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	A B S T R A C T

Background and Importance: Cerebral micro-arteriovenous malformations (micro-AVMs), defined as occult nidus smaller than 1 cm, pose diagnostic challenges on conventional imaging and complicate treatment due to their small size and risk of hemorrhage. Advanced imaging modalities, such as intra-arterial cone-beam computed tomography angiography (CBCT-A), have shown promise in enhancing diagnostic accuracy and treatment planning.


Case Presentation: We report the case of a 58-year-old woman who presented with intracerebral hemorrhage (ICH) without a history of hypertension. Initial computed tomography (CT) and magnetic resonance imaging (MRI) failed to identify the underlying vascular anomaly, necessitating catheter-based intra-arterial digital subtraction angiography (DSA), which revealed a small, low-flow nidus indicative of an AVM. Selective CBCT-A provided a detailed angioarchitectural evaluation, enabling precise catheterization and effective nidus occlusion with Onyx 18.

Conclusion: This case highlights the critical role of combining digital subtraction angiography (DSA) and CBCT-A in the management of AVMs, particularly when traditional imaging is inconclusive. These modalities are crucial for managing AVMs, especially in patients with atypical presentations or those without common cerebrovascular risk factors. 
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	Highlights:

·  Conventional CT/MRI  may failed to identify the cause of spontaneous ICH in a non-hypertensive patient.
      ● Intra-arterial cone-beam CT angiography (CBCT-A) provided critical angioarchitectural   detail, enabling precise endovascular planning.
      ● Complete and complication-free nidus occlusion was achieved with Onyx 18, demonstrating the diagnostic and therapeutic value of CBCT-A in micro-AVMs.

 Conventional CT/MRI may fail to identify the cause of spontaneous ICH in a non-hypertensive patient.
  Intra-arterial cone-beam CT angiography (CBCT-A) provided critical angioarchitectural   detail, enabling precise endovascular planning.
   Complete and complication-free nidus occlusion was achieved with Onyx 18, demonstrating the diagnostic and therapeutic value of CBCT-A in micro-AVMs.



	Plain Language Summary:
This study focuses on a patient with a spontaneous brain hemorrhage (intracerebral hemorrhage or ICH) who did not have common risk factors such as high blood pressure. In such cases, it is important to investigate whether abnormal blood vessels in the brain—such as arteriovenous malformations (AVMs)—are the underlying cause.
Standard imaging methods like CT and MRI scans may fail to detect very small or hidden AVMs, as happened in this case. Therefore, the team used an advanced imaging technique called cone-beam computed tomography angiography (CBCT-A). This method provided detailed 3D images of the brain’s blood vessels and successfully identified a small, low-flow AVM that was missed by routine scans.
The abnormal vessel was then treated using a minimally invasive endovascular approach. A microcatheter was used to deliver a liquid embolic agent (Onyx 18) to block the abnormal connection, and the treatment was successful without complications.
This case highlights the value of CBCT-A as a complementary tool to traditional angiography in detecting and treating small AVMs, especially in patients with unexplained ICH and no hypertension. It emphasizes the importance of advanced imaging and targeted endovascular treatment in improving diagnosis and outcomes for selected stroke patients.

	1. Background and Importance:
Cerebral micro-arteriovenous malformations (micro-AVMs) are a rare subgroup, constituting approximately 8% of intracranial AVMs in surgical series, with a potential increase to 21% in cases presenting with hemorrhage among young adults. (1). While spontaneous hemorrhage occurs in approximately 87% of micro-AVM cases, prior studies have indicated a 100% incidence (2). Micro-AVMs are a distinct subtype of pial arteriovenous malformations (AVMs) characterized by a concealed nidus measuring less than 1 mm, which is typically undetectable on angiography or gross pathology but may be identified through histological analysis after hematoma evacuation (1). Diagnosing micro-AVMs using cerebral digital subtraction angiography (DSA) is challenging due to their subtle imaging characteristics, which can closely mimic dural or pial arteriovenous fistulas. The small size of micro-AVMs and their association with hemorrhage further complicate treatment planning.


Modern angiographic equipment, leveraging digital flat panel detector computed tomography (CT) technology, enables advanced imaging modalities, such as intra-arterial cone-beam computed tomography angiography (CBCT-A) (1, 3). This imaging technique integrates high spatial vascular resolution, enhancing the detailed visualization of blood vessels and surrounding tissues. This technique enables submillimeter reconstructions, thereby enhancing diagnostic sensitivity and mapping capabilities. Previous studies have demonstrated the efficacy of intra-arterial CBCT-A in locating intracranial and spinal dural arteriovenous fistulas (4, 5). This case report discusses a 58-year-old woman with a spontaneous intracerebral hemorrhage (ICH) caused by a small AVM, highlighting the diagnostic and therapeutic journey that led to successful nidus occlusion using endovascular treatment.

	2. Case Presentation: 
Herein, we present the case of a 58-year-old woman who was transferred to our hospital with headache, drowsiness and left hemiparesis. The patient had upper extremity force of 2/5 and lower extremity force of 3/5. The patient underwent a primary work-up using a non-contrast CT scan and magnetic resonance imaging (MRI) and was diagnosed with a suspected stroke. Imaging revealed a typical hypertension-related ICH in the right putamen (Figure 1). However, the patient did not have a history of hypertension or hyperlipidemia and did not take any medications. Medical management was planned for the patient in the intensive care unit (ICU), which helped stabilize her medical condition. Subsequently, brain MRI and magnetic resonance angiography (MRA) were performed, revealing no positive findings regarding the underlying macro-vascular lesion. The patient was treated accordingly, and her symptoms were resolved.
The American Heart Association/American Stroke Association recommends performing catheter-based intra-arterial DSA imaging in patients with spontaneous ICH, age < 70 years, with negative non-invasive imaging, and without a history of hypertension to exclude a macrovascular cause (6). Therefore, she underwent elective catheter intra-arterial DSAtwo months after her symptom onset (Figure 2). Imaging revealed a minimal low-flow nidus, suggesting that the AVM was the main cause of the stroke. We then attempted to perform a super-selective catheterization of the lesion's feeder by using selective DSA and non-selective 3D Vaso CT, which yielded inconclusive outcomes. We utilized a selective CBCT-A or a selective 3D Vaso CT scan to obtain a detailed evaluation of the lesion's angioarchitecture, which aided in precise 3D roadmap navigation during the procedure (Figure 3). The contrast medium was injected at a rate of 0.6 mL/s with a 2-second pre-injection delay, and the CBCT-A acquisition was performed in 20 seconds ‎(7, 8). The very small feeder vessel of the nidus was successfully catheterized using a Marathon microcatheter and Mirage 0.008 microwire. Subsequently, a small amount of Onyx 18, a liquid embolic agent, was carefully injected through the microcatheter, leading to complete occlusion of the nidus. Follow-up digital subtraction angiography confirmed total occlusion of the lesion without any complications, ensuring the success of the intervention (Figure 4).

	3. Discussion: 
This case illustrates the crucial role of advanced imaging and endovascular techniques in managing AVMs. In our patient, traditional non-invasive imaging modalities, including MRI and magnetic resonance angiography (MRA), failed to identify the underlying vascular anomaly, prompting the use of catheter-based digital subtraction angiography, which ultimately revealed a small, low-flow nidus indicative of an AVM. The selective use of CBCT-A and 3D Vaso CT was pivotal in evaluating the lesion's angioarchitecture, enabling precise catheterization and effective treatment.
The assessment of arteriovenous malformations involves various imaging modalities, such as CT, CTA, MRI, and DSA, each with its own drawbacks, such as time consumption and limited spatial or temporal resolution (9). Although MRI is beneficial for evaluating the brain parenchyma, it lacks detailed angioarchitecture. CTA offers quality imaging of large vessels but struggles with smaller vasculature (10, 11). In the search for macrovascular causes of ICH, catheter intra-arterial DSA remains the established standard, demonstrating the highest diagnostic efficacy compared to CT or MRI-based vascular imaging. This holds true particularly for specific patient groups: those under 70 years with lobar ICH, those under 45 years with deep or posterior fossa ICH, those aged 45-70 years with deep or posterior fossa ICH lacking a history of hypertension or signs of small vessel disease on imaging, all ICH patients with evidence of macrovascular lesions on CT or MRI, and patients with primary intraventricular hemorrhage (6). Combining DSA and CBCT-A maximizes modern angiography capabilities, providing crucial AVM information and overcoming the limitations of other modalities (7). Cone-beam computed tomography angiography enables precise assessment of the AVM nidus for treatment planning, especially post-hemorrhage. It complements rather than replaces DSA, offering unique advantages, including a more accurate assessment of AVM dimensions, nidal density, feeders, and drainage (7, 9). MRI can be combined with CBCT-A for comprehensive evaluation of AVM (9). Cone beam computed tomography angiography's benefits, including real-time guidance, make it a valuable adjunct to traditional DSA, enhancing AVM management.
Recent studies have highlighted the effectiveness and safety of endovascular treatment (EVT) for arteriovenous malformations (AVMs), especially in cases where microsurgical resection carries a high risk. Burel et al. investigated Spetzler-Martin Grade III AVMs. They reported a 42.2% complete obliteration rate and a 4.3% major complication rate, indicating that endovascular treatment (EVT) can serve as a viable first-line treatment for selected AVMs when performed by skilled specialists (12). Similarly, a nationwide surveillance study reported favorable outcomes with endovascular treatment, highlighting the importance of embolization strategies tailored to the individual characteristics of AVMs (13).
The use of Onyx 18 (ethylene vinyl alcohol copolymer), a liquid embolic agent, facilitated complete occlusion of the nidus in our patient without complications, corroborating the findings of previous studies that demonstrated the agent's effectiveness in achieving durable occlusion of AVMs (14). Moreover, selective catheterization using microcatheters and microwires enabled the precise delivery of the embolic material, thereby minimizing the risk of non-target embolization and associated complications.

	 4. Conclusion:
In conclusion, this case highlights the effectiveness of advanced endovascular techniques and imaging modalities, including CBCT-A, in managing AVMs, particularly in patients with atypical presentations and those without common risk factors for cerebrovascular disease. Continued advancements in imaging and embolization materials hold promise for further improving the safety and efficacy of AVM treatment.
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Figure 1. Primary Axial Non-contrast Computed Tomography (CT) Scan (a), Axial (b), Sagittal (c), and Coronal T2-‎weighted Magnetic Resonance Imaging (MRI) Views of the Patient Revealing Hemorrhagic Stroke in the Right Putamen
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Figure 2. The First Digital Subtraction Angiography (DSA) (a, b, and c) and Non-selective 3D Vaso Computed Tomography (CT) (d, e, and f) Which Could Not Reveal the Microarchitecture of the Arteriovenous Malformations (AVM) 
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Figure 3. Super-Selective Digital Subtraction Angiography (DSA) (a, b, and c) and Super-Selective 3D Vaso Computed Tomography (CT) (d and e) of the Patient, Revealing Microstructure of Arteriovenous Malformations (AVM) and Determining the Feeder of the Lesion
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Figure 4. (a) Super-Selective Catheterization of the Feeder Artery, (b) Onyx Injection Into the Feeder, (c) Final Digital Subtraction Angiography (DSA) as a Control Imaging Revealing the Arteriovenous Malformations (AVM) Occlusion 
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