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 Patient: Male, 55-year-old
 Final Diagnosis: Right frontal arteriovenous malformation, partially calcified • multiple generalised epileptic seizures • 

chronic headache
 Symptoms: Epilectic seizure • headache
 Medication: —
 Clinical Procedure: Neurosurgical resection of the right frontal AVM
 Specialty: Neurosurgery

 Objective: Rare disease
 Background: Brain arteriovenous malformations (AVMs) are benign intracranial vascular anomalies that, under certain cir-

cumstances, may become life-threatening. Diffuse calcifications found in the vessel walls, interposing tissue or 
adjacent cerebral parenchyma are not uncommon, however, intense calcifications of AVMs that render them 
into veritable “brain stones” are scarcely reported in the literature and a genuine neurosurgical nightmare.

 Case Report: A 55 years-old male patient lacking any personal history of serious morbidities or surgical interventions was 
referred to our department for several epileptic seizures and severe chronic headache in the parieto-occipital 
region. Upon clinical examination, the patient was aware, right-handed, and had no motor or sensory deficits. 
Computed tomography angiography scan showed a large densely calcified frontal AVM. The patient was sub-
jected to neurosurgical removal of the lesion and was discharged a week later with a minor motor deficit of 
the left arm.

 Conclusions: Intracranial AVMs are a rare pathology, but a genuine microsurgical trial. The difficulty level soars when the 
malformed vessels become atherosclerotic and calcified, rendering bipolar ligation or permanent clipping un-
feasible. An incomplete resection in the case of a highly calcified lesion can only result in an uncontrollable 
hemorrhage.
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Background

Brain arteriovenous malformations (AVMs) are rare benign in-
tracranial vascular anomalies consisting of an amalgamation 
of convoluted vessels receiving arterial blood and shunting 
it directly into a venous drainage [1–3]. Despite this not be-
ing frequently mentioned, AVM calcification is present in up 
to 25–30% of cases and may account for the second highest 
number of calcified vascular lesions, behind only cavernous 
malformations [4,5]. Epileptic seizures are the most common 
form of presentation for unruptured AVMs, and the second 
most frequent presenting symptom overall, behind only hem-
orrhage [1–9]. Endovascular embolization and stereotactic ra-
diosurgery are therapeutic alternatives, though it is thought 
that surgical resection of AVM yields the best and earliest re-
sults in controlling related symptoms [1–3,10,11]. Nevertheless, 
in the post-ARUBA era, the issue of the most appropriate form 
of treatment for unruptured brain AVMs remains controver-
sial [11–13]. Given the rarity of highly calcified vascular mal-
formations in neurosurgical practice, there is a scarcity of data 
regarding the natural history, outcome, and best possible form 
of treatment for the patients harboring them. This case report 
illustrates one such challenging situation that was successful-
ly managed via microsurgical resection.

Case Report

In 2017, a 55 years-old male patient lacking any personal his-
tory of serious morbidities or surgical interventions, was re-
ferred to our department for several epileptic seizures and 
severe chronic headache in the parieto-occipital region. The on-
set of the symptoms was 6 years prior and with an insidious 
progression, being resistant to conventional antiepileptic and 
analgesic therapy. Upon clinical examination, the patient was 
aware, right-handed, had no motor or sensory deficits, and 
complained of right parieto-occipital headache.

The non-contrast enhanced head computed tomography (CT) 
scan (Figure 1A, 1B) showed a highly dense nonuniform paraven-
tricular mass within the right frontal lobe, without perilesional 
cerebral edema and no signs of recent hemorrhage. The subse-
quent CT angiography (CTA) (Figure 1C, 1D) revealed this lesion 
to be a tortuous mass of blood vessels that reached the right 
precentral gyrus cortically and the frontal horn of the right lat-
eral ventricle. Its blood afferents were both superficial and deep, 
whereas the drainage was superficial, towards the superior sag-
ittal sinus (SSS). The initial diagnosis was of a partially calcified 
brain arteriovenous malformation, Spetzler-Martin grade IV.

All management options, including endovascular embolization 
and Gamma Knife stereotactic radiosurgery, were presented to 
the patient and family, as well as the risks and disadvantages 

of surgery. Radiosurgery was weighed for the control of ep-
ileptic seizures and headache, however, due to the undeter-
mined risk of rupture in the short-term period, we thought 
surgery to be the best choice of treatment. Considering the 
lack of alleviation from the symptomatic therapy, as well as 
the increasing severity of the symptoms and the risk of spon-
taneous hemorrhage, the patient, the family, and the neuro-
surgical team opted for microsurgical resection of the lesion. 
The patient himself insisted on having the lesion removed and 
gave his informed consent. No other form of AVM occlusion 
was attempted, either before or after surgery.

We performed a right temporo-parietal craniotomy and proceed-
ed to remove the vascular malformation in its entirety. The re-
section became increasingly difficult the deeper we went, as 
the calcified vessels had the appearance and consistency of ce-
mented material but were entirely patent. Contrary to preoper-
ative partially embolized AVMs, in which the reduced mobility 
and maneuverability of the AVM is compensated by a reduced 
bleeding, in this particular case the coagulation via bipolar for-
ceps yielded no results for hemostasis, as the vessels would not 
shrink or collapse because of their rigidity. The only viable op-
tion was to use continuous aspiration and resume dissection. 
Fortunately, bleeding stopped once the lesion was complete-
ly removed and the uncalcified deep feeders were coagulated.

After resection, we performed a non-contrast enhanced CT 
scan (Figure 2), showing the complete removal of the lesion, 
with minor calcium deposits in the adjacent paraventricular 
parenchyma and a small amount of blood in the subdural and 
subarachnoid spaces of the right hemisphere. Postoperatively, 
the patient was awake and presented a new severe motor def-
icit on the left arm, which under physiotherapy improved be-
fore discharge from hospital. The CT scan performed on the 
third day after surgery revealed a reduction of the subdural 
blood (Figure 3). On the seventh day after surgery, the sutures 
were removed, and the patient was transferred to another cen-
ter in order to continue recovery.

The pathological examination disclosed a mass lesion com-
prised of vascular structures of variable diameter, some of 
which presented bright areas of intense calcification and fo-
cal thrombi, confirming that it was indeed an AVM.

The control at 3 and 6 months respectively showed a marked 
improvement of the motor function. The CTA scans showed 
no remnant or recurrence of the lesion (Figure 4). During this 
interval, and under continuous antiepileptic drug therapy (val-
proic acid, 200 mg daily), the patient did not suffer from gen-
eralized epileptic seizures. He did, however, complain of a 
single brief episode of tremors in his left upper limb, which 
could have been interpreted as a partial epileptic seizure. As 
this was observed only by himself and not by an expert in the 
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field, the true nature of this singular episode remains elusive. 
At the 1-year control, the motor function of his left arm re-
mained unchanged, and the antiepileptic therapy was success-
fully interrupted without subsequent seizures.

Discussion

Despite AVMs being the second most common vascular malfor-
mation of the brain to present calcifications [5], the pathophys-
iological mechanisms of partial completely calcified AVMs are 

as of yet uncertain. It has been stipulated that this phenome-
non is a result of chronic venous ischemia and repeated hemor-
rhages [4,5]. Among other suspected factors are inflammation, 
vasculitis, and intraluminal thrombosis, some of the lesions 
becoming angiographically occult [4,5,14]. Yu et al. remarked 
that the calcifications were restricted to the malformed vessel 
walls of the lesion but could extend to the neighboring gliot-
ic cerebral tissue [15]. They also hypothesized that this phe-
nomenon could be the result of vascular steal, as it may lead 
to calcium deposits on ischemic and dystrophic parenchyma. 
Spontaneous regression of AVMs has also been described, with 
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Figure 1.  Preoperative computed tomography (CT) and CT angiography (CTA). (A) Non-contrasted CT scan showing the highly dense 
right paraventricular formation representing the deep calcified portion of the arteriovenous malformation (AVM) (blue star). 
(B) The bone window more clearly demonstrates the calcium deposits (white star). (C) CTA revealing the superficial, “soft” 
part of the nidus (blue arrow) as well as its relationship with the calcified region (blue star). (D) 3-dimensional reconstruction 
of the CTA, showing the “soft” nidus (cyan arrow), calcified portion (cyan star), feeders and draining veins.
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the lesions becoming sclerotic and impregnated with calculi 
as a sign of involution [13,16]. It is estimated that 25–30% of 
AVMs present a degree of calcification, predominantly along-
side serpentine vessels, in the surrounding parenchyma or in-
side of the nidus itself, yet these findings may be underes-
timated [4,17,18]. However, these calcifications are typically 
faint and are comprised of punctate densities dispersed either 
in a nodular or curvilinear fashion [19].

As early as 1924, Cushing and Bailey described a patient who 
underwent 2 surgeries for the removal of a calcified AVM [16]. 
The patient later received radiotherapy for the possibility of the 
AVM to be in fact a tumor. Another calcified vascular malfor-
mation was discussed by Shafey in 1966, and the histopatho-
logical examination was of a “capillary-venous hemangioma, 
with extensive calcification and ossification” [20]. Leblanc and 
Ethier noted that a significant number of patients with AVMs 
presenting with seizures harbored calcification within the le-
sion [21], and in the case report presented by Baykal et al. the 
calcified AVM was treated conservatively via antiepileptics [14]. 
Sandu and Gorgan described the total resection of a partially 
thrombosed and calcified parasagittal AVM, reportedly with-
out additional neurological deficit [13], while Munakomi et al. 
illustrated the complete removal of a grade V right parietal 
AVM with speckled peripheral calcifications, the patient hav-
ing no change in the severity of the left-sided hemiparesis as 
before surgery [22]. Other reports focused on the higher sen-
sibility of CT scans in detecting calcifications [18,23,24], or the 
fact that these malformations may become thrombosed or re-
gress and thus being angiographically occult [14,22,25–27]. 
However, none considered the impact these modifications may 
have on surgical management. Moreover, unlike the calcified, 
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Figure 2.  Immediate postoperative computed tomography scan. 
(A–C) Axial slices demonstrating the removal of the 
lesion, hemostatic material and a small amount of 
hemorrhage in place of the nidus, a hematic collection 
in the subarachnoid and subdural spaces, as well 
as a minimal pneumocephalus. The subaponeurotic 
drainage can be observed in the lower right.
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thrombosed and angiographically occult AVMs, our case was 
visible and patent on CTA.

In the wake of the controversial ARUBA (A Randomized trial of 
Unruptured Brain AVMs) study, which compared interventional 
therapy to conservative treatment, the optimal management 
modality for these lesions was left in uncertainty [13,28–33]. 
The study was halted due to the much higher proportion of 
patients suffering from stroke, neurologic impairment and 
death in the interventional arm, despite only a small number 

of patients being subjected to surgery. The possibility to gen-
eralize these findings to individual patients is therefore re-
stricted [30]. A more definitive randomized control trial should 
be performed to establish whether surgical removal is su-
perior to simple antiepileptic medication in controlling sei-
zures caused by unruptured AVMs [31]. Even so, physicians 
also have to take into calculation the wishes of the informed 
patient, as quality of life is subjective and may be improved 
through any treatment method. The experience of our senior 
neurosurgeon in treating vascular malformations of the brain 
spans over 25 years, with 212 AVM surgically resected be-
tween January 2000 and December 2018, with 156 patients 
(81%) having a favorable outcome at discharge and an over-
all mortality of only 7% (13 patients). This was the only case 
in his repertoire that presented such extensive calcifications, 
deeming it one of the most challenging.

Complete microsurgical resection of AVMs presenting with sei-
zures has been generally linked with higher seizure-free rates 
than embolization or radiosurgery [34–38]. Additionally, as 
Hyun et al. illustrated, surgery patients benefitted from the 
shortest median interval to achieving seizure-free status when 
compared to the other 2 methods [38]. Stereotactic radiosurgery 
is also capable of controlling or eliminating AVM-associated ep-
ilepsy in the majority of patients while causing lower rates of 
de novo seizures than surgical resection [35,39–42]. Moreover, 
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Figure 3.  Control non-contrasted computed tomography 
scans. These scans were performed on the third 
postoperative day (A–C), showing marked reduction of 
the hemorrhage and perilesional edema.
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according to the systematic review by Chen et al., seizure-free 
rates are significantly greater in the event of a completely oc-
cluded AVM (82% versus 41% for complete and incomplete occlu-
sion respectively), even surpassing surgery [39]. As Ironside et al. 
have shown in their meta-analysis, up to two-thirds of seizure-
free patients can also renounce antiepileptic drugs entirely [40]. 
These results might, however, not have been attainable in our 
case due to the patent calcified portion of the AVM. As of yet, it 
is uncertain whether radiosurgery alone may be able to achieve 
total obliteration in such heavily calcified AVMs.

Limitations of our case report include the absence of a preop-
erative digital subtraction angiography (DSA) to accurately es-
tablish AVM patency, as well as the lack of experience in man-
aging AVMs with such a high degree of calcification. There is 
a small number of calcified AVMs in observational case series, 
but even fewer in surgical reports. As a result, a clear man-
agement indication or an ideal treatment method may prove 
elusive. It can be reasoned that a completely calcified lesion 
that is angiographically occult has no other definitive treat-
ment modality than surgical resection. However, in absence of 
symptoms, we advise against surgical resection of such cases, 
as the risk of hemorrhage or growth is minimal.

Our case posed a more challenging therapeutic conundrum, 
as it was permeable and only the deep portion presented in-
tense calcifications. The superficial part still had a considerable 
chance of growth and hemorrhage and, since it was symptom-
atic and in an eloquent area of the brain, it posed a threat to 

Figure 4.  Control Computed tomography angiography at 3 months (A) and 6 months (B) respectively. The imaging studies reveal no 
sign of patent nidus or hemorrhage remaining, only a small amount of perilesional calcium deposits in the brain parenchyma.

A B

the patient. Since endovascular embolization excludes AVMs 
from circulation but does not physically remove the lesion it-
self, and because the patient suffered from epileptic seizures, 
it was ruled out as an adequate form of treatment. And be-
cause the calcified vessels were already dystrophic, we con-
sidered radiosurgery to be ineffective in reducing their diam-
eter. Thus, we established that the only adequate course of 
action was microsurgical resection, even if both the treating 
physicians and the patient knew of the risk of long-lasting mo-
tor or sensory deficit. Fortunately, the postoperative deficits 
were tolerable, and the patient managed to recover apprecia-
bly in between follow-up controls. The moral of this case re-
port would be that symptomatic calcified AVM should be re-
moved, especially if they are visible on angiographic studies.

Conclusions

Intracranial AVMs are a rare pathology, but a genuine microsur-
gical trial. The difficulty level soars when the malformed vessels 
become atherosclerotic and calcified, rendering bipolar ligation 
or permanent clipping unfeasible. An incomplete resection can 
only result in an uncontrollable hemorrhage. We reported a case 
of an intensely calcified high-grade AVM that was completely re-
moved and with the patient in a favorable neurological outcome.
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