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MR Lymphangiography in Chil-
dren: Technique and Potential 
Applications1

The lymphatic system, an important component of the circulatory 
system with essential physiologic functions, can be affected by vari-
ous disease processes. There has been a delay in the development of 
effective imaging methods for the lymphatic system due to its small 
size, which limits visualization as well as introduction of contrast 
material. Traditionally, the lymphatic system has been imaged by 
injecting contrast material or radiotracers into the feet or hands. 
This is not sufficient for assessment of the central conducting lym-
phatics (CCLs) (such as the thoracic duct or the cisterna chyli). 
Fluoroscopic intranodal lymphangiography with injection of oil-
based contrast material into groin lymph nodes improves visualiza-
tion of CCLs but is limited in practice owing to the use of radiation 
and the potential risk for paradoxical embolization in children with 
left-to-right shunt. Dynamic contrast material–enhanced (DCE) 
magnetic resonance (MR) lymphangiography, which is performed 
by injecting gadolinium-based contrast material into groin lymph 
nodes, overcomes these limitations. T2-weighted imaging plays a 
complementary role to DCE MR lymphangiography in the assess-
ment of CCLs. DCE MR lymphangiography demonstrates pre-
served integrity or any abnormality of the CCLs (including block-
age or leak). The technique has recently been used in evaluating 
pulmonary lymphatic perfusion syndrome in children with plastic 
bronchitis, neonatal lymphatic flow disorders, and nontraumatic 
chylothorax. It is useful in identification of the source of chylous as-
cites and contributes to understanding of the anatomy of lymphatic 
malformations. It is successfully used for planning of emboliza-
tion of aberrant lymphatic channels in a variety of lymphatic flow 
disorders. This review discusses the anatomy and function of the 
lymphatic system, the evolution of imaging of the lymphatic system, 
and DCE MR lymphangiography technique and its applications in 
children.
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After completing this journal-based SA-CME 
activity, participants will be able to:

■■ Discuss the anatomy of the lymphatic 
system.

■■ List imaging methods used in assess-
ment of the lymphatic system in children.

■■ Describe the technique of MR lymphan-
giography and its applications in children.

See www.rsna.org/education/search/RG.

SA-CME Learning Objectives

Introduction
The lymphatic system is an essential component of the circulatory 
system. It has several important physiologic functions. It is affected by 
various disease processes, and many conditions have abnormalities of 
the lymphatic system as their basis. Most of the lymphatic system is 
composed of a network of vessels that are small, except for main ducts 
such as the thoracic duct or the cisterna chyli. Over the last half of the 
20th century, there was tremendous progress in imaging almost every 
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system in the human body. However, imaging of 
the lymphatic system trailed behind, primarily 
because of difficulties in introduction of contrast 
material into the lymphatic ducts. Until recently, 
there were only two methods of contrast material–
enhanced lymphatic imaging: direct cannulation 
of the lymphatic ducts (pedal lymphangiography) 
and interstitial injection of contrast agents that are 
absorbed into the lymphatic system (lymphoscin-
tigraphy and lower extremity magnetic resonance 
[MR] lymphangiography). Unfortunately, neither 
technique can be used to reliably image the central 
lymphatic system. Recent advances in lymphatic 
imaging technology as well as successful develop-
ment of newer lymphatic interventional techniques 
have prompted progress in imaging of the central 
lymphatic system (1–4). One such recently de-
veloped technique is dynamic contrast-enhanced 
(DCE) MR lymphangiography, which is being 
increasingly used in clinical practice (4,5). Similar 
advances have occurred in imaging of the lym-
phatic system of the upper and lower extremities.

This review focuses on imaging of the cen-
tral conducting lymphatics (CCLs). Peripheral 
lymphangiography is not discussed. We discuss the 
anatomy and function of the lymphatic system, 
progress in imaging of the lymphatic system, and 
DCE MR lymphangiography technique for CCLs, 
with current and potential applications in children.

Anatomy and Function  
of the Lymphatic System

Lymph is a bodily fluid that originates in the 
interstitial tissues. Lymph is excess of tissue fluid 
derived from blood plasma and removed by the 
lymphatic system. Lymph contains oxygen, nu-
trients, hormones, fatty acids, toxins, and cellular 
waste products.

The lymphatic system consists of a network 
of small terminal lymphatic ducts, which collect 
lymph from tissues, and larger lymphatic ducts 
conducting lymph from terminal lymphatics 
to veins, with lymph nodes interspersed in the 
lymphatic pathways (6). Terminal lymphatics are 
small lymphatic vessels originating in tissues of 
the body. The lymphatic ducts contain valves, 
similar to those for veins, for unidirectional 
lymphatic flow from tissues and organs into the 
systemic venous system. Lymph enters the lymph 
nodes via afferent lymphatic ducts and leaves via 
efferent lymphatic ducts. Lymph nodes regulate 
the composition of the lymph and mount im-
mune responses if pathogens are detected.

The lymphatic vessels can be divided into 
three types depending on their origin: soft-tissue, 
liver, and intestinal lymphatic ducts (7).

The lymphatic vessels that come from the right 
side of the head and neck, right upper extremity, 

Teaching Points
■■ The lymphatic vessels that come from the right side of the 

head and neck, right upper extremity, and right side of the 
chest, lung, and heart drain into the right lymphatic duct. The 
right lymphatic duct is short (1.25 cm) and opens directly into 
the venous system at the junction of the right subclavian and 
right internal jugular veins. Lymph from the rest of the body, 
including the lower extremities, abdomen (including the liver 
and intestine), left upper extremity, and left side of the chest, 
head, and neck, is drained by the thoracic duct.

■■ Recently, ultrasonography (US)-guided intranodal injection  
of oil-based contrast material (similar to US-guided intranodal 
gadolinium injection, explained later) with imaging of CCLs 
at fluoroscopy has been refined for use in children and suc-
cessfully used for subsequent lymphatic intervention. This 
technique provides excellent spatial resolution. Limitations of 
this technique include exposure to ionizing radiation, longer 
examination time, limited dynamic information, and limited 
information about the relationship of lymphatic ducts with 
surrounding structures. Moreover, oil-based contrast mate-
rial must be used with caution in children with right-to-left 
shunts from congenital heart disease or from large pulmonary 
arteriovenous malformations because of the risk for systemic 
embolism. Cerebral ethiodized oil embolism after lymphatic 
embolization has been reported in a child with congenital 
heart disease and plastic bronchitis, due to direct connection 
between the lymphatics and the pulmonary venous branch.

■■ Dynamic postcontrast imaging of the initial movement of 
contrast material after injection (first passage of contrast ma-
terial) through the ducts is performed by using T1-weighted 
3D gradient sequences such as THRIVE/VIBE/LAVA in the 
coronal plane that can be acquired in 15–30 seconds. First, 
a mask image is acquired that is used for subtraction. Then, 
from the start of intranodal contrast material injection, images 
are acquired every minute until the contrast material reaches 
the venous angle where the thoracic duct drains. More fre-
quent imaging (every 30 seconds) can be performed if there 
is chylolymphatic reflux, defined as passage of contrast agent 
from the CCLs into lymphatic ducts away from the expected 
direction of flow. Images in the axial plane can be acquired as 
required to assess the ducts. Washout of contrast agent from 
normal lymphatic ducts typically occurs in 15–30 minutes.

■■ After the start of intranodal injection, contrast material typi-
cally appears in the retroperitoneal lymphatics at the aortic bi-
furcation and along the iliac ducts within 2 minutes. A normal 
cisterna chyli is opacified in 3–6 minutes. Thereafter, the pas-
sage of contrast material superiorly from the cisterna chyli is 
rapid and reaches the venous angle through the thoracic duct 
approximately in the next 2–3 minutes. Contrast material is 
typically washed out from the normal CCL in 15–20 minutes 
and is accompanied by renal enhancement and excretion.

■■ In patients with total cavopulmonary connection, the preva-
lence of plastic bronchitis is approximately 4%. PLPS serves as 
an anatomic substrate for the condition. Elevated central ve-
nous pressure in these patients results in increased production 
of lymph as well as an increase in impedance to lymphatic 
drainage. This results in congestion in the central lymphatic 
system and in PLPS can result in overflow of lymph into the 
lung parenchyma. This abnormal lymphatic flow into the 
lungs causes protein leakage into the airways and cast forma-
tion. Dilatation of subpleural and interlobular lymphatics has 
been shown in patients with plastic bronchitis and intestinal 
lymphangiectasia in patients with protein-losing enteropathy 
demonstrated at pathologic analysis.
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clears waste products and cellular debris (in-
cluding bacteria and proteins). The additional 
function of the intestinal lymphatic system is the 
absorption of long-chain lipids from the intes-
tine. For that reason, the concentration of lipids 
in the intestinal lymph, as well as of proteins 
(60% of that in the blood), is high. One of the 
important functions of the hepatic lymphatic 
system is delivering the proteins that are synthe-
sized by the liver into the bloodstream, and for 
that reason the concentration of proteins in liver 
lymph is the highest (80%–90% of that in the 
blood). The concentration of proteins in the pe-
ripheral lymph is low (17%–30% of that in the 
blood) (10,11). Understanding the biochemical 
differences of the different types of lymph is cru-
cial in diagnosis of the origin of lymphatic leaks.

Evolution of Imaging  
of the Lymphatic System

The lymphatic system has traditionally been im-
aged with direct radiographic lymphangiography 
through cannulation of peripheral lymphatic ducts 
on the dorsa of the feet and hands and injection of 
ethiodized oil–based contrast material. However, 
cannulation of these small peripheral lymphatic 
ducts is technically challenging and time consum-
ing. Other methods used to image the peripheral 
lymphatic system have included interstitial injec-
tion of imaging agents that are rapidly absorbed 
into terminal lymphatic ducts, as has been used 
in extremity lymphoscintigraphy and extremity 
lymphangiography (such as when performed at 
fluoroscopy or MR imaging) (12). Lymphoscin-
tigraphy has been an important technique for 
evaluation of the lymphatic system, performed by 
injection of radioactive tracers intracutaneously or 
subcutaneously in the feet and hands. It provides 
dynamic information but lacks spatial resolution 
and anatomic details. MR lymphangiography 
provides excellent imaging of the lower extremity 
lymphatic ducts. However, it has never been re-
ported in children. These methods are technically 
challenging and time consuming (especially in 
small children) and require longer anesthesia time. 
More importantly, even though these methods 
are adequate for visualizing peripheral lymphatic 
ducts, they are not optimal for visualization of the 
CCLs, which include the retroperitoneal lym-
phatic channels, cisterna chyli, and thoracic duct, 
because of dilution of contrast material by intesti-
nal and hepatic nonopacified lymphatic flow. For 
improved and selective visualization of the CCLs, 
injection of contrast material in the inguinal lymph 
nodes has been attempted for many decades (13). 
Recently, ultrasonography (US)-guided intranodal 
injection of oil-based contrast material (similar 
to US-guided intranodal gadolinium injection, 

and right side of the chest, lung, and heart drain 
into the right lymphatic duct. The right lymphatic 
duct is short (1.25 cm) and opens directly into the 
venous system at the junction of the right subcla-
vian and right internal jugular veins (6). Lymph 
from the rest of the body, including the lower 
extremities, abdomen (including the liver and 
intestine), left upper extremity, and left side of the 
chest, head, and neck, is drained by the thoracic 
duct (Fig 1). In its classic description, the thoracic 
duct is a long channel, measuring approximately 
38–45 cm in adults. It typically enters the venous 
system at the left venous angle, which is formed 
by the junction of the left subclavian and internal 
jugular veins. It starts as a triangular or saccular 
dilatation (the cisterna chyli) over the first or sec-
ond lumbar vertebral body and runs to the right 
of the aorta over the spine. At approximately the 
fifth thoracic vertebral body, it crosses over to the 
left side in the superior mediastinum and ulti-
mately runs to the left side of the neck. However, 
the anatomy of the thoracic duct can be variable 
because of the complexities of embryologic devel-
opment. The cisterna chyli can have a variety of 
shapes, including an inverted Y, an inverted V, or 
a string of pearls (8). The cisterna chyli measures 
approximately 5–20 mm in width and 5–7 cm in 
craniocaudal dimension in adults; its caliber may 
change with contraction (8). The thoracic duct 
transports approximately 1.5–2.5 L of lymph (in-
cluding chyle [intestinal lymph]) daily (9).

The lymphatic system plays an important role 
in fluid balance by returning excess interstitial 
fluid and proteins to the blood. It is a vital part 
of the immune system and, along with lymphoid 
tissues such as the lymph nodes and spleen, 

Figure 1.  Diagram illustrates the normal anatomy of the lym-
phatic system. 
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explained later) with imaging of CCLs at fluo-
roscopy has been refined for use in children and 
successfully used for subsequent lymphatic inter-
vention (14,15). This technique provides excellent 
spatial resolution. Limitations of this technique 
include exposure to ionizing radiation, longer 
examination time, limited dynamic information, 
and limited information about the relationship 
of lymphatic ducts with surrounding structures 
(5). Moreover, oil-based contrast material must 
be used with caution in children with right-
to-left shunts from congenital heart disease or 
from large pulmonary arteriovenous malforma-
tions because of the risk for systemic embolism. 
Cerebral ethiodized-oil embolism after lymphatic 
embolization has been reported in a child with 
congenital heart disease and plastic bronchitis, 
due to direct connection between the lymphatics 
and the pulmonary venous branch (16).

Lymphatic structures can be visualized in 
children and adults at T2-weighted MR imag-
ing. Laor et al (12) used T2-weighted imaging to 
visualize peripheral and central lymphatic ducts 
in 29 children with various conditions, including 
Klippel-Trénaunay-Weber syndrome, kaposiform 
hemangioendothelioma, and Gorham disease, 
presumably because of extensive and marked 
lymphatic abnormalities in these conditions. The 
advantage of using T2-weighted imaging is its abil-
ity to demonstrate pathologic lymphatic structures 
(eg, lymphatic masses, lymphangiectasias, and 
dilatation of the cisterna chyli and/or thoracic duct) 
and the presence and distribution of the lymphatic 
fluid in body cavities. Dori et al (17) demonstrated 
the feasibility of T2-weighted MR imaging for 
identification of lymphatic abnormalities in 38 chil-
dren after single-ventricle palliative surgery, which 
can be associated with lymphatic abnormalities. 
However, T2-weighted MR lymphangiography has 
several limitations. It is a static imaging modality 
that lacks dynamic information and therefore fails 
to demonstrate lymphatic reflux or leakage. It may 
be difficult to visualize smaller lymphatic ducts be-
cause of insufficient signal from the small amount 
of fluid within them. It can also be difficult to dif-
ferentiate lymphatic ducts from other overlapping 
fluid-containing structures and veins. Visualization 
of lymphatic channels may also be limited at T2-
weighted imaging owing to artifacts from breath-
ing, peristalsis, and cardiac movement.

To overcome these limitations, Dori et al (3) 
developed DCE MR lymphangiography by in-
jecting commercially available gadolinium-based 
contrast material (GBCM) into groin lymph 
nodes in a porcine model and subsequently used 
it for planning selective lymphatic embolization 
in children with plastic bronchitis, which is a rare 
condition caused by lymphatic perfusion of the 

lung parenchyma and characterized by expecto-
ration of branching bronchial casts (4,18). This 
was followed by a detailed description by Krish-
namurthy et al (5) of the technique of DCE MR 
lymphangiography in children and its utilization 
in six children with various lymphatic conditions. 
It is potentially more sensitive than fluoroscopic 
lymphangiography in detecting the leakages in 
chylous ascites, owing to GBCMs being less 
viscous than oil-based contrast agents. However, 
DCE MR lymphangiography has its own limita-
tions and cannot create visualizations of the lym-
phatic structures outside of the pathway of the 
contrast material that has been injected into groin 
lymph nodes. Sometimes the contrast material 
does not propagate into the thoracic duct because 
of distal obstruction or leak. In these cases, T2-
weighted sequences help with identification of 
these lymphatic masses and the thoracic duct.

For these reasons, a combination of T2-
weighted sequences and DCE MR lymphangiog-
raphy is a better choice for assessment of CCLs. 
Our MR lymphangiography protocol includes 
both T2-weighted and DCE lymphangiography, 
as described later.

Technique of Dynamic  
Intranodal MR Lymphangiography

The pediatric patient is placed supine on a de-
tachable MR imaging table, outside the scanning 
room. The posterior elements of the torso coil are 
underneath the patient. The anterior elements of 
the coil are placed when the child is moved into 
the scanner after lymph node cannulation. The 
examination is performed under general or local 
anesthesia, depending on the age of the child.

Groin Lymph Node Cannulation
Performing mapping US is recommended to look 
for the availability of suitably sized lymph nodes in 
both inguinal regions before scheduling the patient 
for MR lymphangiography, particularly in infants.

Both inguinal regions are prepared and draped 
under sterile conditions. A 22- to 25-gauge needle 
is placed in the medulla or central part of an ingui-
nal lymph node on each side under US guidance. 
Angiocatheters can be used but tend to become 
displaced more easily. A low-volume gentle injec-
tion of saline is used to ensure that the needle is 
appropriately located within the medulla and that 
there is no extravasation. The needle is connected 
to 21-inch-long tubing with a three-way stop-
cock on each end and taped in place (Fig 2). The 
needle position is again confirmed at saline injec-
tion under US visualization. The size of the node 
increases with the injection (Fig 3). If the needle 
is not well positioned or extravasation of normal 
saline is noted, then the needle is repositioned or 
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another lymph node is accessed. Syringes with 
contrast material (dilute gadolinium solution) and 
saline flush are connected to the three-way stop-
cock (Fig 2). The child is then transferred to the 
MR imaging machine.

Alternatively, the procedure can be performed 
in a hybrid imaging suite that combines an MR 
imaging machine and angiography equipment. 
The two systems are connected by a shared table 
that can travel between these two units. The 
advantage of this system is the ability to place the 
needles into the lymph nodes using US guidance 
outside the MR imaging equipment, followed by 
confirmation of the position of the needle using 
contrast material injection in the catheterization 
laboratory. The shared table allows minimal move-
ment of the patient during transport, thus mini-
mizing the chances of needle dislodgement (18).

Contrast Material
Any routinely used macrocyclic GBCM can be 
used for DCE MR lymphangiography. The dose 
used is the same standard dose of 0.1 mmol/
kg of body weight used for routine intravenous 
injection. A double dose of 0.2 mmol/kg is used 
occasionally in larger patients. The guidelines 
and precautions used for intravenous injection of 
GBCM, including assessment of renal function, 

should be followed for DCE MR lymphangiogra-
phy. The total amount of GBCM can be diluted 
with normal saline 1:1 for older children and 
1:2 for younger children to reduce T2 effects of 
concentrated gadolinium causing darkening (5). 
Higher dilution in younger children increases the 
volume available for injection. Some centers do 
not dilute the contrast material. The total volume 
is divided, and half of the amount is injected 
on each side. The entire tubing is primed with 
contrast material–containing solution. A syringe 
with normal saline is also attached to a three-way 
stopcock on each side to flush the system and 
push the contrast material remaining in the tube.

MR Imaging Examination

Hardware and Coverage.—Better signal and 
smaller voxels can be achieved on 3-T scanners 
than on 1.5-T scanners (19). This can potentially 

Figure 2.  Photograph simulates setup of bilateral groin 
needles in a phantom. Each needle is connected to 21-inch 
tubing with a three-way stopcock on the end, which in turn 
is connected to two syringes, one filled with GBCM and one 
with saline flush.

Figure 3.  Groin lymph node cannulation for MR lym-
phangiography in an 8-week-old infant. Longitudinal 
US images of the left groin before (a) and after (b) 
 saline injection show a lymph node (arrowheads) with 
a cannula (arrow) within the central echogenic me-
dulla. The lymph node size increases with injection of 
saline (b). 
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result in better visualization of thin lymphatic 
ducts. However, MR lymphangiography can be 
performed on 1.5-T scanners, and in fact, all of 
the initially reported studies have been performed 
on 1.5-T scanners (4,5,18). The typical coverage 
for DCE MR lymphangiography extends from 
the lesser trochanter to midneck. Coil choice may 
change with the size of the patient. Typically, most 
smaller children under anesthesia can be imaged 
with torso coils. A plastic tray can be placed over 
the abdomen and pelvis to lift the weight of the 
anterior coil off the patient, to protect the sterile 
field and minimize dislodgement of the tubing and 
cannulae (5).

Sequences.—The MR pulse sequences acquired in 
a particular sequence are listed in the Table. The 
two main components are T2-weighted imaging 
and postcontrast dynamic T1-weighted imaging. 
The regular T2-weighted imaging (TE, 80–100 
msec) in the axial or coronal plane provides an 
overall evaluation of the anatomy and any gross 
abnormality. This is followed by a heavily T2-
weighted 3D sequence (eg, MR cholangiopancrea-
tography) for visualization of the lymphatic ducts. 
Single-shot T2-weighted thin-section images with 
a moderate TE of 160 msec are useful for visual-
ization of thin ducts that may be poorly visualized 
at imaging with a high TE of 700–800 msec owing 
to the small amount of fluid within them. T2-
weighted images help to localize areas of lymph-
edema. They also provide anatomic information 
about the cisterna chyli and thoracic duct. There 
are no data on the frequency of visualization of 
the cisterna chyli and thoracic duct on heavily 
T2-weighted images. However, on routine T2-
weighted images, these structures are visualized in 
only approximately 15% of patients (8).

Dynamic postcontrast imaging of the initial 
movement of contrast material after injection (first 
passage of contrast material) through the ducts 
is performed by using T1-weighted 3D gradient 
sequences such as THRIVE/VIBE/LAVA in the 
coronal plane that can be acquired in 15–30 sec-
onds. First, a mask image is acquired that is used 
for subtraction. Then, from the start of intranodal 
contrast material injection, images are acquired ev-
ery minute until the contrast material reaches the 
venous angle where the thoracic duct drains. More 
frequent imaging (every 30 seconds) can be per-
formed if there is chylolymphatic reflux, defined 
as passage of contrast agent from the CCLs into 
lymphatic ducts away from the expected direction 
of flow. Images in the axial plane can be acquired 
as required to assess the ducts. Washout of con-
trast agent from normal lymphatic ducts typically 
occurs in 15–30 minutes (5). If washout needs to 
be documented, a delayed run can be performed M
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at 30 minutes from the start of intranodal injec-
tion. The dynamic coronal images are reformatted 
using maximum intensity projection (MIP).

After MR Imaging Examination
A follow-up clinical examination is performed 
after 4 hours to look for any local (eg, skin dam-
age to adjacent to lymph nodes, skin discharge, 
hematoma) or systemic (eg, those related to 
anesthesia) complications.

Analysis of Images

What Is Normal?
The anatomic variability of the lymphatic system is 
significant, primarily due to complex embryologic 
development (7). In addition, the first applications 

of MR lymphangiography techniques have been in 
patients with lymphatic disorders. For that reason, 
knowledge of normal lymphatic anatomy is lim-
ited. The cisterna chyli can be highly variable in its 
shape and size and can appear as a single straight 
tube, straight thick tube, sausage-shaped tube, 
tortuous tube, or focal plexus (8) (Fig 4). In some 
cases, there may not be an identifiable cisterna 
chyli (Fig 5). The thoracic duct can have a variable 
diameter along its course. It may normally show 
significant tortuosity. The lymphatic ducts are also 
slightly more tortuous than the venous system and 
can have an interrupted appearance at intervals, 
caused by constrictions at the valve locations (6). 
This knotted or beaded appearance of the lym-
phatic ducts can help to differentiate them from 
other channels such as small veins (Fig 6).

Figure 4.  Variable morphology of the cisterna chyli. (a) Coronal T2-weighted image of the abdomen in a 6-year-
old girl with a history of hepatoblastoma shows a triangular cisterna chyli (arrow). (b) Coronal T2-weighted MR 
cholangiopancreatographic image in a 17-year-old adolescent boy with primary sclerosing cholangitis demon-
strates a long tubular cisterna chyli (arrow) joined by lumbar trunks. (c) Coronal T2-weighted MR cholangiopan-
creatographic image in a different 17-year-old adolescent boy with primary sclerosing cholangitis demonstrates a 
thin tubular cisterna chyli (arrow) with a much thicker and tortuous lymphatic duct (arrowheads).
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First passage of contrast material.—After the 
start of intranodal injection (Fig 7), contrast 
material typically appears in the retroperitoneal 
lymphatics at the aortic bifurcation and along 
the iliac ducts within 2 minutes. A normal cis-
terna chyli is opacified in 3–6 minutes. Thereaf-
ter, the passage of contrast material superiorly 
from the cisterna chyli is rapid and reaches the 
venous angle through the thoracic duct approxi-
mately in the next 2–3 minutes (5). Contrast 
material is typically washed out from the normal 
CCL in 15–20 minutes and is accompanied by 
renal enhancement and excretion (5).

What Is Abnormal?
Lymphangiectasia is dilatation of the lymphatic 
vessels. The presence of several lymphatic chan-
nels in the same region with flow in a similar 

direction is termed collateralization (5). Collat-
eralization indicates abnormal drainage of the 
lymphatic system. Thoracic duct dilatation, lym-
phangiectasia, and collateralization can be seen 
with proximal obstruction or congestion of the 
lymphatic system due to elevated central venous 
pressure (Fig 8). Lymphangiectasia seen at DCE 
MR lymphangiography has been correlated 
with decreased lymphatic drainage at lymphos-
cintigraphy, indicating that it is most probably 
due to obstruction to the flow (20). Normally, 
lymph drains from the peripheral to the central 
conducting ducts and ultimately to the venous 
system via the thoracic duct. Passage of contrast 
agent from the CCLs into the lymphatic ducts 
away from the expected direction of flow is 
termed chylolymphatic reflux (retrograde lym-
phatic flow). Additional abnormalities that can 

Figure 5.  Variable morphology 
of the thoracic duct. Coronal T2-
weighted MR cholangiopancrea-
tographic image in a 4-year-old 
girl with previous pancreatitis 
demonstrates two large trunks 
(arrowheads) forming a thoracic 
duct (arrow), which is located 
more on the right side of the spine 
than usual. There is no clear cis-
terna chyli in this child.

Figure 6.  Knotted appearance of lymphatic channels. (a) Image from conventional intrano-
dal lymphangiography with ethiodized oil in a 12-year-old girl with a renal transplant dem-
onstrates a knotted appearance (arrow) of lymphatic channels relating to valves. (b) Coronal 
T2-weighted MR image in a 17-year-old adolescent boy with nonspecific abdominal pain dem-
onstrates a similarly knotted appearance (arrows) of a normal thoracic duct.
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be seen include obstruction of a segment and 
leakage from the lymphatic channels and tho-
racic duct. Pleural and pericardial leakage can 
be seen as an area of progressive accumulation 
of contrast material followed by slow dispersion 
(5). Lymphedema is seen as ill-defined areas of 
heterogeneously increased signal abnormality on 
T2-weighted images in the soft tissues, pre-

dominantly in subcutaneous tissues that are also 
hypertrophied. It represents lymphatic stagna-
tion due to abnormal lymphatic drainage of the 
affected area from various causes.

Current and Potential Applications
DCE MR lymphangiography is a recently devel-
oped technique, and its clinical applications are 

Figure 7.  First passage of contrast material after groin intranodal injection up to the venous angle in a 2-year-old child with protein-
losing enteropathy and areas of lymphedema in the extremities. CCLs were interpreted to be normal in this child. (a–e) Coronal  
3D T1-weighted images with thin MIP reconstruction at 2 (a), 4 (b), 6 (c), 8 (d), and 11 (e) minutes after injection of contrast mate-
rial demonstrate progressive passage of the contrast material (arrow) up to the venous angle (arrowhead in e). (f) Sagittal oblique 
MIP reconstruction from the 14-minute acquisition demonstrates the entire CCLs and the venous angle (arrowhead). (g) Coronal  
3D T1-weighted image with thin MIP reconstruction at 30 minutes after contrast agent injection demonstrates almost complete 
washout of contrast agent from the CCLs (arrows) with excretion in the ureters (arrowheads) and urinary bladder.
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still emerging. One of the common indications 
for DCE MR lymphangiography is evaluation of 
PLPS, which forms the basis for conditions such 
as plastic bronchitis, neonatal lymphatic flow 
disorders, lymphatic malformations, idiopathic 
chylothorax, and chylothorax in children after 
cardiac surgery. Other conditions for which it can 
be used include chylothorax and chylous ascites 
from other causes, as discussed later.

Pulmonary Lymphatic Perfusion Syndrome
Normally, the lymphatic flow from the lung paren-
chyma is to the thoracic duct. PLPS is a condition 
in which there is a congenital abnormal pulmonary 
lymphatic flow away from the thoracic duct to-
ward the lung parenchyma and mediastinum and 
through the aberrant lymphatic vessels. PLPS can 
manifest at any age, from newborns as a neonatal 
chylothorax to older children or adults as an idio-

Figure 8.  MR lymphangiography in an 8-year-old child with a history of Fontan surgery and plastic bronchitis. 
Coronal 3D T1-weighted images with thin MIP reconstruction at 2 (a), 4 (b), 6 (c), 8 (d), 10 (e), and 20 (f) min-
utes after injection of contrast material demonstrate an abnormal lymphatic duct extending from the retroperi-
toneum to the right side of the superior mediastinum (thick arrows), lymphangiectasia in the retroperitoneum 
(arrowheads) and mediastinum (arrowheads), and extensive and progressive chylolymphatic reflux into cervical 
and axillary lymph nodes. There is no clear visualization of a typical thoracic duct. The delayed images (e, f)  
also demonstrate chylolymphatic reflux into the left lung, pleural region, and right lung apex (thin arrows) sug-
gesting pulmonary lymphatic perfusion syndrome (PLPS) as the cause of the plastic bronchitis.
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pathic chylothorax or lymphatic or plastic bronchi-
tis (21). It is hypothesized that aberrant lymphatic 
collaterals develop because of in utero occlusion or 
stenosis of the downstream segment of the thoracic 
duct (22). They are not often clinically significant. 
However, they may become symptomatic if the 
collaterals abut the serous and mucosal surfaces, 
such as the pleura, pericardia, and bronchi, leading 
to leakage from them under provocation by silent 
trauma, severe respiratory infection, or increased 
central venous pressure in patients with Fontan 
circulation. Typical DCE MR lymphangiography 
findings of PLPS include retrograde flow of the 
contrast material toward the lung parenchyma and 
occlusion or stenosis of the superior segment of 
the thoracic duct (Fig 9) (22). DCE MR lymphan-
giography helps in planning the intervention by 
showing anatomy such as single or double thoracic 
duct, presence of communication between different 
branches, and absence or narrowing of the distal 
part of the thoracic duct.

Plastic Bronchitis.—Plastic bronchitis is a rare 
condition characterized by expectoration of 
branching bronchial casts (18). Airway obstruc-
tion caused by casts can lead to significant 
asphyxia and can be fatal. The branching cast is 
formed by exudation of proteinaceous material 
and cells in the airways. Plastic bronchitis can 

occur in patients after single-ventricle pallia-
tion, cystic fibrosis, sickle cell anemia, asthma, 
and lymphangiomatosis (23,24). In patients with 
total cavopulmonary connection, the prevalence 
of plastic bronchitis is approximately 4% (25). 
PLPS serves as an anatomic substrate for the 
condition. Elevated central venous pressure in 
these patients results in increased production 
of lymph as well as an increase in impedance to 
lymphatic drainage (4). This results in conges-
tion in the central lymphatic system and in PLPS 
can result in overflow of lymph into the lung 
parenchyma. This abnormal lymphatic flow into 
the lungs causes protein leakage into the airways 
and cast formation (4,18). Dilatation of subpleu-
ral and interlobular lymphatics has been shown 
in patients with plastic bronchitis and intestinal 
lymphangiectasia in patients with protein-losing 
enteropathy demonstrated at pathologic analy-
sis (26). Abnormal tracer uptake in lungs with 
plastic bronchitis has been noted at lymphoscin-
tigraphy (18). Findings at DCE MR lymphan-
giography in these patients include abnormal 
lymphatic flow from the thoracic duct toward 
the pulmonary parenchyma (4,17,18) (Fig 10). 
Medical treatments for plastic bronchitis such 
as phosphodiesterase type 5 inhibitors, steroids, 
and mucolytics only improve symptoms and 
do not treat the underlying condition. Cardiac 

Figure 9.  (a) Schematic representation of normal flow in the thoracic duct and pulmonary lymphatic vessels. (b) Schematic 
representation of lymphatic flow from the thoracic duct toward the pulmonary parenchyma in patients with PLPS. (Reprinted, 
with permission, from The Children’s Hospital of Philadelphia, Philadelphia, Pa.)
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transplantation can lead to resolution of plastic 
bronchitis, presumably due to normalization of 
central venous pressure and return of normal 
pulsatile pulmonary flow (as opposed to the pas-
sive flow of Fontan circulation). More recently, 
selective embolization of lymphatic channels in 
the lungs and thoracic duct stent placement have 
been successfully used to treat the disease in 
children and adults, with a close to 90% success 
rate (4,18,27). DCE MR lymphangiography is 
essential in planning embolization treatment for 
patients with plastic bronchitis. One of its most 
important uses is the identification of all lym-
phatic pathways from the abdomen toward the 
chest. These communications can consist of a sin-
gle thoracic duct or two thoracic ducts or can be 
through the retroperitoneal/mediastinal pathways.

Neonatal Lymphatic Flow Disorders.—Neonatal 
lymphatic flow disorders can be detected in utero 
as hydrops fetalis, chylous ascites, or chylotho-
rax. DCE MR lymphangiography can be used to 
differentiate among three different types: isolated 
chylothorax, congenital lymphatic dysplasia, and 
congenital chylous ascites.

In most cases, isolated neonatal chylotho-
rax is discovered at prenatal US (28). A tho-
racoamniotic shunt is then placed to prevent 
underdevelopment of the lung (29). In patients 
with isolated neonatal chylothorax, DCE MR 
lymphangiography demonstrates lymphatic flow 

from the thoracic duct toward the pulmonary 
parenchyma and absence of the upper part of 
the thoracic duct (indicative of PLPS) (Fig 11). 
Pulmonary lymphangiectasia can manifest as 
a nutmeg appearance of the lungs at fetal MR 
imaging (30). Embolization of this pulmonary 
lymphatic flow with ethiodized oil can result in 
complete resolution of the chylothorax (31).

Congenital lymphatic dysplasia manifests as 
any combination of chylothorax, chylous ascites, 
pericardial effusion, and/or soft-tissue edema 
and is often diagnosed as a nonimmune hydrops 
(32,33). At DCE MR lymphangiography, the 
hallmarks of this condition are absent or dimin-
ished central lymphatic flow and the presence of 
dermal lymphatic flow. There are limited treat-
ment options for this condition. If the thoracic 
duct is found to be occluded at the level of the 
neck, a microsurgical thoracic duct–to-vein con-
nection can be attempted. Percutaneous emboli-
zation is contraindicated in these cases.

Isolated chylous ascites in neonates can also be 
detected at prenatal US. After birth, findings at 
T2-weighted MR lymphangiography include high-
signal-intensity lymphatic masses that enhance at 
DCE MR lymphangiography. In some cases, frank 
extravasation of the contrast material into the 
abdominal cavity can be detected (Fig 12).

Lymphatic Malformations.—The term lymphatic 
malformations refers to a group of poorly defined 

Figure 10.  Plastic bronchitis in a 6-year-old boy after 
Fontan surgery. DCE MR lymphangiogram demonstrates 
retrograde pulmonary lymphatic enhancement (arrow-
heads) that originates in the thoracic duct (arrow). This 
finding is consistent with PLPS.

Figure 11.  Neonatal chylothorax in a 6-week-
old male infant. DCE MR lymphangiogram dem-
onstrates pulmonary lymphatic enhancement 
(arrowheads) consistent with PLPS.
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developmental lymphatic anomalies that include 
conductive lymphatic disorders, generalized lym-
phatic anomaly, Gorham disease, and kaposiform 
lymphangiomatosis (a proliferative disorder) (34). 
The main cause of morbidity and mortality in these 
patients is deterioration of pulmonary function due 
to interstitial lung disease and chylothorax.

MR lymphangiography in these conditions of-
ten shows pleural effusions, significant dilatation 
of the thoracic duct at T2-weighted imaging, and 
PLPS. The PLPS in this instance can originate 
from the thoracic duct or from the retroperito-
neal lymphatic networks (Fig 13). This abnormal 
pulmonary flow can result in pleural effusion that 
results in either passive atelectasis of the lung 
or interstitial lung disease. The cessation of this 

cranial lymphatic flow from the abdomen toward 
the lungs can potentially prevent damage of lung 
tissue and prolong the patient’s life.

Idiopathic Chylothorax.—Idiopathic chylothorax 
is defined as isolated chylothorax without iden-
tifiable causes (eg, trauma, systemic disease, or 
malignancy). Over the years, one of the main 
challenges in treatment of idiopathic chylothorax 
has been identification and characterization of the 
lymphatic anatomy. In some cases, even intranodal 
fluoroscopic lymphangiography could not provide 
adequate imaging of the central and pulmonary 
lymphatic systems. DCE MR lymphangiogra-
phy can provide excellent imaging of lymphatic 
abnormalities in this patient population. As with 

Figure 12.  Congenital chylous ascites from chylous leak in an 8-week-old infant (same patient as in Fig 3). 
(a–c) Coronal 3D T1-weighted images at 1 (a), 3 (b), and 12 (c) minutes after injection of contrast material 
demonstrate chyle from a retroperitoneal lymphatic channel (arrow in a and b) with progressive opacification of 
the left side of the abdomen. (d) Subsequent conventional intranodal lymphangiogram obtained with intrano-
dal injection of ethiodized oil demonstrates the leak (arrow). (e) Follow-up conventional intranodal lymphangio-
gram with intranodal injection of ethiodized oil obtained 5 months later does not show any leak. It demonstrates 
the thoracic duct (arrowheads), which was not visualized previously, and new lymphatic channels (arrow) in the 
retroperitoneum. Ethiodized oil injection during the conventional lymphangiography also served as therapeutic 
reduction of the leak. After needle disruption of the leaking lymphatic vessel, the child has had stable mild ascites 
requiring no further drainage.
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patients with PLPS, in most patients with idio-
pathic chylothorax there is abnormal pulmonary 
lymphatic flow from the thoracic duct toward the 
lung parenchyma (Fig 14). In addition, dilatation 
of the thoracic duct is often observed in these 
patients.

Chylothorax in Pediatric Patients After Cardiac 
Surgery.—Surgery for congenital cardiac disease 
is a common and important cause of chylotho-
rax in children, with an incidence of 2.8%–3.9% 
(35,36). It is associated with increased mortal-
ity, cost, and length of hospital stay (35). Until 
recently, it had been assumed that the cause of 
chylothorax is physical trauma to the thoracic 
duct or its branches. However, a recent review by 
Savla et al (37) that used DCE MR lymphan-
giography and intranodal lymphangiography 
to image 25 patients showed that trauma to the 
thoracic lymphatic duct occurred in only two 
(8%) of the patients. A majority of the patients, 
14 (56%), had PLPS. Nine patients (36%) had 
central lymphatic flow disorder, which is charac-
terized by abnormal central lymphatic flow, effu-
sion in more than one compartment, and dermal 
backflow. Imaging findings of PLPS in these 
patients are very similar to the imaging findings 
in patients with plastic bronchitis. Few patients in 
this series presented with a combination of plastic 
bronchitis and chylothorax.

Other Causes of Chylothorax  
and Chylous Ascites

Chylous pleural effusion and ascites can result 
from inadequate chylous transport through or 
leakage from the CCLs, due to several causes. 
Idiopathic chylopericardium can result from the 
same causes, but it is rarer. Chylothorax and 
chylous ascites can be congenital and may result 

from aplasia, hypoplasia, obstruction, valvular 
incompetence, or leakage from the thoracic duct. 
Congenital chylothorax can be associated with 
several syndromes, including Noonan, Down, and 
Turner syndromes (9). The reason for this associa-
tion is not known. Other causes include trauma 
(including traumatic delivery, thoracic surgery, 
or abdominal surgery), lymphatic malformations, 
malignant tumors, and infections (eg, tuberculosis 
or fungal) (9,38). Chylothorax can result from 
thrombosis of the superior vena cava or subclavian 
veins, likely due to resistance to the flow of lymph 
from the lymphatic duct into the veins.

Chylothorax can lead to malnutrition and 
immunodeficiency. Chylothorax and chylous 
ascites have been treated with drainage, dietary 
modifications, and medical therapy with secre-
tion inhibitors such as octreotide or somatostatin. 
Refractory cases are treated with pleurodesis, 
pleuroperitoneal shunts, surgical ligation, or em-
bolization of the thoracic duct (9,38).

The leakage of chyle in patients with chylous 
ascites can occur anywhere on the pathway that 
includes the intestinal lymphatic ducts, cisterna 
chyli, and lower part of the thoracic duct. Unfor-
tunately, leakage from the intestinal lymphatic 
channels before they join the intestinal trunks at 
the cisterna chyli will not be detected at DCE MR 
lymphangiography, as they are outside the opaci-
fied central lymphatics. For that reason, its results 
are negative in most cases of chylous ascites.

However, DCE MR lymphangiography can 
still potentially be a more sensitive method to 

Figure 14.  Idiopathic chylothorax in a 6-year-
old child. DCE MR lymphangiogram demon-
strates narrowing (arrow) of the upper part of the 
thoracic duct and abnormal pulmonary lymphatic 
enhancement (arrowhead) consistent with PLPS. 
(Reprinted, with permission, from reference 22.)

Figure 13.  Kaposiform lymphangi-
omatosis in a 2-year-old girl. DCE MR 
lymphangiogram demonstrates abnor-
mal pulmonary lymphatic enhancement 
from the thoracic duct (long arrow) to-
ward the pulmonary parenchyma (ar-
rowheads). There is lymphatic enhance-
ment that originates in the left retroperi-
toneum and extends into the mediasti-
num (short arrow).
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detect the leakages in chylous ascites because 
of the physical properties of GBCMs that make 
them less viscous than oil-based contrast materi-
als. For that reason, we use DCE MR lymphan-
giography in all patients with chylous ascites. 
The typical imaging finding in a patient with 
chylous ascites is extravasation of contrast mate-
rial into the peritoneal cavity (Fig 12). In some 
cases of chylothorax and chylous ascites, MR 
lymphangiography will help to show preserved 
integrity of the CCLs. In addition to its diagnos-
tic utility, MR lymphangiographic images can be 
fused with those from C-arm imaging to aid in 
localization of the cisterna chyli during percuta-
neous lymphatic intervention.

Other Potential Applications
As with any new imaging modality, the list of 
applications of DCE MR lymphangiography is 
likely to grow substantially as the understand-
ing of the lymphatic basis for many diseases 
increases. Some diseases are known to have a 
lymphatic component in their pathophysiology. 
However, it is possible that some of the unex-
plained symptoms in patients with conditions 
that are not thought to be of lymphatic origin 
can be explained and imaged with DCE MR 
lymphangiography as well. An example of this 
is congenital intestinal lymphangiectasia with 
associated protein-losing enteropathy. Protein-
losing enteropathy is a significant complication 
of Fontan circulation, likely originating from 
liver lymphatics. Even though DCE MR lym-
phangiography cannot reliably image normal 
intraperitoneal and intestinal lymphatics, it could 
demonstrate findings of lymphatic congestion in 
CCLs in patients with Fontan circulation and 
normal CCLs in congenital intestinal lymphan-
giectasia (Fig 5). DCE MR lymphangiography 
can be used to assess any ductal abnormality in 
communication with lymphatic malformations 
or large lymphatic cysts (5). It is possible that 
PLPS explains some of the symptoms in patients 
with unexplained pulmonary symptoms, such as 
chronic cough and interstitial lung disease. The 
potential applications of DCE MR lymphangi-
ography in patients with heart failure are waiting 
to be discovered. DCE MR lymphangiography 
could also be useful in extremity lymphedema 
and generalized lymphatic dysplasia to assess the 
status of the CCLs. DCE MR lymphangiography 
could have oncologic applications to localize sen-
tinel lymph nodes and drainage pathways.

Conclusion
DCE MR lymphangiography for the assessment 
of CCLs, including the retroperitoneal lymphat-
ics, cisterna chyli, and thoracic duct, is performed 

by injecting GBCM into the groin nodes. T2-
weighted imaging plays a complementary role 
in assessment of the CCLs. It is quicker than 
conventional fluoroscopic lymphangiography and 
lymphoscintigraphy and can be performed in 
children who have right-to-left shunt. DCE MR 
lymphangiography provides information about 
CCL anatomy or abnormalities such as block-
ages, leaks, and abnormal lymphatic perfusion. 
The technique has been successfully used for un-
derstanding of the lymphatic anatomy and plan-
ning of percutaneous embolization in patients 
with plastic bronchitis, nontraumatic chylothorax, 
and neonatal lymphatic disorders.
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