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Abstract

The liver normally produces a large amount of lymph. It
is estimated that between 25% and 50% of the lymph
received by the thoracic duct comes from the liver. In
normal conditions, hepatic lymphatics are not depicted
on cross-sectional imaging. They are divided in lymph-
atics of deep system (lymphatics following the hepatic
veins and the portal tract) and those of superficial system
(convex surface and inferior surface). A variety of dis-
eases may affect hepatic lymphatics and in general they
manifest as lymphedema, lymphatic mass, or cystic le-
sions. Abnormal distended lymphatics are especially seen
in periportal spaces as linear hypoattenuations on CT or
strong linear hyperintensities on heavily T2-weighted
MR imaging. Lymphatic tumor spread as in lymphoma
and lymphangitic carcinomatosis manifests as periportal
masses and regional lymph node enlargement. Lympha-
tic disruption after trauma or surgery is depicted as
perihepatic fluid collections of lymph (lymphocele).
Lymphatic malformation such as lymphangioma is seen
on imaging as cystic spaces of variable size.
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Formation of hepatic lymph

Lymph vessels are visible in the liver of fetuses as early as
the 15th week [1]. The hepatic lymph originates in the
perisinusoidal space of Disse [2, 3]. This space lies be-
tween basal surfaces of hepatocytes and the basal surface
of the endothelial cells and Kiipffer cells that line the
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sinusoids. The perisinusoidal space is the site of exchange
of materials between blood and liver cells and contains
interstitial fluid (mostly plasma) and migrating cells.
Interstitial fluid that remains in the perisinusoidal space
passes through channels between hepatocytes and
through the space along the initial segment of the hepatic
sinusoids to enter the connective tissue following the
portal tract and to finally enter lymphatic vessels around
portal vein branches [2—4]. There are no direct commu-
nication between perisinusoidal spaces in the liver
parenchyma and the first lymphatic capillaries, which
end blindly in the surrounding connective tissue [2].
Interstitial fluid may also flow through channels along
branches of hepatic veins or drain into interstitial space
of hepatic capsule [2-4]. The lymphatic drainage in a
normal adult liver is about 1-3 liters/day.

Anatomy of hepatic lymphatic vessels

There is no segmental delineation of lymphatic drainage.
The hepatic lymphatic system is divided into deep and
superficial networks [5]. The deep system follows the
ramifications of portal triads and hepatic veins, while the
superficial system is in the connective tissue of convex
and inferior surfaces of the liver. Hepatic lymphatic
pathways and lymph nodes are resumed in Figs. 1, 2, 3,
4, and 5. In the deep system, the periportal lymphatic
tract is the most important, responsible for 80% of he-
patic lymph drainage (Fig. 1) [3]. Although portal triad is
a convenient term, it is a misnomer as one or more lymph
vessels travel with the vein, artery, and bile duct. Along
the portal tract, small lymphatics progressively merge
into larger lymph vessels, transporting lymph in the same
direction as the bile, toward the hepatic hilum. The rich
plexus of lymphatics of the periportal tract converges to
form 12-15 lymph vessels draining into the hepatic
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Fig. 1.

Deep lymphatic system of the liver—portal tract. A
The reformatted sagittal image of contrast-enhanced CT
through the liver illustrates the course of the deep periportal
lymphatic system (red arrows) to lymph nodes of the hepatic
hilum and then to the celiac lymph nodes (yellow dots). B
Axial CT image at the level of hepatic hilum shows a normal

lymph nodes of the portal hilum. These hepatic lymph
nodes are located along the hepatic vessels in the lesser
omentum. The efferent lymphatic vessels outgoing from
these perihilar lymph nodes reach celiac lymph nodes,
which in turn drain into cisterna chili (Pequet cisterna)
that is the dilated origin of the thoracic duct.

hepatic lymph node (white arrow). C Coronal heavily T2-
weighted MR image at the level of retrocrural space shows a
hyperintense sac corresponding to the cisterna chyli (arrow
head), which is located at the origin of the thoracic duct. The
lymphatic ducts of the hepatic hilum are hardly visible (small
arrows).

The other part of the deep system contains the
lymphatics following the hepatic veins, which
merge into 5-6 large lymphatic vessels that pass, along
with the inferior vena cava, through the diaphragm,
toward the posterior mediastinal lymph nodes (Fig. 2)

[4].
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Fig. 2. Deep lymphatic system of the liver-hepatic veins
tract. A The reformatted sagittal image of contrast-enhanced
CT through the liver illustrates the course of the deep
ascending lymphatic system (purple arrows) following hepatic

1999

veins to mediastinal lymph nodes (yellow dots). B Axial CT
image at the level of inferior mediastinum shows a normal
posterior mediastinal lymph node (white arrow).

Fig. 3. Superficial lymphatic system of the liver-convex
surface. A Reformatted 3D CT image with schematic repre-
sentation demonstrates the superficial lymphatic drainage of
the convex surface of the liver. Right set (orange arrow):
lymph vessels go by on the abdominal surface of the dia-
phragm to reach the celiac lymph nodes. Middle set (red ar-
rows): through the inferior vena cava foramen to the

mediastinal lymph nodes. Left set (purple arrows): through the
esophageal hiatus to the superior gastric lymph nodes. Few
central vessels (pink arrows) drain along the falciform liga-
ment downward to the abdominal wall or upward to the par-
asternal lymph nodes. B Contrast-enhanced axial CT image
through the inferior aspect of the mediastinum shows small
lymph nodes in the right cardiophrenic space (white arrow).
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Fig. 4. Superficial lymphatic system of the liver-inferior
surface. Reformatted 3D CT image with schematic repre-
sentation demonstrates the superficial lymphatic drainage of
the inferior surface of the liver. The majority of lymphatics
(red, purple, and pink arrows) converge toward the hepatic
lymph nodes of porta hepatis. Few lymphatics of the posterior
part of caudate and right lobes (orange and pink arrows)
accompany the inferior vena cava through the diaphragm to
mediastinal lymph nodes.

The superficial system is part of the surface of the
liver. Lymphatic vessels from the convex surface, and
those from the inferior surface reach local lymph nodes
by several routes as demonstrated in Figs. 3 and 4.
Lymphatics of the gallbladder have a more constant
drainage (Fig. 5). They drain into the cystic lymph node
(Quenu’s lymph node), located close to the neck of
gallbladder, and then into the perihilar hepatic lymph
nodes [6].

Imaging of normal lymphatic vessels

Typically, normal hepatic lymphatics are not identi-
fied on cross-sectional imaging. Lymphatics may be
occasionally identified during percutaneous transhe-
patic cholangiography or direct portography (Fig. 6).
Incidental injection of contrast agent into the adven-
titia around hepatic vessels or even directly into
lymphatics during these procedures may enhance duct-
like structures. The typical appearance of lymphatics is
that of tortuous, beaded, multichannel network
extending medially and inferiorly [7, 8]. They seldom

Fig. 5. Lymphatic drainage of the gallbladder. Contrast-en-
hanced axial CT image of the hepatic hilum shows the cystic
lymph node (white arrow), located in the vicinity of the neck of
gallbladder.

exceed 2-3 mm in size. Enhanced lymph vessels may
be misinterpreted as abnormal intrahepatic biliary
ducts and are considered as a classical pitfall during
percutaneous transhepatic cholangiography, direct
portography or transjugular intrahepatic portosystemic
shunt [7].

Imaging of abnormal lymphatics and
lymphatic diseases

Table 1 summarizes five different mechanisms leading to
the development of hepatic lymphatic diseases, and four
related presentations. A simplified classification of he-
patic lymphatic diseases is also detailed in the table.

Lymphedema

Lymphedema is the consequence of lymphatic vessels
distension, caused by an excessive lymph production, or
by a lymphatic vessels obstruction or congestion.

A variety of intrahepatic and extrahepatic conditions
may induce lymphedema, such as inflammation with in-
creased fluid formation in the vicinity of a hepatic ab-
scess (Fig. 7), pleural effusion, congestive heart disease,
pancreatitis, and very rarely pneumonia, especially in the
inferior lobes (Fig. 8), or right pyelonephritis [9].
Lymphedema may also be induced by iatrogenic condi-
tions such as surgery with extensive dissection and
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interruption of lymphatic vessels such as in liver trans-
plantation (Fig. 9) [10, 11]. Histopathological analysis of
livers that have been previously transplanted has con-
firmed that low density areas surrounding portal vessels
on CT images represent dilated periportal lymphatic
vessels [10]. In these cases, lymphedema is often pro-
nounced (Fig. 5). Trauma may cause periportal tracking
due to the presence of blood in the periportal space or
may be caused by a disruption or compression of the
lymphatic ducts with subsequent periportal lymphedema
(Fig. 10). Finally, lymphatic distension may also be re-
lated to rapid expansion of intravascular volume during
vigorous intravenous fluid administration.

Fig. 6.
hepatic portosystemic shunt in a 51-year-old woman. The
dissection of the periportal space by iodine contrast media
reveals lymphatic vessels (arrows). A network of lymphatics
vessels is opacified around the portal vein, draining down-
ward into the porta hepatis (PH).

Incidental lymphography during a transjugular intra-
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Imaging features associated with lymphedema are
located mainly in the periportal spaces because of the
higher concentration of lymphatics in these areas. On CT
imaging, abnormal distended lymphatics typically appear
as periportal linear hypoattenuations similar to water
density. This aspect is often referred to as periportal halo.
On MR imaging, abnormal dilated lymph vessels appear
as linear strong hyperintensities within the periportal
space on heavily T2-weighted MR sequences. Charac-
teristically, these periportal abnormalities are located on
both sides of portal branches, enabling distinction with
bile duct dilatation, which is seen only on one side of
portal branches.

Lymphangioma

Lymphangioma is a malformation resulting from failure
of communication of lymphatic tissue and main lym-
phatic vessels. Histologically, these benign lesions appear
as dilated cystic spaces lined with a single endothelial
layer of cells that resemble those lining normal lymph-
atics. The fluid filling the cystic spaces is usually serous or
chylous, but may be proteinaceous or hemorrhagic [12].
The supporting stroma contains collagen, lymphocytes,
and lymphoid aggregates. Most lymphangiomas (95%)
occur in the neck and axillary regions. The remnant is
located in the retroperitoneum, mesentery, abdominal
viscera, mediastinum, and lung [13]. Hepatic lymphan-
giomas are very rare. In a reported series of 107 cases,
only one originated from the liver [12]. Hepatic lym-
phangioma may occur isolated or as a manifestation of
systemic lymphangiomatosis which is a multifocal lym-
phatic proliferation that involves multiple organs.
Lymphangiomatosis is more frequent during childhood,
whereas isolated lymphangiomas mostly occur in pa-
tients older than 25 years [14]. Typical imaging of lym-
phangiomas is that of single or multiple cysts of variable
size (Fig. 11). On ultrasonography, lymphangiomas ap-
pear more often as cystic lesions but may also appear
hyperechoic when predominantly composed of small or
medium-sized cysts. CT shows attenuation values rang-
ing from that of fat to fluid [15]. Debris, fluid—fluid levels
or non-enhancing septa may be seen. Calcifications are

Table 1. Mechanisms of hepatic lymphatic diseases and corresponding presentation

Mechanisms of disease Presentation on imaging

Hepatic lymphatic diseases

Increased fluid formation

Obstruction of lymphatic drainage
Lymphatic invasion by tumoral cells
Malformation of lymphatic vessels

Lymphatic disruption and lymph
extravasation

LYMPHEDEMA (periportal halo)

Periportal SOFT-TISSUE or NODULES

Multiple CYSTS with septation or not
LYMPHOCELE(unilocular cyst)

InflammationHepatitis, hepatic abscess, perihepatic
infections, pleural effusion MiscellaneousHepatic
trauma, heart failure, cirrhosis

latrogenicLiver transplantation or resection,
surgery of the porta hepatisHepatic trauma

Lymphoma, PTLDLymphangitic
carcinomatosis (stomach, pancreas)

Lymphangioma

Post-surgeryPost-trauma

PTLD post transplantation lymphoproliferative disease
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Fig. 7. Inflammatory lymphedema and hepatic abscess in a
64-year-old woman. A, B Contrast-enhanced axial CT images
show a peripherally located, round, and hypodense mass with
enhancing capsule, corresponding to an amebic abscess (A).

Inflammatory lymphedema and pneumonia in a 38-
year-old man. A Contrast-enhanced reformatted coronal CT
image (soft-tissue window) shows a periportal halo in the left

Fig. 8.

rare. MR imaging shows lesions with usually low signal
intensity on Tl-weighted sequences and high signal
intensity on T2-weighted sequences. The signal intensity

A periportal halo by increased fluid formation (black arrows) is
observed in its vicinity. Note also a hypervascular lymphad-
enopathy (white arrow) in the parasternal region and a small
amount of fluid in the perihepatic space (white arrowheads).

~

“

hepatic lobe (black arrows). B Contrast-enhanced axial CT
image (lung window) shows bilateral parenchymal consolida-
tion predominating in the left lower lobe.

on MR imaging may also be altered by the amount of
chyle present in the fluid that provides high signal
intensity on TI1-weighted sequences and intermediate
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Fig. 9. Lymphedema after orthotopic liver transplantation in
a 53-year-old man. A, B Contrast-enhanced axial CT images
show a pronounced hypodense periportal halo. C, D Axial
HASTE T2-weighted images of the same patient show the

signal intensity on T2-weighted sequences. Differential
diagnosis includes other cystic lesions such as polycystic
liver disease, cystic metastases, echinococcal cysts, and
abscesses [12]. Moreover, lymphangiomas may be indis-
tinguishable from mesenchymal hamartoma, which also
mainly occurs in the childhood. Yet, the latter frequently
shows solid components with variable degree of
enhancement on CT and MR [16]. Treatment of lym-

prominent periportal lymphedema with increased signal
intensity. The mildly dilated bile ducts present as stronger
linear hyperintensities (white arrows) and are distinguishable
from the lymphedema.

phangioma is restricted to symptomatic lesions and is
based on surgical excision. Local recurrence is common
[15].

Hepatic lymphoma

Both Hodgkin and non-Hodgkin lymphoma may affect
the liver.
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Fig. 10. Lymphedema after blunt abdominal trauma in a 35-year-old man. A, B Contrast-enhanced axial CT images show
diffuse periportal halo in both hepatic lobes (black arrows), whereas no parenchymal laceration is detected.

Primary hepatic lymphoma is rare, whereas second-
ary involvement is fairly common and is more frequent in
late stages of the disease. Secondary involvement of the
liver can occur in up to 50% of patients with non-
Hodgkin lymphoma and in around 20% of patients with
Hodgkin disease [17]. The prevalence of liver involve-
ment at initial examinations is 5-12% in patients with
Hodgkin disease and 3-15% in patients with non-
Hodgkin lymphoma [18]. Hodgkin lymphoma of the li-
ver is almost invariably associated with the involvement
of the spleen. Hepatic involvement consists mainly in
three different patterns: focal lesion, diffuse infiltration,
and periportal soft-tissue cuffing. Liver enlargement is
strongly suggestive of infiltration of lymphoma even if no
focal lesion is seen [19]. Usually, CT shows diffuse
infiltration resulting in patchy and irregular low-attenu-
ating soft-tissue infiltration of periportal areas (Fig. 12).
The latter feature corresponds to true lymphoid prolif-
eration, and should not be mistaken for bile duct dila-
tation or periportal fat deposition. The peripheral
distribution and the complete encasement the portal
vessels are suggestive of the diagnosis. Discrete poorly
marginated nodular lesions diffusely distributed are an-
other imaging feature, but are rare [19, 20]. Typically,
focal lesions do not enhance after contrast agent
administration. The association of both infiltrating and
nodular lesions is even rarer. Liver involvement is usually
associated with regional lymph node disease [20, 21]. On

MR imaging, lesions demonstrate hypointensity on T1-
weighted imaging and hyperintensity on T2-weighted
imaging [22]. "*FDG PET-CT is helpful in the detection
of hepatic and splenic involvement and can show diffuse
intense '*FDG uptake in the enlarged liver and spleen
with systemic '*FDG-avid lymphadenopathies, including
hepatic hilar nodes [22].

Post-transplant lymphoproliferative disease

Post-transplant lymphoproliferative disease (PTLD)
represents an abnormal proliferation of lymphoid cells in
immunocompromised organ transplant recipients. It is
considered a potentially fatal complication secondary to
pharmacological immunosuppression in patients that
underwent solid organs transplant. PTLD represents a
wide spectrum of alterations characterized by different
degrees of abnormal proliferation of lymphoid tissue,
ranging from mild lymphoid hyperplasia to frank
malignant lymphoma, which differs from each other in
terms of pathogenesis, histological appearance, and
clinical behavior [23, 24]. The incidence of PTLD varies
according to the transplanted organ and is significantly
higher in children [24]. There is an inverse relationship
between the incidence of PTLD and age at the moment
of liver transplantation [25]. It is thought that PTLD
etiology is a result of Epstein—Barr virus-induced B-cell
proliferation aggravated by pharmacological immuno-
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Fig. 11.

Incidental discovery of a hepatic lymphangioma in
an 18-month-old girl with a suspicion of Hurler's syndrome.
A Axial HASTE T2-weighted image reveals two cystic le-
sions in the right liver. B No mural or septal enhancement
is observed after gadolinium injection on axial T1-weighted

suppression of the host. The incidence of PTLD in chil-
dren submitted to liver transplantation ranges from 4%
to 15% [26]. Radiological presentation of the disease is
variable. Imaging findings are, in general, similar to that
of hepatic lymphoma and include diffuse organ infiltra-

image. C Ultrasonography (10 MHz-probe) with sagittal
view of segment V shows a multiloculated cystic lesion
with few debris. Biopsy and aspiration of the cystic liquid
under ultrasonographic guidance confirmed a lymphangi-
oma.

tion, focal masses, and regional lymphadenopathy.
Obstructing mass in the hepatic hilum is a characteristic
pattern (Fig. 13). It may encase common bile duct, portal
vein, or hepatic artery causing jaundice and even hepatic
infarction [27].
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Fig. 12. Non-Hodgkin lymphoma of the liver in a 45-year-old
man. A Contrast-enhanced axial CT scan shows tissular
infiltration of periportal areas in the left lobe (black arrow-

Lymphangitic carcinomatosis

Lymphangitic carcinomatosis is a manifestation of dif-
fuse lymphatic spread of cancer cells. It was reported in
4% of cases of liver metastases, especially from gastric
cancer [28]. Histology demonstrates linear lesions of tu-
mor emboli within dilated lymphatics. Imaging shows a

heads). B, C A conglomerate of lymphadenopathies is visible
in the hepatic hilum (black arrows).

periportal soft-tissue mass associated or not with
metastases within liver parenchyma [28, 29] (Fig. 14).
The lymphatic periportal tumoral spread may compress
or obliterate structures of portal triad. This compression
may cause portal branches thrombosis in some cases.
When tumoral spread is diffuse, bile ducts may not be
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Fig. 13. Lymphoproliferative disorder 3 months after liver
transplantation presenting as biliary duct obstruction in a
52-year-old man. A Percutaneous transhepatic cholangiog-
raphy shows a diffuse dilatation of the intrahepatic bile
ducts with a 3-cm-long irregular stricture above the chole-
docho—choledochal anastomosis (black arrows). B Contrast-
enhanced axial T1-weighted MR image revealed an
enhancing annular mass of hepatic hilum (black arrow). C

dilated (Fig. 15). Enlargement of the regional lymph
nodes and perivascular infiltration may also be seen. A
branching pattern of calcifications in the periportal area

Histology (hematoxylin—eosin stain x10 magnification) after
biliary-enteric anastomosis shows a peribiliary and biliary
infiltration by numerous B-lymphoblasts and some lympho-
cytes. D Immunohistochemical stain with monoclonal anti-
body CD-79a (x40 magnification) shows highly positivity of
B-cells. The final diagnosis is Epstein—Barr virus-associated
B-cell polymorphic post-transplant lymphoproliferative dis-
order (PTLD).

was reported in some cases of lymphangitic carcinoma-
tosis from mucinous pancreatic or gastric tumors [30,
31].
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Fig. 14. Lymphangitic carcinomatosis from a pancreatic
adenocarcinoma in a 72-year-old man with obstructive jaun-
dice. A Contrast-enhanced axial CT image shows infiltration
of the hepatic hilum by low attenuation tissue, which encases
the vessels (white arrows). Please note the decreased per-
fusion of the right liver and the presence of two metastatic
nodules (black arrows). B Reformatted 3D MR cholangio-

Lymphocele

Disruption of lymphatic vessels after hepatobiliary
surgery or abdominal trauma may produce a perihe-

pancreatography image reveals a compression of the biliary
confluence with bilateral dilatation of the intrahepatic bile
ducts. C Percutaneous transhepatic cholangiography with
bilateral approach confirms the malignant obstruction at the
confluence. D Cholangiographic image after placement of two
metallic endoprostheses shows the decompression of the
biliary tract.

patic collection of lymph. Merenda et al. [32] reported
three cases of lymphocele after hepatic transplantation
that presented a typical location in retrohepatic, ret-
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Fig. 15. Progression of

lymphangitic carcinomatosis 2
months after stenting in the same patient as in Fig. 14. A
Cholangiography through left internal-external biliary drain-
age catheter shows diffuse tapering of biliary ducts with
alternating segments of dilatation and focal circumferential

rogastric, and left paracaval position. Such location
may result from pericaval lymphatic ducts that were
sectioned during surgery. Ultrasonography and cross-
sectional imaging typically shows uniloculated cystic
lesions (Fig. 16). Differential diagnosis includes biloma

strictures, mimicking primary sclerosing cholangitis. B, C
Contrast-enhanced axial CT images show infiltration (white
arrows) and compression of structures of portal triad by
lymphangitic carcinomatosis: thrombosis of portal branches in
segment VIl and biliary dilatation (black arrow) in segment Il

and seroma especially after hepatobiliary surgery. As
imaging cannot reliably distinguish these entities, aspi-
ration of fluid is indicated when biloma is suspected.
Drainage of lymphocele is usually effective in few days
[32].
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Fig. 16. Lymphocele after wedge resection between seg-
ments VI and VIl in a 50-year-old man. A Ultrasonography
with right intercostal oblique view, B contrast-enhanced axial
CT image, C axial T2-weighted MR image, and D contrast-

Conclusion

Liver is an important lymph-producing organ. It presents
a complex lymphatic net comprising deep and superficial
vessels but the most important lymphatic drainage is the
periportal tract (80%). Normal lymphatics are not visible
on cross-sectional imaging. When diseases occur, the
most striking finding is a periportal halo or tissue infil-
tration. Knowledge of pathophysiology of hepatic lym-

enhanced axial T1-weighted MR image of the right liver show
a large and homogeneous fluid collection in the retrohepatic
area. The percutaneous aspiration under ultrasonographic
guidance confirmed the diagnosis.

phatic diseases is useful for the diagnosis by imaging
assessment.
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