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Etiology

Chylothorax is characterized by chyle accumulating in the
pleural space, and thoracentesis with evacuation of milky
fluid is the definitive diagnostic test after suspecting pleural
fluid following a thorough physical exam, screening labora-
tory tests, and initial imaging studies. Specifically, the fluid
must have a triglyceride count above 200mg/dL (assuming a
regular diet) or more than 70% proportion of lymphocytes to
total cell count to be definitively defined as chyle. The gold
standard diagnostic test is the presence of chylomicrons on
pleural fluid analysis.

Typically, chylothorax results from traumatic disruption
of the thoracic duct within the thorax with subsequent
accumulation in the pleural space facilitated by the intra-
thoracic pressure gradient during inspiration. This disrup-
tion can be iatrogenic from thoracic interventions or from
trauma. On the other hand, nontraumatic chylothorax is
usually secondary to mass effect on the thoracic duct pro-
hibiting physiologic transport of lymph to the venous system
and causing spontaneous rupture or direct lymphatic inva-
sion from mediastinal pathology.

In approximately half of cases, the culprit of nontrau-
matic chylothorax is malignancy. The malignancy mostly

associated with this condition is lymphoma. Additional, less
common etiologies include congenital lymphatic disorders,
autoimmune diseases including sarcoidosis, lupus, and
Behcet’s, and benign mediastinal tumors such as teratomas,
thoracic aortic aneurysm, and infections, particularly tu-
berculosis.1–5 In the case of congenital lymphatic diseases,
entities such as Gorham’s disease, Kaposiform lymphangio-
matosis, and generalized lymphatic anomaly can cause
chylothorax due to the aforementioned mechanisms or
from the formation of high-output lymphatic malforma-
tions that overwhelm the capacity of the lymphatic vessels
leading to rupture.6

It is imperative to recognize concurrent chylous ascites in
any case of chylothorax, as typically the latter is caused by the
former via translocation of ascites through diaphragmatic
fenestrations facilitated by negative intrathoracic pressure. If
there is suspicion of this mechanism of chylous accumulation,
dynamic contrast-enhancedmagnetic resonance (MR) lymph-
angiography should be used if available for definitive identifi-
cation of the leaking nidus.7–9 This imaging technique is also
useful for pretreatment evaluation of lymphatic conduction
disorders, which result from abnormal lymphatic vessels,
valves, or lymphatic volume/flow during fluid overload states
(congestive heart failure, cirrhosis). These disorders can cause
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Abstract Chylothorax is a rare condition characterized by lymph accumulation in the pleural
space. When it occurs independent of trauma, it is even more rare and difficult to treat
as identification of lymphatic leak is unpredictable. In addition, treatment of this
condition with conventional lymphangiography and thoracic duct embolization may
not result in positive outcomes. As such, the role of contrast-enhanced dynamic
magnetic resonance lymphangiography to guide treatment is key to maximizing
success with the advantage of localizing the site of lymphatic leak. Herein, we
summarize etiologies of nontraumatic chylothorax, offer an updated treatment
algorithm to stratify affected patients and determine appropriate treatment options,
and review procedural techniques critical to efficient and effective treatment.
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reversal of normal lymphatic flow, which may result in retro-
grade flow into the lungs and development of plastic bronchi-
tis or pulmonary lymphatic perfusion syndrome (►Fig. 1).10

Thoracic duct embolization is an effective treatment for these
idiopathic conditions.11

Management

Contemporary management of nontraumatic chylothorax
begins with a trial of conservative management.12–14 This
includes placing the patient on a low-fat diet or trial of
nothing by mouth. If this fails, serial thoracentesis can be
performed to bridge the patient to definitive therapy, which
traditionally involved a combined surgical approach involv-
ing pleurodesis and thoracic duct ligation.15,16 Now that
thoracic duct embolization by interventional radiology is
more widely available, it should be considered in some cases
in lieu of surgical management, as it avoids amorbid surgical
intervention and can detect nuanced anatomic derange-
ments of the duct.17 Thoracic duct embolization performed
by interventional radiology precipitates collateralization of
the lymphatics in the upper abdomen proximal to the
embolization site allowing closure of the leak and rerouting
of lymphatic flow into veins in the abdomen.18

The first step in minimally invasive management of a
nontraumatic chylothorax is to determine whether chylous
ascites is present. If this is suspected on imaging or clinical
exam, definitive confirmation of chylous ascites should be
obtained byanalysis of an abdominalfluid sample, preferably
obtained at the same time as pleural fluid sampling to allow
comparison of the two fluids. Embolization of the thoracic
duct in cases of chylothorax resulting from chylous ascites
can worsen both ascites and chylothorax. This occurs be-
cause occlusion of the normal outflowof lymphatic drainage
through the thoracic duct diverts all lymph and chyle
through the persistent leak in the abdomen which is then
further translocated into the chest.

Preintervention assessment of the lymphatic system is
essential for identifying lymphatic anatomy, flow patterns,

and the source of a leak.19 Contrast-enhanced dynamic MR
lymphangiography simplifies the management of nontrau-
matic chylothorax, which is often more challenging than
management of its traumatic counterpart.7–9 As the initial
diagnostic test, MR lymphangiography can exclude or confirm
the presence of ascites and, if present, can aid in treating this
condition.MR lymphangiographyutilizesheavily T2-weighted
sequences for identification of fluid leak, lymphatic anatomy,
and pathologic mediastinal masses. Adding dynamic contrast
and static postcontrast series to enhance the thoracic duct and
lymphatic structures increases the likelihood of identifying
these structures, the presence of lymphatic flowwithin them,
and the precise site of lymphatic leak.7 Performing contrast-
enhanced MR lymphangiography can be challenging in that it
is facilitated by relatively close proximity of the angiographic
and MR suites to confirm needle placement. However, con-
trast-enhanced ultrasound has been demonstrated to be a
valid localization tool for needle access of the inguinal lymph
nodes prior toMR, which can be donewherever point-of-care
ultrasound is available.20

Findings ofMR lymphangiography can be categorized into
three groups. If contrast is seen leaking from the thoracic
duct or there is reversal of pulmonary lymphatic flow, the
thoracic duct should be embolized or reconstruction with
stent grafts should be considered. Although this latter meth-
od could offer the benefit of restoring continuity and func-
tion of the thoracic duct, it has only been described in case
reports and the application to a larger cohort of patients and
long-term follow-up is necessary to characterize its effica-
cy.21 If there are lymphatic masses within the retroperito-
neum, direct access of the masses should be performed with
subsequent glue embolization, which is sometimes referred
to as interstitial embolization. In the same manner, if lymph
flows from abdominal masses directly to the lungs or pleural
space, direct access of thesemasses should be performed and
treatedwith glue embolization. In the latter pair of scenarios,
the intervention with direct glue embolization of lymphatic
masses should be performedwith the intention of maintain-
ing patency of the thoracic duct.

Fig. 1 66-year-old male with pulmonary lymphatic perfusion syndrome manifesting with plastic bronchitis and chylothorax. (a) MR
lymphangiography MIP reconstruction using heavily T2-weighted sequences demonstrating large lymphatic masses in the right hemithorax and
peribronchial lymphatic flow. (b) Catheter lymphangiogram demonstrating transection of the central thoracic duct and filling of the right
thoracic lymphatic masses. (c) Completion fluoroscopic image after coil and glue embolization of the thoracic duct.
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Technique

When preprocedural planning is complete, the procedure
should begin with intranodal lymphangiography to confirm
MR findings. Intranodal lymphangiography is superior to
traditional pedal access of lymphatics for thoracic duct lymph-
angiography, as it allows for a shorter interval between injec-
tion and opacification of the cisterna chyli and is more often
technically successful.22 A 25-gauge spinal needle is advanced
into an inguinal lymph node at a shallow angle under ultra-
sound guidance, positioning the needle tip at the transitional
zone between the nodal cortex and hilum. The needle should
be attached to a 3-mL polycarbonate syringe via short exten-
sion tubing, the Stylet removed, and flushed with oil-based
contrast prior to lymphatic access to reduce needlemovement
after positioning. The shallow angle will also aid in needle
stabilization through thecreationofa longsubcutaneous tract.
Contrast should be injected slowly, at a rate of 0.1mL
per minute. Efferent lymphatics or lymph node opacification
should be confirmed. Then, contrast can be injected by attach-
ing an angioplasty balloon inflator filled with lipiodol and
maintaining the pressure at 3mm Hg.

Contrast should reach the L3 level before discontinuing
injection. Each lymphnode can accept 6 to 12mL of lipiodol to
this end. If 12mLof lipiodol is injectedwithout visualizationof
the cisterna chyli, normal saline should be injected at 0.2mL
per minute to further propel the lipiodol through the pelvic
lymphatics. Pneumatic sequential compression devices can be
placed on the patient’s lower legs, which significantly
decreases the contrast transit time from the accessed node
to the cisterna chyli.23 After visualization of the cisterna chyli,
depending on findings discovered on pretreatment contrast-
enhanced MR lymphangiography discussed earlier, the tho-
racic duct or lymphatic masses are directly accessed using a
21- or 22-gauge needle under fluoroscopic guidance. Lipiodol
orwater-based iodinatedcontrast is injected toconfirmneedle
placement followedby injection ofN-butyl cyanoacrylate glue
diluted with ethiodol at a proportion of 1:1 to 1:3 glue to

ethiodol. The dilution factor should be tailored depending on
the size of the lymphatic system being embolized with more
dilute glue being able to propagate further and fill a larger
system.

If the thoracic duct is patent, but there are aberrations in
lymphatic flow or abnormal collaterals, thoracic duct embo-
lization can be performed (►Fig. 2). This is also indicated if
the thoracic duct is occluded causing a leak proximal to the
level of the occlusion, which has been shown to be a common
cause of nontraumatic chylothorax, and one in which em-
bolization is highly effective.5 In these cases, a 0.014- or
0.018-inch guidewire should be navigated through the lym-
phatics cranially, over which a 3F microcatheter can be
advanced. Platinum microcoils can be delivered through
the catheter just proximal to the abnormal lymphatic struc-
ture, followed by a 1:1 mixture of N-butyl cyanoacrylate and
ethiodol.

Another potential option for the treatment of thoracic
duct occlusion or an obvious leak on contrast-enhanced MR
lymphangiography is thoracic duct reconstruction using
stent grafting. This procedure is performed in a similar
manner to embolization, with intranodal lymphangiogra-
phy, and through-and-through access of the thoracic duct
after snaring the wire within the left upper arm venous
system after the antegrade wire access of the thoracic duct
via the cisterna chyli. Then, a stent graft is deployed over the
previously identified leak.21 This concept has been used in a
small number of patients with traumatic disruption of the
thoracic duct and subsequent chylothorax; as such, it
remains unknown but plausible that this may be effective
in cases of nontraumatic chylothorax as long as through-
and-through access of the thoracic duct is possible. Although
this method could offer the benefit of restoring continuity of
the thoracic duct, the overall efficacy and durability has not
yet been established.

In cases of obvious thoracic duct outflow obstruction,
surgical reanastomosis of the thoracic duct to the subcla-
vian vein or other cervical venous branches has had

Fig. 2 74-year-old femalewith remotehistoryof triple negativebreast cancer treatedwith chemoradiation and idiopathic right chylothorax accumulating2
liters of fluid every twoweeks. (a) MR dynamic lymphangiographyMIP of TWISTsequences (Siemens, Erlangen, Germany) after lymphatic groin access and
contrast administrationdemonstrates extensive lymphatic collateralization in themediastinumandupper retroperitoneumwithout identificationof a single
thoracic duct. (b) Cisterna chyli accessed with a 22-gauge needle and lymphangiography performed. (c) Lymphangiogram after deployment of MVP-3Q
vascular plug (Medtronic, Dublin, Ireland) and n-BCA glue embolization of the dominant lymphatic conduit.
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successful outcomes in the pediatric population, includ-
ing in nontraumatic etiologies of chylothorax. This tech-
nique requires a hybrid approach with interventional
radiology and microvascular surgery, with access of the
thoracic duct prior to cervical exploration for dye injection
of the duct and identification of the thoracic duct during
surgery.24

Follow-up and Outcomes

Following intervention, thoracostomy tube output should be
monitored, and once the output has decreased to or below
200mL/24 hours, a low-fat diet can be resumed to increase
lymphatic flow and confirm success with persistence of low
output from the tubes, which can then be removed. If output
is not decreasing, repeat lymphatic intervention can be
attempted.

Nontraumatic chylothorax treatment is not as successful as
its traumatic counterpart. Although the largest available pub-
lished series predated the use of the intranodal lymphangiog-
raphy and MR lymphangiography, the intention to treat
successfully was 53% (18/34),6 as in 30% of cases the cisterna
chyli was not visualized or the thoracic duct could not be
accessed. In the subset of technically successful embolizations,
the cure rate increased to 68% (16/24). A recent meta-analysis
demonstrates similar findings, with 50% clinical success in
nontraumatic cases, as opposed to 93% clinical success in
traumatic chylothorax.25 With the advent of intranodal tech-
niques and imaging assessment, cure rate would likely be
higher, and future studies involving the algorithm and techni-
ques outlined here are likely to demonstrate improved success
in line with cure rates for traumatic chylothorax.

The literature on surgical/conservative management of
nontraumatic chylothorax demonstrates poor cure rates,

around 27%.26 In light of these poor outcomes, even pedal
lymphangiography techniques for thoracic duct interven-
tions appear auspicious in comparison.

Summary

Nontraumatic chylothorax is a rare condition, stemming from
a wide variety of disease states, and is more difficult to treat
than traumatic chylothorax. Expectations for outcomes should
be tempered, as the proportion of clinical success in the
treatment of nontraumatic chylothorax is significantly lower
than the success in the treatment of its traumatic counterpart.
Despite this, through innovative imaging and procedural tech-
niques, a treatment algorithm (►Fig. 3) is proposed that will
likely result in improved treatment outcomes and a more
auspicious era for affected patients.
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