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A chylothorax, also known as chylous pleural effusion, is an uncommon cause of pleural effusion with a wide
differential diagnosis characterized by the accumulation of bacteriostatic chyle in the pleural space. The pleural
fluid will have either or both triglycerides > 110 mg/dL and the presence of chylomicrons. It may be en-
countered following a surgical intervention, usually in the chest, or underlying disease process. Management of a
chylothorax requires a multidisciplinary approach employing medical therapy and possibly surgical intervention

for post-operative patients and patients who have failed medical therapy. In this review, we aim to discuss the
anatomy, fluid characteristics, etiology, and approach to the diagnosis of a chylothorax.

1. Introduction

A chylothorax, also known as chylous pleural effusion, is an un-
common cause of pleural effusion with a wide differential diagnosis
characterized by the accumulation of bacteriostatic chyle in the pleural
space. In this review, we aim to discuss the anatomy, fluid character-
istics, etiology, and approach to the diagnosis of a chylothorax.

2. Definitions

A chylothorax is caused by the extravasation of chyle into the
pleural space due to obstruction or injury to the thoracic duct or its
tributaries or transdiaphragmatic flow from the peritoneal cavity [1-3].
The pleural fluid is often milky in appearance and is characterized by
elevated triglycerides > 110mg/dL or the presence of chylomicrons
[1,4]. Another cause of milky appearing pleural effusion is a pseu-
dochylothorax, also known as a cholesterol effusion and chyliform ef-
fusion, which is a cholesterol-rich fluid associated with chronic in-
flammatory disorders [5,6]. The clinical definition of a
pseudochylothorax is the combination of a milky pleural effusion,
pleural cholesterol level greater than 200 mg/dL, pleural triglyceride
level typically below 110 mg/dL, a pleural cholesterol/triglyceride ratio
of greater than one, and often the presence of cholesterol crystals seen
on microscopy [5,7,8].

3. Anatomy

The thoracic duct carries chyle from the chest and has a variable

anatomy. Classically, the thoracic duct originates from the abdomen at
the cisterna chyli at the level of the second or third lumbar vertebra
[2,9]. It ascends through the posterior mediastinum on the left-side of
the azygous vein, right-side of the descending thoracic aorta, and pos-
terior to the esophagus [2,9]. The thoracic duct then crosses to the left
of the esophagus at the level of the fifth or sixth thoracic vertebra [2]. It
continues upward posterior to the aortic arch and ends at the junction
of the left jugular vein [2,9]. This description represents the most
common route, with a multitude of anatomical variations reported in
the literature. Up to 40% of patients will have a multiple channels
through the mediastinum, 6% do not cross vertebra and ultimately
drain into the right-sided venous system, and the majority of variations
occur with the lymphovenous connection with either drainage into the
internal jugular vein, jugulovenous angle, subclavian vein, or multiple
entry points [10]. The underlying anatomy of the thoracic duct and its
tributaries not only derive clinical significance with creating a differ-
ential, but also with performing cannulation for a lymphangiogram.

4. Chylothorax characteristics
4.1. Patient characteristics

A chylothorax is suspected clinically when milky fluid (Fig. 1) is
collected from the pleural space; however, this “classical” appearance is
reported to occur in 22-44% of patients that ultimately met diagnostic
criteria [1,11]. This highlights the importance of including a chy-
lothorax in the differential when reviewing clinical history and asso-
ciated findings. The effusion occurs in a unilateral pattern in 84% of
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Fig. 1. Chylous pleural fluid with a milky appearance.

cases with 50-60% of all cases occurring on the right-side [1,6]. Pa-
tients may be asymptomatic or describe symptoms similar to other
forms of pleural effusions, such as dyspnea and nonproductive cough.
High fever and pleurisy are uncommon symptoms because chyle does
not irritate the pleural surface [12,13].

4.2. Pleural fluid analysis

A chylothorax has been defined as fluid with either or both trigly-
cerides > 110 mg/dL. and the presence of chylomicrons, which are
considered the gold standard for diagnosis [1,3,4,6]. Maldonado et al.
found in a review of 103 adults at a single center with a chylothorax,
the mean + standard deviation triglyceride value was 728 + 797 mg/
dL and cholesterol value 66 = 30mg/dL [11]. Chyle is reported to
have a protein concentration of 2-3 g/dL in humans [2]. It may be
assumed that a chylothorax would reflect this and be either a transu-
dative or LDH-discordant exudative effusion; however, Agrawal et al.
found 22 chylothoraces with a variety of pleural fluid patterns [1]. A
discordant pleural effusion is an effusion that meets exudative criteria
by either LDH or protein but not both [1]. When categorized by
transudative, protein-discordant exudative, LDH-discordant exudative,
or concordant exudative effusion they found that lymphocyte-pre-
dominant protein-discordant exudative effusions resulted in a group
where no alternative cause other than leakage of chyle into the pleural
space could be found [1]. This pattern of an elevated protein con-
centration was attributed to water and solute reabsorption reported
after analyzing the fluid properties of an excised chylous mesenteric
cyst [1,14]. It was also postulated that chylous effusions do not meet
exudative criteria by LDH due to its low circulating concentration in
chyle and its larger molecule size, which does not readily extravasate
out of the capillaries [1]. When the pleural fluid is not a lymphocyte-
predominant protein-discordant exudative pattern it suggests a con-
comitant etiology for the effusion [1]. The milky fluid appearance oc-
curs in 22-44% of patients, and in a review of 74 patients, the median
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Table 1
Traumatic etiologies of chylothorax.

Surgical Non-surgical

Esophageal surgery Thoracic radiation

Congenital heart surgery Seat bell
Mediastinal lymph node dissection Childbirth
Lobectomy Stretching
Pneumonectomy Blunt trauma
Lung transplant Sneezing
Tracheal resection Vomiting

Cardiovascular surgery Thoracolumbosacral orthosis

Aorta surgery

Neck surgery

Thymectomy

Thyroidectomy

Sympathectomy

Laparscopic gastric banding

Diaphragmatic hernia repair

Spine surgery

Simple nephrectomy

Radical nephrectomy

Pacemaker implantation

Thoracic duct embolization

Tube thoracostomy

Endoscopic ultrasound with fine needle
aspiration

Central venous catheterization

triglyceride level was significantly higher in milky effusions (822 mg/
dL) compared to nonmilky effusions (241 mg/d) [1,11]. The nonmilky
appearance and lower triglyceride content are attributed to poor nu-
tritional status or surgical trauma; nonetheless, gross appearance does
not correlate with any specific cause except bloody effusions following
surgery [11].

5. Etiology
5.1. Traumatic causes

Traumatic causes have been described for about 50% of chylous
effusions and may be further narrowed into surgical and nonsurgical
etiologies [15,16]. Surgical and medical interventions involving the
lungs, trachea, mediastinum, cardiovascular, aorta, neck, esophagus,
diaphragm, stomach, and vertebral bodies have been reported to lead to
a chylothorax [17-40]. (Table 1) The two most common surgical causes
associated with a chylothorax are esophagectomy and corrective pro-
cedures for congenital heart disease [15]. Non-surgical trauma to the
chest or increased intra-abdominal pressures may also lead to a chy-
lothorax, such as blunt trauma, childbirth, stretching, sneezing, vo-
miting, seat belts, and thoracolumbosacral orthosis [41-47] (Table 1).

5.2. Non-traumatic causes

5.2.1. Malignant

Non-traumatic causes are reported to comprise between 39% and
72% of all chylothoraces, with the majority as a result of malignant
etiologies accounting for 17%-46% of all cases [11,15,48]. Lympho-
proliferative malignancies, specifically lymphoma, are the bulk at ap-
proximately 61%; however, multiple other hematologic and solid tu-
mors have been associated with it [15,48-51]. (Table 2).

5.2.2. Lymphatic disorders

Lymphatic anomalies and diseases, such as lymphangioleiomyo-
matosis, pulmonary lymphangiectasia, and lymphangiomas have also
been associated with chylous effusions. Lymphangioleiomyomatosis
(LAM) is the proliferation of abnormal smooth muscle cells “LAM cells”
in association with the tuberous sclerosis complex mutations, which
primarily affects women of -childbearing age [52]. Computed
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Table 2

Non-traumatic etiologies of chylothorax.
Malignancy Lymphatic disorder Miscellaneous
Lymphomatous Lymphangioleiomyomatosis SVC thrombosis
Leukemia Lymphangiectasis Fibrosing mediastinitis
Lung cancer Lymphangioma Yellow nail syndrome
Mediastinal Lymphangiomatosis Gorham-Stout syndrome
Kaposi sarcoma Sarcoidosis
Myeloma
Infectious Chylous ascites
Tuberculosis Cirrhosis
Filariasis Nephrotic syndrome

Congestive heart failure

tomography (CT) of the chest classically demonstrates diffuse thin-
walled cysts surrounded by normal lung parenchyma with an estimated
10.1% of people with LAM having a chylothorax [53,54].

Pulmonary lymphangiectasia, also known as congenital pulmonary
lymphangiectasia, primary pulmonary lymphangiectasia, or pulmonary
cystic lymphangiectasis, is a rare disease characterized by the presence
of pathologically dilated lymphatic vessels [55,56]. This may be the
result of a pulmonary lymphatic developmental anomaly, generalized
lymphatic abnormality, or acquired etiology from surgery, radiation,
infection, tumor, or trauma [55,56].

Lymphangiomas are the focal proliferation of lymphatic tissue
presenting as multicystic or sponge-like accumulations [56]. Lym-
phangiomatosis is the presence of multiple lymphangiomas, which are
due to lymphatic developmental abnormalities and the majority of
cases present by 20 years of age [56]. Lymphangiomas may present as
mediastinal, pulmonary, or chest wall lesions that can lead to chylous
effusions [56].

Yellow nail syndrome is a rare disease that is classically character-
ized by yellow nails, lymphedema, and respiratory manifestations with
a median age of 60 years [57,58]. Respiratory disease includes pleural
effusions (46%), bronchiectasis (44%), chronic sinusitis (41%), and
recurrent pneumonias (22%) [57]. When pleural effusions are present,
they are predominantly bilateral (72%) and less commonly unilateral
right-sided (15.2%) or left-sided (12.8%) [58]. However, only ap-
proximately 12.1%-30% of all presenting effusions are chylous [57,58].
The exact pathophysiology of yellow nail syndrome is unclear, but is
thought to be a lymphatic transport failure, which can be hereditary or
acquired [58-60].

Gorham-Stout syndrome also known as Gorham's disease, phantom
bone disease, and vanishing bone syndrome is a rare entity character-
ized by destruction and absorption of bone [61,62]. This is thought to
be due to massive osteolysis with enhanced activity and number of
osteoclasts, vascular malformations, and proliferation of lymphatic
channels [62,63]. Several bones may be involved including, ex-
tremities, spine, pelvis, and the skull [61]. When the disease extends
into the chest and most commonly thoracic duct occlusion, a chy-
lothorax may develop, which has been reported in up to 17% of cases
[64,65].

5.2.3. Chylous ascites and intraabdominal causes

The presence of concomitant chylous ascites and pleural effusion
may be due to a systemic disorder or a primary abdominal process.
Similar to other disorders with both pleural and peritoneal fluid col-
lections, chylous pleural effusions are thought to accumulate secondary
to transdiaphragmatic fluid migration or thoracic duct obstruction from
increased portal venous pressure [1,66]. Liver cirrhosis, nephrotic
syndrome, congestive heart failure, infections, surgical, malignancy,
lymphatic disorders, and post-surgical scarring have all been reported
to occur [1,3,56,66-70]. Pleural fluid characteristics are similar to as-
citic fluid analysis [1].
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5.2.4. Sarcoidosis

A pleural effusion occurs in approximately 3% of all cases of sar-
coidosis, and cases of chylous effusions have been reported [71,72]. A
chylothorax with sarcoidosis has been attributed to occlusion of the
thoracic duct or abdominal lymphatic duct by lymphadenopathy
[71-73].

5.2.5. Infections

Infections may also lead to chylous effusions with Mycobacterium
tuberculosis described most commonly and in several cases of immune
reconstitution syndrome [74,75]. A chylothorax has also been reported
with hepatitis A, paragonimiasis, and paracoccidioidomycosis [76-78].

6. Diagnostic approach
6.1. Pleural fluid analysis

Clinical suspicion for a chylothorax may be presumed after identi-
fying a milky appearing fluid on thoracentesis or if the clinical history is
consistent with a possible etiology for a chylothorax (Tables 1 and 2).
Initial studies should include a serum and pleural fluid triglyceride le-
vels (Fig. 2). If the pleural fluid triglyceride level is > 110 mg/dL then
a chylothorax is highly suspected [1,4]. However, if triglycerides
are < 110mg/dL and the clinical history or pleural effusion appear-
ance are consistent with a possible etiology of chylothorax, then a
pleural chylomicron study can be performed. The presence of pleural
chylomicrons confirms the diagnosis of a chylothorax, and their ab-
sence suggests an alternative etiology. Once a chylothorax is confirmed,
the pleural fluid characteristics may further elucidate the cause.
Agrawal et al. reviewed analysis of 22 chylothoraces and found a
chylothorax may present with a variety of pleural fluid patterns, but in
the setting of a lymphocyte-predominant protein-discordant exudate,
there no other underlying etiologies. (1) However, if the pleural fluid
pattern was not a lymphocyte-predominant protein-discordant exudate,
then further investigation into contributing effusion etiologies should
be investigated (1).

6.2. Imaging

Chest radiography has limited utility identifying specific etiologies
of a chylothorax, with the exception of traumatic etiologies. CT of the
chest, abdomen, and pelvis may narrow the differential by identifying
sites of traumatic injuries to the lymphatic system, compressive med-
iastinal or abdominal lymphadenopathy, ascites, or malignant lesions.
Lymphangiography, lymphoscintigraphy, and magnetic resonance
(MR) lymphangiography are alternative imaging techniques to visualize
the lymphatic system and selection of each modality is patient in-
dividualized.

Lymphangiography, also known as lymphography, is the corner-
stone of lymphatic vessel and lymph node imaging [79]. It utilizes the
injection of a poppyseed based oil (e.g. Lipiodol) into the lymphatic
vessel of the foot or ankle, and then the flow of contrast is followed to
the thoracic duct by fluoroscopy [79]. The thoracic duct is then eval-
uated by conventional radiography or CT [79]. In a retrospective re-
view, Alejandre-Lafont et al. found 79% of patients with a chylothorax,
chylous ascites, lymphocele, and lymphatic fistula that underwent
lymphangiography had the leak detected [80]. They also found that
lymphaniograms were associated with occlusion of the leak in 70% of
patients with output of < 500 mL/day and 35% of patients with >
500 mL/day; overall a 51% success, which did not depend on cause of
duct damage or time between injury and intervention [80] Lym-
phangiography may be complicated by oil embolization, lipoid pneu-
monia, wound infection, pulmonary edema, and urticaria at the site of
cannulation [81-83]. However, the incidence of complications are di-
rectly related to the amount of injected contrast, which should not
exceed a total volume of 14 mL [79,84].
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Pleural effusion with
milky fluid appearance

Pleural effusion with
non-milky fluid

Clinical history consistent with
possible etiology of chylothorax

Y

Obtain pleural fluid
triglycerides

Triglyceride
>110 mg/dL

Y Y
Chylothorax

Lymphocyte-predominant
protein-discordant
exudative effusion

Triglyceride
<110 mg/dL

Obtain pleural chylomicrons

Present

Absent

Explore alternative etiologies

Yes No

Y

v

Isolated Chylothorax

Suspect chylothorax
with another etiology

Fig. 2. Chylothorax diagnostic algorithm.

Lymphoscintigraphy uses the subcutaneous injection of water-so-
luble radiotracer (Technetium-99 albumin solution), which is absorbed
into the lymphatic capillaries and carried throughout the lymphatic
circulation [85]. The radiotracer is then imaged using CT and single-
photon emission computer tomography (SPECT/CT). Lymphoscinti-
graphy poorly visualizes small vessel leaks, morphologic details, and
leaks into free third-spaces due to the water-soluble nature of the
radiotracer; however, it has been successfully employed to identify the
lymphatic leak leading to a chylothorax [85-88].

Noncontrasted MR lymphangiography has also been used to identify
a central lymphatic vessels and chyle leaks related to LAM, non-
Hodgkin's lymphoma, trauma, and lymphangiomas [89,90]. Benefits of
MR lymphangiography include high spatial resolution, production of
3D imaging, perioperative planning, and no exposure to radiation [89].
On the other hand, MR lymphangiography may be cost prohibitive or
not available at some centers [79].

10

7. Management

Currently, there are no official, evidence-based guidelines for the
management of a chylothorax. Our approach to management of a
chylothorax is first delineated by chest tube output (Fig. 3). When chest
tube output is = 1100 mL over any 24 h, =1 L/day for more than five
days, or =2L after two days of optimal conservative therapy, operative
therapy should be considered [2,91,92]. For chylothoraces with chest
tube output volumes less than this, medical therapy with pleural fluid
drainage, dietary modification, and initiation of a somatostatin ana-
logue may be considered.

We recommend pleural drainage via tube thoracostomy or indwel-
ling catheter, which provides symptom relief and a way to quantify the
accumulation of pleural fluid. Intermittent thoracentesis is an alter-
native strategy for pleural drainage in patients not suspected to have
rapid reaccumulation of fluid, patient preference, or poor prognosis.

Chyle is made up of triglycerides (e.g. neutral fat, free fatty acids,
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Pleural fluid
drainage
High volume* —— Low volume** ——
Y
Y
Medical therapy and consider . . A
operative intervention (TDL, Dietary mod}ﬁcau?n and
TDE/TDD, or pleurodesis) SOMAoSEAtin AN \0gue
v Y
Resolution Failed*** Resolution
Multidisciplinary

approach for imaging and
operative intervention

Figure 3 Legend

*High volume is defined as: chest tube output is 21,100 mL over any 24 hours, 21L/day for more than five days, or 22 L after

two days of optimal conservative therapy

**Low volume is defined as: <1, 100mL over any 24 hours, <1L/day for more than five days, or <2 L after 48 hours

**Failure is defined as: daily loss of >10 mL/kg at day five post-operatively, >2 weeks of chest tube output, or rapidly declining

nutritional status.

Fig. 3. Chylothorax management algorithm.

phospholipids, and cholesterol), protein, electrolytes, cellular elements,
and micronutrients [93]. Long-chain triglycerides are taken up in the
mucosal membrane of intestinal lacteals and the thoracic duct; whereas,
absorption of medium-chain triglycerides occurs through the portal
vein bypassing the lymphatic system [93-96]. Using medium-chain
triglycerides and avoiding long-chain triglycerides, leads to decreased
lymphatic flow and subsequently decreased chylous effusion accumu-
lation [94,96,97]. Individuals with a chylothorax should receive a high-
protein, low-fat diet (< 10 g fat/day). Oral feeding should be provided
when possible, but total parental nutrition (TPN) is an alternative route
for those who have failed oral intake or concern for inadequate oral
intake [93]. A fat-free diet (< 5kcal fat/serving) is an another option,
although it is unpalatable and challenging to maintain [93,97]. If there
is a concern for developing a fatty acid deficiency, then a 500 mL of
10% lipid emulsion or 250 mL of a 20% emulsion, three times per
weekly can be administered [93].

Somatostatin and octreotide, a synthetic somatostatin analogue,
bind to somatostatin receptors and reduces chyle production, lymph
flow, and intestinal fat absorption [98,99]. It has been used effectively
in conjunction with diet modification to reduce the accumulation of a
chylothorax and prevent surgical intervention [100]. Continuous infu-
sion (6 mg/day) or subcutaneous injection (50 or 100ug every 8h)
preparations have been successfully used [101-103].

Patients who have a daily loss of > 10mL/kg at day five post-
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operatively, > 2 weeks of chest tube output, or rapidly declining nu-
tritional status are considered to have failed medical therapy, and
therefore should consider interventions including thoracic duct ligation
(TDL), thoracic duct embolization or disruption (TDE/TDD), and
medical or surgical pleurodesis [104,105]. TDL is done by open thor-
acotomy or video-assisted thoracoscopy and has a 95% success rate for
postoperative chylothoraces [106]. TDE is performed by injecting
contrast into the thoracic duct to find the leak and sealing it with em-
bolized coils and glue; whereas, TDD is performed by macerating the
thoracic duct with multiple needle passes under fluoroscopy [107].
Pamarthi et al. had a 72% clinical success rate with TDE and 55%
clinical success rate with TDD [107]. Pleurodesis has an 80%-100%
success rate in both postoperative chyle leaks and nonsurgical chy-
lothoraces [106]. The decision to employ either TDL, TDE/TDD,
pleurodesis, or a combination of these therapies should be done with a
multidisciplinary approach focused on the underlying pathology, pa-
tient prognosis, and patient preference.

8. Conclusion

The presence of a chylothorax is a lesser common pleural effusion
with a broad differential centering around impaired lymphatic drainage
generally due to trauma, malignancy, or lymphatic disorders(Tables 1
and 2). The pleural fluid will have either or both triglycerides >
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110 mg/dL and the presence of chylomicrons [1,4]. Reviewing the
pleural fluid pattern and those patients without a lymphocyte-pre-
dominant protein-discordant exudate, may also suggest another un-
derlying etiology of the effusion. Management of a chylothorax requires
a multidisciplinary approach employing medical therapy and possibly
surgical intervention for post-operative patients and patients who have
failed medical therapy.
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