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Abstract
An idiopathic renal arteriovenous (AV) fistula is a rare malformation of the kidney that may present insidiously with heart failure or hematuria. The treatment may be challenging due to large fistula size that may limit endovascular management. The authors report a case of an 85-year-old Caucasian woman who presented with acute heart failure and was found to have a right renal arteriovenous (AV) fistula. Since she had no prior history of renal intervention or trauma, a diagnosis of idiopathic renal AV fistula was made. She was managed by endoluminal occlusion using multiple stainless steel coils and Amplatzer vascular plug II device. The follow-up computed tomography showed complete occlusion of the fistula. This report highlights the late presentation of this rare disease and presents the utility of the combination of coils and Amplatzer device for management of a large fistula. It also reiterates that even if large, these fistulas can be managed by endovascular occlusion.
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Core tip: Idiopathic renal arteriovenous fistula is rare but may present in middle-aged to elderly population with heart failure or hematuria. It is more common in right kidney and typically there is a single communication with the renal vein. Since these can have a very high-flow, the management can be challenging, but is typically done by nephrectomy or endovascular occlusion. With advances in endovascular techniques, it has become the preferred management option. If conventional embolizing materials do not obtain appropriate closure, Amplatzer vascular plug II may be used to reinforce the occlusion of the feeding artery.
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INTRODUCTION
The arteriovenous (AV) fistula is defined as a direct connection between an artery and a vein bypassing the usual capillary network; although in the case of coronary circulation, there may be communication between the coronary artery and a cardiac chamber[1]. With an increase in percutaneous interventions, the incidence of acquired renal AV fistulas is increasing, but the idiopathic/congenital type of AV fistula continues to be rare. The idiopathic AV fistula is usually large and has high flow; features that may limit the endovascular management due to the possibility of incomplete occlusion and migration of embolizing material[2]. Some reports in the literature have favored nephrectomy due to the large size of shunt and multiplicity of the shunt vessels[3,4]. We report a case of an elderly female presenting with heart failure due to idiopathic renal AV fistula that was successfully treated by embolization of renal artery aneurysm by multiple coils and occlusion of the distal limb of renal artery by Amplatzer vascular plug (AVP) II device. She showed significant improvement in symptoms along with improvement in imaging signs of heart failure at 6-mo follow-up. 

CASE REPORT
An 85-year-old woman presented to the emergency room with progressive dyspnea for 4 wk with abdominal distension and lower extremity swelling for 2 wk. Past medical history was significant for hypertension and atrial fibrillation, which were being managed with low dose metoprolol succinate. Physical examination revealed moderate respiratory distress and irregularly irregular rhythm with the heart rate ranging 70 to 90 beats/min. Rales were noted over the both lower lung fields, with raised jugular venous pressure, tender hepatomegaly, abdominal distension and bilateral lower extremity edema. The cardiac exam was notable for harsh grade III/IV holosystolic murmur that was loudest at the apex. A bruit was heard in the posterior abdomen loudest at the right costovertebral angle. However no palpable thrill was felt. The EKG showed atrial fibrillation with the ventricular rate of 80 however without ST/T wave changes. Laboratory analysis revealed elevated b-type Natriuretic Peptide (BNP) of 4497 pg/mL (reference range <100 pg/mL). 
Transthoracic echocardiogram (ECHO), performed as part of workup for heart failure, showed moderate concentric left ventricular hypertrophy with preserved left ventricular ejection fraction (EF) of 55%-60%. However, the patient was noted to have right heart failure with dilated right atrium and ventricle. The presence of bruit in the posterior abdomen prompted an ultrasound (USG) that revealed a peripherally calcified large anechoic structure within in the right kidney with the color flow on color Doppler imaging concerning for a large renal artery aneurysm and/or a vascular malformation. Computed tomography (CT) angiogram done for further evaluation showed aneurysmally dilated renal artery and vein (Figure 1B and C). The distal renal artery had a peripherally calcified focal aneurysm (Figure 1B) with early enhancement of renal vein suggesting an AV fistula. Besides severe dilatation of IVC, hepatic veins, and gonadal veins were seen due to compensatory volume overload while right side cardiac chambers were enlarged (Video 1 and Figure 1A). The patient was deemed to be a poor surgical candidate, and the decision was made to manage by endovascular occlusion. The interpolar branch of renal artery was catheterized that showed a large aneurysm with immediate opacification of the renal vein. It was decided to completely obliterate the aneurysm using large stainless steel coils. After using 22 stainless steel coils, the angiogram image showed a faint visualization of the IVC (Figure 2A). It was then decided to reinforce the obliteration of fistula by occluding the feeding distal renal artery by 12 mm Amplatzer vascular plug II (AGA Medical Corporation, Plymouth, MN). Following the deployment of the AVP II, there was no opacification of the venous system (Figure 2B and C). Her symptoms were improved and and the clinical exam showed resolution of jugular venous distention, decreased abdominal distension and lower extremity edema. The ascites resolved on follow-up CT (Figure 3) and the BNP decreased to 296 pg/mL at 6 mo.

DISCUSSION
Renal AV fistula can be acquired (approximately 70% of cases), congenital (approximately 25% of cases) or idiopathic (approximately 3%-5% of cases) in nature[5]. Acquired renal arteriovenous fistula (AVF) may be secondary to renal interventions (biopsy, surgery or nephrostomy placement), renal injury, inflammation or tumor[6]. Idiopathic fistulas occur in the absence of predisposing factors, are usually seen in middle aged patients and often present with cardiovascular symptoms like hypertension or congestive heart failure. They are hypothesized to be caused by erosion of an intraparenchymal renal arterial branch aneurysm into a vein[3,5]. Our case also shows a large renal artery aneurysm supporting this hypothesis. Idiopathic renal AV fistula is more common in the right kidney and females are affected twice as compared to males, similar to present case[6]. Given the absence of predisposing factor, congenital and idiopathic fistulas have been classified together as spontaneous AV fistula[7,8]. The congenital AV fistulas however usually present with hematuria and often shows multiple tortuous varix-like vessels on angiogram. The spontaneous fistulas on the other hand often present with cardiovascular symptoms and show a single enlarged feeding vessel just like in our case[6]. 
Like AVFs of any other anatomical site, imaging plays a vital role in diagnosis and treatment of the renal AVF[9]. Ultrasound with color Doppler is usually the initial investigation. On grey-scale ultrasound, the renal artery aneurysm may be anechoic and mimic a renal cyst. The Color and spectral Doppler are therefore vital to not only reveal the vascular nature of the lesion, but also to demonstrate arterialized venous return. Multidetector CT may reveal an enlarged feeding artery, early venous filling and venous engorgement secondary to hyperdynamic flow. Additionally, it may even show the site of fistulous communication, useful to optimize management. 
The idiopathic renal AV fistula is often large and if symptomatic can be treated by either endoluminal occlusion or surgical excision. To the best of our knowledge, there is only one case of idiopathic renal AV fistula undergoing spontaneous closure[10]. Endoluminal occlusion is usually the management of choice in renal AV fistulae since it occludes the shunt while preserving the renal function[11]. Large shunt size and possibility of migration of embolizing material may limit endovascular management, warranting surgical management[3,4,12]. Traditionally stainless steel coils, gel foam and covered wall stents have been used as endovascular agents for the management of these cases[13]. In 2007, Idowu et al[13] described the use of Amplatzer device for management of high flow renal AV fistula. They described the dual use of this device, initially as an upstream filter to prevent migration of the coils (that were used for fistula embolization) and then it was used as the final embolizing device for the renal artery. In 2009, Campbell et al[14] described successful embolization of idiopathic renal AV fistula using Amplatzer device without using the coils. In 2013, Perkov et al[15] described the first case in which 2nd generation Amplatzer vascular plug (AVP II) was used for high flow renal AV fistula after initially attempted coil embolization failed due to migration. In our case, due to gigantic size and high flow, it was decided to first use multiple coils, but when the angiogram showed persistent IVC opacification, the occlusion was reinforced using AVP II. Our case highlights that despite the large size, combination of coils and AVP II device is an effective endovascular management option. Only a few cases with the similar management of idiopathic renal AV fistula have been described[13-15]. This case is also unique regarding the presentation of idiopathic AV fistula at this advanced age although previously one case is described in an 81-year-old woman[16]; but it is unclear in that case whether the etiology was acquired or idiopathic.

COMMENTS
Case characteristics
An 85-year-old woman presented with right heart failure and was found to have a giant idiopathic renal AV fistula on imaging. Decision was made to treat her by endoluminal occlusion. Initially multiple coils were used but complete occlusion could not be obtain. Hence, Amplatzer vascular plug was used to reinforce the obliteration of draining artery and adequate occlusion was achieved.

Clinical diagnosis
Idiopathic renal arteriovenous fistula with right heart failure.

Differential diagnosis
Renal aneurysm, ischemic cardiomyopathy, high output heart failure, massive pulmonary embolism.

Laboratory diagnosis
Elevated b-type Natriuretic Peptide of 4497 pg/mL (reference range < 100 pg/mL) that decreased to 296 pg/mL at 6 mo after treatment.

Imaging diagnosis
Echocardiogram showed LV hypertrophy with normal ejection fraction and right heart failure. US showed a calcified anechoic renal lesion with color filling and dilated renal vein suggesting an aneurysm with possible malformation. Computed tomography confirmed the presence of a large calcified intraparenchymal renal aneurysm that was in communication with dilated renal vein suggesting renal fistula. 

Treatment
Endovascular occlusion using coils and 2nd generation Amplatzer vascular plug.

Experiences and lessons
Idiopathic renal AV fistula can be large in size with high flow. If complete obliteration of fistula cannot be obtained using coils, then an Amplatzer vascular plug can be used to occlude the draining artery.
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This report described an interesting and rare case of an idiopathic renal AV fistula in that update therapeutic strategy is well described. The paper is well written and the results are potentially useful when considering the diagnosis and treatment of a patient with renal AV fistula.
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Figure 1 Axial contrast enhanced computed tomography image. A: Axial contrast enhanced CT image at the level of the heart shows markedly dilated RA and the RV. Note small right pleural effusion due to right ventricular failure; B: Axial contrast enhanced CTA image at the level of right kidney reveals dilated right renal artery (curved arrow) and a peripherally calcified aneurysm (arrowheads) with early enhancing dilated renal vein (straight arrows) and IVC suggestive of arteriovenous fistula. Note mild ascites due to right ventricular failure (stars); C: 3D volume rendered image from the CTA data provides an excellent demonstration of marked aneurysmal right renal artery and vein with secondary severe dilatation of the IVC and gonadal varices due to increased blood flow volume. RA: Right atrium; RV: Right ventricle; CTA: Computed tomography angiogram; IVC: Inferior vena cava.
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[bookmark: _GoBack]Figure 2 Conventional catheter angiogram image. A: Conventional catheter angiogram image after using multiple coils showed persistent faint opacification of the inferior vena cava (arrows); B, C: Catheter angiogram image shows the placement of the Amplatzer vascular plug II (arrows) with successful obliteration of the fistulous communication. The proximal renal artery branches were spared. 
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Figure 3 Images reveal resolution of ascites and occlusion of the renal arteriovenous fistula. A: Axial CT image following successful coil occlusion of fistula reveal interval lack of opacification of right renal venous structures and resolution of ascites. Note beam hardening related streak artifacts from the embolization coils within the right kidney; B: 3D Volume rendered image using post-processing segmentation tools clearly reveals the embolization coils and non-visualization of IVC and renal venous system in this arterial phase scan suggesting occlusion of the renal arteriovenous fistula. Note residual ectatic right renal artery. RA: Right atrium; RV: Right ventricle; IVC: Inferior vena cava.
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