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Hepatic arterioportal malformation in a dog — case report

[Malformacéo arterioportal hepatica em um céo — relato de caso]
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ABSTRACT

Avrterioportal communications are complex hepatic vascular abnormalities. These are rarely seen in dogs
and typically manifest as neurological, gastrointestinal, and developmental changes. This report describes
clinical, laboratory and imaging findings associated with hepatic arterioportal malformation in a male
Shih-Tzu dog aged 12 months. The diagnosis was achieved using computed tomographic angiography.
The therapeutic approach selected consisted of palliative medical management (diuretics) combined with
dietary protein restriction (3.6 g/100 kcal) provided by hepatic diet and gut activity modulation using
lactulose. Surgical intervention was not recommended due to the complexity of vascular changes and
portal hypertension. Despite initial clinical improvement, the patient died of disease-related complications
seven months after diagnosis. Computed tomographic angiography was vital for accurate diagnosis and
treatment selection, that needs to be more investigated.
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RESUMO

As comunicacdes arterioportais sdo anormalidades vasculares hepéaticas complexas que raramente sdo
vistas em cdes. As manifestagdes clinicas geralmente sdo alteracdes neuroldgicas, gastrointestinais e no
desenvolvimento dos filhotes. Este relato descreve os achados clinicos, laboratoriais e de imagem
associados a malformacéo arterioportal hepatica em um céo Shih-Tzu macho, com 12 meses de idade. O
diagndstico foi feito por angiotomografia computadorizada. A abordagem terapéutica selecionada
consistiu no manejo médico (diuréticos) combinado com restricéo proteica dietética (3,6g/100kcal), por
meio de alimento coadjuvante indicado para hepatopatias, e modulacéo da atividade intestinal com uso
de lactulose. A intervengdo cirdrgica ndo foi recomendada devido & complexidade das alteracfes
vasculares e a hipertenséo portal. Apesar da melhora clinica inicial, o paciente morreu de complicacdes
relacionadas a doenca sete meses apds o diagndstico. A angiotomografia computadorizada foi vital para
o diagnostico preciso e a selecdo do tratamento, que precisa ser mais estudado.

Palavras-chave: figado, malformagdo vascular, angiotomografia, encefalopatia hepética

INTRODUCTION connecting arteries and  veins, whereas

extrahepatic communications constitute a direct

Arterioportal communications are abnormal
connections between arteries and portal veins,
which result in diversion of high-pressure arterial
blood flow to the low-pressure portal system,
leading to portal hypertension.  These
communications may be intra or extrahepatic.
Intrahepatic communications are more complex
and involve a network of abnormal blood vessels
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connection between implicated vessels (Specchi
et al., 2018).

Arteriovenous ~ communications may  be
congenital, the most common being arterioportal
malformations, or acquired, which may be
caused by trauma or neoplastic conditions
(Chanoit et al., 2007; Kutara et al., 2017,
Weisse, 2015). The term arteriovenous fistula is
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more commonly used to describe
communications involving a single artery and
vein (Specchi et al., 2018).

Major clinical manifestations include neurologic
signs such as depression, disorientation,
comatose status, behavior changes, lethargy and
seizures, gastrointestinal abnormalities
(vomiting, diarrhea and hyporexia) and delayed
growth (Chanoit et al., 2007; Weisse, 2015;
Whiting et al., 1986).

These malformations have seldom been
described in  small animals. Computed
tomographic imaging findings include portal
vessel enhancement during the arterial phase,
enlargement of the compromised afferent artery,
narrowing of the caudal segment of the aorta
(Ao0), calcification and dilatation of bile ducts,
microhepatia, ascites, hepatofugal portal flow
and multiple acquired portosystemic shunts
(Specchi et al., 2018; Zwingenberger et al.,
2005).

Avrterioportal communications and portosystemic
shunts share similar clinical manifestations and
sonographic  findings. Therefore, computed
tomographic angiography (CTA) is vital for
accurate diagnosis and appropriate treatment
selection.

CASUISTRY

An intact male Shih-Tzu dog aged 12 months
and weighing 4.3kg was referred with a history
of progressive weight loss, repeated vomiting,
diarrhea and two convulsive episodes. Other
neurologic signs, such as compulsive pacing and
circling, head tremor, ptyalism and obnubilation,
had been observed at the age of eight months.
The dog had also developed ascites from the age
of 10 months.

Physical ~examination revealed abdominal
distension due to free peritoneal fluid, body
condition score 2/9 (Cline et al., 2021), moderate
muscle wasting (Cline et al., 2021) and
depressed mental status. Free serous fluid (400
ml) was drained from the peritoneal cavity.
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Laboratory workup revealed mild lymphocytosis
(5,500/uL; ref. interval:  1,500-5,000/uL),
increased alkaline phosphatase (440U/L; ref.
interval: 20-150U/L) and alanine
aminotransferase (110mg/dL; ref. interval: 10-
88mg/dL) levels, low plasma protein levels
(4.79/dL; ref. interval: 6.0-8.0g/dL) and normal
urea (29.2mg/dL; ref. interval: 20-40mg/dL),
creatinine  (0.86mg/dL; ref. interval: 0.7-
1.4mg/dL) and albumin (2.6g/dL; ref. interval:
2.3-3.8g/dL) levels.

Physical examination and laboratory findings
suggested hepatic compromise. Transabdominal
sonography and CTA were requested for
diagnostic confirmation and treatment planning
purposes.

Transabdominal sonography was performed
using Affiniti 70 ultrasound machine (Philips-
Netherlands) with microconvex (8-5 MHz).
Sonographic assessment revealed a small liver,
normal hepatic echotexture and dilated, tortuous
intrahepatic vessels measuring about 0.69cm in
diameter, with turbulent flow in left liver lobes
on color Doppler imaging (Fig. 1). Other
sonographic findings were enlarged caudal vena
cava and portal wvein, a large network of
abnormal vessels next to the liver and moderate
amounts of free fluid in the peritoneal cavity.
Kidney and bladder lithiasis were also detected.

Given the complexity of sonographic findings,
CTA was requested. Tomographic images were
acquired using a 16-detector row helical CT
scanner [Mx8000 - Philips Medical Systems
(Philips Medical Systems Inc., Cleveland — OH,
USA)] with the patient in sternal recumbency
and under general anesthesia (meperidine
3mg/kg IM, propofol 10mg/kg 1V and isoflurane
delivered by inhalation). Pre and postcontrast
cross-sectional CT images were acquired.
Contrast-enhancement was achieved with non-
ionic iodinated contrast agent (iohexol,
600ml/kg) injection via the cephalic vein. The
following settings were used: 120 kVp, 150 mA,
2.0 mm slice thickness, pitch factor of 0.5 and
512 matrix size. Tomographic images were
analyzed using Osirix MD DICOM viewer
software (Pixmeo SARL — Bernex, Switzerland).
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Tomographic assessment revealed microhepatia,
asymmetry with reduced volume of left hepatic
lobes. Arterial phase imaging findings were as
follows: portal vessel enhancement in the left
medial and lateral hepatic lobes, with significant
vessel dilation and tortuosity and aneurysmal
appearance; enlarged vessels (varices) in the wall
of the gallbladder, stomach and caudal
esophagus; moderate amounts of free fluid in the

9.0cm

Figure 1. B mode and Color Doppler ultrasound of the liver shows a large tortuous portal vessel (easure
0.69cm in diameter) with turbulent flow.

peritoneal cavity (Fig. 2); decrease in aortic
diameter caudal to the origin of the celiac artery;
celiac artery ingurgitation relative to the cranial
mesenteric artery (Fig. 3); large numbers of
tortuous and complex vessels caudal to the liver,
close to the lesser curvature of the stomach;
enlarged caudal vena cava, portal vein and
hepatic artery and gastro-azygos portosystemic
shunt (Fig.4).

Figure 2. A: Transverse MIP image of the abdomen made during the arterial phase shows aneurysmal and
dilated portal veins of the left lateral hepatic lobe (arrows). The vessels in the gallbladder wall (Gb) are
distended (varicose veins). B: Transverse computed tomographic (CT) image made during the portal
phase shows the normal portal veins of the right lateral hepatic lobe (arrows). The caudal vena cava
(CVC) and portal vein (PV) are dilated. The vessels in the stomach (St) wall are distended (varicose

veins). FF: free peritoneal fluid; R: right; L: left.
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Figure 3. Sagittal reformatted image of the abdomen made during the arterial phase. There is a decrease in
size of the aorta (Ao) caudal to the origin of the celiac artery. The celiac artery (C) was enlarged, and the
cranial mesenteric artery (CM) was small. Arrow: formation of collateral veins.

Fig. 4. Transverse computed tomographic (CT) images of the abdomen made during the arterial phase of
a dual-phase CT. A: Collateral veins are observed at lesser curvature of the stomach (arrow). The caudal
vena cava (CVC), portal vein (PV) and hepatic artery (HA) are dilated. B: The entrance of the
extrahepatic shunt into the dilated azygos vena (arrow). Arrowheads: dilated and tortuous portal veins in
the left medial hepatic lobe. Ao: aorta; St: stomach; FF: free peritoneal fluid; Gb: gallbladder.

Due to the complexity of the case and the
inability to identify an afferent vessel, medical
management consisting of oral furosemide
(2mg/kg every 24 hours), spironolactone
(Img/kg every 24 hours) and lactulose
(333mg/kg every 12 hours) was recommended.
Nutritional support consisting of low-protein
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extruded feed (3.6g of crude protein/100 kcal)
was also prescribed. These foods are made with
plant protein sources (hydrolyzed soy protein)
and are specifically indicated for hepatic disease
treatment. Maintenance caloric needs were
estimated using the following formula: 95 x
BW0'75.
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The patient was followed for 2 months. During
this period, treatment recommendations were
duly followed, and clinical improvement
achieved, with mild (700g) body weight gain,
mental alertness, and absence of neurologic
signs. The owner did not return for scheduled
follow-up appointments but could be reached by
telephone call and informed the dog had
progressed to death within 5 months of the last
follow-up assessment, after repeated convulsive
episodes, anorexia and progressive weight loss.
Survival time wunder medical management
exclusively was 7 months.

DISCUSSION

Arteriovenous malformations are thought to
account for 2% of portosystemic vascular
anomalies in dogs (Cocca et al., 2017) and have
been described in some case reports and case
series (Chanoit et al., 2007; Cocca et al., 2017).
Clinical manifestations in this case (hepatic
encephalopathy, vomiting, diarrhea, lethargy,
weight loss and ascites) are often seen in patients
with  hepatic  arterioportal ~ malformations
(Chanoit et al., 2007; Schaeffer et al., 2001;
Zwingenberger et al., 2005) and with exception
of ascites, also can be observed in dogs with

portosystemic shunts. Ascites as well as
collateral vein formation and acquired
extrahepatic  shunts  result from  portal

hypertension (Weisse, 2015).

Likewise, increased serum activity of hepatic
enzymes such as alkaline phosphatase and
alanine aminotransferase are common laboratory
findings in patients with hepatic arterioportal
malformations and portosystemic shunt, due to
reduced blood flow to the hepatic parenchyma
(Chanoit et al., 2007; Yoshizawa et al., 1997).

Imaging findings in this case were consistent
with arteriovenous malformation (Chanoit et al.,
2007; Schaeffer et al., 2001; Specchi et al., 2018;
Yoshizawa et al., 1997; Zwingenberger et al.,
2005). Computed tomographic angiography is
the gold standard for appropriate diagnosis of
arterioportal malformations and is vital to
distinguish this type of malformation from
portosystemic shunts, since clinical signs,
laboratory changes and findings derived from
other imaging modalities may be common to
both conditions. Most arterioportal
malformations affect the right and central hepatic
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lobes and more than one lobe is involved in
approximately 25% of cases (Weisse, 2015).
Nevertheless, in the case reported, malformations
affected the left hepatic lobes. Portal vessel
enhancement in the arterial phase of CTA
suggests arterioportal malformation or fistula
(Zwingenberger et al., 2005).

Communication sites and in particular the origin
of implicated afferent arteries are often difficult
to determine (Specchi et al., 2018; Weisse,
2015). Indeed, the origin of compromised
afferent arteries could not be accurately detected
in this case. Malformations may involve
branches of several arteries, such as the right and
left hepatic, left gastric, phrenic, gastroduodenal,
and other neighboring arteries (Weisse, 2015).
Narrowing of the aorta caudal to the celiac and
cranial mesenteric arteries in the case described
may suggest arterial blood diversion to the portal
system (Zwingenberger et al., 2005), a potential
cause of caudal hypoperfusion. Caudal
hypoperfusion combined with portal
hypertension results in congestion, which may
explain ascites development and intestinal
malabsorption in the case reported. Similar
findings have been described in animal and
human patients with arterioportal
communications (Zwingenberger et al., 2005).

Varices in the wall of the gallbladder, stomach
and caudal esophagus were present. These are
abnormal dilatation of submucosal vessels in
response to increased vascular resistance driven
by portal hypertension and are thought to
develop from pre-existing vascular canaliculi.
However, recent studies suggest neoangiogenesis
plays a potential role in varice formation
(Fernandez et al., 2004; Kovacs and Jensen,
2019; Mifiano and Garcia-Tsao, 2010).

Neurologic signs associated with arterioportal
communications reflect the buildup of toxic
compounds in the bloodstream due to
compromised hepatic function, which manifests
as hepatic encephalopathy (Maddison, 2013) and
must be distinguished from other hepatic
vascular anomalies.

Hepatic lobectomy or ligation of the implicated
afferent artery (depending on location) is the
surgical treatment of choice for arteriovenous
communications.  Alternatively, combined
lobectomy and glue embolization or glue
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embolization alone can be used, particularly in
cases involving more than one hepatic lobe.
However, surgical treatment options are not fully
satisfactory and are often associated with
postoperative complications such as portal or
mesenteric thrombosis, anemia, ascites, hepatic
encephalopathy, icterus, dyspnea, diarrhea,
lethargy, hemorrhage, and non-intentional glue
spillage. Survival time ranging from 16 to 24
months has been reported following glue
embolization and longer survival (141 months)
has been achieved in one case submitted to
afferent artery ligation, with no clinical signs or
need of medical management (Chanoit et al.,
2007). Moreover, these surgical procedures are
limited to simple arterioportal fistulae and do not
provide good outcomes in cases with multiple
malformations or fistulae.

Surgical intervention may provide transient
resolution of blood flow diversion. Inappropriate
surgical procedures may also result in patient
deterioration, with potentially negative impacts
on future management strategies. Given the
vascular complexity of the condition, treatment
is often palliative or non-curative in nature
(Bertolini, 2019; Chanoit et al., 2007; Specchi et
al., 2018; Weisse, 2015).

Successful medical management has been
reported in a case of canine hepatic arteriovenous
fistula that did not involve acquired
portosystemic shunt (Isidoro et al., 2017). In that
case, surgical correction was recommended but
declined by the owner. Patient survival following
diagnosis was 19 months, much longer than the 5
months of this reported dog.

Surgical intervention was not recommended in
the case reported due to the anatomical
complexity of the wvascular malformation,
difficulties associated with identification of
compromised afferent vessels and presence of
acquired portosystemic shunts secondary to
portal hypertension. The conservative
management consisting of protein-restricted diet
and gut microbiota modulation (Laflamme et al.,
1993; Maddison, 2013) was prescribed. Low
levels of dietary protein limit intestinal
production of neurotoxic nitrogen compounds
and are thought to mitigate the inflammatory
reaction induced by vascular compromise
(Shawcross and Jalan, 2005; Tivers et al., 2015).
Gut microbiota modulation can be achieved via
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conservative measures such as antimicrobial
therapy, or via more aggressive approaches such
as supplementation of fermentable compounds to
drive intestinal pH down and decrease ammonia
absorption. Intestinal growth of deamination-
promoting microorganisms is therefore limited,
whereas fecal excretion of azotemic compounds
is enhanced (Bongaerts et al., 2005; Wambacq et
al.,, 2016). As in previous arteriovenous fistula
case reports in animals (Chanoit et al., 2007;
Cocca et al., 2017), treatment with lactulose was
too prescribed. In addition to cathartic effects,
lactulose reduces intestinal nitrogen compound
absorption (Beynen et al., 2001; Serrano et al.,
2022). Diuretic agents were also used to alleviate
the accumulation of abdominal fluid (Chanoit et
al., 2007). Antibiotic was not used in this case
because low evidence of clinical improvement
(Serrano et al., 2022).

Some limitations must be acknowledged in this
case report. The patient died at home and post-
mortem examination was not performed.
Therefore, portal vessel hypoplasia, described in
some cases of arterioportal fistula (Schaeffer et
al., 2001), could not be investigated.

CONCLUSION

Arterioportal malformations have significant
systemic consequences and are not always
responsive to surgical treatment. Conservative
treatment is aimed at symptomatic management.
However, survival time will depend on the
severity of disease-related changes. This
therapeutic modality is indicated in cases in
which surgery is not an option and resulted in
survival time of 7 months in the case described.
Computed tomographic angiography was vital
for accurate diagnosis and appropriate treatment
selection.

ACKNOWLEDGMENTS

We would like to thank Professor Marcio
Antonio Brunetto (in  memorian) for his
mentorship,  friendship, opportunities, and
stimulus to the scientific development of the
institution.

Arg. Bras. Med. Vet. Zootec., v.75, n.5, p.929-935, 2023



Hepatic arterioportal...

REFERENCES

BERTOLINI, G. Anomalies of the portal venous
system in dogs and cats as seen on multidetector-row
computed  tomography: an  overview and
systematization proposal. Vet. Sci., v.6, p.10, 2019.

BEYNEN, A.C.; KAPPERT, H.J.; YU, S. Dietary
lactulose decreases apparent nitrogen absorption and
increases apparent calcium and magnesium absorption
in healthy dogs. J. Anim.Physiol. Anim. Nutr., v.85,
p.67-72, 2001.

BONGAERTS, G.; SEVERIJINEN, R.;
TIMMERMAN, H. Effect of antibiotics, prebiotics
and  probiotics in  treatment for  hepatic
encephalopathy. Med. Hypotheses, v.64, p.64-68,
2005.

CHANOIT, G.; KYLES, A.E., WEISSE, C.;
HARDIE, E.M. Surgical and interventional
radiographic treatment of dogs with hepatic
arteriovenous fistulae. Vet. Surg., v.36, p.199-209,
2007.

CLINE, M.G.; BURNS, K.M.; COE, J.B. et al. AAHA
nutrition and weight management guidelines for dogs
and cats. J. Am. Anim. Hosp. Assoc., v.57, p.153-178,
2021.

COCCA, C.J.; WEISSE, C.; BERENT, A.C.; ROSEN,
R. Minimally invasive treatment of mesenteric
arterioportal fistulas in two dogs. J. Am. Vet. Med.
Assoc., v.251, p.1306-1312, 2017.

FERNANDEZ, M.; VIZZUTTI, F.; GARCIA-
PAGAN, J.C.; RODES, J.; BOSCH, J. Anti-VEGF
receptor-2 monoclonal antibody prevents portal-
systemic collateral vessel formation in portal
hypertensive mice. Gastroenterology, v.126, p.886-
894, 2004.

ISIDORO, L.P.S.; OLIVEIRA, P.C.; LOPES, T.O. et
al. Fistula arteriovenosa hepatica em cdo: relato de
caso. Braz. J. Vet. Med., v.39, p.120-125, 2017.

KOVACS, T.0.G.; JENSEN, D.M. Varices:
esophageal, gastric, and rectal. Clin. Liver Dis., v.23,
p.625-642, 2019.

KUTARA, K, KONNO, T.; KONDO, H,;
YAMAZOE, H.; MATSUNAGA, S. Triple-phase
helical computed tomography of an arterio-hepatic
venous shunt in a hepatic tumor in a dog. J. Vet. Med.
Sci., v.79, p.1947-1951, 2017.

LAFLAMME, D.P.; ALLEN, S.W.; HUBER, T.L.
Apparent dietary protein requirement of dogs with
portosystemic shunt. Am. J. Vet. Res., v.54, p.719-723,
1993.

Arg. Bras. Med. Vet. Zootec., v.75, n.5, p.929-935, 2023

MADDISON, J. Hepatoencephalopathy. In:
WASHABAU, R.J.; DAY, M.J. Canine and feline
gastroenterology. St. Louis: Elsevier Saunders, 2013.
p.135-139.

MINANO, C.; GARCIA-TSAO, G. Clinical
pharmacology of portal hypertension. Gastroenterol.
Clin. North Am., v.39, p.681-695, 2010.

SCHAEFFER, I.G.F,; KIRPENSTEIJN, J.;
WOLVEKAMP, W.T.C. et al. Hepatic arteriovenous
fistulae and portal vein hypoplasia in a Labrador
retriever. J. Small Anim. Pract., v.42, p.146-150, 2001.

SERRANO, G.; DEVRIENDT, N.; ROOSTER, H.;
PAEPE, D. Comparison of diet, lactulose, and
metronidazole combinations in the control of
pre-surgical clinical signs in dogs with congenital
extrahepatic portosystemic shunts. J. Vet. Intern.
Med., v.36, p.1258-1266, 2022.

SHAWCRGOSS, D.; JALAN, R. The pathophysiologic
basis of hepatic encephalopathy: central role for
ammonia and inflammation. Cell. Mol. Life Sci., v.62,
p.2295-2304, 2005.

SPECCHI, S.; ROSSI, F.; WEISSE, C. et al. Canine
and feline abdominal arterioportal communications
can be classified based on branching patterns in
computed tomographic angiography. Vet. Radiol.
Ultrasound, v.59, p.687-696, 2018.

TIVERS, M. S.; HANDEL, I.; GOW, A. G. et al.
Attenuation of congenital portosystemic shunt reduces
inflammation in dogs. PloS One, v.10, p.e0117557,
2015.

WAMBACQ, W.; RYBACHUK, G.; JEUSETTE, I. et
al. Fermentable soluble fibres spare amino acids in
healthy dogs fed a low-protein diet. BMC Vet. Res.,
v.12, p.130, 2016.

WEISSE, C. Hepatic Arteriovenous Malformations
(AVMs) and fistulas. In: WEISSE, C.; BERENT, A.
Veterinary image-guided interventions. Ames: John
Wiley & Sons, 2015. p.227-236.

WHITING, P. G.; BREZNOCK, E. M.; MOORE, P. et
al. Partial hepatectomy with temporary hepatic
vascular occlusion in dogs with hepatic arteriovenous
fistulas. Vet. Surg., v.15, p.171-180, 1986.

YOSHIZAWA, K.; OISHI, Y.; MATSUMOTO, M. et
al. Congenital intrahepatic arteriovenous fistulae in a
young beagle dog. Toxicol. Pathol., v.25, p.495-499,
1997.

ZWINGENBERGER, A.L.; MCLEAR, R.C;
WEISSE, C. Diagnosis of arterioportal fistulae in four
dogs using computed tomographic angiography. Vet.
Radiol. Ultrasound, v.46, p.472-477, 2005.

935





