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Case Report
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Abstract


Background: Arteriovenous fistula is an abnormal connection between an artery and a vein. Post-traumatic fistulas are uncommon and usually occur after penetrating injuries, including gunshot wounds. Cervical arteriovenous fistulas are particularly rare and may coexist with a pseudoaneurysm, creating diagnostic and therapeutic challenges because of the proximity of major vascular, neurological, and aerodigestive structures. In hemodynamically stable patients, the limited external appearance of the wound may underestimate the extent of internal vascular injury; therefore, imaging is central to diagnosis and treatment planning. Case Presentation: We report the case of a 49-year-old man who presented to the emergency department with a gunshot wound to the left side of the neck. Computed tomography angiography (CTA) demonstrated a vascular injury adjacent to the left common carotid artery (LCCA), and further evaluation revealed an arteriovenous fistula (AVF) between the LCCA and the left internal jugular vein (LIJV), coexisting with a pseudoaneurysm of the LCCA. Doppler ultrasonography (DUS) identified an arterial wall defect and extrinsic compression of the LCCA by the hematoma. Selective digital subtraction angiography (DSA) confirmed an AVF between the LCCA and the LIJV, coexisting with an LCCA pseudoaneurysm. A covered stent-graft was implanted and completion angiography confirmed exclusion of both lesions with preserved patency of the LCCA. Discussion: This case demonstrates the complementary value of CTA, DUS and DSA in penetrating neck trauma. CTA provided rapid cross-sectional assessment of the injury trajectory and associated lesions, DUS added information on the arterial wall and local hemodynamic consequences, and DSA confirmed arteriovenous shunting while enabling immediate endovascular treatment. Conclusions: In hemodynamically stable patients with penetrating neck trauma, CTA should be considered when the wound trajectory approaches major vessels, even in the absence of active external bleeding. DUS and DSA may provide complementary information for lesion characterization and procedural planning. Covered stent-graft implantation may be a feasible reconstructive option in carefully selected patients.
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1. Introduction


Arteriovenous fistula (AVF) is a pathological connection between an artery and a vein that allows blood to pass directly from the high-pressure arterial system into the low-pressure venous system [1,2,3,4]. Traumatic AVFs are uncommon and usually result from simultaneous or adjacent injury to an artery and a vein, most often after penetrating trauma such as gunshot or stab wounds [2,3,4,5,6]. The resulting communication may remain patent and mature into a persistent fistula. Depending on its size and location, an AVF may be clinically silent or may cause bruit, thrill, swelling, venous dilatation, progressive hematoma, distal ischemia, embolic complications or systemic hemodynamic effects [1,2,3,7].



Pseudoaneurysm is another important vascular consequence of trauma. In penetrating trauma, pseudoaneurysm and AVF may coexist when the arterial wall defect communicates both with a perivascular cavity and an adjacent venous structure. This combination is clinically relevant because it increases the risk of bleeding, embolic complications, local compression, delayed rupture, and venous hypertension [8,9,10].



The diagnosis of vascular injury after penetrating neck trauma is challenging because the neck contains the carotid and vertebral arteries, jugular veins, cranial nerves, airway, esophagus and cervical spine within a compact anatomical region. The selective no-zone approach is supported by systematic review [11,12] and is consistent with recent formal AAST-WSES guidelines on cervical vascular injuries, which recommend CTA in penetrating neck trauma without hard signs and advise against management based solely on the anatomical neck zone [13]. Patients with hard signs such as uncontrolled hemorrhage, expanding or pulsatile hematoma, refractory shock, airway compromise, bruit or thrill, or focal neurological deficit require immediate operative or endovascular management, whereas hemodynamically stable patients without hard signs are generally suitable for selective imaging-based evaluation, with CTA as the principal screening modality [11,12,14,15,16,17]. Doppler ultrasonography (DUS) may provide useful real-time information on vessel-wall integrity and flow, while digital subtraction angiography (DSA) remains important when CTA suggests a complex lesion and endovascular treatment is contemplated [8,9,10,11,12,14,15,18,19]. The main advantages and limitations of available imaging techniques are summarized in Table 1.



The treatment of traumatic AVFs and pseudoaneurysms should be individualized. Open repair remains essential in hemodynamically unstable patients, in the presence of contaminated or infected wounds, for lesions unsuitable for endovascular reconstruction or after failed endovascular treatment. In selected stable patients, covered stent-graft implantation may exclude the arterial defect and fistulous communication while preserving flow through the parent artery [5,9,10,18,19,20,21,22,23]. We present a rare post-traumatic cervical AVF between the left common carotid artery (LCCA) and left internal jugular vein (LIJV), coexisting with an LCCA pseudoaneurysm after a gunshot wound. The case illustrates the complementary roles of CTA, DUS, and DSA in detecting and characterizing a complex combined cervical vascular lesion and demonstrates how multimodal imaging can support the selection and planning of endovascular treatment with a covered stent-graft.




2. Case Presentation


2.1. Clinical Presentation


We present the case of a 49-year-old man with diabetes mellitus, coronary artery disease, and a history of myocardial infarction who presented to the emergency department after sustaining a penetrating, through-and-through gunshot injury to the left cervical region. On admission, the patient was in good general condition, with normal blood pressure and heart rate. Physical examination revealed edema and induration of the left side of the neck, as well as an entry wound measuring 1–2 mm in diameter, located 4–5 mm above the sternoclavicular joint. The exit wound also measured 1–2 mm in diameter and was located approximately 2 cm superior to the entry wound. There was no evidence of active bleeding.



Admission laboratory tests showed a hemoglobin concentration of 13.8 g/dL, red blood cell count of 4.51 × 106/µL, white blood cell count of 8.59 × 103/µL, and platelet count of 167 × 103/µL. Coagulation parameters were within the reference range.




2.2. Diagnostic Work-Up


Because of the penetrating mechanism and the proximity of the wound tract to major vascular structures, computed tomography angiography was performed. CTA demonstrated hyperdense foci measuring 11, 12, and 17 mm adjacent to the LCCA, within the scalene muscles, and between the LCCA and the LIJV. These findings were consistent with traumatic vascular injury and active contrast extravasation. The direction of contrast extravasation toward the adjacent LIJV raised suspicion of an associated carotid–jugular AVF, although a definite fistulous communication was not unequivocally demonstrated on CTA (Figure 1). In addition, CTA demonstrated a fracture of the left zygapophysis of the fifth cervical vertebra with small metallic foreign bodies measuring approximately 4–5 mm. An area measuring 35 × 27 mm surrounded by small metallic fragments and extending toward the subcutaneous tissue, was consistent with a post-traumatic hematoma. A contrast-filled lesion adjacent to the LCCA was interpreted as a pseudoaneurysm (Figure 2).



CTA provided two clinically important diagnostic findings. First, it demonstrated that the injury was not confined to the superficial wound tract despite the patient’s stable condition and the absence of active external bleeding. Second, it defined the spatial relationship between the traumatic tract, hematoma, LCCA, LIJV, metallic fragments and cervical vertebral injury. This information raised suspicion of a combined arterial lesion with possible arteriovenous communication and provided the anatomical basis for further vascular assessment and treatment planning.



DUS revealed a hematoma with internal liquefaction adjacent to the LCCA, measuring 26 × 16 × 30 mm. Within this area, a defect in the arterial wall measuring 4.4 × 1.7 mm was identified, with no evidence of active bleeding into the hematoma. A 60% stenosis of the LCCA was also observed, resulting from mass effect exerted by the hematoma. DUS therefore complemented CTA by demonstrating the arterial wall defect and the local effect of the hematoma on the carotid lumen.



The patient underwent orthopedic and neurosurgical consultations, which deemed them not eligible for surgical intervention. Based on the clinical presentation, CTA, and DUS findings, a traumatic AVF between the LCCA and LIJV was suspected, together with a concomitant pseudoaneurysm of the LCCA. The patient was admitted to the Department of Vascular Surgery and Transplantation, University Clinical Hospital of the Medical University of Białystok for endovascular closure of the fistula.




2.3. Endovascular Treatment


The procedure was performed under local anesthesia at the right femoral access site. Selective DSA of the LCCA confirmed an AVF between the LCCA and LIJV with early opacification of the venous system and demonstrated a concomitant LCCA pseudoaneurysm (Figure 3). DSA provided dynamic information that could not be fully obtained from static cross-sectional imaging alone: it confirmed the direction and timing of contrast passage from the arterial to the venous system, identified the parent artery, demonstrated the relationship between the pseudoaneurysm and fistulous communication and allowed assessment of the available landing zones.



A Gore Viabahn covered stent-graft was implanted, with distal anchoring at the level of the bifurcation of the common carotid artery. The objective was to cover the arterial wall defect, close the fistulous communication and exclude the pseudoaneurysm while preserving antegrade flow through the LCCA and carotid bifurcation. The angiographic result after deployment was satisfactory and additional balloon moulding was not required. Completion angiography confirmed exclusion of both the AVF and pseudoaneurysm with preserved arterial patency (Figure 4). Cerebral protection was used during the intervention. The right femoral artery puncture site was closed using an AngioSeal device.




2.4. Postprocedural Course


Because of the penetrating mechanism of injury and the presence of retained metallic fragments, antibiotic therapy was administered during hospitalization. The postprocedural course was uncomplicated. After two days of hospitalization, the patient was discharged with a recommendation for dual antiplatelet therapy. Unfortunately, the patient did not attend the scheduled follow-up visit and long-term clinical or imaging observation was not possible.





3. Discussion


The present case demonstrates several clinically important aspects of post-traumatic cervical vascular injury. First, a clinically stable presentation does not exclude significant vascular damage after penetrating neck trauma [11,12,14,15,16]. Second, arteriovenous fistula and pseudoaneurysm may coexist after gunshot injury when both the arterial wall and adjacent venous structures are involved [2,8,9,10,20]. Third, computed tomography angiography and angiography are complementary diagnostic tools: computed tomography angiography identifies the lesion and associated traumatic findings, whereas angiography confirms the hemodynamics of the fistula and enables immediate endovascular treatment planning [11,12,14,15,18,19]. Finally, covered stent-graft implantation may be an effective reconstructive treatment strategy in selected patients, allowing closure of the fistula and pseudoaneurysm while preserving the parent artery [9,10,17,18,19,20,21,22,23,24].



Post-traumatic arteriovenous fistulas are rare but well-recognized sequelae of penetrating vascular injury [2,3,4]. A collective review of traumatic penetrating arteriovenous fistulas emphasized that the condition is uncommon and that diagnosis may be delayed, particularly when early clinical manifestations are nonspecific [2]. Series and case reports show that traumatic arteriovenous fistulas can affect different anatomical regions, including the extremities, abdomen, pelvis, thorax and neck [2,3,4,5,6].



Cervical carotid-jugular fistulas are particularly uncommon. A reported incidence of approximately 4–7% of all traumatic arteriovenous fistulas has been cited for post-traumatic common carotid artery-internal jugular vein fistulas [25]. Sinha et al. described a delayed traumatic common carotid artery-internal jugular vein fistula presenting with life-threatening epistaxis, illustrating that such lesions may remain undiagnosed for prolonged periods and later present with severe complications [25]. Nawrocki et al. reported delayed presentation of a carotid-jugular fistula after blunt injury from an arrow, again emphasizing that cervical arteriovenous fistulas may present after the acute trauma phase and with symptoms not limited to the neck [26]. Other reports also show that traumatic carotid-jugular fistulas may present with atypical or delayed manifestations, including neuro-ophthalmic symptoms, forensic implications after stab injury and complex combined carotid lesions after penetrating trauma [17,27,28,29]. These observations support a key message of the present case: the absence of massive bleeding at presentation should not lower diagnostic vigilance when the trajectory of a penetrating injury passes near major vessels [11,12,14,15,25,26,30].



Pseudoaneurysm formation represents another important diagnostic consideration. The mechanism involves disruption of the arterial wall with persistent communication between the arterial lumen and a contained extravascular cavity. In the setting of penetrating trauma, a pseudoaneurysm may be detected early as active extravasation or as a contrast-filled sac, or later as an enlarging pulsatile lesion [8,10]. When the pseudoaneurysm extends toward or communicates with an adjacent vein, a combined pseudoaneurysm and arteriovenous fistula may develop [2,8,9,10,20]. This combination has been reported in other vascular territories, including iliac vessels after gunshot trauma, and it is especially important diagnostically because the fistulous component may change flow dynamics and obscure the interpretation of hematoma or pseudoaneurysm on single-phase imaging [9,20].



The diagnostic pathway in this case reflects the current trend in the management of penetrating neck trauma [11,12,14,15,16]. Traditional management relied heavily on anatomical zones of injury. Contemporary approaches increasingly use a “no-zone” strategy in stable patients, with computed tomography angiography serving as the principal screening tool when vascular or aerodigestive injury is suspected [11,12,14,15]. Ibraheem et al. reviewed computed tomography angiography in the no-zone approach and found that it provides reliable diagnostic performance for detecting injuries in stable patients with penetrating neck trauma [11]. Paladino et al. systematically reviewed computed tomography angiography for aerodigestive injuries in penetrating neck trauma, further supporting its role in modern diagnostic pathways while also emphasizing that clinical context remains important [14]. Recent reviews of penetrating neck trauma similarly support structured evaluation based on hemodynamic stability, hard signs, soft signs, trajectory, and cross-sectional vascular imaging [12,15,16].



In the present case, computed tomography angiography was decisive for three reasons. First, it detected deep vascular abnormalities despite the absence of active external bleeding. Second, it demonstrated the topographic relationship between the bullet tract, hematoma, left common carotid artery, left internal jugular vein, metallic foreign bodies, and cervical vertebral injury. Third, it provided the anatomical basis for selecting an endovascular approach [11,12,14,15,18,19]. These are important diagnostic insights for clinicians and radiologists: in penetrating neck trauma, the external wound size may underestimate the extent of internal injury; a stable patient may still harbor a lesion requiring urgent specialist management; and vascular imaging can transform an apparently limited soft-tissue injury into a clearly defined arterial and arteriovenous pathology requiring intervention [11,12,14,15,16].



Doppler ultrasonography also contributed to the diagnostic assessment. In arteriovenous fistulas, Doppler ultrasonography may demonstrate turbulent flow, arterialized venous waveform, low-resistance arterial waveform, and direct communication between vessels [1,3]. In pseudoaneurysm, it may show the characteristic “yin-yang” flow pattern within the sac and a “to-and-fro” waveform at the neck [8,10]. However, ultrasonography is operator-dependent and may be limited in penetrating neck trauma by pain, hematoma, air, metallic fragments, wound dressings, and difficult acoustic windows [11,12,14,15,16]. In this case, ultrasonography confirmed a hematoma adjacent to the left common carotid artery and demonstrated an arterial wall defect, but computed tomography angiography and angiography were more important for defining the complete vascular lesion and treatment strategy [11,12,14,15,18,19].



In the present case, CTA demonstrated traumatic arterial injury and contrast extravasation directed toward the adjacent LIJV, raising suspicion of an associated carotid-jugular AVF. However, the fistulous communication and unequivocal early venous opacification were not directly demonstrated on the available CTA images. This may have been related to the timing of contrast acquisition, the small size or configuration of the fistulous tract, and partial obscuration by the adjacent hematoma and artifacts from retained metallic fragments. DUS demonstrated the arterial wall defect and local compression of the LCCA but did not unequivocally show arteriovenous shunting, potentially because of the deep location of the lesion and the restricted acoustic window. Selective DSA, owing to its high temporal resolution and dynamic visualization of contrast flow, confirmed the AVF by demonstrating rapid contrast passage from the LCCA into the LIJV with early venous opacification. DSA also confirmed the concomitant pseudoaneurysm and allowed precise placement of the covered stent-graft across the arterial defect. Completion angiography subsequently verified closure of the AVF and exclusion of the pseudoaneurysm, with preserved LCCA patency. This immediate pre- and post-treatment confirmation is particularly important in cervical lesions, where persistent endoleak or incomplete fistula closure could result in continued risk of bleeding, venous hypertension, embolic complications, or recurrent symptoms [5,9,10,17,18,19,20,21,22,23].



The treatment of traumatic arteriovenous fistulas should be individualized. Open surgical repair may include ligation and division of the fistula, direct arterial repair, patch angioplasty, interposition grafting, bypass, or venous repair [2,4,5]. Surgery remains necessary in unstable patients, contaminated wounds, failed endovascular treatment, infected lesions, or when the anatomy is unsuitable for stent placement [2,5,15]. However, the cervical region poses specific surgical difficulties. Exposure of the common carotid artery and internal jugular vein may be complicated by hematoma, inflammation, scar tissue, proximity of cranial nerves, risk of major bleeding, and the need to preserve cerebral perfusion [15,16,17]. These factors explain why endovascular treatment is increasingly considered in selected stable patients [5,9,10,17,18,19,20,21,22,23].



Endovascular options include coil embolization, detachable balloons, vascular plugs, bare stents, stent-assisted coiling, and covered stent-grafts [5,9,18,19,22,23]. The choice depends on lesion morphology, parent vessel importance, fistula size, landing zones, arterial diameter, tortuosity, and the need to preserve flow [5,9,10,18,19]. In lesions involving major arteries such as the common carotid artery, preserving the parent artery is often desirable [9,10,17,18,19]. Covered stent-grafts provide a reconstructive solution because they create a barrier between the arterial lumen and the injured wall, excluding the pseudoaneurysm and sealing the arteriovenous communication while maintaining flow through the carotid artery [9,10,17,18,19,20,21,22,23].



Several reports support the feasibility of covered stenting for traumatic carotid pseudoaneurysm [9,10,18,19,31]. Wang et al. reported satisfactory procedural and long-term outcomes after covered stenting for traumatic carotid pseudoaneurysm, with complete exclusion of the pseudoaneurysm and preservation of parent artery patency in their series [9]. Jariwala et al. described endovascular management of post-traumatic common carotid artery pseudoaneurysms after high-velocity fragment injuries and emphasized the value of multidetector computed tomography angiography in diagnosis and treatment planning [10]. Abdelsalam et al. reported use of a balloon-mounted covered stent for traumatic cervical internal carotid artery pseudoaneurysm, illustrating continued expansion of endovascular options for traumatic cervical carotid lesions [18]. Singh et al. also described covered stent treatment for post-traumatic internal carotid artery pseudoaneurysm, supporting the growing experience with endovascular reconstruction in such injuries [19].



The present case adds to the literature because it combines several uncommon features in one patient: gunshot-related penetrating neck trauma, cervical arteriovenous fistula involving the left common carotid artery and left internal jugular vein, concomitant pseudoaneurysm of the left common carotid artery, and successful exclusion of both lesions using a covered stent-graft [9,10,20,25,26,32,33]. Many published reports focus either on isolated pseudoaneurysm or isolated arteriovenous fistula [18,19]. Reports combining both lesions after penetrating trauma are less frequent, and cervical carotid-jugular involvement is particularly rare [20,25,26,32,33]. This case therefore supports the importance of carefully evaluating for both pseudoaneurysm and arteriovenous communication when vascular injury is suspected after penetrating neck trauma [11,12,14,15,16].



Another important aspect is the role of imaging in selecting the treatment method [10,11,12,14,15]. Without vascular imaging, the apparently limited external injury could have led to underestimation of the underlying vascular damage. CTA established the diagnosis and enabled prompt referral for definitive treatment [11,12,14,15,16]. Conversely, computed tomography angiography and angiography allowed identification of a lesion suitable for endovascular reconstruction [9,10,18,19]. The ability to define proximal and distal landing zones is essential before covered stent-graft placement [9,10,17,18,19]. Inadequate landing zones, excessive tortuosity, branch coverage, vessel size mismatch, or infection may limit the use of this technique [9,17,18,19]. In the present case, angiography allowed precise deployment with distal anchoring at the level of the common carotid artery bifurcation and immediate confirmation of technical success.



The diagnostic and therapeutic strategy must also consider postprocedural management. Covered stents in carotid arteries require attention to antiplatelet therapy, stent patency, thrombotic risk, endoleak, restenosis, and recurrent pseudoaneurysm or fistula [9,17,18,19,23]. Dual antiplatelet therapy was recommended in this patient after discharge.



From a broader diagnostic perspective, the case supports several practical recommendations. In penetrating neck trauma, clinicians should maintain suspicion for vascular injury even when external wounds are small and the patient is hemodynamically stable. Computed tomography angiography should be considered when the wound trajectory approaches major vessels or when physical examination reveals swelling, hematoma, bruit, thrill, neurological symptoms, bleeding, or unexplained pain [11,12,14,15,16]. Radiologists should actively assess for direct and indirect signs of arteriovenous fistula, including early venous opacification, abnormal communication between adjacent vessels, pseudoaneurysm, contrast extravasation, hematoma, vessel narrowing, and retained foreign bodies [1,8,10,11,12,14,15]. When computed tomography angiography suggests a complex lesion, selective catheter angiography may provide definitive confirmation and a route to immediate treatment [5,9,10,18,19].



The review of the literature indicates that current evidence for traumatic arteriovenous fistulas and carotid pseudoaneurysms is based mainly on case reports, case series and retrospective reviews [2,4,5,9,10,17,18,19]. Randomized trials are not feasible in such rare and heterogeneous traumatic conditions. Therefore, detailed case reports remain valuable when they include clear imaging documentation, treatment rationale and discussion of how the case adds to existing knowledge [9,10,18,19,20,25,26,32,33]. The current case contributes by documenting the imaging pathway and endovascular management of a rare combined cervical lesion after gunshot injury. It also reinforces that the diagnostic work-up should not stop after identifying a hematoma; instead the possibility of pseudoaneurysm and arteriovenous fistula should be actively excluded [8,10,11,12,14,15,16].



The main limitation of this report is the absence of long-term clinical and imaging follow-up, as the patient did not attend the scheduled follow-up visit. Therefore, only immediate technical success and an uncomplicated short-term hospital course could be documented, whereas long-term stent-graft patency and durability of lesion exclusion could not be assessed. Furthermore, because the case was reviewed retrospectively, the available records did not permit reliable retrieval of the precise diagnostic and treatment time intervals, detailed vascular and landing-zone measurements, exact stent-graft and sheath dimensions, procedural and fluoroscopy times, radiation dose, contrast volume, or information on whether the cervical hematoma underwent separate evacuation. These parameters were therefore not estimated or retrospectively reconstructed.




4. Conclusions


This case illustrates that penetrating neck trauma may result in a complex vascular injury combining an arteriovenous fistula and pseudoaneurysm. Owing to the complex cervical anatomy and proximity of critical structures, accurate imaging assessment is essential.



In hemodynamically stable patients, CTA supports the identification and anatomical characterization of vascular injury, whereas DUS and DSA may provide complementary information for lesion assessment and procedural planning. In the present case, DSA confirmed arteriovenous shunting and enabled endovascular treatment.



Covered stent-graft implantation achieved immediate technical exclusion of both lesions with preserved LCCA patency. This case supports the procedural feasibility of this approach in carefully selected patients; however, the absence of long-term follow-up precludes conclusions regarding treatment durability. Appropriate antiplatelet therapy and structured imaging surveillance are required.
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Figure 1. Sagittal CTA of the left neck demonstrating focal contrast extravasation adjacent to the LCCA along the penetrating wound tract, consistent with traumatic arterial injury. Visible bleeding is indicated by a red arrow. 
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Figure 2. CTA demonstrating a contrast-filled pseudoaneurysm (red arrow) arising from the LCCA, with adjacent post-traumatic hematoma. 
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Figure 3. Selective DSA of the LCCA demonstrating a traumatic carotid–jugular AVF with early opacification of the LIJV and an associated LCCA pseudoaneurysm. The green arrow indicates the AVF, and the red arrow indicates the LIJV. 
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Figure 4. Completion DSA after covered stent-graft implantation showing exclusion of the pseudoaneurysm and AVF, with preserved antegrade flow through the LCCA and carotid bifurcation. The implanted stent-graft is indicated by the red arrow. 
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Table 1. Comparison of imaging techniques used in the assessment of suspected cervical arteriovenous fistula and pseudoaneurysm.
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	Technique
	Main Advantages
	Main Limitations
	Potential Role in Suspected Cervical AVF/Pseudoaneurysm





	Doppler ultrasonography (DUS)
	Bedside availability; no ionizing radiation; real-time assessment of flow and vessel wall abnormalities; may demonstrate turbulent flow, arterialized venous waveform, low-resistance arterial flow, a wall defect and pseudoaneurysm flow patterns [1,3,8].
	Operator-dependent; limited by pain, hematoma, dressings, subcutaneous air, metallic fragments, deeply located lesions and restricted acoustic windows.
	Useful adjunct for accessible lesions and follow-up; may define a wall defect, hematoma morphology, flow disturbance and extrinsic vessel compression, but may not fully characterize complex penetrating neck injury.



	Contrast-enhanced ultrasonography (CEUS)
	No ionizing radiation; dynamic visualization of contrast within a vascular cavity; may improve detection of low-flow or equivocal vascular communication.
	Operator-dependent; limited field of view and acoustic access; lower availability; evidence in acute penetrating neck trauma is limited.
	Potential adjunct in selected patients or during follow-up when conventional DUS is inconclusive and cross-sectional imaging is undesirable.



	Computed tomography angiography (CTA)
	Rapid and widely available; evaluates the wound trajectory, arterial and venous injuries, active extravasation, pseudoaneurysm, early venous opacification, hematoma, retained foreign bodies and associated skeletal or aerodigestive injuries [11,12,14,15,16,17].
	Ionizing radiation and iodinated contrast exposure; metal-related streak artifacts; primarily anatomical and less dynamic than catheter angiography.
	First-line cross-sectional imaging in hemodynamically stable penetrating neck trauma when vascular injury is suspected; provides an anatomical roadmap for management.



	Magnetic resonance angiography (MRA)
	No ionizing radiation; excellent soft-tissue contrast; multiplanar assessment; may be useful in selected subacute or follow-up settings.
	Longer acquisition time; motion sensitivity; limited emergency availability; monitoring constraints; susceptibility artifacts and safety concerns in patients with retained metallic fragments.
	Usually not a first-line test in acute penetrating neck trauma; may be considered for selected delayed assessments or follow-up when feasible.



	Digital subtraction angiography (DSA)
	High spatial and temporal resolution; dynamic demonstration of arteriovenous shunting, parent vessel involvement, collateral circulation and immediate treatment response; enables simultaneous endovascular treatment [5,9,10,18,19].
	Invasive; ionizing radiation; iodinated contrast exposure; access-site and catheter-related procedural risks.
	Used when CTA demonstrates or strongly suggests a treatable vascular lesion; confirms fistula hemodynamics, guides device deployment and verifies treatment success.
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