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Direct contrast-enhanced magnetic resonance

lymphangiography in the diagnosis of persistent occult

chylous effusion leak after thoracic duct embolization
Sharon C. Kiang, MD,a,b Khwaja A. Ahmed, MD,c Samual Barnes, PhD,c Ahmed M. Abou-Zamzam Jr, MD,a

and Roger T. Tomihama, MD,c Loma Linda, Calif
ABSTRACT
Thoracic duct embolization (TDE) is currently the technique of choice for chylothorax refractory tomedical management.
Diagnosis and treatment of persistent lymphatic leakage after an initially successful TDE are complicated by inadequate
imaging to localize the nidus of the lymphatic leak. Traditional imaging modalities including nuclear medicine
lymphoscintigraphy, magnetic resonance lymphangiography, and fluoroscopic lymphangiography lack spatial resolution
and dynamic physiologic real-time evaluation. We report a contemporary imaging technique using direct contrast-
enhanced magnetic resonance lymphangiography to diagnose an occult chylous leak after TDE. (J Vasc Surg: Venous
and Lym Dis 2019;7:251-7.)
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Chylothorax is an uncommon pleural effusion resulting
from the leakage of lymphatic fluid from the thoracic
duct (TD) and its supplying tributaries. Conventional
management of chylothorax consists of nutrition control
(nonfat diet or total parenteral nutrition), surgery (TD liga-
tion, pleurodesis), and, recently, percutaneous therapy
(TD embolization [TDE]).1-4 TDE has a high success rate
and minimal complications.5 However, technical success
of TDE does not always lead to clinical success.6-10

Traditional lymphatic imaging modalities were nuclear
medicine lymphoscintigraphy, unenhanced or intrave-
nous contrast-enhanced magnetic resonance (MR)
lymphangiography, and conventional fluoroscopic
lymphangiography,11-16 all of which lack detailed spatial
resolution or dynamic physiologic real-time evaluation.
Direct contrast-enhanced MR lymphangiography
(DCMRL) and direct contrast-enhanced intralymphatic
cone beam computed tomography (CT) are new tech-
niques that allow direct enhancement of the lymphatic
channels with cross-sectional imaging, making them
robust diagnostic tools to evaluate lymphatic disease.17,18
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This is a successful case report of occult chylous leak
detected by DCMRL not seen with conventional lymph-
angiography. Informed consent was obtained from the
patient for this report.
CASE REPORT
A 45-year-old man with a past medical history of hypertension,

pulmonary embolism, chronic obstructive pulmonary disease,

congestive heart failure, and myocardial infarction presented

with persistent pleural effusions. Thoracentesis revealed

elevated triglyceride levels (639 mg/dL; normal, <100 mg/dL)

and presence of chylomicrons, confirming the diagnosis of a

chylous effusion. With failure of conservative therapy and with

no history of traumatic TD injury, the diagnosis of an idiopathic

chylous effusion was made. After discussion between cardio-

thoracic surgery, medical intensive care unit, and interventional

radiology services, the decision was made for percutaneous

TDE.

TD lymphangiography and embolization were performed by

standard technique. Under ultrasound guidance, the inguinal

lymph nodes were punctured with a 25-gauge needle, and 5

to 10 mL of lipiodol was slowly infused (Fig 1, A). Intermittent

fluoroscopy was used to track the lipiodol contrast agent into

the upper retroperitoneal lymphatics. Under direct “gunsight”

fluoroscopy guidance (Fig 1, B), the cisterna chyli was punctured

with a 21-gauge� 15-cm Chiba needle (Cook Medical, Blooming-

ton, Ind) and cannulated with a 0.018-inch microwire (V-18

ControlWire; Boston Scientific, Natick, Mass). The Chiba needle

was exchanged over the microwire for a microcatheter (Rapid

Transit; Johnson & Johnson, Miami Lakes, Fla). TD injection on

conventional digital subtraction angiography and cone beam

CT demonstrated no clearly visualized leak (Fig 2). A prophylac-

tic TDE was performed using multiple 3-mm microcoils (Nester

microcoils; Boston Scientific) and n-butyl cyanoacrylate glue

(Trufill; Cordis, Johnson & Johnson, Warren, NJ; Fig 3).
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Fig 1. The thoracic duct (TD) was accessed by standard technique with lipiodol lymphangiography. A, Ultra-
sound guidance of left inguinal lymph node puncture was performed with a 25-gauge needle and injection of
lipiodol. B, Fluoroscopy-guided cisterna chyli puncture with a 21-gauge Chiba needle.
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After the procedure, the patient failed to improve with the

TDE. We proceeded with DCMRL to evaluate for an occult

lymphatic leak. The DCMRL examination was performed on a

1.5T Aera scanner (Siemens, Erlangen, Germany). Beginning in

the fluoroscopy suite, the inguinal lymph nodes were punctured

under ultrasound guidance with a 25-gauge needle, and 5 to

10 mL of iodinated contrast material was slowly infused. Inter-

mittent fluoroscopy confirmed iodinated contrast material

tracking into the lower retroperitoneal lymphatics, confirming

proper cannulation of lymphatic channels and not venous can-

nulation or extravasation into the inguinal soft tissues. The ac-

cess needle in the groin was secured, and the patient was

transferred to the MR imaging suite. A gadolinium contrast

agent (gadobenate dimeglumine) was injected into the

lymphatic system while dynamic MR images were being

acquired (Fig 4). Similar to previously described technique,

three-dimensional T1-weighted MR imaging was repeated

dynamically for 17 minutes after injection to observe transit of

the gadolinium contrast agent through the lymphatic system.18-20
High-resolution static three-dimensional T1-weighted MR im-

ages were then acquired at 30 and 40 minutes after injection.

The DCMRL revealed a previously unseen occult chylous fluid

leak from the right retroperitoneum into the right pleural space

(Fig 5). These leaks were not visible at 17 minutes after injection

and only clearly visible at 30 minutes after injection.

Because of the location and size, this occult leak was not

amenable to further percutaneous intervention, especially

because the TD had already been embolized. Technical limita-

tions to percutaneous treatment of small, deep, retroperitoneal

lymphatic channels include their small size and lack of struc-

ture, which cannot support microcatheter-based therapy. Sub-

sequently, the patient was medically managed for his

persistent chylous effusions.

DISCUSSION
We report a successful case using DCMRL to diagnosis a

persistent occult chylous leak after failure of both con-
ventional lymphangiography and prophylactic TDE.



Fig 2. Opacification of the thoracic duct (TD) revealed no visualized leak to the pleural spaces. A, Conventional
digital subtraction angiography lymphangiogram of the chest and upper abdomen demonstrates no clearly
visualized leak. B-D, Anteroposterior, left anterior oblique, and lateral projections from a cone beam computed
tomography (CT) lymphangiogram of the chest also confirm no clearly visualized leak.
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Clinical outcomes of TDE have been mixed. Previous
studies demonstrate clinical success of TDE or TD disrup-
tion ranging from 45% to 74%.6-10 The mixed clinical suc-
cess result may be due to decreased sensitivity of
conventional lymphangiography compared with DCMRL
for detecting small occult lymphatic leaks.
Previously, imaging for the lymphatic system was

limited to nuclear medicine lymphoscintigraphy,
unenhanced or intravenous contrast-enhanced MR
lymphangiography, or conventional fluoroscopic
lymphangiography, each with its advantages and dis-
advantages.11-16 Nuclear medicine lymphoscintigraphy
and conventional fluoroscopic lymphangiography are
powerful because they are dynamic studies that allow
real-time continuous evaluation of slow-flowing
lymphatic channels. However, these two modalities



Fig 3. Embolization of the thoracic duct (TD) was per-
formed using multiple platinum-fibered coils and n-butyl
cyanoacrylate glue. A, Embolization of the TD with mul-
tiple coils. B, After embolization injection, no opacification
of the TD or any visualized leak is demonstrated.
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do not provide cross-sectional organ and soft tissue
detail. Unenhanced or intravenous contrast-enhanced
MR lymphangiography visualizes organ and soft
tissue contrast detail but is limited because it is a
nondynamic study, has poor visualization of the
lymphatics, and seldom demonstrates an active
leak.21-25

The main challenge to obtaining meaningful dynamic
cross-sectional images of the lymphatic system is the dif-
ficulty in introducing a contrast agent into the lymphatic
vessels. DCMRL and intralymphatic contrast-enhanced
cone beam CT are new techniques that allow direct
enhancement of the lymphatic channels with cross-
sectional imaging and are powerful diagnostic tools to
evaluate lymphatic disease.17,18 Potential applications
include assessment of fluoroscopically occult chylous
leaks, assessment of the severity and extent of lymphatic
obstruction, visualization of complex collateral pathways,
detection of lymphangiectasia and lymphatic reflux, and
guidance for MR interventions that involve the TD.18

Intrinsic properties of gadoliniummaybeone reason that
DCMRL was successful. Viscosity of gadolinium in saline
preparation is more similar to lymphatic fluid compared
with lipiodol. This is evident in the transit time of the intra-
nodal injection. Intranodal gadolinium takes up to only 15
to 30 minutes to opacify the retroperitoneal lymphatics,
whereas intranodal lipiodol can take up to 1 to 2 hours.
Lipiodol also has some baseline embolic properties. In

conventional lipiodol lymphangiography, there may be
temporary embolism of very small lymphatic channels,
and thus small occult leaks may not be seen on real-
time lipiodol lymphangiography. Matsumoto et al26

reported that lymphatic leakage was stopped after
lymphangiography alone without the need for interven-
tion in eight of nine patients (89%).
Lastly, because DCMRL was performed after the TD pro-

cedure, it is possible that the cause of the persistent
chylous effusion was an iatrogenic injury from the TDE
procedure or that the lymphatic came off a parallel
channel. Although possible, it is unlikely because a
post-TDE injection of contrast material demonstrated
no new leak (Fig 3, B), and the remainder of the open
TD, adjacent connected lymphatic channels, and percu-
taneous track were sealed with n-butyl cyanoacrylate
glue at the conclusion of the procedure.
CONCLUSIONS
We report the use of DCMRL in diagnosis of a persistent

occult chylous leak after TDE. The literature reports
clinical success rates of TDE ranging from 45% to 74%.6-10

As demonstrated by this case, the mixed clinical success
result may be due to the decreased sensitivity of conven-
tional lymphangiography and TDE comparedwithDCMRL
for detecting small occult lymphatic leaks. The application
of this technique should be validated with clinical trials.



Fig 4. Direct contrast-enhanced magnetic resonance lymphangiography (DCMRL) was performed by again
accessing the inguinal lymph nodes and then injecting gadolinium into the lymphatic system. A, Baseline
coronal T1 image of the abdomen and pelvis. B-D, Coronal fat-suppressed T1 intranodal images after gadolinium
injection demonstrate sequential opacification of the retroperitoneal lymphatics.
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Fig 5. Three-dimensional reconstruction magnetic resonance (MR) lymphangiogram demonstrating the
lymphatic leak in the right upper pleural space. A and B, Sagittal three-dimensional maximum intensity pro-
jection image of chest lymphatics demonstrating the leak. C, Coronal three-dimensional maximum intensity
projection image of chest lymphatics demonstrating the leak. An occult chylous fluid leak from the right ret-
roperitoneum into the right pleural space that was not seen on conventional fluoroscopic lymphangiography is
identified. The embolization coils in the occluded thoracic duct (TD) are delineated by the arrow.
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