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Abstract
Lymphangiectasias are lymphatic malformations characterized by the abnormal dilation and morphology of the lymphatic
channels. The classification and treatment of these disorders can be challenging given the limited amount of literature available
in children. Various imaging modalities are used to confirm suspected diagnosis, plan the most appropriate treatment, and
estimate a prognosis. Prenatal evaluation is performed using both prenatal US imaging and fetal MRI. These modalities are
paramount for appropriate parental counseling and planning of perinatal care. During the neonatal period, chest US imaging is a
useful modality to evaluate pulmonary lymphangiectasia because other modalities such as conventional radiography and CT
display nonspecific findings. Finally, the recent breakthroughs in lymphatic imaging with MRI have allowed us to better classify
lymphatic disorders. Dynamic contrast-enhanced lymphangiography, conventional lymphangiography and percutaneous lym-
phatic procedures offer static and dynamic evaluation of the central conducting lymphatics in children, with excellent spatial
resolution and the possibility to provide treatment. The purpose of this review is to discuss the normal and abnormal development
of the fetal lymphatic system and how to best depict it by imaging during the prenatal and postnatal life.
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Introduction

Lymphangiectasia denotes lymphatic malformations charac-
terized by the abnormal dilation and morphology of the

lymphatic channels [1]. The incidence of these anomalies is
still unknown, but autopsy reports in the perinatal period have
estimated that 0.5–1% of feto-neonatal deaths can be attribut-
ed to congenital pulmonary lymphangiectasias [2].Most cases
tend tomanifest spontaneously, with only a few cases showing
a familial predisposition [3, 4]. However, more severe and
diffuse forms of the disease are more frequently associated
with a genetic condition [5]. Lymphangiectasia can present
as a challenging diagnosis given that it can easily be
misidentified as other lymphatic-type disorders such as lym-
phatic malformation (dilated and dysplastic lymphatic chan-
nels) and lymphangiomatosis (progressive multifocal prolifer-
ation and dilation of the lymphatics) [6]. Most of these lesions
can be differentiated by the age of presentation and the histo-
logical examination [1].

Pre- and postnatal imaging of the lymphatic system has
improved considerably in the last decade. The high resolution
of fetal MRI and prenatal US imaging has allowed radiologists
and maternal–fetal medicine specialists to detect lymphatic
disorders and prepare for a multidisciplinary delivery [7, 8].
Neonatal US and MR imaging have played a relevant role in
the diagnosis, treatment and prognosis of these children as
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well. In particular, new techniques such as dynamic contrast-
enhanced MR lymphangiography and conventional lymphan-
giography provide high-resolution images of the central
conducting lymphatics and allow us to provide groundbreak-
ing treatments that have shown promising results [9].

Our knowledge on the diverse forms of lymphangiectasias
is limited by the low incidence and high mortality of these
lesions diagnosed in fetuses and neonates [10]. The clinical
manifestations of lymphangiectasias are nonspecific and cli-
nicians have to rely on the imaging findings to reach a defin-
itive diagnosis [1, 11]. Further, the amount of literature avail-
able on fetal lymphangiectasias is scarce. It is imperative to
know the progression of the different imaging findings of
lymphangiectasias from the prenatal to the immediate postna-
tal life in order to provide appropriate parental counseling. In
the present article, we discuss the normal and abnormal devel-
opment of the fetal lymphatic system and how to best depict it
by imaging during the prenatal and postnatal life.

Clinical classification and associated
conditions

The International Society for the Study of Vascular Anomalies
(ISSVA) classifies lymphatic malformation into five groups:
common lymphatic malformation (sub-divided into
macrocystic, microcystic and mixed cystic); generalized lym-
phatic anomaly; Gorham–Stout disease; channel-type lymphat-
ic malformation; and primary lymphedema [12, 13]. Each cat-
egory encompasses different diseases that vary across age
groups and underlying diagnoses. Neonatal lymphatic flow dis-
orders compose one known group that is classified as a
channel-type lymphatic malformation and can be detected pre-
natally as hydrops fetalis, chylous ascites or chylothorax [14].
Postnatally, dynamic contrast-enhanced MR lymphangiogra-
phy aids in dividing neonatal lymphatic flow disorders into
three types: pulmonary lymphatic perfusion syndrome, central
lymphatic flow disorder (also called congenital lymphatic dys-
plasia) and congenital chylous ascites [14]. Fetal
lymphangiectasia is considered a neonatal lymphatic flow dis-
order; however, subsequent postnatal classification depends on
the degree of involvement because it can manifest locally (e.g.,
isolated chylothorax) or diffusely (e.g., hydrops fetalis) in the
fetus [6]. For example, a localized pulmonary lymphangiectasia
might be considered a pulmonary lymphatic perfusion disease;
however, diffuse compromise of the lymphatic channels sug-
gests a central lymphatic flow disorder rather than a pulmonary
lymphatic perfusion syndrome (Fig. 1).

Fetal lymphangiectasia can occur in any organ with lym-
phatic drainage. The lungs tend to be more frequently affected
and are almost invariably involved in the diffuse forms (i.e.
more than one organ) [6]. Noonan et al. [15] in 1970 proposed
to organize neonatal pulmonary lymphangiectasias into three

groups: (1) as part of a generalized lymphangiectasia, (2) sec-
ondary to pulmonary obstruction and (3) as a primary devel-
opmental disorder. More recently, most authors classify pul-
monary lymphangiectasia as primary and secondary for sim-
plicity [16, 17]. Primary lymphangiectasia is considered when
the inherent developmental abnormality is in the lymphatic
system — either as an isolated malformation or associated
with a genetic syndrome such as Turner syndrome [16].
Secondary lymphangiectasia is usually a consequence of a
congenital heart disease with significant obstructive cardiac
dysfunction that leads to an elevated systemic venous pressure
and lymphatic fluid accumulation (e.g., hypoplastic left heart
syndrome) [18].

Normal and abnormal development
of the lymphatic system

The embryology of the lymphatic system is poorly under-
stood. However, the advent of molecular biology and the dis-
covery of specific markers have brought with them a better
perspective about the ontogeny of the lymphatics. The lym-
phatic channels are thought to arise from venous precursor
cells after the heart and the major vascular primitive structures
have developed, as follows. First, by vasculogenesis, a cluster
of mesodermal cells in the embryo differentiates into endothe-
lial precursor cells (angioblasts) and forms the first blood ves-
sels, the aorta, and the cardinal venous structures [19, 20].
Then, the blood circulation is established and stimulates the
development of the primary capillary plexi into the well-
known hierarchical network of blood vessels— arteries, arte-
rioles, capillaries, venules and veins — through a process
known as angiogenesis [19, 21]. At the end of the fifth week
of gestation, a cluster of endothelial cells in the primitive veins
starts to differentiate into lymphatic endothelial cells, which
sprout out from the primitive veins and form the first lymphat-
ic sacs [20, 22, 23]. These sacs further develop throughout the
body and give rise to the lymphatic system. The jugular lym-
phatic sacs appear at about the sixth week of development and
drain the lymphatic vessels of the upper limbs, upper trunk,
head and neck. The retroperitoneal lymphatic sac, cisterna
chyli, and posterior lymphatic sacs appear and drain the lymph
of the trunk and lower extremities [24]. Finally, the primitive
lymphatic vessels branch out and form a hierarchy similar to
the blood vessels — from lymphatic capillaries to collecting
ducts. The blind-ending lymphatics come together and form
the main collecting vessels (the thoracic duct and right lym-
phatic duct) that drain into the central veins [19, 20].

The etiology of primary lymphangiectasia is not complete-
ly elucidated. On histological examination of samples from
patients with congenital pulmonary lymphangiectasias, the
lung displays large cystic spaces in the subpleural, interlobu-
lar, perivascular and peribronchial areas [16]. However, it is
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not clear whether these aberrant lymphatic channels are the
result of a failed normal regression of the pulmonary connec-
tive tissue during the 16th week of pregnancy or an uncon-
trolled proliferation of the lymphatics or an inability to remod-
el into a mature lymphatic s tructure. Secondary
lymphangiectasia, on the other hand, seems to be related to
the timing between the development of the cardiovascular
system and the lymphatic channels. The heart and blood ves-
sels develop earlier in gestation compared to the lymphatic
channels. A possible congenital anomaly or erroneous signal-
ing event might trigger a cascade of events that can lead to the
dilation of the lymphatics [24, 25]. For instance, a high retro-
grade pressure from the left atrium to the pulmonary veins and
pulmonary lymphatics, as happens in hypoplastic left heart
syndrome with intact or restrictive atrial septum, might lead
to pulmonary lymphangiectasia [26]. Congenital and acquired
lymphatic maldevelopment is frequent among patients with
obstructive left-side heart conditions such as hypoplastic left

heart syndrome with restrictive atrial septum and total anom-
alous pulmonary venous return [27–29]. Similarly, congenital
heart diseases associated with increased pulmonary blood
flow — such as atrial and ventricular septal defect — lead to
a high capillary filtration of protein-poor fluid into the inter-
stitial space and an increased lymphatic fluid clearance [30].
This chronic high pulmonary blood flow subsequently leads
to lymphatic endothelial dysfunction, decreased clearance and
lymphatic malfunction [31].

Prenatal imaging

The most frequent findings on prenatal US imaging in pulmo-
nary lymphangiectasias include a heterogeneous appearance
of the lung parenchyma and the presence of pleural effusions
that might raise concerns for an underlying pulmonary lym-
phatic lung abnormality [26]. Similarly, prenatal US imaging

Fig. 1 Flow chart shows the classification of lymphatic malformations
and the different neonatal lymphatic flow disorders. Fetal

lymphangiectasias can manifest in an isolated (e.g., pulmonary
lymphangiectasia) or diffuse manner
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plays a pivotal role as the first step for early identification of
congenital heart disorders and their hemodynamic repercus-
sions [32]. Hypoplastic left heart syndrome can be diagnosed
on prenatal US imaging, which can also exquisitely evaluate
the characteristics of interatrial communication [32].
However, US imaging might not be as sensitive in finding
pulmonary lymphangiectasia as MRI.

Pulmonary lymphangiectasia in fetal MRI manifests as a
heterogeneous appearance of the lung parenchyma with T2-
hyperintense thin and branching tubular structures extending
from the hila to the pleural surface— an appearance known as
the nutmeg lung [33]. Correlation between histological eval-
uation and the MR images suggests that these tubular areas of
T2 hyperintensity reflect dilated lymphatic channels associat-
ed with pleural and interlobular septal thickening [26]. The
enlarged lymphatic and blood vessels can increase the lung
size and yield a larger lung volume expected for gestational
age [33]. This appearance can also be identified on prenatal
US examination, although it is less conspicuous compared to
MRI [34] (Fig. 2). The nutmeg lung appearance on MRI has
also been linked to a poor clinical evolution and higher mor-
tality in infants with hypoplastic left heart disease [26].
Pulmonary lymphangiectasia secondary to congenital heart
disease is associated with thickening of elastin layers
(arterialization), which might reflect an irreversible damage
of the lymphatic wall that leads to poor prognosis [26].

Encountering additional fetal anomalies helps to elucidate
the etiology of the pulmonary lymphangiectasia. A previous
study showed that prenatal body wall edema was present in a
fetus that subsequently was diagnosed with a central lymphatic
flow disorder, whereas fetuses whose only finding was nutmeg
lung were diagnosed with neonatal chylothorax [34]. This sug-
gests that imaging findings such as ascites, body wall edema
and hydrops fetalis (presence of fluid in at least two fetal com-
partments) might reflect a more severe lymphatic flow abnor-
mality compared to those with isolated nutmeg lung [34].

Fetal US andMR imaging are of paramount importance for
appropriate parental counseling and perinatal care planning
[35]. Identification of nutmeg lung can be used for risk strat-
ification of prenatal surgical interventions such as percutane-
ous catheter-directed balloon dilation or atrial septectomy in
the fetus with hypoplastic left heart syndrome. These proce-
dures are associated with better early survival and improved
clinical parameters (such as oxygen requirements) compared
to immediate neonatal interventions [36].

Postnatal imaging

Chest ultrasonography

During the neonatal period, chest radiograph and CT findings
in patients with pulmonary lymphangiectasia include

subpleural and perivascular interlobular septal thickening.
However, CT is not the best imaging modality to diagnose
pulmonary lymphangiectasia because some imaging findings
can be confused with interstitial edema — especially in the
setting of congenital heart disease— and other interstitial lung

Fig. 2 Pre- and postnatal findings of pulmonary lymphangiectasia. a
Coronal T2-weighted MR image at 32 weeks of gestation shows bilateral
T2-hyperintense heterogeneous appearance of the lung parenchyma with
thin and branching tubular structures (arrows) extending from the hila to
the pleural surface, consistent with nutmeg lung and pulmonary
lymphangiectasia. b Axial prenatal US imaging performed at 36 weeks
of gestation displays the same pattern in the lung (arrows). c
Anteroposterior postnatal chest radiograph at 1 day of age depicts diffuse
coarse interstitial markings bilaterally. The girl was subsequently diag-
nosed with hypoplastic left heart syndrome
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diseases [37]. Chest US imaging has proved to be a useful
imag i n g moda l i t y f o r i d e n t i f y i n g pu lmona r y
lymphangiectasia in neonates with chronic venous obstruction
secondary to a congenital heart disease [38]. Lung surface
irregularity and subpleural cystic-appearing structures are the
most frequent findings in these patients. The irregular lung
surface seems to display the interface between air-filled lung
and the dilated lymphatics, whereas the subpleural cystic-
appearing structures reflect the dilated lymphatics in the
subpleural space. However, only the presence of both these
findings yields the highest diagnostic performance in neonates
with pulmonary lymphangiectasia secondary to congenital
heart disease, and they might be related to a worse prognosis
[38] (Fig. 3). Other US findings, such as vertical-ring-down
artifacts, are not specific for pulmonary lymphangiectasia and
should be interpreted within the appropriate clinical context
[39].

Dynamic contrast-enhanced lymphangiography

Recent breakthroughs in the imaging of the lymphatic system
with MRI have allowed us to better diagnose and treat lym-
phatic malformations. Dynamic contrast-enhanced MR
lymphangiography is a novel technique that permits the static
and dynamic evaluation of the central conducting lymphatics

in children [14]. With US imaging, both inguinal lymph nodes
can be identified and directly accessed using a 25-gauge nee-
dle and a short connecting tube. The intranodal position of the
needle tip can be confirmed by fluoroscopy using a small
volume of iodinated contrast agent or oil-based contrast agent.
The infant is subsequently moved to the MRI scanner,
avoiding any movements to reduce the chances of needle dis-
lodgment. A routine macrocyclic gadolinium-based contrast
agent is injected into the inguinal nodes at a standard dose
(0.1–0.2 mmol/kg) for evaluating the lymphatic channels
[40]. The dynamic contrast-enhanced MR lymphangiography
protocol consists of the following sequences: (1) T2-weighted
MR images and (2) pre- and post-contrast T1-weighted dy-
namic MR images [9]. Heavily T2-weighted sequences are
excellent to visualize the lymphatic structures and are used
to delineate the lymphatic channels. Post-contrast 3-D spoiled
gradient-recalled echo T1-weighted sequences with fat sup-
pression are acquired repeatedly at approximately 30–60 s
[9]. These images permit evaluation of the flow of contrast
agent throughout the central conducting lymphatics.
Respiratory- and electrocardiography-triggered protocols can
improve visualization of the lymphatic channels with respect
to blood vessels. Normal dynamic contrast-enhanced MR
lymphangiography following intranodal injection implies pas-
sage of the contrast agent first to the inguinal and iliac

Fig. 3 Primary lymphangiectasia.
a Coronal prenatal T2-weighted
MRI in a 30-week fetus with bi-
lateral hypoplastic lungs shows
associated abnormal T2 signal
consistent with nutmeg lung
(arrow), associated with a pleural
effusion. He was born via cesare-
an section at 36 weeks of gesta-
tion and intubated at birth. bAxial
postnatal chest US image obtain-
ed at 1 month of age in the same
boy shows irregular lung surface
(solid arrows) with subpleural
cystic-appearing structures
(dashed arrows) and multiple
vertical-ring-down artifacts. c
Coronal post-contrast T1-weight-
ed MR lymphangiogram shows
abnormal and diffuse lymphatic
perfusion to both lungs (arrows).
d At 2 months old, the boy
underwent an intranodal lymph-
angiogram with ethiodized oil to
fill the central lymphatic system.
A follow-up anteroposterior chest
radiograph shows ethiodized oil
in both lungs
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lymphatics, then to the retroperitoneal lymphatics and cisterna
chyli, and subsequently to the thoracic duct, ending in the left
venous angle (Fig. 4) [14]. Peripheral lymphatic channels
should not enhance given that the lymphatic flow is unidirec-
tional because of the lymphatic valves [9]. Retrograde lymph
flow to any organ (e.g., lungs, liver, soft tissues) is considered
abnormal.

Intrahepatic dynamic contrast-enhancedMR lymphangiog-
raphy is a variation of the standard dynamic contrast-enhanced
MR lymphangiography for evaluating the hepatic lymphatic
system. This technique relies on percutaneous access to a
lymphatic branch in the vicinity of the portal vein under US
guidance, through which gadolinium-based contrast agent is
administered. A standard dynamic contrast-enhanced MR

lymphangiography protocol is then performed [41]. A previ-
ous study showed that intrahepatic dynamic contrast-
enhanced MR lymphangiography is useful for visualizing
the lymphatic drainage pattern and that it is more sensitive
than standard inguinal intranodal dynamic contrast-enhanced
MR lymphangiography for identifying contrast leakages in
the duodenum (Fig. 5) [41]. Intrahepatic dynamic contrast-
enhanced MR lymphangiography should be considered in
children with high suspicion for a central lymphatic flow dis-
order because it can help to identify lymphatic disorders that
might not be visualized on an inguinal intranodal dynamic
contrast-enhanced MR lymphangiography study.

The postnatal evaluation of the central conducting lym-
phatics in children with known fetal lymphangiectasia has
significant implications regarding the intervention and clinical
outcome [42]. Prenatal imaging findings on fetal MRI seem to
correlate with postnatal findings on dynamic contrast-
enhanced MR lymphangiography [34]. The nutmeg lung ap-
pearance on fetal MRI likely corresponds to abnormal postna-
tal pulmonary lymphatic perfusion, whereas fetal body wall
edema reflects retrograde lymph flow to the subcutaneous
tissue seen on postnatal dynamic contrast-enhanced MR
lymphangiography, findings known as dermal backflow
[34]. It is important to determine in dynamic contrast-
enhanced MR lymphangiography whether contrast agent is
passing to one or more body compartments in the neonate.
Children with neonatal chylothorax usually present with only
abnormal pulmonary lymphatic perfusion, whereas those with
a central lymphatic flow disorder present with contrast pas-
sage to other compartments (Fig. 6). Fetal lymphangiectasia
secondary to genetic syndromes usually presents with a
broader involvement of the central conducting lymphatics. A
previous study in a cohort of people with Noonan syndrome
showed that frequent findings on dynamic contrast-enhanced
MR lymphangiography were retrograde intercostal lymphatic
flow, pulmonary lymphatic perfusion, and agenesis or dysgen-
esis of the central conducting lymphatics [42].

Conventional lymphangiography and percutaneous
lymphatic procedures

Percutaneous lymphatic procedures such as thoracic duct em-
bolization are well-known alternatives to surgical interven-
tions. These procedures are divided into two steps: conven-
tional intranodal lymphangiography and lymphatic/thoracic
duct embolization. During intranodal lymphangiography, the
inguinal lymph nodes are directly accessed under US guid-
ance. Then, an oil-based contrast agent (ethiodized oil) is
injected in the lymph nodes until opacification of the lymphat-
ic vessels is observed under fluoroscopy [43]. The goal of this
phase is to visualize the abdominopelvic lymphatics, cisterna
chyli, and thoracic duct to identify the target lymphatic vessels
[43]. Subsequently, the lymphatic system is accessed through

Fig. 4 Coronal post-contrast T1-weighted (a) and maximum-intensity
projection (b) images in a 3-year-old girl with a history of protein-
losing enteropathy and a normal dynamic contrast-enhanced MR lymph-
angiogram. After the intranodal injection, contrast agent is visible first in
the inguinal and iliac lymphatics, then in the retroperitoneal lymphatics at
the aortic bifurcation and cisterna chyli, and subsequently in the thoracic
duct, ending in the left venous angle. A normal central lymphatic system
does not display any lymphatic flow to the lungs or any dilation or stric-
tures of the thoracic duct
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a contributing lymphatic feeder by using a transabdominal
approach. Contrast agent is injected under fluoroscopy to
identify the target vessels and image-guided embolization is
performed [44].

Conventional lymphangiography has been described in dif-
ferent clinical settings and in a very heterogeneous group of
people and has the advantage of allowing percutaneous inter-
vention if needed. The correlation between dynamic contrast-
enhanced MR lymphangiography and conventional lymphan-
giography seems to be excellent in various conditions; how-
ever, dynamic contrast-enhanced MR lymphangiography is
more sensitive to showing the degree of lymphatic perfusion
of the lungs and mediastinum [34, 42, 45].

Treatment

There is no standardized treatment for patients with fetal
lymphangiectasias. Treatment is patient-specific and depends
mainly on the fetus’s age and the extension of the disease.
Prenatal treatments such as intrauterine thoracentesis [46]
and thoracoamniotic shunting [47] have proved to be

Fig. 5 MR lymphangiography in
a 2-month-old boy with a history
of bilateral pleural effusions and
congenital chylothorax. a–d
Coronal post-contrast T1-weight-
ed (a, b [posterior to a]) and
maximum-intensity projection (c,
d [posterior to c]) images of
intrahepatic dynamic contrast-
enhanced MR lymphangiography
show a leak of contrast agent into
the peritoneum (dashed arrows)
and subsequent abnormal lym-
phatic perfusion to both lungs
(solid arrows). The black artifact
in the right inferior quadrant cor-
responds to the intrahepatic nee-
dle or the respiratory navigator

Fig. 6 Comparison between neonatal chylothorax (pulmonary lymphatic
perfusion syndrome) and central lymphatic flow disorder. aCoronal post-
contrast T1-weightedMR image in a 25-day-old girl prenatally diagnosed
with bilateral pleural effusions shows abnormal lymphatic lung perfusion
bilaterally (arrows). b Coronal post-contrast T1-weighted MR image in a
4-month-old boy with a history of transposition of the great arteries dem-
onstrates abnormal lymphatic perfusion in both lungs (arrows) and der-
mal backflow in the left inguinal and right supraclavicular regions
(circle). The black artifact in the mid-abdomen corresponds to the
intrahepatic needle or the respiratory navigator
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beneficial in fetuses with hydro- and chylothorax; however,
the uti l i ty of these interventions in fetuses with
lymphangiectasias is unknown. Postnatal treatments can be
divided into conservative, pharmaceutical and percutaneous/
surgical treatments. Neonates with mild symptoms and exten-
sion of the disease can be managed with conservative treat-
ment consisting of a low-oral-fat diet with medium-chain tri-
glycerides, with the goal of reducing lymphatic production
[48]. Similarly, octreotide [49] and sirolimus [50] are two
well-known drugs that have been shown to improve symp-
toms in the short term by mechanisms not fully understood.
Finally, percutaneous interventions with conventional lymph-
angiography can be considered the cornerstone of treatment in
neonates with lymphangiectasia. Most interventions in neo-
nates with lymphangiectasia include embolization with
ethiodized oil, N-butyl cyanoacrylate glue, or coils (Fig. 7)
[34, 40, 42, 51]. The goal of lymphatic embolization is to
reduce the lymph flow from the thoracic duct to the lung
parenchyma or abnormally perfused organ (video in
Supplemental Online Material). Neonates with mild to mod-
erate symptoms might require only selective embolization,
whereas those with more global involvement might not re-
spond favorably to percutaneous interventions [40]. The pa-
tency of the thoracic duct is paramount, and infants with an
occluded thoracic duct might benefit more from a surgical
lymphovenous anastomosis to reconstitute the normal
drainage.

Conclusion

Fetal lymphangiectasia is a rare condition with variable de-
grees of involvement of the lymphatic system. Prenatal imag-
ing with US and fetal MR imaging is essential for appropriate
parental counseling and perinatal treatment planning.

Postnatal imaging with dynamic contrast-enhanced MR
lymphangiography and conventional lymphangiography is
paramount to further classify and evaluate lymphatic
maldevelopment. Treatment is patient-specific and, as of yet,
not standardized, with the manner of treatment depending
mainly on the degree of involvement of the lymphatic flow
disorder.
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