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Abstract
Intestinal lymphangiectasia (IL) is a common complication in dogs. In human medicine, abnormalities
in central lymphatic vessels are associated with IL. Thus, we evaluated central lymphatic vessels
using non-contrast-enhanced magnetic resonance lymphography in dogs with IL. Twelve dogs
with IL confirmed by gastrointestinal endoscopy were included. Five dogs were diagnosed with
lymphoplasmacytic enteritis, three with small-cell lymphoma, and four with large-cell lymphoma. There
was no significant difference in the size of the thoracic duct, cisterna chyli, and lumbar lymphatic trunk
between control and dogs with IL (P > 0.05). Thus, the central lymphatic vessel dilation is not observed
even in dogs with IL, suggesting that IL is confined to the small intestinal tissues.
Key Words: central lymphatic vessel, intestinal lymphangiectasia, non-contrast-enhanced magnetic resonance lymphography

The intestinal lymphangiectasia (IL) is a
common complication in dogs with chronic small
intestinal diseases, including lymphoplasmacytic
enteritis and small-cell and large-cell
gastrointestinal lymphomas 11) . In dogs with

IL, the lymph leakage into the small intestinal
lumen leads to protein-losing enteropathy (PLE).
Previous histopathological studies have shown
that lymphatic vessels dilate in the transmural
layers of the intestine 7,15). The lymph absorbed
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by small intestinal lacteals flows into mesenteric
collecting vessels that unite with the lumbar
lymphatic trunk and hepatic lymphatic vessel in
the retroperitoneum, forming cisterna chyli. It
then passes through the thoracic duct to transport
lymph to the venous system5).
Lymph fluid is transported by spontaneous
contraction of the lymph vessels themselves
and the contraction of skeletal and smooth
muscles outside of lymph vessels. Spontaneous
contractions of lymphatic vessels are observed
in mice, rats, guinea pigs, and humans but are
very weak in dogs1,14). Therefore, the capacity of
canine lymphatic vessels to transport lymph fluid
might be lower than those in other species, and
it is possible that such lower contraction ability
of the lymphatic vessels in dogs might be one of
the causes of lymphatic congestions leading to
the occurrence of IL, since IL is highly prevalent
in dogs but is rare in other animal species
such as humans. Based on these backgrounds,
we speculated that systemic abnormalities in
lymphatic vessels lead to lymphatic congestion
contributing to canine IL, and the central
lymphatic vessels are dilated as those in
intestines in dogs with IL.
The thoracic duct and cisterna chyli can be
identified by non-contrast-enhanced magnetic
resonance (MR) lymphography, although its
usefulness has not been compared with other
techniques such as CT lymphography in
veterinary medicine8). Non-contrast-enhanced MR
lymphography has several benefits, despite the
disadvantage of a low spatial resolution compared
with computed tomography (CT) lymphography.
First, the injection of contrast medium and
massage of administration sites are unnecessary,
avoiding adverse events. Moreover, lymphatic flow
and the scan timing would not be affected by the
contrast agent injection. Therefore, we used noncontrast-enhanced MR lymphography to evaluate
the central lymphatic vessel, including the
thoracic duct, cisterna chyli, lumbar lymphatic
trunk, and mesenteric lymphatic vessel in dogs
with IL.

Dogs who performed both gastrointestinal
endoscopy and CT examination from March to
November 2019 at the Veterinary Medical Center
of the University of Tokyo were included. Of
them, dogs histopathologically diagnosed with
IL were finally included in this study. Mucosal
biopsy samples obtained by gastrointestinal
endoscopy were fixed in 10% neutral buffered
formalin and embedded by paraffin. Hematoxylin
eosin-stained sections were used for diagnosis.
Lymphoplasmacytic enteritis was diagnosed
according to the histopathological standards of
the World Small Animal Veterinary Association
(WSAVA)4). Small-cell and large-cell lymphomas
were diagnosed according to the World Health
Organization's lymphoma diagnostic criteria in
conjunction with the descriptions in recent studies
on canine small-cell lymphoma3,11). In addition,
the severity of IL was assessed by the ratio of
the villus lacteal width to that of the lamina
propria according to the WSAVA guidelines 4).
Medical records were reviewed for each dog, and
the following information was collected: breed,
sex, age, body weight, clinical signs, vertebral
heart size (VHS), clinicopathological data, and CT
findings.
Eight dogs were used as a control group.
Four healthy beagles owned by the University
of Tokyo were included as control dogs. The
experimental and animal care procedures were
approved by the Animal Use and Care Committee
of the University of Tokyo (P19-014). We also
included three dogs that underwent MRI because
of neck pain, back pain, and seizure and one
that underwent CT because of the intestinal
foreign body. Their breeds were Beagle, Labrador
Retriever, Miniature Dachshund, and Toy Poodle,
respectively. There were two spayed females and
two castrated males with a median body weight
of 9.52 kg (range; 5.8–23.0 kg). Informed consent
was obtained from all owners to perform MRI as a
clinical examination.
Twelve dogs with IL were finally included in
the present study. Based on the histopathological
examination, five dogs were diagnosed with
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lymphoplasmacytic enteritis, three with small-cell
lymphoma, and four with large-cell lymphoma.
Nine dogs had mild IL, and 3 had moderate
IL. The breeds consisted of three Shibas, two
Miniature Dachshunds, two Welsh Corgi
Pembrokes, and one of French Bulldog, Jack
Russell Terrier, Pug, Shih Tzu, and Yorkshire
Terrier. There were five castrated males, six
spayed females, and one intact female. The
median age was 9.9 years old (range; 1.8–14.4
years old). The clinical signs associated with the
gastrointestinal disease were as follows: diarrhea
(n=9), weight loss (n=8), lethargy (n=7), anorexia
(n=7), and vomiting (n=4), respectively. One
dog had a VHS value of 11, suggesting cardiac
dilation, but the case showed no abnormality in
echocardiography. In the CT examination, ascites
(n=5), swelling of mesenteric lymph nodes (n=4),
congenital portosystemic shunt (n=1), swelling
of parasternal lymph node (n=1), pulmonary
thrombosis (n=1), and arterial thrombosis (n=1)
were detected. No mass lesion in the pleural
cavity, affecting central lymphatic vessel size, was
observed in any dogs. The median body weight of
the dogs with IL was 4.5 kg (range; 3.2–9.6 kg),
which was significantly lower than 11.0 kg (range;
5.8–23.0 kg, P < 0.001 in Mann–Whitney U test)
in the control dogs. The median plasma albumin
concentration in dogs with IL was 2.0 g/dl (range;
1.1–2.5 g/dl), and significantly lower than the
median value of 3.7 g/dl (range; 3.4–4.1 g/dl, P
< 0.001 in Mann–Whitney U test) in the control
dogs.
The non-contrast-enhanced MR
lymphography was performed before
gastrointestinal endoscopy and CT examination
to perform these examinations in the same
anesthesia and to avoid the effects of contrast
medium injection. Non-contrast-enhanced MR
lymphography was performed using a 3.0 T MR
unit (Vantage Galan 3T, Canon Medical Systems,
Tochigi, Japan). 3D single-shot fast spin-echo as
non-contrast-enhanced MR lymphography (TR =
4,001 msec, TE = 601 msec, echo train length = 1,
field of view (FOV) = 250 × 180 mm, thickness =
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1 mm, spatial resolution = 0.62 × 0.62 mm, slice
number = 60) was performed with respiratory
gating, and images were obtained during
exhalation. The imaging time in this study was
15–20 min.
One of the four healthy beagle dogs was
used to validate the visualization of central
lymphatic vessels by non-contrast-enhanced
MR lymphography. Non-contrast-enhanced MR
lymphography was performed as described above.
CT lymphography was performed as previously
reported with minor modifications10). First, 1.0 ml/
kg of contrast medium (Iohexol, 300 mg Iodine/
mL, Iopaque 300, Fuji Pharma, Tokyo, Japan)
was injected into the intrametatarsal pad, and
the administration site was massaged for 10
min. Then, CT imaging was carried out using an
80-row multi-slice CT scanner (Aquilion Prime;
Canon Medical Systems). The scanning settings
were 120 kV, 50–300 mA, 0.5 sec tube rotation
time, 65.0 helical pitch, 240.0–500.0 mm FOV,
and 512 × 512 matrices. Images of CT and noncontrast-enhanced MR lymphography were
overlaid based on the vertebrae and cerebrospinal
fluid (CSF) using workstations (Vitrea, Canon
Medical Systems).
The images of non-contrast-enhanced MR
lymphography in one healthy beagle dog are
shown in Fig. 1. The lymphatic vessel, isointense
to the CSF, was found around the aorta in the
transverse image (Fig. 1A and C). The thoracic
duct, cisterna chyli, and lumbar lymphatic trunk
were identified in the sagittal images (Fig. 1B
and D). The transverse and sagittal images of
lymphatic vessels obtained by non-contrastenhanced MR lymphography overlapped well
with those obtained by CT lymphography (Fig. 1E
and F). We also tried to describe the mesenteric
lymphatic vessels as vessels consecutive to the
cisterna chyli, but they could not be distinguished
from the intestinal juice or ascites. Therefore,
the lymphatic vessel size was evaluated for
the thoracic duct, cisterna chyli, and lumbar
lymphatic trunk, not for the mesenteric lymphatic
vessel.
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Fig. 1. Transverse and sagittal images of computed tomography (CT) (A and B) and non-contrast-enhanced magnetic resonance
lymphography (MRI) (C and D) were obtained in a healthy beagle dog. These images were overlaid based on the vertebra and
cerebrospinal fluid (E and F). The lymphatic vessel (arrows) was found around the aorta (asterisk) and ventral to the vertebra
(arrowhead in A) or cerebrospinal fluid (arrowhead in C). The cisterna chyli was identified by the retroperitoneal dilated
lymphatic channel adjacent to the aorta. The lymphatic vessel cranial to the cisterna chyli was recognized as the thoracic duct,
and that caudal to the cisterna chyli was recognized as the lumbar lymphatic trunk (B and D). Ao, aorta; CSF, cerebrospinal
fluid; LV, lymphatic vessel.

The lymphatic vessel size was evaluated in
transverse images orthogonal to CSF. Because
the lymphatic vessels have irregular forms, we
used cross-sectional area instead of thickness.
The cross-sectional area was measured by
manually marking the lymphatic vessels on the
image software (Osirix DICOM Viewer, Pixmeo
SARL, Switzerland). If there was more than one
lymphatic vessel in an image, the sum of the
cross-sectional area of all lymphatic vessels was
calculated. To correct the influence of body size,
the cross-sectional area of the aorta was also
measured at the same slices. First, we identified
cisterna chyli, retroperitoneal dilated lymphatic
channels adjacent to the aorta. In the present
study, cisterna chyli was identified in the range
of L2 to L4, with the most frequency in L3. The

cisterna chyli cross-sectional area to aorta ratio
was evaluated in the most extended part of the
cisterna chyli. We then identified the thoracic
duct and lumbar lymphatic trunk based on the
location of the cisterna chyli. The lymphatic vessel
cranial to the cisterna chyli was the thoracic duct,
and that caudal to the cisterna chyli was the
lumbar lymphatic trunk. The lymphatic vessel
cross-sectional area to aorta ratio was measured
at each mid vertebral region from T11 to L5,
and lymphatic vessel sizes of the thoracic duct
and lumbar lymphatic trunk were calculated
by averaging the cross-sectional area to aorta
ratios in regions corresponding to the thoracic
duct and lumbar lymphatic trunk, respectively.
The evaluation of non-contrast-enhanced MR
lymphography images and calculation of the
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Fig. 2. Dot plots of the central lymphatic vessel to aorta ratio
in cross-sectional area in the control and dogs with intestinal
lymphangiectasia (IL). There was no significant difference in
thoracic duct (A), cisterna chyli (B), and lumbar lymphatic
trunk (C) to aorta ratio between control and dogs with IL (P >
0.05 in Mann–Whitney U test)

lymphatic vessel size was repeated three times
in each dog. The coefficient of variations (CV)
was calculated using the following formula: CV =
standard deviation / mean × 100.
The lymphatic vessel cross-sectional area
ranged from 1.1–73.4 mm 2 . The median CVs
for the evaluation of central lymphatic vessel
size was as follows: thoracic duct (9.1 %, range;
2.5–17.9 %), cisterna chyli (9.2 %, range; 1.5–15.6
%), and lumbar lymphatic trunk (9.3 %, range;
0.5–24.9 %). The dot plots of the cross-sectional
ratio of the lymphatic vessel to the aorta in
control dogs and dogs with IL are shown in
Fig. 2. The median value of the cross-sectional
ratio of the lymphatic vessel to the aorta in
dogs with IL was as follows: thoracic duct (0.13,
range; 0.07–0.20), cisterna chyli (0.41, range;
0.13–1.27) and lumbar lymphatic trunk (0.13,
range; 0.08–0.41). In contrast, the ratio in control
dogs was as follows: thoracic duct (0.12, range;
0.04–0.17), cisterna chyli (0.49, range; 0.20–1.46)
and lumbar lymphatic trunk (0.19, range; 0.05–
0.38). Contrary to our hypothesis, there was no
significant difference in central lymphatic vessel
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size (thoracic duct, P = 0.473; cisterna chyli, P
= 0.624; lumbar lymphatic trunk, P = 0.734 in
Mann–Whitney U test) between control dogs and
dogs with IL. Moreover, the comparison between
dogs with mild and moderate IL showed no
significant difference in the thoracic duct, cisterna
chyli, and lumbar lymphatic trunk size (P = 1.0 in
Mann–Whitney U test).
Contrary to our hypothesis, central lymphatic
vessels were not dilated in dogs with IL, and
it was suggested that IL was not systemically
distributed but was confined to the small
intestinal tissues. Several causes could be thought
to induce such confined IL. First, the lymphatic
vessels may be obstructed by inflammatory
or tumor cells infiltrating the small intestine
associated with lymphoplasmacytic enteritis
or gastrointestinal lymphoma, which are the
major underlying diseases of IL. In addition,
since inflammatory cytokines such as tumor
necrosis factor (TNF)-α are known to decrease
lymphatic contraction 2) , inflammation might
be directly related to lymphatic congestion and
lymphatic vessel dilation, although the changes
in inflammatory cytokine expressions have been
controversial in dogs with chronic enteritis6). The
causes of IL might also occur in the mesenteric
lymph vessels or lymph nodes, which could not be
evaluated in this study. Indeed, the obstruction
of mesenteric lymphatic vessels is observed
in dogs with granulomatous lymphangitis 9) .
Therefore, future studies are needed to evaluate
the lymphatic vessels in the small intestine and
mesentery in dogs with IL.
Although this study did not suggest dilations
in central lymphatic vessels, it is still possible
that systemic lymphatic congestion occurred
in dogs with IL because the functions of the
lymphatic vessel, including lymphatic transport,
could not be evaluated in this study. TimeSpatial Labeling Inversion Pulse (Time-SLIP),
an imaging technique of MRI, can evaluate fluid
flow and is used to evaluate CSF and lymphatic
transportation in humans12,13), and future study
using this technique is needed for functional
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assessment of central lymphatic transportation in
dogs with IL.
This study has several limitations. First, the
dogs with IL mainly comprised small breed dogs
in contrast to the control dogs; therefore, the
bodyweight of the control dogs was significantly
higher than dogs with IL. The small sample size
is also one of the limitations of the present study.
In conclusion, the central lymphatic vessel
could be visualized by non-contrast-enhanced
MR lymphography, which was confirmed by
comparison with CT lymphography. The results in
this study showed that central lymphatic vessels
were not dilated even in dogs with IL, suggesting
that IL is confined to the small intestine. Further
studies focusing on the abnormalities in lymphatic
vessels in the small intestinal tissues are needed
to clarify the pathology of IL in dogs.
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