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ABSTRACT

The purpose of this study was to
demonstrate the feasibility of percutaneous
Sfluoroscopically-guided transcervical
retrograde access into the thoracic duct
Jfollowing unsuccessful transabdominal cisterna
chyli cannulation to perform thoracic duct
embolization for the treatment of chylothorax.
Five patients, including three (60%) women
and two (40%) men, with median age of 62
years, underwent percutaneous transcervical
thoracic duct access and embolization
after failed transabdominal cisterna chyli
cannulation for the treatment of chylothorax.
In all patients, fluoroscopically-guided
percutaneous transcervical retrograde access
into the distal thoracic duct was achieved using
a 21-gauge needle and an 0.018-inch wire.
Following advancement of a microcatheter,
retrograde lymphangiography was performed
to identify the location of thoracic duct
injury. A combination of 2:1 ethiodized oil to
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cyanoacrylate mixtures, platinum microcoils,
or stent-grafts were used to treat the chylous
leaks. Technical successes, procedure
durations, fluoroscopy times, blood losses,
immediate adverse events, clinical successes,
and follow-up durations were recorded.
Technical success was defined as cannulation
of the distal thoracic duct using a transcervical
approach followed by treatment of the thoracic
duct injury. Adverse events were classified
according to the Society of Interventional
Radiology guidelines. Clinical success

was defined as resolution of the presenting
chylothorax. Percutaneous transcervical
retrograde thoracic duct access and treatment
was technically successful in all patients (n=>5).
Median procedure duration was 173 minutes
(range: 136-347 minutes) with a median
fluoroscopy time of 94.7 minutes (range: 47-125
minutes). Median blood loss was 10 mL (range:
5-20 mL). No minor or major adverse occurred.
Clinical success was achieved in all patients
(n=5). Median follow-up was 372 days (range:

Reproduction not permitted without permission of Journal LYMPHOLOGY.



67-661 days). Percutaneous fluoroscopically-
guided transcervical retrograde thoracic duct
access is an effective and safe method to
perform thoracic duct embolization following
unsuccessful transabdominal cisterna chyli
cannulation for the treatment of chylothorax.

Keywords: chylothorax, chyle leak, thoracic
duct embolization, percutaneous transcervical
retrograde thoracic duct embolization, retro-
grade thoracic duct embolization, lymphan-
giography, lymphatic interventions, interven-
tional radiology

Chylous leak is an entity that may result
from the disruption of lymphatic channels
following surgical injury or lymphatic obstruc-
tion (1-3). Thoracic duct embolization has
become the standard of care for the treatment
of chylothorax in patients who have failed
conservative management (4-6). Traditional-
ly, treatment consists of diagnostic pedal or
pelvic lymphangiography followed by transab-
dominal cannulation of the cisterna chyli and
subsequent embolization of the thoracic duct
(7). Given the degree of technical expertise re-
quired to perform this procedure coupled with
patient comorbidities and limitations imposed
by increased body habitus, varied methods of
access may be necessary to achieve successful
cannulation and embolization of the thoracic
duct.

A previous study assessed the feasibility of
accessing the thoracic duct using ultrasound-
guided access in the left neck and found it
to be a technically successful technique (8).
Additionally, a case report has documented
percutaneous access to the thoracic duct from
a transcervical approach using a previously
existing lymphocele drainage catheter (9).

The purpose of this study was to report
the feasibility of percutaneous fluoroscopical-
ly-guided retrograde access into the trans-
cervical thoracic duct following unsuccessful
transabdominal cisterna chyli cannulation to
perform thoracic duct embolization for the
treatment of chylothorax.
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MATERIALS AND METHODS
Patient Selection

This study was conducted with Institution-
al Review Board approval and complied with
the Health Insurance Portability and Account-
ability Act. All patients who underwent percu-
taneous fluoroscopically-guided transcervical
retrograde thoracic duct embolization following
unsuccessful transabdominal cisterna chyli
cannulation were included in this study (n=5).

Patient Demographics and Variables

The study population consisted of three
(60%) women and two (40%) men with median
age of 62 years. All patients presented with
chylothorax. All patients had failed transab-
dominal cisterna chyli cannulation.

Percutaneous Fluoroscopically-Guided
Transcervical Retrograde Thoracic Duct Access
Technique

The percutaneous fluoroscopically-guided
transcervical retrograde thoracic duct access
technique is shown in Fig 1. All procedures
were performed under general anesthesia
administered by an attending Anesthesiol-
ogist. All procedures were performed by an
attending Interventional Radiologist. In all
cases, patients were brought to the angiogra-
phy suite and placed in supine position. After
induction of general anesthesia, and using
ultrasound-guidance, 25-gauge needles (Becton
Dickinson; Franklin Lakes, NJ) were inserted
into the unilateral or bilateral inguinal lymph
nodes. Ethiodized oil (Lipiodol; Guerbet; Vil-
lepinte, France) was then infused, by hand, un-
der continuous fluoroscopic monitoring. Once
opacification of the retroperitoneal lymphatics,
cisterna chyli, and thoracic duct (Fig. 1A) was
noted, cannulation of the cisterna chyli was
attempted using a 21-gauge needle (Cook Med-
ical; Bloomington, IN). Following unsuccessful
transabdominal cannulation, transcervical
retrograde access of the distal thoracic duct, in
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Fig. 1. Percutaneous fluoroscopically-guided transcervical retrograde thoracic duct access technique. 25-gauge
needles were inserted into the bilateral inguinal lymph nodes. Ethiodized oil was infused. (A) Once opacification of
the retroperitoneal lymphatics, cisterna chyli, or thoracic duct (white arrows) was noted, cannulation of the cisterna
chyli was attempted. (B) Following unsuccessful transabdominal cannulation, transcervical retrograde access of the
distal thoracic duct was performed using a 21-gauge needle (white arrow). Once successful cannulation occurred,
an 0.018-inch wire was threaded through the needle and into the thoracic duct. A microcatheter was advanced over
the wire into the thoracic duct. (C) Retrograde digital subtraction lymphangiography was performed to evaluate the
integrity of the thoracic duct and to identify the location of chylous leak. (D) Treatment was then performed using
2:1 ethiodized oil to cyanoacrylate (white arrowhead), platinum microcoils (white arrow), or stent-grafts (not shown).

either the left or right supraclavicular region,
was performed using a 21-gauge needle (Cook
Medical) under fluoroscopic guidance (Fig.
1B). Once successful cannulation occurred, an
0.018-inch wire (Medtronic; Minneapolis, MN)
was threaded through the needle and into the
thoracic duct. A 2.4-2.7 French microcatheter
(Terumo Medical; Tokyo, Japan) was then

advanced, over the wire, into the thoracic duct.

Retrograde lymphangiography was then per-
formed to evaluate the integrity of the thoracic
duct and to identify the location of chylous
leak (Fig. 1C). Treatment was then performed
using a 2:1 ethiodized oil to cyanoacrylate
(Trufill; Codman and Shurtleff; Raynham,
MA) mixture (Fig. 1D), 0.018 inch platinum
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microcoils (Medtronic; Minneapolis, MN), or
stent-grafts (W. L. Gore and Associates; Flag-
staff, AZ) based on operator preference.

Variables and Outcomes

Technical successes, procedure durations,
fluoroscopy times, blood losses, immediate
adverse events, clinical successes, and follow-
up durations were recorded. Technical success
was defined as successful cannulation of the
distal thoracic duct through a transcervical
approach followed by successful treatment
of the thoracic duct injury. Procedure dura-
tion was recorded in minutes. Fluoroscopy
time was recorded in minutes. Blood loss was
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recorded in milliliters. Adverse events were
classified according to the Society of Interven-
tional Radiology guidelines (10,11). Clinical
success was defined as resolution of the pre-
senting chylothorax documented by decreased
chest tube output following treatment. Follow-
up duration was recorded in days.

RESULTS

Percutaneous transcervical retrograde
thoracic duct access and treatment was tech-
nically successful in all patients (n=5). Median
procedure duration was 173 minutes (range:
136-347 minutes) with a median fluoroscopy
time of 94.7 minutes (range: 47-125 min-
utes). Median blood loss was 10 mL (range:
5-20 mL). No minor or major adverse events
occurred. Clinical success was achieved in all
patients (n=5). Median follow-up was 372 days
(range: 67-661 days).

Patient 1

This patient was previously described
(12). A 62-year-old woman presented with an
idiopathic right-sided chylothorax and chest
tube in place. Chest tube output was 3,400
mL/day. Pleural fluid triglycerides were 1,960
mg/dL. Additionally, she was found to have
left subclavian and brachiocephalic venous oc-
clusions. Following pelvic lymphangiography
and multiple unsuccessful attempts at trans-
abdominal cisterna chyli access, opacification
of the distal thoracic duct, coursing through
the left neck, was identified. Under fluoroscop-
ic-guidance, the thoracic duct was accessed
percutaneously through the left supraclavicu-
lar region using a 21-gauge needle. Once retro-
grade cannulation was accomplished, thoracic
duct embolization was performed using a 2:1
mixture of ethiodized oil to cyanoacrylate and
two platinum microcoils. Following emboli-
zation, the venous occlusion was then treated
with angioplasty and venous stent reconstruc-
tion. Post-procedure chest tube output was
reduced to 65 mL/day and the chest tube was
removed four days following the intervention.
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There were no procedural adverse events and
the patient remained asymptomatic 661 days
since the procedure.

Patient 2 (Fig. 2)

A 73-year-old woman presented with a
right chylothorax and chest tube output of 650
mL/day after mediastinoscopy. Pleural fluid
triglycerides were 128 mg/dL. Following pelvic
lymphangiography (Fig. 2A) and unsuccess-
ful attempts at transabdominal cisterna chyli
access, opacification of the distal thoracic duct
coursing through the right neck was identified
(Fig. 2B). Under fluoroscopic-guidance, the
thoracic duct was accessed percutaneously
through the right supraclavicular region using
a 21-gauge needle (Fig. 2C). Once retrograde
cannulation was achieved, and a microca-
theter placed (Fig. 2D), thoracic duct embo-
lization was performed using a 2:1 mixture
of ethiodized oil to cyanoacrylate (Fig. 2E).
Post-procedure chest tube output was reduced
to 20 mL/day and the chest tube was removed
one day following the intervention. There were
no procedural adverse events and the patient
remained asymptomatic 384 days since the
intervention.

Patient 3

A 63-year-old man with plastic bron-
chitis presented with shortness of breath,
persistent cough with sputum casts, and a
right chylothorax. Pelvic lymphangio-gra-
phy was performed followed by unsuccessful
transabdominal and transvenous cannulation
of the thoracic duct at the subclavian vein
confluence. Subsequently, the cervical thoracic
duct was cannulated, in a retrograde fashion,
percutaneously utilizing a 21-gauge needle
under fluoroscopic-guidance with subsequent
placement of a 6-French sheath. Pressurized
injection of the thoracic duct utilizing a 4-mm
x 2-cm balloon confirmed a lymphatic leak
at the caudal thoracic duct. Endolymphatic
stent reconstruction of the thoracic duct was
performed using a 5-mm x 15-cm stent-graft.
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Fig. 2. 73-year-old woman with right chylothorax after mediastinoscopy. (A) Pelvic lymphangiography was
performed using the standard intranodal ethiodized oil technique (white arrows). A suitable cisterna chyli could
not be identified despite prolonged injection. (B) A portion of the cranial thoracic duct was opacified by ethiodized
oil (white arrow). (C) The cervical portion of the thoracic duct was identified and punctured using a 21-gauge
needle (white arrow) and successfully cannulated using an 0.018-inch wire (white arrowhead). (D) A microcatheter
(white arrowheads) was placed into the caudal thoracic duct and contrast injection revealed robust extravasation
in the upper thoracic duct (white arrow). Note was made that there was variant anatomy with the thoracic duct
draining into the right subclavian and internal jugular venous junction. (E) Cyanoacrylate embolization of the
thoracic duct was performed (white arrowheads). Glue was seen filling the area of leak (white arrow).
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Completion fluoroscopic and computed tomog-
raphy lymphangiography confirmed patency
of thoracic duct with exclusion of leaks. There
were no procedural adverse events or leak
from the access site and the patient remained
asymptomatic 372 days since the procedure.

Patient 4

A 48-year-old man with left upper lung
lobectomy presented with left-sided chylotho-
rax despite two prior thoracic duct emboliza-
tions. The two prior procedures consisted of
successful transabdominal cannulation of the
thoracic duct and, in both instances, emboli-
zation with ethiodized oil and cyanoacrylate
was performed. The patient, however, contin-
ued to have persistent chylothorax. Given the
previously embolized cisterna chyli, additional
transabdominal cannulation of the thoracic
duct was not feasible. Thus, left brachial vein
access was obtained through which a 5-French

k g

Fig. 3. 52-year-old woman with left chylothorax after thyroidectomy. (A) Pelvic lymphangiography demonstrated

57

catheter was then used to select the terminal
portion of the thoracic duct. Contrast injec-
tion was then performed to opacify the distal
portion of the thoracic duct. Under fluoroscop-
ic-guidance, the thoracic duct was accessed
percutaneously, in a retrograde fashion,
through the left supraclavicular region using
a 21-gauge needle. The duct was then can-
nulated percutaneously and a microcatheter
was placed. Platinum microcoil embolization
of two separate channels draining the ter-
minal portion of the thoracic duct was then
performed. There were no procedural adverse
events and the patient remained asymptomat-
ic 371 days since the intervention.

Patient 5 (Fig. 3)

A 52-year-old woman with history of
partial left thyroidectomy presented with in-
termittent neck swelling and pain. Chest ultra-
sound and radiography detected a left pleural

=Y [ %

opacification of the thoracic duct (white arrows) with extravasation near the jugulovenous angle. The cisterna
chyli was diminutive and was unable to be accessed. (B) The thoracic duct was accessed percutaneously at the left
supraclavicular region using a 21-gauge needle (white arrow). An 0.018-inch wire was inserted (white arrowhead)
and a 4-French sheath was placed. Through the sheath, a microcatheter was inserted. (C) The thoracic duct was
coiled (white arrowhead) and embolized using a 2:1 mixture of ethiodized oil to cyanoacrylate (white arrows).
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effusion and subsequent thoracentesis con-
firmed chylothorax. Pelvic lymphangiography
demonstrated a diminutive cisterna chyli and
contrast extravasation near the jugulovenous
angle (Fig. 3A). Attempts to access the cis-
terna chyli in a transabdominal fashion were
unsuccessful. Under fluoroscopic-guidance,
the thoracic duct was accessed percutaneously
through the left supra-clavicular region using
a 21-gauge needle (Fig. 3B). An 0.018-inch
wire was inserted and a 4-French sheath was
placed. Through the sheath, a microcatheter
was inserted. The thoracic duct was coiled and
embolized using a 2:1 mixture of ethiodized
oil and cyanoacrylate (Fig. 3C). There were
no procedural adverse events and the patient
remained asymptomatic 67 days since the
procedure.

DISCUSSION

The current report describes the technical
and clinical successes achieved during percu-
taneous transcervical retrograde thoracic duct
access with no associated complications. Chy-
lothoraces and chylous ascites remain clinical-
ly significant entities that require prompt iden-
tification and treatment. When the volume of
chylous leak exceeds 1 L/day, the accompa-
nying loss of proteins and immunoglobulins
may lead to cachexia and immune system
compromise (13). Prior to the development of
thoracic duct embolization, surgical ligation
of the thoracic duct was the first-line interven-
tion for high-output chylous leaks (14). The
morbidity and mortality rates associated with
surgical ligation, however, approach 38% and
16%, respectively (14,15). The development of
thoracic duct embolization came from a need
for a more durable and safer treatments for
chylous leaks (16). Since its inception, tho-
racic duct embolization has remained a safe
intervention with limited procedure-associated
mortality. Long-term complications following
thoracic duct embolization occur in approx-
imately 14% of patients and include chronic
diarrhea and lower-extremity edema (17).
Given the relatively short existence of thoracic
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duct embolization as a treatment option for
high-output chylous leaks, many technical
innovations have occurred to increase the
applications and improve the success of this
technique (18-21).

Only briefly mentioned in previous re-
ports, fluoroscopically-guided percutaneous
transcervical retrograde cannulation of the
thoracic duct warrants further description
and study. A previous case report detailing
this approach involved cannulation of the
lymphatic system through a previously placed
indwelling 12-French pigtail drainage catheter
used in the treatment of a cervical lymphocele
(9). While technically successful, the approach
did not describe the technique for obtaining
access to the thoracic duct in patients without
lymphoceles or existing lymphatic access. The
approach described in this series provides an
additional method of access into the lymphatic
system for interventionalists attempting tho-
racic duct interventions, but who have failed
cannulation attempts of the cisterna chyli
using the transabdominal approach or in pa-
tients who lack a suitable target in the upper
abdomen. Given the high morbidity and mor-
tality associated with untreated high-output
chylous leaks, obtaining a definitive treatment
is critical to improve patient outcomes (22,23).

The report by Guevara et al described the
technical details required to perform direct ul-
trasound-guided access into the thoracic duct
to facilitate thoracic duct embolization (8).
The authors used a liner ultrasound probe ori-
entated to view the 21-gauge needle trajectory
as it passed toward the thoracic duct between
the internal jugular vein and the left vertebral
vein. They reported a 100% technical success
rate of accessing the thoracic duct; however,
they failed to perform a successful emboliza-
tion in 40% of the patients. The decreased rate
of successful embolization may be a result of
forgoing intranodal lymphangiography lead-
ing to decreased visualization of the thoracic
duct and associated channels. It should be
noted that accessing the thoracic duct through
the venous system in a retrograde fashion is
difficult owing to the sharp angle of insertion

Reproduction not permitted without permission of Journal LYMPHOLOGY.



of the thoracic duct into left venous angle and
the valve present within the thoracic duct at
the insertion site. Contrast-enhanced magnetic
resonance lymphangiography may assist in
identifying anatomical variants and interven-
tion planning (4).

While no complications occurred in this
series, operators must also be aware of the
regional anatomy when attempting transcervi-
cal cannulation. When possible, care should be
taken to avoid puncturing arterial and venous
structures as well as the lung parenchyma.
Additionally, the high degree of anatomic vari-
ability in the configuration of the thoracic duct
must be taken into account. The thoracic duct
may terminate in a predominately left-sided,
right-sided, or bilateral configuration (24).
While ultrasound affords excellent assessment
of adjacent nontarget structures, conventional
lymphangiography offers superior delineation
of thoracic duct anatomy. Therefore, following
antegrade lymphangiography, a combination
of fluoroscopic- and ultrasound guided access
may improve both retrograde thoracic duct
technical success and safety.

In addition to providing procedural
success in the cases presented, transcervical
retrograde thoracic duct access may soon be
a foundational technique to provide the full
spectrum of lymphatic interventions. Selective
lymphatic duct tributary access emboliza-
tion, for conditions such as plastic bronchitis
or chylous ascites, may be facilitated by a
retrograde approach when the pathologic
tributaries join the thoracic duct in steep
cephalad orientation. Furthermore, iatrogenic
chylothoraces occasionally result from com-
plete transection of the thoracic duct and uni-
directional access across the injured segment
may be difficult or unfeasible in such cases.
Increased experience with retrograde access,
however, may afford bidirectional, snare-tar-
geted flossed access to bridge and subsequently
treat these defects.

There are limitations to this study, pre-
dominantly related to the limited sample size.
While the five patients described in this report
appeared to sustain successful outcomes

Permission granted for single print for individual use.

59

following treatment, further studies containing
more patients are required to fully describe the
efficacy and safety profile of this technique.
Additionally, one patient in the present series
had follow-up limited to two months. Further
insights into the long-term outcomes of patients
undergoing transcervical retrograde thoracic
duct embolization are needed.

CONCLUSION

Percutaneous fluoroscopic-guided trans-
cervical retrograde thoracic duct access is an
effective and safe method to perform thoracic
duct embolization following unsuccessful trans-
abdominal cisterna chyli cannulation for the
treatment of chylothorax.
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