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Jugular lymphatic sacs in fetuses with normal nuchal translucency 

ABSTRACT

Objective
To assess the ultrasonographic appearance of the jugular lymphatic sacs (JLS) in fi rst-trimester 

fetuses with a normal nuchal translucency (NT). 

Methods
Seventy-fi ve fetuses with a normal NT thickness (< 95th percentile) were examined weekly 

between 11 and 17 weeks of gestation. After measurement of the NT thickness, the neck region 

was examined using both transvaginal and transabdominal ultrasound for the presence of the 

JLS. If present, their diameters were measured in three axial planes and the volume was cal-

culated using the formula of a spheroid. Data were analyzed using multilevel analysis. Results

Seventy-fi ve fetuses were evaluated and a total of 243 ultrasound examinations of the neck 

region were performed. In 25 (33%) of the 75 fetuses, the JLS could be observed once or more 

than once. In 19 fetuses JLS were visualized once, in fi ve fetuses two times and in one fetus three 

times. In total, the JLS were visualized 32 times (n= 15 bilaterally, n = 15 only the left JLS and n 

= 2 only the right JLS). Relatively greater NT thickness was associated with a higher probability 

of the presence of JLS, although this was not statistically signifi cant (NT <1mm: probability 

0.03; NT 1–2mm probability 0.15 P = 0.10; NT >2mm probability 0.20 P = 0.08). Gestational age 

was predictive for the presence of JLS, with the highest probability between 13 to 15 weeks of 

gestation (P < 0.01). No relationship was found between gestational age and the volumes of 

the left and right JLS.

Conclusion
The JLS can be visualized on ultrasound examination in a signifi cant proportion of fetuses 

with normal NT, most often between 13 and 15 weeks of gestation, and this does not seem to 

represent any abnormality in these fetuses.
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INTRODUCTION

The sonographic measurement of nuchal translucency (NT) thickness in the fi rst trimester of 

pregnancy has become an established method for identifying fetuses at risk for aneuploidy.1;2 

Euploid fetuses with increased NT are at risk for a variety of congenital abnormalities, mainly 

heart malformations and genetic syndromes, although some fetuses with increased NT present 

with a normal outcome.3;4

Recent studies have implicated disturbed lymphatic development as a likely explanation for 

the development of increased NT,5;6 as fetuses with increased NT showed morphologically 

nuchal edema, accompanied by distended jugular lymphatic sacs (JLS). Ultrasound studies of 

fi rst-trimester fetuses, including those with normal karyotype as well as those with aneuploidy, 

showed a comparable association between increased NT and the presence of enlarged JLS.6;7 

Furthermore, it has been observed that the expansion of the JLS and NT enlargement with 

advancing gestation are related.8

Although these fi ndings point towards a disturbance in lymphatic development as an explana-

tion for increased NT, not much is known about the appearance of JLS on ultrasound examina-

tion in fetuses with normal NT. Visibility of JLS has been previously reported as an isolated fi nd-

ing in about 1.6% of fi rst-trimester fetuses with normal NT and in approximately 2.6% of early 

second-trimester fetuses.7;9-11 However, these percentages are derived from cross-sectional 

studies. Therefore, in this study we prospectively studied the visibility and size of JLS in relation 

to the size of NT in fetuses with normal NT. 

METHODS

Women attending our hospital for fi rst-trimester screening between December 2006 and 

December 2007 were asked to participate in the study. All patients received written informa-

tion and gave informed consent. Only fetuses with normal NT were included in the study. The 

medical ethics committee of the VU University Medical Center approved the study.

Seventy-fi ve women with singleton pregnancies were examined. The gestational age was cal-

culated from the reported last menstrual period and was adjusted according to crown–rump 

length (CRL) if appropriate. Ultrasound examinations were performed weekly from the initial 

scan at 11 to 13+6 weeks until 17 weeks of gestation by one experienced sonographer (Y.M.). 

The number of examinations diff ered between pregnancies because of the diff ering gestational 

ages at the initial scan and varying levels of patient cooperation.

During each examination, the NT thickness was measured using a transabdominal probe (4–8 

MHz, Voluson 730 Expert series or Voluson E8, GE Medical Systems, Zipf, Austria). A normal NT 

was defi ned as a NT thickness < 95th percentile. The NT measurements were performed with 

only the head and upper thorax of the fetus displayed horizontally on the screen once a good 
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sagittal section with the fetal head in a neutral position had been obtained. The magnifi cation 

was as large as possible, such that the minimal incremental movement of the calipers produced 

only a 0.1mm change in the measurement. The widest part of the translucency was measured 

with the inner borders of the callipers placed on the line that defi nes the NT thickness.

After the NT measurement had been made, an ultrasound examination of the whole fetus was 

performed to scan for the presence of anomalies. The neck region was examined in all fetuses 

for the presence of JLS, which appear as spheroid translucencies in the anterolateral region of 

the neck. In general, transvaginal sonography (6–12 MHz transducer, Voluson 730 Expert or 

Voluson E8) was used before 14 weeks and transabdominal sonography (4–8 MHz transducer, 

Voluson 730 Expert or Voluson E8) was used after 14 weeks. Color Doppler was used to identify 

the carotid artery and the jugular vein, which are situated in close apposition to the JLS (Figure 

1).5 If present, the volume of the JLS was calculated by measuring their diameter in three axial 

planes; the length and width were measured in the transverse plane and height of the sacs was 

measured in the sagittal plane. The volume was then calculated using the formula of a spheroid 

(i.e. prolate ellipsoid): volume= length x height x width x π/6. Digital images and videotapes or 

digital video discs of each examination were stored. A second trimester ultrasound examina-

tion was performed in all cases. Follow-up was obtained in each case by questionnaires or by 

telephone contact.

Figure 1 Color Doppler image (transverse plane) through the neck region of a fetus (gestational age 
14+4 weeks, nuchal translucency thickness 0.8mm) with visible jugular lymphatic sacs (arrows). Color 
Doppler was used in order to visualize the carotid arteries and jugular veins, which are positioned next 
to the sacs.
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Statistical analysis

The relationship between NT thickness and the probability of presence of JLS was assessed 

using multilevel logistic regression analysis. Visibility of JLS was included as the dependent vari-

able and three variables representing arbitrarily divided subgroups of NT (<1 mm, 1–2 mm, > 2 

mm) were included as independent variables. NT thickness < 1 mm was used as the reference 

category. The relationship between gestational age and the probability of the presence of JLS 

was also evaluated using multilevel logistic regression analysis. Visibility of JLS was included 

as the dependent variable and six variables representing arbritarily divided subgroups of 

gestational age in weeks (week ≥ 11 to ≤ 12, > 12 to ≤ 13, > 13 to ≤ 14, > 14 to ≤ 15, > 15 to ≤ 

16, > 16 to ≤ 17) were included as independent variables. Gestational week 11 to12 was used 

as the reference category. Data were studied using multilevel analysis in order to account for 

dependency in the data, since the same patients were repeatedly measured. This technique 

uses all available data, irrespective of the number of repeated measurements, meaning that 

missing observations do not compromise the analysis. Furthermore, multilevel analysis is 

capable of dealing with irregularly spaced time intervals. A random intercept model was used 

to investigate a possible time dependency of the data. Multilevel analysis was performed with 

the statistical software package MLwiN (Centre for Multilevel Modelling, Bristol, UK).12 In the 

multilevel analysis a model without random intercept fi tted best. That implies that we could 

analyse the data, without taken account of the dependency of the data, for example by per-

forming logistic regression analysis. In fetuses in which JLS were observed, the relationships 

between gestational age and the left and right JLS volumes were assessed using Pearson’s 

correlation coeffi  cient. The gestational age, CRL and NT thickness at fi rst examination were 

compared using independent t-tests between fetuses in which JLS either had or had not been 

observed at any point in the study. 

RESULTS

Seventy-fi ve fetuses were evaluated. The characteristics of the 75 pregnancies included in 

the study are shown in Table 1. In all of the 75 cases follow-up was complete and the infants 

presented with a normal outcome at birth. A total of 243 examinations of the neck region were 

performed between 11 and 17 weeks of gestation. A good view of the neck region could be 

obtained in all but one (0.04%) examination. This was owing to an unfavorable fetal position. 

The distribution of the number of examinations per fetus is shown in Table 2. 

In 25 (33.3%) of the 75 evaluated fetuses, the JLS could be observed during at least one exami-

nation. In 19 fetuses (25.3%) the JLS were visualized once, in fi ve fetuses (6.7%) two times, and 

in one fetus (1.3%) three times. The NT thickness and volume of the JLS of the six fetuses in 

which the JLS were visualized on more than one examination are shown in Table 3. The mean 
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gestational age of the 25 fetuses in which the JLS were visualized was 13+2 weeks, with a mean 

NT thickness of 1.2mm (calculations based on all examinations in which JLS were present). In 

total, the JLS were visualized 32 times (n = 15 bilaterally, n = 15 only the left JLS and n = 2 only 

the right JLS).

The gestational age, CRL and NT thickness at fi rst examination were compared between fetuses 

in which JLS either had or had not been observed at any point in the study. No diff erences were 

found between the gestational ages of the two groups, the mean gestational age of the fetuses 

without JLS observed was 83 days and the mean gestational age of the fetuses with JLS was 

82 days (P = 0.24). Neither was a diff erence found in CRL between the two groups, the mean 

CRL was 55.2mm in the group without JLS observed and 54.4mm in the group with JLS (P = 

0.67). Furthermore, there was no diff erence in NT thickness between the groups, the mean NT 

thickness of the group without JLS observed was 1.2mm and the mean NT thickness of those 

with JLS was 1.3mm (P = 0.30).

The NT thickness, CRL and sac volumes of the fetuses with JLS observed on one or more occa-

sion were analyzed using the measurements from the examination at which JLS had fi rst been 

observed. The mean NT thickness, CRL and sac volumes (calculated separately for each side) 

were all higher in the fetuses in which JLS had been observed on more than occasion when 

compared to those fetuses in which they had been observed only once (mean values: JLS 

observed more than once, NT 1.6mm, CRL 58mm, left sac volume 3.5mm3, right sac volume 

2.0mm3; JLS observed once: NT 1.3mm, CRL 53mm, left sac volume 0.3mm3, right sac volume 

0.1mm3). So, If JLS were observed in a fetus, the likelihood of them being observed again in the 

course of the study seems to be positvely associated with NT thickness and CRL.

Table 2 Number of examinations per fetus (n=75)

Number of examinations Number (%) of patients

 2 6 (8)

3 48 (64)

4 18 (24)

5 3 (4)

Total 75 (100)

Table 1 Characteristics of the 75 fetuses with normal nuchal translucency

Characteristics Value SD Range

Maternal age (years) 34 † 3.3 26 – 41

Parity  0.5 † 0.6 0 – 2

Gestational age (weeks)* 11+5 ‡ 4.1 11+0 – 13+2

Nuchal translucency (mm)* 1.2 ‡ 0.4 0.6 – 2.3

Crown-rump length (mm)* 53.0 ‡ 7.4 41.0 – 72.5

* At fi rst ultrasound examination. † Mean. ‡ Median.
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Multilevel logistic regression analysis showed that relatively greater NT thickness was associ-

ated with a higher probability of the presence of JLS, but this association was not signifi cant 

(NT < 1mm: probability = 0.07; NT 1–2mm: probability = 0.15, OR 2.6, P = 0.10; NT > 2mm: prob-

ability = 0.20, OR 3.6, P = 0.08). Multilevel logistic regression analysis showed that gestational 

age was predictive for the presence of JLS on ultrasound with the highest probability between 

13 and15 weeks (P < 0.01) (week 11-12 P 0.02, week 12-13 P 0.10 OR 6.8, week 13-14 P 0.33 OR 

29.5, week 14-15 P0.23 OR 17.0, week 15-16 P 0.04 OR 2.6, week 16-17 P 0.00 OR 0.0). The mean 

volume of the left JLS was 44 (range 8–319) mm3, the mean volume of the right JLS was 48 

(range 5–236) mm3. No relationship was found between gestational age and the volume of the 

left and right JLS (left, r = 0.07, P > 0.05; right, r = 0.07, P > 0.05).

Table 3 Data for the 6 fetuses with jugular lymphatic sacs observed on more than one examination

GA (weeks) CRL (mm) NT (mm) volume of left JLS (mm3) volume of right JLS (mm3) 

Fetus 1 12+1 59 2.1 57 49

13+1 77 2.0 170 128

14+1 89 1.8 319 236

15+1 NM  *  -  -

Fetus 2 12+4 63 1.2  -  -

13+4 72 1.6  - 27

14+4 94 1.0 36 15

15+4 NM  *  -  -

Fetus 3 12+1 60 1.3  -  -

13+4 79 1.5 53 37

15+1 95 1.1 90 49

16+1 NM  *  -  -

Fetus 4 11+3 55 1.1  -  -

13+3 79 1.3 20  -

14+3 90 1.2 64  -

16+0 NM  *  -  -

Fetus 5 12+1 56 2.0 18 5

14+5 91  * 61 87

15+5 NM  *  -  -

Fetus 6 12+4 72 1.7 18  -

13+4 82 1.2 24 6

15+4 NM  *  -  -

*, NT had disappeared; CRL, crown–rump length; GA, gestational age; JLS, jugular lymphatic sacs; 
NM, not measurable because of advanced gestational age; NT, nuchal translucency thickness.
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DISCUSSION

Under normal circumstances, the JLS are not visible on ultrasound examination.7 Therefore, 

the visibility of the JLS on ultrasound implicates a distended state. Distended JLS observed 

on ultrasound have been described before in fetuses with increased NT.7;8 Additionally, post-

mortem examination of aneuploid fetuses with increased NT has shown distended and abnor-

mally diff erentiated JLS6, and there is further evidence of this association reported in studies on 

mouse embryos.6;13 Consequently, it has been suggested that increased NT might be caused by 

a delayed or disturbed lymphatic development.5;7;8

Lymphatic development starts in the neck with the formation of the JLS. Bilaterally, small buds 

of lymphatic endothelial cells arise from the internal jugular veins, which fuse and form the JLS. 

The peripheral lymphatic system is formed by sprouting from these sacs.14-16 The JLS normally 

reorganize into lymphatic nodes after 10 weeks of gestation.15 At 14 weeks’ gestation the 

formation of the lymphatic system is completed by the ingrowth of the right thoracic duct into 

the left JLS, thereby connecting several lymphatic vessels and forming the main drainage-site 

of lymphatic fl uid into the systemic circulation.14 Consequently, the fl uid in the neck can drain 

away. A delayed reorganization of the JLS into lymph nodes could explain both the transient 

and the regional character of increased NT. This is also supported by a previous longitudinal 

ultrasound study in fetuses with increased NT, in which it was demonstrated that the devel-

opment of the NT is related to the volume of the JLS, with NT expansion preceding the JLS 

enlargement.8

Interestingly, in the current longitudinal study, the JLS were visualized in fetuses with normal 

NT. The reorganization of the JLS into lymph nodes is a fetus-specifi c process that is usually 

seen after 10 weeks of gestation.15 We hypothesize that the presence of small JLS in cases with 

normal NT is the result of a normal variation in development. In most fetuses the JLS already will 

have been reorganized into lymph nodes when the fi rst ultrasound examination is performed 

at 11 weeks’ gestation. However, in a signifi cant proportion of the fi rst trimester fetuses we 

found JLS, which indicates that in these fetuses the JLS had not yet been fully reorganized into 

lymph nodes at the time of the examination.

The mean volumes of the JLS found in the current research were smaller than those previously 

described in fetuses with an increased NT.7 A possible explanation for these fi ndings is that 

there is a spectrum in lymphatic development, varying from a physiological development 

with visibility of small JLS on ultrasound examination, as found in our study, to a delayed or 

disturbed lymphatic development with visibility of large JLS. Other studies have confi rmed the 

presence of large JLS in fetuses with increased NT.5-8 So, in cases with normal NT, visibility of 

the JLS is likely to be a normal phenomenon. This is supported by the fact that the JLS disap-

peared in all cases and the outcome of all pregnancies in this study was uneventful. If there is an 

increased NT thickness (> 95th percentile) the visibility of the JLS on ultrasonography is likely to 

indicate a delayed or disturbed lymphatic development. However, because of the small sample 
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size of fetuses with visible JLS in the current study, further research is needed to assess this 

phenomenon on a larger scale.

Interestingly, the left JLS was more often visualized than the right JLS. This might be explained 

by the fact that the lymphatic development ends by the ingrowth of the thoracic duct into 

the left JLS, which thereby connects several lymphatic vessels of the upper and lower lymph 

system. Consequently (as mentioned above), the connection of the thoracic duct to the internal 

vein is the main drainage-site of lymphatic fl uid into the systemic circulation.14

Visibility of the JLS has been previously described in cross-sectional studies as an isolated 

fi nding in approximately 1.6 and around 2.6% of fi rst- and early second-trimester fetuses, 

respectively.7;9-11 In contrast, we found JLS in a larger proportion (33%) of fetuses with a normal 

NT. This diff erence might be explained by the fact that our examinations were performed lon-

gitudinally and included a larger time range. The JLS were visualized mostly between 13 and 

15 weeks of gestation, which overlaps with only the last week of the time period in which NT is 

measured as a part of the screening method for trisomy 21. The diff erence may also be partially 

explained by improvements in ultrasound equipment, which have resulted in higher resolution 

and clearer visualization of fetal structures.

It would be interesting to carry out further research evaluating the statistical distribution and 

likelihood ratios of the presence of JLS on ultrasound examination in fetuses with normal and 

increased NT and with normal and abnormal karyotype. With these data it might be possible 

to diff erentiate between normal and abnormal JLS and to use this information for parental 

counselling.

In conclusion, the JLS can be visualized on ultrasound examination in a signifi cant proportion 

of fetuses with normal NT, most often between 13 and 15 weeks of gestation, and this does not 

seem to be associated with any abnormality in these fetuses.
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