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 The ultrasonography diagnosis of PSSs represent a 

real diagnostic challenge, depending of the ultrasono-

grapher experience/skills, anatomy knowledge, the 

size and the type of the shunt. Winkler J.T. (2003), 

determined that ultrasonography is 47-95% sensitive 

and 67-100% specific in identifying PSSs with an accu-

racy bigger in cats than dogs (10, 11, 22). 

 In veterinary ultrasonography, congenital intrahe-

patic PSS may be more straightforward to highlight 

than extrahepatic shunt. Extrahepatic PSS  are more s

difficult to diagnose by ultrasonography because of 

their anatomical localization, often are obscured by 

gas-filled intestines or may also interfere with the ribs 

and lungs. In one study, Marc-Andre d'Anjouin (2004), 

reported that intrahepatic shunts are more consistent 

identified on ultrasound exam with a sensitivity and 

specificity of 100%, whereas extrahepatic shunt iden-

 In veterinary medicine, one of the most difficult 

sonographic challenges is represented by the diagno-

sis of portosystemic shunt (PSSs).Signalment and his-

tory, clinical features, levels of serum bile acids may 

support the presumptive diagnosis of PSSs, but defini-

tive determination relies upon angiography or surgical 

identification. PSSs represent an abnormal connection 

between the portal vascular system and systemic cir-

culation. The shunts may be congenital or acquired, 

single or multiple, and intrahepatic or extrahepa-tic.  

Ultrasonography can be a reliable method to diag-

nose PSSs and it is capable to differentiate various 

type of the shunts. Despite the direct visualization of 

an anomalous portosystemic collateral is the most 

accurate sign of a PSSs, there are multiple other ultra-

sonographic parameters that can lead to a reliable 

diagnosis. The objectives of this paper were to notify:

 1. The accuracy of ultrasonography for diagnosis 

of PSSs in dogs and cats;

 2. The correlation between possible presences of 

ultrasonographic specific parameters in animals and 

different types of PSSs: liver size and hepatic portal 

vasculature visibility; renal size; presence of uroliths 

and ascites; portal flow (PF) and velocity; presence of 

turbulence in the caudal vena cava; diameter of the 

main portal vein, caudal vena cava and aorta, and 

their respective ratios; and diameter of the shunting 

vessel(s).
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 În medicina veterinară, una dintre cele mai dificile 

provocări este reprezentată de diagnosticul şuntului 

portosistemic. Simptomatologia şi anamneza, tabloul 

clinic, nivelul serologic al acizilor biliari pot indica un 

diagnostic prezumptiv al şuntului, însă diagnosticul de 

certitudine se bazează pe angiografie sau identificare 

intrachirurgicală. Şuntul portosistemic reprezintă o 

conexiune anormală între sistemul vascular portal şi 

circulaţia sistemică. Şunturile pot fi de natură congeni-

tală sau dobândită, simple sau multiple, intra- sau ex-

trahepatice. Examenul ecografic este o metodă efici-

entă de diagnostic putându-se diferenţia, astfel, dife-

rite tipuri de şunturi. Deşi vizualizarea directă a cola-

teralei portosistemice anormale este cel mai repre-

zentativ semn al şuntului, există totuşi o multitudine 

de caracteristici ecografice ce pot conduce spre un 

diagnostic sigur. Obiectivele acestei lucrări sunt: 

 1. Acuratetea examenului ecografic în diagnosti-

carea şuntului portosistemic la câini şi pisici;

 2. Corelarea unor posibile prezenţe ale caracteris-

ticilor ecografice specifice la animale cu diferite tipuri 

de şunt portosistemic: volumul hepatic şi vizibilitatea 

vascularizaţiei portale hepatice; dimensiunea renală; 

prezenta uroliţilior şi a ascitei, fuxul portal (PF) şi velo-

citatea; prezenta turbulenţelor la nivelul venei cave; 

diametrul venei portale, al venei cave caudale şi al 

aortei; raporturile aferente, precum şi diametrul vasu-

lui/vaselor şuntate.

Cuvinte cheie: şunt portosistemic, 

ecografic, pisică, câine
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tification had a sensitivity and specificity of 90% and 

97%, respectively (14,15).

 Most PSSs are represented by congenital shunts, 

which are classified depending of the localization, in 

extrahepatic (outside the liver) and intrahepatic (in-

side the liver) shunts. Congenital intra- and extra-

hepatic PSS may be visible by two-dimensional, grey-

scale ultrasonography and color Doppler can identify 

abnormal vessel and blood flow (9, 10). 

Fig. 1. Extrahepatic portocaval shunt transversal 

(above) and longitudinal (bellow) just caudal to the 

stomach is seen originating from the main portal vein. 

Spectral Doppler evaluation of the shunt flow 

is irregular and turbulent

 Congenital PSS represent a low resistance path for 

blood to bypass the liver and since the majority of por-

tal blood flow usually goes through the shunt the por-

tal vein is subject to the variable pressure that norma-

lly exists in the caudal vena cava. As a result it is com-

mon for dogs with congenital PSSs to have increased 

and abnormally variable portal flow. An intrahepatic 

shunt represents a normal embryologic shunt (ductus 

venosus) bypassing the umbilical blood along the liver 

into the heart of the fetus, which did not close after 

birth. The extrahepatic PSSs represent abnormal func-

tional communications between the embryonic vite-

lline veins, which form the entire extrahepatic portal 

system, and the cardinal venous system, which nor-

mally contributes to all non-portal abdominal veins 

(Fig. 1) (8, 17, 21, 22).

 Extrahepatic PSSs are often described as porto-

azygos or porto-caval. In general, dogs with porto-

azygous shunts show milder clinical signs and thus 

they usually are undetected for years and subse-

quently is more often diagnosed in older patient. Con-

genital shunts are more common in dogs compared to 

cats, while extrahepatic shunts are more likely in older 

dogs and cats. Cats nearly always have extrahepatic 

shunts and tend to develop between the left gastric 

veins to the phrenico-abdominal veins and from the 

left colic vein to the left gonadal vein. Single extrahe-

patic shunts are typically congenital and occurs usu-

ally in small and toy breeds compared to single intra-

hepatic shunts that predominantly affect large breeds 

(12, 17). Multiple acquired extrahepatic shunts usu-

ally occur secondary to increased and persistent intra-

hepatic portal venous resistance, which may deter-

mine the dilatation of preexisting nonfunctional porto-

systemic anastomoses to became functional. Arterio-

portal fistula, portal vein thrombosis and portal vein 

hypoplazia (idiopathic noncirrhotic portal) can also 

determine secondary multiple acquired extrahepatic 

shunts. It has been reported that approximately 20% 

of all PSSs in dogs it's been represented by multiple 

acquired PSSs (1, 15).

 Frequently ultrasound findings 

 in patients with PSSs

 Ultrasound with color Doppler is the initial imaging 

modality that allows the evaluation of the shunt and 

liver status including liver lesions. A “shunt hunt” is not 

a routine component of an abdominal ultrasound, and 

a detailed technique is used to maximize detection of 

PSSs. Generally, ultrasound findings that are often 

present includes: microhepatica, decreased numbers 

of hepatic and portal veins, detection of the anoma-

lous vessel, increased vena cava size, enlarged kid-

neys, and renal and/or cystic calculi (6, 15).

 The liver size can be subjectively assessed in consi-

deration with the breed and age of the patient, based 

on the relation to the costal arch and the position of 



30                                                                                                                                                                             Rev Rom Med Vet (2016) 26                                                                                                                                                                       | 2         

the stomach and on its depth. The liver is assess as 

small if there is a limited imaging window to evaluate 

the liver between the diaphragm and stomach, and/or 

if the gallbladder appeared to take up a large portion of 

liver volume (Fig. 2). 

Fig. 2. Transverse sonographic image of the liver, 

showing reduced liver size and hepatic portal branches 

visibility with enlarge gallbladder (above). 

Transverse ultrasonographic image of the liver 

and the site of measurements luminal 

diameters in dogs and cats of: porta hepatis, 

caudal vena cava and aorta (bellow). 

 Decreased blood flow results in liver atrophy and 

subsequent dysfunction, decreasing liver metabolism 

of neurotoxins. A smaller liver is often present in dogs 

with PSSs compared to cats, in which the liver size 

usually appears to be normal. This can be explained 

due the fact that in dogs, usually the shunting vessel 

arises from the main portal vein, splenic vein, or the 

gastric vein, whereas in cats, the vessels commonly 

arises from the left gastric veins (6, 15).

 In his study, Marc-Andre d'Anjou (2004), reported 

that the ultrasonographic findings with reference to 

the liver size in patient diagnosed with congenital PSSs 

show up that the liver was considered small in 37 of 44 

dogs (84%) and in two of nine cats (22%). The same 

report noted that in canine patients diagnosed with 

multiple acquired PSSs and microvascular dysplasia, 

all six canine patients (100%) and respectively in 

three cats of six (50%) microhepatica was noted. 

Compared to the dogs, the liver of the cats with mi-

crovascular dysplasia was reported normal in size in all 

7 cases (100%) (15).

 Color flow Doppler is useful for detecting changes 

in the direction and rate of blood flow in the portal 

vein. The size of hepatic portal vascular branches can 

be subjectively ultrasonographic assessed as attenua-

ted, normal, or enlarged. Hepatic portal branches in 

cats and dogs diagnosed with a congenital PPS may be 

attenuated compared to those without a PSS. In con-

genital PSS hepatic portal vein branches are more of-

ten smaller, or more important, poorly identified be-

cause of reduced portal blood flow. In cases of micro-

vascular dysplasia branches usually appeared to be 

normal (15, 16). Alongside the evaluation of hepatic 

portal vein branches, in patients with suspicion of 

PSSs, numerous findings of prehepatic porta have 

been associated with PSSs such as: portal flow (PF) 

velocity and PF variability. Blood flow through porta is 

affected by the differential pressure between the ends 

of the vessel and by resistance presented by the vessel 

wall (2, 3) (Fig. 3).

 The size of the prehepatic portal vein may also 

assist with diagnosis of certain types of porto-cava 

shunts. The portal vein tends to be smaller in animals 

with extrahepatic portacaval shunts compared to 

those with intrahepatic portacaval shunts or normal 

vascular. In spectral waveforms, obtained with Dop-

pler ultrasonography, the prehepatic porta vein has a 

characteristic flow pattern that reflects the anatomic 

position of the vessel and the physiologic need of the 

liver supplies. The direction of normal portal venous 

flow (PF) is hepatopetal and the shape of the PF spec-

trum is not influenced by the velocity. The velocity of 

the portal vein is also an important aspect in the evalu-

ation of a patient with suspicion of PSS. The flow velo-

city is fairly uniform and constant, although slight vari-

ations may occur in the spectral line because of the in-

spiratory or expiratory movements. The volume and 

velocity of portal venous flow normally increase after 

meals, secondary to the increased flow in the superior 

mesenteric artery (Fig. 4) (19, 20). 



 The portal flow variability is been observed to be a 

reliable predictor of PSSs and more common than the 

reduce portal flow velocity.  

 In 1996, Lamb C.R. observed that abnormal PF ve-

locity and the fluctuation of the blood flow in dogs with 

PSSs have a sensitivity and specificity of 70% and res-

pectively 71%, but the location of the measurement in 

the portal system was not reported. An important as-

pect of the value of PF velocity is the place where it is 

been measured. When the measurement is performed 

caudal to the PSSs origin, the PF velocity tends to in-

crease and opposite when the measurements it is ob-

tained cranial to the PSSs. If the velocity of PF it is 

measurement with confidence the value can relived 

and be useful in localization of PSSs. 

 The major risk of error in Doppler shift calculation 

increased with the angle of insonation and become 
0significant when the angles exceed 65  (20, 21).

 The normal mean PF velocity values are between 

10-20 cm/s in unsedated healthy patients. It has been 

reported that in sedated dogs with butorphanol, ace-

promazine or glycopyrrolate, the mean PF velocity re-

main similar to the ones of unsedated. The increased 

vascular resistance in the portal circulation and/or the 

increased portal venous blood determine portal hyper-

tension (PH). Ultrasonographic findings suggestive for 

diagnose PH are represented by: enlarged portal vein, 

decreased PF velocity (<10cm/s) and hepatofugal 

flow. Marc Andre d'Anjou reported in 2004 that pa-

tients with multiple acquired PSSs have the mean 
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value of PF velocity less than 10 cm/s. PSSs can also 

be an acquired condition as a result of portal hyperten-

sion due to chronic hepatitis, congenital hepatic fibro-

sis and hepatic arteriovenous fistulas (1, 6, 15).

 Multiple acquired PSSs develop from the opening 

of embryonic vessel between portal vascular and the 

cranial and caudal cava secondary to the persistent in-

creased hepatic venous portal pressure gradient. Ini-

tially, because of the blood flow through the acquired 

PSSs the portal vein pressure decrease, but in the 

same time increased the portal blood flow and even-

tually PH is restore because of splanchnic vasodilata-

tion. Persistent posthepatic PH is the only exception in 

which secondary doesn't appears multiple acquired 

PSSs because it doesn't exist no pressure gradient 

between the portal and systemic circulation (7). 

 Ascites in patients with PSSs occurs secondary PH 

as a consequence of imbalances in Starling's law and 

the fluid from the vascular space is forced to move out 

of the vascular space than to be kept. Portal vein high 

pressure drives fluid into the interstitial space and 

when the capacity of the regional lymph nodes is over-

whelmed, ascites develops (9).  

 The measuring of portal vein, caudal vena cava 

and aorta diameters offers important information in 

PSSs search in dogs and cats. It is important to note 

that the portal vein must be measured just before its 

entrance into the liver. It is considered that normally 

healthy dogs and cats presents a portal vein/aorta ra-

tio (PV:Ao) between 0.7 and 1.25. The value of PV:Ao 

ratio of 0,65 or less may indicate an extrahepatic por-

tacaval shunt, PH, or portal vein hypoplasia known 

also as noncirrhotic portal hypertension. The value of 

the ration PV:Ao bigger than 0.8 exclude an extrahe-

patic portocaval shunt but may have other types of 

shunts (8, 16).

 The reduced portal blood flow (PBF) is associated 

with increased resistance of PBF through the liver and 

the development of multiple acquired extrahepatic 

PSSs. The mean PBF can be measured using the for-

mula:  PBF (ml/min/kg)= [max velocity (cm/s) x 0.57 
2x 60 (s/min) x PV area(cm )]/body weight (kg)

 The assessment of PBF is important, since the 

main portal vein is responsible for carrying, on ave-

rage, 75% of the total blood received by the liver. 

 The values of PBF changes according to the weight 

of the dog; small-sized dogs had greater portal blood 

flow per kilogram body weight, than larger-sized dogs 

(3,7,13). R. Sartor (2010), reported that the normal 

mean values of PBF in healthy dogs of different body 

weights are between 32.19-51.37 ml/min/kg (Table 1).

Table 1

Mean values of Doppler variables

of the Hepatic Portal Vein 

(after Marc-Andre d'Anjouin, 2004) (15)

 The mean value in healthy dogs of PBF is 69 ml/ 

min/kg according to Marc-Andre d'Anjou in 2004,  with 

values range between 26 and 189 ml/min/kg. In his 

study he also reported that the values of PBF was va-

riable lower in dogs with PSSs (in 59% cases) and in 

cats with an extrahepatic PSSs (75%) (15, 19).

 Renomegaly represent other common findings in 

dogs and cats with PSSs.  Deppe T.A. and Center S.A. 

shown in 1999 that renal volume and glomerular fil-

tration rate are increased in dogs with a congenital 

PSSs (Fig. 5), because of the kidneys  attempt to re-

move and metabolise ammonia. Lamb CR, reported in 

1998 that in cats renomegaly compared to dogs is less 

common. Therefore, in both studies the renal size was 

subjectively evaluated. In 2004, Marc-Andre d'Anjouin 

reported that the best predictive value (100%) for a 

congenital PSS in dogs was obtained when urolithiasis, 

microhepatica and renomegaly were all found, al-

though only 34% of dogs with a congenital PSS had 

this combination of findings (Table 2) (4, 5).

Table 2

Ultrasound findings incidence 

in dogs and cats with suspected PSSs  

(after Marc-Andre d'Anjouin 2004)

(PVA, portal venous anomaly; MVD, microvascular dysplasia; 

PSS, portosystemic shunt; EH, extrahepatic; PC, portocaval; 

PAz, portoazygous;  IH, intrahepatic;  MA, multiple acquired; 

* 0-10%, **11-20%, *** 21-40%, **** 41-60%, *****61-

80%, ******81-100%)
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Fig. 5. Glomerulonephritis - longitudinal image of the 

left kidney diagnosed with glomerulonephritis and PSSs. 

The kidney appears smoothly enlarge and hyperechoic, 

particularly at the level of the cortex, which 

also appears subjectively thickned.

CONCLUSIONS

 The diagnostic investigation of PSSs has evolved 

over the last few decades, helping to understand and 

identify these vascular anomalies that affect many 

dogs and cats. Ultrasonography has become an im-

portant widely available tool in PSSs. 

 Additionally, precise preoperative imaging of PSSs 

may help to guide surgical intervention, reducing mor-

bidity and time associated with surgery and allowing 

accurate assessment of complex shunts.

  The most accurate sign of PSSs remains the direct 

visualization of an anomalous vessel communication, 

but several sonographic features can also predict the 

present of different types of congenital or acquired 

PSSs: the liver size, porta characteristic (diameter, 

area, PF, PBF, PH), renal size and ration PV/Ao.
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