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Abstract: Accurate assessment of the lymphatic system has been

limited due to the lack of optimal diagnostic methods. Recently, we

adopted noncontrast magnetic resonance (MR) lymphangiography to

evaluate the central lymphatic channel. We aimed to investigate the

feasibility and the clinical usefulness of noninvasive MR lymphangio-

graphy for determining lymphatic disease.

Ten patients (age range 42–72 years) with suspected chylothorax

(n¼ 7) or lymphangioma (n¼ 3) who underwent MR lymphangiogra-

phy were included in this prospective study. The thoracic duct was

evaluated using coronal and axial images of heavily T2-weighted

sequences, and reconstructed maximum intensity projection. Two radi-

ologists documented visualization of the thoracic duct from the level of

the diaphragm to the thoracic duct outlet, and also an area of dispersion

around the chyloma or direct continuity between the thoracic duct and

mediastinal cystic mass.

The entire thoracic duct was successfully delineated in all patients.

Lymphangiographic findings played a critical role in identifying leakage

sites in cases of postoperative chylothorax, and contributed to differ-

ential diagnosis and confirmation of continuity with the thoracic duct in

cases of lymphangioma, and also in diagnosing Gorham disease, which

is a rare disorder. In patients who underwent surgery, intraoperative

findings were matched with lymphangiographic imaging findings.

Nonenhanced MR lymphangiography is a safe and effective method

for imaging the central lymphatic system, and can contribute to differ-

ential diagnosis and appropriate preoperative evaluation of pathologic

lymphatic problems.
, Ho Yun Lee, MD , MD,
Young Mog Shim, MD, and Jaeil Zo, MD

MCT = medium chain triglyceride, MIP = maximal intensity

projection, MR = magnetic resonance, TE = echo time, TPN = total

parenteral nutrition, TR = repetition time, VATS = video-assisted

thoracic surgery.

INTRODUCTION

M ajor indications for lymphatic imaging include chylous
leak, lymphangioma, and lymphatic obstruction. The

most common etiology of chylous leak is iatrogenic, particu-
larly due to thoracic or abdominal surgery.1 Accurate depiction
of lymphatic channels plays an important role in accurate
diagnosis and treatment planning in chylous leakage. Although
there are no definite imaging features that permit specific
diagnosis, imaging of lymphangioma helps determine disease
extent and aids surgical planning. When lymphangioma is
present along the course of the thoracic duct, it usually
originates from the thoracic duct.2 To prevent postoperative
chylothorax in such a case, the surgeon should note its relation-
ship with the thoracic duct when removing the mass.

Although there have been advances in lymphangiographic
imaging, accurate assessment of the lymphatic system remains
limited due to the lack of optimal diagnostic methods. Direct
lymphangiography requires cannulation of the peripheral lym-
phatic channel and infusion of oil-based contrast agent. Pro-
blems may occur with catheterization of small lymphatic
channels, and significant respiratory complications may occur
due to oily pulmonary embolism or pneumonitis.3 Lymphos-
cintigraphy can depict peripheral lymphatic channels with a
relatively simple intradermal injection. However, it does not
have sufficient spatial resolution to outline morphologic
details.4,5 Magnetic resonance (MR) lymphangiography has
also been used to evaluate lymph node and lymphatic channel
disease.6–8 Its advantages include high spatial resolution, pro-
duction of 3-dimensional (3D) images, and no exposure to
ionizing radiation.8 However, there has been little discussion
about visualization of the entire central thoracic duct and
accurate localization of pathologic problems yet.

Therefore, we investigated the feasibility and the clinical
usefulness of noncontrast MR lymphangiography not only for
determining a differential diagnosis but also for identification of
leakage point and anatomical variation of thoracic duct for
treatment planning in patients with lymphatic problem.

METHODS
This prospective study was approved by the institutional

review board and written informed consent was obtained
(no. SMC 2015-NON2015–020).

Patients

s for lymphatic problems underwent MR
ween March 2014 and December 2014.
were as follows:
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Patients with clinical suspicion of chylothorax with
increased chest tube output or a constant large amount of
pleural effusion documented on chest computed tomogra-
phy (CT) or chest radiography. With the gross appearance of
milky pleural fluid from a chest tube and if the triglyceride
level by biochemical analysis of the pleural fluid was higher

et al
t
han 110 mg/dL, a diagnosis of chylothorax was made. Also
a daily chest tube output of �400 mL was indicative
of chylothorax.
2. Patients with newly diagnosed mediastinal cystic mass
located along the course of the thoracic duct and with
suspicious connection to the lymphatic channel.

Patients with contraindications for MR (ie, ferromagnetic
material, pacemaker, claustrophobia) were excluded.

MR Lymphangiography
All examinations were performed on a 3T MR system

(MAGNETOM Skyra, Siemens Healthcare, Erlangen,
Germany). The appearance and morphologic characteristics
of the thoracic duct were evaluated using Controlled Aliasing
in Parallel Imaging Results in Higher Acceleration (CAIPIR-
INHA) accelerated 3D heavily T2 space coronal and axial
images in all cases. To highlight the thoracic duct, maximum
intensity projection (MIP) was obtained by processing the
image data. Imaging parameters for the heavily T2-weighted
sequence were: TR/TE, 2500/655 milliseconds to 695 millise-
conds; section thickness 1.0 mm; FOV 360 to 400 mm; matrix
size 320� 320 to 384� 384 pixels; voxel size
0.5� 0.5� 1.0 mm; and acquisition time 284 to 322 seconds.
Other routine MR sequences appropriate for the clinical indica-
tion, including pre/postcontrast fat-saturated T1-weighted
VIBE sequences and black-blood fat-saturated turbo spin echo
T2-weighted sequences, were acquired during the same session.
Additional parameters are detailed in Table 1.

Two thoracic radiologists with experience in lymphatic

imag
ing investigated the MR lymphangiography images, and

l decisions were reached by consensus. Check points during
MR imaging review were as follows:

The thoracic duct from the level of the diaphragm to the
thoracic duct outlet was evaluated on heavily T2-weighted
images. The degree of visualization was evaluated as
follows: poor, the anatomic part was not visible or was

partially visible; good, the anatomic part was mostly
visible; and excellent, the entire anatomic part was
clearly visible.

LE 1. MR Lymphangiographic Scanning Parameters

ies No. Pulse Sequence FOV, mm Mat

Localizer 430
Axial Heavily T2 360
Coronal Heavily T2 400
Axial T1 VIBE FS PRE 380
Coronal T1 VIBE FS PRE 400
Axial T2 TSE FS BB 400
Coronal T2 TSE FS BB 400
Axial T1 VIBE FS CE 380

OV¼field of view, freq¼ frequency, ph¼ phase, TE¼ echo time, TR
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2. P
resence or absence of an area of dispersion around the
chyloma or direct continuity between the thoracic duct and
mediastinal cystic mass was assessed.
3. Additionally, the presence of an enlarged diameter and a
tortuous configuration of the thoracic duct around the
chyloma or mass were recorded for each case.

In all chylothorax cases, patients were initially treated by
conservative dietary manipulation, such as medium chain tri-
glyceride (MCT) diet or total parenteral nutrition (TPN).
Patients who were not controlled with conservative treatment
for persistent chylous leakage underwent operation. Surgical
management was adopted when the chlye drainage rate was
more than 1 L/day for a period of more than 5 days. At the time
of operation, whether the site of chyle leaks was correlated with
MR lymphangiographic findings was recorded. After surgery,
chest tube output was monitored and follow-up chest radiogra-
phy was performed in all patients.

RESULTS
All 10 patients (age range 42–72 years; 5 female, 5 male)

underwent MR lymphangiography. Among them, 7 patients had
the findings of chylothorax, and 3 patients were suspicious for
lymphangioma. The entire thoracic duct was successfully deli-
neated in all 10 patients in heavily T2-weighted MR lymphan-
giographic images. In 1 patient, the thoracic duct was faintly
visualized, possibly due to reduced chyle production, secondary
to total parenteral nutrition. The variant of thoracic duct con-
figuration was identified in 3 of the 10 patients. The right-sided
thoracic duct was observed in 2 patients and duplicated thoracic
duct was seen in the remaining 1 patient. The clinical and
imaging findings of 10 patients are summarized in Table 2.

Postoperative Chyle Leak
Among 6 patients who developed postoperative chy-

lothorax, chyle leakage occurred after esophagectomy for eso-
phageal cancer (n¼ 1), after lobectomy for lung cancer (n¼ 4),
and after mass excision for lipoma (n¼ 1). In 4 of 6 (67%)
patients with postoperative chylothorax, the chyle leakage site
was identified on MR lymphangiography (see video, Supple-
mental Digital Content 1, http://links.lww.com/MD/A805,
which demonstrates the chyle leakage site; annotated with
arrows and course of thoracic duct; annotated with circle).
phatic leakage was not identified in the remaining 2
ents. Despite conservative management such as drainage

insertion, medium-chain triglyceride diet, or total

ize (freq X ph) Slice Thickness, mm TR/TE, ms

56X256 6 1000/84
20X320 1 2500/695
84X384 1 2500/699
84X384 3 2.86/1.19
56X256 2 2.86/1.17
56X256 6 657/49
56X256 6 700/49
84X384 3 2.86/1.19

etition time.
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FIGURE 1. Postoperative chylothorax in a 68-year-old male who underwent right lower lobectomy due to lung cancer (T2aN0M0, stage
IB). A, Posteroanterior chest radiography obtained 10 days after surgery shows large right pleural effusion despite chest tube drainage. B,

ate
vily

Kim et al Medicine � Volume 95, Number 12, March 2016
parenteral nutrition, 2 patients with persistent high-output chyle
leakage underwent surgical exploration with thoracic duct
ligation. The leakage sites founded to be matched with MR
lymphangiographic imaging findings (Figure 1). In the remain-
ing 4 patients, the daily amount of fluid drainage decreased after
lymphangiography. For this reason, conservative treatment was
continued in these patients.

Lymphangioma
Three patients with mediastinal masses underwent chest

CT and MR lymphangiography. Imaging showed a fluid-filled
cystic mass with low signal intensity on T1-weighted images
and high signal intensity on T2-weighted images (Figure 2).

Axial T2-weighted MR imaging obtained the same day demonstr
between the aorta and azygos vein (white open arrow). C, Axial hea
in thoracic duct near the azygos arch. MR¼magnetic resonance.
These imaging findings suggested mediastinal cystic lymphan-
gioma. In 2 of 3 patients who were suspected to have lym-
phangioma, a definite connection with the thoracic duct was

FIGURE 2. Cavernous lymphangioma in a 41-year-old female. A, Enha
attenuating mass encasing the esophagus in the posterior mediastinu
multilocular septum within the mass. C, T1-weighted MR imaging sh
arrow), which led to suspicion of hemorrhage. D, Coronal heavily T
continuation between the thoracic duct (arrow head) and mass. CT

4 | www.md-journal.com
noted in heavily T2-weighted MR lymphangiographic images.
One of these patients underwent posterolateral thoracotomy.
The thoracic duct was carefully ligated on the basis of MR
lymphangiographic findings, and then the mass was resected
without complication.

Gorham Disease
One patient with recurrent idiopathic chylothorax under-

went chest CT and MR lymphangiography. Imaging showed a
large bilateral pleural effusion with suspicious leakage around
the proximal thoracic duct and an abnormal cystic lesion in the
anterior mediastinum (Figure 3, Supplemental Digital Content
3; which demonstrates chyle leakage site; annotated with open

s a large right pleural effusion continuous into the mediastinum
T2-weighted MR imaging demonstrates a leak site (white arrows)
arrows and course of thoracic duct; annotated with arrows).
There were also multiple osteolytic lesions in the thoracic spine
with high signal intensity within that lesion on T2-weighted

nced axial CT scan demonstrates a well-defined homogenous low
m. B, T2-weighted MR imaging shows high signal intensity with a
ows an isosignal intensity with faint high signal intensity (white
2-weighted maximum intensity projection (MIP) image reveals

computed¼ tomography, MR¼magnetic resonance.

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.



FIGURE 3. Gorham disease in a 63-year-old female with idiopathic chylothorax. A, Enhanced axial CT with mediastinal window setting
shows large right pleural effusion and abnormal fluid density lesion (white arrow) in the anterior mediastinum. B, Axial CT with bone
window setting reveals a mottled osteolytic lesion (white arrow) in vertebral body. C, D, Axial heavily T2-weighted MR imaging obtained
the same day demonstrates abrupt discontinuation of the thoracic duct (open arrow) with dispersion of chyle into the mediastinum (thin

os
rteb
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images, representing dilated lymphatic channels (Figure 3). On
the basis of radiologic and clinical features, Gorham disease
(osteolysis associated with intraosseous vascular anomalies)
was diagnosed. Video-assisted thoracoscopic surgery (VATS)
was performed and the thoracic duct was ligated at the signifi-
cant leakage point seen on MR lymphangiographic images (see
video, Supplemental Digital Content 2, http://links.lww.com/

arrows), suggesting leakage around the cistern chyli. The mottled
(thick arrow), suggesting a dilated lymphatic channel within the ve
MD/A806, which demonstrates the chyle leakage site; anno-

tated with arrows and course of thoracic duct; annotated with
circle).

DISCUSSION
Most studies in the field of clinical lymphatic imaging

have focused on peripheral lymph edema or lymph nodes.7–10

Only a few studies have investigated the central lymphatic
channel.11,12 However, in fact, lymphatic circulation disorders
that require prompt management or surgical correction may be

caused by central lymphatic vessel problems. Therefore, critical
cases provide an important opportunity to advance the under-
standing of lymphatic disorders.

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
The current study presents a clinical assessment of lym-
phatic disease with noninvasive MR lymphangiography that
provided accurate visualization of the central lymphatic channel.
As a new method of visualizing the lymphatic channel, non-
contrast MR lymphangiography using heavily T2-weighted
sequences is a type of hydrography that specifically displays
static fluids in fluid-contacting structures with concurrent com-
plete signal loss in solid tissue or flowing blood. It uses a long T2
relaxation time to demonstrate the thoracic lymphatic channel
without requiring injection of contrast media.13 Our MR lym-
phangiography with T2WI was not the very first application for
the evaluation for chylothorax, given that this has been reported
before in several literatures.8,9,14 However, we found that our
suggested MR sequences could visualize the entire thoracic duct
clearly applying heavily T2-weighted sequence, particularly
regardless of the patients’ various conditions, which could be
points of difference from previous studies.

The reason of our superior imaging quality enabling

teolytic lesion mentioned above showed high T2 signal intensity
ral body. CT computed¼ tomography, MR¼magnetic resonance.
diagnostic and therapeutic decision would be based on the
application of a recent novel MR data acquisition tech-
niqueCAIPIRINHAfor heavily T2-weighted axial and

www.md-journal.com | 5
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FIGURE 4. Schematic illustration of the anatomical course of the
thoracic duct. The thoracic duct is a continuation of the cisterna
chyli from its abdominal segment into the thorax. Typically, the
lymphatic pathway originates in the cisterna chyli and enters into
the thoracic cavity thorough the aortic hiatus. In the thorax, the
thoracic duct ascends along the right anterior surface of the
vertebral column between the aorta and the azygos vein posterior
to the esophagus. At the T5 to T6 vertebral level, it crosses left of
the midline and extends posterior to the aortic arch. It has a close
relationship with the trachea, ascends approximately 2 to 3 cm
above the clavicle, and then crosses anterior to the subclavian
and thyrocervical trunk, making an arch inferiorly. Finally, it
terminates at the junction of the left subclavian vein and the

Medicine � Volume 95, Number 12, March 2016
coronal. CAIPIRINHA is a modern data acquisition technique
basically using radial phase encoding, which improves the
sensitivity variations in the receiver coil array in 2-phase
encoding dimensions and provides higher acceleration factors
with modified data acquisition patterns. Also, the sampling
pattern of CAIPIRINHA helps allocate K-space points more
consistently and could improve algorithms for reconstruc-
tion.15–17 Consequently, heavily T2-weighted MR lymphangio-
graphy using CAIPIRINHA could achieve higher degree of
visualization for the central lymphatic system with good to
excellent without breath holding. Even though several studies
were reported about clinical application of CAIPIRINHA for
T1-weighted 3D images,15,18,19 to our knowledge, CAIPIRI-
NAH-accelerated heavily T2-weighted image for MR lymphan-
giography has not been investigated. We, moreover, applied
MIP images obtained by processing raw data for the visual
assessment of the lymphatic system, which enabled complete
anatomic representation.

Aggressive surgical techniques to improve the curability of
cancer patients may have contributed to the increased incidence
of postoperative lymphatic leakage. Data from several previous
studies have identified that postoperative chylothorax often
occurs after esophagectomy with mediastinal lymphadenect-
omy in patients with esophageal cancer (0.42%), pneumonect-
omy (0.37%), lobectomy (0.26%–2.3%), or cervical lymph
node dissection in patients with head and neck cancer or breast
cancer.20–23 For patients with persistent high-output chy-
lothorax, who failed conservative dietary treatment, reoperation
to ligate the thoracic duct is necessary.24,25 In the presented
patient series, MR lymphangiographic images enabled defi-
nition of the severity and extent of chylothorax. Leakage sites
were successfully identified, which could aid in determining the
surgical approach, allowing surgeons to look in a specific area.
In all 3 patients with surgical treatment, leakage points were
clearly noted on MR lymphangiographic image and chylous
leakage was successfully trapped at the corresponding check-
points during the VATS.

Magnetic resonance lymphangiography provides preo-
perative planning information regarding the entire course of
the thoracic duct and anatomical variations. Additional infor-
mation such as a leak at more than 1 site can also support the
decision for the level of thoracic duct ligation. In addition, if the
site of extravasation of chyle is once visualized, judgment for
severity of leakage or prediction of resolution can be through
the assessment of the amount of leakage. The typical thoracic
duct course illustrated in Figure 4 is present in only 40% to 60%
of patients. There are numerous variations in intrathoracic
course, number of ducts, location of tributaries, and point of
termination.1,26,27 These variations may contribute to a higher
incidence of postoperative chylothorax. In this study, typical
configurations of thoracic duct were detected in 70% (7/10) of
cases. The right-side ducts were shown in 2 patients and
duplication of thoracic duct was revealed in 1 patient. Before
the surgery, the awareness of right thoracic duct variation would
enable the successful thoracic duct ligation without further
complications. According to previous reports,27–29 the cisterna
chyli and entry of the thoracic duct in the subclavian region can
be imaged with radiographic lymphangiographic images using
an iodine contrast agent. This study has raised concerns about
optimizing lymphangiography. As with whole body angiogra-
phy, whole body lymphangiographic images could contribute to

Kim et al
noninvasive diagnosis and treatment of lymphatic disorders.
Corresponding to previous MRI studies, lymphangioma

was hypointense on T1-weighted sequences and high or

6 | www.md-journal.com
isointense on T2-weighted images.30,31 MR provides the whole
extent of the disease and reveals the relationship to adjacent
structures. In the current series with patients suspicious for
lymphangioma, MR lymphangiography provides a differential
diagnostic clue by identifying continuity with the thoracic duct.
MR lymphangiography also helps with preoperative planning to
avoid the risk of postoperative chyle leak.

One patient presented in this study revealed a chylous

internal jugular veins.
pleural effusion and ascites, and also multiple osteolytic lesions
characteristic of Gorham disease.32–34 In this case, MR lym-
phangiography exactly delineated the thoracic duct leak site and

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.



also captured the extent of the pathology with high resolution.
This case demonstrates the important role of MR lymphangio-
graphy in diagnosis and treatment planning.

Several limitations must be considered in the present study.
First, there were a small number of patients and each pathologic
problem was heterogeneous. Second, MR lymphangiography
was not compared with intraoperative findings in some patients.
However, patients whose leakage site was not visible or who
had mild chylous leak on MR lymphangiography were expected
to relieve by conservative management, and conservative treat-
ment was continued without further surgical treatments, based
on MR findings. Consequently those patients had all improved
with only dietary or tube drainage treatment. Therefore, these
nonoperative cases also support the idea that MR lymphangio-
graphic findings provide sufficient information for treatment
decision-making. This is a prospective preliminary report invol-
ving selected patients who underwent MR lymphangiography in
our institution over a short period. Further research in a larger
population is required to refine the imaging findings and clinical
utility of MR lymphangiography in lymphatic pathology.

In conclusion, nonenhanced MR lymphangiography is a
safe and effective method for imaging the central lymphatic
system. It can contribute to the differential diagnosis and
appropriate preoperative evaluation of pathologic lymphatic
problems.
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