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ABSTRACT
Introduction: Acute management of low-grade but life-threatening ruptured arteriovenous malformations 

(AVM) with simultaneous hematoma evacuation remains controversial. The current report aimed to present 
a case series of multimodality management of low-grade (Spetzler-Martin I-II) but life-threatening ruptured 
arteriovenous malformations. 

Methods: A consecutive case series of six Spetzler-Martin (SM) grade I-II ruptured AVM patients 
with concurrent life-threatening hematoma initially treated with hematoma removal and, when possible, 
with simultaneous AVM extirpation is presented. Supplementary treatment was also applied when 
deemed necessary. Median clinical follow-up was 15.6 months. Neurological assessment was performed on 
admission (Glasgow coma scale score – GCS) and at final follow-up (modified Rankin scale score – mRS).

Results: Intraparenchymal hematoma was evacuated in all six cases, with simultaneous AVM extirpation 
in three cases. Preoperative embolization was done in one patient, whereas postoperative embolization was 
performed in three additional patients. Supplementary radiosurgery was applied in one patient. Complete 
AVM occlusion was achieved in all patients. At the final follow-up (15.6 months), 33.3% of patients were 
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INTRODUCTION

Brain arteriovenous malformations 
(AVMs) are the leading cause of spon-
taneous cerebral hemorrhage among 
patients aged below 45 years (1-3). 
The most common clinical presenta-

tion is hemorrhage with reported rates ranging 
between 32-82% (4-10). Mortality from the first 
hemorrhage is thought to range from 10-20% 
(6, 8, 11, 12) and morbidity is generally estima-
ted at around 50% (12), with a long-term perma-
nent disability rate of 10% to 20% (6). Although 
AVM acute rebleeding rate has been reported to 
be lower compared to intracranial ane urysms, 
this risk during the first year is usually 4-6%  
(3, 13-15). 

Surgical removal of brain AVMs remains con-
troversial in the acute phase of rupture due to 
brain swelling that may require retraction and 
manipulation of healthy brain parenchyma. In 
the current report, we present our case series of 
multimodality management of low-grade (Spet-
zler-Martin I-II) but life-threatening ruptured ar-
teriovenous malformations including hematoma 
removal with simultaneous AVM surgical exci-
sion when possible, assisted by pre- or postop-
eratively by endovascular techniques and radio-
surgery. q

MATERIALS AND METHODS

A consecutive case series of six patients with 
life-threatening hematoma due to cerebral 

AVM (Spetzler-Martin grade I and II) (16) rupture 
were retrospectively analyzed. Preoperative 
computed tomography angiography (CTA) 
and/or digital subtraction angiography (DSA) was 
performed in order to identify the location and 
angioarchitecture of brain AVM. Patients’ demo-

graphics as well as their clinical features, 
management data, complications and radiologi-
cal imaging were recorded. Neurological assess-
ment was performed on admission using the 
Glasgow coma scale score (GCS) and at final 
follow-up, using the modified Rankin scale score 
(mRS) (17). The treatment protocol was individu-
alized, emphasizing primarily on the acute ma-
nagement of this life-threatening condition. 

This study did not require ethics approval, as 
it was a retrospective analysis of already existing 
and anonymized data extracted from our medi-
cal archives. 

RESULTS

A total of six patients with Spetzler & Martin 
(SM) grade I (n=4) and II (n=2) AVMs were 

operated in the acute stage of bleeding or re-
bleeding within 12 hours from ictus (range 
2-12 h, average 7.3 h). There were three male 
patients and three female patients with an ave-
rage age of 33.7 years (range 8-57 years). All but 
one case (No. 2) underwent preoperative CTA, 
while cases No. 4, 5 and 6 had preoperative 
DSA as well. Case No. 2 neither underwent CTA 
nor DSA due to rapid neurological deterioration 
and need for emergent open surgery.

 Surgical treatment included intraparenchy-
mal hematoma removal in all six cases with si-
multaneous AVM extirpation in three cases. Pre-
operative embolization was performed in one 
patient, whereas postoperative embolization fol-
lowed in three patients. Intranidal AVM aneu-
rysms were diagnosed and endovascularly oc-
cluded in two cases (33.3%) and clipped in one 
case (16.7%). One patient underwent stereotac-
tic radiosurgery after hematoma removal and 
postoperative partial embolization of a small 

asymptomatic, 50% had a non-significant or slight disability (mRS score 1-2), whereas one patient died. All 
patients with preoperative GCS score of 8 or higher had a favorable outcome.

Conclusions: Acute surgical hemorrhagic clot evacuation as first step, followed by simultaneous AVM 
extirpation when feasible, may result in favorable clinical outcome in ruptured low-grade (SM I&II) 
brain AVMs with life-threatening hematoma. Embolization has a supplementary role in the acute phase of 
treatment either by either securing the bleeding source preoperatively or occluding the residual malformation 
especially in cases of technically demanding AVM removal.

Keywords: brain arteriovenous malformation, life-threatening intracranial hematoma,  
surgical evacuation, embolization, radiosurgery.
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AVM. Complete AVM occlusion was achieved in 
all occasions. 

Table 1 summarizes the patients’ demogra-
phic and clinical data. The preoperative GCS 
score was 8 or less in two (33.3%) patients and 
9-11 in four (66.7%) patients. In half patients, 
the acute bleeding/AVM was located in the po-
sterior fossa. Early rebleeding occurred within 
12 hours from hospital admission in one patient. 

At a median follow-up of 15.6 months, two 
(33.3%) patients were symptom-free (mRS 0), 
three (50%) patients presented with a non-signi-
ficant or slight disability (mRS score 1-2), whereas 
one (16.7%) patient died (mRS 6). All patients 
with preoperative GCS score ≥ 8 had a favo
rable outcome (mRS 0-2). q

CASES PRESENTATION

Case No. 1

A 22-year-old male presented with a de-
creased level of consciousness following an 

acute headache. On the emergency department, 
he was evaluated as GCS 10. Brain CT scan 
showed an intraparenchymal hemorrhage on the 
left temporal lobe, while CTA scan revealed an 
SM grade II AVM with arterial feeders from the 
middle cerebral artery. He underwent immedi-
ate hematoma removal without AVM extirpa-
tion, mainly due to limited information regarding 
the AVMs detailed characteristics. Postoperative-
ly, the AVM was successfully occluded with em-
bolization. The patient had eventually a good 
recovery (mRS: 1). 

Case No. 2

An eight-year-old male patient presented with 
acute deterioration of the level of consciousness 
(initial GCS 9).  Brain CT scan showed a large 
(6.3 cm maximum diameter) right frontoparietal 
intraparenchymal hematoma with intraventricu-
lar involvement (Figure 1 a). He underwent ur-
gent right frontoparietal craniotomy with evacu-
ation of the intraparenchymal hematoma within 
six hours from ictus. Partial clipping (arrows) of a 
deep located arteriovenous malformation (Fi-
gures 1 b, c), with arterial feeders from the right 
pericallosal artery and a single parietal draining 
vein towards the superior sagittal sinus was 
achieved. Further surgical treatment was not at-
tempted in order to avoid brain damage from 
ischemic complications. Next, the patient under-
went complete endovascular occlusion of the 
residual AVM with a single Onyx injection (Fi-
gure 1 d) through the single remaining arterial 
feeder of the pericallosal artery. Post-emboliza-
tion DSA (Figure 1 e) confirmed complete AVM 
occlusion. Digital unsubtracted cerebral angio-
graphy (Figure 1 f) shows the clips (red arrow) 
and the Onyx (blue arrow) following treatment. 
The patient had an uneventful recovery without 
any neurological deficit (mRS 0) at the long term 
follow up.

Case No. 3

A 51-year-old man was transferred intubated to 
the emergency department in a comatose status 
(initial GCS 8). A CT scan of the brain (Figure 2 a) 

MultiModality treatMent of low-Grade ruptured Brain arteriovenous MalforMations

TABLE 1. Patients’ demographical and clinical data, summary of cases
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revealed a 7 cm intraparenchymal hematoma 
(asterisk) in the right frontal lobe with significant 
midline shift due a superficial AVM (white ar-
row). Computed tomography angiography (Fi-
gure 2 b) showed a single arterial feeder (red ar-
row) from the anterior cerebral artery and a 
single draining vein towards the superficial mid-
dle cerebral vein (blue arrow). He underwent 
immediate hematoma evacuation and simulta-
neous surgical extirpation of the AVM (Figure 2 c, 
white arrow). Postoperative angiography of the 
arterial and early venous phase and brain CT 
scan confirmed the complete removal of the 
AVM (Figures 2 d-f) without any brain hematoma 
or ischemic lesion. The patient recovered almost 
completely, having a minor cognitive deficit 
(mRS 2) at the final follow-up.

Case No. 4

A 57-year-old female patient, who had experi-
enced a sudden neurological deterioration, was 
admitted to the Neurosurgical Department. The 
initial GCS score was 14. Cranial imaging showed 
a cerebellar hemorrhage (asterisk) with obstruc-
tion of the fourth ventricle (Figure 3 a) and a SM 
grade I AVM with arterial feeders from the right 
AICA (Figure 3 b, white arrow). After clinical de-
terioration to GCS 9, an urgent suboccipital cra-
niectomy was performed, with evacuation of the 
cerebellar hematoma and simultaneous removal 
of the AVM. Postoperative CT (Figure 3 c) and 
DSA (Figure 3 d) confirmed the complete AVM 
extirpation. The patient recovered completely 
without any neurological deficits (mRS 0).

Case No. 5

A 50-year-old female presented with acute 
headache, nausea and decreased level of con-
sciousness (GCS 11). Brain CT scan showed a 
right cerebellar hemorrhage. CTA and DSA re-
vealed the presence of a SM grade I AVM. She 
was operated within 12 hours from ictus with 
hematoma removal and partial resection of the 
AVM. Postoperatively, the AVM was totally oc-
cluded with intravascular embolization. Neuro-
logical recovery was favorable (mRS:1).

Case No. 6

A 32-year-old female patient was admitted to 
our emergency department in a comatose status 

MultiModality treatMent of low-Grade ruptured Brain arteriovenous MalforMations

FIGURE 2. a) Brain computed tomography (CT) scan shows a 7 cm in-
traparenchymal hematoma (asterisk) with significant midline shift due to 
a superficial arteriovenous malformation (AVM) (white arrow). b) Com-
puted tomography angiography (CTA) showing the AVM (white arrow), 
a single arterial feeder (red arrow) and a single draining vein towards the 
superficial middle cerebral vein (blue arrow). c) Intraoperative view of the 
AVM (white arrow). d, e) Postoperative digital angiography of the arterial 
and early venous phase confirmed the complete removal of the AVM 
without any residual lesion. f) Postoperative CT scan demonstrates the 
complete excision of the arteriovenous malformation without any brain 
hematoma or ischemic lesion

FIGURE 1. a) Computed tomography (CT) of the brain revealing a large 
right frontoparietal intraparenchymal hematoma with intraventricular 
expansion. b) Postoperative computed tomography angiography (CTA) 
showing a residual arteriovenous malformation (AVM) in the right 
frontoparietal area. c) Digital subtraction angiography (DSA) showing a 
residual deep located arteriovenous malformation with arterial feeders 
from the right pericallosal artery. d) A single parietal Onyx injection into 
the residual arteriovenous malformation (AVM) up to the origin of the 
draining vein. e) Post-embolization (DSA) confirmed the complete AVM 
occlusion after a combination of surgical and endovascular techniques. f) 
Digital unsubtracted angiography showing the surgical clips (red arrow) 
and the Onyx cast (blue arrow)
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FIGURE 3. a) Brain CT scan 
showing a hemorrhage in the right 
cerebellar lobe with obstruction of 
the 4th ventricle and the aqueduct;  
b) DSA reveals a SM grade I AVM 
with arterial feeders from right AICA 
(white arrow); c, d) Postoperative CT 
and DSA confirmed the evacuation 
of the cerebellar hematoma and 
simultaneous complete removal 
of the AVM after an emergency 
suboccipital craniectomy

FIGURE 4. a) Digital subtraction 
angiography showing a SM 
grade I AVM with arterial feeders 
from right AICA and PICA with 
a low nidal aneurysm that was 
recognized as the source of cerebellar 
hemorrhage (white arrow); 
b-f) Superselective embolization of 
the ruptured nidal aneurysm was 
performed on an emergency basis; 
g) Post-embolization CT shows 
the cyanoacrylate cast used for 
embolization inside the extended 
cerebellar hematoma. The patient 
subsequently underwent surgical 
removal of the cerebellar hematoma 
and AVM, but finally died due to 
severe posterior fossa edema and 
initial brain stem injury
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with initial GCS score of 3 and mid-size fixed 
pupils which indicated devastating midbrain in-
jury, due to an extensive cerebellar hemorrhage. 
DSA revealed a SM grade I AVM with arterial 
feeders from the right AICA and PICA with a low 
nidal aneurysm that has been recognized as the 
source of cerebellar hemorrhage (Figure 4 a, 
white arrow). Superselective preoperative em-
bolization of the ruptured nidal aneurysm was 
performed on an emergency basis with cyanoac-
rylate injection (Figure 4 b, c, d, e, f). She subse-
quently underwent surgical removal of the cere-
bellar hematoma (Figure 4 g) and the AVM but 
finally died due to excessive cerebellar edema 
and initial brain stem injury. q 

DISCUSSION

It has been reported that acute surgical removal 
of ruptured brain AVMs may be contraindicat-

ed since it can be associated with serious persis-
tent neurologic deficits (18, 19). The current 
treatment strategy, involving microsurgical exci-
sion, is to wait four weeks in order to allow for 
patient recovery, hematoma liquefication and 
inflammatory reactions to subside (20). In addi-
tion, the resulting hematoma cavity usually cre-
ates a well-defined dissection plane between the 
lesion and the normal brain parenchyma allow-
ing for safer surgical excision (2, 21). Surgical re-
moval of the AVM in the acute phase is governed 
by multiple factors such as AVM size, venous 
drai nage, deep vs superficial location and location 
in an eloquent or an non-eloquent area (22). 

Although life-threatening hematomas due to 
AVM rupture represent a more complex patho-
genetic entity than spontaneous intracerebral 
hematomas, they should be considered for acute 
surgical removal when rapid clinical deteriora-
tion exists, as early surgery for intraparenchymal 
brain hemorrhage can quickly reduce mass ef-
fect and potentially spare healthy neuronal tissue 
from prolonged exposure to toxic blood degra-
dation products (23). Early surgery for ruptured 
AVMs with associated hematomas has been re-
ported in a number of small series (21, 24-29), 
involving predominantly patients with massive 
hematomas and rapid clinical deterioration.

Among these series, Kuhmonen et al. (24) re-
ported the largest experience on early surgery for 
ruptured AVMs in 49 patients (42 with SM grade 
I-III), mostly in a poor clinical condition on ar-

rival (two thirds were Hunt & Hess grade 4–5). 
All patients were operated within four days and 
in 92% the AVM was acutely extirpated. Over 
55% of patients had a good functional outcome 
at 2–3 months after the initial bleeding. Factors 
that predicted outcome included initial neuro-
logical status and age. Further, the presence of 
IVH correlated with Glasgow outcome scale. The 
authors showed that the outcome was predicted 
by the primary severity of bleeding rather than 
SM grade, location of AVM, and size of intrace-
rebral hematoma. Pavesi et al. (29) presented 
their experience concerning the acute surgical 
treatment of 27 patients with ruptured brain 
AVMs (SM grade I and II) within six days (78% 
operated within the first day); 85% of all subjects 
had a favorable functional outcome and morta-
lity was low (7.4%), which was similarly to the 
current series. The authors concluded that early 
surgical management of grade I-II hemorrhagic 
AVMs led to favorable results, minimizing the 
risk of re-bleeding, reducing thus hospital stay 
and allowing faster rehabilitation.

Surgery is considered the preferred treatment 
option for low grade (SM I and II) brain AVMs 
due to low surgical risk of 0.7% (30). Neverthe-
less, operative management in the acute phase 
of rupture may increase the risk for neurological 
complications due to brain swelling and techni-
cal difficulties concerning surgical excision. Our 
small cohort included only patients with low 
grade AVMs (SM I and II) presented with life-
threatening hematoma which caused initially co-
matose status or significant clinical deterioration 
due to bleeding or re-bleeding. All six patients 
were acutely operated within 12 hours from ad-
mission. Management included a multidisci-
plinary treatment strategy consisting mainly of 
initial intraparenchymal hematoma removal in 
order to reduce mass effect and brain edema 
and potentially spare healthy neuronal tissue 
from a prolonged exposure to toxic blood degra-
dation products. Simultaneous removal of the 
arteriovenous malformation was not the primary 
issue but was extirpated when it was deemed 
technically possible with relatively low risk for 
further neurological complications. Preoperative 
embolization of a flow associated nidal ane-
urysm that was recognized as the source of ce-
rebellar hemorrhage was performed in one co-
matose patient with initial GCS score of 3 and 
mid-size fixed pupils who eventually died. 

MultiModality treatMent of low-Grade ruptured Brain arteriovenous MalforMations
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On the other hand, postoperative emboliza-
tion was applied in 50% of our cohort, whereas 
one patient was subjected to additional radiosur-
gery. Our stepwise management of ruptured 
brain AVMs with life-threatening hematoma 
showed that hyperacute surgical removal of in-
traparenchymal hematoma within 12 hours 
proved to be a life-saving procedure in all pa-
tients (5/6) initially admitted with a GCS score 
≥8. Moreover, all surviving patients (5/6) reached 
a good clinical outcome of mRS score ≤ 2 at the 
median follow-up of 15.6 months. Non-aggres-
sive strategy including straightforward extirpa-
tion of 2/4 SM grade I AVMs and additional em-
bolization or radiosurgery in half of patients 
resulted in complete AVM occlusion in all five 
surviving patients.

Although the current study needs further 
evaluation in larger clinical series, it still indicates 
that multidisciplinary stepwise treatment, includ-
ing acute surgical hemorrhagic clot evacuation as 
first step, followed by AVM simultaneous extir-
pation when feasible, may result in favo ra ble 
clinical outcome (mRs 0-2) in cases of ruptured 
low-grade brain AVMs with life-threatening he-
matoma in patients with a GCS score ≥8. This 
strategy is in agreement with previous studies as 
it decreases the risk of intra/postoperative un-
controllable hemorrhage due to residual arterio-
venous malformation (22, 25-27). Our small co-
hort study also introduces the complementary 
role of preoperative embolization in case of ni-

dal or flow-related aneurysms, especially when 
they are recognized as the bleeding source. 
Moreover, in case of potential neurological com-
plications due to intraoperative technical diffi-
culties during AVM removal, such as excessive 
brain edema, incomplete intraoperative re-
cognition of the AVM angio-architecture and 
deep location, minimally invasive treatment 
methods like postoperative endovascular embo-
lization in the acute phase (preferably within the 
first days) should be considered. q 

CONCLUSIONS

Multidisciplinary stepwise management of 
ruptured low-grade brain AVMs with life-

threatening hematoma, with acute surgical he-
morrhagic clot evacuation as first step followed 
by AVM simultaneous extirpation when feasible, 
may result in favorable clinical outcome. Less in-
vasive treatment methods such as preoperative 
or postoperative endovascular embolization can 
provide an additive effect. This approach may 
decrease further potential neurological compli-
cations when a complete occlusion of the AVM 
is attempted. q

Conflicts of interest: none declared.
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Data handling: Data were handled according 
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Portability and Accountability (HIPAA) Acts.
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