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Abstract
Intrahepatic arterioportal fistula (IAPF) can be caused by many secondary factors. We report four cases of portal hypertension that were eventually determined to be caused by congenital hepatic arterioportal fistula. The clinical manifestations included ascites, variceal hemorrhage and hepatic encephalopathy. Computed tomography scans from all of the patients revealed the early enhancement of the portal branches in the hepatic arterial phase. All patients were diagnosed using digital subtraction angiography (DSA). DSA before embolization revealed an arteriovenous fistula with immediate filling of the portal venous radicles. All four patients were treated with interventional embolization. The four patients remained in good condition throughout follow-up and at the time of publication. IAPF is frequently misdiagnosed due to its rarity; therefore, clinicians should consider IAPF as a potential cause of non-cirrhotic portal hypertension.
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Core tip: In Western countries, less than 10% of portal hypertension cases are caused by non-cirrhotic portal hypertension, including intrahepatic arterioportal fistula (IAPF). IAPF is a condition characterized by abnormal communication between the portal vein and the hepatic artery that most often occurs secondary to surgery, trauma, transhepatic intervention or biopsy. Currently, only 35 cases of congenital IAPF have been reported. To better understand the clinicopathological presentation of this type of portal hypertension, IAPF-induced PH confirmed by angiography was studied in four patients. Because congenital hepatic arterioportal fistulae are rare, they are often misdiagnosed.
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INTRODUCTION
Portal hypertension is the result of resistance to portal blood flow. This resistance occurs most frequently within the liver (as in the case of cirrhosis) and can be caused by prehepatic and posthepatic factors[1-3]. In Western countries, less than 10% of portal hypertension cases are caused by non-cirrhotic portal hypertension[4]. We can easily diagnose portal hypertension if the risk factors are known; however, in some cases, the diagnosis may be challenging[5]. The causes of non-cirrhotic portal hypertension include schistosomiasis[4], portal vein thrombosis and primary myelofibrosis, among others. Intrahepatic arterioportal fistula (IAPF), a rare cause of portal hypertension, is a condition characterized by abnormal communication between the portal vein and hepatic artery that most often occurs secondary to surgery[6], trauma[7-9], transhepatic intervention[10] or biopsy[11,12], or ruptured hepatic artery aneurysms[13]. If the diagnosis is in doubt, digital subtraction angiography (DSA) can be performed to help confirm the diagnosis[14]. To date, only 35 cases of congenital IAPF have been reported in the literature. IAPF can lead to portal hypertension (PH), which can pose a diagnostic challenge. To better understand the clinicopathological presentation of this type of portal hypertension, IAPF-induced PH confirmed by angiography was studied in four patients. The patients ranged in age from 33 to 74 years, with a mean age of 53.75 years; all of the patients received embolization therapy (Table 1).

CASE REPORT

Case 1

A 65-year-old woman was admitted to our hospital complaining of abdominal distension and oliguria of 3 months duration. Three months prior to presentation, the patient visited a local hospital for an abdominal ultrasound examination because of increased abdominal girth and decreased urine output. The examination revealed a large volume of ascites fluid and an increased flow rate in the portal vein with phasic flow reversal. A subsequent CT revealed the early enhancement of the portal branches in the hepatic arterial phase (Figure 1A). No family history of chronic hepatic disease was elicited.

A physical examination upon presentation to our institution revealed the presence of ascites. A liver function test produced the following results: alanine aminotransferase (ALT), 23 U/L; aspartate transaminase, 34 U/L; total bilirubin (TB), 5.6 mol/L; and conjugated bilirubin (CB), 2.2 mol/L. All viral markers for hepatitis were negative. To ascertain the cause of ascites for the sake of diagnosis and treatment, diagnostic paracentesis was performed. The serum ascites albumin gradient was > 11 g/L, indicating that the ascites was due to portal hypertension. Hepatic angiography was performed, raising the suspicion of IAPF (Figure 1B and C). The patient was treated with interventional embolization. Figure 1D depicts the fistula reduction after the embolization. Anti-infectious therapies were instituted after the embolization. The patient’s ascites gradually resolved. Six months after the first embolization, the patient underwent a second embolization and recovered well.
Case 2

A 33-year-old woman with no previous history of viral hepatitis, hepatoma or other liver diseases was admitted with recurrent variceal bleeding despite repeated endoscopic therapy. The patient had no history of trauma or liver biopsy. The patient was confirmed to have severe esophageal and gastric fundal varices by endoscopy.

The patient had been admitted to the hospital twice prior to the current admission for fatigue and weakness. A hepatic ultrasonography revealed an intrahepatic portal vein 15 mm in diameter with tortuous branches. The patient had previously undergone two episodes of percutaneous transarterial embolization. On admission, liver function tests produced the following results: ALT, 16 U/L; AST, 18 U/L; TB, 19 mol/L; and CB, 10 mol/L. The abdominal color Doppler ultrasound revealed a diffuse aneurismal portal vein fed by a large arterial branch with reversed blood flow in the portal vein. Gadolinium-enhanced magnetic resonance angiography (MRA) confirmed the diagnosis of multiple IAPF connecting the hepatic artery and the portal vein branch. No other vascular or parenchymal anomalies were detected. An endovascular procedure was performed to embolize the hepatic artery branch contributing to the fistula. Figure 2 presents the arteriovenous fistula with the immediate filling of the portal venous radicles. The patient suffered no bleeding during the following 3 years. The patient was subjected to DSA 1 year after her initial presentation, which revealed that the fistula had significantly decreased in size. The patient underwent a second embolization treatment.

Case 3

A 43-year-old male patient with a history of severe melena was admitted on July 9, 2012. Eight years prior to admission, the patient had undergone a medical checkup at a referring hospital and was found to have a mass in his liver. The patient received an exploratory laparotomy, during which the diagnosis of IAPF was confirmed. Ligation of the hepatic artery was performed. The patient continued to be followed by imaging after discharge. Four years prior to admission at our hospital, the patient suffered from melena and an endoscopy revealed esophageal varices. A Doppler ultrasonography revealed a patent portal vein with reversed flow and a compensatory increase in the hepatic arterial signal. A CT scan (Figure 3) revealed the synchronous filling of the portal vein and hepatic artery in the arterial phase. The CT finding was sufficiently characteristic to justify this diagnosis and thus curtail any additional investigation. The fistula in this patient was occluded successfully by embolization. Further portography confirmed the restoration of normal portal blood flow. The patient recovered well and continues to be followed by imaging.

Case 4

A 74-year-old male patient was admitted because of an altered mental status and dysarthria for three months. The patient was unable to respond appropriately to questions, was disoriented and exhibited a decreased ability to perform calculations. Thus, the patient was sent to the referral hospital. No family history of chronic hepatic disease was elicited. The patient’s ammonia level was increased to 144 mol/L. The values of other biochemical tests were within the normal ranges. All viral markers for hepatitis, including hepatitis A-E viruses, auto-antibodies (antinuclear, anti-mitochondrial, anti-smooth muscle, anti-soluble liver antigen and anti-mitochondrial antibody), were also negative. His serum alpha fetoprotein level was 10 g/L. An ultrasound revealed an enlargement of the portal vein, high flow in the hepatic artery and reversed flow in the portal venous system. Selective DSA of the hepatic artery revealed a diffuse arterioportal fistula (Figure 4). The patient was treated with a low-protein diet, bowel cleansing with lactulose, antibiotic treatment and parenteral nutrition via an Ⅳ line. Five days later, the patient gradually became conscious and responded appropriately to questions and commands. However, 10 months after admission, the patient suffered recurrent hepatic encephalopathy. An embolization was performed in August 2013 to correct the precipitating causes. By follow-up in March 2014, the patient had recovered well. The short-term prognosis of embolization is quite good but the long-term effect is still unknown. Liver transplantation should potentially be considered.

DISCUSSION
The portal venous system has a large volume capacity and low resistance. PH occurs when the portal flow or vascular resistance is increased. Based on the anatomical location, PH is classified as prehepatic, intrahepatic or posthepatic. Intrahepatic PH is further histologically classified as presinusoidal, sinusoidal and postsinusoidal[15]. IAPF was first reported approximately 40 years ago[16] and is now defined as an intrahepatic communication between the hepatic artery and the portal venous system. IAPF is an uncommon cause of presinusoidal PH and is believed to be the result of increased blood flow in the portal system.

IAPF was first reported approximately 40 years ago by Gryboski et al[16] but its etiology remains unclear. IAPF often occurs secondary to fine needle liver biopsy[11,12], interventional radiology, blunt[7] or penetrating liver trauma[8,9], hepatectomy[6], liver cancer[17,18], hepatic artery aneurysms or hemangioma[13], percutaneous transhepatic biliary drainage[19,20], radiofrequency ablation or transhepatic portosystemic stent shunts[10]. In 1997, Vauthey et al[20] analyzed 88 cases of IAPF and found that spontaneous arterioportal fistula may be caused by hepatic diseases such cirrhosis, adenoma, hepatocellular carcinoma (HCC) and cavernous hemangioma. The authors also found that fewer than 10% of IAPF cases were congenital. Congenital IAPF is a rare entity and is always diffuse or multiple[21], whereas a solitary fistula is always acquired. To date, only 35 cases of congenital IAPF have been reported in the literature, mostly occurring in infants.

The symptomatology of IAPF can include hepatomegaly, ascites, bleeding episodes and splenomegaly. Small IAPF can be asymptomatic. These clinical presentations occur as consequences of imbalances in Starling’s law such that the force keeping fluid in the vascular space is not as strong the force moving fluid out of the vascular space[22,23].

IAPF is usually divided into three classes: (1) small peripheral intrahepatic (type 1); (2) large central IAPF (type 2); and (3) diffuse congenital intrahepatic (type 3)[24]. Norton et al[25] classified IAPF according to the supplying afferent vessels. A unilateral IAPF is supplied by only one of the right, left or main hepatic arteries (type 1). Bilateral lesions include a supply from both hepatic arteries or their branches (type 2). Type 3 consists of complex lesions.

Ultrasonography is now widely used to investigate IAPF because it is convenient, reliable, economical and noninvasive in detecting blood flow from small targets in all directions in the liver[26-28]. Even some small asymptomatic arterioportal fistulas that are easily overlooked can be detected by ultrasound. Ultrasonography can also be used to determine hepatic hemodynamics, especially in patients with cirrhosis[29]. In our four cases, ultrasound demonstrated reverse pulsatile flow in the portal vein, thus helping establish the diagnosis. CT and MRI are also helpful for the accurate diagnosis of IAPF[30-32] because fistula vessels can be easily identified in the early arterial phase. Contrast-enhanced CT findings of IAPF typically include the following: (1) earlier enhancement of the affected portal vein compared with the superior mesenteric or splenic vein during the arterial phase; and (2) earlier enhancement of the portal vein branches compared with the main portal vein. The MRI pattern of IAPF is similar to that of a CT. Contrast-enhanced MRA can provide both an accurate depiction of portal vascular anatomy and a measurement of portal hemodynamics[33,34]. DSA is an important diagnostic and therapeutic procedure in cases of unexplained PH. Haruki et al[35] reported an IAPF mimicking a metastatic liver tumor, indicating that the selection of an appropriate diagnostic modality is important for careful diagnosis.

The differential diagnosis of IAPF is very important. IAPF can be misinterpreted for HCC, metastatic liver tumors or hemangioma. For example, the key charac​teristics of HCC on CT are hypervascularity in the arterial phase and washout or de-enhancement in the portal and delayed phases. Generally, metastatic liver tumors are seen as a ring-enhancement on enhanced CT and they usually exhibit an increased high signal intensity on DWI with low apparent diffusion coefficient values. In contrast, IAPF is visualized as a low intensity on DWI. DSA should be performed to make the final diagnosis and to exclude hepatic sinusoidal obstruction syndrome (SOS) and Budd-Chiari syndrome. These two diseases can also be characterized by hepatomegaly, ascites and right upper quadrant pain. Most cases of SOS are diagnosed clinically. SOS typically occurs in the context of hematopoietic cell transplantation and can also be induced by the ingestion of pyrrolizidine alkaloids. The diagnosis of hepatic SOS relies heavily on clinical diagnostic criteria. A liver biopsy can be diagnostic of SOS. Budd-Chiari syndrome is defined as hepatic venous outflow tract obstruction. Ascites and lower extremity edema may occur because of chronic occlusion of the hepatic veins. A CT or MRI can be performed to confirm the diagnosis. Venography can be used to make the diagnosis if the noninvasive tests are negative.

The treatment of IAPF includes a percutaneous transarterial embolization[36], surgical ligation of the implicated hepatic artery[37], partial hepatectomy[38] and liver transplantation[39]. Interventional radiological treatment is considered the preferred procedure[40]. However, whether this treatment is effective long-term remains unknown.

There is a wide range of embolic agents and devices available, including ethanol, Gelfoam[41], steel coils[42,43] and detachable balloons[44]. The combination of microcoils and N-butyl 2-cyanoacrylate is reportedly an effective method of embolization[45]. Chen et al[36] reported the successful treatment of complex high-flow IAPF cases with a Guglielmi Detachable Coil in combination with NBCA injection. Studies[37] have also reported that end-to-site portocaval shunting can reduce portal pressure effectively and preserve vascular anatomy to facilitate liver transplantation.

Embolization is advantageous in that it can decrease pain, lower morbidity and shorten the length of hospital stay. The main risks of embolization are as follows: (1) the material could move from the original site to the portal system because of the high flow in the fistula; and (2) the material used could float to an incorrect site. Surgery is indicated only when the embolization fails[46].

In conclusion, we diagnosed four cases of congenital IAPF using multiple imaging modalities, including angiography. Angiography is useful to distinguish IAPF from malignant liver tumors. Embolization plays an important role in the treatment of IAPF.

COMMENTS
Case characteristics
The 4 cases presented with complications of portal hypertension (ascites, variceal bleeding, liver mass and altered MS).

Clinical diagnosis

The disease exhibits the characteristics of portal hypertension, including hepatomegaly, ascites, bleeding episodes and splenomegaly.

Differential diagnosis

Hepatocellular carcinoma, sinusoidal obstruction syndrome (SOS) and Budd-Chiari disease.

Laboratory diagnosis

alanine aminotransferase (ALT), aspartate transaminase (AST), total bilirubin (TB) and conjugated bilirubin (CB) were always within normal ranges.

Imaging diagnosis

CTA and digital subtraction angiography exhibited earlier enhancement of the affected portal vein compared with the superior mesenteric or splenic vein during the arterial phase and earlier enhancement of the portal vein branches compared with the main portal vein.

Pathological diagnosis

This diagnosis cannot be made based on pathological findings.

Related reports

Very few cases of congenital intrahepatic arterioportal fistula (IAPF) have been reported in the literature. Embolization is considered the preferred procedure but whether it is effective in the long run remains unknown.

Term explanation

SOS: Hepatic sinusoidal obstruction syndrome, also called veno-occlusive disease. Long-standing congestion can cause centrilobular fibrosis, leading to cirrhosis.

Experiences and lessons

The case report presents the clinical characteristics of congenital IAPF and discusses the treatment of IAPF. Because congenital hepatic arterioportal fistula is rare, it is often misdiagnosed. Therefore, clinicians should consider IAPF as a potential cause of non-cirrhotic portal hypertension.

Peer-review

The authors have described four cases of congenital IAPF. The article highlights the clinical characteristics of this disease and provides insights into the therapeutic implications.
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Figure Legends
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Figure 1  Contrast-enhanced computed tomography revealed an earlier enhancement of the portal vein compared with the superior mesenteric vein during the arterial phase. Digital subtraction angiography indicated that there was rapid filling through the fistula into the portal vein. A: Early enhancement of the portal branches in hepatic arterial-phase; B, C: The hepatic argiography; D: The fistula reduction after embolization.
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Figure 2  Digital subtraction angiography before embolization revealed the arteriovenous fistula with the immediate filling of the portal venous radicles.
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Figure 3  Early enhancement of the portal branches.
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Figure 4  Digital subtraction angiography revealed a diffuse arterioportal fistula with flow reversal in the portal venous system.
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Table 1  Tabulation of the patient characteristics, treatments, results and follow-up


Age/gender (mo)


�
Clinical presentation


�
Imaging


�
Treatment


�
Result


�
�
65/female 18


�
Ascites


�
CT/DSA


�
Embolization


�
Successful


�
�
33/female 33


�
Variceal Bleeding


�
Ultrasound/MRA


�
Embolization


�
Successful


�
�
43/male 15


�
Melena


�
Laparotomy/CT


�
Embolization


�
Successful


�
�
74/male 16


�
Hepatic encephalopathy


�
DSA


�
Embolization


�
Successful


�
�









