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	 Background:	 Arteriovenous malformation (AVM) of the central nervous system (CNS) is a developmental condition that con-
sists of a focal mass of interconnected veins and arteries. This retrospective study was conducted at the only 
tertiary center in Slovenia and included 12 pediatric cases of AVM of the CNS, diagnosed between 2000 and 
2020.

	 Material/Methods:	 The patients were collected based on the ICD coding system. All available medical documentation was reviewed.
	 Results:	 Our cohort included 6 boys and 6 girls. The mean age of patients was 9.1 years, range 1 month to 16.3 years. 

The estimated incidence of pediatric AVM of the CNS in Slovenia is 0.22/100 000 children per year. Ten pa-
tients had brain AVM and 2 patients had spinal AVM. At first presentation, 7 patients presented with intrace-
rebral hemorrhage, 2 with focal neurological deficits, 1 with epilepsy, 1 with chronic headache, and 1 patient 
was asymptomatic. Two patients had their first hemorrhage after an already-established diagnosis of AVM. 
Endovascular embolization was performed in 50%, surgical resection in 33%, and conservative treatment in 
17% of patients. Five patients had no residual neurological sequelae, 6 had some neurological deficits, and 1 
patient died. Complete obliteration of AVM was achieved in 3 patients treated with surgery. They all had a fa-
vorable outcome, with no or mild deficit.

	 Conclusions:	 The study findings support that early diagnosis and management are required to prevent neurological dete-
rioration and vessel rupture from AVM. Endovascular embolization was the most commonly used procedure. 
Complete obliteration was associated with good neurological outcome.
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Background

Although arteriovenous malformations (AVM) are a rare vas-
cular pathology of the central nervous system (CNS), they are 
the most common cause of spontaneous intracranial hemor-
rhage and hemorrhagic stroke in the pediatric population and 
thus represent an important cause of morbidity and mortal-
ity [1-5]. The lesions consist of feeding arteries, a dysplastic 
nidus, and draining veins, and are therefore a type of arterio-
venous shunt with high blood flow and low resistance [1-5]. 
The reported incidence of brain AVM is 1.3 per 100 000 pa-
tient-years [2,3,5] and approximately 12-21% of all lesions are 
found in children [1,4,6,7].

Arteriovenous malformations were previously described as 
congenital lesions, but the increasing number of cases with de 
novo formation suggests that they are dynamic lesions that can 
arise postnatally and may spontaneously regress or enlarge over 
time [2,8]. They may present at any age, but most commonly 
between the second and the fourth decade of life [2,3,6]. They 
usually appear as solitary lesions [2,3,5,6]. However, multiple 
lesions can be observed in association with some syndromes, 
such as Osler-Weber-Rendu syndrome [2,3,5,6].

Arteriovenous malformations present with a variety of clinical 
symptoms and signs, most commonly with intracranial hem-
orrhage, seizures, chronic headache, and/or focal neurologic 
deficits [2-5]. Approximately 15% of lesions are incidental find-
ings [2-5]. In children, hemorrhagic presentation is more com-
mon than in adults, accounting for approximately 75% of all 
cases [1,4,6]. Presentation in the neonatal period and infancy 
is rare [6]. In neonates, congestive heart failure (CHF) is the 
most common presentation of AVM [6]. Infants may present 
with macrocrania and hemorrhage, whereas CHF is less com-
mon in this age group, and is usually milder [6].

For previously unruptured lesions, the reported annual risk of 
hemorrhage is 2-4% in children and adults [1,4-6]. However, 
the cumulative risk is greater in children because they have 
more years to live with an AVM [1,4-6]. Factors that increase 
the risk of rupture include previous rupture, deep venous drain-
age, associated aneurysms, and deep-seated location [1-3,5]. 
Lesions can occur anywhere in the brain and spinal cord [3].

The morphology of AVM differs among age groups [2]. In neo-
nates and infants, the lesions are fistulous, without a dysplastic 
vascular network, whereas older children have nidal lesions [2]. 
Computed tomography (CT) is usually the first examination 
performed when intracranial hemorrhage is suspected, but 
it often fails to identify the cause of the hemorrhage [2,3,6]. 
With CT angiography (CTA), feeding arteries, the intervening 
nidus, and draining veins are visualized after administration 
of contrast [2,3,6]. Magnetic resonance imaging (MRI) is used 

for screening and routine follow-ups and can help determine 
the location and size of the lesion [2,3,6]. Digital subtraction 
angiography (DSA) remains the criterion standard, as it can 
reveal the exact angioarchitecture and hemodynamic features 
of AVM and is necessary for surgical planning [2,3,6]. Various 
classification systems are used to guide treatment and pre-
dict outcome [4-6]. The most commonly used system for in-
tracranial lesions is the Spetzer Martin grade, which classifies 
lesions into 5 classes based on size, location, and pattern of 
venous drainage [4-6].

Arteriovenous malformations can be treated conservative-
ly or by endovascular embolization, microsurgical resection, 
and stereotactic radiosurgery [2,6]. Any combination of tech-
niques can be used for a better outcome [2,6]. The goal of 
treatment is complete obliteration to prevent further bleed-
ing [2,6]. Treatment of asymptomatic lesions remains contro-
versial as treatment-related morbidity can be significant but 
should be considered in children because the lifetime risk of 
bleeding is high [1,2,6].

This retrospective study included 12 pediatric cases of arte-
riovenous malformations of the central nervous system, diag-
nosed between 2000 and 2020 at University Children’s Hospital 
in Ljubljana, which is the only tertiary center in Slovenia for 
treatment of pediatric patients with AVM of the CNS.

Material and Methods

Ethics Statement

The study was approved by the National Medical Ethics 
Committee of the Republic of Slovenia (0120-18/2020/15). 
Due to the retrospective nature of the study, informed con-
sent was not obtained from patients/parents.

Patient Collection

For this observational cohort study, we evaluated medical re-
cords of children aged 0-18 years diagnosed with AVM of the 
CNS and treated at University Children’s Hospital, Slovenia, 
between January 2000 and April 2020. Patient data were col-
lected from an electronic medical record system and paper 
record archives, and radiological images were collected for 
all patients. Variables analyzed included sex, clinical presen-
tation, age at first presentation, radiological characteristics, 
treatment, and outcome.

We relied on the disease coding system when recruiting pa-
tients. In Slovenia, we have used the International Classification 
of Diseases (ICD) version 10 from 2000 onward. In our cohort 
of patients, brain AVM were coded as Q28.2 (Arteriovenous 
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malformation of cerebral vessels) and spinal AVM were cod-
ed as Q28.0 (Arteriovenous malformation of precerebral ves-
sels). Some patients in our cohort were initially evaluated for 
the complication of AVM or as an unspecific finding on brain 
imaging, so they were not assigned an optimal code at first 
presentation. We observed this in 3 patients, who were cod-
ed as D43.1 (Neoplasm of uncertain or unknown behavior of 
brain, infratentorial), D33.0 (Benign neoplasm of brain, supra-
tentorial), and I60.6 (Subarachnoid hemorrhage from other in-
tracranial arteries). In those 3 patients, the code was correct-
ed after it became clear that they had an AVM.

Incidence Estimation

To estimate the incidence of AVM of the CNS in Slovenia, 
we used demographic data from the Statistical Office of the 
Republic of Slovenia. Since our hospital is the only tertiary 
center for pediatric neurology in the country, we believe that 
our data are representative of the entire pediatric popula-
tion in Slovenia.

Results

A cohort of 12 patients was identified. The collected clinical 
data of the patients with AVM are shown in Table 1.

Basic Patient Data and Demographics

We identified 12 patients with AVM of the CNS during the 20-
year period. The female-to-male ratio was 1: 1, and the mean 
age at presentation was 9.1 years (range 1 month to 16.3 years).

To estimate the incidence of AVM of the CNS in Slovenia, 
we used demographic data from the Statistical Office of the 
Republic of Slovenia. When analyzing the data, we noticed 
that new cases of children with AVM were unevenly distribut-
ed across years, with a large percentage of new cases identi-
fied after 2009. To avoid underreporting of incidence, we de-
cided to calculate incidence based on data from 2009-2020 to 
make the incidence estimate more reliable. Prior to 2009, MRI 
imaging was less accessible, so it is possible that some patients 
with AVM who became symptomatic and perhaps died during 
this period remained undiagnosed with AVM. Therefore, the 
estimated incidence of pediatric AVM of the CNS in Slovenia 
is 0.22/100 000 children per year.

Presentation and Medical History

Of the 12 patients, 11 were symptomatic and 1 was asymptom-
atic. The former were discovered after an acute onset of neu-
rological symptoms, and in the latter the presence of an AVM 
was an incidental finding. In our cohort, 7 patients presented 

with symptomatic intracerebral hemorrhage (ICH), 2 patients 
with focal neurological deficits (both with hemiparesis), 1 pa-
tient with epilepsy, and 1 patient with chronic headache. Of 
12 patients, 9 had a hemorrhage: 7 as first presentation and 
2 after a previously established diagnosis (Patients 7 and 11). 
Patient 7 first presented with hemiparesis and experienced his 
first ICH 6 months after being diagnosed. Before ICH, we un-
derwent 1 procedure of endovascular embolization. Patient 11 
presented with chronic headache that first appeared 2 years 
before his first ICH. He did not receive treatment before his first 
ICH. A case of acute parenchymal and intraventricular hem-
orrhage is shown in Figure 1. As for vision problems, Patient 
2 had strabismus and Patient 8 reported a feeling of pain be-
tween the eyes. None of our patients reported visual field de-
fects, which we could not detect even on examination. None 
of our patients had hearing problems at the time of diagnosis.

Some patients had a history of other diseases and a family his-
tory of neurological diseases. The specific data for each patient 
are shown in Table 1. Patient 4, the only asymptomatic patient 
in our cohort, had autosomal recessive polycystic kidney dis-
ease with portal hypertension and confirmed genetic muta-
tion in the gene PKHD1. The arteriovenous malformation was 
detected on cranial MRI performed to evaluate nasal polyps.

Radiologic Imaging and Features

Location, size, morphology, and Spetzler-Martin grade of the 
AVM were evaluated. All patients had a single lesion. Of the 12 
patients, 7 had supratentorial AVM, 2 patients had cerebellar 
AVM, 2 patients had spinal AVM, and 1 patient had brainstem 
AVM. More detailed localizations for each patient are listed in 
Table 1. Regarding the side, 3 lesions were located in the me-
dian plane, 5 on the right side, and 4 on the left side. Spetzler-
Martin grade was assigned for intracranial lesions. Three lesions 
were classified as grade II, 2 as grade III, and 3 as grade IV. For 
Patient 1, we could not determine the size or Spetzler-Martin 
grade because radiological images were not available at the time 
of evaluation for this study. In Patient 2, the AVM was not seen 
on radiological images but was later confirmed histologically.

We were also interested in which imaging modalities were used 
at initial presentation, what additional imaging was performed 
for better morphologic characterization, and what modality was 
used for follow-up. At initial presentation, the youngest of our 
patients, at 1 month of age, underwent US, 4 patients under-
went MRI, and 7 patients underwent a CT scan. Additional im-
aging was performed for better morphologic characterization. 
Overall, US was performed in 1, CT in 10, and MRI in 12 of 12 
patients. We also utilized DSA in 11 patients. MRI was the mo-
dality of choice for follow-up, although US was used as long 
as possible in the youngest of our patients. During follow-up, 
none of the patients developed a new AVM.
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Pt Sex Age MH and FH Location Size [mm]
Spetzler-Martin 

grade

1 F 1Mo Occipital lobe N/A N/A

2 M 1Y 6Mo FH: Uncle epilepsy Cerebellum N/A N/A

3 F 4Y 9Mo
FH: Great-grandmother, grandfather 
brain tumor

Temporo-occipital 9×5×5 II

4 F 7Y 8Mo
ARPKD, portal hypertension, nasal 
polyps
FH: Father liver hemangioma

Occipital lobe 35×30×10 IV

5 F 7Y 11Mo Parietal lobe 50×35×35 IV

6 M 8Y 11Mo Medulla oblongata 35×20×20 III

7 M 9Y 11Mo
Thalamus, 
hippocampus

45×35×35 IV

8 F 11Y 10Mo Cerebellum 11×8×10 II

9 F 12Y 11Mo Asthma
Dorsal part of left 
thalamus

25×20×20 III

10 M 13Y 3Mo Atopic dermatitis Cervical spinal cord 60×18×20 /

11 M 14Y 3Mo Asthma, suspected migraine Cervical spinal cord 25×14×10 /

12 M 16Y 4Mo
JRA, serous meningitis
FH: Mother epilepsy and migraine

Frontal lobe 25 II

Table 1. Summary of clinical characteristics of patients in our cohort.

M – male; F – female; D – days; Mo – Months; Y – years; MH – medical history; FH – family history; ICH – intracranial hemorrhage; 
ARPKD – autosomal recessive polycystic kidney disease; JRA – juvenile rheumatoid arthritis.

Pt
First 

presentation
First imaging 

modality
Treatment

Lesion 
obliteration

Residual neurologic deficits
Years of 

follow-up

1 ICH US Surgery No Death 6

2 ICH MR Surgery Yes None 4.5

3 ICH CT Conservative / None 0

4 Asymptomatic MR Conservative / None 2

5 ICH CT Embolization No Hemiparesis 2

6 ICH CT Embolization No None 5.5

7 Focal deficit MR Embolization No
Hemiparesis, troubles with 
coordination, nystagmus

1

8 ICH CT Surgery No Mild hemiparesis 0.5

9 ICH CT
Embolization, 
Gamma knife

No Hemiparesis, hemianopsia 1.5

10 Focal deficit MR Embolization No
Severe hemiparesis, 
neurogenic bladder

6.5

11 Chronic headache CT Embolization No Mild hemiparesis 0.5

12 Epilepsy CT Surgery Yes None 11.5
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Treatment Strategies and Outcome

In our cohort, endovascular embolization was the most common 
treatment procedure and was performed in 6/12 patients. Of 
these 6 patients, 5 had more than 1 procedure and 1 of them 
had as many as 11 procedures. Surgical resection was per-
formed in 4 patients, and 2 of them needed more than 1 pro-
cedure. Two patients were managed conservatively – Patient 
4 was asymptomatic and had the lesion discovered inciden-
tally. She was followed up regularly every 2 years and did not 
require surgical treatment. Patient 3 presented with a hemor-
rhage but had no residual neurologic deficits after the acute 
event. For lesions treated surgically, complete obliteration of 

the lesion was achieved in 75% of patients. In lesions treat-
ed with endovascular embolization, complete obliteration was 
not achieved in any of the 6 treated patients. Three endovas-
cular procedures were performed in Patient 9, while the re-
maining portion of the AVM was treated with a gamma knife. 
Patient 9 had an AVM lesion in the dorsal part of the left thal-
amus. Because of the hemorrhagic history of the lesion and to 
avoid further possible bleeding, the surgeons suggested com-
plete resolution of the lesion. However, they felt that the fi-
nal step of resolution should be performed with the gamma 
knife to allow complete closure and avoid worsening of the 
neurologic deficits.

A

D E

B C

Figure 1. �Acute parenchymal and intraventricular hemorrhage in a patient with arteriovenous malformation (Patient 9): (A) CT 
image in coronal plane: acute parenchymal (white arrow) and intraventricular hemorrhage (black arrows). (B) Intracranial 
CT angiography: Arteriovenous malformation (AVM) nidus (arrow). (C) Intracranial CT angiography: dilated draining veins 
(arrows). (D) DSA arterial phase: AVM nidus with feeding anterior choroidal artery. (E) DSA early venous phase: dilated veins 
draining to the deep venous system.
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An example of complete obliteration of AVM after surgical 
treatment is shown in Figure 2. An example of partial occlu-
sion after endovascular embolization is shown in Figure 3.

The mean follow-up time was 3.5 years (range, 0 years to 11.5 
years). At the time of the study, 9 patients were still receiv-
ing regular follow-up, Patient 1 died, Patient 3 was lost to fol-
low-up, and Patient 12 was referred to an adult neurologist 

for follow-up. Of the 12 patients, 5 had no residual neurolog-
ic deficits at follow-up, 2 patients had mild deficits (discrete 
hemiparesis and well-controlled epilepsy), 3 patients had 
moderate deficits (spastic hemiparesis), one patient had se-
vere deficits (developmental delay with severe attention def-
icit), and 1 patient died. The specific deficits for each patient 
are listed in Table 1. Hemiparesis of varying degrees was the 
most common residual deficit. The only patient who died had 

A B

Figure 2. �Complete obliteration of arteriovenous malformation after surgical treatment (Patient 8). (A) CT image in transverse plane; 
small arteriovenous malformation (AVM) in the left parasagittal infratentorial region (arrow). (B) MRI T1 CE sequence in 
transverse plane; complete surgical resection of the AVM (arrow).

A B C

Figure 3. �Partial occlusion of arteriovenous malformation after endovascular embolization (Patient 5): (A) MRI T1 CE sequence in 
coronal plane: Large arteriovenous malformation (AVM) in the left frontoparietal region (arrows). (B) CT in transverse plane; 
hyperdense embolization material (arrow) posterior to large area of encephalomalacia after parenchymal hematoma (arrow). 
(C) MRI T1 CE sequence in coronal plane; partially occluded AVM (arrow).
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dystonic cerebral palsy, epilepsy, severe intellectual disabili-
ty, and hypertrophic cardiomyopathy (Patient 1), and she died 
at the age of 8.7 years; the cause of death remains unknown 
since she died outside the hospital and her parents refused 
autopsy. Of the 3 patients who achieved complete oblitera-
tion of the lesion, 2 patients had no deficits and 1 had a mild 
deficit (discrete hemiparesis).

Although only 1 patient initially presented with epilepsy (Patient 
12), 3 other patients developed seizures after the initial hem-
orrhage or after surgery. Of the 12 patients, 5 received anti-
epileptic drugs (AED). The most frequently used AED was le-
vetiracetam (3 patients).

Discussion

Arteriovenous malformations of the central nervous system are 
a rare vascular pathology but are prone to bleeding and can 
cause a life-threatening medical condition. We identified 12 
children diagnosed with AVM in the past 20 years in Slovenia; 
thus, the estimated incidence of AVM in the pediatric popula-
tion of Slovenia is 0.22/100 000 children per year. Endovascular 
embolization was found to be the most commonly used treat-
ment procedure in our cohort of patients, and complete oblit-
eration was associated with a good neurological outcome.

In our cohort, AVM manifested with different clinical findings. 
The most common presentation was ICH, which is consistent 
with other studies [1,4,6];  it was observed in 58% of patients. 
Some patients in our cohort experienced their first bleed after 
AVM had already been diagnosed, suggesting that early surgi-
cal or endovascular intervention should be considered to pre-
vent further complications.

All 12 patients in our cohort had a solitary lesion. Only 1 pa-
tient had a known genetic comorbidity (an autosomal recessive 
polycystic kidney disease with mutation in the PKHD1 gene), 
but it is uncertain whether this contributed to the development 
of the AVM. This gene may be associated with Abernethy mal-
formation, a rare congenital anomaly characterized by partial 
or complete absence of the portal vein and subsequent devel-
opment of an extrahepatic portosystemic shunt [9]. AVM are 
usually associated with somatic mutations [10,11]. Genotyping 
of affected tissue can provide additional data on somatic mu-
tations [10,11] and offer new approaches with genetically tar-
geted treatment [12]. Published case reports of genetically 
targeted treatment with trametinib, a mitogen-activated pro-
tein kinase (MEK) inhibitor, in patients with extracranial AVM 
showed promising results, with decreased blood flow through 
AVM and significant improvement of clinical status [12,13].

In our cohort, a Spetzler-Martin grade could not be assigned for all 
lesions because radiological images were not available for some 
patients in our cohort and because it is not applicable for spinal 
lesions. The grading system did not prove to be a relevant clini-
cal tool in our patient cohort as it did not guide decisions about 
therapeutic interventions or predict outcome, although this may 
be related to the relatively small number of patients in our study.

The optimal management for pediatric AVM remains controver-
sial. A recent systematic review and meta-analysis of treatment 
strategies and related outcomes of brain AVM in children [14] 
found that patients treated only with surgery had a 79.4% 
obliteration rate, 22.5% complication rate, and 4.4% recurrent 
hemorrhage rate, while embolization alone had a 54.1% oblit-
eration rate, 26.4% complication rate, and 9.7% recurrent hem-
orrhage rate. Complication and mortality rates were the lowest 
for multimodal treatments, while mortality rate was highest in 
conservatively managed patients. Recurrence after treatment 
of brain AVM has been shown to be more common in children 
than in adults [14,15]. Recurrence of AVM after treatment was 
also shown to be inversely associated with age [14]. In our co-
hort, different therapeutic approaches were used depending on 
lesion size, location, vascular anatomy, clinical presentation, and 
age of the patient. Management was led by a multidisciplinary 
team (pediatric neurologist, neuroradiologist, interventional ra-
diologist, and neurosurgeon) with experience in treating infants 
and children with AVM. The best therapeutic approach was de-
cided individually for each patient. In the only asymptomatic pa-
tient from our cohort, immediate treatment was not indicated. In 
symptomatic patients, we strived to use less-invasive methods, 
using endovascular embolization instead of surgery, whenever 
this would lead to resolution of patients’ problems and would 
likely result in a favorable outcome. We also collaborated with 
neurosurgeons from abroad and sometimes transferred patients 
for treatment abroad, where surgeons decided on optimal treat-
ment in their local multidisciplinary teams. In our cohort, endo-
vascular embolization was used in 50% of cases, with 83% of 
children requiring more than 1 procedure, and complete oblit-
eration was not achieved in any case, which considerably dif-
fers from the findings in previously mentioned meta-analysis. 
Radiosurgery could be used to achieve complete obliteration 
in these patients to minimize the possibility of bleeding or re-
bleeding. In the subgroup of patients treated with surgery, com-
plete obliteration was achieved in 75% of patients. Half of the 
surgically treated patients underwent more than 1 procedure. 
All patients with complete obliteration of the lesion had good 
neurologic outcomes, with mild or no neurologic deficit. Some 
studies suggest that achieving complete angiographic obliter-
ation of the AVM is essential in children because of their lon-
ger life expectancy and higher risk of rupture compared with 
adults [16]. However, despite complete obliteration of the le-
sion, long-term radiologic follow-up is recommended to rule out 
the small possibility of AVM recurrence [17,18].
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This study has several limitations, including its retrospec-
tive nature and a small sample size. Because our hospital is 
the only tertiary center for pediatric neurology in the coun-
try, we believe that we identified all children diagnosed with 
AVM of the CNS in Slovenia during the studied 20-year peri-
od. However, we may have missed some asymptomatic pa-
tients or patients who died because of an acute hemorrhage, 
which would cause the reported incidence to be underesti-
mated. It is also possible that a patient with AVM was not re-
ferred to our tertiary center, but the likelihood of this happen-
ing is negligible. During the analysis of the data, we noticed 
that new cases of children with AVM were unevenly distribut-
ed over the years. We attribute this to the fact that MRI was 
much more readily available in the years after 2009. Another 
limitation of the study is the 20-year study duration, a period 
during which the availability of various diagnostic methods 
has changed. Because of the small sample size, we could not 
identify relevant clinical features of AVM, which would be re-
lated to a better outcome if certain treatment options would 
be utilized. Larger studies or pooled data could provide such 
relevant medical information.

Conclusions

Arteriovenous malformations of the central nervous system are 
a rare pathology in the pediatric population, with potentially 
serious consequences. The study findings support that early 
diagnosis and management are required to prevent neurolog-
ical deterioration and vessel rupture from AVM. Clinical pre-
sentation is not uniform and outcome is often unpredictable, 
but early diagnosis and treatment can reduce mortality and 
morbidity in these patients. Endovascular embolization was 
the most commonly used treatment procedure in our cohort 
of patients. Complete obliteration was associated with good 
neurological outcome. Further research is needed to better un-
derstand the subtle relationships between pathology, treat-
ment, and outcome in children with AVM and to develop op-
timal diagnostic and treatment protocols.
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