2
Asian Australasian Neuro and Health Science Journal (AANHS J) Vol. 08, No. 01 (2026) 01 - 06
	[image: C:\Users\indra\Pictures\talentaPo.png]
	AANHS Journal
Journal homepage: http://aanhsj.usu.ac.id
	[image: ]


Management of the Cerebellar Hematoma after Posterior Cranial Fossa Trauma: A Case Report and Literature Review
Daniel Encarnacion-Santos,1,2* Gennady Chmutin, 1,2 Egor Chmutin,1 Arstanbekov Beksultan,1 Symbattym Bodanova1,2, Nazmin Ahmed3, Ismail Bozkurt,4 
1 Department of Neurological disease and Neurosurgery, Peoples of Friendship, University of Russia named after Patrice Lumumba (RUDN) , Moscow Russia
2 Moscow State Budgetary Healthcare Institution, Morozovkaya Children’s City Clinica Hospital of the Moscow City Healthcare Department, Moscow, Russia.
3 Department of Neurosurgery, Ibrahim Cardiac Hospital &amp; Research Institute (A Centre for Cardiovascular, Neuroscience and Organ Transplant Units), Shahbag, Dhaka, Bangladesh-1000
4 Department of Neurosurgery, Medical Park Ankara Hospital, Ankara, Turkey
*Corresponding author: Danielencarnacion2280@gmail.com
	ARTICLE   INFO
	
	ABSTRACT

	Article history:
Received : Jan 23rd 2026
Revised   : Mar 22nd 2026
Accepted : Mar 25th 2026
Available : May, 07th, 2026

E-ISSN: 2686-0848
	
	Introduction: Pediatric brain arteriovenous malformations (AVMs) frequently present with hemorrhage and carry a mortality rate of 5%–10%. This report evaluates the management of two pediatric cases involving different therapeutic pathways based on clinical complexity.
Case Description: Case 1: An 11-year-old boy presented with isolated headaches, vomiting, lethargy, and slurred speech. Preoperative MRI/CT diagnosed an AVM of the anterior cerebral artery. The patient underwent primary endovascular embolization using SQUID-1 via an Apollo microcatheter. Post-procedural angiography confirmed complete occlusion of the AVM. At discharge, the patient showed improved sensation in the left extremities.
Conclusion: Successful management of pediatric AVMs requires multimodal strategies, including endovascular embolization and microsurgery, tailored to the Spetzler-Martin grade and rupture status. Objective outcomes in these cases demonstrated that combining liquid embolic agents with surgical excision can achieve complete obliteration and stable neurological recovery.
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1. Introduction
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Brain arteriovenous malformations (AVMs) in the pediatric population tend to present with hemorrhage. After rupture, the mortality rate for AVMs is 5% to 10%,  which may be accompanied by a neurological deficit of 30% to 50% and a likelihood of temporary or permanent disability [1]. In patients with cognitive impairments, the rupture of an AVM is not only associated with morbidity or mortality but also with a decline in cognition, speech, mobility, and neurodevelopment in terms of functional strength. It is believed that blood products in the brain parenchyma after an AVM rupture may be cytotoxic, leading to changes in neuronal function and edema of the injured tissue [2]. There are many risk factors that influence the likelihood of 
bleeding, including posterior and deeply located ruptures from AVMs in the deep venous drainage with associated aneurysms [3]. 
Intracranial arteriovenous malformations occur in 12 to 18% of pediatric patients. The AVMs are associated with hemorrhagic strokes in 35-55% of the population, and the incidence is 1 to 4 per 100,000 of the population. The mortality rates increase from 25% by the mid-1940s  to 39% by now. According  to modern technology, the annual risk of AVM bleeding due to rupture in the pediatric population is 2.7%, which is increasing due to the association with aneurysms and deep venous drainage [4]. 
Effective treatment of an AVM is achieved by eliminating the arteriovenous shunt as an angiographic procedure, which is associated with low risk. The best outcome is achieved by surgical excision of the tangled AVM, with complete endovascular embolization of the nidus and radiosurgical thromboobliteration of all mobilities. However, 18% are considered untreatable in the pediatric population [5].  The aim of these case studies was to demonstrate how the removal of AVMs is of surgical importance and how the elimination of AVMs requires adaptation due to their complexity.
2. [bookmark: _Hlk145356043]Case Presentation
After returning home from school, an 11-year-old boy complained of isolated headaches and an episode of vomiting. Shortly thereafter, he developed lethargy, slurred speech, and pain and numbness in his left upper and lower extremities. He was brought to our healthcare facility, Morozovskaya Children's Hospital, via the emergency department, complaining of weakness in his left upper extremity. Upon arrival, the patient was transferred to the intensive care unit (ICU in critical condition. His physical examination revealed a temperature of 36.6°C, a BMI of 16.3 kg/m², a weight of 32 kg, and a height of 140 cm. The following day, after CT and MRI scans, the preoperative diagnosis was arteriovenous lesion of the right forebrain artery and primary AVM of the anterior cerebral artery (Figure 1a). Surgery has been postponed to one month later due to the operating room being busy. We performed endovascular embolization of the AVM. Under general anesthesia, the right common femoral artery was punctured and a 6F sheath was placed. A FARGOMAX 6F guiding catheter was inserted into the right internal carotid artery. Endovascular embolization with microcoils was performed on the AVM in the right parietal region using selective catheterization over the microguidewire with a 1.5F Apollo microcatheter. The AVM was embolized with a vial of SQUID-1. Follow-up angiography showed complete occlusion of the AVM. The catheter and sheath were removed. Digital hemostasis was achieved at the puncture site of the right common femoral artery. Postoperatively, the signs of inflammation, consistent drainage from the cervico-occipital region, trophic changes, absence of signs of infection, and resolution of the hemorrhagic phase were observed. Furthermore, under neurophysiological monitoring, pain was noted. During follow-up in the ICU, after the first week, the patient showed improved sensation in the left upper and lower extremities during rounds, which was a positive sign during the physical examination. `The last postoperative day, the patient did not experience any further complications and a positive dynamic was achieved, with no AVM observed in the right forebrain on the follow-up image; it was decided to continue the patient under conservative treatment and discharge them with treatment (Figure 1b).
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Figure 1. (a) Preoperative angiography of the arteriovenous malformation (AVM) shown by the red arrow; (b) Postoperative image of the AVM nidus, no funtional after embolization,  shown by the green arrow
3. Discussion
AVMs are malformations consistent with high flow and low resistance. They deviate from capillary networks, leading to tortuous formations and coils of nests. While the parenchymal structures of AVMs are stained with hemosiderins, they are nonfunctional and gliotic. AVMs can be diagnosed after rupture. MRI with MR angiography is essential for localizing the AVM and for developing a treatment plan. Conventional cerebral angiography will include angiography of the external carotid artery. It offers superior imaging capabilities compared to other imaging techniques due to the size, location, feeding vessels such as draining veins, location of the nidus, and vascular lesions [6].
3.1 Pediatric AVM Rupture Rates
Cerebral AVMs are congenital vascular lesions with abnormal veins that connect directly without an intervening capillary bed, resulting in an arteriovenous shunt. The annual hemorrhage rate from AVMs is 3%. Of these, 4.5% are ruptured AVMs and 2.2% are unruptured. When AVMs rupture, they cause intracranial hemorrhage, which can be fatal, with morbidity rates between 30% and 50% in patients with this type of vascular lesion. Pediatric AVMs account for 12-18% of all AVM cases [7].
It is believed that an AVM in a 15-year-old carries an inherent risk of hemorrhage. The extent of an intracranial hemorrhage (ICH) will be assessed semi-quantitatively using the modified Graeb score scale, which will range from 0 to 32, depending on the distribution and magnitude of the ICH with the ventricular dilatation. The Spetzler and Ponce classification is divided into several groups: class A (Spetzler-Martin grades I and II), class B (Spetzler-Martin grade III), and class C (Spetzler-Martin grades IV and V). Regarding hemorrhages extending into the cortex, subcortical locations are defined as superficial [8].
3.2 Pathology and Embryogenesis
AVMs are lesions of connections with an arteriovenous shunt, or tortuous and convoluted vascular structures connecting the supplying arteries with the draining veins. In embryology, AVMs are due to their consistent primitive AV connections or the development of a new connection after a process that initially appears to be closing normally. It is proposed that their embryonic origin is from the third week of development during embryogenesis. According to the literature, AVMs form from a mutation in certain early stages of embryogenesis, where they result in the absorption of multiple subarachnoid membranes, with certain events leading to their development [8].
3.3 Diagnosis of AVM
We must evaluate AVMs based on the patient's physical examination and obtain imaging studies of the nervous system to arrive at a diagnosis. Children tend to present with symptoms, so their evaluation should be rapid for a comprehensive diagnostic approach. When hemorrhage is suspected, it is a cause for emergency, so we order CT. CT angiography should be performed first due to its speed and effectiveness. We begin the diagnosis with CT angiography and, if urgent, proceed to magnetic resonance angiography (MRA). We also consider the use of digital subtraction angiography (DSA); at the anatomical level of the nidus, it is more accurate, with over 90% accuracy in the presence of spontaneous ICH. Some analyses of pediatric studies show a complication rate of 0.4%, while AVMs receive blood from ipsilateral or contralateral middle meningeal arteries in up to 15% of cases, but notably, they are not visible on magnetic resonance angiography (MRA). Cerebral artery dissection angiography tends to predict important information regarding both hemorrhage and outflow tract stenosis, including arteriovenous size and venous drainage. If a patient presents with telangiectasias, congenital AVMs, or lower limb asymmetries, genetic testing, RASA-1, or HHT testing should be performed. [9]. 
If the AVM is not completely embolized, the femoral artery sheaths are preserved, and the AVM is subsequently removed microsurgically via craniotomy. After removing the AVM, we performed an angiography to confirm the resection results and continued surgery in those patients with recurrence. Microsurgery can be performed by making surgical incisions according to preoperative images, first preparing the blood products and loading the temporary aneurysm clips. In this case report we performed a craniotomy to secure the lesion margins within the operative exposure.  After opening the dura, we dissected the lesion under the surgical microscope. We continued to the superficial draining vein before locating the nidus. Thereafter we coagulated and cut the main feeding arteries. We performed an anatomical and circumferential cortical and subcortical dissection with serial coagulation of the feeding arterial pedicles well before disconnecting the venous drainage. The AVMs were combined with the intracranial hematoma that was excised to increase the exposure volume well before the AVM was removed [10].
AVMs may occur in superficial cortical regions or in deep locations such as the thalamus, basal ganglia, and brainstem, with deep AVMs carrying higher surgical risk. These AVMs represent the highest risk of hemorrhage compared to superficial AVMs, where surgical resection will be more complex. Therefore, stereotactic radiosurgery is an alternative option for achieving the desired results.  Ruptured AVMs account for 30–50% of all intracranial hemorrhages in the pediatric population and are the cause of hemorrhagic strokes in children. The most current therapies for treating ruptured AVMs in children include open surgery, endovascular embolization, stereotactic radiosurgery, and gamma or multimodal radiosurgery. In another case report, they used  endovascular embolization with a catheter to deposit certain particles with glue-like substances into the artery to block blood flow. Stereotactic surgery can apply radiation beams to treat AVMs, precisely eliminating the vessel malformation. Scarred vessels will slowly clot, starting 1-3 years after treatment. Consequently, bleeding may occur during the latency period and must be treated. Therefore, this treatment is best suited for eloquent AVMs in very deep locations [11].
3.4 Stereotactic Radiosurgery (SRS)
Studies have reported a combined rate of 71% postoperative hemorrhage, with 2.6 neurological complications per case, compared to less than 1%. While a CyberKnife assessment in European countries of AVMs showed a 79% rate for small-volume AVMs, some adverse radiation effects were observed in 31% of patients. High-grade lesions had less favorable outcomes, with a 10-year obliteration rate of 35% for Spetzler-Martin IV-V AVMs, an annual hemorrhage risk of 3%, and permanent neurological deficits in 3.5% of all cases. The International Stereotactic Radiosurgery Society (ISRS) issued pediatric practice guidelines confirming obliteration rates of 65-75% in post-SRS hemorrhage, which will occur in 2-3% of cases. Recurrences are rare, occurring in less than 1% of cases; therefore, retreatment and staged radiosurgery are recommended for incomplete obliteration and persistent niduses in certain eloquent areas [12].
3.5 Endovascular Embolization
Endovascular embolization is a treatment technique for AVMs. In pediatrics, it involves the use of MBCA, Onyx, and detachable coils with other types of particles. MBCA and Onyx are generally used for partial and complete obliteration of the nidus, while other particles derived from these two materials are used to treat accompanying vascular lesions. The choice of particles depends on the location, size, and angioarchitecture of the vascular lesion, as well as the risk of rupture and bleeding. Examples include intranidal aneurysms and aneurysms associated with flow adjacent to cerebral AVMs of pediatric origin. In a study of 79 children who underwent angiographic treatment, 29% of cases were successful, with only one death following the procedure, resulting in a mortality rate of 1.3%. In another single-center study of 26 patients, the authors reported a total angiographic exclusion rate of 42% for radiosurgery and microsurgery. Recurrence and complications occurred in 17%, demonstrating positive outcomes for each patient. Other institutions reported recovery rates of 30-40% with complication rates of 15-20%. Embolization prior to radiosurgery proved beneficial. Another multicenter institution, which enrolled approximately 539 children, compared the outcomes of stereotactic radiosurgery alone versus embolization followed by SRS, achieving a 10-year obliteration rate of 77%. The SRS-only group showed a 49% obliteration rate in patients with prior embolization, with significantly higher rates of radiation-induced changes compared to the latter group (16.7% vs. 9.0%) [13, 15].


3.6 Microsurgery
Understanding the risks of surgery is important for the surgeon after explaining them to the patient. Therefore, the Spetzler-Martin system incorporates a larger diameter range (<3 cm, 3-6 cm, and >6 cm), while the presence of an adjacent brain with deep venous drainage will negatively affect the surgical outcome. The total score will be 5 points, and each point will represent approximately a 10% increased risk of deficit. Subsequent studies conducted in mid-2010-2011 included a system of classified levels from A to C, from lowest to highest risk; a compact nidus would be considered lower risk, while a diffuse nidus would be considered higher risk. [14, 16].
3.7 Hybrid Single-Step Procedure (Embolization + Microsurgery)
After stabilizing the operating room and performing cerebral angiography via femoral access, we confirm both the feeding artery and the draining vein of the AVM. Angiography and embolization can be performed using a Philips FD20 device or the one preferred by your institution. After general anesthesia, the right femoral artery is punctured with a suitable arterial sheath. Initially, not all patients were heparinized because an additional craniotomy would have been necessary after the angiography. The decision to heparinize will be made after the embolization process. We will select catheters, microcatheters with microwires, and the embolic agent Onyx (Covidien/ev3, Irvine, California, USA); the choice will be made by the attending surgeon and will depend on the characteristics of the AVM. Once embolization begins, the catheter tip should be brought as close as possible to the deformed blood vessels. The embolic glue will be injected gradually under periodic visualization, and we will attempt to completely occlude the proximal draining vein. If the supplying arteries are not fully embolized and the femoral artery sheath is not preserved, the AVM will then be removed microsurgically through a craniotomy in the operating room. During AVM removal, a DSA will be performed, and the results of the reaction will be confirmed [14, 16, 17].
4. Conclusion
The management of AVMs, irrespective of rupture status, underscores the critical role of imaging techniques such as MRIs, CT scans, and cerebral angiography. These modalities are essential for accurate diagnosis of the malformation, which informs the selection of appropriate surgical interventions for each patient. Vascular embolization was essential in the second case due to the rupture of the AVM. The bleeding artery was successfully embolized and hemostasis was achieved through the introduction of a microcatheter. The Spetzler categorization, essential for guiding blood evacuation if necessary, should be consistently considered when excising AVMs according to their location, size, and extension..
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