
The PS is a vascular abnormality represented by 

the aberrant connection between the extrahepatic 

portal vascularization and the systemic circulation, 

respectively the connection between the portal vein 

and the vena cava or Azygos vein. 

Thus, the semantics of the term “shunt” refers to 

the bypassing of the liver by the portal blood, which 

enters systemic circulation through the newly iden-

tified micro- or macro-vascular segments.

Although PS tend to be considered congenital ab-

normalities, acquired portosystemic shunts (APS) de-

velop as a result of portal hypertension caused by 

chronic liver damage, secondary to portal vein atresia, 

stricture or thrombosis, venous occlusive syndrome, 

or damage to the intrahepatic branches that can cause 

non-cirrhotic portal hypertension. Practically, any 

disorder that diminishes the hepatic perfusion will tri-

gger a compensatory mechanism by which the arterial 

blood supply to the liver will be increased. Thus, a 

high-pressure retrograde arterial flow occurs in the 

portal vein, which will cause the formation of the APS. 

Therefore, the bloodstream is directed to the systemic 
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method, or establishing comparative analysis between 

some of the techniques involved. Thus, this paper ga-

thers data from all of these remarkable writings pre-

senting the most relevant aspects, which coopera-

tively should embody the systematic diagnosis of PS in 

canine patients. 
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 Șunturile portosistemice (SP) sunt patologii com-

plexe, care au fost mai des identificate în ultima vreme 

în practica veterinară datorită disponibilității tehnicilor 

avansate de diagnostic. Cu toate acestea, SP reprezin-

tă mari provocări pentru medicul veterinar practician, 

deoarece acuratețea diagnosticului poate fi atinsă 

doar coroborând tehnicile de examinare clinică și para-

clinică. Obiectivul principal al acestui articol este de a 

realiza o actualizare a datelor privind diagnosticul SP 

la canide, subliniind interdependența dintre compo-

nenta clinică și cea paraclinică. Acest articol se bazea-

ză pe cele mai recente și relevante lucrări publicate pe 

tema aleasă și este susținută de datele culese secun-

dar managementului cazurilor de SP înregistrate în ca-

drul Spitalului Didactic Veterinar Prof. Dr. Alin Birțoiu 

aparținând Facultății de Medicină Veterinară din Bucu-

rești. Majoritatea studiilor incluse au vizat o anumită 

metodă de diagnostic într-o manieră singulară, au 

evaluat sensibilitatea și specificitatea unei metode sau 

au stabilit o analiză comparativă între câteva tehnici 

implicate. Articolul de față adună date din toate aceste 

scrieri remarcabile prezentând cele mai relevante as-

pecte cu scopul de a fundamenta maniera sistematică 

de diagnostic a SP la pacienții canini.
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circulation through pathways where pressure forces 

determine a lower flow resistance (1, 33).

GENETIC BACKGROUND

Congenital PS can be extrahepatic (EPS) or intra-

hepatic (IPS). IPSs can be classified into left-sided 

shunts, right-sided shunts, or patent right ductus 

venosus and central shunts with a completely different 

embryonic origin (29). Data from the literature, su-

ggests that left-sided IPSs are more common and the 

amount of blood that the IPSs generally exploit is 

greater than the shunting capacity of the EPS (15). 

IPSs have been reported more intensively in large 

breeds, with extensive genetic studies even showing 

an increased incidence of venous duct persistence in 

Irish Greyhounds. On the other hand, EPSs seem to be 

more specific to small breeds: Yorkshire, Bichon Mal-

tese or Havanese, West Highland White Terrier, Minia-

ture Schnauzer, Cairn Terrier, etc. Recent data high-

lights the importance of the genetic component in the 

aetiology of this complex pathology. Given the increa-

sing prevalence, it was concluded that in certain 

breeds such as Yorkshire terrier PSs could be consi-

dered hereditary pathologies. Consequently, publica-

tions proposed the screening of new-borns from pre-

disposed breeds by various genetic tests or even by 

determining the resting and post-prandial serum bile 

acid concentrations and ammonia (27). Van den 

Bossche et al. (2012) analysing the distribution of por-

tocaval and portoazygos shunts from a population of 

135 dogs of different breeds, concluded that the gene-

tic dowry of the individuals may contribute to the evo-

lution of the stated vasculopathy (29, 30). Research 

on dog populations in Japan has shown that the most 

common type of EPS is the spleno-phrenic shunt, 

while in North America, spleno-azygos shunts are 

more commonly reported (9, 17, 29). 

Fukushima et al. (2014) explain this geographical 

distribution of morphological shunt types judging by 

the predominance of breeds such as Dachshund or 

Poodle Toy in Japan (9). In addition to all the data 

supporting the hypothesis of genetic background, 

there are also studies regarding EPS-associated heri-

tability such as the one conducted by O'Leary et al. 

(2014) on a batch of 135 Maltese Bichons. Although 

they have managed to provide clear data on the impli-

cations of genetic factors in the evolution of portosys-

temic shunts, they have pointed out the need of fur-

ther in-depth research on the issues proposed with the 

use of advanced molecular techniques (20).

MORPHOLOGICAL DEPICTION

Abnormal vascular communications in case of EPS 

occur between the portal vein or one of its tributaries 

(left gastric vein, splenic vein, cranial or caudal me-

sentery, and gastro-duodenal vein) and vena cava or 

Azygos vein (19). By computed tomography angiogra-

phy (CTA), Nelson et al. (2011) highlighted 6 confor-

mational subtypes of EPS, respectively: spleno-

caval shunt, the connection with the vena cava being 

most often established in the region of the cranial pole 

of the right kidney, caudal to the liver, spleno-phre-

nic shunt, situation in which the venous communi-

cation has a longer length, it is oriented cranially to the 

liver following the diaphragm prior to the insertion to 

the vena cava, the spleno-azygos shunt distin-

guished by a sinuous trajectory bypassing the sto-

mach on the right side in order to insert to the Azygos 

vein, the gastro-caval shunt which extends ventro-

caudally on the left side along the lesser gastric curva-

ture, finally connecting with the caudal vena cava, the 

gastro-azygos shunt with a caudal loop prior to 

the insertion to the Azygos vein and the gastro-caval 

shunt with caudal loop, which may form originally 

from the anastomosis of 2 atypical vessels: one deri-

ving from the portal vein, the other from the gastro-

duodenal vein (17). Fukushima et al. (2014) propose 

variations for the names of these shunts, considering 

the defining criteria for the nomina preference, the 

degree of involvement of the left and right gastric 

veins, and the presence of blood flow at the level of the 

abnormal vascular connections. Thus, they propose a 

more detailed classification of the morphological shunt 

types, novel subtypes arising along with the appro-

priate terminology. However, following the analysis of 

the publications on this subject, it was possible to for-

mulate the hypothesis according to which 93% of the 

shunts described most often in dogs can be classified 

into 4 categories: 34% spleno-caval shunts, 22% gas-

tro-phrenic, 21% gastro-caval, and 16% gastro-azy-

gos (34, 35).

CLINICAL AND PATHOGENETIC FINDINGS

The typical clinical picture in PS cases reflects the 

global effect of the pathogenetic mechanism involved. 

Namely, it illustrates the consequences of metabolic 

changes caused by the systemic toxins and metabo-

lites overload originating from the gastrointestinal 

tract. 75% of the symptomatic cases were reported in 

dogs under 1 year of age, rarely the clinical onset 

affecting older individuals (19).

Broadly speaking, symptoms in PS can fall into 

three categories: neurological, gastrointestinal, and 

urinary symptoms (12). 

The clinical signs may vary in terms of intensity, 

asymptomatic patients being identified along with 

individuals with severe neurological impairment, se-

condary to the evolution of hepato-encephalic syn-

drome, with pacing and circling or central blindness, 
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seizures or even comatose state (19, 26). This glaring 

diversity within individuals can be assigned to the ca-

libre variability of the shunts, which can be explained  

in terms of nutrition and diet or may be attributed to 

environmental inconsistency (19). Another hypothesis 

regarding the differences in severity, on clinical 

grounds, stated that the porto-azygos and porto-

phrenic shunts have led to lower intensity manifesta-

tions than the porto-caval shunts, the incriminating 

reason being the marked compressions performed by 

the diaphragm and the stomach during breathing and 

postprandial period. In fact, the main feature of the 

clinical onset is the exact starting point of the manifes-

tations (12, 15). In most cases, individuals reveal 

symptoms after feed intake, due to the immediate 

systemic discharge of potentially toxic substances that 

will trigger the hepato-encephalic syndrome such as 

ammonia, gamma-aminobutyric acid, short-chain 

fatty acids, and aromatic amino acids (15).

In a study conducted on 93 individuals for whom 

the recommendation for surgical shunting was formu-

lated, 78.5% of them showed signs of neurological 

impairment, only 17.3% developed seizures. Other 

neurological signs noted were: reduced mentation, 

ataxia, pacing, wandering, disorientation, compulsive 

walking, abnormal behaviour or behavioural changes, 

drooling, weakness, head pressing, apparent blind-

ness, and coma (15, 16, 26).

The second category of clinical signs noted are 

those related to the involvement of the gastrointesti-

nal system, among which we mention: anorexia, vo-

miting, diarrhoea, and pica (12, 15).

The associated renal impairment is expressed by 

polyuric-polydipsic syndrome, with hyposthenuria, 

which is characterized by a multifactorial aetiology be-

ing the consequence of the increased levels of antidiu-

retic hormone, the diminished urine concentrating 

ability, contingent to the impact on the concentration 

gradient within the renal medulla. In addition, an 

invariable element regarding the evolution of PS is the 

production of ammonium urate crystals either inside 

the urinary bladder (Fig. 1) or in the renal pelvis (Fig. 

2) (19). The presence of ammonium urate stones can 

be associated clinically with symptoms such as: hae-

maturia or strangury, complications such as bacterial  

cystitis being noted. In case of such septic involve-

ment, the clinician may observe a worsened clinical 

pattern sequentially to the lower urinary tract damage 

(15, 18). The literature states that anecdotally, 

individuals with kidney or bladder stones were less li-

kely to manifest significant neurological symptoms. 

Some dogs may present nephromegaly, which some-

times can be indisputably exposed during palpation. 

This develops secondary to the circulatory changes 

and is not considered a consequence of lithiasis or of 

the disturbed kidney function. It seems to have no cli-

nical relevance, being reversible (19).

Fig. 1. Ultrasonography - bladder lithiasis, 

secondary to the evolution of a PS in a dog

Fig. 2. Renal calculi highlighted by ultrasound, 

secondary to the evolution of PS in a dog

Another interesting aspect that sums up the expli-

cit clinical and lesional picture of PS is their relation-

ship with other congenital pathologies such as cryptor-

chidism. Scientific data noted the tendency of these 

two distinct innate entities to evolve simultaneously, 

the reported incidence for cryptorchidism being 50% 

in males with congenital PS (19).

PARACLINICAL FINDINGS

The liver plays an essential role in protein, lipid, 

and carbohydrate metabolism, the direct consequence 

of its multiple implications being hypoalbuminemia, 

hypoproteinaemia, hypoglycaemia, hypocholestero-
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laemia, and the reduced amount of urea produced that 

occurs consequently to impaired liver function. Simi-

larly, the coagulation factors synthesis is affected. 

However, all these biochemical alterations are nonspe-

cific and become detectable after the downgrading of 

the liver function by 70-80% (6, 8, 28). Alanine ami-

notransferase (ALT) and alkaline phosphatase (ALP) 

are also lacking in specificity. Although 75% of PS ca-

ses will present moderately high ALP and ALT values, 

these 2 parameters are rather considered markers for 

cholestasis and hepatocyte damage, being sensitive to 

the action of certain substances used in therapy or 

suffering alterations in case of hepatitis or muscle da-

mage. However, they may be especially important du-

ring postoperative monitoring of patients after surgi-

cal shunt attenuation (2, 6, 8).

Ammonia is generated by coliforms and anaerobes, 

mainly in the large intestine, from the digestible mate- 

rial ingested, as a part of the protein metabolism. It is 

absorbed from the intestine in order to be converted to 

urea by hepatocytes (6, 8). Unfortunately, ammonia is 

a labile compound, so samples collected using antico-

agulants should be cooled immediately and analysed 

within maximum of 30 minutes after collection (8, 10). 

However, fasting blood ammonia is an essential tool in 

the diagnosis of PS being characterized by a specificity 

of 86-90% and a sensitivity of 81-90% (15, 21).

If the PS suspicion is maintained with obtained va-

lues of fasting blood ammonia that fall within the phy-

siological limits, a tolerance test can be used. A variant 

for this test consists in a 24-hour diet with subsequent 

administration of a meal containing 30.3% protein. 

The postprandial ammonia should be valued after six 

hours. A more commonly used variant involves the ad-

ministration of 2 ml / kg of 5% ammonium chloride 

orally or rectally with the determination of ammonia 

20 (T20) or 40 (T40) minutes after administration. The 

sensitivity of this test for the diagnosis of PS was 95% 

for T20 values and 100% for T40, respectively (8, 31).

Along with the fasting and postprandial ammonia 

values, the PS diagnostic protocols consist in the de-

termination of pre- and postprandial serum bile acid 

concentrations. Bile acids are absorbed by the ileum 

and are transported to the liver through portal circu-

lation. Here, 95% is recovered by the recycling me-

chanism within the biliary system (8). This paraclinical 

tool is intensively used in order to support the suspi-

cion of PS. It has the advantage that it can be per-

formed in an external laboratory because it lacks the 

labilities described for the ammonia serum concen-

tration assay. The cumulative sensitivity for fasting and 

postprandial bile acids is 89-90%. If it is associated 

with the determination of fasting ammonia, the sensi-

tivity parameters rise to 100% (15, 21). According to 

Ruland et al. (2010), high values of fasting bile acids 

and high values of fasting ammonia will be characte-

rized by a specificity of 97% for the diagnosis of PS.

C-reactive protein (CRP), a K-dependent protease 

synthesized in the liver, with a strong role in modula-

ting the inflammatory response and preventing 

thromboembolic events, may be an additional tool for 

the diagnosis of PS. In human medicine, low levels of 

C-reactive protein are associated with inflammatory 

liver disease, cirrhosis and neoplastic diseases. In ca-

nids, CRP can help differentiate congenital PS from 

hepatic microvascular dysplasia (14). The sensitivity 

for PS detection was set at 88% (8). Although non-in-

vasive, it is not a common test in PS diagnostic proto-

cols, but the potential utility of CRP has been stated e-

ven for postoperative follow-up, providing an indirect 

assessment of residual shunting after surgical attenu-

ation (4, 8).

Hyaluronic acid (HA), a polysaccharide secreted by 

fibroblasts in several tissues, is removed from the 

blood flow by the liver, being seized by the endothelial 

cells within sinusoidal capillaries (8). Increased HA va-

lues are correlated with the genesis of hepatic and non 

-hepatic fibrous tissue, respectively with the reduction 

of hepatic clearance, a situation encountered secon-

dary to the evolution of PS. According to Seki et al. 

(2010) and Ceplecha et al. (2018) HA serum values in 

dogs with PS were higher than the values encountered 

in healthy dogs from control groups, decreasing even 

2 weeks after surgical remediation of the EPS (25).

DIAGNOSTIC IMAGING

Abdominal ultrasonography is a valuable, accessi-

ble, non-invasive examination widely used in the diag-

nosis of PS in canine or feline patients. The sensitivity 

and specificity of this method vary within fairly wide 

limits from 80 to 95%, respectively between 67% and 

100%. Doppler ultrasound, on the other hand, has 

satisfactory sensitivity and specificity parameters: 

95% and 98%, respectively (14). An experienced ul-

trasound specialist can determine the position and 

make assessments regarding the anatomy of the PS, 

before resorting to computed tomography (23). Also, 

abdominal ultrasound can evaluate both the liver, 

assessing the echotexture and echogenicity, and the 

rest of the abdominal viscera that may show changes 

associated with the evolution of PS: digestive tract, 

urinary tract, etc.

According to a study directed by d'Anjou et al. 

(2004) in which 132 dogs with PS were included, ab-

dominal ultrasonography has shown various signs 

such as reduction of liver size in 84% of individuals, 

nephromegaly in 59% of individuals with congenital 

PS and urolithiasis, or the presence of ammonium 

urate crystals in the bladder in 97% of dogs examined.

Moreover, for the ultrasonographic diagnosis of PS, 

the measurement of portal blood flow velocity and 
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vascular morphometry is used in order to establish va-

rious correlations between the dimensions of the por-

tal vein, aorta, and vena cava (Fig. 3). The portal blood 

flow is uniform, non-pulsating, with an average veloci-

ty between 12 and 17 cm/s in dogs. It can increase 

physiologically above 20 cm/s postprandially and can 

decrease below 10 cm/s in case of portal hypertension 

(23). By applying Doppler ultrasound, the blood flow 

variations are also noticed, turbulent flow patterns 

being recognised at the level of the abnormal branch 

(Fig. 4) or at the level of the caudal vena cava. In order 

to identify the EPS, the right dorsal intercostal window 

is recommended to be used. 

Acquired EPSs are associated with portal hyperten-

sion and tend to resemble small, sinuous vessels loca-

ted most frequently medially to the spleen and left kid-

ney (32) (Fig. 5 and 6).

Fig. 3. Ultrasonographic assessment 

of flow velocity

Fig. 4. Doppler module resembling turbulent flow 

during the ultrasonographic evaluation 

of a PS suspicion

Fig. 5. Doppler module – Porto-Caval Shunt

Fig. 6. B mode –EPS in a dog

Fig. 7. Ultrasound image of a PS 

before surgical attenuation

Ultrasound can also be successfully used for post-

operative evaluation, along with the other paraclinical 

methods discussed, having the advantage of non-in-

vasiveness. By applying the Doppler technique, the 

degree of surgical occlusion obtained at various points 

in the postoperative follow-up can be assessed (Fig. 7 

and 8).



12                                                                                                                                                                             Rev Rom Med Vet (2022) 32 | 1

Fig. 8. Ultrasound image of a PS 

after surgical attenuation

Fig. 9. Three-dimensional representation 

of PS through computed tomography

The golden standard for the diagnosis of PS is, 

however, CTA. According to Kim et al. (2013), the sen-

sitivity and specificity for CTA in PS diagnosis are sig-

nificantly higher in comparison with ultrasonography: 

96% and 89%, respectively. By applying multiplanar 

reconstruction, the trajectory of the abnormal vessels 

can be tracked digitally after the actual scan. The ob-

tained images can be reconstructed in three dimen-

sions for a more accurate illustration of the shunt mor-

phology (Fig. 9) (14, 15).

Computed tomography also gives the possibility to 

appreciate the abdominal organs, being able, similarly 

to abdominal ultrasound, to incriminate possible alte-

rations of abdominal viscera associated with the evo-

lution of PS (Fig. 10 and 11).

Also, by CTA it is possible to record various morpho-

metric measurements as the ones achieved by Sakamo-

to et al. (2017) during the evaluation of the diameters of 

the portal vein and the aorta, respectively the ratio be-

tween the values obtained in dogs with chronic hepatitis, 

congenital PS and primary portal vein hypoplasia. 

Fig. 10. CT image - Diminished liver volume 

in a PS case

Fig. 11. CT image - Bilateral nephromegaly 

in a PS case

Computed tomography (CT) is often used to con-

firm ultrasonographic findings, giving a better assess-

ment of the morphology of the shunt based on which 

the surgical protocol can be adapted (Fig. 12). The use 

of CT, a less invasive diagnosis technique in compa-

rison with intraoperative mesenteric portovenogra-

phy, has reduced mortality rates and improved ope-

rative time, from incision to closure. 

According to the literature, the tomographic tech-

nique ensures the correct identification and morpholo-

gical characterization of the shunt. The CT's diagnosis 

efficiency has been rated 5.5 times higher than abdo-

minal ultrasound, which is very much based on the 

operator's experience (14, 15).

Another less approachable technique for PS diag-

nosis is represented by nuclear scintigraphy, which 
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can be performed transsplenically or by radioisotope 

deposition through the rectum in the colon. 

Transsplenic administration is performed by ultra-

sound guidance, Technetium 99m being the most fre-

quently used radioisotope for this purpose. 

The presence of the shunt is incriminated by the 

detection of radio-isotopes in the heart before they 

reach the liver or their simultaneous detection at both 

levels. Besides the disadvantages associated with the 

radiation exposure of personnel, scintigraphy cannot 

indicate the presence of multiple shunts, nor can it di-

fferentiate IPSs from EPSs (15). 

Fig. 12. CT image - Porto-caval shunt, 

length 0.49 cm, width 0.32 cm

Recently, the usefulness of magnetic resonance 

imaging (MRI) for PS diagnosis has been cited. Al-

though it can provide high-quality images and it has an 

established sensitivity rate that reaches 80%, MRI an-

giography is not currently widely used, with few studies 

stating the ability of MRI to identify PSs (3, 13, 24). In 

comparison, CTA offers similar images in terms of de-

tail but is less time-consuming and less expensive (14).

CONCLUSIONS

PS in canids are complex pathologies, for their di-

agnosis being imperative to concord the clinical exa-

mination with modern diagnostic imaging methods 

and with the most relevant biochemical markers. The 

ideal protocol should include physical examination, in-

depth clinical examination of the affected organ sys-

tems, abdominal ultrasonography, CTA, fasting and 

postprandial serum ammonia, and serum bile acids 

concentrations. This statement is supported by the 

high rates of sensitivity and specificity of these diag-

nostic methods, taken singularly. The association be-

tween them paves the way for securing an accurate 

diagnosis by applying a protocol with values of sensi-

tivity and specificity close to 100%. A complete and 

correct identification and depiction of the shunt en-

sures better surgical outcome, part of the proposed 

techniques being also appropriate for the follow-up in 

order to review the eventual therapeutic success. Con-

sidering the above-mentioned facts, the interdepen-

dence between clinical and paraclinical techniques 

stays in place, multimodal diagnosis protocols being 

the only solution for proper PS identification.
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