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Traumatic Middle Meningeal Artery Pseudo 

aneurysm and Arteriovenous Fistula

Abstract
Pseudoaneurysm and arteriovenous fistula are the most common traumatic vascular injuries 
of the Middle Meningeal Artery (MMA). Although considered as a protection mechanism 
against epidural hematoma formation, these lesions carry a high risk of secondary rupture 
leading to delayed intracranial bleeding with high morbidity and mortality. The concomitant 
presence of both conditions is rarely reported. We report a case of post traumatic 
pseudoaneurysm and fistula of the MMA complicated by acute rupture and intracranial 
bleeding successfully treated by endovascular coiling and Onyx® embolization. We provide 
a literature review on both conditions and their endovascular management.
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Introduction
Traumatic vascular injuries of the head and the neck are rare 
but serious complications of head and neck trauma [1]. Middle 
Meningeal Artery (MMA) injury usually results in extravasation of 
the blood in the epidural space forming an epidural hematoma. 
Pseudoaneurysm and arteriovenous fistula may limit the acute 
epidural hematoma formation by diverting the blood into 
the aneurysmal pouch or into the venous system. Although 
considered protective from the epidural hematoma, these 
lesions are considered high-risk vascular lesions because of the 
high risk of secondary rupture and intracranial bleeding [2-4]. A 
high index of suspicion of those lesions should be maintained 
especially in case of skull fracture or delayed neurological 
deterioration after head trauma and treatment should be 
considered to prevent serious complications [3,5]. Herein, we 
present a patient who exhibited both rare manifestations of 
traumatic injury to the middle meningeal artery. 

Case Presentation
A 75-year-old man suffered a bicycle accident when he was 
riding his bike without a helmet. Head CT showed a non-
displaced fracture of the left parietal and sphenoid bones 
associated with left small anterior temporal epidural hematoma, 
thin right frontoparietal subdural hematoma and bilateral 
subarachnoid hemorrhage (Figure 1). The epidural hematoma 
was small with no significant mass effect. Follow-up CT brain and 
CTA were done after 6-hour showed interval increase in the size 
of the left anterior temporal epidural hematoma with 1.2 cm 

Figure 1
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(A) Axial non-enhanced head CT scan showing 
left subarachnoid haemorrhage; (B) Anterior left 
temporal extra-axial hematoma; (C) Non-displaced 
fracture of the greater sphenoid wing with widening 
of sphenosquamosal suture

pseudoaneurysm of the left middle meningeal artery adjacent to 
the skull fracture (Figure 2). The agreement was to proceed with 
embolization of the MMA pseudoaneurysm to prevent secondary 
rupture. 

Angiogram of the left external carotid artery through a 6 
French guiding catheter showed interval rupture of the middle 
meningeal artery pseudoaneurysm previously seen on the CTA 
with extravasation of the contrast product into the adjacent extra-
axial spaces. In addition, there was early venous drainage in the 
accompanying middle meningeal veins, superior petrosal sinus, 
and diploic veins consistent with concomitant arteriovenous 
fistula of the MMA (Figure 3). There was no evidence of cortical 
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(A) Short follow-up axial non-enhanced head CT 
scan showing interval increase in the extra-axial 
hematoma and the subarachnoid hemorrhage. (B) 
Axial contrast-enhanced CT scan of the head (arterial 
phase) showing a pseudoaneurysm formation at 
the level of the left middle meningeal artery. Note 
is made of asymmetrical prominence and early 
opacification of the veins of the left infratemporal 
fossa, secondary to arterio-venous fistula.

Figure 2
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venous drainage. 

Catheterization of the anterior division of the left middle 
meningeal artery and then the pseudoaneurysm was performed 
using 0.012-inch microwire and Echelon TM 10 Microcatheter 
(ev3, Irvine, California, USA). Coiling of the pseudoaneurysm, as 
well as the parent artery proximal and distal to the aneurysm, 
was performed using Micrus coils (Codman Neuro, Micrus 
Endovascular Microcoil System, Raynham, MA), with a total coil 
length of 186 cm. Control angiogram showed persistent early 
venous drainage (Figure 4). After priming the microcatheter 
with DMSO, 1.5 ml of Onyx® (Ethylene vinyl alcohol copolymer-
EV3, Irvine-CA) was slowly injected over 15 minutes into the coil 
meshwork until Onyx® cast was seen into the foot of the draining 
veins of the fistula. Control angiogram showed near complete 
occlusion of the aneurysm and the fistula with persistent small 
fistulous component fed by small distal feeders coming from 

Close-up lateral angiogram showing persistent early 
venous drainage surrounding the coils. 

Figure 4

A B
(A) Selective injection of the internal maxillary artery 
showing near complete occlusion of the fistula 
and the ruptured pseudoaneurysm after coils and 
Onyx® embolization. There is residual early venous 
opacification superiorly. (B) Supra-selective injection of 
the posterior division of the left MMA showing that the 
residual fistula is fed by distal MMA posterior division 
branches. 

Figure 5

the posterior division of the MMA (Figure 5). This residual 
shunting was not present on the follow angiogram done 12 
weeks later (likely spontaneously thrombosed) (Figure 6). The 
patient's neurological condition improved over the course of his 
hospitalization. He was discharged to a rehabilitation center with 
no focal neurological deficit.

Discussion
The Middle Meningeal Artery (MMA) runs along a bone groove in 
the inner surface of the skull, making it vulnerable to injury in the 
setting of head trauma and skull fractures [6]. MMA injury occurred 
in 4% of cases in a study involving 446 angiograms of patients 
with head trauma [1]. MMA injury usually results in extravasation 
of blood in the epidural space forming an epidural hematoma. 
However, early clotting, pseudoaneurysm formation or diversion 
of blood into the adjacent veins through an arteriovenous fistula, 
may delay or restrict the epidural hematoma formation [2]. 

MMA pseudoaneurysms are false aneurysms containing none 

(A) Anteroposterior and (B) lateral angiograms of the 
left external carotid artery showing extravasation of the 
contrast product in the extra-axial spaces in the vicinity 
of the anterior division of the left middle meningeal 
artery associated with early venous opacification of 
the middle meningeal veins, superior petrosal sinus, 
diploic veins, consistent with ruptured middle meningeal 
artery pseudoaneurysm previously seen on the CTA with 
concomitant arteriovenous fistula.

Figure 3
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of the normal arterial wall structures [4,6]. They are formed 
when a full thickness tear of the MMA wall does not result 
in free hemorrhage but by a surrounding hematoma that 
ultimately organizes, becomes walled off and maintains some 
communication with the parent arterial lumen [2]. Traumatic 
pseudoaneurysms of the MMA are associated with a skull 
fracture that crosses the MMA groove in up to 90% of the cases 
[5,7,8]. They are usually present at the anterior branch of the 
MMA, distant from a branching point. They characteristically lack 
a neck and show slow filling on the arterial phase and delayed 
washout on the venous phase on angiogram [5,9]. 

MMA Arteriovenous Fistula (AVF) occurs when there is a 
concomitant injury of the middle meningeal artery or its branches 
and the adjacent veins or dural sinuses. The venous drainage 
may be through the accompanying middle meningeal veins, the 
petrosal sinuses, the sphenoparietal sinuses, superior sagittal 
sinus, cavernous sinus, the diploic veins or even cerebral cortical 
drainage [1,3,10]. MMA AVF is a rare injury; it was found in 8 out 
of 446 patients (1.8%) who underwent cerebral angiograms for 
head trauma [1].

	 Although traumatic pseudoaneurysms and 
arteriovenous fistula of the middle meningeal artery share the 
same etiological mechanism, which is a tearing of the middle 
meningeal artery, their coexistence is very rarely reported. To the 
best of our knowledge, only a handful of case reports are present 
in the English-speaking literature [11-14]. The natural history of 
these lesions is not well known. Although there are some cases 
of MMA fistula or pseudoaneurysms that remain asymptomatic 
or resolved spontaneously, these lesions have generally poor 
prognosis and should be regarded as high-risk vascular lesions 
because of the risk of rupture [3,7,10,15-17]. Pseudoaneurysms 

are especially considered unstable because of the poor support 
of the aneurysmal wall. They tend to progressively increase 
in size and ultimately rupture leading to delayed intracranial 
bleeding [12,5,18-22]. Rupture of the MMA aneurysms may 
result in intra-axial and/or extra-axial bleeding depending if 
there is a breach of the sub-adjacent meningeal layers. Epidural, 
subdural, subarachnoid, intra-cerebral, or intra-ventricular 
hemorrhages were all reported as a result of pseudoaneurysm 
rupture [1,23,24]. 

The interval between trauma and aneurysmal rupture can range 
from days to months. Most of the ruptures occurred within 
the first 4 weeks of reported cases [5,8,24]. In our case, the 
rupture occurred between the CT angiography and the cerebral 
angiography (in less than 10 hours), which is to our knowledge 
the shortest reported secondary MMA pseudoaneurysm rupture. 

The fast growth rate and high risk of re-bleeding associated 
with pseudoaneurysms and less commonly with arteriovenous 
fistula have led to recommendations for aggressive treatment. 
Endovascular treatment is considered the first line treatment of 
both pseudoaneurysms and arteriovenous fistula in the absence 
of significant intracranial bleeding and mass effect. Embolization 
of the aneurysm using coils, N-Butylcyanoacrylate (NBCA), 
Onyx®, gelatin sponge plugs, and Polyvinyl Alcohol Particles (PVA) 
has been described with successful results [13,25-29]. However, 
there is no general agreement on the specific embolic agent to 
use because of the rarity of these lesions [28]. However, embolic 
materials should be selected carefully depending on the type and 
size of the lesions to prevent complications and recanalization. 
In our case, coil embolization was performed first to reduce the 
shunting flow of the AVF and to occlude the pseudoaneurysm, 
followed by liquid embolic to occlude the fistulous tract. 

Surgical treatment of the pseudoaneurysm is another treatment 
option especially if there is associated epidural hematoma and 
mass effect [7]. It may include clipping, ligation or trapping of 
the pseudoaneurysm and/or the artery. Surgery is associated 
with higher mortality and morbidity and may not be possible 
in all cases [7,14]. In addition, in the setting of arteriovenous 
fistula, ligation of the feeding arteries may not be complete with 
potential development of other collaterals and the subsequent 
recanalization of the fistula [28].

Conclusion
Middle meningeal artery pseudoaneurysms and arteriovenous 
fistula are critical traumatic vascular injuries because of the high 
risk of secondary rupture and intracranial bleeding. A high index 
of suspicion should be maintained in the setting of head trauma 
with a skull fracture, intracranial hematoma or in case of delayed 
neurological deterioration after a lucid interval. Endovascular 
therapy provides minimally invasive and definitive treatment of 
both conditions and should be considered for patients having 
either or both conditions.

Selective injection of the left MMA done three months 
after the initial endovascular treatment showing complete 
occlusion of the pseudoaneurysm and the fistulous tract.

Figure 6
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