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Liver lymphatic anatomy and role in systemic lymphatic disease
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Abstract
Objectives To characterize hepatic to systemic lymphatic connections in patients with systemic lymphatic disease using intra-
hepatic lymphangiography and to compare outcomes after lymphatic intervention.
Methods In this retrospective study, patients with intra-hepatic lymphangiography fromMay 2014 –April 2019 at our institution
were included. Imaging review was performed and hepatic lymphatic connections and flow patterns were characterized. Clinical
data were reviewed and comparisons between patients undergoing lymphatic intervention with or without abnormal hepatic
lymphatics were performed.
Results During the study period, 105 patients underwent intra-hepatic lymphangiography. Primary clinical presentation included
ascites (19/105), chylothorax (27/105), plastic bronchitis (PB) (17/105), and protein losing enteropathy (PLE) (42/105). Five
categories of hepatic lymphatic connections and flow patterns were identified (%): normal (25%, 26/105), hepatoperitoneal
(12%, 13/105), hepatopulmonary (10.5%, 11/105), hepatomesenteric (7.5%, 8/105), and hepatoduodenal (41%, 43/105) with
four patients having more than one abnormal pattern. A comparison between clinical presentation and imaging category revealed
an increased likelihood of having ascites with hepatoperitoneal (p < .0001), chylothorax/PB with hepatopulmonary (p = .01), and
PLE with hepatoduodenal (p < .001) connections. Seventy-six patients had a lymphatic intervention, 24% with normal, and 76%
with abnormal liver lymphatics. There was no difference in length of hospital stay or mortality between the two groups, but there
was a prolonged time to symptom resolution (p = .006) and persistent symptoms after 6 months (5% vs 44%, p = .002) in the
group with abnormal liver lymphatics.
Conclusion We identified five liver lymphatic imaging categories with a substantial correlation to presenting lymphatic disease.
Abnormal imaging patterns correlated with increased morbidity. Evaluation of liver lymphatics should be considered in patients
with a systemic lymphatic disease if central lymphatic imaging is normal.
Key Points
• We identified five liver lymphatic imaging patterns: normal, hepatoperitoneal, hepatomesenteric, hepatopulmonary, and
hepatoduodenal.

• Imaging patterns were correlated with disease presentation (normal – chylothorax/PB, hepatoperitoneal – ascites/chylothorax,
hepatopulmonary – chylothorax/PB, hepatoduodenal – PLE).

• Abnormal imaging patterns correlated with increased morbidity.
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Abbreviations
CHD Congenital heart disease
DCMRL Dynamic con t ras t magnet ic resonance

lymphangiography
IH Intrahepatic
MIP Maximum intensity projection
NF Neurofibromatosis
PB Plastic bronchitis
PLE Protein losing enteropathy
PLP Pulmonary lymphatic perfusion
TD Thoracic duct
TDE Thoracic duct embolization

Introduction

The main function of the lymphatic system is to remove pro-
teins and fluid from the interstitial space and deliver them back
to the venous circulation [1]. The liver is one of the largest
contributors of lymphatic fluid, comprising up to 50% of tho-
racic duct flow [2] and in diseases causing liver congestion,
such as heart failure, liver lymphatic flow increases exponen-
tially [3, 4]. There are three categories of liver lymphatic ves-
sels characterized by location: capsular, sublobular, and por-
tal. Liver lymph is generated from hepatic sinusoids in the
space of Disse and is connected with the peri-portal space of
Mall where the lymphatic capillary vessels begin [2]. The
deep portal lymphatics converge at the liver hilum and drain
into a complex network of peripancreatic and paraaortic
lymph nodes that ultimately connect with the cisterna chyli
and thoracic duct [5–9]. The sublobular lymphatics travel
along the hepatic veins toward the wall of the inferior vena
cava and the capsular lymphatics drain into the mediastinum
(convex surface) or toward the liver hilum (concave surface)
[5–9]. All of these networks are essential for efficient lym-
phatic drainage but can become deranged in various patholog-
ical conditions.

Patients with congenital heart disease (CHD) or primary
lymphatic disorders can develop lymphatic complications,
such as protein losing enteropathy (PLE), chylothorax, chy-
lous ascites, and plastic bronchitis (PB), which can lead to
significant morbidity and mortality [10–17]. Recent advance-
ments in lymphatic imaging using dynamic MRI have greatly
advanced our understanding of the abnormalities present in
these patient populations [12, 18]. However, there remains a
paucity of literature reports describing the liver lymphatic cir-
culation in humans. Conventional liver lymphangiography
has demonstrated abnormalities in patients with liver cirrhosis
and chylous ascites [19] as well as PLE and hepatic
lymphorrhea [11, 19, 20] and the original liver lymphatic

descriptions relied on standard lymphangiography as well as
post-mortem analysis [6, 21, 22]. More recently, non-contrast
MR liver lymphography has been described as a new tech-
nique to noninvasively visualize similar components of the
liver lymphatics and changes that occur in portal hypertension
[23]. However, this technique only provides a static visualiza-
tion and does not provide dynamic information that is crucial
for possible interventions in systemic lymphatic diseases.
Recently, Biko et al. have described the development of
intrahepatic dynamic contrast MR lymphangiography (IH-
DCMRL) [20]. This technique has several important advan-
tages over conventional liver imaging in that it is 3-dimen-
sional, has good tissue contrast, provides perfusion informa-
tion, and can visualize well the distal perfused structures.

The purpose of this article is to investigate the anatomy and
flow of the efferent liver lymphatic circulation in patients with
systemic lymphatic disease.

Materials and methods

The institutional review board at our institution approved the
study with a waiver for informed consent.

Population

We conducted a retrospective review of imaging and medical
records from all patients with lymphatic disease including
chylothorax, plastic bronchitis, protein losing enteropathy,
chylous ascites, and non-chylous ascites suspected to be of
lymphatic origin, who had liver lymphatic imaging with or
without lymphatic intervention from May 2014 until April
2019 at our institution. The study included a total of 105
patients. IH-DCMRL was performed as described by Biko
et al. [20] using a gadolinium contrast agent in 62 (59%) of
the patients. All patients undergoing IH-DCMRL also had
intranodal DCMRL (IN-DCMRL). Data collection included
patient demographics, clinical presentation, biochemical as-
sessments, lymphatic imaging results, procedure techniques,
and outcomes.

Lymphatic imaging

Liver lymphangiography was performed as described by
Clain et al. [21] with the following modifications: Access to
the liver lymphatics was achieved using a 25-gauge spinal
needle advanced under ultrasound guidance until it apposed
a branch of a portal vein. Subsequently, water-soluble iodin-
ated contrast was injected and under fluoroscopy guidance,
fine adjustments of needle position were performed until the

113Eur Radiol  (2022) 32:112–121



liver lymphatics were visualized. Conventional fluoroscopic
liver lymphangiography was performed with slow hand injec-
tion of iodinated water-soluble contrast agent or lipiodol. IH-
DCMRLwas performed as described by Biko et al. [20] using
a gadolinium contrast agent in 62 (59%) of the patients. All
patients undergoing IH-DCMRL also had IN-DCMRL. The
imaging was subsequently analyzed by two independent re-
viewers (C.L.S. (interventional cardiologist and lymphatic in-
terventionist, 7y experience) and D.M.B. (radiologist 9y ex-
perience)) based on the connections or abnormal flow patterns
of the hepatic lymphatics and classified into five different
categories: 1) normal (liver connecting to the chylous cistern)
as described [5–9], 2) hepatoperitoneal, 3) hepatopulmonary,
4) hepatomesentery, 5) hepatoduodenal. There were four pa-
tients who represented multiple abnormal hepatic imaging
patterns. Indications for lymphatic imaging included PLE,
PB, chylothorax, and ascites.

Lymphatic interventions and outcomes

Of the patients with lymphatic interventions, their pro-
cedures included: Percutaneous embolization with
ethiodized oil (lipiodol) or n-butyl cyanoacrylate (n-
BCA) injection into abnormal lymphatic vessels, thorac-
ic duct embolization (TDE) or surgical interventions
with the creation of lymphovenous anastomoses,
pleurodesis, or surgical TDE as previously described
[10, 18, 19, 24–27]. Comparisons on the length of stay,
number of interventions, time to symptom resolution,
failure of symptom resolution after 6 months post-inter-
vention, and death were analyzed based on their hepatic
lymphatic anatomy (normal vs. abnormal). Symptom
resolution is defined based on their lymphatic disease
category as 1) resolution of fluid accumulation (ascites
and chylothorax) and removal of drains (if present), 2)
absence of airway cast production (in those with PB),
and 3) improvement in albumin levels to the normal
range (> 3.5 g/dl) (PLE). If multiple underlying lym-
phatic diseases were present, only those with the reso-
lution of all symptoms were included in this group. If
the symptoms persisted beyond six months from their
intervention, they were considered a failure to resolve.

Statistical analysis

Comparisons of baseline preintervention albumin levels
between lymphatic disease presentations were done
using the Kruskal-Wallis test with Dunn’s multiple com-
parisons test in Prism v8.1.2 (Graphpad). From the im-
aging data, differences between imaging findings and
lymphatic disease were analyzed using a Pearson chi-
squared test (4 × 2 tables) (or 5 × 2 tables for supple-
mental graph) in Prism v8.1.2 (Graphpad). Differences

in clinical outcomes based on lymphatic imaging cate-
gory (normal vs. abnormal) were statistically analyzed
using STATA v14: for the length of stay and time to
symptom resolution the Wilcoxon rank-sum test was
used and for failure to resolve and death the Fisher’s
exact test was performed. The number of interventions
was analyzed using the Mann-Whitney test in Prism
v8.1.2 (Graphpad).

Results

Patient population

The study included 105 patients with demographics summa-
rized in Table 1. Primary clinical presentation consisted of
ascites (n = 19, 18%), chylothorax (n = 27, 26%), plastic
bronchitis (n = 17, 16%), and PLE (n = 42, 40%). Twenty
patients (19%) had at least two separate lymphatic diagnoses
such as PLE and PB occurring together. Each group had a
significant portion of patients with CHD: 16% (3/19) with
ascites, 33% (9/27) with chylothorax, 88% (15/17) with PB,
and 71% (30/42) with PLE. Several patients presented with
pleural or peritoneal drains: ascites (15/19, 79%), chylothorax
(22/17, 81%), and PLE (3/42, 7%, peritoneal only).

Imaging results

IH-DCMRL (62/105, 59%) and/or IH conventional contrast
fluoroscopic lymphangiography (43/105, 41%) from each pa-
tient were reviewed and five categories of hepatic lymphatic
connections and/or flow patterns were identified: normal
(25%, 26/105), hepatoperi toneal (12%, 13/105),
hepatopulmonary (10.5%, 11/105), hepatomesenteric (7.5%,
8/105), and hepatoduodenal (41%, 43/105) with four patients
(4%) having more than one abnormal hepatic imaging type.

Normal liver lymphatics

Twenty-six of the 105 patients (25%) including 12% (3/26)
with ascites, 46% (12/26) with chylothorax, 35% with PB
(9/26), and 7% (2/26) with PLE had drainage patterns consis-
tent with normal lymphatic connections to the thoracic duct
(Fig. 1a). This distribution was statistically significant (p <
.0001) with a higher likelihood of having chylothorax or PB
(Fig. 2a, Fig. S1). Since the normal connections allowed the
opacification of the central thoracic duct, we observed abnor-
mal pulmonary lymphatic perfusion originating from the TD
in all patients with PB and chylothorax. The two patients with
clinical PLE had normal intrahepatic and intranodal lymphan-
giograms and did not have congenital heart disease.
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Hepatoperitoneal

Fourteen of the 105 patients (12%) including 78% (11/14)
with ascites, 21% (3/14) with chylothorax, and one patient
with both had a direct connection of the liver lymphatics to
the peritoneal compartment with or without normal connec-
tions to the TD (Fig. 1b). One patient in this group had mul-
tiple abnormal hepatic connections (hepatopulmonary,
hepatomesentery, and hepatoduodenal). There were no pa-
tients with PB or PLE in this category. This distribution was
statistically significant (p < .0001) with a higher likelihood of
having ascites or chylothorax (Fig. 2b, Fig. S1). Three of the
patients with ascites had recent Nissen fundoplication with
gastrostomy tube placement and IH-DCMRL demonstrated
a peritoneal leak in 2/3 patients and all three with normal
connections to the central lymphatic system.

Hepatopulmonary

Fourteen of the 105 patients (13%) including 14% (2/14) with
ascites, 50% (7/14) with chylothorax, 29% (4/14) with PB,
and 7% (1/14) with PLE, showed direct drainage from the
liver lymphatics via abnormal connections to the perihilar or

intrapulmonary lymphatics from the deep hepatic lymphatics
through continuity with the subcapsular lymphatics (Fig. 1c).
Three patients with hepatopulmonary connections also dem-
onstrated other abnormal connect ions: two with
hepatoduodenal, and one with hepatopulmonary,
hepatomesentery, and hepatoduodenal. Combined, 85% (11/
13) of patients had retrograde pulmonary lymphatic perfusion
(PLP) (known etiology of chylothorax and PB). This distribu-
tion was statistically significant (p = .01) with a higher likeli-
hood of having chylothorax and/or PB (Fig. 2c, Fig. S1).

Hepatomesenteric

Ten of the 105 patients (9.5%) including 40% (4/10) with
ascites, 30% (3/10) with chylothorax, 20% (2/10) with PB,
and 10% (1/10) with PLE showed retrograde perfusion of
the mesenteric lymphatics from the liver in addition to normal
connections to the central lymphatic system (Fig. 1d). Two
patients with hepatomesenteric connections also demonstrated
other abnormal connections: one with hepatoduodenal, and
one with hepatoperitoneal, hepatopulmonary, and
hepatoduodenal. This distribution was not statistically signif-
icant across all disease categories (p = .17) (Fig. 2d, Fig. S1).

Table 1 Patient Demographics

Ascites
(n = 19)

Chylothorax
(n = 27)

PB
(n = 17)

PLE
(n = 42)

Age at imaging in years (median, IQR, range) 1.2 (IQR 0.4–5.4)
(0.2–39)

2.8 (IQR 0.4–8.3)
(0.06–17)

9.7 (IQR 5.5–12.9)
(1–22)

13.7 (IQR 10.3–18.8)
(0.5–29)

Congenital heart diease, # of patients (%) 3 (30%) 9 (33%) 15 (88%) 30 (71%)

Single Ventricle (n) 2 6 14 24

Biventricular repair (n) 1 3 1 6

Albumin g/dL (median, IQR, range)* 3.4 (IQR 2.6–3.7)
(2.4–4.8)

3.1 (IQR 2.8–3.8)
(2.2–5.1)

4.3 (IQR 3.6–4.8)
(2.8–5.1)

2.5 (IQR 1.9–3.4)
(1.4–4.3)

Previous lymphatic interventions prior to liver imaging # of
patients (%)

7 (37%) 1 (4%) 3 (18%) 5 (12%)

Chest tube(s), Peritoneal drains, or cast production within prior
3 months (PB) (# patients, %)

15 (79%) 22 (81%) 17 (100%) 3 (7%)

Additional lymphatic diagnosis (n)

Ascites – 0 1 1

Chylothorax 4 – 1 6

PB 0 0 – 3

PLE 0 2 2 –

Known genetic syndrome/mutation 1 – ARAS
2 – 22q11.2

1 – ARAF
1 – NF1
1 – NF2
1 – Noonan’s
1 – TP53

1 – CHARGE
1 – Noonan

1 – Trisomy 21
1 – Noonan’s
1 – KRAS
1 – Jeune’s
1 – NF1
1 – 12p dup

Legend: PB – plastic bronchitis, PLE – protein losing enteropathy, NF – Neurofibromatosis, IQR – interquartile range (25% - 75%), *Differences are
significant between ascites vs PB (p < .04), chylothorax vs PB and PLE (p = .02 and p = .04), and PB vs PLE (p < .0001)
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Fig. 1 Normal and abnormal hepatic lymphatics with representative
maximum intensity projections (MIP) of IH DCMRL and IH contrast
fluoroscopy images. Arrowhead represents the normal thoracic duct and
arrows denote the abnormal lymphatic connections. (a) Normal lymphat-
ic drainage diagram of superficial and deep liver lymphatic drainage.
Superficial (capsular) lymphatics directly enter the central TD near the
diaphragm while deep (peri-portal) lymphatics course toward the liver
hilum and toward the celiac and pancreatic lymphatic networks (arrow)
with further connections to the cisterna chylii and thoracic duct (arrow-
head). (b) Hepatoperitoneal connections with disruption of liver

lymphatics after exiting the liver hilum. (c). Hepatopulmonary connec-
tions from the pericapsular lymphatics of the left liver lobe to the left
mainstem bronchus. Arrows represent the abnormal connections with
the ductal remnant noted with an arrowhead (d) Hepatomesenteric con-
nections from the liver to the mesentery with intact TD and pulmonary
lymphatic perfusion (e) Hepatoduodenal representation of the liver lym-
phatics as they exit the liver hilum and course to the inner curvature of the
1st – 3rd portions of the duodenum (arrows) with significant reflux into
the stomach and esophagus (asterisk) with propagation forward to the
proximal jejunum
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Hepatoduodenal

The largest group had 47 of the 105 patients (45%) including
4.5% (2/47) with ascites, 6% (3/47) with chylothorax, 4.5%
(2/47) with PB, and 85% (40/47) with PLE, had abnormal
liver to duodenal lymphatic connections (or flow) (Fig. 1e).
A significant subpopulation of patients with PLE had single
ventricle congenital heart disease (24/42, 57%). Four patients
with hepatoduodenal connections also demonstrated other ab-
normal connections: two with hepatopulmonary, one with
hepatomesenteric, and one with hepatoperitoneal,
hepatopulmonary, and hepatomesentery. This distribution
was statistically significant (p < .0001) with a higher likeli-
hood of having PLE (Fig. 2e, Fig. S1).

Lymphatic intervention

Seventy-six patients (72%) underwent lymphatic intervention
including 18 patients (24%) with normal hepatic lymphatics,
but with other observed abnormalities in the lymphatics sys-
tem visualized by IH DCMRL and/or IN DCMRL, and 58
(76%) with abnormal hepatic lymphatics (Table 2). The

normal group included chylothorax or PB (17/18) and one
patient with chylous ascites. Ten of the 18 patients (56%)
had percutaneous interventions with TD embolization (TDE)
and 8 (44%) had selective embolization of abnormal lymphat-
ic networks. The 58 patients in the abnormal liver lymphatic
group consisted of each disease presentation with 9 (16%)
ascites, 9 (16%) chylothorax, 8 (14%) PB, and 32 (55%) with
PLE. The patients had the following imaging classification: 10
(17%) hepatoperitoneal, 6 (10%) hepatopulmonary, 6 (10%)
hepatomesenteric, 33 (57%) hepatoduodenal, 1 (2%) with all
t ype s o f abnorma l imag ing (hepa tope r i t onea l ,
hepatopulmonary, hepatomesentery, and hepatoduodenal), 1
(2%) with hepatopulmonary and hepatoduodenal, and 1 (2%)
with hepatomesentery and hepatoduodenal. Interventions
within each group included: percutaneous embolization of
abnormal lymphatic channels (n = 51), surgical ligation (n =
6), and surgical lymphovenous anastomosis (n = 1).

There was no difference in the median time from interven-
tion to hospital discharge between the two groups (Kaplan
Meier analysis, p = .43), with the time to 50% of patients being
discharged of 11 days (range 2–215) in the normal group vs
20 days (range 2–282) in the abnormal group. However, the

Fig. 2 Hepatic lymphatic imaging compared to lymphatic disease
presentation. Percentage of imaging with (a) normal, (b)
hepatoperitoneal, (c) hepatopulmonary, (d) hepatomesentery, and (e)

hepatoduodenal as compared to presentation with ascites, chylothorax,
PB, and PLE. Note the significance of the imaging compared to the
likelihood of having the underlying lymphatic disease type
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median number of interventions was higher in patients with
abnormal liver lymphatics (1.0 vs 2.0, p = .001) (Table 2). The
presence of abnormal liver lymphatics was also associated
with a longer time to symptom resolution and a higher prob-
ability of non-resolution of symptoms. The time to 50% of
patients that were symptom-free was 9 days for normal and
33 days for abnormal liver lymphatics (Wilcoxon rank-sum, p
= .002) (Fig. 3) but there was a significantly higher percentage
of patients that did not have a resolution of their symptoms up
to 6 months post-procedure (5.5% vs 44.4%, p = .002). There
was not a statistically significant difference in mortality (17%
vs 19%, p > .99) (Table 2). None of the reported deaths were
procedure-related and included respiratory failure (n = 6), sep-
sis (n = 3), heart failure (n = 3), and multisystem organ failure
(n = 2).

Discussion

Using novel lymphatic imaging techniques, this study has
identified an under-appreciated role of liver lymphatics in sys-
temic lymphatic diseases. Five different imaging categories
( no rma l , h ep a t op e r i t o n e a l , h ep a t opu lmona r y ,
hepatomesenteric, and hepatoduodenal) were identified and

further observed that they were substantially correlated with
disease presentat ion (normal – chylothorax/PB,
hepatoperitoneal – ascites/chylothorax, hepatopulmonary –
chylothorax/PB, hepatoduodenal – PLE). In addition, the
presence of abnormal patterns correlated with increased mor-
bidity of their disease.

Liver lymphatics are a major contributor to central lym-
phatic flow and while their role in systemic diseases such as
liver cirrhosis and heart failure have been studied previously,
there is little information about the involvement in systemic
lymphatic disorders. This has in part been limited by the in-
ability to clinically visualize the liver lymphatics. However,
with recent advancements in imaging modalities and tech-
niques, we can now visualize organ-specific lymphatic con-
nections such as those from the liver [20]. We have used these
new modalities and now report on the role of the liver lym-
phatics in chylothorax, ascites, PB, and PLE.

The identification of normal hepatic lymphatic connections
has been predominately studied from traditional lymphangi-
ography and anatomic studies and have been limited in their
ability to describe a 3D relationship and distal connections
with the central lymphatic system. In our cohort, we had a
significant number of patients with anatomically normal con-
nections via perihepatic/peripancreatic/paraaortic lymphatic
vessels and lymph nodes that drain into the central thoracic
duct. This is the largest known cohort to show the detail of
these connections. Furthermore, using the normal anatomy as
a baseline we identified four types of abnormal connections.

We identified that abnormal hepatoperitoneal connections
were most commonly observed in patients with underlying
ascites consistent with previously reported case studies [11,
19, 28]. In this group, standard intranodal lymphangiography
did not elucidate the mechanism and was only visualized with
hepatic lymphatic imaging. While there have been previous
reports of abnormal hepatic lymphatic drainage in ascites, our
results indicate this could be a much more common mecha-
nism than previously thought and would suggest considering
an evaluation of liver lymphatics in all patients with ascites.

Previously, a few different etiologies of chylothorax and
PB have been described and predominately originate from
retrograde PLP from the central lymphatics [10, 12, 18, 25,
27]. However, there have been several patients in our study

Table 2 Abnormal hepatic
lymphatic drainage predicts
worse outcome in patients
undergoing lymphatic
interventions

Normal (n = 18) Abnormal (n = 58) p value

# of interventions per patient (Median, IQR, range) 1.3

IQR (1–1)

(1–4)

2.0

IQR (1–3)

(1–6)

.001

Patients without symptom resolution at 6 months post
procedure (n, %)

1(5.5%) 28 (44.4%) .002

death (n, %) 3 (17%) 11 (19%) > .99

Fig. 3 Kaplan Meir curve demonstrating the time to symptom resolution
between normal and abnormal liver lymphatics. The median time for
resolution is 9 days in the normal group and 44 days in the abnormal
group (p = 0.0001)
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that have PB and/or chylothorax with no significant PLP iden-
tified from the thoracic duct, suggesting another possible lym-
phatic source. With organ-specific intrahepatic lymphangiog-
raphy, we identified a subset of patients who have abnormal
connections from the liver lymphatics with direct connections
to the pulmonary lymphatics bypassing the central lymphatic
system. Liver lymphatic imaging should likely be performed
in all patients with chylothorax and PB when central lymphat-
ic imaging is normal.

One unique group that has not been previously reported was
the abnormal connection/flow from the hepatic lymphatics to
the mesentery (hepatomesentery). It is unclear how these ab-
normal connections or reversal of flow develops or how this
affects the drainage of intestinal lymphatics. It could result in
bowel edema or even potentially ascites with the dilated and
congested lymphatics leaking into the peritoneum. However, in
our small group of patients with these findings, there was no
clear association with any specific type of lymphatic disorder.

Subsets of PLE, particularly patients that have congenital
heart disease, are known to have abnormal hepatoduodenal
connections that were seen in a small series of patients [11,
19, 28]. In our larger cohort of 47 patients with PLE,
hepatoduodenal connections were almost pathognomonic in
our study population. This will need further investigation, but
it does suggest that abnormal hepatic connections could be
muchmore common in this patient population than previously
thought.

In addition to the identification of the four abnormal com-
partment connections from the liver lymphatics in disease
states, we have also determined that the presence of these
connections has a clinically significant implication in their
disease course. In patients who underwent lymphatic interven-
tions, those with abnormal liver lymphatics required more
interventions, had a longer time for symptom resolution, and
were more likely to have a failure of treatment with symptoms
present 6 months after the intervention. This could be caused
by the delayed diagnosis of liver involvement in disease as
there were a significant number of patients that had previous
lymphatic interventions in this study. In addition, there may be
individual differences between each subgroup of abnormal
lymphatics and disease presentation that this study was not
powered to detect. Even with the early identification and in-
tervention, it is still likely there are differences between this
etiology of these diseased vessels, such as the number/density/
location of the abnormal lymph vessels as well as their re-
sponse post-treatment that are unknown.

Limitations

This is a single-center retrospective review of a limited
number of patients referred for evaluation of lymphatic
diseases that also included evaluation of liver lymphatics.

This represents a selection bias and may not be represen-
tative or generalizable to all types of lymphatic disease.
However, this does not affect the identification of the ob-
served hepatic lymphatic drainage patterns described here,
but may not truly reflect the correlation between imaging
findings and disease presentation in a different population.
In addition, not all patients had IH DCMRL and were di-
agnosed with IH contrast lymphangiography, either due to
MRI contraindications or prior to our IH DCMRL experi-
ence. IH contrast lymphangiography is less sensitive to
subtle abnormalities and may not identify all patients with
abnormal perfusion, but does not limit the identification of
the same imaging categories.

Conclusion

We identified five different imaging categories that demon-
strated a substantial correlation to presenting systemic lym-
phatic disease. The presence of abnormal imaging patterns
correlated with increased morbidity of their disease and war-
rants further investigation. Liver lymphatics should be evalu-
ated in all patients with a systemic lymphatic disease if central
lymphatic imaging is normal.
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is a much smaller number of patients than this study that includes 105
patients. In addition, this study is a more comprehensive description of
liver lymphangiography by expanding on these techniques to describe
this larger and broader patient population and correlates both pathologic
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patterns with disease presentation as well as disease outcome after
intervention that has not been previously described.

# of patients Publication Journal Pubmed
ID

8 Protein-Losing
Enteropathy in
Patients With
Congenital Heart
Disease

J Am Coll Cardiol.
2017 Jun 20;69(24):
2929–2937

28,619,193

6 Intrahepatic dynamic
contrast MR
lymphangiogra-
phy: initial
experience with a
new technique for
the assessment of
liver lymphatics

European Radiology
2019. Oct;29(10):
5190–5196

30,887,210

15 Intramesenteric
dynamic contrast
pediatric MR
lymphangiogra-
phy: initial
experience and
comparison with
intranodal and
intrahepatic MR
lymphangiography

European Radiology
2020 Oct;30(10):
5777–5784

32,462,442

Methodology
• retrospective
• observational
• performed at one institution

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing, adap-
tation, distribution and reproduction in any medium or format, as long as
you give appropriate credit to the original author(s) and the source, pro-
vide a link to the Creative Commons licence, and indicate if changes were
made. The images or other third party material in this article are included
in the article's Creative Commons licence, unless indicated otherwise in a
credit line to the material. If material is not included in the article's
Creative Commons licence and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.
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