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Canine primary hypoplasia of the portal vein (PHPV) is a microscopic malformation of
the hepatic vasculature. The prevalence, clinical signs, and clinicopathological findings
of PHPV in dogs are unclear, because there are few reports concerning PHPV in the
veterinary literature. This retrospective study reviewed clinical records and liver biopsy
data from 48 dogs with hepatic disease that were examined at a private veterinary
hospital in Japan between April 2011 and March 2014 to determine the prevalence
of PHPV among dogs that underwent liver biopsy and to determine the clinical and
clinicopathological findings of PHPV in dogs. Records for all 48 dogs that underwent liver
biopsy were investigated. Collected data included signalment, clinical signs, physical
examination findings, complete blood cell count, chemistry results, pre-and postprandial
serum total bile acid concentrations, coagulation profiles (prothrombin time, activated
partial thromboplastin time, fibrinogen, and antithrombin), and abdominal ultrasonog-
raphy findings at the first medical examination. The diagnosis of PHPV was made on
the basis of histological examination of hepatic biopsy specimens and portography or
CT angiography. Among the 48 canine cases, 28 dogs (58.3%) were diagnosed with
PHPV, which was the most common diagnosis. The most frequent clinical sign in dogs
with PHPV was asymptomatic persistently increased liver enzymes (57.1%). Toy poodles
were at a significantly higher risk of PHPV than other breeds among dogs that underwent
liver biopsy (P < 0.001). The median survival time of dogs with PHPV was more than
5 years. Plasma fibrinogen concentration below the reference range was an indicator of
PHPV in this study. Dogs with PHPV frequently had mild clinical signs and a favorable
prognosis.

Keywords: dog, fibrinogen, liver, primary hypoplasia of the portal vein, prognosis, total bile acid concentrations

INTRODUCTION

Primary hypoplasia of the portal vein (PHPV) is a congenital vascular anomaly that occurs in dogs
(1, 2). PHPV is characterized by abnormally small extrahepatic or intrahepatic portal veins, which
result in diminished hepatic perfusion and the potential for portal hypertension (1, 2). Portal hyper-
tension, a persistently high pressure in the portal vein, may result from a wide variety of diseases and
frequently leads to the formation of acquired portosystemic collaterals (APSCs) (3).

Histologically, PHPV has a typical pattern of portal vein hypoperfusion, small or absent portal
veins, proliferation of hepatic arterioles, and hepatocyte atrophy (1, 2). The diagnosis of PHPV is
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made with histological examination of wedge biopsies of the liver
in combination with ultrasonographic findings and portography
or CT angiography to exclude the presence of macroscopic
portosystemic shunt (PSS), arteriovenous fistula, or portal vein
thrombosis (4-8). Previous studies have used several terms
to identify this congenital condition, including microvascular
dysplasia, non-cirrhotic portal hypertension, and hepatoportal
fibrosis (1, 2, 9-12). In 2006, PHPV was proposed by the World
Small Animal Veterinary Association Liver Standardization
Group (1) as a single term for all of these conditions because
there are no clinical or biochemical findings to suggest that these
diseases are different from PHPV. However, the pathological
status varies, with mild conditions recognized as persistent or
intermittent slight increases in liver enzymes, including alanine
aminotransferase (ALT), alkaline phosphatase (ALP), aspartate
aminotransferase (AST), and y-glutamyl transferase (GGT). By
contrast, severe cases may present with neurologic signs, gastro-
intestinal tract signs, and lethargy (9, 10, 12-14).

The first prevalence survey on canine and feline liver diseases at
a secondary veterinary hospital in Japan was recently performed
(11). That study demonstrated that the most common canine liver
disease in liver biopsy samples was congenital hepatic vascular
malformation, including PSS and PHPV. However, epidemio-
logical studies on canine PHPV at private veterinary hospitals
in Japan have not been reported. In addition, the clinical signs
and clinicopathological findings of PHPV are unclear, as there
have been few reports on the condition (3, 9). Dogs with PHPV
should be identified at an early age to avoid confusion in future
diagnostic evaluations of other primary hepatic diseases. The
purpose of this study was to investigate the prevalence of PHPV
in dogs at a private veterinary hospital in Japan and to identify
clinicopathological findings in dogs with PHPV.

MATERIALS AND METHODS

All records for dogs that underwent liver biopsy at one private
veterinary hospital from April 2011 to March 2014 were reviewed.
The search revealed 52 cases. All 52 dogs were suspected of
liver disease because of persistently increased liver enzymes for
over 2 months and total bile acid concentrations (TBA) above
the reference range, or because of abnormal findings in the
liver parenchyma on ultrasonography, including target or mass
lesions. All liver biopsies were performed as wedge biopsies at
open surgery in dogs suspected of having liver disease. All dogs
had single-wedge biopsy specimens collected from more than
three liver lobes. TBA evaluation (pre- and postprandial) was
performed several times in dogs with persistently increased liver
enzymes; dogs with TBA above the reference range underwent
liver biopsy.

Inclusion criteria were primary hepatic disease without con-
current disease. Forty-eight dogs met these criteria and were
included in this study.

Criteria for the diagnosis of PHPV included histological find-
ings on hepatic biopsy as well as portography or CT angiography
to rule out PSS, based on previous reports (1, 9, 15-17). Wedge
liver samples were fixed in 10% neutral-buffered formalin,
embedded in paraffin, sectioned at 4 pm thickness, and stained

with hematoxylin and eosin before microscopic evaluation by a
board-certified veterinary pathologist.

Histological diagnosis of PHPV was made according to the
following published criteria (12, 15): hepatocellular atrophy,
diminution of the portal vasculature with/without portal art-
eriolar hyperplasia, or hypertrophy of parenchymal hepatic
arterioles. Hepatocellular atrophy was evaluated both according
to hepatic lobular diameter and subjective impression of the size
of individual hepatocytes (Figures 1A-C). Board-certified veteri-
nary pathologists have confirmed that hepatic lobular diameter in
dogs with no hepatic vascular anomaly usually falls in the range
between 1.5 and 2 mm, based on repeated measurements of 25
normal liver samples from autopsy and biopsy cases (unpublished
data collected at a private laboratory by board-certified veterinary
pathologist Mitsui Ikki).

CBCs were measured with Celltaco (Nihon Kohden, Tokyo,
Japan). Blood chemistry panels were performed with Fuji DRI-
CHEM 7000V (FUJI FILM, Tokyo, Japan). Serum TBA and
blood coagulation tests [prothrombin time (PT), activated partial
thromboplastin time (APTT), fibrinogen, and antithrombin (AT)]
were performed by commercial laboratories (IDEXX Japan,
Tokyo, Japan and Hoken Kagaku, Kanagawa, Japan, respectively).
Preprandial and postprandial TBA were measured with the enzyme
cycling method using a Beckman Coulter AU5800. Blood coagula-
tion analysis was performed on plasma. PT was measured with
the quick method, APTT with the ellagic acid activation method,
fibrinogen with the thrombin time method, and AT with a synthetic
chromogenic substrate method. The following parameters were
investigated: white blood cell count, hemoglobin, platelet count,
blood urea nitrogen, ALT, AST, ALP, GGT, total bilirubin (T-Bil),
total protein, albumin, ammonia (NHs), glucose, total cholesterol,
TBA, PT, APTT, Fib, and AT. Levels above the reference range were
considered abnormal for white blood cell count, ALT, AST, ALP,
GGT, T-BiL, NH;, TBA, PT, and APTT. Levels below the reference
range were considered abnormal for hemoglobin, platelet count,
blood urea nitrogen, total protein, albumin, glucose, total choles-
terol, Fib, and AT. Abdominal ultrasonography was performed
in all dogs. The existence of a mass or target lesions in the liver
parenchyma and the existence of PSS or APSCs were investigated
thoroughly on the basis of ultrasonography.

Forty-eight of the 52 dogs had primary liver disease without
concurrent disease, according to physical examination and ultra-
sonogaphy. The remaining four cases had complicated diseases
including splenic tumor (two cases) and gastrointestinal tumor
(two cases). These four cases were excluded from this study
because the primary cause of disease was not in the liver. The
medical records of the 48 dogs were reviewed. Based on histologi-
cal examination, dogs were classified into two groups: the PHPV
group and the non-PHPV group.

Data from the 48 dogs, including signalment, clinical signs,
CBCresults, chemistry results, pre- and postprandial TBA results,
coagulation profiles and abdominal ultrasonography at the first
medical examination, and results of histological examination of
hepatic biopsy specimens, were reviewed. The medical records of
all 48 dogs were complete.

Statistical analysis was performed with SPSS Statistics 22
(IBM Japan, Ltd.). The sample size was determined using a level
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FIGURE 1 | Histological findings of primary hypoplasia of the portal vein in the liver. Hypoplasia of the portal vein, narrowed hepatic lobule, bile duct proliferation,
and arteriolar dilation. Marked diminution of the portal vasculature and mild arteriolar hyperplasia are noted in the interlobular connective tissue. (A) Narrowed
hepatic lobule (medium magnification, 400x). (B) Hypoplasia of interlobular veins. The arrow indicates hypertrophy of parenchymal hepatic arteriole (high
magnification, 1,000x). (C) The arrow indicates hypertrophy of parenchymal hepatic arteriole (high magnification 1,000x).

hepatic arteriole

of significance of 0.05, a power of 0.80, and an effect size of 1.0.
According to these values, more than 17 data points were needed
in each group; the number of cases in this study met the sample
size requirements. For statistical analysis, Fisher’s exact test was
performed to evaluate sex and breed differences. The Mann-
Whitney U test, single variable logistics analysis, and multivariate
logistics analysis were performed to evaluate age, white blood
cell count, hemoglobin, platelet count, blood urea nitrogen, ALT,
AST, ALP, GGT, T-Blil, total protein, albumin, NH3, glucose, total
cholesterol, pre- and postprandial TBA, PT, APTT, fibrinogen,
and AT. Based on results of single variable logistics analysis,
multivariate logistics analysis was performed with choice of the
explanatory variable by the variable increase method using the
AIC. P < 0.05 was considered statistically significant. The day
of histological diagnosis was defined as the start date for the
observation period; median survival time was investigated with
Kaplan—Meier curves.

RESULTS

Primary hypoplasia of the portal vein was the most frequent
histological diagnosis, present in 28 of the 48 dogs (58.3%;
PHPV group). Diagnoses in the remaining 20 dogs (non-PHPV
group: 20/48; 41.7%) included neoplasia (7/48; 14.6%), inflam-
matory disease including hepatitis and cholangitis (6/48; 12.5%),
degeneration (4/48; 8.3%), PSS (2/48; 4.2%), and cirrhosis (1/48;
2.1%). In the PHPV group, central venous dilation, hypertrophy,

and perivascular fibrosis were sometimes observed. Hepatocytes
showed various degrees of degeneration, with the majority of
cases being low-to-intermediate degree. Histological changes
suggestive of neoplasm, infection, thrombosis, or inflammation
were not observed in the PHPV group.

Clinical signs in the PHPV group included gastrointestinal
tract signs (9/28; 32.1%), including vomiting, diarrhea, and
anorexia; neurologic signs (3/28; 10.7%), including seizures,
ataxia, and shivering; and lethargy (2/28; 7.1%). Of the 28 dogs
in the PHPV group, two presented with both neurological and
gastrointestinal signs. Sixteen of the 28 dogs had no clinical
signs other than persistently elevated liver enzymes. In these 16
cases, increased liver enzymes were detected on routine medical
examination or on preoperative blood tests for castration/spay.
All 28 dogs in the PHPV group had persistently increased liver
enzymes for over 2 months.

Clinical signs in the non-PHPV group included gastroin-
testinal tract signs (11/20; 55%), including vomiting, diarrhea,
and anorexia; neurologic signs (4/20; 20%), including seizures,
ataxia, shivering, and lethargy (3/20; 15%); and asymptomatic
persistently increased liver enzymes (2/20; 10%).

Abdominal ultrasonography was performed in all 48 dogs.
Twenty-three dogs in the PHPV group had no abnormal findings
of the liver parenchyma or hepatic blood vessels. The remaining
five dogs had a small amount of ascites and APSCs. In all five
of these dogs, a dilated left testicular or ovarian vein was seen.
Abdominal findings in the non-PHPV group were as follows:
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mass or target lesion of the hepatic parenchyma (9/20; 45%), PSS
(2/20510%), and small amount of ascites with APSCs (2/20; 10%).
Seven dogs in the non-PHPV group had no abnormal findings
of the liver parenchyma or hepatic blood vessels on ultrasound
exam. Portography was performed in 28 dogs at the time of
exploratory surgery (25 dogs in the PHPV group and three dogs
in the non-PHPV group). CT angiography was performed in five
dogs before liver biopsy (three dogs in the PHPV group and two
dogs in the non-PHPV group).

The mean age of the 28 dogs in the PHPV group was
3.72 + 3.73 years (median = 2.85 years; range = 0.3-13 years)
(Table1). Eleven dogs (39.3%) were younger than 1 year. The mean
age of the 20 dogs in the non-PHPV group was 8.4 + 3.59 years
(median = 8.15 years; range = 2-14 years) (Table 1). No sex
prevalence was found (PHPV group: 13 males, 15 females;
non-PHPV group: 8 males, 12 females) (Table 2). The breeds
in the PHPV group included toy poodle (eight cases: four males
and four females), miniature dachshund (six cases: three males
and three females), Chihuahua (three cases: two males and one
female), Yorkshire terrier (two cases: both males), papillon (two
cases: both females), miniature schnauzer (one case: male), shih
tzu (one case: female), Maltese (one case: male), Shiba (one case:
female), flat-coated retriever (one case: female), golden retriever
(one case: female), and American cocker spaniel (one case:
female) (Table 2). The breeds in the non-PHPV group included
miniature dachshund (seven cases: five males and two females),
French bulldog (two cases: one male and one female), miniature
schnauzer (two cases: both female), Welsh corgi (two cases:
both female), Irish setter (one case: female), Italian greyhound
(one case: female), shih tzu (one case: male), Maltese (one case:
female), Pomeranian (one case: female), Shiba (one case: male),
and mixed breed (one case: female) (Table 2).

According to laboratory reference intervals (Table 1), the most
common clinicopathologic abnormality in the PHPV group was
an increase in one or more liver enzymes, including ALT, AST,
ALP, and GGT (22/28 cases; 78.6%). Increased ALT was seen in
13 of 28 dogs (46.4%). Increased ALP was seen in 21 of 28 dogs
(75.0%) and was recognized as the most frequent abnormality.
AST level was high in three cases (10.7%). Abnormal GGT values
were observed in 11 cases (39.3%). Increased NH; concentration
in the peripheral blood was seen in four cases (14.3%). Other
abnormalities had limited or no occurrence, including increased
T-Bil (0 cases; 0%) and decreased blood urea nitrogen (three cases;
10.7%), albumin (two cases; 7.1%), glucose (one case; 3.6%), and
total cholesterol (one case; 3.6%) (Table 1). Among the 20 dogs
in the non-PHPV group, the most common abnormality was
increased ALT (15/20; 75%). Increased AST was seen in 8 of the
20 dogs (40%), increased ALP in 12 (60%), and increased GGT
in nine (45%). Increased NH; was seen in 6 of the 20 dogs (30%)
and increased T-Bil in 2 (10%).

In the PHPV group, increased TBA (preprandial TBA
>10 pmol/l and/or postprandial TBA >15 pmol/l) during food
deprivation, 2 h after feeding, or both was seen in 15 of 28 dogs
(53.6%). In the non-PHPV group, increased TBA during food
deprivation, 2 h after feeding, or both was seen in 16 of 20 dogs
(80%). In the blood coagulation analysis, the most common
abnormality in the PHPV group was decreased fibrinogen

TABLE 1 | Ages, clinicopathological results of the 48 dogs of the non-primary hypoplasia of the portal vein (PHPV) group and the PHPV group when they were first examined.

PHPV

non-PHPV

Abnormal rate Median Range P-value

Number

Range

Abnormal rate Median

Number

Reference range

<0.001*

0.300-13.000
9,400.000-42,000.000

2.850
11,900.000

28
28
28
28

2.000-14.000
5,200.000-90,000.000

8.150
10,350.000

20
20
20
20
20
20
20
20

Age

0.084

17.9%)

0%)
0%)

5
0
0
3
13

5,000-17,000

WBC (/)
Hb (g/d)

0.676
0.558
0.341

12.500-22.800
19.000-63.100

17.150
32.350
17.350
67.500
31.000
429.000

5.600-21.600
4.600-79.700

17.200
31.800
18.650
133.500
36.500
253.500

12.0-18.0
18.0-50.0
9.2-29.2

PLT (10°/y)

8.200-39.500

10.7%)
46.4%)
10.7%)
75%)

28
28

3.900-111.000
21.000-879.000
15.000-146.000

BUN (mg/dl)

0.011*

27.000-324.000
16.000-87.000

0.286

0.517

77.000-3,500.000
6.000-22.000

17-78

17-44
47-254

Alanine aminotransferase (U/l)
Aspartate aminotransferase (U/I)
Alkaline phosphatase (U/I)

3
21

28
28

61.000-10,500.000
8.000-20.000
0.010-1.700

2.800-9.600
1.300-4.700

0.423
0.508
0.285
0.908
0.245
0.826
0.653
0.038*
0.074
0.645
0.242
0.015*
0.402

18.000-190.000
68.000-120.000
114.000-358.000
1.000-182.200
1.000-258.000
6.500-11.700
11.200-32.600
63.000-527.000
49.000-140.000

0.300-0.800
5.200-10.600
1.800-4.400

12.000
0.400
6.650
3.500

30.000

99.000

221.000
8.050

156.150
8.800

15.000

128.000
106.000

39.3%)
71.4%)
21.4%

20

11

28
28
28
28
28
28
28
28
28
28
28
28
28

15.000-324.000
1.500-611.400
3.000-850.000
6.800-120.000
10.600-250.000
25.000-864.000
59.600-140.000

43.000-211.000
84.000-454.000

14.000
0.400
7.300
3.450

34.000

101.000
230.500

15.300

30.900
8.550

156.000

193.500

97.500
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TABLE 2 | Gender, breeds, and numbers of the 48 dogs of the non-primary
hypoplasia of the portal vein (PHPV) group and the PHPV group when they were
first examined.

Non-PHPV PHPV

Group 20 28

Gender 20 28
Male 8 40.00% 12 42.86%
Female 12 60.00% 16 57.14%

Breed 20 28
Miniature schnauzer 2 10.00% 1 3.57%
Miniature dachshund 7 35.00% 6 21.43%
Irish setter 1 5.00% 0 0.00%
American cocker spaniel 0 0.00% 1 3.57%
[talian greyhound 1 5.00% 0 0.00%
Welsh corgi 2 10.00% 0 0.00%
Golden retriever 0 0.00% 1 3.57%
Shih tzu 1 5.00% 1 3.57%
Chihuahua 0 0.00% 3 10.71%
Toy poodle 0 0.00% 8  28.57%"
Papillon 0 0.00% 2 7.14%
Flat-coated retriever 0 0.00% 1 3.57%
French bulldog 2 10.00% 0 0.00%
Pomeranian 1 5.00% 0 0.00%
Maltese 1 5.00% 1 3.57%
Yorkshire terrier 0 0.00% 2 7.14%
Mixed breed dog 1 5.00% 0 0.00%
Shiba 1 5.00% 1 3.57%

The asterisk shows significant difference (P < 0.05).

(<160 mg/dl; reference range: 160-400 mg/dl), which was found
in 20 of 28 dogs (71.4%). In the PHPV group, 96.4% of dogs had
either a low fibrinogen or elevated TBA; combining these tests
increased the diagnostic sensitivity (Table 3). Prolonged PT
was seen in 11 of 28 dogs (39.3%), prolonged APTT was seen
in 3 (10.7%), and decreased AT activity was seen in 6 (21.4%)
(Table 1). In the non-PHPV group, prolonged PT was seen in
seven of 20 dogs (35%), prolonged APTT in 7 (35%), decreased
fibrinogen in 5 (25%), and decreased AT activity in 9 (45%).

According to Fisher’s exact test, the toy poodle breed was signifi-
cantly overrepresented in the PHPV group (P < 0.001) (Table 2).
The Mann-Whitney U test revealed that the PHPV group had a
younger median age (P < 0.001), lower ALT (P = 0.011), lower
preprandial TBA (P = 0.038), and lower fibrinogen (P = 0.015)
than the non-PHPV group (Table 1). Based on the results of
single variable logistics analysis, multivariate logistics analysis
was performed with choice of the explanatory variable according
to the variable increase method using the AIC. Multivariate logis-
tics analysis revealed a significant difference in age between the
groups (P = 0.004). ALT values and fibrinogen concentrations in
the PHPV group were lower than those in the non-PHPV group;
these differences were close to significance (Table 4).

In the PHPV group, all 16 dogs without clinical signs other than
increased liver enzymes were in good health for at least 5 years
after the time of diagnosis. The seven dogs that presented with GI
signs alone were in good health for at least 3 years after diagnosis.
Of the two dogs with both neurological signs and GI signs, one
died 639 days after diagnosis and one 1,550 days after diagnosis,
as a result of hypoalbuminemia and hypoglycemia due to APSCs.
The one dog with only neurological signs was in good health for

TABLE 3 | The association of total bile acid concentrations (TBA) and fibrinogen
levels of the primary hypoplasia of the portal vein (PHPV) group.

PHPV (28 cases)

Increase of TBA levels 15 (563.6%)
Decrease of fibrinogen levels 20 (71.4%)
1. Increase of TBA without fibrinogen abnormality 5(17.9%)
2. Decrease of fibrinogen without TBA abnormality 12 (42.9%)
3. Increase of TBA and decrease of fibrinogen levels 10 (85.7%)
4. Normal TBA and fibrinogen levels 1(3.57%)
Increase of TBA or decrease of fibrinogen 27 (96.4%)

TABLE 4 | Results of logistics analysis.

Single variable logistics
regression analysis

Multivariate logistics
regression analysis

OR 95% CI P-value OR 95% Cl P-value
Gender 0.889 0.277-2.854  0.843
Age 0.732  0.608-0.881 0.001* 0.744 0.607-  0.004
0.912
WBC 1.000 1.000-1.000  0.485
Hb 1.102 0.946-1.284  0.213
PLT 1.011 0.964-1.059 0.657
BUN 0.957 0.912-1.004 0.072
Alanine 0.992 0.984-0.999 0.032* 0.991 0.981- 0.061
aminotransferase 1.000
Aspartate 0.977 0.952-1.003  0.088
aminotransferase
Alkaline 1.000 0.999-1.000  0.246
phosphatase
y-Glutamyl 0.952 0.833-1.088 0.470
transferase
T-BIil 0.802 0.067-9.595  0.862
TP 0.906 0.596-1.377  0.644
Alb 1.046 0.435-2.517  0.920
NHs 0.994 0.982-1.006  0.297
Glu 0.994 0.971-1.018  0.643
TCHO 0.997 0.990-1.004 0.419
TBA.Pre. 0.993 0.984-1.003 0.174
TBA.Post. 0.995 0.988-1.003  0.208
Prothrombin time 0.895 0.735-1.089 0.267
Activated partial  0.953 0.873-1.040  0.283
thromboplastin
time
Fibrinogen 0.995 0.990-1.000 0.061* 0.995 0.988- 0.120
1.001
Antithrombin 1.012 0.986-1.039  0.381

The asterisk shows significant difference (P < 0.05).

atleast 3 years after the time of diagnosis. The two dogs presenting
with lethargy were in good condition for at least 1,460 days after
the time of diagnosis. Figure 2 shows the Kaplan-Meier curve
of the PHPV group. Mean survival time in the PHPV group was
more than 5 years. The two dogs that died had APSCs at the time of
diagnosis. In this study, there were differences in histopathological
findings between PHPV with versus without APSCs.

DISCUSSION

Small breeds were most commonly affected with PHPV in this
study, with toy poodles the predominant breed. This breed
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distribution agrees with that previously reported for PHPV
(10, 11). Hirose et al. reported that PHPV, described as microvas-
cular dysplasia, was often seen in Yorkshire terriers, toy poodles,
and papillons (11). The reason that toy poodles were overrepre-
sented in this study may be that for decades this dog breed was
the most popular in Japan.

Portosystemic shunt was diagnosed in only two cases in this
study, for a prevalence of 3.8%. The two dogs with PSS did not
have concurrent PHPV. This 3.8% is a reasonable true prevalence
for PSS at a private veterinary hospital, because no dogs would
undergo surgery for PSS without liver biopsy. This study had two
findings that differed significantly from past studies (11). First,
the prevalence of vascular anomaly, including PHPV and PSS,
was 62.5% in our study, which is more than twice the prevalence
0f 29.4% reported in a previous study (11). Second, 16 of 28 cases
(57.1%) in the PHPV group were asymptomatic and those with
clinical signs maintained good health with medications and diet
modification. We hypothesize that most PHPV cases are asymp-
tomatic or mild, and that other veterinarians have not performed
diagnostics for PHPV. Therefore, it is possible that we might have
investigated latent or early-stage PHPV cases. In the studies of
Allen et al. (9) and van den Ingh et al. (3), the patients showed
clinical abnormalities or severe illness. The two differences in
findings may have resulted from selection bias between this and
previous studies. Our findings demonstrate that PHPV is com-
mon among young asymptomatic dogs.

On clinicopathological examination, increased ALT (13/28;
46.4%) and TBA (15/28; 53.6%) and decreased fibrinogen (20/28;
71.4%) were seen. Multivariate analysis comparing the non-
PHPV and PHPV groups revealed a significant difference in age
between the groups (P = 0.004); differences in ALT (P = 0.061)
and fibrinogen (P = 0.120) approached significance. The hypoth-
esized reason for the difference in age between the groups was

that the increase in liver enzymes was detected in routine medical
examination or preoperative blood test for castration/spay. ALT
levels may have differed because hepatocellular obstruction and
swelling were less severe in the PHPV group than in the non-
PHPV group, which included dogs with hepatitis and hepatic
tumors. As the lesions of PHPV progress, ALT may increase. In
this study, dogs with PHPV with APSCs had ALT levels that were
much higher than the reference range. In the previous reports by
Schermerhorn et al. (12) and van den Ingh et al. (3), severe cases
of PHPV also had higher ALT.

Only half of our PHPV cases (15/28; 53.6%) had increased
TBA, a percentage lower than that in previous reports (42/45;
93%) (18). The reason for increased TBA has been described by
Allen et al. (9) as follows: hepatoportal blood flow is important
in the delivery of hepatotrophic factors and in the filtration of
enteric toxins. Partial microscopic shunting of blood allows
a small fraction to bypass the liver, allowing enteric toxins to
be released into the systemic circulation. The small fraction of
shunted blood explains the less severe clinical signs and differ-
ences in TBA concentrations in dogs with PHPV compared with
dogs with PSS. Interestingly, the TBA levels of the PHPV group
in our study were lower than those reported in other studies
(9, 12). TBA concentrations in PHPV might increase with age and
might be related to clinical signs. The age at the time of diagnosis
of PHPV is likely related to clinical signs, and there were 11 dogs
under 1 year of age in the PHPV group in this study. 15 of 28 dogs
(53.6%) in the PHPV group had pre- and postprandial TBA val-
ues above the reference range. However, all 28 dogs in the PHPV
group eventually had increased TBA after several examinations.
There may be two reasons for this finding. First, the degree of
PHPYV varied, and TBA increased above the reference range as
PHPV progressed. This explanation was suspected based on the
timeline, and there were few other causes for progressive increases
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in TBA. Second, TBA analysis is used as a function test for many
liver diseases, and there are many secondary factors potentially
influencing the results, such as digestive and absorption ability of
the gastrointestinal tract and gallbladder status variability accord-
ing to the day; hence, a consistent value is not obtained (19-21).
Therefore, TBA testing should be performed several times, and
should be used for diagnosis of PHPV only after careful exclusion
of other liver diseases.

Fibrinogen concentrations in the PHPV group in this study
were lower than the reference range. This may be due to the
fact that the PHPV cases in our study (12 with clinical signs,
16 without clinical signs) were mostly asymptomatic compared
with the 17 cases in the study of Allen et al. (16 with clinical
signs, one without clinical signs). Dogs in the PHPV group
with clinical signs might have had increased fibrinogen con-
centrations because of inflammatory lesions. In fact, fibrinogen
concentrations among the 16 dogs without clinical signs in
this study were lower than those among the 12 with clinical
signs. Fibrinogen is the first blood coagulation factor and is an
important factor in the stabilization of fibrin at the final stage
of coagulation. Fibrinogen production in the liver decreases
when a liver deficiency disorder is present (22-24). However,
fibrinogen is an acute phase substance that increases in cases
of severe inflammation and in neoplastic diseases of various
organs (22-24). Therefore, compared with levels in patients
with hepatic tumors or hepatitis, fibrinogen levels among
dogs in the PHPV group that did not have inflammation were
lower than the reference range. When fibrinogen is used to
screen for PHPV, inflammation and tumors should be excluded
with white blood cell counts and C-reactive protein levels
(25, 26). In addition, if disseminated intravascular coagulation
is suspected, it should be evaluated with fibrin/fibrinogen deg-
radation products and D-dimer levels. In addition to fibrinogen,
multiple coagulation factors are produced in the liver. PT and
APTT do not necessarily quantitate factor activity levels. PT and
APTT are determined by multiple factors, including fibrinogen.
The only factor that was assayed individually in this study was
fibrinogen. Therefore, the other factors might have been below
reference ranges while PT and APTT remained within normal
levels. We thought that some coagulation factors may be low
level, and this abnormality is not affect the measurement of PT
or APTT. However, the reason that only fibrinogen levels were
low is unclear. Interestingly, the prevalence of elevated TBA was
53.6% (Table 3) and that of low fibrinogen was 71.4% (20/28).
However, combining both tests increased the diagnostic sensi-
tivity in the PHPV group (96.4%, 27/28). This finding suggests
that combining these tests may be useful for detecting PHPV.
However, improving sensitivity should help rule out PHPV.

The diagnosis of canine PHPV remains controversial among
pathologists (1, 2, 9, 11, 15). Some pathologists propose that
PHPYV should be defined as microvascular dysplasia, because the
lesions in the liver include not only PHPV but also microvascu-
lar proliferation. Therefore, in 2006, the Liver Standardization
group of the World Small Animal Veterinary Association
decided to abandon the name “microvascular dysplasia” in
favor of PHPV, because the disease had already been reported as

primary portal vein hypoplasia, which is a better description of
the disease. Therefore, in this study, histological reports used the
term PHPV, according to the Association’s definition. We have
considered reports of microvascular dysplasia in past studies as
PHPV in this study. These diagnostic terms will be unified in
the future.

Survival time was more than 5 years in this study, indicating
that the PHPV group had a favorable prognosis, similar to that
previously reported (12). In the previous report by Schermerhorn
et al,, there was no clear long-term follow-up. Moreover, the
report by Allen et al. did not include PHPV cases with APSCs
(8). The prognosis for dogs with PHPV and APSCs may be bad;
two dogs of five with APSCs died in this study. This prognosis was
similar to that reported by van den Ingh et al. (14). In this study,
it is unclear when APSCs develop in dogs with PHPV, because
PHPV without APSCs did not progress to PHPV with APSCs.
However, our findings suggest that PHPV, even if asymptomatic,
requires early detection and periodic follow-up examinations,
because PHPV is a congenital disease and may progress.

In conclusion, this study showed that toy poodles were
overrepresented in PHPV and that fibrinogen level below the
reference range was often seen in dogs with PHPV on routine
examination, indicating that such analysis may help to detect
canine PHPV. However, this study had the following three limita-
tions: possible selection bias, small numbers, and retrospective
design. Therefore, careful interpretation of the study results is
necessary. The accumulation of further data from multiple pri-
mary veterinary hospitals in Japan and a prospective study will
be necessary in the future.

ETHICS STATEMENT

For this study using client-owned dogs, demonstrates a best prac-
tice of veterinary therapy and involves informed client consent.
This study is retrospective study for investigation of diagnosis and
prognosis, and the dosage of pharmaceutical products considered
to be the animal experiment was not performed. The study
protocol was approved by the animal committee of the Teaching
Hospital of Azabu University.

AUTHOR CONTRIBUTIONS

MKA: study execution, data analysis, preparation manuscript,
study design, drafting article, and final approval. MH: data analy-
sis, study design, drafting article, and final approval. MSA: study
execution, data analysis, study design, and final approval.

ACKNOWLEDGMENTS

This research was partially supported by a research project grant
awarded by the Azabu University Research Services Division. We
thank Ikki Mitsui (Diplomate of ACVP) for advice on histological
examinations.

Frontiers in Veterinary Science | www.frontiersin.org

December 2017 | Volume 4 | Article 224


http://www.frontiersin.org/Veterinary_Science
http://www.frontiersin.org
http://www.frontiersin.org/Veterinary_Science/archive

Akiyoshi et al.

Clinicopathological Findings and Prognosis in PHPV

REFERENCES

10.

11.

12.

13.

14.

15.

Berent A, Weisee C. Hepatic vascular anomalies. 7th ed. In: Ettinger S]J,
Feldman EC, editors. Textbook of Veterinary Internal Medicine. Philadelphia:
Saunders Elsevier (2010). p. 1649-71.

Cullen JM, Winkle JT. Pathology of the liver: what's new and what’s still true.
Proceeding of WASAVA. Savannah, Georgia (2007).

van den Ingh TS, Rothuizen J, Meyer HP. Portal hypertension associated
with primary hypoplasia of the hepatic portal vein in dogs. Vet Rec (1995)
137:424-7. doi:10.1136/vr.137.17.424

Atalan G, Barr FJ, Holt PE. Estimation of the volume of the gall bladder of 32
dogs from linear ultrasonographic measurements. Vet Rec (2007) 160:118-22.
doi:10.1136/vr.160.4.118

Kemp SD, Panciera DL, Larson MM, Saunders GK, Were SR. A comparison
of hepatic sonographic features and histopathologic diagnosis in canine liver
disease: 138 cases. ] Vet Intern Med (2013) 27:806-13. doi:10.1111/jvim.12091
Szatmari V. Simultaneous congenital and acquired extrahepatic portosystemic
shunts in two dogs. Vet Radiol Ultrasound (2003) 44:486-7.

Szatmari V, Rothuizen ], Voorhout G. Standard planes for ultrasonographic
examination of the portal system in dogs. JAm Vet Med Assoc (2004)
224:713-6. doi:10.2460/javma.2004.224.713

Szatmari V, Rothuizen ], van den Ingh TS, van Sluijs E Voorhout G.
Ultrasonographic findings in dogs with hyperammonemia: 90 cases (2000-
2002).] Am Vet Med Assoc (2004) 224:717-27.doi:10.2460/javma.2004.224.717
Allen L, Stobie D, Mauldin GN, Bear KE. Clinicopathologic features of dogs
with hepatic microvascular dysplasia with and without portosystemic shunts:
42 cases (1991-1996). ] Am Vet Med Assoc (1999) 214:218-20.

Christiansen JS, Hottinger HA, Allen L, Phillips L, Aronson LR. Hepatic
microvascular dysplasia in dogs: a retrospective study of 24 cases (1987-1995).
J Am Anim Hosp Assoc (2000) 36:385-9. doi:10.5326/15473317-36-5-385
Hirose N, Uchida K, Kanemoto H, Ohno K, Chambers JK, Nakayama H.
A retrospective histopathological survey on canine and feline liver diseases at
University of Tokyo between 2006 and 2012. J Vet Med Sci (2015) 77:255-9.
doi:10.1292/jvms.14-0381

Schermerhorn T, Center SA, Dykes NL, Rowland PH, Yeager AE, Erb HN, etal.
Characterization of hepatoportal microvascular dysplasia in a kindred of cairn
terriers. J Vet Intern Med (1996) 10:219-30. doi:10.1111/j.1939-1676.1996.
tb02053.x

Fukushima K, Kanemoto H, Ohno K, Takahashi M, Fujiwara R, Nishimura R,
et al. Computed tomographic morphology and clinical features of extrahe-
patic portosystemic shunts in 172 dogs in Japan. Vet J (2014) 199:376-81.
doi:10.1016/j.tvjl.2013.11.013

Touzla O, Center SA, Brooks MB, Erb HN, Warner KL, Deal W. Evaluation of
plasma protein C activity for detection of hepatobiliary disease and portosys-
temic shunting in dogs. ] Am Vet Med Assoc (2006) 229:1761-71. doi:10.2460/
javma.229.11.1761

Buob S, Johnston AN, Webster CR. Portal hypertension: pathophysiology,
diagnosis, and treatment. J Vet Intern Med (2011) 25:169-86. doi:10.1111/
j.1939-1676.2011.00691.x

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Cullen JM, van den Ingh TS, Bunch SE, Rothuizen ], Washabau R], Desmet V7.
Morphological classification of biliary disorders of the canine and feline liver.
1st ed. In: Rothuizen ], Bunch SE, Charles JA, Cullen JM, Desmet VJ,
Szatmari V, et al., editors. Standards for Clinical and Histological Diagnosis
of Canine and Feline Liver Diseases. Philadelphia: Saunders Elsevier (2006).
p. 41-59.

Rothuizen J, Bunch SE, Charles JA, Cullen JM, Desmet V], Szatmari V, et al.
Standards for Clinical and Histological Diagnosis of Canine and Feline Liver
Diseases. 1st ed. Philadelphia: Saunders Elsevier (2006). 130 p.

Ruland K, Fischer A, Hartomann K. Sensitivity and specificity of fasting
ammonia and serum bile acids in the diagnosis of portosystemic shunts in
dogs and cats. Vet Clin Pathol (2010) 39:57-64. doi:10.1111/j.1939-165X.
2009.00178.x

Center SA. Serum bile acids in companion animal medicine. Vet Clin
North Am Small Anim Pract (1993) 23:625-7. doi:10.1016/S0195-5616(93)
50310-8

Center SA, Baldwin BH, de Lahunta A, Dietze AE, Tennant BC. Evaluation
of serum bile acid concentrations for the diagnosis of portosystemic venous
anomalies in the dog and cat. ] Am Vet Med Assoc (1985) 186:1090-4.

van den Ingh TS, Rothuizen J, Meyer HP. Circulatory disorders of the
liver in dogs and cats. Vet Q (1995) 17:70-6. doi:10.1080/01652176.1995.
9694536

Badylak SE Van Vleet JE Alterations of prothrombin time and activated
partial thromboplastin time in dogs with hepatic disease. Am J Vet Res (1981)
42:2053-6.

Bateman SW, Mathews KA, Abrams-Ogg AC, Lumsden JH, Johnstone IB,
Hillers TK, et al. Diagnosis of disseminated intravascular coagulation in dogs
admitted to an intensive care unit. ] Am Vet Med Assoc (1999) 215:798-804.
Badylak SE Dodds WJ, Van Vleet JE Plasma coagulation factor abnormal-
ities in dogs with naturally occurring hepatic disease. Am ] Vet Res (1983)
44:2336-40.

Nakamura M, Takahashi M, Ohno K, Koshino A, Nakashima K, Setoguchi A,
etal. C-reactive protein concentration in dogs with various diseases. J Vet Med
Sci (2008) 70:127-31. doi:10.1292/jvms.70.127

Galezowski AM, Snead EC, Kidney BA, Jackson ML. C-reactive protein as a
prognostic indicator in dogs with acute abdomen syndrome. ] Vet Diagn Invest
(2010) 22:395-401. doi:10.1177/104063871002200308

Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Copyright © 2017 Akiyoshi, Hisasue and Akiyoshi. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) or licensor are credited and that the original publication in this
journal is cited, in accordance with accepted academic practice. No use, distribution
or reproduction is permitted which does not comply with these terms.

Frontiers in Veterinary Science | www.frontiersin.org

December 2017 | Volume 4 | Article 224


http://www.frontiersin.org/Veterinary_Science
http://www.frontiersin.org
http://www.frontiersin.org/Veterinary_Science/archive
https://doi.org/10.1136/vr.137.17.424
https://doi.org/10.1136/vr.160.4.118
https://doi.org/10.1111/jvim.12091
https://doi.org/10.2460/javma.2004.224.713
https://doi.org/10.2460/javma.2004.224.717
https://doi.org/10.5326/15473317-36-5-385
https://doi.org/10.1292/jvms.14-0381
https://doi.org/10.1111/j.1939-1676.1996.tb02053.x
https://doi.org/10.1111/j.1939-1676.1996.tb02053.x
https://doi.org/10.1016/j.tvjl.2013.11.013
https://doi.org/10.2460/javma.229.11.1761
https://doi.org/10.2460/javma.229.11.1761
https://doi.org/10.1111/
j.1939-1676.2011.00691.x
https://doi.org/10.1111/
j.1939-1676.2011.00691.x
https://doi.org/10.1111/j.1939-165X.
2009.00178.x
https://doi.org/10.1111/j.1939-165X.
2009.00178.x
https://doi.org/10.1016/S0195-5616(93)50310-8
https://doi.org/10.1016/S0195-5616(93)50310-8
https://doi.org/10.1080/01652176.1995.9694536
https://doi.org/10.1080/01652176.1995.9694536
https://doi.org/10.1292/jvms.70.127
https://doi.org/10.1177/104063871002200308
http://creativecommons.org/licenses/by/4.0/

	Clinicopathological Findings 
and Prognosis in Canine Cases Diagnosed As Primary Hypoplasia 
of the Portal Vein
	Introduction
	Materials and Methods
	Results
	Discussion
	Ethics Statement
	Author Contributions
	Acknowledgments
	References


