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he history of surgery is fascinating, and emphasizing
Tthe importance of the past in creating the desired
future is important to our trainees. First known reports of
chylothorax date back to the 17th century. By the end of
the 19th century only about 50 cases were reported in the
largest reviews1,2. Nontraumatic cases were almost all
fatal, and patients with traumatic cases had approxi-
mately 50% mortality with observation and repeated
thoracentesis.

Before the first reported repair via left cervical
approach, intraoperative injuries of the thoracic duct
were described as “in every case death must follow from
marasmus upon discharge.”3 Iosifov4 described anatomic
variations of the TD in detail and pioneered the system-
atic studies of the functional anatomy of the lymphatic
system. In the 1930s, TD ligation (TDL) was considered
“physiologically compatible with life, but technically
impractical.”5 Zhdanov6 introduced lymphangiography
into clinical practice in 1936. Not until advances in
anesthesia were made was the first survivor of left
transthoracic TDL reported, by Lampson in 1948.7 With
the development of minimally invasive instruments,
thoracoscopic TDL was reported in 1993.8

Surgery remains the cornerstone of the management of
chylothorax refractory to medical management. In recent
years, percutaneous image-guided TD embolization has
been increasingly used and, in some centers, has reduced
the use of surgical TDL.

Chylothorax is classified into nontraumatic and trau-
matic (approximately equal in frequency). Nontraumatic
chyle leak (CL) is usually a result of malignant disease or
infection. Further development of thoracic surgery
introduced the newer category of “postoperative chylo-
thorax.” Chylothorax develops after very few intratho-
racic interventions, but it is the most common indication
for TDL. Esophagectomy, pulmonary resection, and
congenital heart disease repairs carry the greatest risk.
Patients after pulmonary resection rarely require inter-
vention because the culprit is usually a smaller lymphatic
branch. The highest incidence of postoperative chylo-
thorax is reported after esophagectomy. Risk factors for
CL after esophagectomy include transthoracic approach,
neoadjuvant chemoradiation, lower preoperative body
mass index, and midesophageal location.
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Routine TDL during esophagectomy has not been
shown conclusively to be effective for preventing post-
operative chylothorax. Additionally, prophylactic TDL
may reduce overall survival after carcinoma resection,
possibly associated with a decreased return of immune
factors and proteins to circulation.9 We teach trainees that
intraoperative TDL is appropriate in selected patients
with risk factors such as tumors requiring extensive
dissection or suspected intraoperative leak (unexpected
amount of serous drainage in the field). It is reasonable to
administer cream or olive oil preoperatively to identify
the leak during esophagectomy.
Preparation

Discussions with residents about initial management and
operative planning are equally important as teaching the
surgical techniques.
Milky chest tube output during enteral nutrition is

consistent with chylothorax. The diagnosis is confirmed
by a fluid triglyceride level higher than 100 mg/dL or the
presence of chylomicrons. Leaks of less than 500 mL/day
are classified as low volume, and leaks of more than 1000
mL/day are classified as high volume. High serosangui-
neous output (>400 mL/day) in a postoperative patient
without enteral intake is concerning for a CL. Once the
diagnosis is made, total parenteral nutrition and bowel
rest with aggressive correction of fluid and electrolyte
losses are initiated. Octreotide may slow the rate of leak,
but it very rarely stops it completely. A low-fat diet is
appropriate only for low-volume leaks. Chyle output can
reach 2.5 L/day. The higher the output is, the sooner
intervention is indicated. Overinvestigation with imaging
and tests, and delaying an indicated operation, are to be
avoided because an uncontrolled CL results in rapid loss
of immune system components and proteins. This is
associated with increased morbidity and mortality in
already fragile patients.
Surgical indications are CLs of 10 to 13 mL/kg/day that

do not slow in 3 to 5 days of nonoperative management.10

The key principles of the operation are to recognize the
variations in TD anatomy and to perform TDL caudal to
the leak. Teaching of TD anatomy requires demonstration
of supplemental images because the TD is hardly ever
seen as a discrete structure, either during operations or
on imaging (Figures 1, 2).
The operation requires right-lung isolation with the

patient in the lateral decubitus position.
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Figure 1. Expected location of the thoracic duct (marked with an
asterisk) after an esophagectomy.
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Approach
� Anatomy of the TD is “constant only in its vari-
ability.” An approximately 3 � 2 cm cisterna chyli
(CC) can be located anywhere between L3 and T10,
more commonly on the L1 vertebral body next to the
right diaphragmatic crus. The CC is frequently ab-
sent. Most abdominal tributaries ascend through the
aortic hiatus (T12) to the right of the aorta. Some
branches ascend anteriorly or posteriorly to the aorta
or through a separate opening in the diaphragm. In
most cases a 2- to 4-mm wide, thin-walled TD is
formed within a 3-cm span cranial to the esophageal
hiatus (T10). Such high cephalad confluence of
abdominal tributaries is different from simplistic
drawings of a single duct at the level of the dia-
phragm in anatomic atlases. The TD ascends poste-
rior to the esophagus, between the aorta and the
azygos vein. Duplications are present in almost one-
half of individuals. At the T4-T6 level the TD crosses
Figure 2. Cadaveric dissection at the level of T10 showing a
duplicated thoracic duct and its relationship with the azygos vein, the
aorta, and the greater splanchnic nerve.
behind the aorta to the left side and ascends to the
neck to drain into the venous system.

� During esophagectomy, areas prone to high-output
injuries are the CC, large tributaries, and the TD as
it crosses the spine.

� It is essential to ligate the TD caudal to the leak and
incorporate all potential collateral vessels. CL can be
approached through the chest or abdomen. TDL at
the proximal supradiaphragmatic location in the
right side of the chest offers the most predictable
and easiest exposure.

� Although the exact site of the leak does not have to
be identified, administration of fat (cream or oil) for
several hours preoperatively through the tube is
helpful in identifying a leak intraoperatively. Dyes
must be avoided because they will stain the entire
field.

� TDL for the chylothorax after a right transthoracic
esophagectomy should be performed as the
reoperation on the same side regardless of the leak
laterality. Retraction of the conduit is not difficult
with appropriate lung isolation.

� A direct approach to control the traumatic leak on
the left is indicated if the left approach is planned for
other indications (retained hemathorax, traumatic
lung hernia).

� Leaks with high suspicion of originating below the
diaphragm may be best approached through the
abdomen. Therefore, chylothorax after a difficult
dissection around the hiatus is best localized pre-
operatively with lymphangiography.
Diagnostic Lymphangiography and Percutaneous
Embolization

� Surgical TDL is effective in more than 80% of cases
with minimal morbidity.

� Percutaneous embolization is a time-consuming and
difficult procedure. Although reports indicate
successful percutaneous embolization in more than
60% of cases, this experience is limited to few
centers. Diagnostic lymphangiography is easier to
perform and may help to identify the location of the
leak and select the surgical approach.

� Lymphography and percutaneous embolization
should be considered in the following situations:

B Suspected intraabdominal leak from the CC and

abdominal branches
B Failed TDL
How I Teach It

TDL consists of access, exposure, dissection, and ligation.

Thoracoscopic Access
PITFALLS.

� Suboptimal position of access incisions
� Bleeding from intercostal vessels
� Inadvertent injury to diaphragm or lung
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TECHNIQUE.

� Principle of efficient thoracoscopy: Access incisions
are positioned (at least 1 handwidth apart) on a
convex line aimed at the anatomic location of the
intervention.

B Camera site: seventh or eighth intercostal space

on the posterior axillary line
B Working incision 1: fifth or sixth intercostal space

on the posterior axillary line
B Working incision 2: eighth or ninth space poste-

rior to the camera incision
� The camera is introduced, and working sites are
placed under visualization. To avoid intercostal
vessels, trainees are taught to move the tip of elec-
trocautery over the top edge of the rib (like “a pencil
along a ruler”).

� Both the surgeon and the trainee stand on the left
side of the table with the surgeon holding the 30-
degree camera.

Exposure
PITFALLS.

� Inadequate exposure for dissection
� Trauma to gastric conduit

TECHNIQUE.

� The chest is inspected, undrained chylothorax is
evacuated, and adhesions are taken down as needed.
For cases of spontaneous chylothorax, pleural bi-
opsies should be performed to rule out malignant
processes.

� The deflated lung is retracted anteriorly and ceph-
alad to expose the posterior mediastinum. Retraction
of the diaphragm and rotation of the bed to the left
facilitate exposure (Figure 3). The pulmonary liga-
ment division is rarely needed.
Figure 3. Right thoracoscopy in a patient with metastatic renal cell
carcinoma and spontaneous chylothorax. The diaphragm is retracted,
and relevant anatomy is highlighted. The azygos vein is partially
obliterated.
� If TDL is performed for postoperative chylothorax
after esophagectomy, the gastric conduit can be
carefully retracted as needed to the left of the spine.
Dissection and Ligation
PITFALLS.

� Trauma to intercostal vessels, the azygos vein, or the
aorta

� Failure to encircle the TD and all tributaries
� Trauma to the TD
TECHNIQUE.

� If the site of the leak is obvious, an attempt can be
made to control it directly with clips. Aggressive
search for a leak site in an inflamed area if not visible
clearly is to be avoided because it may lead to further
injury and is not practical.

� The site for ligation is selected at the level of the
pulmonary ligament origin or approximately the 10th

to 11th thoracic vertebrae.
� The parietal pleura is incised over the prominent
intervertebral disc along the lateral side of the
azygos vein. Residents are taught to keep the inci-
sion between the intercostal veins that cross over
the concave centers of the vertebral bodies
(Figure 4).

� The greater splanchnic nerve is preserved, whereas
small segmental branches may be divided.

� The aorta is identified visually or, in cases of obesity
or tissue edema, using gentle palpation with an in-
strument. The parietal pleura is incised along the
right lateral border of the aorta (Figure 4).

� By using a curved instrument, all structures between
both pleural incisions are dissected off the spine.
This includes the TD with potential adjacent tribu-
taries, the azygos vein, and adipose tissue.

� Tactile feedback while gently placing the tip of a
dissecting instrument first immediately on top of the
aorta and then sliding it perpendicularly onto the
spine is important to ensure that all tissues are
encircled (Figure 5A). Residents are taught that
gentle “instrument palpation” of structures (eg,
spine, bronchus) is valuable during thoracoscopic
operations.

� A ligature is passed around the dissected tissue, and
gentle traction on it facilitates subsequent instru-
ment passes (Figure 5B). Usually 2 or 3 passes are
required to encircle all tissues fully away from the
spine.

� Care is taken to protect the intercostal arteries
(Figure 6A).

� Although it is certainly possible to dissect the TD in
isolation, we do not encourage trainees to use this
technique because it increases the risk of TD injury.
Including the azygos vein and the parietal pleura
into the mass ligation adds an additional buttressing
strength to the tie and may incorporate accessory
branches.



Figure 4. Parietal pleura incisions are placed parallel to the azygos
vein and above the aorta and centered between the intercostal veins
over the intervertebral disc.
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� Ligatures are gently tied to avoid trauma to
lymphatic vessels by using a knot pusher
(Figure 6B). After tying the ligatures, no division of
the duct is performed.

� Clips may be very selectively added for hemostasis
and lymphatic control, but they are not needed in
most cases if the dissection was not traumatic.
Existing metal clips most commonly do not encom-
pass the full thickness of the dissected tissue. Larger
plastic hemoclips close too tightly and may be
traumatic. Clipping will fail unless all tissues among
the aorta, spine, and azygos vein are ligated.

� We do not routinely perform talc or mechanical
pleurodesis and do not encourage the use of biologic
sealants.

� A chest tube is placed through the camera site. A
chest roentgenogram is obtained to ensure full
reexpansion of the lung.
Thoracic Duct Ligation Via Thoracotomy
� Thoracoscopy offers better visualization of the area
than thoracotomy.

� Thoracotomy is necessary when thoracoscopy is not
feasible because of adhesions, bleeding, and surgeon
inexperience.

� Redo thoracotomy is reasonable after open trans-
thoracic esophagectomy, although thoracoscopy is
still an option.

� Standard right posterolateral thoracotomy is per-
formed through the sixth or seventh intercostal
space.

� A heavy suture maybe placed onto the dome of the
diaphragm to retract it through a future chest tube
site.

� Digital palpation is similarly helpful to identify the
aorta and spine and to ensure that all tissues be-
tween them are included in the ligation.

Thoracic Duct Ligation Via Laparotomy
� During the abdominal phase of a transhiatal or Ivor
Lewis esophagectomy, ligation of the TD is feasible
through the diaphragmatic hiatus as a routine
practice or in cases of difficult right crural or pre-
vertebral dissection. Low posterior mediastinal pre-
vertebral fascia is then exposed, and mass ligation of
soft tissue to the right of the aorta is performed with
or without the azygos vein.

� In rare cases of confirmed or suspected post-
operative subdiaphragmatic leak, a transabdominal
approach is indicated.

� The aortic hiatus is exposed with gentle retraction of
the left lobe of the liver to the right and gastric
conduit to the left.

� The right crus is dissected, and the aorta is retracted
to the left. The remaining prevertebral pleura is
opened. If the exact site of the leak is seen, then the
leak is controlled with wide sutures; otherwise, a
mass ligation of the prevertebral tissues between
the aorta and the azygos vein is performed.
Figure 5. (A) The azygos vein
and lymphatics between the
aorta and the spine are
dissected, and the ligature is
passed around the structures.
The gastric conduit is gently
retracted inferiorly. (B) While
gentle traction is applied on
the ligature, the instrument is
passed to dissect the remaining
tissues away from the spine.



Figure 6. (A) During dissec-
tion along the aorta, the inter-
costal artery must be avoided.
(B) Ligatures are tied to com-
plete the mass ligation.
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Postoperative Care
� Aggressive pulmonary care and pain control are of
paramount importance.

� Oral or enteral intake is resumed the following
day.

� The chest tube can be removed when serous output
is low while the patient is receiving regular enteral
nutrition.
Comment

Thoracic surgery trainees need to understand the
anatomic variations of the TD, the physiologic implica-
tions of CL, and the roles of conservative management,
surgery, and embolization. Thoracoscopic TDL is a simple
and a highly effective operation with a very uncommon
need for conversion to an open procedure.

The authors wish to thank Marc Pizzimenti, PhD, Department of
Anatomy and Cell Biology, University of Iowa, for assistance with
anatomic dissection for Figure 2.
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