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Case Report

De Novo Arteriovenous Malformation after Aneurysm Clipping
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dissection were done within the area of craniotomy, away from 
the site of the de novo AVM. Five years after surgery, when 
the patient was 73 years old, follow-up magnetic resonance 
(MR) imaging revealed a de novo AVM in the right postcen-
tral gyrus (Fig. 3). Angiography demonstrated a de novo AVM 
with a diameter of 17 mm fed from the right middle cerebral 
artery and draining into a cortical vein (Fig. 4). Gamma knife 
(GK) surgery was performed for the 2.0-ml nidus, with a mar-
ginal dose of 18 Gy. Another 5 years after the radiosurgery, 
GK was repeated for a residual nidus of 0.2 ml with a marginal 
dose of 20 Gy. Follow-up MR imaging performed 2 years 
after the second GK showed complete obliteration of the AVM 
without any adverse effects. Although we did not monitor the 
plasma level of vascular endothelial growth factor (VEGF) 
during the clinical course, it was 40.4 pg/ml, i.e. almost 
normal, two years after GK.

Discussion
Intracerebral AVMs are congenital lesions most usually 

arising between the third and eighth weeks of embryonic life 
due to abnormal capillary or venous formation. Only 20 
cases of acquired or de novo AVM have been reported, prob-
ably because of the increasing use of MRI worldwide3–19) 
(Table 1). There was no significant gender difference in the 
incidence of these de novo AVMs; the mean patient age at 
diagnosis was 17 years, and only one occurred in a patient 
over 60 years of age. The mean interval between the primary 
disease and the diagnosis of de novo AVM was 7.4 years 
(median 5 years). There was no significant relationship 
between this interval and patient age. Seven of these 20 
reported cases of de novo AVM had not been visualized by 
previous angiography but by MR imaging (Table 1). These 
seven patients might have had small AVMs that were unde-
tectable with the previous MR images. This seemed rather 
unlikely in our present patient, who underwent angiography 
twice before and after the clipping surgery, but no AVM 
lesions were detected on those occasions. As the AVM in our 
patient developed between the age of 70 and 73 years, this is 
the oldest such patient to have been reported to date. 

Among the 20 reported cases, 10 patients had undergone 
previous neurosurgical procedures, including 7 involving 
craniotomy and three with ventriculoperitoneal (VP) shunts. 
In two cases (Cases 3 and 7), de novo AVMs occurred within 
their surgical fields, and in one case (Case 6) in the area 
close to the surgical field. In one case (Case 4), a de novo 
AVM occurred in the same side with the surgery. In the 4 
cases (Cases 1, 2, 5, and 8), de novo AVM occurred in areas 
distant from the previous surgical fields. In the other two 
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Introduction
Arteriovenous malformations (AVMs) arise in the early 

stage of fetal development due to capillary or venous dys-
plasia.1,2) However, an increasing number of reports of de novo 
AVMs have been questioning the notion that this clinical 
entity is purely congenital. Twenty cases of de novo AVM have 
been reported, suggesting that some episodes such as stroke, 
hemorrhage, or radiation could trigger an inflammatory pro-
cess leading to this form of pathology. Most of the patients 
affected have been children or young adults. Here, we report 
an elderly patient with a de novo AVM that developed ipsilat-
erally but remotely in the right parietal lobe after clipping of 
the right middle cerebral artery. 

Case Report
A 69-year-old woman was referred to our hospital because 

of an unruptured aneurysm. Angiography revealed a right 
middle cerebral artery (MCA) aneurysm but no other vascular 
lesions (Fig. 1). The patient underwent successful aneurysmal 
clipping surgery via a right frontotemporal craniotomy. The 
craniotomy was performed using a conventional pterional 
approach, as shown in Fig. 2, which also indicates the points 
of the head fixation pins. The dural incision and arachnoid 
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Fig. 1 Preoperative digital subtraction right common carotid angiog-
raphy showing a right middle cerebral artery aneurysm, but no other 
vascular lesion. A: anterior-posterior view; B: lateral view.

Fig. 2 The range of craniotomy for aneurysm clipping and the de 
novo AVM. Three head fixation pins are shown by arrows.

Fig. 3 Postoperative magnetic resonance imaging (MRI). A: T2-weighted axial section MR image three years after craniotomy; B: Five years 
after craniotomy, spotty lesions with low intensity appeared in the right post-central gyrus; C: Time-of-flight sequence MRI axial section detected a 
newly developed lesion with high-flow vasculature in the right post-central gyrus, indicating de novo arteriovenous malformation.

cases (Cases 9 and 10), the areas of previous neurosurgery 
were not described. Radiation therapy including stereotactic 
radiosurgery (SRS) was performed prior to the development 
of de novo AVM in Cases 1, 8, and 11. In Case 11, SRS was 
performed for a dural AVF, and the de novo AVM arose 
close to the irradiation field. In the present case, the range of 
craniotomy and arachnoid dissection did not include the site 
of the de novo AVM (Fig. 2). Mayfield skull clamp place-
ment was used, and even the head fixation pins would not 
have caused bone and dural injury at the AVM site.

Koch et al. have proposed a new classification of AVMs, i.e. 
primary, syndromic, and secondary AVMs. Primary AVMs 
are those that occur congenitally, and syndromic AVMs are 
those associated with genetic syndromes such as hereditary 
hemorrhagic telangiectasia (HHT) and cerebrofacial meta-
meric syndromes. Secondary AVMs are considered to occur 
as a result of an abnormal response to vascular insults such 
as stroke, hemorrhage, radiation or injury.9) 

It has been proposed that there are two processes of blood 
vessel formation: vasculogenesis and angiogenesis. Vasculo-
genesis is the process of formation of new blood vessels and 
angiogenesis is the process of formation of new branches from 
existing blood vessels. Some molecular factors play a role in 
these processes, such as vascular endothelial growth factor 
(VEGF), transforming growth factor-β (TGF-β), endoglin, neu-
rophylin, and Delta. TGF-β functions in angiogenesis and is 
suspected to play a critical role in de novo AVM formation.20,21) 
VEGF also regulates angiogenesis, and its expression is high 
during the embryonic state, whereas it is suppressed in the 
adult cerebral vasculature.21) Such changes in VEGF expres-
sion would support the observation that de novo AVMs arise 
preferentially among young patients. In the adult brain, how-
ever, VEGF would be produced by astrocytes during cerebral 
hypoxia,20,21) and angiogenesis could be reactivated by physio-
logical stimulation including chronic hypoxia and shear 
stress,22,23) leading to the evolution of de novo AVMs. Interest-
ingly, in adult patients with AVMs, the endothelial cells of the 
AVM show high expression of VEGF in comparison with 
normal individuals.24,25) In addition, it has been reported that 
an increase in the plasma VEGF level reflects vascular remod-
eling in AVM patients.26) Although the plasma VEGF level in 
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Fig. 4 Postoperative digital subtraction angiograms 5 years after the 
craniotomy, showing a right frontal lobe nidus fed from the right mid-
dle cerebral artery and cortex, draining into a cortical vein. A: anterior-
posterior view; B: lateral view.

Table 1 Patient characteristics of 20 patients with de novo arteriovenous malformations

Case Age/sex Age at initial scan Preceding surgery Preceding radiotherapy Angiography at initial scan Primary disease

 1 9/M3) 5 yr Craniotomy ＋+ − Medulloblastoma

 2 14/F4) 10 yr Craniotomy ＋− ＋+ Moyamoya disease

 3 15/M5) 10 yr Craniotomy ＋− ＋+ Intracerebral  
hemorrhage

 4 18/M5) 8 yr Craniotomy ＋− ＋+ Intracerebral  
hemorrhage

 5 27/F6) 10 yr Craniotomy ＋− ＋+ Intraventricular 
hemorrhage

 6 58/F7) 50 yr Craniotomy ＋− ＋+ Intracerebral  
hemorrhage

 7 8/M8) 6 yr Craniotomy ＋− ＋ − Cavernous and venous 
malformation

 8 19/F9) 16 mo VP shunt ＋+ ＋+ Ependymoma

 9 5/M5) 17 dy VP shunt − ＋+ Intracerebral  
hemorrhage

10 11/M10) 7 mo VP shunt − − Hydrocephalus

11 63/M11) 61 yr ＋− ＋+ +＋ Dural AVF

12 5/M12) 5 mo ＋− ＋− ＋+ Hemorrhagic  
telangiectasia

13 11/M13) 2 yr ＋− ＋− ＋+ Moyamoya disease

14 32/F14) 26 yr ＋− ＋− ＋+ Inflammation or 
demyelination

15 35/F15) 31 yr ＋− ＋− ＋+ Hepatic encephalopathy

16 56/M15) 42 yr ＋− ＋− ＋+ Transient ischemic 
attack

17 6/F16) 3 yr ＋− ＋− ＋− Sickle cell disease

18 7/F17) 3 yr ＋− ＋− ＋− Cerebral contusion

19 9/F18) 6 yr ＋− ＋− ＋− Continuous band 
heteropia

20 30/F19) 16 yr ＋− ＋− ＋− Bell’s palsy

dy: days, mo: months, yr: years.

our patient was not significantly high after radiosurgery, she 
may have developed asymptomatic brain ischemia or insult in 
her MCA area after clipping surgery, and angiogenesis in her 
right parietal lobe may have been reactivated, leading de novo 
AVM formation. Some reported cases of de novo AVM have 
arisen in the adult brain, distant from sites of prior craniotomy. 
For such patients after craniotomy, follow-up MR scans cov-
ering the whole brain should be considered.

Conclusion
We have reported the most elderly patient to date with de 

novo AVM after craniotomy. It should be noted that such 
AVMs can occur after head injury, stroke, irradiation or 
brain surgery.
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