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Vascular abnormalities are described in animals, 
especially portosystemic shunts (PSS)which have 
been documented in dogs at rates 0.18%-1% (15, 40). 
Unfortunately, there are not many publications on other 
possible abnormalities that could also affect dogs and 
cats, which are most commonly reported due to the 
growing availability of advanced imaging techniques 
in veterinary practice (23). There is also a need to sys-
tematize knowledge in this field and update it based on 
new publications, the number of which has increased 
significantly in recent times.

The standard for diagnosing vascular abnormalities 
is computed tomography angiography and ultrasonog-
raphy. Diagnostic imaging is widely used to confirm 
a clinical suspicion of this diagnosis (15).

In animals, a broad spectrum of congenital and ac-
quired anomalies has been detected in recent years (23). 
All anomalies of the capillary, venous, lymphatic, and 
arterial systems can be divided into slow-flow (capil-
lary, venous, and lymphatic) and fast-flow (arterial and 
arteriovenous) disorders (4, 22, 25, 37).

Portal vein (PV) abnormalities are one of the most 
important in this group, as they have a serious clinical 
impact on dogs. These include PV anomalies and PV 
anomalous connections (4). In the first group, the lit-

erature describes abnormalities including main portal 
trunk-congenital absence of the PV, PV hypoplasia, 
and primary PV hypoplasia (4). The second includes 
abnormal vascular connections: high flow (hepatic 
arteriovenous malformation and arterioportal fistulas) 
and low flow abnormalities (congenital intrahepatic 
and extra hepatic shunts, acquired PSS, porto-portal 
collaterals in cases of PV obstruction, and cavo-portal 
collaterals in chronic increased resistance of the caudal 
vena cava) (4).

In the following paper, the authors discuss low-flow 
venous abnormalities associated with PV pathology and 
PV anomalies, which first requires updating the current 
knowledge. In the paper, the remaining pathologies will 
be discussed.

Normal portal vein
Portal flow to the liver accounts for about 80% of the 

blood supply to this organ and the other 20% is supplied 
by arterial flow). Normally, the PV is formed primarily 
by the confluence of the cranial and caudal mesenteric 
veins with the splenic (often referred to as the gastro-
splenic) vein from the left side and gastroduodenal vein 
from the right side (19, 29, 45).
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These vessels have additional tributaries:
•	 The cranial mesenteric vein receives blood from 

the jejunal veins, the ileocolic vein, and the caudal 
pancreaticoduodenal vein (4, 29).

•	 The caudal mesenteric vein receives blood from 
the colic veins: left, middle, and right colic veins, as 
well as the cranial rectal vein (4, 29).

•	 The gastroduodenal vein receives blood from the 
cranial pancreaticoduodenal vein, the right gastroepi-
ploic vein, and the right gastric vein (4, 29).

•	 The splenic vein receives blood from the left gastric 
vein, the left gastroepiploic vein, and the pancreatic 
branches (4, 29).

In the liver, the PV divides into the left and right 
branches (19). The left branch supplies the left liver 
lobes and the central part: the left medial lobe, the left 
lateral lobe, the quadrate lobe, and the papillary process 
of the caudate lobe, as well as an additional central 
branch to the right medial liver lobe (4, 19). Sometimes, 
the left portal branches supply the dorsal and the right 
lateral liver lobe (4).

The short right branch is responsible for the right part 
of the liver, especially the right lateral liver lobe and 
the caudate process of the caudate lobe (19). In cats, 
there are separate right, central and left branches (19). 
The number of portal branches entering individual liver 
lobes may vary among subjects (4).

The normal PV diameter in the porta hepatis is 
about 0.33-1.05 cm in dogs, with a ratio to the aorta of  
0.71-1.20 or 0.8-1.15 according to publications (7, 22, 
33). The normal portal flow is hepatopetal, with a mean 
portal flow velocity of 17 ± 4 cm/s, 15 ± 3 to 18 ± 8 
cm/s, according to different authors (7, 17, 21, 28).

Portosystemic shunts (PSS)
PSS develop when abnormal vascular communica-

tions between the portal and systemic vessels form 
during fetal life without any additional portal hyperten-
sion (19, 39). These PSS are low-flow abnormalities of 
the venous system and are classified into intrahepatic 
(IHPSS) and extrahepatic (EHPSS) depending on shunt 
localization (15, 39). They are typically solitary, and 
they are present at birth (19, 45).

These connections permit venous blood draining 
from the gastrointestinal tract, the pancreas, and the 
spleen to enter directly into the systemic circulation 
(7, 19). Therefore, toxins and waste products from the 
GI tract bypass the liver, causing general intoxication 
that severely affects the central nervous system (7, 19, 
39). A variety of clinical signs are related to hepatic 
insufficiency and risk of hepatic encephalopathy if 
more than 70% of hepatic function is lost (4, 30, 32). 
In these dogs, with PSS and hepatic encephalopathy, 
hyperammonaemia is observed (42).

Mainly, clinical signs are related to neurological 
problems: other, milder symptoms include delayed 
growth, gastrointestinal dysfunction (30% of affected 
dogs) and urinary tract abnormalities as ammonium 
urate urolithiasis (20, 23, 30, 42).

It has been proven that dogs with EHPSS have 
a  significantly higher incidence of ammonium urate 
urolithiasis when compared to dogs with IHPSS (42). 
In EHPSS cases, neurological signs were noted less 
common than in dogs with higher ammonia levels and 
neurological signs (significantly higher in dogs with 
IHPSS and without urolithiasis) (42).

In 2024, an additional, previously unknown clinical 
problem has been described, that dogs with IHPSS 
may concurrently develop discospondylitis or vertebral 
physitis due to dysfunction of the reticuloendothelial 
system, which may predispose these dogs to bacteremia 
or niduses of infection (38). These dogs had clinical 
signs as stiff gait, spinal pain and pelvic limb ataxia 
(38). Almost all commonly reported clinical signs are 
summarized in Table 1.

In some cases, PSS remain clinically unapparent until 
old age (39, 42).

The breeds most commonly affected by EHPSS are 
small breeds, such as Yorkshire Terriers, mixed-breed 
dogs, Miniature Schnauzers, Maltese, Pugs, and, less 
likely, cats (18, 24, 40). IHPSS occur in large-breed 
dogs such as Labrador and Golden Retrievers, German 
Shepherd Dogs, Irish Wolfhounds, and Doberman 
Pinschers (18, 40).

In 2007, the association between IHPSS type and 
breed, country of origin (USA vs Australia), and gen-

Tab. 1. Clinical signs in PSS (14, 17, 37)
Neurological Gastrointestinal Urinary Laboratory findings

– depression
– listlessness
– ataxia
– pacing
– circling
– head pressing
– cortical blindness
– seizures
– coma
– decreased motility
– disorientation
– aggression
– episodic weakness
– stiff gait
– spinal pain

– vomiting
– diarrhea
– anorexia
– ptyalism (very often in cats)
– melena
– poor growth or lower body 
   condition score

– dysuria
– stranguria
– pollakiuria
– haematuria
– ammonium urate uroliths
– polyuria

– microcytic normochromic nonregenerative 
   anaemia
– elevated liver enzymes activities
– hypoalbuminemia
– decreased blood urea nitrogen
– hypocholesterolemia
– hypoglycemia
– prolonged coagulation
– elevated
– pre- and postprandial serum bile acids
– hyperammonaemia
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der was described (20, 23, 30). Associations between 
left divisional IHPSS in Irish Wolfhounds and right 
divisional IHPSS in Australian Cattle Dogs have been 
reported, but these observations are not common for all 
authors (20, 23, 30).

Extrahepatic shunts (EHPSS)
In EHPSS, abnormal connections between the vitel-

line veins form in fetal life (4, 30, 31). These vessels 
form the portal system and the cardinal veins, which in 
turn form the systemic veins (4, 24, 32). The abnormal 
connection is present at birth, and in cases of EHPSS, 
the PV is often hypoplastic (4).

There are different types of these shunts. The type I 
shunt is very rare (end-to-side), with segmental congeni-
tal aplasia of the PV and a direct connection between 
the PV and the systemic vein, most commonly the CVC 
(4, 52). In these dogs, the gastroduodenal vein is often 
enlarged and occupies the position usually taken by the 
PV, lateral to the hepatic artery, which is also enlarged 
(51). Other abnormalities, such as CVC interruption 
with azygos continuation, may be observed with this 
anomaly (10, 51).

Most often, the type of shunt is type II – a side-to-side 
shunt, with one or more visible abnormal connections 
between the PV and the systemic circulation (4). The 
most commonly affected vessel at the origin of the shunt 
is the left gastric vein (about 95%), a finding consistent 
with the authors’ own observations (4, 44, 48). The 
reason for this frequency is, according to many reports, 
that the development of the left gastric vein, which is 
critical in the formation of EHPSS that communicate 
with the CVC at the level of the omental foramen (48).

The classification of shunts includes the name of the 
portal vessel from which the shunt emanates and the 
name of the systemic vein to which it joins (48). In most 
cases, the left gastric vein inserts into the splenic vein. 
It could also insert, according to the latest reports, into 
the CVC, the azygos vein, or the phrenic vein – then it 
is called the aberrant left gastric vein (45). According 
to the latest research conducted on 1082 dogs, both of 
these versions can account for about 66.7% and 28% of 
affected animals with PSS (45). In rare cases, the splenic 
vein could also be absent or aberrant, with insertion into 
the CVC, not into the PV (45).

The systemic vessel where a shunt could be inserted is 
the phrenic vein, the azygos vein, and the CVC (nearly 
50%) (45). For this reason, the most common shunts 
are described: left gastrophrenic (or splenophrenic), 
left gastro-azygos (or splenoazygos), splenocaval, and 
right gastrocaval shunts (15). They are often described 
also as right gastrophrenic, colonocaval, and portocaval 
shunts (19). In cats, 92% of shunts are spleno-caval, left 
gastro-phrenic, and left gastro-caval (19).

There are four consistent sites where the five most 
common EHPSS types enter the systemic venous cir-
culation: prehepatic CVC at the level of the epiploic 
foramen (splenocaval, right gastrocaval shunts), the 
left phrenic vein at the level of the oesophageal hiatus 

(left gastrophrenic shunts), the azygos vein at the level 
of the aortic hiatus (gastro-azygos shunts) and the CVC 
or iliac vein at the level of the 6th or 7th lumbar vertebra 
(left colocaval and left colo-iliac shunts) (42). In 2023 
atypical double EHPSS has been described with atypi-
cal path within the dorsolateral esophageal wall before 
entering the azygous vein (ewans).

In 2020, four consistent shunt types entering the 
CVC at the level of the omental foramen were de-
scribed (48). These shunts appear to be a result of the 
abnormal communication between the left gastric vein 
and the prehepatic CVC, the presence or absence of an 
abnormal communication between the splenic, the left 
gastric, and the PV, and the subsequent development 
of preferential blood flow (hepatopetal or hepatofugal) 
through portal vessels (48).

In 2024, a study by Weiss et al. with 1082 dogs, 43 
unique canine extrahepatic PSS conformations were 
identified, but the five most common shunts accounted 
for ~85% of all cases (39, 45). In this group, there are 
left gastric-phrenic (27%), left gastric-azygos (19%), 
left gastric-caval (15%), aberrant left gastric-caval with 
the right gastric vein (12%), and aberrant left gastric-
caval with the right gastric vein and the short gastric 
vein (45).

More than one shunt was confirmed in 0.1% of exam-
ined dogs, and in one-third of all cases, additional portal 
vessels were identified that contributed blood flow to 
the shunt (45). It was especially evident when the por-
tal vessel of origin was aberrant and when a shunt was 
inserted into the CVC (37). The most common contrib-
uting vessel was the right gastric vein (about 29%), the 
splenicogastric (or splenic, 15%) vein and the pancreatic 
vein (45). Despite abnormal anatomical location, these 
vessels are enlarged compared to normal (45).

There are also a few cases of simultaneous congenital 
and acquired PSS in dogs (9).

The anatomy of shunts is important as it has a seri-
ous clinical impact, according to various publications. 
Notably, dogs with EHPSS that insert cranially into the 
diaphragm, especially in portoazygos or portophrenic 
shunts, are reported to have less severe clinical signs, 
a lower prevalence of neurological clinical signs, and 
a better postsurgical prognosis (15). The low severity 
of clinical signs is probably due to partial compression 
of the PSS by the diaphragm during respiration and 
gastric distension following a meal (19). Patients with 
azygos shunts could also have milder clinical signs 
probably due to the increased resistance of the azygous 
vein versus the vena cava due to its smaller diameter 
(Poiseuille’s law) (24).

These factors may be explained by the inconsistent 
clinical symptoms in some animals and by accidental 
diagnoses in some patients at a later age.

Dogs with a larger PSS diameter, similar to that of 
the aorta (larger PSS/Ao ratio), tended to be diagnosed 
at an earlier age (7, 8, 24).

Clear understanding of the vascular anatomy, influ-
ences also the successful surgery, to ensure the correct 
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vessel is attenuated at the appropriate location and to 
avoid missing any contributing branches (44, 47, 48). 
It is also important to be sure about other possible co-
existing abnormalities as PSS has been described as 
coexist with previously mentioned CVC interruption 
with azygos continuation or circumcaval ureters (43).

Intrahepatic shunts (IHPSS)
In intrahepatic portosystemic shunts (IHPSS), there is 

an abnormal vascular communication between the portal 
venous system and the systemic circulation, typically 
through a hepatic vein or directly into the caudal vena 
cava. An abnormal shunt could be a  persistent fetal 
ductus venosus or a new connection that forms during 
fetal development (19). Persistent ductus venosus in 
fetal life diverts blood arriving at the portal sinus from 
the umbilical vein to the left hepatic vein in utero and 
should be closed in the first three weeks of life (19, 26). 
When the vessel does not close, it is visible as a left 
divisional shunt with insertion into the left hepatic or 
left phrenic vein (19, 29).

Two other types of IHPSS are right (both are men-
tioned as most common) and central-divisional shunts 
(19, 36).

In the right divisional shunt, the place of vessel 
insertion is the right lateral hepatic vein or the cau-
date hepatic vein (18). In the central divisional shunt, 
insertion is in the central hepatic vein, the dorsal right 
medial hepatic vein, or in the ventral aspect of the CVC 
(18). Left and right divisional shunts are most common 
(19). Very rarely, complex IHPSS are diagnosed, which 
represents a fusion of a few types (6, 30).

In 2019 and 2023, new classifications of IHPSS were 
proposed. Research by Bertolini in 2019 proposed that 
the first phenotype – persistent ductus venosus – should 
include all IHPSS shunts: left, right, and central (4). The 
other proposed phenotypes were aneurysmal IGPSS, 
one or more PSS in a single liver lobe and multiple PSS 
in several liver lobes (4). According to Plested et al., 
subclassification of the left, central, and right divisional 
IHPSS is most useful, taking into consideration the 
placement of PSS venous insertion rather than portal 
vasculature, as these vessels are often small or not 
visible in dogs with IHPSS (30). Very rarely, IHPSS 
with multiple insertion sites may be observed, and 
they should be recognized as a distinct classification 
type (4, 30).

In 2023, one study classified eleven types of single 
congenital intrahepatic PSS, distinguishing interlobar 
and intralobar categories, noting that not all shunt sub-
types represent persistent ductus venosus (41). These 
shunts pass between liver lobes (in a fissure between 

lobes), interlobar, or through a specific lobe (intralobar) 
(41). In the interlobar IHPSS, the authors included pat-
ent ductus venosus, left, right, and ventral shunts (41). In 
the intralobar – caudate process, the right lateral, right 
medial, quadrate, left lateral, left medial and papillary 
process shunt (41). This classification, according to the 
authors, could be essential to therapeutic planning and 
the remaining venous drainage post-occlusion (30, 41). 
The other important issue is that PSS is the only vas-
cular abnormality, as a few types of malformations can 
sometimes be observed (30). To this moment, IHPSS 
was reported with arterioportal malformation (APM) 
and with multiple acquired extrahepatic PSS (30).

Some dogs with congenital IHPSS occasionally have 
also multiple smaller intrahepatic, tortuous blood ves-
sels, surrounding the primary shunt which are similar 
in morphology to APM (36). These intrahepatic venous 
collaterals are significantly associated with the presence 
of a focal narrowing within the shunt or draining hepatic 
vein (36). They form in response to a partial obstruction 
to flow within the shunt, and are analogous to intra-
hepatic collaterals seen in patients with Budd-Chiari 
Syndrome, hepatic vein obstructions, or previous shunt 
attenuations at the level of the hepatic vein (36). These 
collateral vessels do not impact the treatment of choice 
although these IVCs could impact the “completeness” 
of shunt attenuation ultimately achieved (36).

Portal Vein Hypertension (PH), PV Hypoplasia, 
Acquired PSS Shunts

In dogs with portal hypertension, portal venous flow 
is often markedly reduced, and values below approxi-
mately 10 cm/s are considered strongly supportive of the 
diagnosis, although measurements should be interpreted 
in the context of Doppler angle and hemodynamic 
conditions. This problem is very often associated with 
serious parenchymal and vascular liver abnormalities 
(1, 6, 7, 39). Extrahepatic PV may also be hypoplastic 
or, in very rare cases, absent (4). A smaller extrahepatic 
PV has been observed in dogs with extrahepatic PSS 
and in some dogs with idiopathic noncirrhotic PH (6, 7).

In general, PH is caused by increased resistance and 
blood flow in the portal circulation and is classified as 
prehepatic, intrahepatic, or posthepatic (33).

Prehepatic PH is due to increased resistance in the 
extrahepatic PV and is associated with mural or intra-
luminal obstruction or extraluminal compression (33).

Intrahepatic PH could be due to increased resistance 
in the microscopic PV vessels (presinosoidal PH), 
sinusoids (sinusoidal PH), or small hepatic veins (33). 
There is also postsinusoidal PH due to veno-occlusive 
disease (31). All possible causes are in Table 2. The 

Tab. 2. Causes of intrahepatic portal vein hypertension (7, 8, 35)
Presinusoidal PH Sinusoidal PH Postsinusoidal PH

Primary hypoplasia of the PV (PHPV) Consequence of fibrotic hepatopathy as chronic 
hepatitis

Veno-occlusive disease- large hepatic veins, prehepatic 
CVC (cranial vena cava syndrome), right atrium

Idiopathic hepatic fibrosis

Hepatoportal fibrosis
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most common type in dogs is primary hypoplasia of the 
PV with PH (33). In affected dogs with primary hypo-
plasia of the PV, PH appears to result from intrahepatic 
PV hypoplasia, which may represent a severe form of 
microvascular dysplasia (7, 8, 39). In this disease, mi-
croscopic intrahepatic portovenous shunting is present, 
causing the portal blood to bypass the liver sinusoids 
(8). Clinical signs are similar to EHPSS but typically 
less pronounced (8).

The PV/Ao ration in primary portal vein hypoplasia 
could range between 0.24-0.67 (24).

Acquired Portosystemic Shunts (APSS)
Multiple APSS constitute approximately 20% of all 

PSS in dogs (1, 5). These shunts are pre-existing, rudi-
mentary embryonic connections that are normally non-
functional and are present between the portal and caval 
circulations. They are dilating and becoming functional 
in response to sustained prehepatic or intrahepatic PH 
or increased resistance in the cranial vena cava system 
(1, 3, 4, 6, 7, 31, 32).

The majority of multiple APSS are due to diseases 
causing PH, such as idiopathic noncirrhotic PH due to 
primary PV hypoplasia or atresia, idiopathic hepatic 
fibrosis and other acquired hepatopathies, arteriove-
nous malformations, PV thrombosis, or veno-occlusive 
diseases (1, 6, 7, 39). Hepatic microvascular dysplasia, 
reported in an increasing number of canine breeds, now 
represents an important differential diagnosis (7, 8).

Most often, diagnostic imaging features of APSS, 
besides PH and abnormal, acquired vessel formation, 
are ascites and pancreatic oedema (1, 6, 7). Postprandial 
US facilitates the detection of these changes (6, 7).

In APSS, the main branches enlarge the left-colic pu-
dendal vein, left gastric-cardiac oesophageal branches 
and phrenic-PV connections, which are not perfused 
or minimally perfused after birth (3, 4). The shunts 
could be divided into large (left splenogonadal, sple-
nophrenic shunts) and small shunts (for example, oe-
sophageal, gastrophrenic and colic varices), which could  
coexist (4).

Depending on anatomical localization, varices could 
be subdivided into the left gastric vein, gastrophrenic, 
omental, gallbladder, abdominal wall, duodenal, and 
colic (3, 4). In patients with PH, the left gastric vein 
is often dilated and tortuous, and it is sometimes ac-
companied by paraesophageal, oesophageal, and gas-
tric varices (3). In Bertolini’s research (3), all patients 
with PH had varices draining directly into the CVC or 
through its tributaries. However, gastric varices drained 
either into the cranial vena cava through the oesophageal 
and paraesophageal veins (gastroesophageal varices) or 
into the CVC through the left phrenic-abdominal vein 
(gastrophrenic varices).

The most common observed route in dogs is the left 
splenogonadal shunt and splenophrenic varices (31, 
32, 39), with the splenophrenic pattern shared by both 
APSS and congenital portosystemic shunts (CPSS) 
(32). In particular, a dilatation of the left gonadal vein is 

considered to be a very sensitive and specific indicator 
of APSS and PH (1).

Cavo-Portal Collaterals, Porto-Portal Collaterals 
(Cavernous Transformation of the Portal Vein)

A similar appearance of opening pre-existing but non-
functional shunt vessels may be observed in cavo-portal 
collaterals (4, 36). They may be observed in cases of 
chronic obstruction of the CVC (4).

In the chronic obliteration of the PV lumen due to 
thrombosis or extrinsic compression, PH, portal cavern-
ous transformation, and APSS could develop (4, 36).

In the Specchi et al. study, PV obstruction and cavern-
ous transformation of the PV have been described as 
a single condition or concomitant with APSS in small 
animals (37). Numerous newly formed portal vessels 
are observed, which could exist around and in throm-
bus, as well as long bypassing collaterals in the porta 
hepatis and around the gallbladder and bile ducts (4, 
36, 37). These vessels are connecting the preobstructed 
extrahepatic PV tract to the postobstructed tract or main 
intrahepatic PV branches (36, 37). These collateral ves-
sels represented portoportal connections with presumed 
hepatopetal flow (37).

There are two types of these vessels:
•	 The short collaterals – newly formed vessels (neo-

vascularisation) around/inside the thrombotic PV (12, 
34, 37).

•	 Long collateral pathways – pre-existing vascular 
structures (pancreaticoduodenal vein, gallbladder, cystic 
duct, and choledochal veins and the splenic vein) that 
are used to bypass the site of PV obstruction. In this 
group, collaterals arise from the pancreaticoduodenal 
vein, gallbladder, cystic duct, and choledochal veins, 
as well as from the splenic vein (12, 37).

When portal obstruction is limited to the portal trunk, 
vessels forming the cavernous transformation may 
bypass the obstructed site, connecting the intrahepatic 
portal branch to maintain normal portal flow (37). In 
more severe PV obstruction, cavernous transforma-
tion is not sufficient to relieve PH and portosystemic 
collateral circulation forms (37). On CT examination, 
a normal PV is usually not visible (37).

Diagnostic imaging methods of diagnosis
Diagnosis of PSS is made on the basis of history and 

physical examination, laboratory findings, and diagnos-
tic imaging methods, which are essential because they 
allow for visualisation of the aberrant vein and rule 
out other conditions that can cause similar signs (19, 
39). In 2020, Devrient et al. reported results suggest-
ing that dogs with clinical signs compatible with PSS 
and elevated fasting ammonia are likely to have PSS, 
whereas normal paired serum bile acids make PSS un-
likely (8). It shows that it is best to combine ultrasound 
diagnostics with simultaneous analysis of laboratory 
tests to diagnose PSS (8).

Ultrasonography (US) is the most commonly used 
technique for detecting PSS in dogs and cats due to its 
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availability and low costs, but it is a highly operator-de-
pendent technique (19). There are also some limitations 
of US, as the presence of gas in the gastrointestinal tract 
may preclude complete evaluation of some abdominal 
structures, and examination may be more difficult in 
deep-chested dogs.

On the other hand, US is the only diagnostic modality 
that enables Doppler sonography and allows character-
ization of blood flow in affected vessels, such as portal 
flow pattern, direction, and velocity (1).

The Doppler shift calculation and correct blood ve-
locity measurement require an angle of insonation (the 
angle between the ultrasound beam and the target) of 
around 60° or lower; otherwise, this method has low ac-
curacy (7, 8). The axial orientation of the PV in dogs and 
cats can sometimes make measurement difficult (7, 8).

In intrahepatic portosystemic shunts (IHPSS), there is 
an abnormal vascular communication between the portal 
venous system and the systemic circulation, typically 
through a hepatic vein or directly into the caudal vena 
cava. To improve the method’s effectiveness, some 
protocols for systematic ultrasonographic evaluation of 
the portal system in dogs were proposed (39). Failure 
to locate a PSS does not rule out the possibility of its 
presence (7, 8, 39). In particular, EHPSS more com-
monly required additional examinations to confidently 
obtain a negative or positive diagnosis and to define 
shunt morphology (7, 8).

Reported sensitivities range from 47% to 95% and 
specificities from 57% to 100% for the ultrasonographic 
diagnosis of PSS, with higher accuracy reported in 
selected referral populations (7, 8).

Standard CTA and MR angiography primarily pro-
vide morphologic information and do not directly assess 
flow direction, although dynamic or perfusion-based 
techniques may offer indirect hemodynamic insights 
(14, 25, 39, 51).

These methods also require premedication or general 
anesthesia. It is a very useful method in surgical plan-
ning (7, 8).

CT angiography (CTA) has become the imaging 
technique of choice for diagnosing PSS in dogs and cats 
(7, 8). According to some authors, the sensitivity and 
specificity of CTA for the detection of PSS (96% and 
89%, respectively) were significantly higher than those 
of abdominal US, and CTA was 5.5 times more likely 
to detect a shunt than abdominal US (18).

Nelson et al. recommend performing a CTA whenever 
available to reach a definitive diagnosis, especially if 
a CPSS is highly suspected and cannot be located by US, 
or if a complex or multiple CPSS is suspected (18, 19).

In recent years, CT examination has enabled the 
creation of three-dimensional models of IHPSS in dogs 
using vascular modeling engineering-based software, 
which can be utilized for preprocedural planning, de-
pending on clinician preference (16).

Magnetic resonance angiography (MRA) has many 
advantages, similar to CTA (19). Seguin et al. (1999) 
reported sensitivity (80%) and specificity (100%) of 

MRA for the diagnosis of PSS, comparable to those 
of CTA, and differentiation of EHPSS from IHPSS 
was possible in the vast majority of dogs (83%) (35). 
However, this method is more complicated, slower and 
more expensive than CT (35).

In 2020, new MRI protocols using ferumoxytol in 
dogs, despite the gadolinium, were presented (43). This 
method provides vascular conspicuity comparable to 
that of CT in dogs with intrahepatic PSS (49).

There are numerous publications that use mesen-
teric portovenography as an imaging technique for 
detecting PSS in dogs and cats (1, 13, 19, 29, 39). It 
provides dynamic information about the flow through 
the aberrant vessel before and after occlusion and can 
better assess portal arborisation (30). On the other 
hand, this technique is invasive and time-consuming, 
and it requires mobile radiography or fluoroscopy. The 
above-mentioned factors and variations in the expected 
results lead to the limited use of this method in practice 
(1, 13, 19, 29, 39).

Similarly, although scintigraphy can detect porto-
systemic shunting, it cannot differentiate CPSS from 
APSS (39).

Taking into account all the advantages and disadvan-
tages of the above methods, US combined with CT is 
most frequently used.

Diagnostic imaging findings
All possible findings indicative of extrahepatic PSS 

include microhepatia and reduced hepatic and PV 
branch visibility (22-84% of cases, with lower percent-
ages in cats), as well as the presence of an anomalous 
vessel that can be observed from its origin to its ter-
mination (7, 8, 19). In Nelson’s research, most shunts 
were the same or slightly larger in diameter than the 
aorta, and the cranial PV was smaller than that of the 
aorta, but in the literature, shunts of different sizes are 
described (27).

The PV diameter is reduced in the porta hepatis, and 
the PV/aorta ratio in dogs with EHPSS is also reduced 
(19). Strongly suggestive dogs and cats with a PV/Ao 
ratio of ≤ 0.65 have a decreased PV diameter, which 
means that there is a presence of an extrahepatic PSS or 
idiopathic noncirrhotic PH. Dogs and cats with PV/Ao 
and PV/CVC ratios of ≥ 0.8 and ≥ 0.75, respectively, 
did not have an extrahepatic PSS (7, 8). PV/Ao above 
1.2 could indicate the enlargement of the PV and PH.

According to Weisse et al., based on the internal 
diameter of the PV at the level of the porta hepatis, in 
comparison to the internal diameter of the PV prior to 
shunt exit and based on the visibility of first, second and 
third order PV branches, the hepatic portal perfusion 
could be rated in CT (44, 45). A portal perfusion score 
is a 5-point scale where points are:

•	 Poor – no visible PV at the porta hepatis, absent 
first-order intrahepatic branches;

•	 Moderate-poor;
•	 Moderate – visibility of 50% internal diameter of 

the PV compared with the PV prior to shunt exit from 
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the portal system; first or second-order intrahepatic 
branches are visible;

•	 Moderate-good;
•	 Good – similar internal diameter of the PV com-

pared with the PV prior to shunt exit from the portal 
system; second or third-order intrahepatic branches are 
visible.

In 2019, Amasha et al. proposed a CT protocol with 
a measurement of shunt fraction (percentage of total 
portal venous flow that is shunted) and hepatic perfu-
sion (2). They discussed that dogs with EHPSS and 
higher shunt fraction values may have lower volumes 
of intrahepatic portal blood flow, and affected dogs may 
show clinical signs at earlier ages (2). They also stated 
that perfusion CT could be useful for distinguishing 
hemodynamic characteristics among different types of 
PSS in dogs (2).

If the place of shunt insertion is into the CVC, it is 
often enlarged cranially to it. The presence of a large 
vessel in the craniodorsal abdomen coursing along the 
aorta, with flow directed cranially, indicates an abnor-
mally enlarged azygos vein and PSS azygos shunt (7).

In US, turbulence in blood flow at the CPSS inser-
tion into the systemic venous system may be identified, 
as well as changes in mean portal flow velocity and 
portal flow variability (7, 19). Hepatofugal portal flow 
appears to be highly specific for portosystemic shunt-
ing in dogs (7). An increased portal flow velocity tends 
to occur when measured caudal to the PSS origin, and 
the opposite is expected if the measurement is obtained 
cranial to the PSS (7).

In PSS, it was also observed that an increase in 
hepatic arterial diameter is a regulatory mechanism in 
response to a reduction in portal blood flow, a phenom-
enon known as hepatic arterial buffer response (HABR) 
(7, 15). The increase in arterial perfusion in dogs with 
reduced portal blood flow has been previously docu-
mented (2, 50). This mechanism can buffer a 25-60% re-
duction in portal venous flow, minimizing the influence 
of afferent flow to the liver on hepatic clearance (14). 
The feature of increasing the hepatic artery diameter 
is considered helpful for assessing surgical outcomes 
and postoperative monitoring, as it was observed that 
the artery’s size decreases after shunt attenuation, but 
at this moment a  limited number of observations are 
available (14).

The enlargement of the aorta was also observed in 
some previous studies, without finding a possible cause, 
possibly related to an increase in systemic circulation 
resulting from portosystemic shunting (7).

Portal hypertension (PH) is not present in CPSS, 
and patients do not develop ascites unless they have 
profound hypoalbuminemia due to GI bleeding, hepatic 
insufficiency, or severe dietary protein restriction (19). 
These cases are very rare (1, 7, 8). In PH, the portal 
flow is below 10 cm/s in dogs and cats.

The other diagnostic imaging features of PSS include 
urolithiasis, which has a positive predictive value of 
97% in suspected dogs and bilateral renomegaly (1, 7, 

8, 26). In the case of renomegaly, several theories have 
been proposed to explain its aetiology (26). They in-
clude suspicion of homeostatic mechanisms to maintain 
hepatic blood flow, resulting in increased renal arterial 
blood flow and glomerular filtration rate, which may 
cause renomegaly, as well as the effect of changes in 
renal metabolic function or glomerulopathy as a com-
plication of portosystemic shunting (25).

These calculi are mostly ammonium urate uroliths 
and are usually radiolucent on radiographic examination 
until they contain no additional calcium salts or struvite 
deposits (19). The best positive predictive value (100%) 
was when urolithiasis, microhepatia, and renomegaly 
were found together (1, 7, 8).

The latest research also reported a higher risk of GI 
tract ulceration due to impaired hepatic inactivation of 
gastrin and/or increased gastrin production stimulated 
by elevated serum bile acid concentrations, abnormal 
blood flow, hypoprostaglandinemia, poor mucosal in-
tegrity, and abnormal mucus production in dogs with 
hepatic disease (11). This complication negatively 
influences the postoperative prognosis of patients with 
PSS (11).

Conclusion
Ultrasound and computed tomography are used to 

identify and evaluate PV abnormalities in dogs, and 
other diagnostic methods are used less frequently. 
Knowledge of vessels and the morphology of additional 
abnormalities, as well as possible complications, is es-
sential for prognosis and further treatment.
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