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CASE SUMMARY 
A 22-year-old male presents to the 

emergency department with headache 
and vomiting.  Two days prior to eval-
uation, the patient had a sudden onset 
of occipital headache, which resolved 
later the same day.

IMAGING FINDINGS
There are multiple abnormal enhanc-

ing vessels centered in the midbrain, 
right thalamus, third and lateral ventri-
cles (Figures 1-4) compatible with arte-
riovenous malformation. Associated 
venous varices extend into the lateral 
ventricles (Figures 1-3 and 5).  

Dominant arterial supply is via the 
posterior cerebral arteries and distal 
branches of the basilar artery (Fig-
ures 4, 6, and 7).  Primary drainage is 
through ectatic internal cerebral veins, 
the vein of Galen, and, ultimately, the 
straight sinus (Figure 6).

DIAGNOSIS
Intraventricular hemorrhage second-

ary to arterial venous malformation

DISCUSSION
Arteriovenous malformations 

(AVM) are the most common symp-
tomatic cerebral vascular malforma-
tion and generally present between the 
second and fourth decades of life.1 An 
AVM is a direct vascular communica-
tion between the arterial and venous 

systems via a tangle of abnormal vessels 
called a nidus. No brain parenchyma 
is found within the nidus. Classically, 
AVMs are wedge-shaped with the apex 
directed toward the ventricle and the 
base along the cortex with enlarged 
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FIGURE 1. Noncontrast head CT. Arterio-
venous malformation centered at the upper 
mid-brain extends into the right thalamus 
and third ventricle.

FIGURE 2. Contrast-enhanced head CT. 
Large complex AVM in the midbrain with 
extension into the right thalamus and third 
ventricle. Multiple draining veins are seen 
in the region of the vein of Galen and cir-
cummesencephalic cistern. Dilated drain-
ing veins are seen in both lateral ventricles.
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feeding arteries and draining veins, but 
no associated edema.2  More than 80% 
are supratentorial (particularly, pari-
etal in location) and the majority are 
solitary.3 Multiple AVM are associated 
with Rendu-Osler-Weber syndrome 
and Wyburn-Mason syndrome. Normal 

arterioles and capillaries are not pres-
ent and this produces a low-resistence/
high-flow lesion which is prone to  
hemorrhage.

Rate of hemorrhage is approxi-
mately 2% to 4% per year4 and risk 
of hemorrhage is increased by sev-
eral factors: intranidal aneurysm, 
high intranidal pressure from either 

increased pressure in feeding arter-
ies or restricted outflow in the venous 
drainage and deep location (char-
acterized by: periventricular/intra-
ventricular or basal ganglian AVMs, 
central venous drainage, arterial sup-
ply from the vertebrobasilar system 
or perforating arteries).5  A 10% to 
15% mortality rate is associated with 
each hemorrhagic event, and perma-
nent neurologic deficit associated with 
hemorrhage is twice the risk of death, 
about 20% to 30% per event. AVM-
associated neurologic deficit can occur 
in the absence of hemorrhage and is 
a significant factor in morbidity and 
mortality.6 Another common clini-
cal manifestation of AVMs is seizure, 
particularly for large lesions and those 
located in the temporal and frontal 
regions. 

Full characterization of the AVM 
is paramount to planning therapy and 
should include:  specific identification 
of the feeding arteries (number, loca-
tion, collateral circulation and pos-
sible vascular “steal” from adjacent 

FIGURE 7. Dominant arterial supply is via 
the posterior cerebral arteries and distal 
branches of the basilar artery.

FIGURE 3. Contrast-enhanced head CT. 
Complex AVM with large venous ectasia is 
located in the region of vein of Galen with 
varices in the lateral ventricles.

FIGURE 4. T2-weighted brain image.
Enlarged posterior cerebral arteries and 
branches feed the AVM, which is seen as 
multiple flow voids in the upper midbrain. 

FIGURE 5. Coronal Gad+ T1WI Brain. 
Associated venous varix extends into the 
right lateral ventrical.

FIGURE 6. Sagittal Gad+ T1WI. In addi-
tion to the posterior cerebral arteries the 
enlarged basilar artery feeds the AVM. Pri-
mary drainage is through ectatic internal 
cerebral veins, the vein of Galen and, ulti-
mately, the straight sinus.
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parenchyma), associated aneurysms, 
presence/age of hemorrhage, descrip-
tion of the nidus (location, size, and 
flow characteristics), venous drainage 
of the AVM and surrounding normal 
brain (presence of venous thrombosis, 
restriction to outflow, and mass effect) 
and follow-up of any prior therapy.7 
This information is used to plan ther-
apy and predict response to treatment. 
Spetzler and Martin proposed a widely 
used grading system, which is based 
on AVM size, eloquence of adjacent 
brain, and pattern of venous drainage.8  

The goal of therapy is complete 
obliteration of the nidus and this may 
be attempted by surgical excision, 
intravascular embolotherapy or radio-
therapy depending on the character-
istics of the AVM and operative risk.9 
Conventional catheter angiography is 
superior to MR in identifying specific 
arterial supply and venous drainage 
of the AVM, but MR is more accu-
rate than CT or angiography in deter-
mining nidus size and degree of nidus 
obliteration post embolotherapy.10 
Surgery is most successful in smaller 
more superficial lesions. If the AVM 
is deep within the brain parenchyma 

and/or the operative risk is high and the 
lesion is < 3.5 cm, stereotactic external 
beam radiation is used. Intravascular 
embolization is used preradiotherapy 
to shrink large lesions and before sur-
gical excision to eliminate deep feed-
ing arteries. A combined therapeutic 
approach tailored to the specific char-
acteristics of each AVM has been the 
most successful.

CONCLUSION
Intracranial hemorrhage in the 

absence of tumor should prompt inves-
tigation for AVM. Risk of morbidity 
and mortality is high in AVMs even 
without hemorrhage. Conventional 
catheter angiography remains supe-
rior to MR in delineating specific arte-
rial supply and venous drainage of the 
AVM, but MR is more accurate than 
CT or angiography in determining 
nidus size and degree of nidus oblitera-
tion post embolotherapy. The goal of 
therapy is complete obliteration of the 
nidus for cure.
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