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Summary

Intestinal lymphatic hypoplasia (ILH) is a rare but well-documented cause of protein-losing enteropathy
(PLE) in human infants. To our knowledge, this condition has not been reported previously in veterinary med-
icine. Here we report the clinical and histopathological findings in three dogs that presented with clinical signs
of PLE. The onset of PLE was early in an 18-month-old Great Pyrenees, while the other two dogs, a pug and a
Tibetan terrier, had a later onset at 4 and 12 years of age, respectively. The presence of intestinal lymphatic and
blood vessels was assessed by immunohistochemistry for human prospero homeobox 1 (prox-1), a lymphatic
endothelial nuclear transcription factor and human von Willebrand factor (vWf), a marker of vascular endo-
thelial cells, respectively. Small intestinal specimens taken from each dog showed severemucosal oedemawith a
lack of prox-1 labelling of villous lacteals, dilated and tortuous vWf immunoreactive villous arterial and capil-
lary blood vessels, and variable lamina propria mixed inflammatory cell infiltrates. Other histological features
of ILH included club-shaped villi that were lined by low cuboidal epithelium or epithelial cells with cyto-
plasmic pallor and microvacuolar change, extrusion zone epithelial inversion and thin and inconspicuous
villous longitudinal smooth muscles. While ILH is an uncommon diagnosis, it should be considered as a differ-
ential in dogs with clinical signs of PLE. The cause of canine ILH is unknown; however, a congenital abnor-
mality with early or late onset of clinical signs is suspected. Diagnosis of ILH can be challenging; however,
immunohistochemical labelling of lymphatic endothelial cells with prox-1 is essential for making this diagnosis.
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Introduction

Protein-losing enteropathy (PLE) is a clinical condi-
tion characterized by net loss of protein from the
gastrointestinal tract resulting in hypoalbuminaemia,
ascites, pleural and pericardial effusions and growth
retardation from malnutrition (Waldmann, 1966).
The loss of albumin in patients with PLE is primarily
from the small intestine and is clinically significant
when the loss exceeds the synthetic rate of the liver,
which in man, can compensate at up to twice the
normal rate (Waldmann, 1966). There are several

well-known causes of PLE in dogs; however, intestinal
lymphatic obstruction, characterized by intestinal
lymphangiectasia (IL), is one of the most common
causes, particularly in certain breeds of dog including
the Yorkshire terrier, soft-coated wheaten terrier,
Lunderhund and Basenji (Van Kruiningen et al.,
1984; Peterson and Willard, 2003; Dossin and
Lavou�e, 2011; Simmerson et al., 2014). Another
clinical condition associated with PLE, first
recognized by Willard et al. (2000), is characterized
by ectatic intestinal crypts, primarily within the duo-
denum (Peterson and Willard, 2003; Dossin and
Lavou�e, 2011; Simmerson et al., 2014). The
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pathogenesis and mechanism of multifocal crypt
ectasia resulting in PLE remains poorly understood.
With IL, hypoalbuminaemia is attributed to loss of
lymph into the lumen of the intestine; however,
dogs with IL can also show decreased lymphocyte
count, hypocholesterolaemia, hypocalcaemia and
hypomagnesaemia (Simmerson et al., 2014).

Intestinal lymphatic hypoplasia (ILH) is a rare,
but well-documented cause of PLE in human infants
(Hardikar et al., 1997). Although ILH has been asso-
ciated with PLE, the role of lymphatic hypoplasia in
the pathogenesis of PLE is uncertain (Hardikar
et al., 1997; Storman et al., 2002). Here we present
the clinical and histopathological findings in
intestinal specimens taken from three dogs that
presented with clinical signs of PLE and histological
evidence of ILH. To our knowledge, ILH has not
been previously reported in veterinary medicine and
this is the first description of the spontaneously
arising disease in animals.

Materials and Methods

Case Material

The signalment, clinical presentation and serum
biochemistry values of three dogs investigated in the
present study are presented in Tables 1 and 2. Dog
1 was presented when 18 months old to a referral
internal medicine specialist with a 3-month history
of chronic vomiting, diarrhoea, inappetence, poor
body condition (about half the size of a breed and
age-matched animal) and persistent hypoproteinae-
mia. Approximately 3 months earlier, a routine
health check examination had revealed a low serum
albumin and low resting cortisol (see Table 2).

Two months later, the dog was presented to a sec-
ond veterinary clinic with a 3-week history of
decreased appetite, lethargy and watery diarrhoea.
At that time, an adrenocorticotropic hormone
(ACTH) stimulation test revealed low, but normal
values and the dog was prescribed two doses of dexa-
methasone sodium phosphate (0.5 mg q12 h) transi-
tioned to prednisone (10 mg q24 h), metronidazole
(375 mg q12 h), a proton pump inhibitor (pantopra-
zole) transitioned to omeprazole (30 mg q24 h), a
broad-spectrum dewormer (Drontal Plus, Bayer,
Shawnee Mission, Kansas, USA) and a bland diet.
Appetite improved; however, vomiting and diarrhoea
persisted and approximately 5 days later the dog was
presented to a third veterinary clinic where haemato-
logical and serum biochemical evaluations revealed
leukocytosis (24.79 � 109/l; reference interval
5.05e16.76 � 109/l) with neutrophilia (19.26 �
109/l; reference interval 2.95e11.64 � 109/l), low
normal albumin (24 g/l; reference interval 23e40 g/
l) and hypocholesterolaemia (1.45 mmol/l; reference
interval 2.85e8.29 mmol/l. Abdominal radiographs
revealed a distended stomach and because of concerns
for a possible intestinal obstruction, an exploratory
laparotomy was performed. At surgery, 1.2 l of
ingesta and a large grass bolus were removed from

Table 1

Clinical history of dogs with intestinal lymphatic

hypoplasia

Case Location Breed Age Sex Clinical signs at presentation

and outcome

1 Maryland Great

Pyrenees

1.5 y F Inappetence, chronic

vomiting and
diarrhoea, weight loss/

humanely destroyed

45 days after biopsy
2 New York Pug 4 y M Limping, ventral torso

and hindlimb pitting

oedema, diarrhoea/

humanely destroyed
20 days after biopsy

3 New York Tibetan

terrier

12 y M Inappetence, chronic

vomiting and

diarrhoea, weight loss/
humanely destroyed

14 days after biopsy

y, years; F, female; M, male.

Table 2

Selected serum biochemistry values of dogs with intestinal lymphatic hypoplasia

Case Urea Creatinine Total protein Albumin Calcium Magnesium

mmol/l mmol/l g/l g/l mmol/l mmol/l

1A 6.43 0.08 27 12 2.05 NDb

1B 9.28 0.07 37 16 2.07 ND

1C 5.71 0.05 38 18 2.17 ND
2 3.93 0.06 33 4 1.95 ND

3 6.07 0.06 33 12 1.90 0.66

Reference interval 3.21e11.07 0.04e0.11 55e75 23e40 2.10e2.94 0.74e0.99

Time of blood sample collection: 1A, 27 days before biopsy; 1B, 2 days before biopsy; 1C, day of humane destruction; 2, 7 days before biopsy; 3, 4

days before biopsy; ND, not determined.
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