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A B S T R A C T   

Introduction: Acute spontaneous subdural hematoma (ASSDH) due to ruptured arteriovenous malformation 
(AVM) is exceptional. There were only four reported cases. In this paper, we present a successful multimodality 
treatment of the ASSDH secondary to ruptured AVM. 
Case presentation: A 21-year-old healthy man with no history of trauma presented to our hospital with complaints 
of severe headache for 12 hours before admission. On examination, he was alert and oriented. He had no 
intracranial hypertension, meningismus, and neurological deficits. Computed tomography illustrated a right 
acute subdural hematoma 8mm in thickness with a 5mm midline shift and a right frontal intraparenchymal 
hemorrhage 40 × 25mm in size. Digital subtraction angiography showed a 2 × 3 cm right frontal AVM, Spetzler- 
Martin grade I. The feeding arteries were cortical branches of the right anterior cerebral artery, and drain veins 
were cortical veins. He received emergency preoperative embolization followed by hematoma evacuation and 
total excision of the malformation. His headache was relieved and disappeared after a week. No postoperative 
neurological deficits were reported. 
Clinical discussion: Elective surgical resection of AVM after 4–6 weeks was preferred in patients with no risk 
factors of rebleeding. Emergent surgery was only indicated for significant mass effect or acute hydrocephalus. 
Preoperative embolization is helpful for the presence of intra-nidal or peri-nidal aneurysm, AVM with high 
grades, reducing intraoperative blood loss and occlusion of deep vessels. 
Conclusion: ASSDH due to ruptured AVM is rare and easy to omit in clinical settings. Preoperative embolization 
and surgical excision are effective treatments.   

1. Introduction 

Arteriovenous malformations of the brain (AVM) are intra-
parenchymal clusters of abnormal connecting blood vessels containing 
both artery and vein elements but no capillaries. Ruptured arteriovenous 
malformation (AVM), one of the most common causes of stroke in 
younger patients, is often seen in hemorrhagic stroke. Clinical presen-
tation of AVM with hemorrhage occurs in nearly half of cases [1,2]. The 
annual hemorrhagic risk is estimated at 1–3% for unruptured AVM and 
4–6% for ruptured AVM [3,4]. Risk factors for spontaneous hemorrhage 
include prior rupture/hemorrhage, deep venous drainage, deep and 
infratentorial location of AVM nidus, concurrent aneurysm, and pa-
tients’ age [5]. 

While the typical manifestations of ruptured AVM are intra-
parenchymal, subarachnoid, and intraventricular hemorrhages, acute 
spontaneous subdural hematoma (ASSDH) is exceptional. There were 
only four reported cases [6] [–] [8]. This paper presents a successful 
multimodality treatment of the acute spontaneous subdural hematoma 
and intraparenchymal hemorrhagic stroke secondary to ruptured arte-
riovenous malformation. 

The work has been reported in line with the SCARE criteria [9]. 

2. Presentation of case 

A 21-year-old man with a healthy history presented to our hospital 
with complaints of severe headache for 12 hours prior to admission. He 
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had neither history of head trauma nor other medical, surgical, family, 
psychosocial, and pharmacologic histories. His headache was sharp, 
persistent, progressive, and bilateral. This pain had no alleviating factor. 
He denied nausea and vomiting. On examination, he was alert and ori-
ented (Glasgow coma scale 15 points). He had no intracranial hyper-
tension and meningismus. Neurological examination was intact. 
Fundoscopy showed no papillary edema and hemorrhage. Other phys-
ical examinations were normal. 

Computed tomography (CT) illustrated a right acute subdural he-
matoma 8mm in thickness with a 5mm midline shift and a right frontal 
intraparenchymal hemorrhage 40 × 25mm in size (Fig. 1). The multi- 
slide computed tomography (MSCT) with contrast demonstrated a 
right frontal ruptured arteriovenous malformation (AVM) (Fig. 1). 
Digital subtraction angiography (DSA) showed a right frontal AVM with 
2 × 3 cm in size, Spetzler-Martin grade I and Lawton-Young grade IV. 
The feeding arteries were cortical branches of the right anterior cerebral 
artery, and draining veins were cortical veins. 

He received emergency preoperative endovascular embolization 
with precipitating hydrophobic injectable liquid (PHIL) and then un-
derwent a surgical operation (Fig. 2). Before the operation, a dose of 
prophylaxis antibiotic (cefotaxime 1g, intravenous injection) was given. 
We used a right frontal approach to evacuate the hematoma and excise 
the malformation. The surgical operator was the head of the department 
of neurosurgery and spine surgery at a tertiary teaching hospital. In 
addition, he was an associate professor of neurosurgery with an 
advanced level of surgical experience. Furthermore, he trained as a 
qualified neurosurgeon at the University of Tours and Louis Pasteur 
University in France. Histopathological examination illustrated arterio- 
venous malformation (Fig. 3). 

After the operation, the patient received analgesics (acetaminophen 
1g, intravenous administration three times per day) and saline solution 
(sodium chloride 1000ml per day). The postoperative course was 
insignificant. His headache was relieved and disappeared after a week. 
He also experienced no postoperative neurological deficits. He was 
happy to return to work and daily activities. 

3. Discussion 

While acute subdural hematoma (ASDH) is usually associated with 
traumatic brain injury, ASDH without trauma is rare. Acute spontaneous 
subdural hematoma (ASSDH) was first described by Munro et al. in 
1936. Regarding etiology, ASSDH is usually caused by disruption of 
bridging veins in the subdural space; on the other hand, acute subdural 
hematoma of arterial origin is more infrequent. As reported in previous 
studies, the causes of ASSDH included rupture of the cortical artery or 
pial arteriovenous fistulae (AVF), arteriovenous malformation (AVM), 
or an intracranial aneurysm [6] [–] [8,10] [–] [12], cocaine abuse [13], 
falx meningioma [14], coagulopathy and moyamoya disease [15]. To 
the best of our knowledge, there were only four case reports of ASSDH 
due to ruptured AVM [6] [–] [8] (Table 1). Table 1 illustrates the clinical 
summary of reported ASSDH secondary to ruptured AVM. 

As shown in Table 1, all five cases were males, with the youngest man 
at the age of one [6]. Severe headaches, seizures, and loss of con-
sciousness were the most common presenting symptoms. Until now, 
digital subtraction angiography (DSA) and computed tomography 
angiography (CTA) remain the gold standard for the diagnosis of AVM. 
Despite that, CTA and DSA were obtained in a merely reported case [7]. 
This can be explained that most of the cases had no clue of AVM on plain 
CT. Another reason was the small size of AVM and the compression of 
the adjacent hematoma, which made the ruptured AVM obscure on plain 
CT. Therefore, we recommended that when a healthy patient presented 
with an ASSDH, prompt CTA or magnetic resonance angiography (MRA) 
should be considered initial screening tools if it is available to rule out a 
ruptured AVM. Besides, if CTA or MRA were suspicious, DSA should be 
indicated within 24 hours for definitive diagnosis because of its high 
sensitivity and specificity for AVM diagnosis. Moreover, by doing this, 
feeding artery or nidal aneurysms, which increased the risk for 
rebleeding, might be embolized during catheter-based angiography 
[16]. 

Regarding the treatment of ruptured AVM, four cases, including our 
patient, had AVM resection except for the one-year-old patient. Two of 
four patients received preoperative embolization followed by surgical 

Fig. 1. (A) Computed tomography scan of the head showed an acute subdural hematoma on the right side and an intraparenchymal hemorrhage in the right frontal 
lobe. (B) The multiple-slice computed tomography with contrast demonstrated a right frontal ruptured AVM. 
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excision of AVM [7]. The ruptured AVMs causing acute spontaneous 
subdural hematoma were usually small and classified as Spetzler-Martin 
grade I (Spetzler-Ponce Grade A), which were favorable to surgery. In 
general, initial stabilization should be obtained first for most ruptured 
AVM in the intensive care unit, ideally with advanced neurological ca-
pabilities. The initial stabilization should pay attention to reversal of 
coagulopathy, management of blood pressure, glucose, temperature, 

and seizures [16]. After that, definitive treatment is made based on the 
weighing risks and benefits of various treatment options, including open 
microsurgery, endovascular embolization, radiosurgery, and observa-
tion. Elective surgical resection of AVM after 4–6 weeks of conservative 
treatment was preferred if the ruptured AVM had no risk factors of 
rebleeding [16]. Emergent surgery was only indicated if patients had a 
significant mass effect and progressive neurological deficits due to a 

Fig. 2. Digital subtraction angiography (DSA) showed a right frontal AVM with 2 × 3 cm in size, Spetzler-Martin grade I and Lawton-Young grade IV. The AVM was 
embolized totally by precipitating hydrophobic injectable liquid (PHIL). (A, B) Before embolization. (C) After embolization. 
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large hematoma or acute hydrocephalus. In addition, preoperative 
embolization is extremely helpful for the presence of nidal or peri-nidal 
aneurysm, AVM with high grades, reducing intraoperative blood loss 
and occlusion of deep vessels, which are difficult to approach. Despite 
these treatments, the patients with ASSDH due to ruptured AVM still 
might suffer from severe postoperative complications (sepsis, septic 
shock, pneumonia), permanent neurological deficits (paralysis, 
diplopia), and even death [6]. Last but not least, stereotactic radio-
surgery is reserved for the patients with deep, small AVMs (typically <3 
cm) or for elderly patients with severe co-morbidities unable to tolerate 
general anesthesia. This is because radiosurgery requires a latency 
period between treatment and complete obliteration, which may last up 
to three years. Moreover, the proportion of hemorrhage during this la-
tency period is similar to that of the natural history without treatment. 
In addition, there is no clear obliteration in the first six months after 
radiosurgery and no more obliteration beyond five years [17,18]. 

4. Conclusion 

Acute spontaneous SDH due to ruptured AVM is quite rare and easy 
to omit in clinical settings. When a healthy patient was presented with 
an acute spontaneous SDH, prompt CTA or MRA should be considered 
initial screening tools when available to rule out a ruptured AVM. Pre-
operative embolization and surgical excision are the mainstays of 
treatment of ruptured AVMs. 
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cerebral edema 
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flaccid when he was 
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intraparenchymal 
hemorrhage 40 × 25mm in 
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Martin grade I. 
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