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Congenital portosystemic shunt is one of the commonest congenital abnormalities in dogs. The objective of our study was
to determine the presence of portosystemic shunts in the dogs using computed tomography, point out the typical symptoms and
changes in the blood parameters that occur during this pathology. We analyzed nine patients with portosystemic shunts and
nine clinically healthy dogs. Each group contained four Yorkshire Terriers, two Miniature Poodles, two Maltese dogs, and one
mixed-breed dog. The animals were clinically examined, underwent computed tomography, and their blood was analyzed.
Computed tomography revealed congenital portosystemic shunts in the dogs of small breeds aged six months to four years.
Of the seven patients that underwent computed tomography, five were diagnosed extrahepatic portosystemic shunts (two Min-
iature Poodles, one mixed-breed dog, one Maltese dog, and one Yorkshire Terrier) and two were found to have intrahepatic
portosystemic shunt (Yorkshire Terrier and Maltese dog). According to the results of computed tomography, we determined
that the connection of the shunting vessel occurred through the gastric, splenic, azygos, and phrenic veins with the caudal vena
cava. In the plasma of the patients with portosystemic shunts, the ammonia concentration was five times higher. Hyperammo-
nemia was closely associated with the complexity of the portosystemic shunt and the severity of pathological process. The ill
dogs were observed to have typical symptoms of damaged central nervous system — apathy, stupor, sopor, muscle tremor,
hyperkinesias, and static and dynamic ataxia. The nervous symptoms and increase in the ammonia content in blood are the
symptoms that warrant computed tomography to verify the diagnosis of portosystemic shunts. The patients had impaired func-
tions and the structure of the liver, especially notable in the parameters in blood serum, such as increased contents of total bile
acids and bilirubin, reduced albumin content, and high activities of ALT, AST, and AP. Blood of a part of the ill dogs con-
tained reduced contents of hemoglobin, number of erythrocytes, and hematocrit, increased contents of leukocytes and young
forms of neutrophils, and also reduced number of platelets. In the future, we are going to analyze the efficacy of surgical treat-
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ment of dogs with portosystemic shunts.
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Introduction

Portosystemic shunts occur in people (Kabaria et al., 2021; Umek
et al., 2023), dogs (Moon et al., 2012; Phillips et al., 2025), cats
(Sugimoto et al., 2018), horses (Willems et al., 2019), and cattle (Pie-
tersma, 2018). Portosystemic shunts are formations of abnormal ves-
sels in the portal venous system (White & Parry, 2015). Portal venous
system is a network of vessels by which blood travels from the gastro-
intestinal tract to the liver. Nutrients, and also metabolites that form
during their breakdown in the stomach and intestines, are metabolized
and detoxified by the liver cells. Then, they return via hepatic veins to
the circulatory system. As a result of the formation of anatomical ab-
normalities and pathological vascular connections between the portal
venous system and the general venous blood flow, part of portal
blood does not reach the liver (Caporali et al., 2015; Bahadori et al.,
2022). Thus, metabolism products from the gastrointestinal tract, in
particular endotoxins, are not neutralized by the liver cells and cause a
toxic impact on the organism, infiltrating various organs and systems,
and inducing pathological changes (Ronan al., 2020; Van den Bos-
sche & van Steenbeek, 2020), in particular affecting the central nerv-
ous system (Gow, 2017; Jaffe et al., 2020).

Portosystemic shunts can be congenital or acquired, multiple or
single depending on the number of pathological vessels, and micro-
scopic or macroscopic depending on their sizes (Kraun et al., 2014,
Konstantinidis et al., 2023b). Most often, this pathology is congenital,
due to the limited detoxification function of the liver in fetuses in the
perinatal period (Mankin, 2015; Nardelli et al., 2023). Thus, through a
large shunt vessel, or a ductus venosus, blood bypasses the liver and
enters the mother’s circulatory system (Kim et al., 2021). After birth,
this vessel closes, providing physiological hepatic blood circulation.
If, for certain reasons, the ductus venosus remains open, the interhe-
patic portosystemic shunting persists (Cullen et al., 2021), and in case
of formation of abnormal vessels between the cardiac and biliary

veins of the fetus, an extrahepatic portosystemic shunt emerges (Nel-
son, 2011; Konstantinidis et al., 2023a).

Acquired portosystemic shunts form during the development of
abnormal vessels in adult animals due to severe liver conditions, in
particular cirrhosis, which leads to heightened pressure in the portal
system (Butterworth, 2019; Rose et al., 2020).

Congenital and acquired portosystemic shunts need to be differ-
entiated from other pathologies of different etiologies. Therefore, di-
agnostics of portosystemic shunts in animals involves a complex ap-
proach, taking into account clinical signs, laboratory blood parame-
ters, and visual methods of study (Poggi et al., 2022). Clinical-labo-
ratory diagnostics allow evaluating the general condition of ill dogs,
and also determining the degree of organism intoxication (Vallarino
et al., 2020; Kashliak & Vlizlo, 2023). Measuring the contents of am-
monia, bile acids, and albumin, and also the activities of transamina-
ses in blood of the patients is important for assessing the functional
condition of hepatic cells (Vlizlo et al., 2023; Kozak et al., 2025).

Visual diagnostics allow determining the presence of portosyste-
mic shunt. In particular, studies underscore the informativeness of ult-
rasound diagnostics, magnetic resonance imaging, and computed to-
mography (Ishigaki et al., 2016; Balda et al., 2025). Currently, com-
puted tomography (CT) is considered a golden standard of quality vi-
sualization of portosystemic shunts (Farhoodimoghadam et al., 2024),
particularly in dogs (Kurihara et al., 2024). The advantages of this
method of diagnostics are its low invasiveness and high accuracy.
Computed tomography allows localizing the abnormality and deter-
mining the anatomy of the pathological vessel (Parry & White, 2017;
MacEwan & Thompson, 2023). An important aspect is the site of
connection of the shunting vessel and its pathway to the caudal vena
cava (Korol, 2022).

Computed tomography on small breeds of dogs is challenging
due to reduced detailing because of small sizes of the examined ani-
mals. This is especially relevant for diagnosing congenital portosyste-
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mic shunts, because CT is often performed on puppies, which compli-
cates the identification of the site and pathway of the abnormal vessel
even more. Moreover, veterinary doctors do not always have the op-
portunity to conduct CT scans on canine patients. The objectives of
our study were to use computed tomography to determine the presen-
ce of congenital portosystemic shunts in dogs, demonstrate the signif-
icance of the ammonia level and typical symptoms of damaged cen-
tral nervous system for diagnostics of the pathology and assessment
of its severity, and also analyze the effects of the malformation on
other organs and systems of the organism, particularly liver.

Materials and methods

All the procedures with the animals were conducted according to
the European Convention for the Protection of Vertebrate Animals
used for Experimental and other Scientific Purposes (Strasbourg,
1986) and the General Ethic Principles of Experiments on Animals,
adopted by the First National Congress of Bioethics (Kyiv, 2001).
The experiments were performed with adherence to the principles of
humanity, outlined in the Directive of the European Community (Di-
rective 2010/63/EU, 2010).

Dog owners brought their pets to the Merlion Clinic in Lviv for
health issues such as the development of digestion problems (vomit-
ing, diarrhea), apathy, enlarged abdomen, and neurological symp-
toms. At the clinic, the patients underwent clinical examination, and
their blood was collected for laboratory studies, and computed tomog-
raphy was performed. The blood samples were collected from the
lateral subcutaneous vein of the forearm using a 21G needle, measu-
ring 40 mm in length and 0.8 mm in width (Alexpharm, China).
To obtain whole blood and plasma, the samples were collected in test
tubes with heparine (Vacusel test tube with green cap, Turkey) and
ethylenediaminetetraacetate (EDTA) (Vacusel test tube with violet
cap, Turkey). The blood serum was obtained after collecting blood in
Vacusel test tubes with yellow caps (Turkey), with a coagulation acti-
vator and gel. Blood (plasma and serum) were analyzed on the day
when the animals were admitted. The whole blood was studied using
a BC-30 Vet hematological analyzer manufactured by the company
Mindray (Japan, 2020). In blood, we measured the concentrations of
erythrocytes, hemoglobin, hematocrit, leukocytes, and platelets.
The differentiation of leukocytes (leukogram) was performed after
preparing smears and staining them according to Pappenheim and
counting them in a special chamber under a microscope. The bio-
chemical assays of the blood serum were carried out on a Mindray
BS-240 automatic analyzer (Japan, 2020). In the blood serum, we
determined the contents of total bilirubin, total bile acids (prior to
feeding and two hours after), total protein, albumin, and urea, and also
the activities of alanine aminotransferase (ALT), aspartate ami-
notransferase (AST), and alkaline phosphatase (AP). The ammonia
concentration in the blood plasma was determined with a Fuji Dri-
Chem NX500 biochemical analyzer (Japan, 2020).

To conduct computed tomography (CT), we used a Philips Bril-
liance 16 device (the Netherlands, 2005). Prior to performing CT, the
dogs were sedated. For sedation, we used Dexdomitor 2-5 mg/kg
(Orion Pharma, Finland), Butomidor 1-2 mg/kg (Gedeon Richter

Ltd, Hungary), and Propofol 3-9 mg/kg (Novafarm-Biosyntez, Uk-
raine). During the examination, the dogs were in the lying position.
We performed lateral and dorsal scanning from the cranial margin of
the diaphragm to the hip joints. During CT, we paid special attention
to the visualization of the liver parenchyma and hepatic vessels.
If anatomic abnormalities were detected, individual regions of the
liver were studied in more detail. The number of shunting vessels, as
well as their beginning and ending points, was determined by visual
assessment of the portal or caudal phases on different images.

In this study, we analyzed nine patients with portosystemic
shunts, of which seven received CT scans. The number and breeds of
the dogs were as follows: four Yorkshire Terriers, two Miniature
Poodles, two Maltese dogs, and one mixed-breed dog. The clinically
healthy dogs were selected so as to match the patients in terms of age
and breed. The group of the clinically healthy dogs was formed of
animals that were undergoing scheduled ambulatory examinations.
The ill and clinically healthy dogs were of the following age: the
Yorkshire Terriers were aged six months to three years, the Miniature
Poodles were of the age of six months to three years, the Maltese dogs
were aged one and three years, and the mixed-breed dog was of one
year of age.

The blood parameters were statistically analyzed using Statistica
7 (StatSoft Inc., USA). The graphs were developed in Statistica 7
using the generally accepted algorithms. The article presents the mean
arithmetic values and standard deviation X + SD (mean + standard
deviation), as shown in in the figures. To compare the differences bet-
ween the mean parameters of the clinically healthy and ill animals, we
used the Tukey’s Test, where the differences were considered statisti-
cally significant at P < 0.05.

Results

Upon admission to the clinic, the dog owners mentioned one or
several reasons for the visit. In particular, the dogs had reduced activi-
ty, refused to eat fodder, vomited, suffered diarrhea, had enlarged ab-
domen, unsteady and uncoordinated gait, and cramps. During exami-
nation at the clinic, the patients exhibited various neurological condi-
tions (apathy, stupor, and sopor). The dog patients suffered cramps,
mostly as muscle tremors and hyperkinesia, and also impaired move-
ment coordination, characterized by static and dynamic ataxia. At the
same time, pain and tactile sensitivities persisted in all the studied
animals.

The analysis of hematological parameters revealed that blood of
the dogs with portosystemic shunts, compared with the clinically hea-
lthy dogs, had 13.8% lower hemoglobin content, 9.4% lower number
of erythrocytes, and 11.1% lower hematocrit (Table 1).

When determining the number of leukocytes in blood of the ill
dogs, we determined their 79.1% increase, compared with the clini-
cally healthy dogs (Table 1). We should note that the number of leu-
kocytes in blood of the shunt patients significantly fluctuated (4.5
44.4 10°/L) and was high in half of the dogs, while in other half it was
within or below the range of physiological fluctuations. The deve-
lopment of leukocytosis occurred due to a 3.24 increase in the relative
number of band neutrophils.

Table 1
General analysis of blood of the dogs (x £ SE, n =9)
Groups Hemoglobin, Erythrocyte, Hematocrit, Leukocytes, Eosinophiles, Band neutro-  Segmented ~ Lympho-  Mono- 10°L
of animals g/L 10%/L L/L 10%L % phils,%  neutrophils, % cytes,% cytes, % Platelets, 10%L
Clinically healthy  1709+31 75+02 045+0012 9.1+06 24+0.6 25+0.6 69.9+28 219+25 32+07 2943+264
1] 1474+117 68+05 040+0.020 163+4.1 18+04 8.1+3.3 66.0+39 200+38 4.1+08 2409+384

Note: significant difference between the parameters in the table is absent.

The number of platelets in blood of the ill dogs decreased by
18.2% compared with the healthy dogs, and was low in six of the nine
patients (Table 1).

The biological assays of blood of the dogs with portosystemic
shunts revealed that the ammonia concentraton in plasma increased
by 5.11 times (P < 0.001), accounting for 120.5 + 20.1 pmol/L, as
compared with 23.6 + 3.4 pmol/L in the clinically healthy dogs. All
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the ill dogs had a high content of ammonia in blood, ranging 59.4 to
245.0 umol/L (Fig. 1a). The content of total bilirubin in blood serum
of the ill dogs (8.00 + 1.03 umol/L) was 40.8% higher (Fig. 1b), than
in the clinically healthy dogs (5.68 + 0.54 umol/L) and in eight of the
nine dogs exceeded the upper threshold of the reference values. Prior
to feeding, the content of bile acids in blood serum of the clinically
healthy dogs accounted for 11.13 + 1.20 pmol/L, and after feeding it

Regulatory Mechanisms in Biosystems, 2025, 16(3), €25142



was slightly higher, measuring 12.68 + 1.64 pmol/L (Fig. 1c,d). In the
ill dogs with portosystemic shunts, the concentration of bile acids in
serum prior to feeding was 30.57 + 12.20 umol/L, i.e. 2.75 times hig-
her compared with the clinically healthy dogs. After feeding, the con-
tent of bile acids in blood serum of the ill dogs (Fig. 1c, 1d) signifi-
cantly increased (61.64 + 12.31 umol/L), being 2.02 times higher than
prior to feeding, and also 4.86 times higher than in the clinically heal-
thy dogs after a meal (P < 0.001). In blood serum of the ill dogs, the
content of albumin decreased by 16.7% (P < 0.01), to 23.64 + 1.55,
compared with 28.36 + 1.26 g/L in the clinically healthy dogs
(Fig. le). In five of the nine ill dogs, the content of albumin decreased
below the lower threshold of physiological fluctuations (25 g/L). This
led to an insignificant decrease in the total protein in blood serum
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(from 71.2 £ 2.2 in the clinically healthy dogs to 64.8 + 2.8 g/L in the
ill dogs). The parameters of urea content in serum of the dogs with
portosystemic shunts (5.88 + 1.56 mmol/L) were no different from
those of the clinically healthy dogs (5.82 + 0.76 mmol/L).

The activity of amino transferase was significantly higher in
blood serum of the dogs with portosystemic shunts. Thus, the ALT
activity in blood serum of the shunt patients was almost 4.52 times
higher (P < 0.05), measuring 233.5 + 77.4 U/L, compared with 51.7 +
4.5 U/L in the clinically healthy dogs (Fig. 2a). The activity of AST in
serum of the ill dogs was 4.48 times higher (P < 0.01) than in the he-
althy dogs, equaling 175.3 + 36.6 U/L, compared with 39.1 + 4.6 U/L
(Fig. 2b). The AP activity in blood serum was 216.7 + 83.8 U/L in the
ill dogs and 47.0 + 6.3 in the clinically healthy dogs (Fig. 2c).

18

I

=
15

Bilirubin content, pmol/L

a Control Portosystemic shunts Control Portosystemic shunts
120 140 36
.

100 120 ¢ o
g 3 ——
_§ E 32

2 100
=
s % H 0 "
£ 2
B g <
g Y S 2
s 60 o =
S 3 *kk 2 .
9 2 g
] £ 60 S 26
k-] o c
£ o £ £ N —
£ H 3 24
£ s 40 - 2
o 2
2 2 g 2
Q )
8 ’:.Ii‘ . 2 2
° K 18 R
-20 - -20 16
Control Portosystemic shunts d Control Portosystemic shunts e Control Portosystemic shunts
C

Fig. 1. Biochemical parameters of blood of the clinically healthy and ill dogs: a— ammonia content (umol/L) in plasma; b — bilirubin
content (umol/L) in serum; ¢ — concentration of bile acids (umol/L) in serum prior to feeding; d — content of bile acids in serum two hours
after feeding (umol/L); e —albumin content (g/L) in serum,; the abscissa axis indicates groups of animals and the ordinate axis indicates
the units of parameter mesurements; small square — median, upper and lower rectangle borders — 25% and 75% quartiles,
vertical line — minimum and maximum values, circles —outliers; n =9; ** P <0.01; *** P < 0.001
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Fig. 2. Activity of enzymes in blood serum of the dogs (U/L): a — ALT, b — AST, ¢ — alkaline phosphatase (AP); the abscissa axis indicates
groups of animals and the ordinate axis indicates units of parameter measurements; small square — median, upper and lower rectangle borders —
25% and 75% quartiles, vertical line — minimum and maximum values, circles — outliers; n =9; * P <0.05; ** P <0.01

Computed tomography of the dogs revealed extrahepatic porto-
systemic shunt in five of the seven patients and intrahepatic portosys-
temic shunt in two patients. Extrahepatic portosystemic shunt was fo-
und in two Miniature Poodles, the mixed-breed dog, one Maltese dog,
and one Yorkshire Terrier. Intrahepatic portosystemic shunts were di-
agnosed in one Yorkshire Terrier and one Maltese dog.

If an extrahepatic portosystemic shunt was present, the shunting
vessel had a dorsal course, and the connection of the gastric vein (ve-
na gastrica) occurred after its exit from the portal vein, bypassing the
liver (Fig. 3a). In the other cases, extrahepatic portosystemic shunt
was characterized by the connection of gastroduodenal vein to the
portal vein (vena portae). The extrahepatic abnormal vessel started its
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path from the portal vein, then passed through the splenic vein (vena
lienalis) and connected to the azygos vein (vena azygos). Ventrally
from the aorta and medially from the stomach, as seen in the trans-
verse CT section in the image, we observed an aberrant (atypical) ves-
sel that gradually ramified from the portal vein but did not enter the
liver (Fig. 3b). While examining the transverse CT section of the dogs
with intrahepatic portosystemic shunts, there were seen shunting
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vessels passing through the left side of the liver, travelling toward the
caudal vena cava (vena cava caudalis), and draining into it (Fig. 4a,
4b). For the other cases, the right side of the liver is pictured, in which
shunt is bent tortuously, forming a loop, and thus a mutual connection
in the form of a branch of the right portal vein (vena portae), draining
into the right lateral hepatic vein (vena hepatica lateralis, Fig. 4c).

Fig. 3. Computed tomography of extrahepatic portosystemic shunt; red arrows indicate the shunting vessels:
a —vena gastrica bypasses the liver; b —aberrant shunting vessel

\\Y/// LTy

Fig. 4. Computed tomography of the intrahepatic portosystemic shunt: a— yellow arrow indicates vena cava caudalis,
blue arrow — drainage from vena portae into vena cava caudalis; b — red arrow — shunting vessel; ¢ — blue arrow — vena portae;
yellow arrow — vena cava caudalis, red arrow — shunting vessel

Discussion

Congenital portosystemic shunts are diagnosed in small breeds of
dogs, in particular Yorkshire Terriers, Miniature Schnauzers, Chihua-
huas, Labrador Retrievers, Poodles, Pugs, Dachshunds, Cocker Span-
iels, and Pomeranian Dogs (Lidbury et al., 2015). Of the dogs we
examined, pathology was discovered in Yorkshire Terriers, Miniature
Poodles, mixed-breed dogs, and Maltese dogs. Those are small breeds
of dogs, and also young animals, and therefore we can assume that
their portosystemic shunts were congenital. Congenital portosystemic
shunt is one the commonest congenital abnormalities in dogs (Man-
kin, 2015; Seller et al., 2022). This pathology is characterized by the
development of abnormal vessels that connect the portal vein or its
tributaries with the systemic circulation. Those vessels allow the ve-
nous blood that enters from the gastrointestinal tract, pancreas, and
spleen to bypass the liver and enter directly the systemic circulation
(Berent & Tobias, 2018). As a result, various endotoxins such as am-
monia, mercaptans, free fatty acids, phenols, and bile salts from the
gastronintestinal tract are absorbed, are not completely metalobilized
or removed by the liver, and thus reach the circulatory system and
gradually accumulate in blood, causing intoxication (Spillane et al.,
2021; Lidbury, 2025). Ammonia is the main endotoxin whose increa-
se in blood of patients suggests a presence of portosystemic shunts
(Tivers et al., 2014; Caporali et al., 2015). The studies we conducted
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demonstrate that the ammonia concentration in blood plasma of the
dog patients with portosystemic shunts increased by over five times.
Ammonia is most harmful to the central nervous system (Kawaguchi
et al., 2019; European Association, 2022), where it impairs the functi-
on of astrocytes and causes the development of oxidative stress, lea-
ding to brain edema and intracranial hypertension (Williams et al.,
2020). Hyperammonemia was closely associated with the complexity
of portosystemic shunt and the severity of the pathological process in
dogs.

Clinical signs of the pathology can be of limited diagnostical va-
lue, because the course of the pathology could be characterized by ge-
neral symptoms and alternation of periods of gaining strength and
weakening (Bedford, 2017; Farhoodimoghadam et al., 2024). Exacer-
bation of the pathology manifests in symptoms indicating affected
central nervous system, gastrointestinal tract, and urinary tract (Kon-
stantinidis et al., 2023a). Typically, only then do the pet owners seek
help at the clinic. According to our data, and also reports of other re-
searchers, dogs with portosystemic shunts are observed to have de-
pression, weakness, ataxia, circular movements, head pressing, corti-
cal blindness, cramps, and coma (Krishnarao & Gordon, 2020; Kon-
stantinidis et al., 2023b). Moreover, patients suffering this pathology
have enlarged liver and pains in it. Studies of the biochemical pa-
rameters of blood from the ill dogs revealed changes characteristic of
liver pathology. Thus, blood of the dogs with portosystemic shunts,

Regulatory Mechanisms in Biosystems, 2025, 16(3), €25142



besides significant increase in the ammonia concentration, contained
high contents of bile acids and bilirubin. At the same time, the content
of albumin was decreased, while the activities of ALT, AST, and AP
were elevated. Such changes in blood were described in the article by
Vallarino et al. (2020).

It has to be noted that the concentration of bile acids in blood se-
rum of the dogs with portosystemic shunts increased, especially after
feeding. Cholemia was notable in all the ill dogs. To a lesser degree,
there was observed increase in the content of total bilirubin in blood
serum. However, if taking into account the reference values of biliru-
bin in the serum, then eight of the nine patients had the parameters ex-
ceeding the determined upper threshold. These changes indicate that
in dogs with portosystemic shunts, liver cells are affected, which the-
refore ineffectively transport bile acids and bilirubin from hepatocytes
to bile pathways, causing increased influx of these metabolites in
blood (Lester et al., 2016; Vlizlo et al., 2023). Also, it is also possible
that significant increases in the concentrations of bile acids and biliru-
bin in blood of the ill animals can have a toxic effect on the central
nervous system. Affected hepatocytes and impairment of the protein-
synthesizing function of the liver were indicated by the decrease in the
content of albumin in blood serum from the dogs with portosystemic
shunts. Hypoalbuminemia has indeed been observed as a characteristic
of dogs suffering from portosystemic shunts (Moritz, 2014).

Despite the significant increase in the ammonia concentration in
blood plasma of the dogs, the content of urea in serum did not change.
This is related to the fact that ammonia bypasses the liver, and as a re-
sult concentrates in blood, and therefore its increase is not related to
the impaired neutralization in the liver and formation of urea. Moreo-
ver, the urea-forming function of hepatocytes is quite stable, but can
be impaired during a significant damage to the liver parenchyma
(Webster, 2017).

Damage to the liver cells in dogs suffering portosystemic shunts
can be indicated by high activities of amino transferases (ALT, AST)
in blood serum. Alanine and aspartate aminotransferases are not pure-
ly specific enzymes indicating liver damage, but their activities in
blood are always high in animals with hepatic conditions (Simonov &
Vlizlo, 2015; Lawrence & Steiner, 2017; Zelenina et al., 2022).

Simultaneous presence of clinical signs and blood parameters
characteristic of affected liver and central nervous system suggests the
development of hepatic encephalopathy (Kashliak & Vlizlo, 2024).
At the same time, ammonia plays a key role in the pathogenesis of he-
patic encephalopathy (Lima et al., 2019; Bellafante et al., 2024). Fur-
thermore, disorders in the main liver functions, and also decreased
influx of nutrients through the portal blood flow from the gastrointes-
tinal tract to hepatocytes can cause their deficit in the organism and
aggravate the pathology.

To corroborate the diagnosis of the presence of portosystemic
shunt in dogs, the patients must be referred to computed tomography
(Takeuchi et al., 2025). Therefore, dogs admitted to the clinic with
cramps, depression, ataxia, pain in the liver region, and exceptionally
high parameters of ammonia in blood must undergo CT. As indicated
by CT results, the connection of shunting vessel can develop through
gastric, splenic, azygos, and phrenic veins, and the caudal vena cava.
The commonest anatomic types of portosystemic shunts in dogs are
splenic-phrenic shunt, splenic-azygos, right gastric-caval, splenic-ca-
val, right gastric-caval with a caudal loop, right gastric-phrenic, colon-
caval, splenic-phrenic, portal-caval, right gastric, and portal-caval (Fu-
kushima et al., 2014; White et al., 2018). Also, a pathological com-
munication can occur starting from the right gastric vein and connect
with the left gastric vein, travelling through the lesser curvature of sto-
mach. Gastric azygos shunt is characterized by the start from the left
gastric vein and connection with the right azygos vein. After exit of
the shunt from the portal vein, often its decrease in diameter is regis-
tered.

Conclusions
Congenital portosystemic shunts were diagnosed in young (aged

six months to four years) and small dog breeds (Yorkshire Terrier,
Miniature Poodles, mixed-breed dog, Maltese dog). The presence of

abnormal vessels connecting the portal vein with the circulatory sys-
tem, bypassing the liver, leads to the accumulation of endotoxins in
the organism. These, first of all, include ammonia, which penetrates
the blood-brain barrier and causes the development of typical symp-
toms of damaged central nervous system — apathy, stupor, sopor, mu-
scle tremors, hyperkinesias, and static and dynamic ataxia. In the ill
dogs, other vitally important organs and systems are affected as well.
In particular, impairments occur in the main functions and structure of
the liver (cholemia, hyperbilirubinemia, hypoalbuminemia, and high
activities of ALT, AST, and AP). The contents of hemoglobin, hema-
tocrit, the number of erythrocytes decrease. Furthermore, leukocyto-
sis, neutrophilia, and thrombocytopenia emerge. Ill dogs with high le-
vel of ammonia in blood and emerging symptoms of pathology of the
central nervous system are referred to computed tomography imaging
in order to confirm or disprove the diagnosis of the presence of intra-
hepatic or extrahepatic portosystemic shunt.

The authors declared that they have no conflict of interests.

This research did not receive any specific grant from funding agencies in the
public, commercial, or not-for-profit sectors.

References

Bahadori, A, Kuhlmann, B., Debray, D., Franchi-Abella, S., Wacker, J.,
Beghetti, M., Wildhaber, B. E., & McLin, V. A. (2022). Presentation of
congenital portosystemic shunts in children. Children, 9(2), 243.

Balda, 1. O., Selmic, L. E., Stamenova, P., Simpson, M., Lipscomb, V. J., Kum-
meling, A., Devriendt, N., de Rooster, H., Grzywa, K. M., Tivers, M. S.,
Chanoit, G., Maggiar, A, Billet, J. P., Soto Mufioz, R., Oramas, A., Singh,
A., & Mullins, R. A. (2025). Prognostic factors for short-term survival of
cats that experienced postattenuation neurologic signs after surgical attenu-
ation of single congenital portosystemic shunts. Veterinary Surgery, 54(5),
930-944.

Bedford, S. (2017). Portosystemic shunts in canines — an overview. Veterinary
Nursing Journal, 32(9), 249-253.

Bellafante, D., Gioia, S., Faccioli, J., Riggio, O., Ridola, L., & Nardelli, S.
(2024). The management of hepatic encephalopathy from ward to domi-
ciliary care: Current evidence and gray areas. Journal of Clinical Medicine,
13(1), 166.

Berent, A., & Tobias, K. M. (2018). Hepatic vascular anomalies. In: Johnston,
S. A, & Tobias, K. M. (Eds.). Veterinary surgery: Small animal expert
consult. 2nd ed. Saunders, Elsevier. Pp. 1852-1886.

Butterworth, R. F. (2019). Hepatic encephalopathy in cirrhosis: Pathology and
pathophysiology. Drugs, 79(1), 17-21.

Caporali, E. H. G., Phillips, H., Underwood, L., & Selmic, L. E. (2015). Risk
factors for urolithiasis in dogs with congenital extrahepatic portosystemic
shunts: 95 cases (1999-2013). Journal of the American Veterinary Medi-
cal Association, 246, 530-536.

Cullen, J. M., van den Ingh, T., Grinwis, G. C., & Fieten, H. (2021). Morpholo-
gical classification of circulatory disorders of the canine and feline liver.
In: WSAVA Liver Standardization Group, Rothuizen, J., Bunch, S. E.,
Charles, J. A, Cullen, J. M., Desmet, V. J., Szatmari, V., Twedt, D. C.,
van den Ingh, T. S. G. A. M., van Winkle, T., & Washabau, R. J. (Eds.).
WSAVA standards for clinical and histological diagnosis of canine and fe-
line liver disease. Rothuizen, Saunders, Elsevier. Pp. 41-59.

European Association for the Study of the Liver (2022). EASL clinical practice
guidelines on the management of hepatic encephalopathy. Journal of
Hepatology, 77, 807-824.

Farhoodimoghadam, M., Reagan, K. L., & Zwingenberger, A. L. (2024). Diag-
nosis and classification of portosystemic shunts: A machine learning retro-
spective case-control study. Frontiers in Veterinary Science, 11, 1291318.

Fukushima, K., Kanemoto, H., Ohno, K., Takahashi, M., Fujiwara, R., Nishi-
mura, R., & Tsujimoto, H. (2014). Computed tomographic morphology
and clinical features of extrahepatic portosystemic shunts in 172 dogs in
Japan. The Veterinary Journal, 199(3), 376-381.

Gow, A. G. (2017). Hepatic encephalopathy. Veterinary Clinics of North Ame-
rica: Small Animal Practice, 2017, 47(3), 585-599.

Ishigaki, M., Or, K., de Rooster, H., Kutara, K., & Asano, K. (2016). Determi-
nation of porto-azygos shunt anatomy in dogs by computed tomography
angiography. Veterinary Surgery, 45, 1005-1012.

Jaffe, A, Lim, J. K., & Jakab, S. S. (2020). Pathophysiology of hepatic enceph-
alopathy. Clinical Liver Disease, 24(2), 175—188.

Kabaria, S., Dalal, 1., Gupta, K., Bhurwal, A., Minacapelli, C. D., Catalano, C.,
& Rustgi, V. (2021). Hepatic encephalopathy: A review. European Medi-
cal Journal Hepatology, 9(1), 89-97.

Regulatory Mechanisms in Biosystems, 2025, 16(3), €25142


http://doi.org/10.3390/children9020243
http://doi.org/10.3390/children9020243
http://doi.org/10.3390/children9020243
http://doi.org/10.1111/vsu.14267
http://doi.org/10.1111/vsu.14267
http://doi.org/10.1111/vsu.14267
http://doi.org/10.1111/vsu.14267
http://doi.org/10.1111/vsu.14267
http://doi.org/10.1111/vsu.14267
http://doi.org/10.1111/vsu.14267
http://doi.org/10.1080/17415349.2017.1322475
http://doi.org/10.1080/17415349.2017.1322475
http://doi.org/10.3390/jcm13010166
http://doi.org/10.3390/jcm13010166
http://doi.org/10.3390/jcm13010166
http://doi.org/10.3390/jcm13010166
http://doi.org/10.1007/s40265-018-1017-0
http://doi.org/10.1007/s40265-018-1017-0
http://doi.org/10.2460/javma.246.5.530
http://doi.org/10.2460/javma.246.5.530
http://doi.org/10.2460/javma.246.5.530
http://doi.org/10.2460/javma.246.5.530
http://doi.org/10.3389/fvets.2024.1291318
http://doi.org/10.3389/fvets.2024.1291318
http://doi.org/10.3389/fvets.2024.1291318
http://doi.org/10.1016/j.tvjl.2013.11.013
http://doi.org/10.1016/j.tvjl.2013.11.013
http://doi.org/10.1016/j.tvjl.2013.11.013
http://doi.org/10.1016/j.tvjl.2013.11.013
http://doi.org/10.1016/j.cvsm.2016.11.008
http://doi.org/10.1016/j.cvsm.2016.11.008
http://doi.org/10.1111/vsu.12553
http://doi.org/10.1111/vsu.12553
http://doi.org/10.1111/vsu.12553
http://doi.org/10.1016/j.cld.2020.01.002
http://doi.org/10.1016/j.cld.2020.01.002
http://doi.org/10.33590/emjhepatol/21-00030
http://doi.org/10.33590/emjhepatol/21-00030
http://doi.org/10.33590/emjhepatol/21-00030

Kashliak, N. O., & Vlizlo, V. V. (2023). Symptoms, biochemical indicators and
general blood analysis for hepatopathy in dogs. Scientific Messenger of
Lviv National University of Veterinary Medicine and Biotechnologies, Se-
ries: VVeterinary Sciences, 25(112), 193-200.

Kashliak, N., & Vlizlo, V. (2024). Hepatic encephalopathy in dogs. Regulatory
Mechanisms in Biosystems, 15(4), 921-925.

Kawaguchi, T., Suzuki, F., Imamura, M., Murashima, N., Yanase, M., Mine,
T., Fujisawa, M., Sato, I., Yoshiji, H., & Okita, K. (2019). Rifaximin-alte-
red gut microbiota components associated with liver/neuropsychological
functions in patients with hepatic encephalopathy: An exploratory data
analysis of phase II/111 clinical trials. Hepatology Research, 49, 404-418.

Kim, S. E., Giglio, R. F., Reese, D. J., Reese, S. L., Bacon, N. J. & Ellison,
G. W. (2013). Comparison of computed tomographic angiography and ul-
trasonography for the detection and characterization of portosystemic
shunts in dogs. Veterinary Radiology and Ultrasound, 54, 569-574.

Konstantinidis, A. O., Adamama-Moraitou, K. K., Patsikas, M. N., & Papazo-
glou, L. G. (2023a). Congenital portosystemic shunts in dogs and cats:
Treatment, complications and prognosis. Veterinary Sciences, 10(5), 346.

Konstantinidis, A. O., Patsikas, M. N., Papazoglou, L. G., & Adamama-Morai-
tou, K. K. (2023b). Congenital portosystemic shunts in dogs and cats:
Classification, pathophysiology, clinical presentation and diagnosis. Veter-
inary Sciences, 10(2), 160.

Kozak, M., Petruh, ., Kovalchuk, I., & Vlizlo, V. (2025). Toxicity analysis of
amoxicillin, polyphosphate ester and its complex with amoxicillin on
mice. Scientific Reports, 15, 18150.

Kraun, M. B., Nelson, L. L., Hauptman, J. G., & Nelson, N. C. (2014). Analy-
sis of the relationship of extrahepatic portosystemic shunt morphology
with clinical variables in dogs: 53 cases (2009-2012). Journal of the Ame-
rican Veterinary Medical Association, 245(5), 540-549.

Krishnarao, A., & Gordon, F. D. (2020). Prognosis of hepatic encephalopathy.
Clinical Liver Disease, 24, 219-229.

Kurihara, H., Moore, G., & Murakami, M. (2024). Computed tomographic he-
patic volumetry in dogs with congenital portosystemic shunts. Veterinary
Sciences, 11(9), 569-574.

Lawrence, Y. A., & Steiner, J. M. (2017). Laboratory evaluation of the liver.
Veterinary Clinics of North America: Small Animal Practice, 47, 539
553.

Lester, C., Cooper, J., & Peters, R. M. (2016). Retrospective evaluation of acute
liver failure in dogs (1995-2012): 49 cases. Journal of Veterinary Emer-
gency and Critical Care, 26(4), 559-567.

Lidbury, J. (2025). Complications of liver disease. Veterinary Clinics of North
America: Small Animal Practice, 55(4), 559-577.

Lidbury, J. A., Ivanek, R., Suchodolski, J. S., & Steiner, J. M. (2015). Putative
precipitating factors for hepatic encephalopathy in dogs: 118 cases (1991
2014). Journal of the American Veterinary Medical Association, 247(2),
176-183.

Lima, L. C. D., Miranda, A. S., Ferreira, R. N., Rachid, M. A., & Simdes e Sil-
va, A. C. (2019). Hepatic encephalopathy: Lessons from preclinical studi-
es. World Journal of Hepatology, 11(2), 173-185.

MacEwan, 1., & Thompson, D. (2023). Intramural esophageal location of a
portosystemic shunt in a dog with two congenital portosystemic shunts on
CT angiography. Veterinary Radiology and Ultrasound, 64, 45-49.

Mankin, K. M. (2015). Current concepts in congenital portosystemic shunts.
Veterinary Clinics of North America: Small Animal Practice, 45(3), 477—
487.

Moon, S. J,, Kim, J. W., Kang, B. T., Lim, C. Y., & Park, H. M. (2012). Mag-
netic resonance imaging findings of hepatic encephalopathy in a dog with
a portosystemic shunt. Journal of Veterinary Medical Science, 74(3), 361
366.

Moritz, A. (2014). Klinische Labordiagnostik in der Tiermedizin. In: Moritz, A.
(Ed.). Schattauer, Stuttgart.

Mullins, R. A., Escribano Carrera, A., Anderson, D. M., Billet, J., Brissot, H.,
Broome, C., de Rooster, H., Kirby, B. M., Pratschke, K. M., Tivers, M. S.,
White, R. N., Yool, D. A., & Youmans, K. R. (2021). Postattenuation neu-
rologic signs after surgical attenuation of congenital portosystemic shunts
in dogs: A review. Veterinary Surgery, 51(1), 23-33.

Nardelli, S., Bellafante, D., Ridola, L., Faccioli, J., Riggio, O., & Gioia, S.
(2023). Prevention of post-tips hepatic encephalopathy: The search of the
ideal candidate. Metabolic Brain Disease, 38, 1729-1736.

Nelson, N. C. (2011). Anatomy of extrahepatic portosystemic shunts in dogs as
determined by computed tomography angiography. Veterinary Radiology
and Ultrasound, 52(5), 498-506.

Parry, A. T., & White, R. N. (2017). Comparison of computed tomographic an-
giography and intraoperative mesenteric portovenography for extrahepatic
portosystemic shunts. Journal of Small Animal Practice, 58(1), 49-55.

Phillips, R. K., Blake, A. B., Tivers, M. S., Chan, A, Ishii, P. E., Suchodolski,
J. S., Steiner, J. M., & Lidbury, J. A. (2025). Serum amino acid profiles in
dogs with a congenital portosystemic shunt. Metabolites, 15(4), 258.

Pietersma, J. (2018). Spongiform encephalomyelopathy in a calf with a con-
genital portosystemic shunt. The Canadian Veterinary Journal, 59(9),
1005-1007.

Poggi, E., Rubio, D. G., Pérez Duarte, F. J., del Sol, J. G., Borghetti, L., Izzo,
F., & Cinti, F. (2022). Laparoscopic portosystemic shunt attenuation in 20
dogs (2018-2021). Veterinary Surgery, 51, 138-149.

Rose, C. F., Amodio, P., Bajaj, J. S., Dhiman, R. K., Montagnese, S., Taylor-
Robinson, S. D., Vilstrup, H., & Jalan, R. (2020). Hepatic encephalopathy:
Novel insights into classification, pathophysiology and therapy. Journal of
Hepatology: Home Page, 73, 1526-1547.

Seller, S., Weisse, C., & Fischetti, A. J. (2022). Intrahepatic venous collaterals
in dogs with congenital intrahepatic portosystemic shunts are associated
with focal shunt or hepatic vein narrowing. Veterinary Radiology and Ult-
rasound, 63, 64-72.

Simonov, M., & Vlizlo, V. (2015). Some blood markers of the functional state
of liver in dairy cows with clinical ketosis. Bulgarian Journal of Veterinary
Medicine, 18(1), 74-82.

Spillane, A. M., Haraschak, J. L., & McMichael, M. A. (2021). Resolution of
severe neurologic signs following intravenous lipid emulsion therapy in a
young dog with a portosystemic shunt: Case report. Frontiers in \Veterinary
Science, 8, 798198.

Sugimoto, S., Maeda, S., Tsuboi, M., Saeki, K., Chambers, J. K., Yonezawa,
T., Fukushima, K., Fujiwara, R., Uchida, K., Tsujimoto, H., Matsuki, N.,
& Ohno, K. (2018). Multiple acquired portosystemic shunts secondary to
primary hypoplasia of the portal vein in a cat. Journal of Veterinary Medi-
cal Science, 80(6), 874-877.

Takeuchi, R., Ishigaki, K., lida, K., Ishikawa, C., Shiozawa, N., Yamaoka, S.,
‘Yamada, N., Sakamoto, Y., Sakai, M., & Asano, K. (2025). Use of com-
puted tomography angiography has potential in planning surgical treat-
ment of an extrahepatic portosystemic shunt in dogs. American Journal of
Veterinary Research, 86(4), 333.

Tivers, M. S., Handel, 1., Gow, A. G., Lipscomb, V. J., Jalan, R., & Mellanby,
R. J. (2014). Hyperammonemia and systemic inflammatory response syn-
drome predicts presence of hepatic encephalopathy in dogs with congeni-
tal portosystemic shunts. PLoS One, 9(1), e82303.

Umek, N., Plut, D., Zel, M., & Petri¢, D. A. (2023). Radiologic evaluation of
portosystemic shunts in humans and small animals: Review of the litera-
ture with clinical case reports. Diagnostics, 13(3), 482.

Vallarino, N., Pil, S., Devriendt, N., Or, M., Vandermeulen, E., Serrano, G.,
Paepe, D., Bosmans, T., & de Rooster, H. (2020). Diagnostic value of
blood variables following attenuation of congenital extrahepatic portosys-
temic shunt in dogs. Veterinary Record, 187(7), e48.

Van den Bossche, L., & van Steenbeek F. G. (2020). Canine congenital porto-
systemic shunts: Disconnections dissected. The Veterinary Journal, 211,
14-20.

Vlizlo, V., Prystupa, O., Slivinska, L., Gutyj, B., Maksymovych, I., Shcherba-
tyy, A, Lychuk, M., Partyka, U., Chermnushkin, B., Rusyn, V., Leno, M., &
Leskiv, K. (2023). Treatment of animals with fatty liver disease using a
drug based on the seeds of Silybum marianum. Regulatory Mechanisms in
Biosystems, 14(3), 424-431.

White, R. N., & Parry, A. T. (2015). Morphology of congenital portosystemic
shunts involving the right gastric vein in dogs. Journal of Small Animal
Practice, 56, 430-440.

White, R, Parry, A.,, & Shales, C. (2018). Implications of shunt morphology
for the surgical management of extrahepatic portosystemic shunts. Austra-
lian Veterinary Journal, 96, 433-441.

Willems, D. S., Kranenburg, L. C., Ensink, J. M., Kummeling, A., Wijnberg,
1. D., & Veraa, S. (2019). Computed tomography angiography of a con-
genital extrahepatic splenocaval shunt in a foal. Acta Veterinaria Scandi-
navica, 61(1), 39.

Williams, A., Gow, A, Kilpatrick, S., Tivers, M., Lipscomb, V., Smith, K,
Day, M. O., Jeffery, N., & Mellanby, R. J. (2020). Astrocyte lesions in
cerebral cortex and cerebellum of dogs with congenital ortosystemic shun-
ting. Journal of Veterinary Science, 21(3), e44.

Winkler, J. T., Bohling, M. W., Tillson, D. M., Wright, J. C., & Ballagas, A. J.
(2003). Portosystemic shunts: Diagnosis, prognosis, and treatment of 64
cases (1993-2001). Journal of the American Animal Hospital Association,
39, 169-185.

Zelenina, O., Vlizlo, V., Kozak, M., Ostapiv, D., Samaryk, V., Dron, I.,
Stetsko, T., Skrypka, M., Tomchuk, V., Danchuk, O., & Levchenko, A.
(2022). Antimicrobial activity of the PEGylated antibiotic enrofloxacin
and its functional and structural effect on the liver in rats. Journal of Ap-
plied Pharmaceutical Science, 12(6), 68-75.

Regulatory Mechanisms in Biosystems, 2025, 16(3), €25142


http://doi.org/10.32718/nvlvet11230
http://doi.org/10.32718/nvlvet11230
http://doi.org/10.32718/nvlvet11230
http://doi.org/10.32718/nvlvet11230
http://doi.org/10.15421/0224134
http://doi.org/10.15421/0224134
http://doi.org/10.1111/hepr.13300
http://doi.org/10.1111/hepr.13300
http://doi.org/10.1111/hepr.13300
http://doi.org/10.1111/hepr.13300
http://doi.org/10.1111/hepr.13300
http://doi.org/10.1111/vru.12059
http://doi.org/10.1111/vru.12059
http://doi.org/10.1111/vru.12059
http://doi.org/10.1111/vru.12059
http://doi.org/10.3390/vetsci10050346
http://doi.org/10.3390/vetsci10050346
http://doi.org/10.3390/vetsci10050346
http://doi.org/10.3390/vetsci10020160
http://doi.org/10.3390/vetsci10020160
http://doi.org/10.3390/vetsci10020160
http://doi.org/10.3390/vetsci10020160
http://doi.org/10.1038/s41598-025-94916-z
http://doi.org/10.1038/s41598-025-94916-z
http://doi.org/10.1038/s41598-025-94916-z
http://doi.org/10.2460/javma.245.5.540
http://doi.org/10.2460/javma.245.5.540
http://doi.org/10.2460/javma.245.5.540
http://doi.org/10.2460/javma.245.5.540
http://doi.org/10.1016/j.cld.2020.01.004
http://doi.org/10.1016/j.cld.2020.01.004
http://doi.org/10.3390/vetsci11090390
http://doi.org/10.3390/vetsci11090390
http://doi.org/10.3390/vetsci11090390
http://doi.org/10.1016/j.cvsm.2016.11.005
http://doi.org/10.1016/j.cvsm.2016.11.005
http://doi.org/10.1016/j.cvsm.2016.11.005
http://doi.org/10.1111/vec.12482
http://doi.org/10.1111/vec.12482
http://doi.org/10.1111/vec.12482
http://doi.org/10.1016/j.cvsm.2025.03.008
http://doi.org/10.1016/j.cvsm.2025.03.008
http://doi.org/10.2460/javma.247.2.176
http://doi.org/10.2460/javma.247.2.176
http://doi.org/10.2460/javma.247.2.176
http://doi.org/10.2460/javma.247.2.176
http://doi.org/10.4254/wjh.v11.i2.173
http://doi.org/10.4254/wjh.v11.i2.173
http://doi.org/10.4254/wjh.v11.i2.173
http://doi.org/10.1111/vru.13270
http://doi.org/10.1111/vru.13270
http://doi.org/10.1111/vru.13270
http://doi.org/10.1016/j.cvsm.2015.01.008
http://doi.org/10.1016/j.cvsm.2015.01.008
http://doi.org/10.1016/j.cvsm.2015.01.008
http://doi.org/10.1292/jvms.11-0198
http://doi.org/10.1292/jvms.11-0198
http://doi.org/10.1292/jvms.11-0198
http://doi.org/10.1292/jvms.11-0198
http://doi.org/10.1111/vsu.13729
http://doi.org/10.1111/vsu.13729
http://doi.org/10.1111/vsu.13729
http://doi.org/10.1111/vsu.13729
http://doi.org/10.1111/vsu.13729
http://doi.org/10.1007/s11011-022-01131-0
http://doi.org/10.1007/s11011-022-01131-0
http://doi.org/10.1007/s11011-022-01131-0
http://doi.org/10.1111/j.1740-8261.2011.01827.x
http://doi.org/10.1111/j.1740-8261.2011.01827.x
http://doi.org/10.1111/j.1740-8261.2011.01827.x
http://doi.org/10.1111/jsap.12596
http://doi.org/10.1111/jsap.12596
http://doi.org/10.1111/jsap.12596
http://doi.org/10.3390/metabo15040258
http://doi.org/10.3390/metabo15040258
http://doi.org/10.3390/metabo15040258
http://doi.org/10.1111/vsu.13785
http://doi.org/10.1111/vsu.13785
http://doi.org/10.1111/vsu.13785
http://doi.org/10.1016/j.jhep.2020.07.013
http://doi.org/10.1016/j.jhep.2020.07.013
http://doi.org/10.1016/j.jhep.2020.07.013
http://doi.org/10.1016/j.jhep.2020.07.013
http://doi.org/10.1111/vru.13030
http://doi.org/10.1111/vru.13030
http://doi.org/10.1111/vru.13030
http://doi.org/10.1111/vru.13030
http://doi.org/10.15547/bjvm.814
http://doi.org/10.15547/bjvm.814
http://doi.org/10.15547/bjvm.814
http://doi.org/10.3389/fvets.2021.798198
http://doi.org/10.3389/fvets.2021.798198
http://doi.org/10.3389/fvets.2021.798198
http://doi.org/10.3389/fvets.2021.798198
http://doi.org/10.1292/jvms.17-0648
http://doi.org/10.1292/jvms.17-0648
http://doi.org/10.1292/jvms.17-0648
http://doi.org/10.1292/jvms.17-0648
http://doi.org/10.1292/jvms.17-0648
http://doi.org/10.2460/ajvr.24.11.0333
http://doi.org/10.2460/ajvr.24.11.0333
http://doi.org/10.2460/ajvr.24.11.0333
http://doi.org/10.2460/ajvr.24.11.0333
http://doi.org/10.2460/ajvr.24.11.0333
http://doi.org/10.1371/journal.pone.0082303
http://doi.org/10.1371/journal.pone.0082303
http://doi.org/10.1371/journal.pone.0082303
http://doi.org/10.1371/journal.pone.0082303
http://doi.org/10.3390/diagnostics13030482
http://doi.org/10.3390/diagnostics13030482
http://doi.org/10.3390/diagnostics13030482
http://doi.org/10.1136/vr.105296
http://doi.org/10.1136/vr.105296
http://doi.org/10.1136/vr.105296
http://doi.org/10.1136/vr.105296
http://doi.org/10.1016/j.tvjl.2015.09.025
http://doi.org/10.1016/j.tvjl.2015.09.025
http://doi.org/10.1016/j.tvjl.2015.09.025
http://doi.org/10.15421/022362
http://doi.org/10.15421/022362
http://doi.org/10.15421/022362
http://doi.org/10.15421/022362
http://doi.org/10.15421/022362
http://doi.org/10.1111/jsap.12355
http://doi.org/10.1111/jsap.12355
http://doi.org/10.1111/jsap.12355
http://doi.org/10.1111/avj.12756
http://doi.org/10.1111/avj.12756
http://doi.org/10.1111/avj.12756
http://doi.org/10.1186/s13028-019-0474-0
http://doi.org/10.1186/s13028-019-0474-0
http://doi.org/10.1186/s13028-019-0474-0
http://doi.org/10.1186/s13028-019-0474-0
http://doi.org/10.4142/jvs.2020.21.e44
http://doi.org/10.4142/jvs.2020.21.e44
http://doi.org/10.4142/jvs.2020.21.e44
http://doi.org/10.4142/jvs.2020.21.e44
http://doi.org/10.5326/0390169
http://doi.org/10.5326/0390169
http://doi.org/10.5326/0390169
http://doi.org/10.5326/0390169
http://doi.org/10.7324/JAPS.2022.120607
http://doi.org/10.7324/JAPS.2022.120607
http://doi.org/10.7324/JAPS.2022.120607
http://doi.org/10.7324/JAPS.2022.120607
http://doi.org/10.7324/JAPS.2022.120607

