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Compared with the traditional pedal lymphangiography, intranodal lymphangiogra-

phy and MR lymphangiography have made imaging of the lymphatic system less chal-
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Introduction

Hippocrates gave one of the first descriptions about the lym-
phatic system in 400 BC as a “vessel containing white blood.”
Carl Friedrich Wilhelm Ludwig (1816-1895) suggested that
lymph was a blood filtrate derived from the capillary wall by
intracapillary pressure. Later, Ernest Henry Starling (1866-
1927) provided the Starling equation, describing forces that
govern the fluid motion across capillary, resulting in the for-
mation of lymph.! Constantin Stan Cope (1927-2016) was
the first to describe the role of interventional radiology in
various pathologies of lymphatic channels.

Anatomy and Physiology of Lymphatic
System

Atthe capillarylevel, thereisan outward seepage of fluid through
endothelial openings, resulting in the formation of protein-rich
interstitial fluid. This interstitial fluid, when it enters the small
lymphatic channels, is then termed as lymph.? The lymphatic
system acts as a unidirectional flow channel, which helps the
lymph to return into the circulatory system, thereby controlling
the volume of extracellular fluid and hence achieving hemosta-
sis (=~Fig. 1). Apart from its role in the circulatory system, the
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lenging. Improvements in imaging and availability of newer catheters have allowed
embolization of lymphatic system much more feasible that previously envisioned. In
this article, we briefly review the anatomy, imaging, and current and future of lym-

lymphatic system also plays a role in the conduit of immune
cells and helps to facilitate the immune response, thereby mak-
ing it an integral part of the immune system.

The lymphatic system is a complex system with highly
variable anatomy. The lymphatic vasculature is divided into
two components, the initial lymphatic network (blind-ended,
non-contractile, lack valves) and the collecting lymphatic
vessel.? The lymphatic system is categorized as the periph-
eral system and central conducting system. The imaging
technique can be selected, depending on whether peripheral
system (like lymphoscintigraphy and pedal lymphangiogra-
phy) or central conducting system (like intranodal lymphan-
giography) needs to be examined.

Cisterna chyli is a saccular dilatation of lymphatic chan-
nels located in the retrocrural space adjacent to the abdom-
inal aorta at the level of L1-L2 vertebrae.>* Two lumbar and
intestinal lymphatic trunks join at cisterna chyli and then
continue in the cephalic direction as the thoracic duct. There
is a high-degree of variation regarding the appearance of cis-
terna chyli, which attributes to the complex anastomosis of
lumbar lymphatics, resulting in plexus rather than a single
duct. Besides, there may be the presence of multiple saccu-
lations in some convergent lymphatics; therefore, one should
consider the term cisterna chyli of only topographic value.
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Rosenberger et al and Williams et al in different studies
demonstrated that cisterna chyli is challenging to visualize
and can be seen only in 52% of lymphangiography studies
and in 20% autopsy studies, respectively.>® The most common
shapes are an inverted letter Y or V, a string of pearls, and a
comma-like configuration* (~Fig. 2).

Fig. 2 White arrow shows cisterna chyli in inverted Y configuration
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Thoracic Duct

During embryonic development, there are two thoracic ducts
with transverse anastomosis at multiple levels. The lower
two-third of adult thoracic duct develops from the embry-
onic right thoracic duct, and the upper one-third develops
from the embryonic left thoracic duct. This is the most com-
mon anatomical variant of the thoracic duct as described by
Okuda et al.”

The thoracic duct originates at the upper abdomen just
cephalad to cisterna chyli, enters the thoracic cavity through
aortic hiatus, and finally drains into great veins of the left
neck, making it the longest lymphatic duct in the body, which
measures 45 cm in length (=Fig. 3). This anatomic configu-
ration has been seen in only 40 to 60% of the population.>®

There are multiple variations to this standard thoracic
duct configuration, and various authors have tried to describe
these variations. Kausel et al have described the thoracic duct
into five types, based on morphological characteristics. The
importance of V type, a plexiform variant, rests in the fact
that this anatomic variation demands a proximal thoracic
duct embolization because of difficulty in advancing the wire
and catheter distally.®

The entry of the thoracic duct into the venous system can
also demonstrate variations in the form of entry location and
number of entry ducts. Phang et al reported that the most
common pattern of termination is into the jugular vein (46%),
followed by within 2 cm of jugulovenous angle (32%), sub-
clavian vein (18%), and other veins (4%). These 4% of cases
with other termination sites include the external jugular
vein, vertebral vein, transverse cervical vein, brachiocephalic
vein, and suprascapular vein.'® There can be a single-entry
point, which is a commoner pattern and was seen in
approximately 3/4three-fourth of the study population.'°

Fig. 3 There is evidence of two contrast opacified lymphatic ducts
running parallel to each other in thoracic cavity and finally draining
into the left-sided venous system.

© 2021. Indian Society of Vascular and Interventional Radiology.



Fig. 4 White arrow shows the incidental cannulation and opacifica-
tion liver lymphatics by contrast agent while performing percutane-
ous transhepatic biliary drainage.

Hepatic Lymphatics
The liver produces around 25 to 50% of total lymph flow-
ing through the thoracic duct. Unlike the vascular and bili-
ary system, there is no segmental delineation of lymphatic
drainage.!! The hepatic lymphatic system is divided broadly
into deep and superficial networks. Lymphatic channels form
the superficial system mainly consists of lymphatic drainage
from the inferior and convex surface of the liver. The deep
system follows the ramification of the portal and hepatic
veins and is responsible for 80% hepatic drainage.'?
Cross-sectional imaging does not help identify the nor-
mal hepatic lymphatics; however, they may be incidentally
seen during percutaneous transhepatic biliary drainage
(PTBD) or direct portography (=Fig. 4). They appear as tor-
tuous, beaded, multichannel network extending medially
and inferiorly, often misinterpreted as abnormal intrahe-
patic biliary ducts.

Intestinal Lymphatics

There are three layers of lymphatics in the intestine: the lac-
teals in the villi, submucosal lymphatic network, and lym-
phatic system in the smooth muscle layer.’* Apart from fluid
homeostasis and immune surveillance, other significant roles
of intestinal lymphatics include the transportation of dietary
fat and fat-soluble vitamins. The lymph from the intestinal
lymphatic along with lumbar lymphatics is finally drained
into cisterna chyli.

Imaging of the Lymphatic system

Lymphangiography is an outpatient procedure that provides
either structural, functional, or dual information regarding
the lymphatic system. It is primarily indicated in patients with
chylous leaks; however, it also helps in identifying site of lym-
phatic obstruction, abnormal lympho-lymphatic, or lymphove-
nous connections. Contraindications to lymphangiography
should always be assessed before the procedure. These include
pulmonary insufficiency and a right to left cardiac shunt.

Lymphangiography Yadav et al.

There are currently three methods of lymphangiography:
1. Conventional lymphangiography, 2. Magnetic Resonance
Lymphangiography, and 3. Lymphoscintigraphy.

Conventional Lymphangiography
This method remains the gold standard for imaging of
lymphatics.

Contrast Material

At many institutes, lipiodol is the preferred choice of contrast
agent as it is oil-based; there is a minimal leak of contrast out
of vessel lumen due to restricted outward diffusion. Second,
the lipiodol may persist in nodes for months and sometimes
years, allowing one to evaluate the effect of treatment and
progression of the disease. Finally, whenever there is extrav-
asation of lipiodol from the leak site, it initiates an inflamma-
tory and granulomatous reaction in the surrounding tissue,
ultimately resulting in occlusion of leak site and thereby
acting as a therapeutic agent in addition to its diagnostic
properties.

A dose of 1 mL/10 kg per limb has to be administered with
an upper limit of 10 mL for a single leg and 14 mL for both
limbs." The rate of contrast administration should never
exceed 4 to 10 mL/hour (depending upon the size of lym-
phatics), as a rapid injection rate can lead to the rupture of
lymphatics'* (=Fig. 5). A higher contrast dose of more than
20 mL should be cautiously administered in cases of lym-
phovenous communication.

Technique

Depending upon the site of contrast injection, lymphangiog-
raphy has been categorized as intranodal lymphangiography
or pedal lymphangiography (=Table 1).

The most important complications are pulmonary oil
embolism and pulmonary infarction. Other complications are
hypersensitivity reaction to the contrast agent, intra-alveolar
hemorrhage, hypothyroidism, and systemic arterial embo-
lism to the brain or kidney.

Magnetic Resonance Lymphangiography

MR imaging has primarily been based on heavily T2-weighted
sequences, which helps in accentuating the signals from
static or slow-moving fluid-filled structures.’® Noncontrast
Magnetic Resonance Lymphangiography (NCMRL) and
dynamic contrast material-enhanced magnetic resonance
(DCE MR) lymphangiography are the available methods for
magnetic resonance lymphangiography .

NCMRL is a newly described method for imaging of the
lymphatic system and is similar to MRCP and MR urography;
however, there is a lack of established validation for its use.
It only provides structural information of abnormally dilated
lymphatic vessels.'® Apart from the advantage of being non-
invasive, it can also be helpful in patients of pediatric age
group, and in patients with a contraindication to the use of
the contrast material.

DCEMR is a contrast-enhanced MR study. A dose
of 0.1 mmol/kg body weight. Gadolinium-based contrast
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Fig. 5 Figure (a-d) shows a gradual increase in opacification of lymph node by contrast with rupture and spillage of contrast in (d) due to a
greater rate of contrast administration.

Table 1 Differences between intranodal and pedal lymphan-

giography
Intranodal Pedal
lymphangiography lymphangiography
Location Inguinal lymph nodes Feet/hand
of contrast
injection
Method A 22-25G needle can be | A vertical incision
placed at the junction of | lateral to 1st metatarsal
cortex and hilum under | and afterward a fine
USG guidance (~Fig. 6) | catheter/needle can be
inserted into the lym-
phatic vessel. (~Fig. 7)
Evaluation | Useful Not useful
of CCL
Evaluation | Not useful Useful
of
peripheral
lymphatics

Abbreviation: CCL, central conducting lymphatics.

material is mixed with saline in a ratio of 1:1 or 1:2, depend-
ing on the age of the patient.'” The total volume is distributed
equally in two parts and is then administered through each
limb. Similar to conventional lymphangiography, the contrast
material can be administered through either the intranodal
or pedal pathway. In addition to T2-weighted images, con-
trast sequences are also acquired, thereby providing both
structural and functional information of the lymphatic sys-
tem. In contrast to NCMRL, in DCEMR, normal and hypoplas-
tic lymphatics are also visualized.

MR lymphangiography is less time consuming and safer
in terms of radiation; however, if any pathology is detected,
therapeutic embolization cannot be performed as opposed to
conventional lymphangiography.

Lymphoscintigraphy

This method is mostly reserved for imaging of extremity
lymphatics. A dose of 74 to 296 MBq of 99mTc sulfur colloid
suspended in 0.10 mL of saline is used in a fashion similar
to pedal lymphangiography.'® A high-resolution collimator is
used, so that images of at least 300,000 counts are acquired.

Fig. 6 (a-b) Ultrasound-quided puncture of inguinal lymph node using a 25G spinal needle (white arrow)

Journal of Clinical Interventional Radiology ISVIR Vol.5 No. 1/2021
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Fig. 7 Pedal lymphangiography. (a) Infusion of blue dye in foot web spaces. (b) Small horizontal incision 2 cm above web space on dorsal part
of foot. (c) Fine dissection showed dye in lymphatic vessel. (d) Selective cannulation of small lymphatic vessel with 30G needle and lipiodol
injection show opacification of ducts. (Courtesy: Dr. Abhishek Bansal, Delhi).

Spot and whole-body images are obtained for up to 3 to
4 hours. The study can be tailored according to the need as
per individual findings.

There are, however, a few limitations to this method,
which include poor spatial resolution, exposure to radioac-
tive material, and added cost when combined with CT. There
is also a need for special protective equipment and waste
handling for the radioactive compound used in this method."

Pathology of Lymphatic System

Approximately 2 to 4 L of chyle flows through the thoracic
duct every day, varying according to the dietary habits of a
person. Chyle is a fluid consisting of lymph and emulsified fat
(mostly in the form of triglycerides) from intestinal lacteals.

There are several known causes for chylous leaks (like chy-
lous ascites, chylothorax, and chyluria), which are broadly
categorized into nontraumatic and traumatic causes (iat-
rogenic causes, blunt, or penetrating injury). Abdominal
surgeries like retroperitoneal lymphadenectomy, pancreati-
coduodenectomy, and vagotomy are few iatrogenic causes for
chylous ascites. Similarly, thoracic surgeries and esophagec-
tomy (in cases of esophageal carcinoma) are important iatro-
genic causes of chylothorax with an incidence rate of 0.42%
and 3.9%, respectively.?0-22

Fluid can be suspected of chylous nature if it is whitish
or milky in appearance (=Fig. 8). Further investigations by
measurement of chylomicron level (> 4%), triglyceride level
(> 110 mg/dl), and lymphocytes (> 50%) in the fluid help

Journal of Clinical Interventional Radiology ISVIR  Vol. 5 No. 1/2021
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Fig. 8 Chylous leak with high-output noted as milkish fluid with
high-triglyceride level.

establish the nature of fluid.?*** Persistent chyle leak can
result in malnutrition, electrolyte imbalance, and immune
compromise. Chylous leaks are defined as low-output
(< 1000 mL/day), which are traditionally treated with med-
ical management or high-output (> 1000 mL/day) requiring
surgical ligation or embolization therapy.?

© 2021. Indian Society of Vascular and Interventional Radiology.
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Lymphoceles and lymphatic fistula are generally caused
by blunt trauma or postsurgery which may remain confined,
forming a lymphocele or may exit through surgical wound.

Management

Patients with low-output leaks are managed conservatively
which includes adequate drainage, bed rest, and modifica-
tion to fat-free diet.? Octreotide has also been indicated in
the management of chylous leaks and acts by decreasing the
rate of chyle production.?'??> These patients may need sur-
gical or embolization therapy if there is no decrease in out-
put or if there is the persistence of leak for more than two
weeks (=Fig. 9).

[ Fluid of chylous nature ]
(Milkish fluid with high triglyceride levels)

\4 \4

High Output ( >1000 milday ) I

A \4

Conservative management I
(Fat free diet and Octreotide)

No decrease in output or increase in
output after stoppage of conservative
treatment

MR Lymphangiography
Conventional
Lymphangiography

Imaging of Lymphatics

N
Localization of site of lymphatic leak/
lymphopseudoaneurysm

persistent leak

v

Lymphatic Embolization
(Percutenous/ retrograde Surgical Ligation of Lymphatics
Embolization)

Fig. 9 Management plan for patients with chylous leak.

The patients with high-output leaks are generally offered
surgical therapy in the form of thoracic duct ligation. Surgical
ligation of the thoracic duct has morbidity and mortality
rates up to 38% and 2.1%, respectively.?!

Percutaneous thoracic duct embolization has been
offered as a minimally invasive alternative to surgical liga-
tion of the thoracic duct in patients with high-output chy-
lous leaks. Once the leak site is confirmed on intranodal
lymphangiography, embolization can be performed in the
same setting.

Various approaches can be used to cannulate the lym-
phatic system, as described below. Once successful cannu-
lation has been achieved, a guidewire is inserted into the
lymphatic channels. Thereafter, a microcatheter (1.7-2.7 Fr)
is advanced over the 0.014-inch guidewire up to the site of
disruption. Embolization can be performed by metallic coils
or n-Butyl cyanoacrylate (NBCA) at the location of the leak or
in the central thoracic duct.

Transabdominal/Translumbar Direct Puncture

This is the most commonly practiced approach when
intranodal lymphangiography demonstrates normal tho-
racic duct anatomy. The thoracic duct or cisterna chyli is
punctured using a 21G Chiba needle under fluoroscopic
guidance in the right anterior oblique view with a caudal
angulation to avoid penetration of the aorta.?s The Chiba
needle is withdrawn, and a guidewire is inserted into the
TD; then, a microcatheter (1.7-2.7 French) is advanced
over the wire to the site of the leak, and embolization is
performed (=Fig. 10). If cannulation of the cisterna chyli is
not feasible, adequate fenestration of cisterna chyli can be
therapeutic.

Fig. 10 White arrow marks the 22G Chiba needle used for direct transabdominal puncture of previously opacified lymphatic channel (through

intranodal lymphangiography).

Journal of Clinical Interventional Radiology ISVIR Vol.5 No. 1/2021
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Retrograde Venous Approach
This approach is used in patients with anatomic variations
such as a left-sided thoracic duct or a plexiform variety. As the
name suggests, this approach involves gaining access to the
thoracic duct via the basilic or cephalic vein through the ostial
valve of the thoracic duct® (=Fig. 11). The entry point of the
thoracic duct into a systemic vein can be visualized using the
various lymphangiographic techniques described above.
With the reference to imaging information (lymphatic
system), a peripheral left venous access is secured and a
5F catheter (most commonly Simonds Type catheter) is
advanced up to the ostial valve at the entry site of the tho-
racic duct into the venous channel. Afterward, a microcath-
eter and a 0.0l4-inch guidewire can be coaxially introduced
into the thoracic duct.

Transhepatic Approach

Hepatic lymphorrhea is a rare complication postsurgery, and
limited literature is available for its exact management. As
the hepatic lymphatics are thin and tortuous channels, they

Lymphangiography Yadav et al.

limit the introduction and navigation via a guidewire and
catheter.?s They are directly embolized using a Chiba needle
and liquid-embolizing material.

Direct Puncture of the Leakage Site

This technique is used when none of the above-described meth-
ods are feasible. CT guidance can be used, and sclerosing agents
can be injected into lymphatics adjacent to the leak site.?

Closest Upstream Lymph Node Embolization

The lymph node from which efferent lymphatic vessels are
extravasated on lymphangiography is labeled as the closest
upstream lymph node, as described by Hur et al.”’ This node
can be visualized on fluoroscopy or CT, and after injecting
a test dose of lipiodol to confirm the leak, embolization can
be performed (=Fig. 12). A 26G needle or lesser should be
used to prevent the disruption of lymph node parenchyma. A
low-percentage of glue (5%) can be directly injected through
the needle, and flow-directed glue embolization can be doc-
umented on fluoroscopy.

Fig. 11 Black arrow demarcates the used of wire and microcatheter system to enter the previously opacified lymphatic channels through the

termination site of lymphatic system.

Fig. 12 (a) White arrow marks the site of leak. (b) White arrow shows embolization of closest upstream lymph node using glue as embolizing

material. (Courtesy: Dr. Rahul KR, Kerala).

Journal of Clinical Interventional Radiology ISVIR  Vol. 5 No. 1/2021
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Embolization Material

Glue (n-Butyl cyanoacrylate [NBCA]) is the preferred choice
of embolizing agent for lymphatic leaks. Glue is generally
mixed with lipiodol in a ratio of 1:2 to 1:4. As a result of
almost stagnant flow, ionic exposure is low in the tho-
racic duct. Therefore, one should make a note of using a

maximum amount of 0.3 mL 5% dextrose in water (D5W)
for the flushing of the catheter. A higher amount of D5W
will delay the polymerization of the NBCA, and the recanal-
ization of glue cast can occur. A coil can also be deployed
before glue injection, which can act as a scaffold for glue
cast (=Figs. 13-15).

Fig. 13 Figure represents a case of persistent chyle leak postthoracic duct ligation. Black arrow demarcates surgical clips from previous
attempt to stop chyle leak through thoracic duct ligation. White arrow marks the drain catheter placed for drainage of chylous effusion, aster-
isk demarcates lymphopseudoaneurysm, leading to persistent chylous effusion.

Fig. 14 Figure represents the use of microcoils (demonstrate by white arrows) for the treatment of leak through the thoracic duct.

Journal of Clinical Interventional Radiology ISVIR Vol.5 No. 1/2021
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Fig. 15 Figure represents a patient who underwent right-sided pneumonectomy (marked as *) and later presented with persistent chylous
output through drain (black arrow). On lymphangiography, leak was noted on the right side and was embolized using a glue (white arrow

showing glue cast post embolization).

Future of Lymphatic Intervention

Lymphatic channels from various territories drain into
the thoracic duct, thus containing metabolic products and
immune factors from most regions of the body. Surgical
diversion of lymph from thoracic duct has been used by
many authors in the past to treat symptoms of organ rejec-
tion and improve the condition of patients with autoim-
mune disorders (such as rheumatoid arthritis, systemic
lupus erythematosus, myasthenia gravis, and multiple scle-
rosis).®®*7 Similarly, the drainage of lymph in patients with
right heart failure and liver cirrhosis has shown significant
improvement in symptoms postprocedure.

Benefits have also been suggested in acute conditions such
as trauma, pancreatitis, and sepsis, where the generation of
toxic metabolic products enter the circulatory system through
the lymphatic network. Diversion of lymph can be helpful in
these patients, preventing end-stage multiorgan failure.

Sampling and harvesting of immune cells for various
immune therapies (such as chimeric antigen receptor-T cell
therapy, commonly known as CAR-T) can also be performed
and can act as a replacement for plasmapheresis in the
future.37-4

Conclusion

Chyle leaks can occur anywhere in the body and are mainly
due to iatrogenic causes. Lymphangiography and lymphatic

Journal of Clinical Interventional Radiology ISVIR  Vol. 5

intervention in the form of embolization are safe and effec-
tive in the management of these patients.
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