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Background: Chronic traumatic arteriovenous fistulas (AVFs) are uncommon but potentially devastating sequelae of penetrating 
vascular injuries. Persistent high-flow shunting can lead to progressive cardiopulmonary remodeling, pulmonary hypertension, atrial 
arrhythmias, and high-output heart failure (HOHF).
Case Presentation: We report a 41-year-old male with a chronic high-flow AVF between the left mid-superficial femoral artery and 
superficial femoral vein secondary to a gunshot wound sustained over a decade prior. Initially managed nonoperatively and later lost to 
follow-up, he presented with HOHF, atrial fibrillation with rapid ventricular response, pulmonary hypertension. The fistula resulted in 
extensive venous dilation of the left thigh with marked proximal venous enlargement involving the iliac veins, inferior vena cava, and 
a large pelvic venous varix, consistent with chronic high-flow shunting. The maximum diameter of the left iliac vein measured 8.7 cm. 
Preoperative echocardiography demonstrated preserved ejection fraction (50–55%), biatrial enlargement, moderate tricuspid regur
gitation, and elevated pulmonary artery pressures. He underwent planned endovascular repair with invasive hemodynamic monitoring, 
including right heart catheterization and intraoperative transesophageal echocardiography. Following fistula closure, pulmonary artery 
pressures decreased (33/20 mmHg to 22/15 mmHg) and cardiac output improved (14.9 L/min to 8.6 L/min). Postoperative recovery 
was uneventful with controlled hemodynamic management in the cardiovascular ICU. Four-month follow-up imaging showed 
significant reduction in iliac vein diameter (8.7 cm to 6.2 cm).
Conclusion: This case highlights the cardiovascular consequences of long-standing traumatic AVFs and underscores the importance 
of multidisciplinary planning and vigilant perioperative management. Notably, significant hemodynamic improvement can occur even 
after prolonged high-flow states, emphasizing the potential reversibility of cardiopulmonary remodeling with timely intervention.
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Introduction
Gunshot wounds (GSWs) remain a significant public health concern in the United States, accounting for over 115,000 
firearm-related injuries and more than 45,000 deaths annually.1,2 GSWs and other penetrating trauma-related vascular 
injuries can cause complicated sequelae including arteriovenous fistulas (AVF). AVFs are abnormal connections between 
an artery and a vein that can form after trauma. If ignored, these fistulas frequently result in progressive hemodynamic 
concerns, including pulmonary hypertension, atrial arrhythmias, steal syndrome, and thrombotic events. Chronic high- 
flow fistulas may be linked to pulmonary hypertension, atrial arrhythmias, valve dysfunction, and high-output heart 
failure (HOHF), even if some AVFs may not cause any symptoms.3–5

Surgical and endovascular interventions play a critical role in the management of traumatic AVFs. However, these 
fistulas may continue to exist due to a lack of follow-up and delayed detection, which would cause a substantial 
cardiovascular burden.3 Data on long-standing AVFs in non-dialysis patients undergoing major surgery remain limited 
but has shown long-term AVF patients may experience permanent cardiac remodeling, which calls for meticulous 
preoperative planning and interdisciplinary review.6
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We present a case of a 41-year-old male with a history of a traumatic left femoral AVF secondary to a GSW over a decade 
earlier. Initially managed nonoperatively, the fistula ultimately led to HOHF, atrial fibrillation with rapid ventricular response, 
and pulmonary hypertension. This case emphasizes the importance of early recognition and intervention in traumatic AVF to 
prevent progressive cardiovascular deterioration. Written informed consent for publication of this case report, including 
relevant clinical details and accompanying images, was obtained from the patient. The authors confirm that all reasonable 
efforts were made to protect patient anonymity and that the report adheres to the CARE guidelines for case reports. 
Institutional approval was not required for the preparation and publication of this report.

Clinical Course
A 41-year-old male with history significant for a left traumatic AVF between the mid left superficial femoral artery and 
vein, heart failure with preserved ejection fraction (HFpEF), atrial fibrillation, pulmonary hypertension, moderate 
tricuspid regurgitation and patent foramen ovale presented for a scheduled endovascular repair (EVAR) of left femoral 
AVF. This fistula developed as sequelae of a GSW sustained over ten years prior to this surgery. Three months prior to 
the surgery, he presented to the emergency department with a week of worsening chest pressure, shortness of breath, and 
epigastric pain with vitals showing a blood pressure of 134/78, heart rate at 112, and respiratory rate at 24. At baseline, he 
was independently functional and able to perform all his activities of daily living without difficulty. Initial electrocardio
gram showed that he was in new atrial fibrillation with rapid ventricular rate. Physical exam showed jugular venous 
distension, a 3/6 diastolic murmur, bruit over right upper thigh, and bilateral lower extremity edema. Initial labs drawn 
showed chronic anemia, no electrolyte abnormalities, elevated BNP at 4241, and normal troponins. Updated echocardio
gram was consistent with acuteness on previously undiagnosed chronic HOHF with a D-shaped left ventricle and other 
values shown in Table 1. In the emergency department, he underwent successful electrical cardioversion, started on 
metoprolol and nicardipine infusion for rate control, and given diuresis with targeted clinical improvement. Vascular 
surgery consulted during admission diagnosed his AVF as the root cause of the heart failure, and he was followed for 
outpatient medical optimization prior to the scheduled surgery. Imaging demonstrated that the fistula resulted in extensive 
venous dilation of the left thigh with marked proximal venous enlargement involving the iliac veins, inferior vena cava, 
and a large pelvic venous varix. At that time, his greatest left iliac vein diameter measured 8.7 cm (Figure 1), with normal 
values ranging between 0.8–1.2 cm. Although his AVF was initially being monitored with periodic imaging, he was 
unfortunately lost to follow up 5 years after the initial injury.

His surgery was planned with pre-operative cardiovascular ICU admission for right heart catheterization and Swan- 
Ganz placement and close post-operative blood pressure management. A repeat echocardiogram showed similar values to 
his initial presentation 3 months prior in the emergency department. Induction performed with midazolam, propofol, 
fentanyl, and rocuronium, then with sevoflurane for maintenance. Patient’s hemodynamics remained stable with no 
significant changes in BP, CVP or PAP. Mean arterial pressure (MAP) was maintained between 60–80 mmHg with 
a phenylephrine infusion (0.3–0.6 mcg/kg/min) throughout the entire case. A test clamp by the surgeon induced an 
immediate increase in systolic BP by 30 mmHg and decrease in HR from 80s to 50s. After stent deployment, the same 
occurred, which was treated with 0.4 mg of glycopyrrolate, with improvement of BP and HR back to baseline. Apart 

Table 1 Echocardiogram Values Pre- and Post-Operatively

Pre-Operatively Post-Operatively

Ejection Fraction (EF) 50 to 55% 57%

Cardiac Output (CO) 13.45 L/min 8.6 L/min

Cardiac Index (CI) 6.79 L/min/m2 4.4 L/min/m2

Pulmonary Artery Systolic Pressure (PASP) 48 mmHg 22 mmHg

Central Venous Pressure (CVP) Severely elevated 6 mmHg
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from the test clamp and the stent deployment, the patient’s hemodynamics stayed within 20% of his baseline throughout 
the case. Trans-esophageal echocardiogram after stent deployment showed improvement in his hemodynamics (Table 1).

On admission to the ICU, he had palpable bilateral femoral, dorsalis pedis, and posterior tibialis pulses, he was 
initiated on low intensity heparin drip and remained intubated and sedated during flat bedrest. He was weaned off 
sedation and extubated the evening after his surgery without complications. His hemodynamic goals were maintained 
with MAP 60–80 mmHg and SBPs below 140 mmHg by utilizing hydralazine and a nicardipine infusion. A beta blocker 
was not added due to intermittent heart rate readings in the 40 bpm. Once he was transitioned off titratable infusions to 
scheduled anti-hypertensives, he was transferred to the surgical floor for the remainder of his recovery. A four-month 
post-operative follow up CTA of the pelvis showed a reduction in the left iliac vein diameter to 6.2 cm from 8.7 cm 
(Image 2) and a negative myocardial perfusion stress test (Figure 2).

Discussion
AVFs can be formed through a variety of origins, separated by congenital and acquired causes, with the acquired causes 
further separated into traumatic, iatrogenic (dialysis access, procedural complications), infections, or idiopathic. 
Regardless of the cause, they all share a key hemodynamic hallmark. That is a direct arterial-to-venous shunting that 
increases preload and reduces systemic vascular resistance, predisposing to HOHF. Traumatic AVFs include an added 
risk of going undiagnosed or untreated and most often result from penetrating injuries, commonly involving the femoral 
and iliac vessels.5 Chronic high-flow shunts can lead to right-sided volume overload, valvular regurgitation, and 
pulmonary hypertension.3

Figure 1 Contrast-enhanced computed tomography angiography (CTA) of the pelvis, axial view, soft tissue view, obtained on admission. Shows marked dilation of the left 
common iliac vein, measuring 8.7 cm in maximum transverse diameter.

Figure 2 Contrast-enhanced computed tomography angiography (CTA) of the pelvis, axial view, soft tissue view, obtained at four-month post-operative follow-up after AVF 
repair. The left common iliac vein now measures 6.2 cm in maximum transverse diameter, 29% reduction from pre-operative figure (Figure 1).
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There have been several case reports of HOHF due to long-standing AVFs describing sequelae including right-sided 
volume overload, valvular regurgitation, and pulmonary hypertension, all of which improved following definitive 
intervention.7–9 Our case is notable for its duration, over a decade post-trauma, and the extreme iliac venous dilation, 
yet endovascular repair achieved marked hemodynamic improvement without cardiopulmonary compromise, illustrating 
that even chronic AVFs can show partial reversibility of cardiopulmonary remodeling when corrected. AVFs also pose 
risks for hemorrhage, as demonstrated in two case reports of fatal exsanguination in patients with chronic renal failure 
and ulcerated AVFs, exacerbated by inflammation, necrosis, and repeated trauma to the vascular site.9 Other complica
tions of AVFs, described largely in dialysis populations but applicable to high-flow states, include lymphedema, 
infection, aneurysm, stenosis, steal syndrome, ischemic neuropathy, and thrombosis.10 These complications were 
potential sequelae in our patient putting him at a daily risk of exsanguination from activities as simple as a Valsalva 
maneuver or coughing, heightened by him being lost to follow up for a decade.

An AVF increases venous return, risking hyperdynamic circulation with subsequent elevated cardiac output and heart 
rate. This increase in venous return bypasses the normal low-resistance venous system and directly enters the high- 
pressure arterial system, which can progressively worsen and lead to HOHF as seen in this patient. The resulting venous 
congestion raises peripheral venous pressure, causing peripheral edema and renal dysfunction. The increased right 
ventricular workload can additionally result in right heart failure and tricuspid regurgitation.4

Preoperative preparation should include consideration of invasive monitors, vasoactive medications, and updated 
studies and labs. For this patient, there was planned pre-operative admission to the cardiovascular ICU to obtain an 
updated echocardiogram, evaluate his hemodynamics, particularly his pulmonary artery pressures, and more closely 
monitor his blood pressure. Depending on the different complications arising from AVFs, the invasive monitors chosen 
may differ. Since this patient presented with severe pulmonary hypertension and an AVF of a major artery, it was crucial 
to be able to monitor his pulmonary artery pressures and monitor his cardiac function with TEE.

Conclusion
Patients who present with chronic traumatic AVFs after a GSW pose unique challenges, particularly when there has been 
a prolonged interval between the initial injury and definitive management. The degree of physiologic derangement is 
often proportional to the duration of the lesion, as sustained high-flow shunting leads to increased venous return, reduced 
systemic vascular resistance, and a hyperdynamic circulatory state. Over time, this results in progressive cardiac 
remodeling, including right-sided chamber dilation, functional valvular regurgitation, and HOHF.

Pulmonary hypertension in chronic AVFs is multifactorial, initially driven by increased pulmonary blood flow and 
shear stress, and later by pulmonary vascular remodeling with rising pulmonary vascular resistance. If left untreated, 
these changes may ultimately progress to right ventricular dysfunction. In this patient, long-standing shunting led to 
significant venous dilation and cardiopulmonary compromise, highlighting the cumulative effects of delayed intervention 
and loss to follow-up. Despite these chronic changes, definitive closure of the AVF resulted in immediate hemodynamic 
improvement, including reductions in pulmonary artery pressures and cardiac output. This finding supports prior reports 
that cardiopulmonary changes associated with high-flow states may at least be partially reversible following elimination 
of the shunt, although the extent of recovery likely depends on the duration and severity of remodeling.

From a perioperative perspective, managing patients with chronic AVFs requires meticulous hemodynamic control to 
maintain adequate perfusion while avoiding abrupt shifts in preload and afterload after fistula closure. In this case, 
preoperative optimization, invasive hemodynamic monitoring, and careful intraoperative blood pressure management 
were critical in preventing further complications. Intervention in chronic traumatic AVFs is typically indicated in patients 
with symptomatic heart failure, progressive chamber enlargement, pulmonary hypertension, or significant vascular 
dilation. This case underscores the importance of early recognition, multidisciplinary planning, and individualized 
anesthetic management. The reversibility of HOHF, even after a decade-long AVF, highlights a key teaching point: 
timely repair can prevent progressive cardiac remodeling and reduce morbidity associated with chronic high-flow states.
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