analysis
To study additional aspects of neurogenesis, the volume of the vagal nerve was measured 

in three wild type and three trisomy 16 mouse embryos of E14. Morphometry of the vagal 

nerve was performed because of its important role and localization in nuchal, heart and 

ductus venosus region. 

From each embryo, in 25 slides with an equal interval of 75 μm the surface of the vagal nerve 

was measured systematically, as proposed by Bouman et al.18. Also, in each slide the area of 

Table 1:  Number of mouse embryos examined per embryonic day

Embryonic day Wild type (no.) Trisomy 16 (no.)

10 3 2

11 2 1

12 3 2

13 2 1

14 4 3

15 2 3

16 1 2

17 2 1

18 1 1
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NCAM positivity in the vagal nerve was measured. The first slide was at the level of caudal 

end of the eye. The last slide was at the level of the ductus arteriosus. The exact position of 

the last slide differed slightly, according to the overall size of each embryo. The volume of 

the vagal nerve and of the NCAM expressing area were calculated by the method described 

by Cavalieri19. The same observer performed all measurements. Each measurement was 

repeated three times. The student’s t-test was used to compare the volumes. Significance 

was set on p < 0.05. 

Results

Neck region
Wild	type

At E10 no positive cells could be observed in NCAM stained sections. The glossopharyngeal 

nerve was first observed on E11 and was located laterally and dorsally to the location where 

the jugular sac appears later on. At this stage the cardinal veins and 3rd pharyngeal arteries 

could be observed. From E12 on, there was a grouping of the JLS, the jugular vein, the 

carotid artery and three cranial nerves (CN): CN IX (glossopharyngeal nerve), CN X (vagal 

nerve) and CN XI (accessory nerve). The carotid artery was positioned medially and ventrally 

to the jugular vein. The JLS was located lateral and dorsally. The cranial nerves lay grouped 

together between the jugular vein, carotid artery and JLS (Figure 1A). Continuing caudally, 

the position and size of the nerves alters slightly, but the relative position of one nerve to 

another remained constant. The JLS was crossed by three cervical nerves (cervical nerve III, 

IV and V).

Trisomy	16

At E10 and E11 there was no difference in NCAM staining or morphology compared to 

wild type embryos. At E12 the JLS was enlarged and in the nuchal region the mesenchyme 

was remarkably edematous, compared to the wild type embryos. From E12 on, a consistent 

grouping of JLS, carotid artery, jugular vein and cranial nerves was not present, in contrast to 

the wild type embryos. The structures were not located in any order. The cranial nerves were 

smaller and not in close proximity to one another (Figure 1B). The size of the nerves altered 

when followed caudally, as in the wild type.

Morphometric analysis of the vagal nerve revealed that the volume of the vagal nerve was 

significantly smaller in trisomy 16 mouse embryos (p= 0.028). The mean volume of the vagal 

nerve was 0.67 ± 0.10 mm3 in wild type and 0.35 ± 0.08 mm3 in trisomy 16 mouse embryos 

(Figure 1E). Furthermore, no difference in the volume of NCAM positive tissue (neural cells) 

compared to the volume of the NCAM negative tissue (nuclei and fibroblasts) in the vagal 

nerve, was found between wild type and trisomy 16 mice embryos. This indicates that we 

are dealing with an overall smaller nerve (Figure 1E). In addition, the immunostaining with 



80

Figure 1. Transverse sections of the neck region of wild type (WT) and trisomy 16 (T16) mice at E14; stained 
for NCAM. (A) Grouping of cranial nerves IX, X and XI between carotid artery (A), jugular vein (V) and jugular 
lymphatic sac (JLS) in a WT mouse. (B) Different position of cranial nerves between carotid artery, jugular vein 
and enlarged jugular lymphatic sac in a T16 mouse, at a comparable level as A; note the small size of the NX. (C) 
Detail of the NX (adjacent section of A). (D) Detail of the NX (adjacent section of B). The NX is smaller and has 
an increased NCAM staining. Note the similar distribution of  NCAM positivity and negativity. (E) Morphometric 
analysis of the volume of the NX (left) and the ratio of the volume of NCAM positivity/negativity (right) between 
3 WT and 3 T16 mice. The vagal was significantly smaller ( p< 0.05) in trisomy 16 mice. Abbreviations: N X vagal 
nerve; N IX glossopharyngeal nerve; N XI accessory nerve. Bars: (A,B) 250 μm; (C,D) 25 μm.
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NCAM did not allow identification of the precise anatomical components of the nerve as 

both neuronal cells, e.g. axons, and glial cells are NCAM positive. 

The smaller nerves in the trisomy 16 embryos seemed to be more positive for NCAM, 

compared to normal littermates (Figure 1C,D), but we could not substantiate this morpho-

metrically. In the trisomy 16 embryos a larger number of the cervical nerves (cervical nerves I 

to V) passed through the enlarged JLS.

Figure 2. Transverse sections of the aortic arch (AoA) region wild type (WT) and trisomy 16 (T16) mice at E14; 
stained for NCAM or HE. (A-D): Schematic outline of normal PAA configuration (A-B), hypoplastic left (C) and 
interrupted left 4th  PAA (D). Colors refer to distinct embryonic origins. (E,I) Left 4th PAA of a WT mouse with 
NCAM expression in the adventitia with extension into the media in close proximity to the vagal nerve (NX) and 
recurrent nerve (RN) (F,J) Left 4th PAA of a T16 mouse with a more intense and widespread vascular NCAM 
expression into the media, in the similar specific region as in WT. (G,K) Diminished NCAM expression in the 
vessel wall of a hypoplastic 4th PAA with an atretic end in a T16 mouse. The arrow (K) indicates the part of the 
vessel reflecting the 4th PAA. The transsection is made just on the border between the ductus arteriosus and the 
atretic end. (H,L) Solely NCAM expression in the NX in a T16 mouse with an interrupted 4th  PAA. The arrow is 
indicating, where the 4th  PAA should have been positioned. Abbreviations: RSA/ LSA right/left subclavian artery; 
RCA/LCA right/ left carotid artery; DAo dorsal aorta; γ  γ-segment. Bars: (E-H) 250 μm and (I-P) 50 μm. 
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Figure 3 Transverse sections of the aortic arch (AoA) region of wild type (WT) and trisomy 16 (T16) mice at 
E14; stained for NCAM. (A-C) Schematic outline of normal (A-B) PAA configuration and interrupted right 4th  

PAA (C). Colors refer to distinct embryonic origins. (D,G) Right 4th PAA with NCAM expression in the adventitia 
with extension to the media in close proximity to the vagal (NX) and recurrent nerve (RN). (E,H) Right 4th PAA 
of a T16 mouse with a more intense and widespread vascular NCAM expression into the media, in the similar 
specific region as in WT. (F,I) Aberrant subclavian artery (ASA) and persistent right dorsal aorta (α-segment) 
in T16 mouse ( schematic outline C); the right 4th is interrupted an no NCAM can be found for the remaining 
vascular structures. Abbreviations: RSA/ LSA right/left subclavian artery; RCA/LCA right/ left carotid artery; Bars: 
(D-F) 250 μm and (G-I) 50 μm.
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Figure 4. Transverse sections of the outflow tract of wild type (WT) and trisomy 16 (T16) mice at E14 showing 
6th PAA (VI), pulmonary trunk (PT) and aorta (Ao). (A-B) WT mouse with normal vascular NCAM expression in 
the vessel wall of the 6th PAA in close proximity of vagal (NX) and recurrent nerve (RN). (C) The pulmonary valve 
(PV) is slightly NCAM positive, with more positivity in underlying myocardial cuff (M). The trans section is made 
just above aortico-pulmonary septum. (D-E) T16 mouse with increased vascular NCAM expression in the vessel 
wall of 6th PAA compared to WT, in the similar specific region. (F) Dysplastic PV with high NCAM staining in 
valve leaflets and underlying myocardial cuff. Bars: (A,D) 250 μm and (B-C,	E-F) 50 μm.

Aortic arch and heart region
Wild	type

From E12 on there was prominent NCAM expression in both 4th and 6th (left) pharyngeal 

arch arteries (PAA). In both 4th PAA NCAM was expressed in the adventitia with extension 

towards the outer media, in a specific region in close proximity to the vagal and the recur-

rent nerve (Fig. 2E,I and 3D,G). The 6th PAA stained positive in a small and specific region in 

the media on both sides of the vessel wall, which was also located in close apposition to the 

vagal and the recurrent nerve (Fig. 4A,B).  

The semilunar valves and the underlying myocardial cuff were positive for NCAM on E12-14 

and became more negative in older embryos (E15-E18) (Fig. 4C). The aortico-pulmonary 

septum was positive (E12-E18). The atrioventricular cushion tissue was positive on E12. From 
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E13 onwards the attachment of the atrioventricular valves to the myocardium was positive. 

The interventricular septum and remaining myocardium were negative (data not shown).

Trisomy	16

All trisomy 16 embryos showed septal defects ranging from complete atrioventricular septal 

defects to subaortic ventricular septal defects. A number of the trisomy 16 mouse embryos 

(9/16) showed a variable degree of 4th PAA defects including hypoplasia, atresia and inter-

ruption. An interrupted right 4th PAA was accompanied by a persistence of the right dorsal 

aorta (alpha segment) and an aberrant subclavian artery. A cervical aortic arch was combined 

with interruption of the left fourth PAA. The combination of an aberrant subclavian artery or 

cervical aortic arch with interruption of the right or left 4th PAA respectively, was observed 

in several embryos.

These 4th PAA malformations coincided with outflow tract anomalies as double outlet right 

ventricle. The atrioventricular valves were dysplastic in some of the embryos. Septal and PAA 

defects were observed from E13 onwards. 

A strong over expression of NCAM was observed in both 4th and 6th PAA in trisomy 16 

embryos with normal PAA. The specific NCAM expressing region in the 4th PAA, in proximity 

to the vagal and recurrent nerve, was similar as in wild type littermates but a larger area and 

higher intensity of staining in the tunica media was observed (Fig. 2F,J and Fig. 3E,H). The 

ductus arteriosus (left 6th PAA) was extremely positive and the expression area was broader 

as compared to the wild type (Fig. 4D,E). 

Trisomy 16 embryos with 4th PAA defects showed a different NCAM expression pattern. 

Those with a hypoplastic 4th PAA showed a small number of NCAM expressing cells in the 

adventitia (Fig. 2G,K). In a case with an absent 4th arch artery no NCAM expression was 

observed (Fig. 2H,L and Fig. 3F,I). 

The aortico-pulmonary septum and commissures of the aortic and pulmonary valves, stained 

more intense with NCAM compared to the wild type embryos and over a larger area (Fig 4F). 

In embryos demonstrating dysplastic valves the commissures and wall of the valves became 

Figure 5. Tranverse sections of the ductus venosus (DV) of wild type (WT) and trisomy 16 (T16) mice. (A) NCAM 
positivity in the endothelial and (sub)endothelial (arrow) layer of the ductus venosus. (B) Increased NCAM posi-
tivity in the (sub)endothelium (arrow) of the ductus venosus, compared to WT. Bars: (A,B) 100 μm.
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even more positive. The atrioventricular valves and myocardial connection sites, as well as the 

interventricular septum, did not differ from the wild type embryos (data not shown).

Ductus venosus region
Wild	type

From E12 onwards the (sub)endothelial layer of the ductus venosus was slightly NCAM 

positive (Fig. 5A). This positivity persisted until the connection of the ductus venosus with the 

inferior caval vein was made. The proximal part of the ductus venosus, the smooth muscle 

cell sphincter part of the vessel, was also NCAM positive. The inferior caval vein was negative 

for NCAM. 

Trisomy	16	

The vessel wall of the ductus venosus showed a different expression pattern of NCAM as 

well as altered morphology. The ductus venosus wall was thickened and there was greater 

NCAM expression in the (sub)endothelium (Fig 5B). Similar as in wild type, this positivity per-

sisted until the connection of the ductus venosus with the inferior caval vein was made. The 

sphincter part of the ducts venosus also showed high NCAM expression. The inferior caval 

vein was negative for NCAM.  

Discussion

In the present study trisomy 16 mice embryos were investigated as animal model for the 

human fetus with increased NT. The hypothesis was tested that a disturbance in neuronal 

and vascular development is a common denominator in the (lymphatic) vascular and cardio-

vascular abnormalities in fetuses with increased NT.

Figure 6. Schematic model of NCAM  expression and function in trisomy 16 mice embryos
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Increased NT in the human fetus is associated with trisomy 21 and other aneuploidies, 

structural defects, mainly cardiovascular defects, enlarged JLS and alterations in the ductus 

venosus flow velocity1-3. Trisomy 16 mice were studied as they have nuchal edema, enlarged 

JLS and cardiac defects4. Also, the mouse chromosome 16 contains the syntenic region for 

the human chromosome band 21q2213. 

Our study demonstrates an increased NCAM expression in trisomy 16 mouse embryos, which 

was linked to both neurogenesis and vasculogenesis (Figure 6). NCAM is a cell adhesion 

molecule, which affects neural crest cell migration, neuronal fasciculation, neuronal differen-

tiation, and axon guidance20-22. In our mouse model we found an upregulation of NCAM in 

the vagal nerve, the vagal nerve-associated vessel wall of the 4th and 6th PAA and the ductus 

venosus. Interestingly, NCAM is upregulated by RUNX1, which is expressed on the critical 

triplicated region of human chromosome 21 and mouse chromosome 1615,16,23. This could 

explain the NCAM overexpression seen in the trisomy 16 embryos. 

Furthermore, the fact that the NCAM over expression was clearly present in both neck, 

heart and ductus venosus region was remarkable, because all of these regions are described 

to be of importance in the pathophysiology of increased nuchal translucency in the human 

fetus5,24. No morphological alterations linking these regions have been reported before. 

The cranial nerves X, IX and XI were smaller in trisomy 16 embryos and the NCAM positivity 

in the nerve was increased. This indicates that the development of the nerves is disturbed. 

We postulate that an altered neurogenesis in the cranial nerves could influence the differ-

entiation of the (lymphatic) vascular endothelium of the JLS and jugular vein, and causes 

enlargement of the JLS. Genes of interest involved in such an interaction between nerves 

and endothelial differentiation are Neuropilin-1 (NP-1) and NP-2. These genes are known to 

mediate axonal guidance in the developing nervous system, but recently they are also found 

to play a role in angiogenesis25.  

The abnormal arrangement of the cranial nerves in the neck region of trisomy 16 embryos 

seems to be caused by the mechanics of the enlarged jugular sac, since abnormal expansion 

of the JLS displaces the surrounding structures. As a consequence, the abnormal grouping 

of these nerves might influence the function of the structures, which they innervate.  In 

addition, the JLS occupies a larger area in the neck region. As a result more subsequent 

cervical nerves cross the jugular sac.

Furthermore, the vessel wall of the 4th and 6th PAA of the trisomy 16 embryos clearly showed 

upregulation of NCAM. In the vessel wall NCAM is most likely involved in vasculogenesis. The 

expression and possible role of NCAM in the vessel wall, in the homing of neural crest cells, 

has been described before26-28. NCAM is reported to diminish after neural crest cells have 

ceased migration22. Migration of cardiac neural crest cells is needed for normal cardiovascu-

lar development. The pathomorphological role of a disturbed migration of neural crest cells 

in the development of PAA and outflow tract anomalies is generally accepted29-31. However, 

as all aortic arch segments contain smooth muscle cells derived from the neural crest there 

may be a different explanation for the specific increased expression of NCAM in the fourth 

and sixth arch segment. We postulate a role as homing molecule for the vagal nerve derived 
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neuronal fibers that are specifically present in these vessel segments, which are in close 

apposition to the vagal and recurrent nerve. 

Opposite to the NCAM upregulation observed in the normal PAA of the trisomy 16 embryos, 

the defected left and right 4th PAA of the trisomy 16 embryos showed a diminished or lack of 

NCAM expression. This indicates a disturbed migration of neural crest cells. A relation between 

a reduced NCAM expression and defected neural crest cell migration has been reported before 

in the Tgfβ2	-/-	mouse, which is a mouse model for 4th PAA defects. The Tgfβ2	-/-	mouse model 

also showed a reduced NCAM expression in the similar specific region in the vessel wall of the 

abnormal 4th PAA, in proximity to vagal and recurrent nerve, as in our trisomy 16 embryos32. 

Interestingly, TGFβ2 directly upregulates NCAM 33. In case of PAA defects, a diminished expres-

sion of TGFβ2 could therefore be involved in a downregulation of NCAM. In addition, TGFβ2 

mediated SMAD-signalling is described to upregulate RUNX134,35. 

Thus, we hypothesize that an increased NCAM expression in trisomy 16 embryos is related to 

upregulation by RUNX1 which is present on the triplicated region, whereas a reduced NCAM 

expression coincided with PAA defects. The mechanism that leads to a reduced NCAM 

expression in PAA defects in our model needs further investigation. It might be related to 

TGFβ2, which itself up regulates both NCAM and RUNX. Nonetheless, the diminished NCAM 

expression indicates a disturbed neural crest development. The involvement of neural crest 

cells can also be deduced from the diminished size of the cranial nerves, as the proximal 

ganglia of cranial nerves IX and X are derived from cardiac neural crest36,37. A disturbed 

development and smaller size of the cranial nerves are also found in other mouse and rat 

models associated with an impaired neural crest development38,39. Furthermore, perturba-

tion of the neural crest cell development has been proposed in the pathomorphogenesis of 

several abnormalities associated with Down syndrome; such as PAA defects, cardiac defects 

and a number of facial and neck abnormalities36. 

In the human fetus with increased nuchal translucency a variable degree of cardiac defects 

are seen. The most common defects are septal defects and some fetuses also show minor or 

major outflow tract and aortic arch anomalies40. The PAA defects seen in a number of the 

trisomy 16 mice therefore present the severe end of the phenotype of cardiac defects associ-

ated with increased nuchal translucency in human fetuses. 

The upregulation of NCAM in the vessel wall of the ductus venosus and thickening of this 

wall, could be related to the changed ductus venosus flow velocities in human fetuses with 

increased nuchal translucency. These fetuses present with altered ductus venosus flow veloci-

ties regardless of having a cardiac defect24. No theory has explained this phenomenon of 

altered ductus venosus flow velocity yet. The ductus venosus sphincter contains neural crest 

derived adrenergic nerves, causing contraction and relaxation, which could influence the 

blood flow41. The relation between changes of the ductus venosus flow velocity and innerva-

tion of the smooth muscle cell layer of the sphincter part has been suggested earlier42. The 

NCAM upregulation in the ductus venosus was not linked to a specific cardiac morphology 

in our trisomy 16 mouse model. A similar upregulation in human fetuses could make a mor-

phological contribution to the alterations in blood flow through the ductus venosus. This is in 
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agreement with the findings in human fetuses that altered ductus venosus flow velocity can 

not be attributed to altered intracardiac flow velocity nor a specific cardiac morphology in 

fetuses with increased nuchal translucency43. No other morphological studies of the ductus 

venosus in relation to nuchal edema have been performed so far.

In conclusion, this study shows that trisomy 16 embryos have increased NCAM expression in 

the neck, heart and ductus venosus region, which was linked to both neuronal and vascular 

development. These findings indicate that a disturbed interaction between neural crest 

development and endothelial differentiation could be a common denominator in the differ-

ent anomalies seen in human fetuses with increased NT.

Overexpression of RUNX1 could explain NCAM overexpression in trisomy 16 mice and human 

fetuses with trisomy 21. Nevertheless, increased NT in the human fetus is also associated 

with other aneuploidies, such as trisomy 13, trisomy 18 and Turner syndrome, and occurs in 

cases of normal karyotype1. It remains to be investigated whether these fetuses also have a 

disturbed neuronal and vascular development. 

We postulate that disturbance of a common developmental process, like neural crest 

and vascular endothelial development, is responsible for increased NT and the associated 

spectrum of anomalies. Several genetic origins and environmental influences can lead to 

a disturbance of this process at different times in development. This could also explain the 

variety and severity of anomalies in fetuses with nuchal edema. 

In the end, morphological data in human fetuses with increased NT should, therefore, be 

compared to our findings in the trisomy 16 mouse model.
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Abstract

Objective: Nuchal edema (NE) is a clinical indicator for aneuploidy, cardiovascular anomalies 

and several genetic syndromes. Its etiology, however, is unknown. In the nuchal area the 

endothelium of the jugular lymphatic sacs develops by budding from the blood vascular 

endothelium of the cardinal veins. Abnormal distension of the jugular sacs is associated with 

NE. We hypothesize that a disturbed lymphatic endothelial differentiation and sac formation 

causes nuchal edema. We investigated endothelial differentiation of the jugular lymphatic 

system in human and mouse species with NE. 

Methods: Aneuploid human fetuses (trisomy 21; trisomy18) were compared with euploid 

controls (gestational age 12-18 weeks). Trisomy 16 mouse embryos were compared with 

wild type controls (embryonic day 10-18). Trisomy 16 mice are considered an animal model 

for human trisomy 21. Endothelial differentiation was investigated by immunohistochemistry 

using lymphatic markers (prox-1, podoplanin, lymphatic vessel endothelial hyaluronan receptor 

(LYVE)-1) en blood vessel markers (neuropilin (NP)-1 and ligand vascular endothelial growth 

factor (VEGF)-A). Smooth muscle actin was included as a smooth muscle cell marker.

Results: We report a disturbed venous-lymphatic phenotype in aneuploid human fetuses 

and mouse embryos with enlarged jugular sacs and NE. Our results show absent or dimin-

ished expression of the lymphatic markers Prox-1 and podoplanin in the enlarged jugular 

sac, while LYVE-1 expression was normal. Additionally, the enlarged jugular lymphatic sacs 

showed blood vessel characteristics, including increased NP-1 and VEGF-A expression. The 

lumen contained blood cells and smooth muscle cells lined the wall. 

Conclusion: A loss of lymphatic identity seems to be the underlying cause for clinical NE. 

Also, abnormal endothelial differentiation provides a link to the cardiovascular anomalies 

associated with NE.

94
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Introduction

The lymphatic endothelial cells (LEC) in the neck bud from the anterior cardinal veins, forming 

the jugular lymphatic sacs (JLS). The bilateral peripheral lymphatic system then develops by 

sprouting from the JLS into the surrounding tissues1,2. 

The process of budding and differentiating of a subpopulation of cardinal vein derived primi-

tive blood vascular endothelial cells (BEC) into LEC, is controlled by the homeobox gene 

Prox-1 2. Prox-1 promotes the expression of LEC-specific genes, including podoplanin, vascular 

endothelial growth factor receptor receptor-3 (VEGFR-3) and suppresses the expression of 

BEC-specific genes, such as Neuropilin-1 (NP-1) and VEGFR-23.

Abnormal persistence and enlargement of the JLS coincides with nuchal edema (NE), and 

has been described in both human fetuses and trisomy 16 mouse embryos4-6. NE in human 

fetuses is associated with aneuploidy, such as trisomy 13, 18 and 21, Turner syndrome, 

several structural, mainly isolated cardiovascular, defects, and various genetic syndromes6. 

The trisomy 16 mouse is considered an animal model for human trisomy 21 as the mouse 

chromosome 16 contains the syntenic region for the human chromosome band 21q227. In 

these mice with NE, the reorganization of the JLS into lymph nodes is diminished5. Although 

NE, clinically referred to as nuchal translucency, assessment by ultrasound in the first-tri-

mester of pregnancy is a common used screening method, the pathogenetic mechanisms 

underlying this phenomenon are unknown.

We hypothesize that a disturbed lymphatic endothelial differentiation and sac formation 

causes nuchal edema. Impaired signaling of Prox-1, which is considered a master control 

gene in LEC differentiation, and subsequent altered expression levels of its target genes 

could be part of this process. 

Podoplanin is normally involved in lymphatic cell adhesion, migration and tube formation8. 

The VEGF family, including VEGF-A, placental growth factor, VEGF-B, VEGF-C and VEGF-D, 

is a key modulator of angiogenesis and lymphangiogenesis. VEGF-C and VEGF-D have been 

shown to induce lymphangiogenesis through their receptor VEGFR-39,10. VEGF-A primarily 

induces angiogenesis through its receptors, VEGFR-1 and VEGFR-2, and co-receptors NP-1 

and neuropilin-2 (NP-2)11. Overexpression of VEGF-A leads to hypervascularization, increased 

vascular permeability and edema12,13. Furthermore, VEGF-A has been shown to induce lym-

phangiogenesis as well14. NP-1 and NP-2 have been described as being specifically expressed 

in arteries and veins, respectively15.

Here we have evaluated these specific LEC and BEC specific markers in trisomy 16 mice and 

human aneuploid fetuses (trisomy 21 and trisomy18) with NE and enlarged JLS. Lymphatic 

vessel endothelial hyaluronan receptor-1 (LYVE-1) was included as additional LEC marker and 

smooth muscle actin (SMA) as marker for smooth muscle cell differentiation. 
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Methods

Mouse embryos
Wild type (WT) mouse embryos from embryonic day 10 (E10) to E18, were compared with 

trisomy 16 mouse embryos (n=22) of a similar age range. Generation and genotyping have 

been described previously16. The committee for animal experiments of St. George Hospital 

Medical School approved the study. The embryos were fixed in 4% paraformaldehyde at 4°C 

overnight. After dehydrating the embryos through an ethanol series to xylene, the whole 

mouse embryos were embedded in paraffin and sectioned into serial transverse slices of 5 

µm.  The neck region of the mouse embryos was analyzed from the cranial to the caudal end 

of the JLS. 

Human fetuses
The medical ethical committee of the VU University Medical Center approved the study. All 

patients received information and gave written informed consent. Fetal tissue was obtained 

after termination of pregnancy or spontaneous miscarriage. Termination of the pregnancy 

was performed at request of the parents for medical or psychosocial reasons, either by an 

operative or a misoproston procedure. The fetal neck was removed from below eye level to 

diaphragm level. 

The fetal tissue was fixed in 4% paraformaldehyde, embedded in paraffin and transversely 

sectioned into serial sections of 8 µm. The neck region of the human fetuses was analyzed 

from the cranial to the caudal end of the JLS. 

 Characteristics of the human fetuses included in the study are listed in table 1. All fetuses 

were prenatally examined by ultrasound and diagnosed with normal or increased nuchal 

translucency, referred to in this study as NE. The fetuses were karyotyped by chorion villus 

sampling or amniocentesis. 

Antibodies and staining procedures 
We used antibodies against LYVE-117, Prox-1 (Relia-Tech), podoplanin8, NP-1 (Santa Cruz Bio-

technology), NP-2 (Santa Cruz Biotechnology), VEGF-A (Santa Cruz Biotechnology), VEGF-C 

(Santa Cruz Biotechnology) and alpha SMA (Sigma-Aldrich).

The sections for different staining procedures were incubated for 20 minutes in a solution 

of 0.3% H2O2 to inhibit the endogenous peroxidase. In case of Prox-1, podoplanin and NP-2 

staining the sections were previously incubated for 12 minutes in 0,01 M Citric buffer of pH 

6,0 in the microwave at a temperature of 97 ºC. After incubation, all sections were rinsed 

consecutively in PBS, PBS and PBS/0,05% Tween. Subsequently, they were incubated over-

night with the first specific antibody. Next day rinsing was performed serially in PBS, PBS and 

PBS/0,05% Tween, followed by incubation of the sections during 40 minutes with the second 

antibody. This second antibody differed per staining procedure. For Prox-1, LYVE-1, NP-2 and 

VEGF-A this was a biotinylated goat to rabbit antibody, for Podoplanin a biotinylated horse to 

mouse antibody, for NP-1 a biotinylated rabbit to goat-biotin antibody and for SMA a horse-
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radish peroxidase-conjugated rabbit to mouse antibody. In case of LYVE-1 a third incubating 

step was performed with rabbit peroxidase–anti peroxidase complex (R/PAP), with which the 

slides were incubated for 90 min. Thereafter, rinsing in PBS, PBS and PBS/0,05% Tween, took 

place. All sections, except those following the staining procedure against LYVE-1 and SMA, 

were incubated with ABC-reagents (Vector) for 40 minutes. All sections were rinsed con-

secutively with PBS, PBS and tris/maleate pH 7,6, followed by a 10 minute incubation period 

with 3-3’diaminobenzidin tetrahydrochlorid (DAB) for visualisation. Finally the sections were 

counterstained with haematoxylin (Sigma-Aldrich) for 10 seconds, rinsed for 10 minutes in 

tap water and dehydrated to xylene. The sections were mounted with Entellan (Merck).  

Results

Mouse embryos 
General	nuchal	morphology. Trisomy 16 mouse embryos with NE were compared WT litter-

mates. At E11, the first indication of the development of the JLS was the formation of small 

vessels adjacent to the cardinal vein. The part of the endothelium of the cardinal vein closest to 

these lymphatic sprouts is the budding site of the vessel wall2. From E12 onwards the JLS was 

located laterally and caudally to the jugular vein (formerly the cardinal vein) and carotid artery in 

all embryos. Lymph node formation in close apposition to the wall of the JLS, was first observed 

in the WT embryos at E15. Thereafter, the volume of the sacs decreased. At E18 the sacs had 

almost disappeared and were reorganized into lymph node tissue in the WT embryos. 

As described previously5, the JLS of the NE embryos was enlarged, as compared to WT 

(Figure 1a,g), and remained present until E18. The JLS contained blood cells in 6/18 embryos 

examined at stages E12-E18. The start of lymph node formation was first seen at E15 like in 

WT embryos, but the amount of recognizable lymph node tissue in the JLS was diminished 

in the NE embryos. 

Blood	vascular	endothelium. The BEC of WT and NE embryos showed similar staining patterns 

with all our markers. The BEC of the arteries and veins were negative for the lymphatic 

marker VEGF-C in all embryos. At E11-12 the cardinal and jugular veins showed positivity for 

endothelial LYVE-1, Prox-1 and podoplanin at the site of budding of the LEC. From E14.5 on 

the jugular vein was negative for LYVE-1, Prox-1 and podoplanin. Other veins and arteries 

were also negative for these markers at all embryonic stages. NP-1 staining was negative 

in veins and positive in the carotid artery and small subcutaneous arteries. Conversely, NP-2 

staining was positive in veins and negative in arteries. VEGF-A was not observed in the BEC 

of the embryos. The smooth muscle cells of the carotid artery showed some VEGF-A positiv-

ity. SMA was positive in smooth muscle cells surrounding the endothelium of arteries (four 

cell layers) and veins (one cell layer). 

Lymphatic	vascular	endothelium. From E11 onwards, the LEC of WT embryos stained clearly 

positive for Prox-1 (Figure 1b), podoplanin (Figure 1c) and LYVE-1 (data not shown), whereas 
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the endothelium showed no or only slight positivity for NP-1 (Figure 1d), VEGF-A (Figure 1e), 

VEGF-C and NP-2 (data not shown). No SMA was observed in the region surrounding the JLS 

(Figure 1f).

The LEC of the NE mice showed markedly diminished Prox-1 (Figure 1h) and diminished or 

even absent podoplanin protein expression (E11-18) (Figure 1i). LYVE-1 expression, however, 

Figure 1 Immunohistochemical analysis 
of jugular lymphatic sacs (jls), posi-
tioned next to the jugular vein (v). (a) 
Transverse section of the neck of a wild 
type mouse embryo at E13 with normal 
nuchal skin (control) and podoplanin 
staining in the JLS. (b-f) Magnification 
of consecutive sections of the boxed 
area in (a) showing the staining results 
of the lymphatic endothelium with dif-
ferent antibodies: positive Prox-1 (b) 
and podoplanin (c) staining; negative 
NP-1 (d), VEGF-A (e) and SMA (f) 
staining. (g) Transverse section of the 
neck of  a trisomy 16 mouse embryo 
at E13 with nuchal edema (NE) and a 
diminished podoplanin staining in the 
enlarged JLS. (h-l) Magnification of 
consecutive sections of the boxed area 
in (g) showing the staining results of 
the lymphatic endothelium with differ-
ent antibodies: diminished Prox-1 (h) 
and podoplanin (i) staining; increased 
staining of NP-1 (j) and VEGF-A (k); SMA 
positive cells are present in the suben-
dothelial lining of the JLS (l). Scale bars: 
(a,g) 250 μm; (b-f,h-l) 50 μm.
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was similar as in WT embryos (data not shown). Furthermore, a strong and overlapping 

expression of NP-1 and VEGF-A (Figure 1j,k) was observed in the LEC of the JLS, in contrast to 

the WT embryos (E12-18). Unlike WT embryos, smooth muscle cells, positive for SMA, were 

observed in the subendothelial lining of the JLS of NE embryos (E13-E18) (Figure 1l). No dif-

ference in LYVE-1, VEGF-C and NP-2 staining was observed between NE and WT mice (data 

not shown). 

Human fetuses  
General	 nuchal	 morphology. Fetuses with NE (n=9) were compared with controls (n=3) 

(Table 1). Fetuses with NE included fetuses with trisomy 21 (n=7) and trisomy 18 (n=2). All 

fetuses with NE showed enlarged JLS, in contrast to controls. The size of the JLS differed but 

was maximal at 13-15 weeks gestational age (GA). Both normal (GA 12, 14 weeks) and NE 

fetuses (GA 13-18 weeks) showed lymph node tissue in close apposition to the wall of the JLS 

indicating reorganization of the JLS into lymph nodes. In the control fetuses of GA 14 weeks 

the reorganization was almost completed (Figure 2a and 3a). In contrast there was still a JLS 

present at GA 14-18 weeks in the fetuses with NE (Figure 2b and 3b). Blood cells were dem-

onstrated in the JLS of the 3/9 NE fetuses (Figure 2b and 3g).

Blood	vascular	endothelium. The BEC of veins and arteries were negative for VEGF-C, LYVE-1 

and podoplanin both in controls and in fetuses with NE. NP-1 was present in arteries and not 

present in veins. Conversely, NP-2 was present in veins and not present in arteries. VEGF-A 

staining was negative in arteries and veins in all fetuses. SMA was positive in smooth muscle 

cells surrounding the endothelium of arteries and veins, as in the mouse embryos. There was 

no difference in the staining intensity between control and NE fetuses. 

Lymphatic	vascular	endothelium. The LEC of the JLS were clearly positive for LYVE-1, Prox-1 

(Figure 3b) and podoplanin (Figure 3c), whereas the endothelium was negative or slightly 

positive for NP-1 (Figure 3d), VEGF-A (Figure 3e), VEGF-C and NP-2 (data not shown). No 

SMA positive cells were observed surrounding the LEC of the JLS (Figure 3a,f).

In contrast to the LEC of control fetuses, Prox-1 was diminished (n=9) (Figure 3h) and podo-

planin protein expression was absent (n=7) (Figure 3i) in the largest JLS or diminished (n=2) 

Table 1: Overview of the human fetuses included in the study

Human Fetus Gestational Age (wks) N Karyotype

Control 12 1 Normal

14 2 Normal

Nuchal edema 13 1 Trisomy 21

14 2 Trisomy 21

15 1 Trisomy 21

1 Trisomy 18

16 1 Trisomy 21

1 Trisomy18

17 1 Trisomy 21

18 1 Trisomy 21
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in the somewhat smaller JLS of NE fetuses, while LYVE-1 expression was not affected (data 

not shown). The NP-1 and VEGF-A protein expression was increased compared to controls, 

at overlapping sites of the endothelial lining of the JLS (Figure 3j,k). In addition, strong SMA 

positivity was observed in the smooth muscle cell layer surrounding the JLS, similar to NE 

mice embryos (Figure 3g,l). No difference in VEGF-C and NP-2 staining between NE and 

control fetuses was observed (data not shown). 

Within the examined fetuses with nuchal edema we did not observe differences in staining 

between trisomy 21 and trisomy 18. 

In conclusion, the same aberrant pattern of staining was seen in the LEC of both human 

fetuses and mouse embryos with NE, as compared controls (summarized in Table 2). The 

staining profile of BEC, on the other hand, was the same in human fetuses and mouse 

embryos, both with and without NE.

Figure 2 Transverse sections of the neck of a 
human fetus with normal nuchal skin (control) 
and a trisomy 21 human fetus with nuchal 
edema (NE) at 14 weeks of gestation, stained 
with haematoxylin-eosin (HE). (a) The reorgani-
zation of the jugular lymphatic sac (jls) into 
lymph node (ln) tissue is almost completed in the 
control fetus. Next tot the lymph node tissue are 
some remnants of the JLS visible. (b) The JLS of 
the NE fetus is still present and contains blood 
(arrow). Some lymph node tissue is present in 
the corners of the JLS.  In both control (a) and 
NE fetus (b) the JLS is located in close apposi-
tion to the jugular vein (v), carotid artery (a) and 
vagal nerve (NX). Scale bars: (a-b) 250 μm
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Figure 3 Immunohistochemical analysis of jugular 
lymphatic sacs (JLS). (a) Transverse section of the 
neck of a human fetus at GA 14 weeks with normal 
nuchal skin (control) and JLS (jls). The JLS is filled with 
lymph node (ln) tissue. SMA positive smooth muscle 
cells are present in the wall of the carotid artery (a) 
and jugular vein (v). (b-f) Magnification of consecu-
tive sections of the boxed area in (a) showing the 
staining results of the lymphatic endothelium with 
different antibodies: positive Prox-1 (b) and podo-
planin (c) staining; negative NP-1 (d), VEGF-A (e) and 
SMA (f) staining. (g) Transverse section of the neck 
of  a human trisomy 21 fetus at GA 14 weeks with 
nuchal edema (NE). Smooth muscle cells, positive for 
SMA, are in the wall of carotid artery and jugular vein 
and in the subendothelial lining of the JLS. The JLS is 
enlarged and contains blood (gray). A small amount 
of lymph node tissue is present in the JLS. (h-l) Mag-
nification of consecutive sections of the boxed area 
in (g) showing the staining results of the lymphatic 
endothelium with different antibodies: diminished 
Prox-1 (h) and podoplanin (i) staining; increased 
staining of NP-1 (j) and VEGF-A (k); SMA positive cells 
are present in the subendothelial lining of the JLS (l). 
Scale bars: (a,g) 500 μm; (b-f,h-l) 50 μm.

Discussion

This study defines the phenotype of disturbed lymphatic vasculature in mouse embryos and 

human fetuses with NE and enlarged JLS. We demonstrated absent or strongly diminished 

Prox-1 and podoplanin expression in the LEC of the JLS, while the lymphatic marker LYVE-

1 was still present. The abnormal JLS therefore exhibited a loss of lymphatic identity. The 

resulting vessel wall showed, in contrast to a normal JLS, arterial (VEGF-A and NP-1) and 
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venous (a layer of smooth muscle cells) characteristics. The blood vessel identity was also 

confirmed by the presence of red blood cells, which are under normal circumstances absent 

in lymphatic vessels (Figure 4). 

Our findings of Prox-1 expression in WT mice confirms previous studies, which have identi-

fied Prox-1 as master control gene for induction of the lymphatic development2,3. In the 

severely edematic Prox-1 -/- mice lymphatic sprout formation from the anterior cardinal vein 

is arrested at E11. The mouse embryos and interestingly also the human fetuses with NE in 

our study differ, however, from the Prox-1 -/- mice in that JLS formation is present, although 

with abnormal LEC differentiation and with a distended state of the JLS. It can, therefore, 

be concluded that either absence of JLS formation or distension of JLS, as a consequence of 

either absent or diminished Prox-1 expression, can lead to NE. 

It has been reported that Prox-1 upregulates the expression of the lymphatic-endothelial cell 

specific markers podoplanin-1, VEGFR-3 and desmoplakin I/II3. Conversely, it suppresses, the 

expression of the blood-endothelial cell specific markers, NP-1 and VEGFR-23. Our findings of 

a decreased expression of podoplanin with a concomitant increase in NP-1 expression in the 

LEC in the NE model are, therefore, most likely caused by diminished Prox-1 activity.

Podoplanin promotes LEC adhesion, migration and tube formation, whereas RNA-mediated 

inhibition of podoplanin expression decreases LEC adhesion8. Podoplanin deficient mice die 

at birth due to respiratory failure and have defects in lymphatic, but not blood vessel pat-

terning, similar to our NE model8. These defects are associated with diminished lymphatic 

transport, congenital lymph edema and dilation of lymphatic vessels. Interestingly, these 

mice have subcutaneous neck edema, known as NE. Therefore, a diminished podoplanin 

expression presumably contributes to the formation of edema in our NE model. 

Co-expression of NP-1 and VEGF-A was anticipated, as NP-1 is a receptor of VEGF-A. It 

enhances binding of VEGF-A to VEGFR-2 and increases VEGF-A activity18-20. Positive feedback 

mechanisms between VEGF-A and its receptors NP-1 and VEGFR-2 exist21,22.  Overexpression 

of VEGF-A, known as vascular permeability factor, leads to hypervascularization, increased 

Table 2: Staining results of immunohistochemical markers in the lymphatic endothelial cells in trisomy 16 mouse 
embryos and human fetuses with nuchal edema (NE) compared with controls with normal nuchal skin.

LEC

Trisomy 16 mice Human fetuses

Prox-1 ↓ ↓
Podoplanin ↓ ↓
LYVE-1 = =
VEGF-A ↑ ↑
VEGF-C = =
NP-1 ↑ ↑
NP-2 = =
SMA† + +

† SMA positive staining in the subendothelium, Abbreviations: ↓ , ↑ decreased or increased expression compared 
to controls;  = similar expression as  controls, + expression is present  in contrast to controls
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Figure 4 Schematic overview of venous-lymphatic differentiation (A) Normal venous-lymphatic differentiation 
from the jugular vein with normal Prox-1 and podoplanin expression  and suppression of NP-1, VEGF-A and 
expected FOXC2 expression in the lymphatic endothelium of the JLS (B) Disrupted venous-lymphatic differentia-
tion from the jugular vein with diminished Prox-1, podoplanin expression and concomitant increased NP-1, VEGF-
A expression in the endothelium of the enlarged JLS. The vascular permeability of the abnormal endothelium is 
increased which causes edema. The JLS is surrounded by smooth muscle cells possibly due to impaired FOXC2 
expression. The presence of red blood cells in the lumen indicates a loss of lymphatic identity as this is specific 
in arteries and veins.

vascular permeability and edema12,13. Therefore, we hypothesize that the NE in our model is 

caused by an increased permeability and decreased cell adhesion due to VEGF-A overexpres-

sion in the LEC, together with a diminished podoplanin expression. VEGF-A is known for its 

key role in angiogenesis and also stimulates lymphangiogenesis12,14. It has been described 

that overexpression of VEGF-A induces the formation of enlarged lymphatics. Notably, these 

vessels also contained red blood cells, like the abnormal JLS in our study, which is an abnormal 

finding in lymphatic vessels23.

As no difference in VEGF-C staining between mouse embryos and fetuses with NE compared 

to controls was observed, we assume that VEGF-C does not play a prominent role in our 

models.

Another important finding was the presence of smooth muscle cells around the LEC of the 

enlarged JLS (Figure 4), which are normally present around BEC of arteries and veins and 

the large collecting lymph vessels24. The presence of smooth muscle cells, combined with 
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diminished expression of lymphatic markers Prox-1 and podoplanin, indicate a disturbance of 

the venous-lymphatic differentiation and suggest a loss of lymphatic identity. This is further 

supported by the presence of blood cells in the JLS in several cases and the increased expres-

sion of the artery-specific NP-1. The positive staining of the lymphatic–specific marker LYVE-1 

in the LEC of all NE embryos does not exclude a disrupted venous-lymphatic differentiation, 

since LYVE-1 is known to stain positive in the venous endothelium at the budding site of the 

cardinal vein25, as was observed in this study. 

Abnormal smooth muscle cells surrounding enlarged lymph vessels has recently also been 

reported in Foxc2 knockout mice24. Mutation of the Foxc2 gene is associated with defec-

tive lymph valves and familial lymph edema. Under normal circumstances Foxc2 blocks 

smooth muscle cell recruitment in lymphatic vessels, most likely by inhibition of platelet-

derived growth factor beta (PDGFB) and endoglin, which are essential for smooth muscle cell 

recruitment in blood vessels24.. Since we have not studied Foxc2 expression we do not know 

whether there is a downregulation that is related to the abnormal smooth muscle cell recruit-

ment on our models. This needs further investigation.

As our study demonstrates an abnormal venous-lymphatic phenotype in mouse embryos as 

well as human fetuses with NE, we have to question what sets the sequence of events into 

motion. First of all, NE in the human fetus is known to be associated with a broad spectrum 

of genetic and structural anomalies with a variable extent of severity26. Therefore, we assume 

that there is not one single cause for NE but that several genetic origins and epigenetic influ-

ences, linked to a common developmental process, may lead to NE. 

Our study suggests that a disturbed venous-lymphatic differentiation is that common process, 

as it was observed in all the examined fetuses, regardless of karyotype. The various mecha-

nisms leading to this common disturbed lymphatic vascular phenotype are most likely involved 

with either Prox-1 inhibition,VEGF-A/NP-1 overexpression and possibly Foxc2 inhibition. 

We postulate that one possible cause for the described phenotype is a disturbed signaling 

of neural crest cells. This is suggested by a former study of by trisomy 16 mice, showing an 

upregulation of neural cell adhesion molecule-1 (NCAM-1) in neuronal and cardiovascular 

structures27. NCAM-1 is a cell adhesion molecule, which promotes neural crest cell migration, 

neuronal differentiation and axon guidance28,29. Interestingly, the NCAM-1 upregulation is 

present in the vagal nerve, which is located in close apposition to the JLS, jugular vein, 

carotid artery, as well as the aortic arch. Impaired signaling from the neural crest cell derived 

vagal nerve could influence the development of the surrounding lymphatic structures.	

An impaired neural crest signaling is further indicated by the altered expression of NP-1 and 

Prox-1 in the LEC. NP-1 is, besides in endothelial development, involved in neuronal develop-

ment and migration of neural crest cells as well30,31. Prox-1 is upregulated by mammalian 

achaete-schute homolog-1 (MASH-1), which induces neural crest cell differentiation. MASH-1 

mutant mice show loss of Prox-1 expression32. 

Abnormal neural crest signaling from the smooth muscle cells and vagal nerve fibers sur-

rounding the aortic arch could also explain the outflow tract anomalies in human fetuses 

with NE33,34. Abnormal migration of neural crest cells is widely accepted to play a role in 
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the development of aortic arch anomalies (type B interruption) in trisomy 16 and several 

other mouse models 27,35,36. Perturbation of the neural crest cell development has also been 

proposed in the pathomorphogenesis of several cardiovascular anomalies associated with 

human trisomy 2137. 

Finally, NE assessment in the human fetus is a worldwide used screening method in the first-

trimester of pregnancy, even though its pathophysiology is not fully understood. This is the 

first report of a disturbed lymphatic vascular phenotype associated with NE and enlarged 

JLS. Further research is necessary to investigate the lymphatic phenotype and underlying 

mechanisms in other NE fetuses with different chromosomal or structural anomalies. 
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Abstract 

Background: Nuchal edema is a marker for trisomy 21 and other aneuploidies. Turner 

syndrome presents with a massively increased nuchal edema, referred to as cystic hygroma. 

There are conflicting data whether cystic hygroma and nuchal edema are different entities. 

Both have been associated with jugular lymphatic distension. In this study the jugular lym-

phatic system of a fetus with trisomy 21, Turner syndrome and normal karyotype were 

compared. 

Methods: The fetuses were investigated by immunohistochemistry using lymphatic markers 

prox-1, podoplanin, LYVE-1 and the blood vessel markers NP-1 and VEGF-A. Antibodies 

against vWF, VEGFR-2 and ephrinB2 were included as additional endothelial markers. 

Results: The trisomy 21 fetus showed an abnormal venous-lymphatic phenotype in the wall 

of the enlarged jugular lymphatic sacs, combined with numerous dilated lymphatic vessels 

and small subcutaneous mesenchymal cysts in the edematous nuchal skin. The Turner fetus 

showed two large subcutaneous cavities in the nuchal edema, of which the cellular lining 

stained negative for all endothelial markers. These cavities were lined by mesenchyme and 

are therefore considered large nuchal cysts. The jugular sacs were absent and in the skin only 

scanty subcutaneous lymphatic vessels were visible. 

Conclusions: Our data suggest that nuchal edema in trisomy 21 and Turner syndrome are 

similar entities but caused by different mechanisms. 
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Introduction

Nuchal edema (NE) is a subcutaneous fluid accumulation in the mesenchyme of  the poste-

rior fetal neck, which can be measured by ultrasound as increased nuchal translucency (NT) 

in the first-trimester risk assessment for aneuploidy1. After the first-trimester of pregnancy 

the increased NT usually resolves. The most frequently encountered chromosomal defects 

are trisomy 21, trisomy 18, trisomy 13 and Turner syndrome (monosomy X)2.

In case of Turner syndrome the NE usually presents as a massively increased NT. This is also 

referred to as cystic hygroma. Cystic hygroma is considered to be caused by a congenital 

anomaly of the lymphatics3. In about 75% of fetuses with cystic hygromas, there is a chromo-

somal abnormality, and in about 95% of these cases, the abnormality is Turner syndrome4. 

There are, however, conflicting data in literature regarding the nomenclature and origin of 

this so-called cystic hygroma4-6.  

Before the introduction of the term increased NT, cystic hygroma was described as the ultra-

sonographic appearance of large bilateral translucencies in the fetal occipito-cervical region, 

which are separated by a septum in the posterior midline. This septum represents the nuchal 

ligament, which extends from the external occipital protuberance and median nuchal line to 

the spinous process of the seventh cervical vertebra. In the bilateral cavities several septa can 

be present7,8. The bilateral spaces are suggested to be distended and hyperplastic jugular 

lymphatic sacs (JLS), which have failed to connect with the venous system3,4,9 Conversely, 

other studies describe an absence or hypoplasia of the lymph vessels in the nuchal skin of 

Turner fetuses as cause for the edema10. 

In an ongoing discussion on the nomenclature of cystic hygroma it is suggested7,8 that a 

cystic hygroma can not be distinguished from increased NT and the designation “cystic 

hygroma” should be persevered for fluid accumulation in the posterior fetal neck, which 

persists until the second trimester. Others suggest to define cystic hygroma in the first tri-

mester as an enlarged sonolucency with clearly visible septations extending along the fetal 

body axis in contrast to NT, which is classified as a nonseptated sonolucency restricted to the 

fetal neck6. However, a recent study of Molina et al has shown that an increased NT can also 

contain several septa and, consequently, first-trimester ultrasound can not distinguish a large 

NT from a “cystic hygroma”4. 

The question remains whether a cystic hygroma must be seen as a severe and persistent 

form of increased NT or whether this is a different entity. Specifically, since recent ultrasound 

and morphological studies show that increased NT is also associated with bilateral JLS disten-

sion1,11,12.  A delayed or disturbed jugular lymphatic development is suggested as a common 

cause for NE in the wide spectrum of associated chromosomal and other anomalies. 

The lymphatic system starts to develop by the formation of the JLS. The lymphatic endothelial 

cells (LEC) of the JLS develop by budding and differentiation from the anterior cardinal veins, 

which is controlled by homeobox gene Prox-1. The peripheral lymphatic system is thought to 

develop by sprouting of the JLS in surrounding structures and by superficial local lymphangio-

blasts13. A previous study showed a disturbed venous-lymphatic phenotype in fetuses with 
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trisomy 21 and 18, which is characterized by a diminished expression of lymphatic markers 

Prox-1 and its target gene podoplanin in the LEC of the JLS. Furthermore, the LEC show an 

upregulation of the blood vessel markers vascular endothelial growth factor-A (VEGF-A) and 

its co-receptor neuropilin-1 (NP-1)14. Also, the JLS contains blood cells and is surrounded by a 

layer of smooth muscle cells. 

The aim of this study was to investigate the jugular lymphatic system in a fetus with Turner 

syndrome and compare it with a fetus with trisomy 21 and a control fetus with a normal 

karyotype, respectively. A morphological study was performed using lymphatic endothelial 

cell specific markers (Prox-1, podoplanin, vascular endothelial growth factor-C (VEGF-C), lym-

phatic vessel endothelial hyaluronan receptor-1 (LYVE-1)) and blood endothelial cell specific 

markers (VEGF-A and NP-1). Smooth muscle actin (SMA) was included as additional marker 

for the presence of smooth muscle cells. Antibodies against von Willebrand Factor (vWF), 

vascular endothelial growth factor receptor-2 (VEGFR-2) and ephrinB2 were included as addi-

tional endothelial markers. VEGFR-2 is expressed by all types of endothelium15-18. EphrinB2 is 

expressed by arterial and lymphatic endothelium specifically19,20 and vWF is solely expressed 

blood vascular endothelial cells (BEC)21.

Methods

Three fetuses were investigated (normal karyotype n=1, trisomy 21 n=1, Turner syndrome 

n=1). All fetuses were prenatally examined by ultrasound and diagnosed with normal or 

increased nuchal translucency. The fetuses were karyotyped by chorion villus sampling or 

amniocentesis. 

The medical ethical committee of the VU University Medical Center approved the study. All 

patients received information and gave written informed consent. Fetal tissue was obtained 

after termination of pregnancy either by an operative procedure in case of the control fetus 

or by misoprostol induction in case of aneuploidy. The fetal tissue was fixed in 4% parafor-

maldehyde, embedded in paraffin and transversely sectioned into serial sections of 8 µm. 

Analysis of the transverse sections was performed from eye level to the aortic arch.

Antibodies and staining procedures
We used antibodies against LYVE-1 (ReliaTech), Prox-1 (ReliaTech), podoplanin22, NP-1 (Santa 

Cruz Biotechnology), VEGF-A (Santa Cruz Biotechnology), VEGF-C (Santa Cruz Biotechnol-

ogy), alpha smooth muscle actin (SMA) (clone 1A4, Sigma-Aldrich), vWF (DAKO), VEGFR-2 

(R&D Systems) and ephrinB2 (R&D Systems). The sections for different staining procedures 

were incubated for 20 minutes in a solution of 0.3% H2O2 to inhibit the endogenous peroxi-

dase. When staining for Prox-1, podoplanin, vWF or ephrinB2, the sections were incubated 

for 12 minutes in 0,01 M Citric buffer of pH 6,0 at 97 ºC. Subsequently, sections were 

incubated overnight with the primary antibody. Next day the sections were incubated for 1 
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hr with the secondary antibody. For Prox-1, LYVE-1, VEGF-A and vWF this was a biotinylat-

ed goat-anti-rabbit antibody (Vector Labs), for Podoplanin a biotinylated horse-anti-mouse 

antibody (Vector Labs), for NP-1, VEGFR-2 and ephrinB2 a biotinylated horse-anti-goat-biotin 

antibody (Vector Labs) and for SMA a horseradish peroxidase-conjugated rabbit-anti-mouse 

antibody (DAKO). All sections, except those following the staining procedure for SMA, were 

incubated with ABC-reagent (Vector Labs) for 45 minutes. Visualisation was performed using 

3-3’diaminobenzidin tetrahydrochlorid (DAB). Finally the sections were counterstained with 

haematoxylin (Sigma-Aldrich) for 10 seconds, rinsed for 10 minutes in tap water and dehy-

drated to xylene. The sections were mounted with Entellan (Merck).

Table 1: Characteristics and macroscopic examination of the 3 fetuses

Control Trisomy 21 Turner

(n=1) (n=1) (n=1)

Gestagional age (weeks)† 14+0 14+2 13+4

Karyotype 46 XY 47 XX+21 45 XO

Nuchal translucency (mm)‡ 1.2 3.8 10.0

Crown-rump length (mm) † 84 82 78

† measurement after birth, ‡ measurement at the nuchal scan

Results

The characteristics of the 3 fetuses included in the study are listed in Table 1.  Morpho-

logical examination of the control fetus revealed no abnormalities. The fetus with trisomy 21 

showed NE, low set ears and a sandle gap of the toes. Morphological examination showed 

a narrowing of the aortic arch isthmus and a large atrial septal defect. The fetus with Turner 

syndrome showed an extreme large NE. Cardiac examination revealed a hypoplastic left heart 

syndrome. The aortic valve was bicuspid and the left ventricle was underdeveloped. Further-

more, the aortic arch was hypoplastic, from which an aberrant right arteria subclavian artery 

originated. The dorsal aorta was also hypoplastic. The results of morphological examinations 

are described below and summarized in Table 2.

Lymphatic vascular endothelium

Normal karyotype
In the control fetus (Figure 1A,G) the nuchal skin was thin and showed no subcutaneous 

edema, while some lymph vessels were observed. The JLS was positioned directly lateral to 

the jugular vein and the carotid artery (Figure 1D). Within the JLS lymph node tissue was 

present in apposition to the wall of the JLS, indicating the start of reorganization of the sac 

into lymph nodes. 
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The LEC was clearly positive for the lymphatic markers LYVE-1 (Figure 2A), Prox-1 and podo-

planin, whereas the LEC was slightly positive for VEGF-A (Figure 2E), NP-1, VEGFR-2 ,VEGF-C 

and ephrinB2. The LEC stained negative for vWF (Figure 2I). There was no difference in 

staining intensities between the LEC of the JLS and subcutaneous lymph vessels. No SMA 

positive cells were observed surrounding the LEC of the JLS. 

Trisomy 21 
The fetus with trisomy 21 showed nuchal edema and a distended JLS (Figure 1B,E). The 

posterior neck showed a cavity within the nuchal edema, which was surrounded by mesen-

chymal cells (Figure 1H). Also, in the edematous nuchal skin several dilated lymphatic vessels 

were observed. The large and distended JLS showed a small amount of lymph node tissue 

in the corner of the JLS close to the jugular vein. The JLS was positioned direct lateral to 

the jugular vein and carotid artery, just as in the control fetus (Figure 1E). The LEC of the 

JLS showed a diminished Prox-1 and podoplanin staining as compared to the control fetus, 

while LYVE-1 (Figure 2B), VEGF-C, VEGFR-2 and ephrinB2 staining intensities were similar. 

The NP-1 and VEGF-A (Figure 2F) protein expression was increased compared to the control 

fetus, at similar sites of the endothelial wall. Also, the LEC was positive for vWF in contrast 

to the control fetus (Figure 2J). A strong SMA positivity was observed in a smooth muscle 

cell layer surrounding the JLS. Furthermore, the JLS contained blood cells. The LEC of the 

subcutaneous lymph vessels showed a similar staining pattern as the LEC of the JLS for the 

Table 2: Results of the morphological and immunohistochemical examinations of the neck region of the three 
fetuses.

Control Trisomy 21 Turner

Morphology

Nuchal skin Some lymph vessels; 

not dilated

Edematous; numerous 

dilated lymph vessels; small 

subcutaneous nuchal cavity 

Edematous; scanty small 

lymph vessels; large bilateral 

subcutaneous nuchal cavities 

Jugular lymphatic sacs Normal Enlarged and abnormal Absent

Immunohistochemistry of the LEC

LYVE-1 + + +

Prox-1 + - +

Podoplanin + - +

VEGF-C +/- +/- +/-

VEGF-A +/- ++ +/-

VEGFR-2 +/- +/- +/-

NP-1 +/- ++ +/-

EphrinB2 +/- +/- +/-

vWF - + -

SMA - + -

 - absent staining; +/-  lightly positive staining; + positive staining; ++ strong positive staining
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Figure 1 (A-C) Schematic illustrations (sagittal planes) of an euploid human fetus with a jugular lymphatic sac 
(JLS) and a normal nuchal skin (A), a trisomy 21 fetus with nuchal edema and enlarged JLS (B) and a monosomy 
X fetus with an enormous nuchal edema and absent JLS (C). (D-I) Transverse sections of the antero-lateral (D-F) 
and posterior nuchal neck region (G-I) of an euploid control fetus, a trisomy 21 fetus and a fetus with Turner 
syndrome of 14 weeks’ gestation, stained with haematoxylin-eosin (HE) and LYVE-1. The level of the sections is 
indicated in A-C. (D) The JLS in the control fetus stains is positioned directly next to the jugular vein (V) and the 
carotid artery (A). Lymph node tissue can be observed with the JLS. (E) In fetus with trisomy 21 the enlarged JLS 
is positioned next to V and A. The JLS shows a small amount of lymph node tissue in the corner next to the V. (F) 
In the fetus with Turner syndrome no JLS is present next to the V and A. More distant and lateral from the V and 
A a subcutaneous nuchal cavity (NC) is visible. The NC extends from posterior to antero-lateral part of the neck. 
(G) The nuchal mesenchyme (NM) of the control fetus shows some LYVE-1 positive lymph vessels. (H) The NM 
of the trisomy 21 fetus is edematous and contains the numerous LYVE-1 positive lymph vessels. Within the mes-
enchyme a LYVE-1 negative NC is present. (I) In the fetus with Turner syndrome large NC are present, which are 
separated by the nuchal ligament (arrowhead) in the posterior midline. The NC stains negative with LYVE-1. The 
small amount of mesenchyme between the NC and the upper dermis contains scanty small LYVE-1 positive lymph 
vessels. Abbreviations: CO control, T21 trisomy 21 and XO monosomy X. Scale bars: (D-F ) 600μm; (G-I) 300 μm.
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all the endothelial markers. Some of the lymph vessels were surrounded by a smooth muscle 

cell layer and contained blood cells, just as the JLS. 

The cells lining the nuchal cavity showed a slightly VEGF-A (Figure 2G) and NP-1 positivity and 

stained negative for all other markers (LYVE-1 (Figure 1H and 2C), vWF (Figure 2K), VEGFR-2, 

ephrinB2, prox-1, podoplanin and VEGF-C).  

Figure 2: Immunohistochemical analysis of the lymphatic endothelium cells (LEC) of the jugular lymphatic sac 
(JLS) (in the control (CO) and trisomy 21 (T21) fetus) and the mesenchymal cells lining the nuchal cavities (NC) 
(in the T21 and monosomy X (XO) fetus). The LEC of the JLS stains positive with LYVE-1 in the CO (A) and the 
T21 fetus (B). The cells lining the NC stain negative for LYVE-1 in both the T21 (C) and the XO fetus (D). The 
LEC of the JLS shows a slightly positive VEGF-A staining in the CO fetus (E) and a strong VEGF-A staining in the 
T21 fetus (F). The cells lining the NC in the T21 (G) and the XO fetus (H) are positive for VEGF-A. The LEC of the 
JLS stains negative for vWF in the CO fetus (I), in contrast to a positive vWF staining in the T21 fetus (J). The 
cells surrounding the NC are negative for vWF in both the T21 (K) and XO fetus (L). Scale bars: A-L 30 μm.
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Turner syndrome
In the posterior neck region of the Turner fetus (Figure 1 C, F, I) two large bilateral subcutane-

ous cavities were observed, extending to anterior and positioned laterally but distant from 

the jugular vein and carotid artery. The cavities were encased within the mesenchyme and 

lined by mesenchymal cells, just as in the fetus with trisomy 21 (Figure 1F,I). The size of the 

cavities, however, was approximately 10 times larger than the nuchal cavity of the trisomy 21 

fetus. In the posterior midline the cavities were separated by the nuchal ligament (Figure1I). 

Within the cavities some septa were present. The amount of remaining subcutaneous mesen-

chymal tissue between the upper dermis and the cavities was small and sporadically showed 

a small lymphatic vessel (Figure1I). 

The cells surrounding the cavities were negative for the lymphatic markers Prox-1, podoplanin 

and LYVE-1 (Figure 1I and 2D) and showed a strong VEGF-A (Figure 2H) and NP-1 expres-

sion. Moreover, the cavities stained negative for vWF (Figure2L), VEGFR-2 and ephrinB2. In 

addition, smooth muscle cells did not surround the cavities. More caudally the position of 

the bilateral cavities shifted somewhat towards the jugular vein. The wall, however, remained 

negative for all lymphatic markers. Next to the jugular vein and carotid artery several addi-

tional veins were present but no JLS or other lymphatics vessels were observed. The LEC of 

the very few lymphatic vessels that were present in the nuchal skin stained similar as the 

control fetus for all markers (Figure1I).

Blood vascular endothelium

The BEC of veins and arteries was negative for Prox-1, podoplanin, LYVE-1 and VEGF-C of 

all three fetuses. VEGFR-2 and vWF stained positive in the BEC of arteries and veins with a 

similar intensity in all three fetuses. NP-1 and ephrinB2 staining was present in arteries and 

not in veins. VEGF-A staining was negative in arteries and veins in all fetuses. SMA was 

positive in smooth muscle cells surrounding the BEC of arteries and veins. There was no 

difference in staining between the control fetus and the trisomy 21 fetus. The Turner fetus, 

however, showed an increased staining of VEGF-A in the BEC of arteries and veins. Also, the 

NP-1 staining in the BEC of arteries was increased as compared to the control and trisomy 21 

fetus (data not shown).

Discussion  

In this study we investigated the jugular lymphatic system of a fetus with Turner syndrome, 

a fetus with trisomy 21 and a euploid control fetus, using LEC and BEC specific markers. Our 

data suggest that NE in Turner syndrome and trisomy 21 are similar entities but are caused 

by different mechanisms. Turner syndrome was associated with a lymphatic hypoplasia and 
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absence of the JLS, whereas the trisomy 21 fetus demonstrated a lymphatic hyperplasia with 

JLS distension.    

In the fetus with trisomy 21 we observed a diminished expression of the LEC markers Prox-1 

and its target gene podoplanin, together with the presence of blood vessel characteristics 

in the endothelial wall of the JLS, which contained blood cells. This corresponds with our 

findings in a previous study with a larger dataset of aneuploid human fetuses (trisomy 21 and 

18) and trisomy 16 mouse embryos14.  It indicates a disturbed venous-lymphatic differentia-

tion of the endothelial cells budding from the cardinal vein and forming the JLS. Prox-1 seems 

to play a crucial role in the disturbed lymphatic development, as it upregulates the expres-

sion of LEC specific genes and suppresses BEC specific genes under normal circumstances 
23. The nuchal cavity, which can also be referred to as a nuchal cyst, of the trisomy 21 fetus 

is probably a consequence of the fluid accumulation of the neck and was observed before in 

human fetuses and trisomy 16 mouse embryos with NE 1,11.

The fetus with Turner syndrome showed two large bilateral subcutaneous cavities, extend-

ing from posterior to anterior in the neck and containing a large amount of fluid. These 

cavities were first described in 1828 by Radenbacher and were thought to present immensely 

distended JLS, which failed to connect with the venous system. Several studies have since 

reported these bilateral cavities3,7,9,24. However, we found an absence of staining of the LEC 

specific markers Prox-1, podoplanin and LYVE-1 and also of the other endothelial markers 

vWF, VEGFR-2 and ephrinB2. Also, the cavities were not positioned directly adjacent to the 

jugular vein. 

To our knowledge other reports of the expression of LEC specific markers in the cystic 

hygroma of fetuses with Turner syndrome do not exist. In general, studies of the lymphatic 

development in normal and abnormal human fetuses are relatively scarce, as compared to 

reports on cardiovascular development. Most series were small and the fetuses were often in 

poor condition, since lymphatic tissue has no support as it is positioned in loose connective 

tissue. Only recently, highly specific LEC markers such as Prox-1, podoplanin, LYVE-1 have 

been identified. Prox-1 has shown to be a stable and specific marker in normal and diseased 

human tissues13,25,26. 

We show by the lack of staining with LEC and BEC specific markers that these cavities are 

not the JLS or of other vascular identity. We conclude that there is a total failure of JLS 

development (aplasia) and the cavities are formed by accumulation of fluid in the intercellular 

spaces of the connective tissue. The latter also explains the septated and cystic appearance 

of the hygroma. Also, it clarifies the lack of an endothelial lining around the cavities. The 

cavities are comparable to the nuchal cysts seen in human fetuses and trisomy 16 mouse 

embryos with NE1,11. The linings of these cysts also did not stain with lymphatic markers 

and were embedded in mesenchyme. In fetuses with NE the nuchal cavities, as well as the 

JLS, normally resolve, when the jugular lymphatic development proceeds and are therefore 

a temporary phenomenon. In case of cystic hygroma, on the other hand, the nuchal cavities 

usually persist and can become extremely enlarged. This can be attributed to an aplasia or 

complete loss of lymphatic identity of the JLS, which is a more severe and permanent form 
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of lymphatic maldevelopment. The massive NE is associated with hydrops and intrauterine 

demise or can persist as cystic hygroma or a webbed neck after birth. The overall prognosis 

in fetuses with cystic hygromas is poor, and the survival rate is less then 5%8.

The hypoplasia of the lymphatic vessels in the superficial nuchal skin is in agreement with 

previous studies of fetuses with Turner syndrome9,10,27. On the other hand, van der Putte 

found both lymphatic hyperplasia with distension of the JLS as well as lymphatic hypoplasia 

in a morphological study of seven human fetuses with cystic hygroma3. He could not find a 

consistent abnormality in the examined fetuses.

In some of the fetuses he found cavities in the nuchal region as well as next to the jugular 

vein, in some other fetuses he solely observed cavities in the nuchal skin. Interestingly, he 

describes that the walls of this isolated cavities in the nuchal region were surrounded by 

connective tissue. He concludes that the fact that he did not observe endothelial cells in the 

lining of the cavities was probably a result of maceration. Although, he speculated about 

the possibility of aplasia of the JLS in some of the fetuses, he finally concludes that cystic 

hygromas present enlarged JLS, which have failed to connect with the venous system. As 

karyotyping was not performed in the study of van der Putte it is temping to speculate that 

both trisomy 21 fetuses with enlarged JLS as well as Turner syndrome fetuses with a lym-

phatic hypoplasia and absent JLS were examined. The fact that van der Putte did not observe 

endothelial cells is in accord with our findings in the nuchal cysts.

In another study Chitayat et al compared the neck region of Turner (n=4) and non-Turner 

fetuses (n=2 trisomy 21;n=1 trisomy 13; n=2 euploidy) with NE. Their findings of an absence 

of lymphatic vessels in the nuchal skin of the Turner fetuses and numerous dilated lymphat-

ic vessels in the non-Turner fetuses are in agreement with our results. They found nuchal 

cavities in both groups. In the non-Turner fetuses the cavities were smaller and surrounded 

by a wall of connective tissue. In the Turner fetuses the cavities were described to be lined 

by endothelial cells and were therefore assumed to be the JLS. This is in contrast with our 

results. However, Chitayat et al. did not use LEC specific markers and did not investigate the 

antero-lateral neck region. Therefore, the relation of the cavities with anatomical landmarks 

as the jugular vein and carotid artery are unknown. Furthermore, Chitayat et al used vWF 

as an endothelial marker, which is normally not expressed in the LEC21. We did not observe 

vWF in the lining of the nuchal cavities, or any other endothelial marker, which fits with the 

designation of the nuchal cavity as an interstitial cavity. As the number of fetuses examined 

is limited in both studies further research is warranted.

The NE of both the trisomy 21 and the Turner fetus was linked to an increased VEGF-A 

expression. The fetus with Turner syndrome presented with an overall VEGF-A overexpres-

sion, while in the trisomy 21 fetus the increased VEGF-A expression was solely observed in 

the LEC and in the nuchal cavities. Overexpression of VEGF-A, also known as vascular perme-

ability factor, has shown to cause severe edema. For instance, it is reported in the cardiac 

tissues of human fetuses with hydrops28-30.  In addition, it is associated with cardiovascular 

and lymphatic anomalies31. The increased VEGF-A expression may be enhanced by possible 

feedback-mechanisms through its receptor NP-1, which is under control of Prox-114. Secondly, 
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VEGF-A expression can be induced by tissue expansion, causing mechanical stretch, by shear 

stress due to altered haemodynamics, and by hypoxia32,33. Expansion of the wall of the 

distended JLS or the mesenchymal lining of the nuchal cavities, therefore, most likely contrib-

utes to the increased VEGF-A expression and furthers augments the edema. 

The edema in Turner syndrome is, in contrast to trisomy 21, not restricted to the neck but 

is also associated with a more generalized edema or hydrops, which could be linked to the 

overall increased VEGF-A expression. Lymphatic hypoplasia is also described in other areas, 

such as in the para-aortic region, retro-peritoneal space, pelvis and limbs9,34,35. The question 

remains whether the increased VEGF-A is the cause or a result of the lymphatic disturbance. 

This also accounts for the hypoplastic left heart anomalies observed in fetuses with Turner 

syndrome. It is hypothesized that an increased pressure in the dilated para-aortic lymphatic 

vessels compresses the ascending aorta and increases resistance in the left heart. This redi-

rectional blood flow can result in left sited heart defects27,36,37.  On the other hand, we 

speculate that a primary abnormal endothelial differentiation, linked to VEGF-A expression, 

may be the cause of lymphatic and cardiovascular defects. It could also be linked to an 

altered Prox-1 expression, as aplasia of the JLS has been reported before in Prox-1-/- mice. 

These mice develop severe edema after budding from the cardinal veins is arrested38. 

This needs further research.

Our data show that NE and cystic hygroma are identical entities with a marked difference 

in size, which are caused by different mechanisms. Discrimination by ultrasound is in our 

opinion not feasible. Nuchal cysts and septa can be present in both a NE as a cystic hygroma. 

Also, the nuchal ligament can be observed in both cases, when there is sufficient edema. 

The larger the NE the more it presumably resembles the massive edema of a cystic hygroma. 

Identification of the JLS adjacent to the jugular vein in the antero-lateral neck region facili-

tates the diagnosis of NE, since in a fetus with cystic hygroma the JLS are missing or maybe 

hypoplastic in some cases. Therefore, we agree with Molina et al. that the clinical diagnosis 

of cystic hygroma should be preserved for the second trimester, in which the NE resolves or 

becomes a thickened nuchal skin and the cystic hygroma remains as transonic cavities in the 

posterior neck region4. 

In conclusion, our data indicate that NE in trisomy 21 and Turner syndrome are caused by 

different mechanisms. The Turner fetus in this study showed an absence of the JLS and 

lymphatic hypoplasia, whereas the fetus with trisomy 21 presented with enlarged JLS and 

numerous dilated lymph vessels in the nuchal skin. Furthermore, while the trisomy 21 fetus 

showed a disturbed LEC differentiation resulting in an abnormal phenotype, the Turner fetus 

showed a total lack of LEC differentiation towards a JLS. Both disturbances can be related 

to Prox-1, which is the master control gene in lymphangiogenesis. Research in larger data 

sets should be performed and the possible relation between lymphatic and cardiovascular 

anomalies should be further investigated. 
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Conclusions 

This thesis shows a strong relation between distention of the jugular lymphatic sacs (JLS) 

and increased nuchal translucency (NT), which represents nuchal edema. The presence of 

distended JLS was associated with increased NT on first-trimester ultrasound. Moreover, the 

development of increased NT and enlarged JLS were related and the presence of distended 

JLS was confirmed by postmortem examination. Furthermore, we have demonstrated an 

abnormal venous-lymphatic phenotype in the JLS and other lymphatic vessels of aneuploid 

fetuses with nuchal edema. Also, we have shown that nuchal edema and cystic hygroma 

are similar morphological entities with a different size, caused by different mechanisms. Our 

findings indicate that an impaired jugular lymphatic development plays an important role in 

the development of increased NT. 

General discussion and future prospects

Since the introduction of the NT measurement in the first-trimester screening for aneuploi-

dy, several attempts have been made to explain its origin. One of the major problems in 

finding a common explanation for the phenomenon of increased NT is the broad range of 

associated anomalies, such as different aneuploidies, a variety of structural anomalies and 

several genetic syndromes, with a variable extent of severity 1-3. A single origin is therefore 

not likely. We suggest that the majority of disorders is linked to a common developmental 

process, which can be delayed or disturbed at different times in development, but eventu-

ally leads to increased NT. This thesis identifies abnormal endothelial differentiation as the 

most promising candidate. A disturbed or delayed endothelial differentiation is able to cause 

jugular lymphatic distention and subsequent edema or result in cardiovascular anomalies at 

the severe end of the spectrum. 

A disturbed lymphatic endothelial cell differentiation was associated with distension of the 

JLS and nuchal edema4. The jugular lymphatic system drains interstitial fluid from the nuchal 

region and undergoes a finalization of its development at the time nuchal edema appears. 

Therefore, a delayed or disturbed jugular lymphatic development explains both regional and 

temporal characteristics of increased NT. Furthermore, we observed JLS distension in fetuses 

with a normal karyotype as well as in aneuploid ones. Also, enlarged JLS were present in 

fetuses with a normal outcome of pregnancy as well as in fetuses with structural defects5. 

Commonly suggested explanations for increased NT, such as cardiac failure and extra-cellular 

matrix alterations, fail to correlate these different findings. 

The disturbed lymphatic development can range from a physiological variation in which the 

development is delayed, but remains without consequences after completion, to a more 

severe disturbance. This explains increased NT in case of normal outcome. Aneuploid fetuses 

are an example of a more severe disturbance, indicated by the fact that the JLS was larger 
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and remained longer present in aneuploid fetuses. Also, we found a disturbed venous-lym-

phatic phenotype in aneuploid human fetuses (trisomy 21 and trisomy 18) and trisomy 16 

embryos with nuchal edema4. The JLS showed a diminished expression of lymphatic markers 

(Prox-1, podoplanin) and had blood vessel characteristics. The latter was indicated by an 

increased expression of Vascular Endothelial Growth Factor-A (VEGF-A) and its receptor 

neuropilin-1 (NP-1), combined with the surrounding of a smooth muscle cell layer, which is 

normally only observed in blood vessels or in the large collecting lymph vessels. Also, the JLS 

contained red blood cells, which normally do not occur in lymph vessels. Nevertheless, the 

distension of the JLS disappeared with advancing gestation and fetuses with trisomy 21 and 

18 do present with abnormalities of the lymphatic system in the postnatal life. The question, 

therefore, remains if this seriously disturbed phenotype improves with advancing gestation 

or represents that part of the aneuploid fetuses, which spontaneously abort. More postmor-

tem examination should be performed in human fetuses with NE, including fetuses of older 

gestational ages, whereby the distension of the JLS already has resolved.

The disturbed endothelial differentiation also provides an interesting link with the cardiovas-

cular anomalies associated with increased NT, as endothelial differentiation plays a crucial 

role in cardiovascular development. Alterations in endothelial development, such as overex-

pression of VEGF-A and NP-1, are known to cause several cardiovascular anomalies6-8. Also, it 

would explain the high incidence of cardiac anomalies in fetuses with increased NT, without 

any signs of haemodynamic compromise. Cardiac failure is suggested as causal factor for 

increased NT because of the association with cardiac defects, and measurements of intra-

cardiac velocities and the ductus venosus flow velocities. However, altered intracardiac and 

ductus venosus flow velocities are also present in fetuses with increased NT, without cardiac 

defects. Septal defects are the most frequently encountered defects and are not known 

to cause cardiac failure in prenatal life. Moreover, other signs of cardiac failure like ascites, 

hydrothorax are not associated with enlarged NT. The endothelial differentiation in the 

developing heart of fetuses with nuchal edema should be investigated to substantiate our 

hypothesis and focus VEGF-A and its target receptors VEGF receptor (VEGFR)-1, VEGFR-2, 

and neuropilin-1 specifically. 

We speculate that the initiation of a disturbed endothelial development can be both envi-

ronmental and genetic. The factors that interact with endothelial development are probably 

numerous and need to be clarified. For example, hypoxic and/or nutritional insults during 

gestation can influence endothelial development and cause cardiac defects9. In this thesis 

an impaired migration of neural crest cells is suggested as one of the causes for abnormal 

lymphatic and cardiovascular development in fetuses with nuchal edema. Neural crest cells 

are pluripotent cells, which migrate from the neural folds to many specific locations in the 

body, where they differentiate and contribute to a variety of tissues. Among others, neural 

crest cells contribute to the bones of the skull, pharyngeal cartilage, cranial nerve ganglia, 

dermis/hypodermis of head and neck, the cardiac outflow tract septum and the pharyngeal 

arch arteries. We found an increased expression of Neural Cell Adhesion Molecule (NCAM) in 

the neck, heart and ductus venosus region of trisomy 16 mouse embryos with nuchal edema, 
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which was related to both neuronal as vascular development10. A morphological link between 

these regions has not been reported so far. Nerves and endothelium have a mutual influenc-

es and share many developmental genes. NP-1, for instance, is expressed by migrating neural 

crest cells as well as blood vascular endothelium11. In the trisomy 16 mouse embryos a dimin-

ished NCAM expression was associated with pharyngeal arch artery anomalies. This finding 

is in agreement with several other reports12-15. Currently, abnormalities in the contribution, 

timing, or signaling of the neural crest cells are generally accepted to cause pharyngeal arch 

artery and cardiac outflow tract anomalies16. Nevertheless, inflow tract related septal defects 

could not easily be primarily ascribed to neural crest alterations. Recently, new data have 

been provided on neural crest cell behavior and report neural crest cells in the atrioventricular 

canal and valves17-19. These new insights need to be further explored. Also, our results in the 

mouse model need to be reproduced in morphological examinations of human fetuses with 

increased NT. Since the trisomy 16 mouse is an animal model for human trisomy 21, human 

fetuses with different karyotypes should be examined to investigate whether an impaired 

neural crest migration is restricted to trisomy 21. 

Kirby et al suggested a perturbation of the neural crest in the pathogenesis of congenital 

heart defects and several facial and neck anomalies in human fetuses with Down syndrome20. 

In a morphological study of human fetuses with cystic hygroma Miyabara et al. also suggested 

the involvement of neural crest cells in lymphatic and cardiovascular malformations21. Further-

more, they emphasized that neural crest cells migrate in a hyaluronate-rich matrix in the course 

to the various target organs and that altered neural crest cell migration can be accompanied 

by extracellular matrix alterations. This provides an interesting link with the extracellular matrix 

alterations observed in aneuploid fetuses with increased nuchal translucency22.

The ductus venosus of the trisomy 16 mouse embryos showed a thickened endothelium in 

addition to an increased NCAM expression, which could be linked to

the changed ductus venosus flow velocities in human fetuses with increased NT. It also 

provides an explanation for the presence of ductus venosus flow alterations in fetuses with 

a normal heart. The ductus venosus contains neural crest derived adrenergic nerves, causing 

contraction and relaxation, which could influence the blood flow23,24. Therefore, the morphol-

ogy of the ductus venosus remains to be investigated in human fetuses with nuchal edema.

This thesis has focused on the jugular lymphatic development because the fluid accumulation 

in fetuses with increased NT is restricted to the nuchal area. The lymphatic development starts 

with the formations of the paired JLS. Consequently, four additional lymph sacs are formed 

to collect lymph from the lower trunk and extremities. A connection between the lymph 

systems is established by the ingrowth of the ductus thoracicus. In case of Turner syndrome 

the fluid accumulation is not restricted to the nuchal region but also reported in other areas, 

such as para-aortic region,  retro-peritoneal space, pelvis and limbs 25-27. In these fetuses it 

would, therefore, be interesting to investigate the development of the other lymphatic struc-

tures as well. Also, our results indicate that the cystic hygroma in Turner syndrome is caused 

by an aplasia of the JLS, instead of the JLS distension. The massively increased nuchal edema 

of the Turner fetus contained large bilateral cavities, which stained negative for all lymphatic 
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specific and other endothelial markers. The cavities were lined by mesenchymal cells and 

appeared to present nuchal cysts. This was a remarkable finding as these cavities were previ-

ously assumed to be seriously enlarged JLS. Nuchal cysts are located in the posterior neck 

region within the nuchal edema. The nuchal edema itself is in fact mesenchymal edema. 

We postulate that when there is sufficient edema nuchal cysts are formed by accumulation 

of fluid in the intercellular spaces of the connective tissue, which becomes embedded in 

the mesenchyme and can contain several septa. The more edema is present, the larger the 

cysts will become. In case of Turner syndrome the nuchal cysts in the cystic hygroma usually 

become extremely enlarged and persist. We suggest this is a consequence of the jugular lym-

phatic aplasia. Nuchal cysts were also observed, although in a smaller size, in human fetuses 

and trisomy 16 mouse embryos with nuchal edema and resolve with advancing gestation, 

as well as the distended JLS. Thus, from our results it can be concluded that nuchal edema 

and cystic hygroma are similar morphological entities, which differ in size. Nuchal edema was 

associated with jugular lymphatic distension and numerous hyperplastic lymph vessels in the 

skin, whereas cystic hygroma was associated with a lymphatic hypoplasia of the skin and an 

absence of the JLS. Further investigation in Turner syndrome fetuses should be performed. 

There are preliminary indications that the reported loss of lymphatic identity in trisomy 21 

and trisomy 18 fetuses, is far more advanced in case of Turner syndrome.

In general, larger datasets of human fetuses should be collected in order to confirm our 

findings of a disturbed jugular lymphatic development. Future research should focus on 

endothelium differentiation in general and identify factors that interact with this develop-

mental process.  
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Summary

The nuchal translucency (NT) is a small translucent area in the neck region of the first-trimes-

ter fetus, which normally resolves after 14 weeks gestation. Increased NT represents nuchal 

edema and is associated with aneuploidy. The NT measurement between 10 and 14 weeks 

gestation has been established, together with maternal age and serum biochemistry, as a 

sensitive, accurate and effective method of first-trimester screening for chromosomal abnor-

malities. The most frequently encountered aneuploidy is trisomy 21, followed by trisomy18, 

trisomy 13 and monosomy X. A fetus with nuchal edema and a normal karyotype is still at 

risk of a wide spectrum of anomalies, such as structural anomalies, dysplasias, and several 

genetic disorders. Also, some fetuses with an increased NT present with a normal outcome. 

The cause for increased NT, and a link with the associated findings, remains elusive. 

Recently, an abnormal lymphatic development is suggested as cause for nuchal edema 

because of the concomitant enlargement of the jugular lymph sacs in trisomy 16 mouse 

embryos with nuchal edema. Trisomy 16 mice represent a model for human trisomy 21. The 

lymph system develops in the neck by budding from the cardinal veins and formation of 

the jugular sacs. At 10 weeks gestation the jugular sacs reorganize into lymph nodes. The 

development completes by the ingrowth of the thoracic duct into the left jugular sac, which 

thereby connects the sac to the lower trunk and extremities. Subsequently, the connection of 

the thoracic duct into the internal jugular vein is the main site of lymphatic drainage into the 

system circulation. This thesis deals with the pathophysiology of increased NT and focuses on 

the association between jugular lymphatic development and nuchal edema.  

Chapter 1 contains a brief introduction on the nuchal translucency and describes the outline 

of the thesis.

In chapter 2 a review of the different theories on increased nuchal translucency is provided. 

The variety of hypotheses can be divided in three main categories. First of all, cardiac failure 

is suggested because of the high incidence of cardiovascular anomalies and ductus venosus 

flow alterations in fetuses with nuchal edema. Secondly, various kinds of extracellular matrix 

alterations have been observed in the nuchal skin of aneuploid fetuses, which are suggested 

to cause fluid accumulation. Finally, an abnormal lymphatic development is demonstrated in 

fetuses with nuchal edema. We conclude that many hypotheses on NT enlargement are based 

on associations. Both cardiac failure and extracellular matrix alterations do not explain the 

regional and temporary character of nuchal edema. Nevertheless, a delayed organization and 

connection of the jugular sacs to the venous circulation might explain these characteristics. 

In chapter 3 the presence of enlarged jugular lymph sacs was prospectively investigated 

in fetuses with normal and increased NT using transvaginal ultrasound. We found that an 

enlarged NT was significantly associated with jugular lymphatic distension on first-trimester 

ultrasound. Under normal circumstances the jugular sacs are not visible on ultrasound. In 22 

of 26 (85%) fetuses with increased NT enlarged jugular sacs were detectable, whereas in 2 

of 137 (1.5%) fetuses with normal NT. Distended jugular lymph sacs were present in fetuses 
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with increased NT regardless of fetal karyotype. Also, a larger NT was associated with a 

higher probability of distended jugular sacs. 

An association between distended lymph sacs and nuchal edema, however, does not nec-

essarily implicate a causal relation. Therefore, in chapter 4 a longitudinal analysis was 

performed in fetuses with nuchal edema to investigate the development of NT thickness 

and jugular sac volume with advancing gestation. In this study 74 fetuses with a NT >95th 

percentile were weekly examined by ultrasound between 11 and 17 weeks of gestational 

age. The volume of jugular sacs and gestational age showed a quadratic relation, which 

differed between euploid (n=40) and aneuploid (n=34) fetuses. The maximum volumes of 

the sacs were larger in fetuses with aneuploidy compared to euploidy and the sacs were 

longer present. Furthermore, the development of jugular lymph sac volume and increased 

NT were related, whereby an increase of the NT preceded enlargement of the sac. In each 

fetus a progressive increase in jugular sac volume was followed by subsequent decrease, 

with advancing gestation. However, the gestational age at the maximum size of the sacs 

differed between fetuses, indicating a fetus-specific pattern. A similar pattern was observed 

for NT development, which is in agreement with former studies. Postmortem examination 

confirmed distension of the JLS in all cases. Thus, we conclude that increased NT is related 

to a disturbed lymphatic development. Also, aneuploid fetuses seem to have a more severe 

disturbance of lymphatic development. 

The distension of the jugular lymph sacs was found to resolve after the first-trimester, just 

as already is acknowledged for increased NT. However, in chapter 5 a persistent form of 

jugular distension and nuchal edema is described in two fetuses, which were diagnosed with 

Noonan syndrome after birth. The persistence of the jugular distension indicates a more 

severe lymphatic disturbance in the spectrum of anomalies associated with nuchal edema. In 

addition, both fetuses were diagnosed with a mild pulmonary stenosis, without any sign of 

cardiac failure, after birth.

Chapter 6 focuses on the developmental background of nuchal edema and associated 

lymphatic and cardiovascular anomalies. The jugular lymph sac has a close relation to the 

surrounding nerves and vascular structures. Nerves and endothelium have a mutual influence 

and share many genes in development. We studied the morphological correlation between 

neurogenesis and vasculogenesis in the neck, heart, and ductus venosus region of wild type 

and trisomy 16 mice embryos, using an antibody against Neural Cell Adhesion Molecule 

(NCAM). The trisomy 16 mice showed an altered arrangement of cranial nerves IX, X and XI 

(glossopharyngeal, vagal and accessory nerves) which are positioned between the carotid 

artery, jugular vein and enlarged lymphatic sac. This can be attributed to a mechanical effect 

of the expansion of the sac. The vagal nerve was significantly smaller, as compared to wild 

type embryos. NCAM was over expressed in both neuronal and cardiovascular structures 

in trisomy 16 mice, being particularly prominent in the 4th and 6th pharyngeal arch arteries, 

and the ductus venosus. In the 4th and 6th pharyngeal arch arteries, NCAM over expres-

sion was located to the part of the vessel wall that is closely related to the vagal nerve. In 

case of 4th pharyngeal arch artery abnormalities NCAM expression, on the other hand, was 
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reduced. Abnormalities of the pharyngeal arch arteries and subsequent abnormal aortic arch 

remodeling result in outflow tract related cardiac anomalies. Thus, the interaction between 

neurogenesis and vasculogenesis is disturbed in the trisomy 16 mouse model and links jugular 

distension, cardiovascular anomalies and ductus venosus flow alterations in human fetuses 

with increased nuchal translucency. This indicates a disturbed migration of neural crest cells 

in this mouse model.   

In chapter 7 the jugular lymphatic development was investigated by postmortem examination 

in human aneuploid fetuses with nuchal edema and euploid controls, using different lymphatic 

endothelial and blood vascular endothelial markers. The jugular lymphatic endothelial differenti-

ation was also studied in the trisomy 16 mouse model. We found a disturbed venous-lymphatic 

phenotype in aneuploid human fetuses and mouse embryos with enlarged jugular sacs and 

nuchal edema. This is indicated by an absent or diminished expression of the lymphatic markers 

Prox-1 and podoplanin in the enlarged jugular sac. Additionally, the enlarged jugular lymphatic 

sacs showed blood vessel characteristics, including increased NP-1 and VEGF-A expression. The 

lumen contained blood cells and smooth muscle cells lined the wall. 

Therefore, a loss of lymphatic identity seems to be the underlying cause for clinical NE. Also, 

the abnormal endothelial differentiation provides a link to the cardiovascular anomalies asso-

ciated with NE. 

Monosomy X or Turner syndrome presents with a massively increased nuchal edema. This is 

referred to as cystic hygroma. There is an ongoing debate whether cystic hygroma must be 

seen as a severe nuchal edema or represents a different entity. In chapter 8 the morphol-

ogy of the jugular lymph system was compared between a monosomy X fetus with a cystic 

hygroma, a fetus with trisomy 21 and nuchal edema and an euploid control fetus of similar 

gestational age. 

The trisomy 21 fetus had, in contradiction of the control fetus, numerous dilated lymphatic 

vessels in the edematous nuchal skin. The jugular lymphatic sacs of the trisomy 21 fetus were 

distended and showed a diminished expression of lymphatic markers Prox-1 and podoplanin, 

combined with an upregulation of blood vessel markers, in contrast to the euploid fetus. The 

nuchal edema contained a small cyst lined by mesenchyme. The Turner fetus showed two 

large subcutaneous cavities in the posterior neck region, of which the cellular lining stained 

negative for all lymphatic and other endothelial markers. These cavities were lined by mes-

enchyme and are therefore considered nuchal cysts. This finding is remarkable as in several 

reports on Turner syndrome these cavities are assumed to present the jugular sacs. In the 

skin only scanty and small subcutaneous lymphatic vessels were visible and there were no 

jugular lymphatic sacs, adjacent to the jugular vein. Our data indicate that nuchal edema in 

trisomy 21 and Turner syndrome are similar morphological entities with a different size but 

are caused by different mechanisms. The trisomy 21 fetus showed a disturbed lymphatic 

endothelium differentiation resulting in an abnormal phenotype, whereas the Turner fetus 

showed a lack of endothelial differentiation towards jugular sacs. Both disturbances can be 

related to Prox-1, which is the master control gene in lymphangiogenesis.

This thesis ends with a general conclusion and future prospects in chapter 9. 
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First of all, these thesis shows a strong relation between jugular lymphatic distension and 

increased NT. Secondly, we demonstrate an abnormal venous-lymphatic phenotype in 

aneuploid fetuses with nuchal edema. Increased NT is associated with a broad spectrum 

of genetic, structural and other anomalies, with a variable extent of severity. Therefore, 

we conclude that there is not one single cause but that several genetic origins and epi-

genetic influences, linked to a common developmental process, lead to nuchal edema. This 

thesis identifies endothelial differentiation as the most promising candidate. A disturbed or 

delayed endothelial differentiation is able to cause jugular lymphatic distention and subse-

quent edema or result in cardiovascular anomalies as the severe end of the spectrum. The 

initiation of a disturbed lymphatic or blood vascular endothelial development can be either 

environmental or genetic. A disturbed migration of neural crest cells is suggested as etiologic 

factor in the lymphatic and cardiovascular anomalies in fetuses with nuchal edema, based on 

the findings in the trisomy 16 mice embryos. This should be further explored in the human 

model. In general, further investigation of the endothelial differentiation processes in fetuses 

with nuchal edema is warranted. Also, morphological analysis of the human ductus venosus 

should be performed.
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Samenvatting

De “nuchal translucency” (NT), in de volksmond ook wel nekplooi genoemd, is een kleine 

transoniteit in de nekregio van de foetus in het eerste trimester van de zwangerschap. 

Normaliter verdwijnt deze transoniteit na 14 weken zwangerschapsduur. Een verdikte NT  

bestaat uit oedeem en is geassocieerd met aneuploidie. De echoscopische NT meting tussen 

10 en 14 weken zwangerschapsduur is, samen met de maternale leeftijd en een serumtest, 

een bewezen sensitieve en effectieve methode om chromosomale afwijkingen in het eerste 

trimester van de zwangerschap op te sporen. Deze methode, de zogenaamde combinatie-

test, wordt wereldwijd op grote schaal toegepast. De meest frequent gediagnosticeerde 

afwijking is trisomie 21, gevolgd door trisomie 13, trisomie 18 en monosomie X. Echter, 

een foetus met een verdikte NT en een normaal karyogram heeft nog steeds een verhoogd 

risico op een wijd scala aan structurele afwijkingen, genetische afwijkingen en syndromen. 

Niettemin heeft een deel van de foetussen met een verdikte NT een normale uitkomst van 

de zwangerschap. De oorzaak van de verdikte NT en de relatie met het grote spectrum aan 

aangeboren afwijkingen is nog altijd onbekend.

Recentelijk is een abnormale lymfeontwikkeling gesuggereerd als mogelijke oorzaak voor de 

verdikte NT. Deze suggestie is gebaseerd op de ontdekking van vergrote jugulaire lymfezak-

ken bij trisomie 16 muisembryo’s met een verdikte NT. Deze trisomie 16 muisembryo’s zijn 

een geaccepteerd diermodel voor humaan trisomie 21. De ontwikkeling van het lymfesy-

steem in de nek start met de formatie van de jugulaire lymfezakken. Deze zakken worden 

gevormd door een groep endotheelcellen die vanuit de wand van de primaire halsvene, de 

vena cardinalis, ontspringen en tot lymfe-endotheel differentiëren. Vanaf 10 weken zwan-

gerschapsduur reorganiseren deze lymfezakken zich tot lymfeklieren. De ontwikkeling wordt 

voltooid door de ingroei van de ductus thoracicus in de linker lymfezak, waardoor een ver-

binding met de lymfevaten van de rest van het lichaam tot stand wordt gebracht. Door de 

connectie tussen de ductus thoracicus en de vena jugularis interna vindt drainage van het 

lymfevocht naar de veneuze circulatie plaats. Het doel van dit proefschrift is om de relatie 

tussen de jugulaire lymfeontwikkeling en nekoedeem te bestuderen, om meer inzicht te 

krijgen in de etiologie van de verdikte NT. 

In hoofdstuk 1 wordt een korte introductie gegeven over de NT. Daarnaast wordt de 

opbouw van dit proefschrift uiteengezet.

Hoofdstuk 2 bevat een overzicht van de verschillende hypothesen over de etiologie van de 

verdikte NT. De verscheidenheid aan theorieën kan worden ingedeeld in drie hoofdstromen. 

Ten eerste wordt hartfalen gesuggereerd als etiologische factor vanwege de verhoogde 

incidentie van cardiovasculaire afwijkingen en het optreden van afwijkende doorstromings-

profielen van de ductus venosus bij foetussen met een verdikte NT. Ten tweede zijn verschillen 

in de samenstelling van de extracellulaire matrix beschreven in de nek van foetussen met een 

aneuploidie. Deze veranderingen in de extracellulaire matrix zouden kunnen leiden tot accu-

mulatie van vocht. Als laatste is een verstoorde lymfeontwikkeling aangetoond bij foetussen 

met nekoedeem. Wij concluderen dat de vele hypotheses over de etiologie van de verdikte 
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NT veelal berusten op associaties. Zowel hartfalen en extracellulaire matrix veranderingen 

verklaren het tijdelijke en lokale karakter van de vergrote NT niet. Een vertraagde organisatie 

en verbinding met de veneuze circulatie van de jugulaire lymfezakken zouden deze eigen-

schappen wellicht wel kunnen verklaren.

In hoofdstuk 3 wordt de aanwezigheid van verwijde jugulaire lymfezakken bij foetussen met 

een normale en een verdikte NT prospectief onderzocht door middel van transvaginale echos-

copie. Wij vonden een relatie tussen de aanwezigheid van nekoedeem en een verwijding van 

het jugulaire lymfesysteem op de eerste trimester echo. Onder normale omstandigheden zijn 

de jugulaire lymfezakken niet zichtbaar. In 22 van de 26 (85%) foetussen met een verdikte 

NT waren vergrote lymfezakken zichtbaar, in tegenstelling tot 2 van de 137 (1,5%) van de 

foetussen met een normale NT. De vergrote lymfezakken waren aanwezig ongeacht het kary-

otype van de foetus. Daarnaast, was een dikkere NT geassocieerd met een hogere kans op 

distensie van de jugulaire lymfezakken. 

Een associatie tussen vergrote lymfezakken en de aanwezigheid van een verdikte NT betekent 

echter niet dat er ook een causaal verband is tussen beide entiteiten. Daarom, wordt in 

hoofdstuk 4 een longitudinale analyse verricht in foetussen met een verdikte NT, waarbij 

de ontwikkeling van het nekoedeem en de jugulaire lymfezakken wordt geanalyseerd met 

voortschrijden van de zwangerschap. In deze studie werden 74 foetussen tussen 11 en 17 

weken zwangerschapsduur wekelijks onderzocht door middel van echoscopie. Het volume 

van de lymfezakken en de zwangerschapsduur vertoonden een kwadratische relatie, die ver-

schilde tussen foetussen met euploidie (n=40) en aneuploidie (n=34). De lymfezakjes van de 

foetussen met een aneuploidie waren langer aanwezig en bereikten een groter volume ten 

opzichte van foetussen met een normaal karyogram. De ontwikkeling van het nekoedeem en 

de lymfezakjes waren gerelateerd, waarbij een vergroting van de NT voorafging aan distensie 

van de lymfezakken. In iedere foetus werd een toename in het volume van de lymfezakken 

bij het voortschrijden van de zwangerschap gevolgd door een afname. Het tijdstip in de 

zwangerschap waarop een punctum maximum in volume werd bereikt verschilde echter per 

foetus. Dit impliceert een foetusspecifieke ontwikkeling. Een dergelijke individuele ontwikke-

ling werd eveneens waargenomen bij de NT. Postmortem onderzoek bevestigde de distensie 

van de lymfezakken in alle gevallen. Concluderend, is de ontwikkeling van de verdikte NT 

gerelateerd aan een verstoorde jugulaire ontwikkeling. Bij foetussen met een afwijkend kary-

otype lijkt deze ontwikkeling ernstiger verstoord.

De distensie van het jugulaire lymfesysteem verdwijnt  na het eerste trimester, evenals het 

nekoedeem. In hoofdstuk 5 worden twee casussen beschreven waarbij de distensie van 

de lymfezakken samen met een verdikte NT persisteerde tot ver in het tweede trimester. Bij 

beide foetussen werd na de geboorte Noonan syndroom gediagnosticeerd. Postnataal onder-

zoek liet in beide gevallen een milde pulmonaalklep stenose zonder cardiale decompensatie 

zien. Het persisteren van de jugulaire distensie lijkt gerelateerd te zijn aan een ernstigere 

verstoring van de lymfeontwikkeling in het scala van aandoeningen, die gerelateerd zijn aan 

een verdikte NT.
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In hoofdstuk 6 wordt de achtergrond van het nekoedeem en de geassocieerde lymfe en 

cardiovasculaire afwijkingen bestudeert in het trisomie 16 muismodel. De jugulaire lymfezak 

heeft een nauwe anatomische relatie met de omringende zenuwen en bloedvaten. Tussen 

zenuwcellen en endotheelcellen bestaan verschillende interacties.  Zij delen diverse genen in 

hun ontwikkeling. De morfologische correlatie tussen neurogenese en vasculogenese werd 

in de nek, hart en ductus venosus van normale en trisomie 16 muisembryo’s onderzocht door 

middel van immunohistochemie. Hierbij werd gebruik gemaakt van een antilichaam tegen 

Neural Cell Adhesion Molecule (NCAM), waarmee neuronale cellen worden aangekleurd. 

De rangschikking van de hersenzenuwen IX, X en XI (nervus glossopharyngeus, vagus en 

accessorius) tussen de arteria carotis, de vena jugularis en de vergrote lymfezak verschilde in 

de trisomie 16 muis. Dit is waarschijnlijk een mechanisch effect door de expansie van de lym-

fezakken. De trisomie 16 muis embryo’s  toonden een verhoogde NCAM-expressie in zowel 

zenuwen als in cardiovasculaire structuren. De NCAM overexpressie was met name zichtbaar 

in 4e en 6e kieuwboogarteriën en de ductus venosus. Het gedeelte van de vaatwand van 

de kieuwboogarteriën met een NCAM overexpressie had een nauwe relatie met de nervus 

vagus. De nervus vagus was significant kleiner ten opzichte van normale muisembryo’s. Daar-

entegen, was er bij afwijkingen van de 4e en 6e kieuwboogarteriën juist een verminderde 

NCAM-expressie. Afwijkingen van deze kieuwboogarterien resulteren in een afwijkende 

aortaboogformatie en defecten in het cardiale uitstroomgebied. Concluderend vonden wij 

een verstoorde interactie tussen neurogenese en angiogenese in het trisomie 16 muismodel, 

welke lijkt te berusten op een afwijkende migratie en/of differentiatie van de cardiale neurale 

lijst cellen. Deze verstoring vormt een interessante link tussen de distensie van het jugulaire 

lymfesysteem, cardiovasculaire afwijkingen en veranderde ductus venosus stroomprofielen 

bij humane foetussen met een verdikte NT. 

Vervolgens wordt in hoofdstuk 7 de jugulaire lymfeontwikkeling onderzocht door het ver-

richten van postmortem onderzoek in humane foetussen met een aneuploidie en een normaal 

karyogram. De lymfe-endotheel differentiatie werd ook onderzocht in normale en trisomie 

16 muis embryo’s. Hierbij werd gebruik gemaakt van specifieke immunohistochemische 

markers voor lymfe- en bloedvatendotheel. In deze studie demonstreren wij een verstoord 

veneus-lymfatisch fenotype in humane foetussen en muisembryo’s met nekoedeem. Dit 

werd gekenmerkt door een afwezige of verminderde expressie van de lymfatische markers 

Prox-1 en podoplanine. Daarnaast, hadden de verwijde jugulaire lymfezakken bloedvatkarak-

teristieken, zoals een verhoogde expressie van neuropiline-1 (NP-1) en vascular endothelial 

growth factor-A (VEGF-A). Bovendien bevatte het lumen bloedcellen en werden de vergrote 

lymfezakken omgeven door een laag gladde spiercellen. Concluderend lijkt een verstoorde 

endotheeldifferentiatie met verlies aan lymfatische kenmerken ten grondslag te liggen aan 

het ontstaan van oedeem in de nek. Dit vormt mogelijk een relatie met de cardiovasculaire 

afwijkingen die gevonden worden bij een verdikte NT. 

Monosomie X of Turner syndroom wordt gekenmerkt door een buitengewoon sterk vergrote 

NT, ook wel hygroma cysticum genoemd. Over de etiologie van dit hygroma cysticum bestaat 

discussie. Moet het worden gezien als een ernstige vorm van een verdikte NT of betreft het 
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een andere entiteit? In hoofdstuk 8 wordt het jugulaire lymfesysteem vergeleken tussen een 

foetus met monosomie X, trisomie 21 en een normaal karyotype van een vergelijkbare zwan-

gerschapsduur. In de posterieure nekregio van de foetus met Turner syndroom waren twee 

grote subcutane ruimtes zichtbaar, die omgeven waren door een mesenchymale cellaag, die 

negatief was voor alle lymfespecifieke en overige endotheel markers. Het betrof een tweetal 

“nuchal” cysten. Dit is een opmerkelijke bevinding omdat in de literatuur veelal wordt aange-

nomen dat deze ruimtes de jugulaire lymfezakken voorstellen. Naast de vena jugularis en de 

arteria carotis waren er geen jugulaire lymfezak zichtbaar. Verder, waren in de oedemateuze 

huid slechts enkele minuscule lymfevaten detecteerbaar. De foetus met trisomie 21 had naast 

een kleine “nuchal” cyste vele verwijde lymfevaten in de oedemateuze huid in vergelijking 

tot de controle foetus. In de huid van de controle foetus waren enkele lymfevaten zicht-

baar. Onze resultaten impliceren dat het “nuchal” oedeem in trisomie 21 en monosomie X 

eenzelfde morfologische entiteit is, die wordt veroorzaakt door verschillende mechanismen. 

De foetus met trisomie 21 had een verstoorde endotheeldifferentiatie, terwijl bij de Turner 

foetus de endotheeldifferentiatie richting jugulaire lymfezak compleet afwezig was. Beide 

verstoringen lijken gerelateerd aan Prox-1, een gen dat essentieel is voor initiatie en vorming 

van lymfevaten.

In hoofdstuk 9 wordt dit proefschrift afgesloten met een eindconclusie en toekomstper-

spectieven omtrent verder onderzoek naar de etiologie van de verdikte NT. Dit proefschrift 

toont een sterke relatie aan tussen een verstoorde jugulaire ontwikkeling en de verdikte NT. 

Daarnaast vonden wij een abnormaal veneus-lymfatisch fenotype bij aneuploide humane foe-

tussen en “nuchal”oedeem. De verdikte NT is geassocieerd met een wijd scala aan genetische, 

structurele, syndromale en andere afwijkingen, variërend in ernst. Wij concluderen daarom 

dat een solitaire oorzaak voor de verdikte NT onwaarschijnlijk is maar dat de verstoring van 

een gemeenschappelijk proces in de ontwikkeling leidt tot de verdikte NT. Verschillende 

genetische en epigenetische invloeden kunnen dit ontwikkelingsproces op wisselende tijd-

stippen in de embryogenese verstoren. Dit proefschrift laat zien dat endotheeldifferentiatie 

dit onderliggende mechanisme zou kunnen zijn. Een verstoorde endotheeldifferentiatie leidt 

tot distensie van het jugulaire lymfesysteem met oedeem en bij een ernstigere verstoring 

tevens tot cardiovasculaire afwijkingen. Zowel omgevingsinvloeden als genetische factoren 

zijn in staat om endotheeldifferentiatie te beïnvloeden. Een afwijkende migratie van neurale 

lijst cellen lijkt een etiologische rol te spelen in de lymfatische en cardiovasculaire afwijkin-

gen in het trisomie 16 muismodel. De rol van neurale lijst ontwikkeling dient daarom verder 

onderzocht te worden in humane foetussen. Hierbij lijkt ook morfologisch onderzoek van 

de humane ductus venosus van belang. Tenslotte, zouden de bevindingen in dit proefschrift 

aanleiding moeten zijn tot verder onderzoek naar de endotheeldifferentiatieprocessen in foe-

tussen met een verdikte NT en de relatie met de diverse andere geassocieerde afwijkingen.
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Iedereen die een bijdrage heeft geleverd aan mijn proefschrift ben ik dankbaar. Een aantal 

van hen wil ik graag met name noemen.

Allereerst mijn hooggeachte promotor prof.dr.	J.M.G.	van	Vugt. Beste John, bedankt voor 

de geweldige kans die je me bood om als arts-onderzoeker aan de slag te gaan. Vanaf 

het moment dat ik als studente bij je aanklopte om onderzoek te verrichten hebben we 

prettig samengewerkt. Toen je me benaderde voor de gecombineerde functie van arts-

onderzoeker/ arts-echoscopist heb ik dan ook niet lang getwijfeld. Je bleek een geweldige 

promotor: stimulerend, laagdrempelig, wetenschappelijk sterk, betrokken en altijd zeer 

vlot met corrigeren. Ook heb je me altijd alle vrijheid gegeven om het onderzoek op mijn 

eigen wijze in te vullen en voelde ik me gesteund in mijn plannen. Bovendien ging de 

samenwerking met jou gepaard met veel humor en talloze leuke momenten in het ziekenhuis 

maar ook daarbuiten, zoals tijdens diverse diners en congressen. Ons eerste etentje herinner 

ik me nog goed. Als “echojongste” mocht ik het prenatale-diagnostiek-diner organiseren. 

Jouw voorzichtige tip om geen studenteneetcafé te kiezen nam ik vervolgens zo serieus dat 

het budget wel erg ruim werd overschreden. Ik beschouw het als een voorrecht om jouw 

promovenda te zijn en ik hoop in de toekomst nog veel met je te blijven samenwerken.

Mijn tweede hooggeachte promotor prof.dr.	 A.C.	 Gittenberger-de	 Groot, beste Adri. 
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