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Abstract

Chylothorax is caused by lymphatic leakage,
which can develop after thoracic surgery and
is associated with cancer. Although prospec-
tive randomized trials have not been per-
formed, radiological interventions have been
performed in several cases with persistent
chylothorax, adjunct to 2 weeks of conserva-
tive management. The success rate of such
interventions is diverse due to anatomical
variations, although the results are promising.
However, in cases of treatment failure after
cycles of interventions, a team approach may
be necessary to determine whether surgical
management is warranted.
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18.1 Introduction

Chylothorax refers to a collection of chyle in the
pleural cavity due to leakage from the lymphatic
vessels, especially from the thoracic duct. The
classification of chylothorax depends on its etiol-
ogy (traumatic, non-traumatic, or idiopathic).
Regardless of the cause, the medical and surgical
options to reduce lymph leakage for patients with
chylothorax are similar to those for patients with
high-flow chylothorax (>25 mL/kg/day) [1-8]. If
even repeated interventions are not effective, sur-
gical treatment might be the last option [7, 9, 10].
In the event that surgical management fails, con-
servative management may be continued until
leakage ceases. Unfortunately, the comparison of
outcomes between conservative and surgical
treatment is limited by the insufficient number of
patients with chylothorax for prospective studies
to be conducted [7, 8]. In this article, the anatomy
of the thoracic duct and the etiology, diagnosis,
and treatment of chylothorax are discussed.

18.2 Anatomy

The thoracic duct drains the cisterna chyli,
located on the right side of the thoracic vertebrae,
which continues on the left from the level of T4
and drains into the left innominate vein
(Fig. 18.1). Variations have been observed in
more than one-third of the population [2, 9, 11].
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Fig. 18.1 Anatomy of
the thoracic duct. From
the cisterna chyli, the
thoracic duct crosses the
diaphragm at the aortic
hiatus at the level of the
12th thoracic vertebra,
and continues to ascend
between the thoracic
aorta on the left and the
azygos vein on the right.
It crosses over to the left
side between the fourth
and sixth thoracic
vertebrae. Finally, it
ascends behind the
aortic arch and the left
subclavian artery

Aortic hiatus

These anatomic variations are the underlying
cause of the diversity of intervention success
rates [2, 9, 11]. Moreover, there is a high risk of
tearing along the course of the lymphatic path-
way during esophagectomy and lymph node dis-
section due to the proximity of the course of the
thoracic duct to other structures [1, 12, 13]. Any
tear in the thoracic duct can quickly lead to the
accumulation of large volumes of lymphatic
fluid, since it usually transports around 2—4 L of
chyle per day [11].

18.3 Etiology

The etiology of chylothorax can be classified as
involving traumatic or non-traumatic injuries to
the thoracic duct, although idiopathic chylotho-
rax can also occur [4, 6, 14].

Traumatic Causes (50%)
Direct injury to the thoracic duct, particularly

during thoracic surgery (e.g., esophagectomy and
lymph node dissection), is the most common
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cause of traumatic chylothorax. Other traumatic
causes include blunt trauma or penetrating inju-
ries [4, 6, 14].

Non-Traumatic Causes (45%)

In cases of non-traumatic chylothorax, direct
infiltration or impeded flow caused by compres-
sion and accumulation leads to filtration of the
lymphatic vessels. Relatively impeded flow can
occur if there is increased lymph production,
such as in patients with increased central venous
pressure or those with liver cirrhosis and portal
hypertension. Chylothorax can develop idiopath-
ically in up to 6% of cases [4, 6, 14].

18.4 Diagnosis

The presence of chylomicrons, measuring
approximately 0.5-1.0 um in size, needs to be
confirmed in the pleural fluid. Alternatively, chy-
lothorax can be established by triglyceride con-
tent >110 mg/dL and a cholesterol concentration
<200 mg/dL. A triglyceride concentration of
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Fig. 18.2 Algorithm of chylothorax management. MCT medium-chain triglyceride

<50 mg/dL rules out chylothorax. The differen-
tial diagnosis includes pseudochylothorax, which
is characterized by low triglyceride content, a
cholesterol concentration of >200 mg/dL, and the
absence of chylomicrons (Fig. 18.2).

18.5 Treatment

The appropriate treatment method depends on
the etiology and amount of chylothorax.
Traditionally, conservative treatment is first
administered [7, 9, 13-15]. However, in patients
with high-volume chylothorax, the timing of
appropriate interventions is important. The devel-
opment of therapeutic methods and an algorithm

has ensured a systematic and timely process to
deliver treatment (Fig. 18.2). Further randomized
trials need to be conducted to establish a consen-
sus on chylothorax management.

Conservative Treatment

Indications

Conservative management is considered the first-
line modality for all patients with chylothorax [7,
9, 13-15].

Methods
Nothing by mouth or a diet containing medium-
chain triglycerides (MCT) reduces the flow of
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lymph and may allow spontaneous closure of the
leak in the thoracic duct [7, 9]. Adequate fluid and
electrolyte replacement with proper nutrition
should follow. Additionally, pleural drainage may
be done for lung re-expansion and pulmonary func-
tion optimization. The administration of octreotide
may be considered if drain output persists [16].

Prognosis

The resolution rate after conservative treatment
ranges from 16% to more than 75% [7, 9]; how-
ever, this figure is lower in patients with high-
volume chylothorax (>1000 mL/day). In the
event of marked drain output reduction under
conservative treatment, a good therapeutic out-
come can be achieved after a few weeks of a strict
MCT diet.

Interventional Treatment

Indications
Lymphangiography is advisable for almost all
patients with persistent chylothorax for the iden-
tification of the level of the tear. This applies for
both traumatic and non-traumatic chylothorax [4,
6,11, 16-18].

Methods

Resolution of the thoracic duct leak spontane-
ously occurs in up to 50% of cases [4, 6, 11].
However, lymphangiography is advisable for the
occlusion of chyle fistulas, as has been reported
in some cases.

Thoracic Duct Lymphangiography

Thoracic duct lymphangiography, which is per-
formed intranodally via the bilateral inguinal or
femoral lymph nodes (Fig. 18.3a—d) [4, 16, 18],
requires a 26G needle and a short catheter (Cook,
Bloomington, IN, USA) fitted to a luer-lock
syringe containing 3—5 mL of lipiodol. Ultraso-
nography and intermittent fluoroscopy are used
to confirm intranodal lymphatic vessel puncture
and to guide the subsequent injection of lipiodol
at 3 mL/min, respectively. If nodal rupture occurs

during the injection, the upper lymph nodes may
be directly punctured under fluoroscopic guid-
ance to continue lipiodol administration, which is
ceased after the opacification of the lumbar duct
or cisterna chyli. The total amount of lipiodol is
limited to 20 mL to minimize the risk of pulmo-
nary fat embolism.

Thoracic Duct Embolization

Prior to the procedure, the duct and its adjacent
structures (e.g., the aorta) are visualized with
cone-beam computed tomography. Thoracic duct
embolization is performed by gaining access to
the thoracic duct via direct puncture of the lum-
bar duct or cisterna chyli with a 21G Chiba nee-
dle through the transabdominal route [2, 14, 19].
After transabdominal puncture of the cisterna
chyli, a 0.018-in. (0.46 mm) Transend guidewire
(Boston Scientific Corp., Natick, MA, USA) is
used to enter the thoracic duct and is advanced
further before the introduction of a2.0 For 2.2 F
microcatheter (Terumo, Tokyo, Japan), employ-
ing an over-the-wire technique (Fig. 18.3e, f).
Digital subtraction angiography, aided with a
microcatheter, is used to establish the chyle leak-
age sites, which are then subjected to Concerto
microcoil embolization (Medtronic, Jacksonville,
FL, USA) proximal to the leakage sites and
embolized using a mixture of N-butyl cyanoacry-
late (NBCA, Histoacryl; B Brown, Melsungen,
Germany) and lipiodol (weight ratio 1:1). Coil
embolization is done to prevent NBCA migration
to the left subclavian vein due to the longer
NBCA polymerization time in the lymphatic ves-
sels than in the blood vessels. Lipiodol is injected
after establishing needle access to the lymph
node. Fluoroscopic images of the cisterna chyli
are obtained, and under fluoroscopic guidance,
the cisterna chyli is directly punctured using a
21G Chiba needle. A 0.018-in. (0.46 mm) guide-
wire and microcatheter are used to cannulate the
thoracic duct, which is then embolized using
Concerto 3EA microcoils and an NBCA/lipiodol
mixture (weight ratio 1:1). This procedure has a
success rate of over 90% in chylothorax cases [1,
2,4, 14,19, 20].
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Fig. 18.3 Thoracic duct embolization. (a) Intranodal
lymphangiography via the bilateral inguinal approach, (b)
thoracic duct access via direct puncture of the lumbar
duct, (¢) introduction of a microcatheter after insertion of

Needle Disruption
Needle disruption to reduce lymphatic flow may
be performed in cases of small prevertebral
lymph vessels, which are anatomic variants in
30% of patients [2].

a guidewire, (d) digital subtraction angiography to define
the chyle leakage site, (e) microcoil embolization above
the leakage site, and (f) embolization using an N-butyl
cyanoacrylate and lipiodol mixture

Transjugular Intrahepatic Portosystemic
Stent Shunt

In hepatic chylothorax, transjugular intrahepatic
portosystemic shunts may be considered to
reduce lymphatic flow [21].
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Prognosis

Due to occurrences of non-traumatic chylothorax
in patients with underlying diseases, the success
rate of interventions is lower than that of trau-
matic chylothorax [4]. The reported overall
success rate in non-traumatic chylothorax man-
agement ranges from 27 to 68% [6, 8, 11].
Radiologic intervention might still be considered
relatively safe and effective as some studies have
reported complication rates of 3% and no critical
complications [6, 8, 11].

Surgical Treatment

Indications

Surgery might be the last option if the leak per-
sists for more than 2 weeks, even with conserva-
tive treatment or a radiological intervention, or if
there is a high-volume chyle leak of more than
1000-1500 mL/day [10, 21-25].

Surgical Methods

Surgical techniques include thoracic duct liga-
tion, mass ligation of the tissue, pleurodesis, and
pleuroperitoneal shunting [10, 21-25]. Thoracic

b Azygos vein
Esophagus
Thoracic duct

Double
ligation of
thoracic duct

duct ligation is performed by ligating or clipping
above the right diaphragm, between T8 and T12,
regardless of the surgical site (Fig. 18.4).
Preoperative administration of olive oil, ice
cream, or heavy cream may be done for better
identification of the tear site. Alternatively, mass
ligation of tissue around the presumed course of
the thoracic duct may be considered. As a way to
approach the thoracic duct, direct vision might be
generally considered; however, in selected cases,
video-assisted thoracic surgery could be another
option [21, 24, 25]. If the aforementioned opera-
tions are not practically feasible, pleurodesis may
be performed to induce inflammation and subse-
quent adhesion between the visceral and parietal
pleura. If leakage persists after performing the
above-mentioned procedures, insertion of a pleu-
roperitoneal shunt or external permanent drain-
age should be considered [10, 21-25].

Prognosis

Generally, surgical interventions have a success
rate of approximately 90%, with complications
occurring in up to 38.3% of cases [10]. Consider-
able mortality rates of up to 25% have been
reported [10, 25].

Right
bronchus

Fig. 18.4 Surgical technique for the treatment of chylothorax. Thoracic duct ligation can be performed by clipping (a),
or ligation (b) above the right diaphragm between T8 and T12
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18.6 Conclusion

The development of other interventional methods
for chylothorax management is limited by indi-
vidual competency levels. According to the
authors’ personal observations in the past 4 years,
there is a learning curve for the performance of
these procedures at our center. Additionally, ana-
tomic variants of the cisterna chyli or lymphatic
vessels have fewer puncture sites to access the
thoracic duct for intubation. Nevertheless, lym-
phangiography remains a promising option for
leak resolution [11, 18, 26]. This radiological
intervention is considered relatively safe and
effective, as shown by its success rate of 52% and
complication rate of 3%, without fatal complica-
tions [6, 8, 11].

Although radiological interventions have been
performed in several cases of persistent chylotho-
rax, whether the outcomes are successful might
be affected by the individual radiologist.
Therefore, surgeons should be well informed of
the anatomy of the thoracic duct, and a team
approach may be necessary to determine whether
surgical management is warranted in cases of
treatment failure after cycles of intervention.
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