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Introduction

Thoracic duct embolization (TDE) is an image-guided, mini-
mally invasive alternative to surgical ligation for the treatment
of chylothorax and chylopericardium [1, 2]. Chylothorax is a
pleural effusion containing chyle. Thoracentesis commonly
demonstrates a milky, lymphocytic predominate exudate.
Laboratory assessment will reveal chylomicrons and often
demonstrate elevated triglyceride levels (>110 mg/dL) [3].
Chylothorax can result from trauma, commonly iatrogenic, as
well as a variety of nontraumatic causes including malig-
nancy, congenital lymphatic disorders, lymphatic obstruction,
increased venous pressure, and transdiaphragmatic passage
of chylous ascites [3, 4]. Surgery in the chest, especially
esophagectomy and aortic repair, is a common cause of iatro-
genic chylothorax. In this chapter, we describe our approach
to evaluating and treating chylothorax with TDE.

Indications and Alternative Treatment Options

Treatment of chylothorax ranges from conservative medi-
cal management to surgery. Selecting the appropriate
course depends on the patient’s condition, the cause of the
chylothorax, and the amount of output. Medical manage-
ment should be employed in cases where output is less
500-1,000 mL per day. Medical management includes,
as necessary, thoracentesis; a low fat diet consisting of
medium chain triglycerides, and/or total parental nutri-
tion. Patients are restricted to medium and short chain fatty
acids as they are absorbed directly into the bloodstream and
do not contribute to increased lymphatic flow, while long
chain fatty acids are incorporated into chylomicrons and
increase lymphatic flow [5]. Octreotide administration is
often used to decrease chyle flow through the thoracic duct
[6]. Prolonged loss of chyle results in immunodeficiency
and clinical improvement can be protracted [4, 7-9].
Criteria for TDE or surgical intervention include greater
than 1,000 mL chyle output per day for 48 h, increasing
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output after 5 days of medical management, or persistent
chylothorax after 2 weeks of medical management [4, 10].

Several surgical techniques can be effective for chylotho-
rax depending on the location and etiology of the leak.
Options include direct ligation of thoracic duct or mass liga-
tion of tissues presumed to contain supradiaphragmatic lym-
phatic channels, pleurectomy or pleurodesis to collapse the
pleural space, or pleuroperitoneal shunting. In the setting of
an underlying malignancy, radiotherapy and pleurodesis are
often optimal [4].

TDE Indications

Indications for TDE are identical to surgical intervention. At
our institution, it is considered first-line therapy after medi-
cal management for two key reasons: diagnostic lymp-
hangiography is helpful in surgical planning in the event of
unsuccessful TDE, and TDE is safe and better tolerated than
surgery.

Pre-procedure Evaluation

Before attempting percutaneous TDE, one must confirm
that the effusion is indeed chylous with appropriate labo-
ratory analysis. Optimal understanding of the patient’s
vascular, gastrointestinal, and adrenal anatomy is impor-
tant. We evaluate this with careful surgical history and
a CT of the chest and abdomen. Some interventional-
ists use MRI in hopes of identifying a suitable cisterna
chyli. Contraindications include allergy to lymphangio-
graphic contrast agents (isosulfan blue, methylene blue, or
ethiodized poppy seed oil), bleeding disorders, or lack of a
suitable needle trajectory [10].

Pertinent Anatomy

The cisterna chyli is formed by the junction of the para-
aortic and paracaval lymphatic trunks at T12-L2 and
receives lymphatic drainage from the lower extremities,
abdomen, and pelvis. The cisterna chyli is a 5- to 7-cm-long
midline structure that resides anterior to the spine and con-
tinues as the thoracic duct. Its diameter is quite variable,
ranging from 2 to 16 mm but is usually 3—6 mm [9]. Rarely,
the cisterna chyli is replaced by a network of small lumbar
trunks [11].

The thoracic duct extends from the superior end of the
cisterna chyli, passes through the hiatus and initially travels
along the right side of the thoracic spine. At T5/6, it crosses
to the left side of the spine and into the posterior mediasti-
num. In 10 %, the thoracic duct is duplicated or temporarily
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bifurcated, traveling along each side of the thoracic spine
[11, 12]. The thoracic duct generally terminates into the left
internal jugular vein or at the junction of the left jugular and
subclavian vein. A valve prevents retrograde blood flow and
makes retrograde catheterization of the thoracic duct chal-
lenging [11, 12].

The thoracic duct has three divisions — abdominal, tho-
racic, and cervical, separated by the aortic hiatus and the
thoracic inlet [11]. The cervical portion receives the left
subclavian and left mediastinal lymphatic trunks from the
left arm, left hemithorax, and the left side of the head and
neck [11]. The thoracic portion receives drainage from the
posterior mediastinum, thoracic wall, and heart [11]. A sepa-
rate, right sided lymphatic vessel receives drainage from the
right arm, right side of the head and neck, right hemithorax,
and superior portion of the liver (bounded by the coronary
ligament). This vessel terminates into the junction of the
right subclavian and internal jugular veins [11].

Technique
Lymphangiography Technique

1. Inject 0.5 mL of methylene blue or isosulfan blue intrad-
ermally into the web spaces of the first three digits to
visualize the pedal lymphatics. Unipedal approach is
sufficient in most cases. While more expensive, we prefer
isosulfan blue due to improved visualization.

2. After identifying a lymphatic duct (20-30 min), prepare
the foot in sterile fashion and anesthetize. Make a 1-cm
superficial transverse incision with a 15-blade scalpel in the
dorsum of the foot directly over the selected lymphatic duct
(Fig. 99.1a).

3. Using magnification glasses, blunt dissect the lymphatic
duct free.

4. Cannulate the lymphatic duct with a lymphangio-
gram catheter with integrated 30-gauge needle (Cook,
Bloomington, Indiana). Administer a tiny test injec-
tion to ensure no leakage and secure the needle by
tying preplaced 4-0 silk around the cannulated duct
(Fig. 99.1b).

5. Inject a maximum of 15 mL of ethiodized oil (Ethiodol,
Savage Laboratories, Melville, New York) followed by
an equal volume normal saline to help propel the con-
trast through the lymphatic vessels. A lymphangiogram
pump or power injector set at 0.1 mL/min can be used
(Note: pumps are no longer being manufactured)
(Fig. 99.1c).

6. After obtaining several scout images of the chest and
abdomen, perform intermittent fluoroscopy until there is
opacification of the cisterna chili. Normal transit is
approximately 1 h but can range from 45 min to 4 h.
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Fig. 99.1 (a) Photograph of the foot shows blue dye staining at the
dorsal foot with cutdown and cannulation of a now-visible lymphatic
channel. (b) Magnified view of the cutdown, lymphatic vessel cannulation,

Thoracic Duct Embolization Technique

. While some administer 1-2 cups of barium the night
before the procedure and a barium milkshake immedi-
ately before the procedure to stimulate lymphatic flow
and visualize the colon, this is not our routine practice.

. Following opacification of cisterna chyli, the right upper
quadrant is sterilely prepped and draped and conscious
sedation administered.

. A transabdominal or transhepatic path is chosen and liver
and colon identified with a US and fluoroscopy. This deci-
sionis often aided by pre-procedure CT or MRI. Retrograde
cannulation of the thoracic duct via the subclavian vein is
possible in cases where access from the abdominal lym-
phatic pathway is impossible or inappropriate [13].

. Needle trajectory is assessed with fluoroscopy, skin
marked and anesthetized.

. Using bulls-eye technique, the cisterna chyli is punc-
tured with a 21-22-gauge Chiba needle.

. Insert a 0.018-in. hydromer-coated guidewire into the
thoracic duct. We prefer the 300-cm V18 wire (Boston
Scientific, Natick, Massachusetts) because its stiffness
prevents buckling during later steps.

and suture securing the needle. (¢) Lymphangiogram pump setup for a
bipedal lymphangiogram

7.

11.

12.

13.

Over the 0.018-in. guidewire, insert a 3-F microcatheter
into the thoracic duct.

. Remove the guidewire and inject iodinated contrast

to opacify the thoracic duct and identify the site of
leakage.

. Advance a microcatheter beyond the site of disruption.
. Place 3-5-mm-diameter platinum microcoils across the

site of leakage extending approximately 5 cm. Improved
clinical success is noted when both coils and glue are
used (Note: chylous fluid has fewer clotting factors than
blood which leads to slow or inadequate thrombus for-
mation around coils alone) [1].

Infuse 1.0-1.5 mL of n-butyl cyanoacrylate glue
(TrueFill, Codman, Raynham, Massachusetts), or Onyx
(ev3, Irvine, California). We prefer Onyx and, therefore,
exchange the microcatheter for an Onyx-compatible
catheter.

Remove the catheter promptly after introducing the glue
to prevent difficulty in removing the catheter.

In the event that the thoracic duct cannulation is unsuc-
cessful, the cisterna chyli can be disrupted by needle
maceration (termed type Il TDE). This is considerably
less effective and we rarely employ.
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Case Examples

Case 1

A 54-year-old man underwent Ivor-Lewis esophagogast-
rectomy for esophageal cancer. A right pleural effusion
developed on postoperative day #4. Thoracentesis showed
fluid consistent with chyle and total parenteral nutrition
was initiated. A chest tube was replaced on postoperative
day 7 and yielded 3 L of chyle, which had accumulated
over 48 h. Drain output was 1,200 cc the next day, prompt-
ing referral to interventional radiology on postoperative
day 9. Lymphangiography showed a leak from the thoracic

duct (Fig. 99.2a, b). The cisterna chyli was cannulated
with a needle, and a guidewire was advanced into the tho-
racic duct (Fig. 99.2¢). The disruption could not be crossed,
so multiple 3-mm-diameter Nester coils (Cook,
Bloomington, Indiana) were placed immediately inferior.
Onyx glue was then infused to the level of the cisterna
chili (Fig. 99.2d). The chest tube output tapered off rapidly
over the next 48 h, the chest tubes were removed, and the
patient had no further issues with chylothorax at 1-year
follow-up.

Fig. 99.2 (a) Lymphangiogram: cisterna chyli (white arrow) and
thoracic duct (black arrow). Note the thoracic duct crossing mid-
line. (b) Abrupt termination of the thoracic duct (black arrow) with
adjacent pooling of contrast (white arrow) consistent with thoracic

duct injury and chyle leak. (¢) Needle tip in cisterna chyli with
guidewire in the thoracic duct. (d) Thoracic duct embolization
(TDE) with coils (black arrow) and Onyx (white arrow) below the
level of injury
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Fig.99.2 (continued)
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Case 2

A 29-year-old woman underwent bilateral first rib
decompression surgery for thoracic outlet syndrome.
She developed dyspnea several days post-discharge
and was found to have large bilateral chylothoraces.
Medical management failed and a video-assisted thora-
coscopic surgery (VATS) thoracic duct ligation was per-
formed. Bilateral chylothoraces persisted, and she was
transferred to our facility. After several days of TPN
and octreotide, her bilateral chest tube outputs remained
greater than 600 cc daily. Lymphangiography showed no

discrete cisterna chyli (Fig. 99.3a). Multiple tiny chyle
leaks were identified in the mediastinum. Numerous
tiny lymphatic collaterals were seen throughout the
mediastinum on fluoroscopy and chest CT (Fig. 99.3b).
The lack of cisterna chyli or suitable lymphatic collat-
eral prohibited lymphatic cannulation. Bilateral VATS
with mechanical and talc pleurodesis and suture ligation
of multiple tiny left apical chyle leaks was performed
by thoracic surgery. The patient’s chest tube drainage
rapidly tapered off, and she was doing well at 4-month
follow-up.

Fig.99.3 (a) Lymphangiogram showed no cisterna chyli or lower
thoracic duct, with reconstitution of only a small segment of the
superior thoracic duct (large white arrow). Several areas of chyle

leak were noted (small white arrows). (b) Coronal reformat CT
image following lymphangiogram showed innumerable tiny lym-
phatic collaterals with no distinct cisterna chyli or thoracic duct
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Post-procedure Management and Follow-Up

Medical management should be continued following TDE
until chylous output nearly ceases. No specific follow-up
imaging or procedures are otherwise necessary if the patient
improves clinically.

Complications of percutaneous TDE are rare and mostly
related to the lymphangiography. Methylene blue can result
in tattooing of the foot. Ethiodol-related pulmonary embo-
lism is rare [10] and avoided by using 1015 mL [12]. In the
seminal series of 58 patients, no procedural morbidity or
death occurred [12]. In a contemporary series of 109 patients,
one case of asymptomatic pulmonary embolization with glue
was reported. There were also two wound infections from
the lymphangiography. Risks of intra-abdominal hemor-
rhage, peritonitis, chylous ascites, and thoracic duct rupture
or microcoil misplacement also exist.

Discussion

Persistent or high-output chylothorax is a serious condition
with a high mortality rate secondary to malnutrition and
immune compromise. For patients who have failed conserva-
tive management, TDE represents an alternative to surgery
and is considered first-line therapy at our institution. While
TDE is technically challenging, it has minimal morbidity.
Success rate for TDE is approximately 70 % (90 % if cannu-
lated) which is comparable or superior to surgical thoracic
duct ligation or pleurodesis [14, 15]. Technical failure of TDE
is most often related to the inability to catheterize the thoracic
duct. When the thoracic duct cannot be catheterized, disrup-
tion of the cisterna chyli with multiple needle punctures can
result in closure of the thoracic duct leak but is less successful
[14, 16]. Given the significant success rate and positive safety
profile, TDE is a reasonable first-line therapy for treatment of
persistent or high-output chylothorax refractory to conserva-
tive therapy. Surgical options for management of chylothorax
may be pursued if TDE is unsuccessful.
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