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Abstract

Objectives To describe the technique and report on our initial experience with the use of intrahepatic dynamic contrast magnetic

resonance lymphangiography (IH-DCMRL) for evaluation of the lymphatics in patients with hepatic lymphatic flow disorders.

Methods This is a retrospective review of the imaging and clinical findings in six consecutive patients undergoing IH-DCMRL.

The technique involves injection of a gadolinium contrast agent into the intrahepatic lymphatic ducts followed by imaging of the

abdomen and chest with both heavily T2-weighted imaging and dynamic time-resolved imaging.

Results In six consecutive patients, [H-DCMRL was technically successful. There were four patients with protein-losing enter-

opathy (PLE) and two with ascites in this study. In the four patients with PLE, IH-DCMRL demonstrated hepatoduodenal

connections with leak of contrast into the duodenal lumen not seen by conventional lymphangiography. In one patient with

ascites, [H-DCMRL demonstrated lymphatic leakage into the peritoneal cavity not seen by intranodal lymphangiography. In the

second patient with ascites, retrograde lymphatic perfusion of mesenteric lymphatic networks and nodes was seen. Venous

contamination was seen in two patients. No biliary contamination was identified. There were no short-term complications.

Conclusions ITH-DCMRL is a cross-sectional technique which successfully evaluated hepatic lymphatic flow disorders and

warrants further investigation.

Key Points

e Intrahepatic dynamic contrast magnetic resonance lymphangiography (IH-DCMRL) is a new imaging technique to evaluate
hepatic lymphatic flow disorders such as protein-losing enteropathy.

* In comparison to conventional liver lymphangiography, IH-DCMRL offers a 3D imaging technique and better distal lymphatic
contrast distribution and does not use ionizing radiation.
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demonstrated by conventional liver lymphangiography
that Fontan-associated PLE is a result of abnormal
hepatoduodenal connections. Leak of liver lymphatic fluid
into the duodenal lumen was demonstrated in these pa-
tients by duodenoscopy with blue dye injection into the
liver lymphatics [1]. Conventional liver lymphangiogra-
phy has also shown abnormal liver lymphatic flow in
patients with ascites [2]. However, conventional fluoro-
scopic liver lymphangiography has certain limitations.
First, it is 2D and has limited evaluation of adjacent ana-
tomical structures. Second, with conventional hepatic
lymphangiography, the distribution of the contrast is lim-
ited. Water-soluble contrast injected intrahepatically
opacifies the liver lymphatic system, but the thoracic duct
(TD) and other distal structures are rarely seen during
imaging. In patients with PLE, lymphatic leakage into
the duodenal lumen is also not well seen during conven-
tional hepatic lymphangiography. Confirmation of pathol-
ogy is therefore performed with the injection of isosulfan
blue in conjunction with duodenoscopy [1]. Due to the
importance of the liver lymphatic system and the potential
role in the etiology of several diseases, including PLE, it
would be beneficial to have a cross-sectional imaging
method to evaluate the liver lymphatic system. MRI has
been described as an excellent technique for imaging the
central lymphatic system with good spatial and temporal
resolution [3]. The application of MRI to evaluate the
liver lymphatic system has not been described. The pur-
pose of this article is to describe the technique and our
initial experience using an intrahepatic dynamic contrast
magnetic resonance lymphangiography (IH-DCMRL) to
evaluate the liver lymphatic system in patients with ab-
normal liver lymphatic flow disorders.

Methods

With IRB approval, a retrospective evaluation of six consec-
utive patients who had IH-DCMRL was performed. Patients
were evaluated with this technique as clinically indicated fol-
lowing request for evaluation of PLE or ascites not controlled
with conservative treatment.

For liver access, a 3.5-in. 25-gauge spinal needle (Becton
Dickinson) is placed adjacent to a branch of the portal vein
under ultrasound guidance [4] by our interventional lymphatic
team, which includes an interventional cardiologist and an
interventional radiologist. This typically takes approximately
5-10 min to obtain access and confirm under fluoroscopy by
slowly injecting a water-soluble contrast agent (Optiray 350,
Guerbet) [1, 2]. The needles are then secured with
Tegaderm™ (3M), and the patient was transferred to MRIL
MRI was performed using a 1.5-T magnet (Magnetom
Avanto, Siemens Healthineers).

Contrast agent preparation

Undiluted gadobutrol (Gadavist, Bayer Healthcare) at a dose
of 0.1-0.2 mmol/kg was injected by hand at an approximate
rate of 0.5 mL/min to 1 mL/min.

Imaging protocol

All studies imaged the neck, chest, and abdomen as caudally
as possible. All but one patient initially had a heavily T2-
weighted imaging (T2-weighted sampling perfection with
application-optimized contrasts using different flip angle evo-
lutions (SPACE)) (Siemens Healthineers; matrix 320 x 264 to
284 x 342, FOV 400-500, TR 2500, TE 670, flip angle 140,
slice thickness 1.2 mm to 1.5 mm, voxel size 1.2 mm X
1.1 mmx1.3 mm to 1.5 mmx1.2 mmXx 1.8 mm).
Following the injection of contrast into the intrahepatic lym-
phatics, time-resolved imaging with interleaved stochastic tra-
jectories (TWIST) (Siemens Healthineers; matrix 320 x 264
to 352 x 308, FOV 370-500, TR 3, TE 1, flip angle 25, slice
thickness 1.2 mm to 1.4 mm, voxel size 1.2 mm X 1.1 mm X
1.3 mm to 1.4 mm X 1.3 mm x 1.6 mm) with a temporal res-
olution of 812 s was performed over 6—7 min. This was
followed by a high-resolution respiratory-navigated 3D IR
T1 gradient echo sequence (matrix 352 x 234 to 352 x 315,
FOV 370-500, TR 300, TE 1.5, TI 220, flip angle 20, slice
thickness 1.1 mm to 1.4 mm, voxel size 1.1 mm X 1.1 mm X
1.3 mm to 1.4 mm x 1.1 mm x 2.1 mm). Acquisition time for
this sequence is approximately 2—5 min depending on patient
size and efficiency of the respiratory navigation (see Table 1).

Analysis of imaging

Images were evaluated by two radiologists (DMB and DS)
using multiplanar reformats and maximum intensity projec-
tions for the quality and timing of visualization of lymphatic
perfusion (good, moderate, and poor, qualitatively based on
the quality of imaging) of the deep liver lymphatics,
hepatoduodenal lymphatics, duodenum, mesentery, and tho-
racic duct. The presence or absence of biliary and/or venous
contamination was also evaluated. Short-term complication
rates were recorded. Findings were correlated with
duodenoscopy following injection of isosulfan blue 1% into
the intrahepatic lymphatics (if applicable and when
performed).

Results
The patients are summarized in Table 2. The technique was
successful in all six patients (100%). In all six patients, IH-

DCMRL demonstrated enhancement of the liver lymphatics
with lymphatic flow medially through the liver hilum via the
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Table 1 MR imaging protocol for intrahepatic dynamic contrast lymphangiography (IH-DCMRL)
Sequence Matrix FOV TR TE TI Flip Slice thickness Voxel size (mm) Acquisition
angle (mm) time (varies)
T2-weighted sampling 320 x264to  400-500 2500 670 N/A 140 1.2to0 1.5 12x1.1x13t0 56 min
perfection with application 284 x 342 1.5x12x1.8
optimized contrasts using
different flip angle evolutions
Time-resolved imaging with 320x264to  370-500 31 NA 25 12t0l4 12x1.1x13t0  Every8-12s
stochastic trajectories (TWIST) 308 x 352 14x13x1.6 for 6-7 min
Respiratory-navigated 3D inversion 234 x352to  370-500 300 1.5 220 20 11tol4 L.LIx1.1x13to  2-5 min
recovery T1 gradient echo 315 %352 14x1.1x2.1

periportal lymphatics (Fig. 1). A comparison between T2-
weighted imaging and contrast-enhanced IH-DCMRL is
shown in Fig. 2. Five patients had enhancement of the TD
(absent in patient with a history of TD embolization). In all
four patients with a history of PLE, IH-DCMRL demonstrated
hepatoduodenal connections with perfusion of the duodenal
wall and leak of contrast into the duodenal lumen (Fig. 1).
Leak was not seen in any of these patients with conventional
lymphangiography (Fig. 1g). In three patients that underwent
lymphatic intervention, leak into the duodenal lumen was con-
firmed by endoscopy with injection of isosulfan blue 1% into
the liver lymphatics (Fig. 1h). The fourth patient with PLE did
not undergo an intervention so endoscopy was not performed.
Two patients presented with ascites, one congenital where IH-
DCMRL demonstrated a leak of lymphatic fluid originating
from the liver into the peritoneum not seen by intranodal
DCMRL (Fig. 3). In the patient who had ascites due to liver
cirrhosis, there was a retrograde flow of lymphatic contrast to
the mesentery and mesenteric lymph nodes via the porta
hepatis. Again, this was not seen on conventional
lymphangiogram.

Following injection of the liver lymphatics, contrast was
seen passing into the hilar periportal lymphatics in less than

45 s in four of the six cases. The TD was not seen by conven-
tional lymphangiography but was seen by IH-DCMRL in five
of the six cases. In two cases, the TD was visualized within
30 s of injection of MRI contrast. In a single PLE patient, there
was a prior intranodal DCMRL, resulting in partial
opacification of the TD. In this patient, intranodal DCMRL
failed to demonstrate the lymphatic flow abnormality (Fig. 4).
In the patient with a history of cirrhosis, the TD was not
visualized until 3.5 min following injection.

Image quality for visualization of the periportal lym-
phatics was good for both readers in five of the six cases.
In the single case where an inguinal intranodal DCMRL
was performed just prior to the IH-DCMRL, the visuali-
zation was moderate. In the four cases with PLE, visual-
ization of the lymphatic perfusion of the duodenum was
good. Visualization of the TD was good in four cases with
the TD not visualized in one case post TD embolization
and only partially visualized in another case. Venous con-
tamination with enhancement of the middle hepatic vein
was present in two cases. No biliary contamination was
seen. In all cases, there was pericholecystic lymphatic
perfusion without evidence of gallbladder wall thickening.
There were no short-term complications.

Table 2  Summary of characteristics and findings in patients undergoing intrahepatic dynamic contrast MR lymphangiography (IH-DCMRL)
Age  Clinical presentation  Oral Visualization of ~Lymphatic Lymphatic leak into Endoscopy confirmation  Short-term
(years) contrast the thoracic duct perfusion of the the peritoneal cavity of lymphatic spillage into complications

(Y/N) (Y/N) duodenum (Y/N)  (Y/N) the duodenum (Y/N)

1 14 Fontan-associated PLE N Y Y N Y N

15 Non-Fontan-associated Y N, previously Y N Y N
PLE embolized

322 Fontan-associated PLE N Y Y N Not performed N

4 12 Congenital chylous N Y N Y Not performed N

ascites

5 27 Non-Fontan-associated Y Y Y N Y N

PLE
6 11 Ascites secondary to N Y N N Not performed N

liver cirrhosis

PLE protein-losing enteropathy, Y yes, N no
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Fig. 1 A 22-year-old female with a history of hypoplastic left heart syn-
drome post Fontan palliation who presents with protein-losing enteropa-
thy (PLE). a—f Time series of intrahepatic dynamic contrast magnetic
resonance lymphangiography (IH-DCMRL) showing coronal maximum
intensity projections of the abdomen and chest. a At the time of the start
of injection (¢ = 0) showing the site of injection (arrow). b At 2 min after
injection demonstrating contrast moving along the hepatic lymphatic sys-
tem (arrow) and exiting into the hepatic hilum (arrowhead). ¢ At 3 min
after injection showing contrast beginning to leak into the duodenum
(arrow) and opacifying the thoracic duct (TD) (arrowhead). d At
4.5 min after injection demonstrating further filling of the duodenum

Discussion

The liver lymphatic system is a major contributor to central lym-
phatic flow especially in patients with elevated central venous
pressure such as in heart failure patients. A better understanding
of liver lymphatic flow is needed to better understand the role of
the liver lymphatic system in certain disease processes such as

and hilar lymphatic channels (arrow). e At 8.5 min after injection where
there is complete filling of the first portion of the duodenum (arrow) as
well as hepatic, hilar, retroperitoneal lymphatics, and the TD. f A more
delayed coronal image obtained 12 min after injection shows enhance-
ment of the duodenal wall (arrowhead) and filling of the duodenal lumen
with contrast. g Oblique image from a conventional hepatic lymphangi-
ography performed 1 h after the IH-DCMRL demonstrates opacification
of'the hepatic lymphatics and hepatoduodenal connections (arrow) but no
visualization of the TD or leak into the duodenal lumen. h Confirmation
of the MRI findings was demonstrated by intrahepatic injection of blue
dye with endoscopy showing a leak into the duodenal lumen

PLE. In this manuscript, we describe our initial experience with
IH-DCMRL. This is a new imaging modality for liver lymphatic
anatomy and flow that has several potential advantages over
conventional liver lymphangiography. The technique is 3D, of-
fers good tissue contrast to adjacent anatomical structures, has
good distal contrast distribution, and does not use ionizing radi-
ation during lymphangiography. When dilated, the intrahepatic
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Fig. 2 A 14-year-old male with a
history of hypoplastic left heart
syndrome post Fontan palliation
who presents with protein-losing
enteropathy (PLE). a Coronal
plane of T2-weighted imaging of
the abdomen and chest in a patient
with PLE showing the duodenum
(arrow) with minimal fluid and no
significant T2 signal. b In a coro-
nal plane at the same location as
a, a high-resolution contrast-en-
hanced T1 sequence shows en-
hancement of the duodenum
(arrow) consistent with PLE

lymphatics could be visualized with T2-weighted imaging as
hyperintense signal or CT as hypoattenuation, but the drainage
of the hepatic lymphatics could only be visualized with conven-
tional lymphangiography [1, 2, 5]. In this study, leak of contrast
into the duodenal lumen in patients with PLE was only visualized
by IH-DCMRL and not seen in patients by intranodal DCMRL.
Additionally, in two patients with intranodal imaging, TH-
DCMRL was able to demonstrate the abnormality which was
not visualized by intranodal DCMRL. Normally, the liver

Fig. 3 A 14-month-old female with a history of congenital chylous asci-
tes. a Coronal maximum intensity projection (MIP) image of intrahepatic
dynamic contrast magnetic resonance lymphangiography (IH-DCMRL)
demonstrating a leak of contrast into the peritoneum (long arrow). Also
seen is a branch of the intrahepatic lymphatics (short arrow) and the
retroperitoneal lymphatics (circle). There is filling of the renal collecting
system (arrowheads) by excreted contrast confirming that there is a con-
nection between the lymphatic and venous systems. Contrast overlying

@ Springer

lymphatic system will not be opacified via intranodal DCMRL.
In our patients with ascites, one of which was congenital and the
other was acquired, [H-DCMRL was able to also assess the
mesenteric lymphatic channels.

Our protocol involves both dynamic time-resolved imaging
and a static respiratory-navigated 3D IR T1 gradient echo
sequence. The dynamic imaging is essential in following the
time course and distribution of lymphatic flow from the liver
and is performed by sampling central £-space in order to

ORI YIRS

the right and left groin is from earlier intranodal dynamic contrast MR
lymphangiography. b Coronal MIP image of intranodal DCMRL dem-
onstrating the central lymphatic system without demonstrating the leak
(arrow). ¢ Frontal image from a conventional intrahepatic lymphangio-
gram demonstrates a dilated lymphatic duct exiting the liver (arrowhead)
and leakage of lymphatic contrast into the peritoneum within the right
upper quadrant of the abdomen (arrow) confirming the MRI finding
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Fig. 4 A 27-year-old male with a history of KRAS mutation and a
neurofibromatosis-like syndrome who presents with multiple neurogenic
paraspinal masses. a Coronal MIP of intranodal lymphangiogram dem-
onstrating tortuous dilated central lymphatic ducts (arrow) without flow
towards the duodenum. b Coronal MIP of an intrahepatic dynamic

obtain more contrast and allow for rapid acquisition [6]. This
sequence provides more limited spatial resolution particularly
since we perform it without breath-holding. The high-
resolution respiratory-navigated 3D IR T1 gradient echo se-
quence is a complement to the dynamic sequence as it does
not provide the temporal resolution but provides higher spatial
resolution particularly given the respiratory navigation.

During this retrospective evaluation, there were no short-
term complications. However, with penetration of the skin and
liver parenchyma, there may be associated complications.
Complication rates of percutaneous biopsy of the liver is re-
ported to be 0.2%, but biopsy needles are much larger than the
25-gauge needles we used so complication rates could be low-
er [7]. Further studies are needed to determine if this is the
case. Additionally, there is a risk of contamination of the bil-
iary system or venous system potentially causing false posi-
tives. In two cases, there was contamination of a hepatic vein
which was easily distinguished from the lymphatics. No bili-
ary tree contamination was seen, and there were no short-term
complications.

The contrast dose used in this study (0.1-0.2 mmol/kg) of
undiluted gadobutrol is the standard dose used in our institu-
tion for DCMRL as well as other contrast studies such as
cardiac imaging. It is possible that lower diluted doses of
contrast could also be used but further studies would need to
be conducted to determine whether lower contrast doses will
result in the same imaging outcome.

The main limitation of this study is that it is a retro-
spective review of a small number of patients undergoing
IH-DCMRL. Given the selection bias in patients chosen,

contrast magnetic resonance lymphangiography (IH-DCMRL) demon-
strating hepatoduodenal connections (arrow) surrounding a mass
(asterisk) and leakage into the duodenal lumen (arrowhead) with forward
flow of contrast into multiple distal bowel loops

we cannot make any conclusions about the safety and
efficacy of this technique.

In conclusion, this study is an initial description of the
technique and our initial experience with IH-DCMRL for
evaluation of the liver lymphatics. This is a cross-
sectional technique to evaluate liver lymphatic flow and
can be helpful for assessment of certain conditions involv-
ing abnormal liver lymphatic flow, such as PLE. Further
studies should be conducted to evaluate the safety and
utility of this technique.
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