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Abstract
Treatment for arteriovenous malformations of the brain (bAVMs) aims to achieve complete removal or occlusion of the lesion 
in order to eradicate the risk of rupture and subsequent morbidity associated with these lesions. Despite initially successful 
treatment, bAVMs may carry a risk of recurrence especially in younger patients. We studied the rate of recurrence of surgi-
cally treated bAVMs at Kuopio University Hospital (KUH) in 1981–2021. The study population was collected retrospectively 
from KUH databases and presented a cohort of 135 surgically treated bAVMs with complete occlusion of the lesion. We 
also performed a systematic literature review on this topic. In our series, 6 out of 135 (4.4%) patients with angiographically 
confirmed removal of the lesion later developed a recurrent bAVM with a median time to diagnosis of recurrence of 7.46 
years. In pediatric patients, the rate was 5 out of 17 (29.4%). bAVM recurrence was associated with age (p = 0.001) and 
initial hemorrhagic presentation (p = 0.039). Median age of the study population was 37 years (min 0, max 70), and 51/135 
(37.8%) of the patients were female. Seventeen (12.6%) of the 135 bAVM patients were considered pediatric (18 years old or 
younger) at the time of the operation. In the literature review, 79 of 1739 (4.5%) of surgically treated patients later developed 
a recurrence with a mean delay of 3.1 years until diagnosis of recurrence. Young surgically treated bAVM patients with a 
hemorrhagic presentation at initial diagnosis are at a relatively high risk of bAVM recurrence. Follow-up imaging should be 
arranged for these patients in order to prevent rupture from a recurrent bAVM and subsequent morbidity.
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Introduction

Arteriovenous malformations of the brain (bAVMs) are rare 
lesions with an incidence of approximately 1 per 100,000 
person-years in unselected populations [1]. Despite their 
low incidence, they are the most common cause of intrac-
ranial hemorrhage in children [2] and, due to mostly affect-
ing working-aged people, have a larger impact on working 

years lost due to disease-related morbidity than their preva-
lence would imply. Surgery, endovascular embolization, and 
radiosurgery (with either LINAC or gamma knife -based 
techniques) are the main methods of treatment with which 
medical professionals tackle these lesions. When success-
ful, surgery eliminates the risk of rupture from the bAVM 
immediately, while the effect of radiosurgery is delayed 
and the risk of rupture stays present until occlusion of the 
lesion, which is usually achieved several years after treat-
ment. bAVMs are highly heterogeneous, with both surgical 
and radiosurgical risk and success depending greatly on the 
anatomy of the lesion. Several grading scales have been sug-
gested to assess treatment risk associated with an individual 
bAVM, with the Spetzler–Martin and Spetzler–Ponce grades 
[3, 4] being the most commonly used.

While the tendency for bAVMs to grow, especially in 
pediatric patients, was first brought to attention by Olivec-
rona et al. [5], bAVM recurrence has been considered a rare 
phenomenon which has only started to gather more attention 
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within the last 20–30 years. In addition to mostly present-
ing with patients treated at a young age (pediatric patients), 
several studies have associated recurrent lesions with initial 
hemorrhagic presentation [6–8]. The incidence of recurrence 
creates an additional risk for the patients in question, and 
accurate data on the prevalence of recurrence is crucial for 
assessing clinical risk associated with different treatment 
modalities and for designing follow-up schemes.

Materials and methods

Formation of the study cohort from the KUH bAVM 
registry

KUH bAVM registry was created by a systematic search 
of the KUH hospital discharge registry for ICD-10 diag-
nosis codes Q28.0–28.3, complemented by a retrospective 
review of operating room log books ranging to year 1981. 
Following this, the medical records and imaging studies 
of all identified patients were reviewed. Confirmed bAVM 
cases were entered into the registry, and for them the date 
of diagnosis, date of treatment, age at first treatment, gen-
der, and neurological symptoms were recorded as described 
in the patient’s medical records at the time of diagnosis or 
leading to the diagnosis. Additionally, the given treatments, 
dates of interventions, and possible dates of ruptures and 
recurrence as well as postoperative neurological condition 
were recorded. Post-treatment clinical outcome was assessed 
according to Glasgow Outcome Scale (GOS), the occurrence 
of new neurological symptoms, and the patient’s ability to 
return to work.

For this study, we collected all surgically treated patients 
from the KUH bAVM registry.

Treatment and follow‑up

In our institution, bAVM patients are managed on a case-by-
case basis with treatment recommendations being provided 
by a multidisciplinary team consisting of neurosurgeons and 
neuroradiologists. The patients in our registry come from 
multiple eras with different treatment and follow-up proto-
cols, with the oldest having been initially treated in 1981. 
Complete removal of the lesion was always confirmed with 
postoperative DSA. Follow-up imaging was performed if the 
patient’s neurological condition deteriorated or if the patient 
presented new symptoms. More recently, long-term follow-
up imaging with MRI at approximately 5 and 10 years after 
treatment has been performed for patients under 40 years of 
age. We examined our patient follow-up in three different 
ways. First, we looked at imaging follow-up which covers 
the period of time from surgical excision of the lesion to 
recurrence or the latest MRI or DSA imaging performed on 

the patient. Second, we looked at clinical follow-up which 
covers the period of time from surgical excision to recurrence 
or the latest clinical visit or call to either our neurosurgical or 
neurological clinic. Third, we looked at follow-up based on 
patient records which covers the period of time from surgi-
cal excision of the lesion to the day on which patient records 
were examined, or the date of death, or the last clinical visit 
in our hospital if the patient has moved away from the KUH 
catchment area, or detection of recurrence, whichever comes 
first. KUH is the only neurosurgical care provider for its 
catchment population (approximately 890,000 inhabitants), 
and all patients experiencing symptoms warranting neuro-
surgical attention are referred to our clinic.

Meta‑analysis of the literature

In order to compare our experience and results with those 
reported by others, we performed a systematic search in the 
Pubmed-database for surgical series and case reports which 
assessed bAVM recurrence by using the search terms “(AVM 
OR arteriovenous malformation) AND surgery,” “de novo 
AND AVM,” “acquired and AVM,” and “AVM AND brain 
AND case.” All studies which presented the bAVM rate 
of recurrence in surgically treated patients with occlusion 
confirmed by digital subtraction angiography (DSA) were 
included and classified according to the age distribution of 
their patient population. Case reports of AVM recurrences 
after surgical excision were also recorded. Surgical series with 
five or less patients were ignored. Bibliographies were cross-
referenced to make sure that all suitable studies were included. 
A forest plot was created using the OpenMeta[Analyst] soft-
ware (http:// www. cebm. brown. edu/ openm eta/). Outcomes 
across studies were pooled using a random-effects model and 
reported with a 95% confidence interval (CI). Heterogeneity 
was assessed with Cochran’s Q test and I2 statistic.

Statistics

For continuous variables, median and range were calculated 
and Mann–Whitney U-test was used for comparison. For cat-
egorical variables, proportions and percentages were calcu-
lated and chi-square test was used for statistical comparison. 
Statistics were calculated with SPSS 22.0 (IBM, Armonk, 
NY) software.

Results

KUH patient cohort

For this study, 146 patients with 147 surgically treated AVMs 
in 1981–2017 were reviewed. Out of these 147 AVMs, 52 
(35.3%) were also treated with preoperative endovascular 

http://www.cebm.brown.edu/openmeta/
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embolization. Three (2.0%) patients were treated with radio-
surgery after surgical resection failed to remove the entire 
lesion. Surgical occlusion was achieved in 135/147 (91.8%) 
of AVMs, and these patients formed the basis of the study. 
Median age of the study population was 37 years (min 0, 
max 70), and 51/135 (37.8%) of the patients were female. 
Seventeen (12.6%) of the 135 bAVM patients were consid-
ered pediatric (18 years old or younger) at the time of the 
operation. These 135 patients were clinically followed up for a 
median of 1.27years (min 0.02, max 30.40, interquartile range 
0.37–5.39). Fifty-six patients had imaging follow-up span-
ning longer than 3 months with a median imaging follow-up 
of 3.39 years (min 0.25, max 28.3, IQR 0.82–11.99). In the 
pediatric subgroup, the median clinical follow-up was 3.67 
years (min 0.02, max 18.7, IQR 1.12–7.03). For the 9 pedi-
atric patients with imaging follow-up spanning longer than 

9 months, median imaging follow-up was 5.51 years (min 
1.47, max 24.97, IQR 2.46–7.04). Median clinical follow-
up for non-pediatric patients was 1.24 years (min 0.04, max 
30.40, IQR 0.37–4.58). For the 47 non-pediatric patients with 
imaging follow-up spanning longer than 3 months, median 
imaging follow-up was 2.67 years (min 0.25, max 30.40, 
IQR 1.06–14.98). Median follow-up from patient records was 
18.56 years (min 0.02, max 39.33, IQR 7.98–28.74). Patients 
treated after 2018 were not included in the study due to lack 
of sufficient possible follow-up (less than 5 years at the time 
of writing). The demographics and clinical presentation of the 
studied patients with complete surgical removal of the lesion 
are presented in Table 1.

Rate of bAVM recurrence

Six out of 135 (4.4%) patients with DSA-confirmed complete 
removal of the lesion were later diagnosed with a recurrent 
lesion for a rate of one recurrence in 89.55 patient-years of 
clinical follow-up or one recurrence in 64.07 patient-years 
of imaging follow-up. Out of the 17 pediatric (18 years or 
younger) patients in our study, 5 (29.4%) later developed a 
recurrent bAVM for a rate of one recurrence in 19.16 years 
of clinical follow-up or one recurrence in 12.58 years of 
imaging follow-up. For non-pediatric patients, 1 (0.85%) out 
of 118 patients later developed a recurrence for a rate of one 
recurrence in 441.5 years of clinical follow-up or 321.52 
years of imaging follow-up. The mean delay from initial 
surgical removal of the bAVM to the diagnosis of a recur-
rent lesion was 7.46 years (89.5 months, range 23.8–188.3 
months). In our series, no patient was intended to be treated 
solely with embolization.

Table 1  Demographics and the clinical presentation of surgically treated 
bAVM patients in KUH

Clinical variable Recurrent AVM No recurrence p-value

Median age (range) 14.5 (3–28) 37.5 (0–70) 0.001
Sex (% of females) 50% (3/6) 37.5% (48/128) 0.415
Presentation with hem-

orrhage
100% (6/6) 57.0% (73/128) 0.039

Focal neurological 
deficit

33.3% (2/6) 36.5% (47/128) 0.617

 Motor deficit 33.3% (2/6) 18.8% (24/128) 0.330
 Sensory deficit 0% (0/6) 10.2% (13/128) 0.535
 Visual field deficit 0% (0/6) 6.3% (8/128) 0.686
 Cognitive impairment 0% (0/6) 5.5% (7/128) 0.720
Mean Spetzler-Martin 

grade
2.17 2.26 0.643

Table 2  Recurrent bAVM-patients in the KUH cohort

a. Patient suffered a recurrent hemorrhage abroad and subsequent surgery was performed by a local institution

Case Age at first 
treatment

Initial presentation Spetzler–
Ponce grade

Initial 
treatment

Time from occlu-
sion to diagnosis 
of residive lesion

Recurrent presen-
tation

Recurrent treat-
ment

Final occlusion

1a 17 Visual field loss, 
SAH

B Surgery 23.6 months ICH Surgery Yes

2 28 Hemiparesis, ICH B Surgery 182.2 months ICH Surgery Yes
3 16 Hemiparesis, ICH B Surgery 80.2 months Increasing numb-

ness on the left 
side of the body

Surgery Yes

4 14 Reduced level of 
consciousness, 
IVH

A Surgery 91.1 months ICH Surgery Yes

5 13 Headache, ICH A Surgery 79.9 months Follow-up imag-
ing

Endovascularem-
bolization + 
radiosurgery

Yes

6 3 Headache, ICH A Surgery 65.7 months Follow-up imag-
ing

Radiosurgery Yes
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Clinical presentation at recurrence

Two out of 6 recurrent bAVMs were found with follow-up 
imaging, while one was diagnosed after the patient reported 
increasing numbness of the left leg. The other 3 presented 
with intracranial hemorrhage years after the initial surgical 
removal. One out of 3 hemorrhages from a recurrent bAVM 
led to a permanent neurological deficit which impairs the 
patient’s ability to work. Four patients had their recurrent 
lesions surgically resected, while one patient was treated 
with radiosurgery and another with combined endovascular 
embolization and radiosurgery. Occlusion was achieved with 
all recurrent lesions. Further detail on these patients with 
recurrent bAVMs is provided in Table 2.

Factors associated with bAVM recurrence

Patients with later bAVM recurrence were significantly 
younger at first treatment than those without recurrence 
(median 14.5 years vs 37.5 years, p = 0.001), and they 
tended to present more often with intracranial or subarach-
noid hemorrhage (100% vs 57.0%, p = 0.039). Half of the 
(3/6) bAVMs which recurred drained into the deep venous 
system at the first clinical presentation before surgery. For 
5/6 patients, the presence of venous deep drainage after 
recurrence did not change from the bAVM’s initial pres-
entation, while for one patient this could not be assessed 
due to the patient living abroad during the diagnosis of a 
recurrence and thus the imaging being unavailable. Further 
demographic comparison between patients experiencing 

Fig. 1  The age distribution of bAVM patients with complete surgi-
cal occlusion of their lesion upon initial diagnosis. The dark and light 
pillars demonstrate the incidence of bAVMs which were surgically 
excised in KUH in relation to patient age at initial diagnosis. Only 
bAVMs with complete, angiographically confirmed excision of the 

lesion are included. BAVM patients who later experienced a recur-
rence of their lesion are marked with a lighter color. This figure dem-
onstrates that bAVMs carry a significant risk of recurrence after sur-
gical excision in young patients
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a recurrent lesion and the rest of the study population is 
provided in Table 1. A visualization of the age distribution 
of bAVM patients in our institution and the prevalence of 
recurrent lesions within different age groups is provided in 
Fig. 1. An example of a bAVM recurrence in angiography 
is provided in Fig. 2.

Systematic review of the literature on bAVM 
recurrence

Twenty-five studies found in the literature and our own 
patient cohort were combined to present 26 surgical studies 
with, altogether, 1739 surgically treated bAVMs with DSA-
confirmed occlusion. Seventy-nine out of 1739 patients 
later developed a recurrent bAVM, leading to an overall 
rate of recurrence of 4.5%. When considering only the 
pediatric subgroup of the review with one another study 
including patients younger than 25 years old included, 937 
patients with 65 recurrent lesions were found, leading to 
a pediatric rate of recurrence of 6.9%. If only studies with 
patients of all ages were included in the analysis, 26 out 
of 863 bAVMs recurred for a rate of recurrence of 3.0%. 
Within the surgical studies, the mean delay from DSA-con-
firmed obliteration to diagnosis of the recurrent bAVM was 
36.9 months (3.1 years). Among those surgical series in 
which suitable information could be gathered, 44 out of 50 
(88%) recurrent bAVMs had their primary lesion initially 
present with a hemorrhage. Further information on these 
studies is presented in Table 3. A forest plot demonstrating 
the rate of recurrence in these studies is provided in Fig. 3.

Discussion

We studied the rate of bAVM recurrence after angiographi-
cally confirmed, seemingly complete surgical resection. Our 
results show that bAVM recurrence is a relatively common 
phenomenon in pediatric patients.

Cause of bAVM recurrence?

The mechanics behind the development of an AVM or a 
recurrence are still unknown, although several theories 
have been created in an attempt to explain the development 
of the lesion. Pellettieri at al. suggested that in a minor-
ity of AVMs, angiographically unfilled compartments exist 
alongside the angiographically visible lesion. Hemody-
namic changes could induce blood flow into these compart-
ments, filling the “hidden compartments” and resulting in 
the growth or recurrence of an AVM in angiography [30]. 
Others have suggested an angiogenic mechanism behind 
the development of AVMs. For example, Sonstein et al. 
demonstrated increased expression of vascular endothelial 
growth factor in histological samples from recurrent AVMs 
in comparison to non-recurrent AVMs [31]. The concept 
of aberrant angiogenesis as the cause of bAVM recurrence 
is supported by the landmark discovery by Nikolaev et al., 
who demonstrated the presence of somatic activating KRAS 
mutations in AVM patients and observed a connection 
between mutant KRAS expression and increased extracel-
lular signal-regulated kinase activity leading to increased 
expression of genes related to angiogenesis in endothelial 

Fig. 2  Example of bAVM recurrence in angiography. The preopera-
tive digital subtraction angiography (DSA) of the bAVM is shown 
in A and B, with the latter being a magnified close-up of the area 
defined with the rectangle in A. Postoperative DSA without bAVM 
is shown in C, while D demonstrates the recurrent bAVM in a routine 

control DSA performed 5.5 years later. In order to make it easier to 
orientate to the anatomy, * marks the same arterial bifurcation in A, 
C, and D. The small black arrows in D point to the draining vein of 
the recurred bAVM, confirming the recurrence of a true arteriovenous 
shunt
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cells [32]. There are also several reports of “de novo” AVMs 
in the literature, suggesting that instead of being strictly con-
genital AVMs may also develop later in life [33]. This also 
supports the concept of aberrant angiogenetic growth as the 
source of bAVM recurrence, obviating the need for undi-
agnosed congenital bAVM compartments remaining after 
initial complete cure.

Clinical implications

The overall hemorrhage risk of an unruptured, untreated 
AVM has been estimated to be 1–3% per year [34], with 
the risk being 2- to 2.5-fold in previously ruptured patients 
[35]. While data on the rupture risk and outcome of recur-
rent AVMs specifically is lacking, the outcomes in our 
cohort (1 out of 3 ruptures led to a deficit severe enough to 
affect the patient’s ability to work) and the general data on 
the outcomes of AVM hemorrhages create strong pressure 

toward vigorous follow-up imaging in a selective cohort of 
AVM patients. In a recent study by Karlsson et al., 20% of 
AVM-ruptures were fatal, with 45% of patients develop-
ing a new neurological deficit or experiencing worsening 
of a previous deficit. Only 1 out of 3 patients recovered 
completely [36].

Our review and own patient cohort support the notion of 
AVM recurrence being quite common in pediatric patients. 
The duration and frequency of imaging follow-up vary 
greatly in the literature, and the exact prevalence of recur-
rence varies between 0 and 33%. It is likely that the risk 
of recurrence has, thus far, been underestimated and that 
more vigorous follow-up schemes would result in a higher 
observed rate of recurrence. In our own patient cohort 
with a defined, relatively homogenic population, the delay 
from AVM occlusion to diagnosis of recurrence was quite 
high, yet prevalence of recurrence was also higher than 
generally reported in the literature. It is possible that other 

Table 3  Surgical series included in the literature analysis

a. Pediatric subgroup within the study

Author Age group Patients Patients with 
recurrences

Mean time from treatment to 
recurrence (months)

Prevalence of initial hemor-
rhagic presentation among 
recurrences

Copelan et al. [6] Under 25 115 12 (10.4%) 54,7 12 (100%)
Aboukaïs et al. [7] All ages 133 7 (5.3%) 18,8 7 (100%)
Aboukaïs et al.a [7] Pediatric 44 7 (15.9%) 18,8 7 (100%)
Reitz et al. [9] Pediatric 34 1 (2.9%) 3 N/A
Al-Smadi et al. [10] Pediatric 34 1 (2.9%) 12 1 (100%)
Shtaya et al. [11] Pediatric 29 0 (0%) N/A N/A
Morgan et al. [12] All ages 427 8 (1.9%) 41,4 6 (75%)
Deng et al. [13] Pediatric 111 1 (0.9%) 9 N/A
Jhaveri et al. [14] Pediatric 20 5 (25%) 69,7 N/A
Blauwblomme et al. [15] All ages 66 1 (1.5%) N/A N/A
Gross et al. [16] Pediatric 82 2 (2.4%) N/A N/A
Bristol et al. [17] Pediatric 56 3 (5.4%) 40 N/A
Darsaut et al. [18] Pediatric 38 2 (5.3%) N/A N/A
Kiris et al. [19] Pediatric 5 0 (0%) N/A N/A
Hladky et al. [20] Pediatric 45 2 (4.4%) N/A N/A
Kondziolka et al. [21] Pediatric 70 2 (2.9%) 36 N/A
Maher et al. [22] Pediatric 67 4 (6.0%) 48 N/A
Hak et al. [23] Pediatric 40 4 (10%) N/A N/A
Lauzier et al. [8] Pediatric 43 4 (9.3%) N/A 4 (100%)
Lang et al. [24] Pediatric 28 4 (14.3%) 4,52 2 (50%)
Morgenstern et al. [25] Pediatric 17 2 (11.8%) 45 1 (50%)
Ivanov et al. [26] All ages 72 3 (41.7%) 28 3 (100%)
Hong et al. [27] Pediatric 6 2 (33.3%) 54 N/A
Andaluz et al. [28] Pediatric 36 2 (5.6%) 48 2 (100%)
Irie et al. [29] All ages 30 1 (3.3%) 120 0 (0%)
Järvelin et al. All ages 135 6 (4.4%) 89,5 6 (100%)
Järvelin et al.a Pediatric 17 5 (29.4%) 68,1 5 (100%)
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population-based factors may also factor into the prevalence 
of recurrence. While our patient cohort agrees with current 
literature on the increased prevalence of hemorrhage at ini-
tial bAVM presentation in recurrent lesions, unlike Morgan 
et al. [12], we did not find deep venous drainage more com-
mon in recurrent bAVM patients.

While recurrent AVMs, as reported in the literature, are 
far more likely to develop in pediatric patients, they may also 
present themselves in older patients. Our study demonstrates 
an AVM patient who was 28 years old at initial surgery and 
43 years old during the diagnosis of a recurrence. While 
quite old in comparison to the general population of recur-
rent AVMs, he is not the oldest as Morgan et al. [12] report a 
patient who had her initial AVM excised at 42 years old and 
experienced a recurrent lesion 33 months later.

These older patients create a dilemma: what are the crite-
ria with which we should subject our surgically treated AVM 
patients to follow-up imaging, and how should one go about 
designing that follow-up? In addition to the golden standard, 
digital subtraction angiography (DSA), magnetic resonance 
imaging (MRI) has been used to follow-up on AVM patients. 

While the most accurate method of imaging when it comes 
to AVMs, DSA is an invasive procedure which exposes 
patients to ionizing radiation and procedural complications 
with approximately 2.6% experiencing a neurological event 
within 24 h of the procedure [37]. The procedure involves a 
0.14% chance of permanent stroke and a 0.05% likelihood of 
death related to a neurological condition [37]. It is also more 
time consuming and expensive to perform. While anesthesia 
may be required in children to obtain proper imaging, mag-
netic resonance imaging is noninvasive.

The main issue with MRI is its accuracy, which is lacking 
in comparison to DSA; 4D MRA performed at 3T has been 
demonstrated to have a sensitivity of 73.7% and specificity 
of 100% in comparison to DSA in detecting residual lesions 
after radiosurgery [38], while in another study TOF-MRA 
had a sensitivity of 50% and specificity of 96.1% and con-
trast-enhanced MRI a sensitivity of 84.6% and specificity of 
38.5% in comparison to DSA in diagnosing a recurrent AVM 
[14]. Contrast-enhanced MRI is more specific, but there have 
been concerns about emerging evidence of gadolinium depo-
sition after repeated contrast-enhanced imaging [39]. While 

Fig. 3  A forest plot demonstrating the rate of bAVM recurrence in the meta-analysis. The studies included in the meta-analysis are described on 
the left; 95% confidence intervals for each study as determined by the random effects model are provided. Ev/Trt, events/treatments
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MRI is noninvasive and more accessible, it has been sug-
gested that performing a delayed postoperative DSA a year 
after surgery may detect a significant portion of early recur-
rences which are too small to be detected with MRI [24].

Limitations of this study

There is likely selection bias included in our patient cohort. 
Extensive imaging follow-up was not always carried out 
in our patient cohort, and median clinical follow-up in our 
patient cohort is relatively short. However, median follow-
up from patient records was 18.56 years and given that our 
institution is the sole neurosurgical care provider for the 
population of eastern Finland, it is reasonable to assume 
that patients with a symptomatic bAVM recurrence have 
been referred to our clinic. The real rate of recurrence for 
bAVMS may be higher than what is presented in this study.

Conclusions

BAVMs may recur after complete angiographic cure in a 
fairly high percentage of pediatric bAVM patients. Since 
the bAVM recurrence may lead to a debilitating hemor-
rhage, long-term follow-up of treated bAVMs, especially 
pediatric ones, is recommended even after complete angio-
graphic cure.

Funding Open access funding provided by Tampere University includ-
ing Tampere University Hospital, Tampere University of Applied Sci-
ences (TUNI). This study was funded by a research grant from the 
Academy of Finland to Dr. Frösen (kliininentutkija).

Declarations 

Ethics approval This study was approved by the Ethics Committee 
of the Hospital District of Northern Savo. All procedures performed 
in studies involving human participants were in accordance with the 
ethical standards of the institutional and/or national research commit-
tee and with the 1964 Helsinki declaration and its later amendments 
or comparable ethical standards. Due to the retrospective nature of this 
study and the fact that the patients involved were not contacted in any 
way, the Ethics Committee of the Hospital District of Northern Savo 
waived the need for an informed consent.

Conflict of interest The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 

need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Al-Shahi R, Warlow C (2001) A systematic review of the fre-
quency and prognosis of arteriovenous malformations of the brain 
in adults. Brain 124:1900–1926. https:// doi. org/ 10. 1093/ brain/ 
124. 10. 1900

 2. Kumar R, Shukla D, Mahapatra AK (2009) Spontaneous intracra-
nial hemorrhage in children. PediatrNeurosurg 45:37–45. https:// 
doi. org/ 10. 1159/ 00020 2622

 3. Spetzler R, Martin N (1986) A proposed grading system for arte-
riovenous malformations. J Neurosurg 65:476–483. https:// doi. 
org/ 10. 3171/ jns. 1986. 65.4. 0476

 4. Spetzler R, Ponce F (2011) A 3-tier classification of cerebral arte-
riovenous malformations. J Neurosurg 114:842–849. https:// doi. 
org/ 10. 3171/ 2010.8. JNS10 663

 5. Olivecrona H, Riives J (1948) Arteriovenous aneurysms of the 
brain, their diagnosis and treatment. Arch Neurol Psychiatry 
59:567–602. https:// doi. org/ 10. 1001/ archn eurps yc. 1948. 02300 
40000 3001

 6. Copelan A, Drocton G, Caton MT et al (2020) Brain arterio-
venous malformation recurrence after apparent microsurgical 
cure: increased risk in children who present with arteriovenous 
malformation rupture. Stroke 51:2990–2996. https:// doi. org/ 10. 
1161/ STROK EAHA. 120. 030135

 7. Aboukaïs R, Vinchon M, Quidet M, Bourgeois P, Leclerc X, 
Lejeune J (2017) Reappearance of arteriovenous malformations 
after complete resection of ruptured arteriovenous malforma-
tions: true recurrence or false-negative early postoperative 
imaging result? J Neurosurg 126:1088–1093. https:// doi. org/ 
10. 3171/ 2016.3. JNS15 2846

 8. Lauzier D, Vellimana A, Chatterjee A, Osbun J, Moran C, Zipfel 
G, Kansagra A (2021) Return of the lesion: a meta-analysis of 
1134 angiographically cured pediatric arteriovenous malfor-
mations. J NeurosurgPediatr 10:1–8. https:// doi. org/ 10. 3171/ 
2021.6. PEDS2 1227

 9. Reitz M, von Spreckelsen N, Vettorazzi E, Burkhardt T, Grzyska 
U, Fiehler J, Schmidt N, Westphal M, Regelsberger J (2016) 
Angioarchitectural risk factors for hemorrhage and clinical 
long-term outcome in pediatric patients with cerebral arterio-
venous malformations. World Neurosurg 89:540–551. https:// 
doi. org/ 10. 1016/j. wneu. 2016. 02. 050

 10. Al-Smadi A, Ansari S, Shokuhfar T, Malani A, Sattar S, Hurley 
M, Potts M, Jahromi B, Alden T, Dipatri A, Shaibani A (2019) 
Safety and outcome of combined endovascular and surgical 
management of low grade cerebral arteriovenous malformations 
in children compared to surgery alone. Eur J Radiol 116:8–13. 
https:// doi. org/ 10. 1016/j. ejrad. 2019. 02. 016

 11. Shtaya A, Millar J, Sparrow O (2017) Multimodality management 
and outcomes of brain arterio-venous malformations (AVMs) in 
children: personal experience and review of the literature, with 
specific emphasis on age at first AVM bleed. Childs Nerv Syst 
33:573–581. https:// doi. org/ 10. 1007/ s00381- 017- 3383-4

 12. Morgan M, Patel N, Simons M, Ritson E, Heller G (2012) Influence 
of the combination of patient age and deep venous drainage on brain 
arteriovenous malformation recurrence after surgery. J Neurosurg, 
117:934–941. https:// doi. org/ 10. 3171/ 2012.8. JNS12 351

 13. Deng Z, Chen Y, Ma L, Li R, Wang S, Zhang D, Zhao Y, Zhao 
J (2021) Long-term outcomes and prognostic predictors of 111 
pediatric hemorrhagic cerebral arteriovenous malformations after 
microsurgical resection: a single-center experience. Neurosurg 
Rev 44:915–923. https:// doi. org/ 10. 1007/ s10143- 019- 01210-4

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1093/brain/124.10.1900
https://doi.org/10.1093/brain/124.10.1900
https://doi.org/10.1159/000202622
https://doi.org/10.1159/000202622
https://doi.org/10.3171/jns.1986.65.4.0476
https://doi.org/10.3171/jns.1986.65.4.0476
https://doi.org/10.3171/2010.8.JNS10663
https://doi.org/10.3171/2010.8.JNS10663
https://doi.org/10.1001/archneurpsyc.1948.02300400003001
https://doi.org/10.1001/archneurpsyc.1948.02300400003001
https://doi.org/10.1161/STROKEAHA.120.030135
https://doi.org/10.1161/STROKEAHA.120.030135
https://doi.org/10.3171/2016.3.JNS152846
https://doi.org/10.3171/2016.3.JNS152846
https://doi.org/10.3171/2021.6.PEDS21227
https://doi.org/10.3171/2021.6.PEDS21227
https://doi.org/10.1016/j.wneu.2016.02.050
https://doi.org/10.1016/j.wneu.2016.02.050
https://doi.org/10.1016/j.ejrad.2019.02.016
https://doi.org/10.1007/s00381-017-3383-4
https://doi.org/10.3171/2012.8.JNS12351
https://doi.org/10.1007/s10143-019-01210-4


Neurosurgical Review           (2023) 46:99  

1 3

Page 9 of 9    99 

 14. Jhaveri A, Amirabadi A, Dirks P, Kulkarni A, Shroff M, Shkumat 
N, Krings T, Pereira V, Rea V, Muthusami P (2019) Predictive 
value of MRI in diagnosing brain AVM recurrence after angio-
graphically documented exclusion in children. AJNR Am J Neu-
roradiol 40:1227–1235. https:// doi. org/ 10. 3174/ ajnr. A6093

 15. Blauwblomme T, Bourgeois M, Meyer P, Puget S, Di Rocco F, 
Boddaert N, Zerah M, Brunelle F, Rose CS, Naggara O (2014) 
Long-term outcome of 106 consecutive pediatric ruptured brain 
arteriovenous malformations after combined treatment. Stroke 
45:1664–1671. https:// doi. org/ 10. 1161/ STROK EAHA. 113. 004292

 16. Gross B, Storey A, Orbach D, Scott R, Smith E (2015) Micro-
surgical treatment of arteriovenous malformations in pediatric 
patients: the Boston Children’s Hospital experience. J Neurosurg-
Pediatr 15(1):71–77. https:// doi. org/ 10. 3171/ 2014.9. PEDS1 46

 17. Bristol R, Albuquerque F, Spetzler R, Rekate H, McDougall C, 
Zabramski J (2006) Surgical management of arteriovenous mal-
formations in children. J Neurosurg 105:88–93. https:// doi. org/ 10. 
3171/ ped. 2006. 105.2. 88

 18. Darsaut T, Guzman R, Marcellus M, Edwards M, Tian L, Do H, 
Chang S, Levy R, Adler J, Marks M, Steinberg G (2011) Manage-
ment of pediatric intracranial arteriovenous malformations: expe-
rience with multimodality therapy. Neurosurgery 69:540–556. 
https:// doi. org/ 10. 1227/ NEU. 0b013 e3182 181c00

 19. Kiriş T, Sencer A, Sahinbaş M, Sencer S, Imer M, Izgi N (2005) 
Surgical results in pediatric Spetzler-Martin grades I-III intrac-
ranial arteriovenous malformations. Childs Nerv Syst 21:69–74. 
https:// doi. org/ 10. 1007/ s00381- 004- 1025-0

 20. Hladky J, Lejeune J, Blond S, Pruvo J, Dhellemmes P (1994) 
Cerebral arteriovenous malformations in children: report on 62 
cases. Childs Nerv Syst 10:328–333. https:// doi. org/ 10. 1007/ 
BF003 35172

 21. Kondziolka D, Humphreys R, Hoffman H, Hendrick E, Drake J 
(1992) Arteriovenous malformations of the brain in children: a 
forty year experience. Can J Neurol Sci 19:40–45

 22. Maher C, Scott R (2009) Linear vein-based arteriovenous malfor-
mations in children. J NeurosurgPediatr 4(1):12–16. https:// doi. 
org/ 10. 3171/ 2009.1. PEDS0 8329

 23. Hak J, Boulouis G, Kerleroux B, Benichi S, Stricker S, Gariel 
F, Garzelli L, Meyer P, Kossorotoff M, Boddaert N, Vidal V, 
Girard N, Dangouloff-Ros V, Brunelle F, Fullerton H, Hetts S, 
Blauwblomme T, Naggara O (2022) Pediatric brain arteriovenous 
malformation recurrence: a cohort study, systematic review and 
meta-analysis. J Neurointerv Surg 14:611–617. https:// doi. org/ 10. 
1136/ neuri ntsurg- 2021- 017777

 24. Lang S, Beslow L, Bailey R, Vossough A, Ekstrom J, Heuer G, 
Storm P (2012) Follow-up imaging to detect recurrence of surgi-
cally treated pediatric arteriovenous malformations. J Neurosurg-
Pediatr 9:497–504. https:// doi. org/ 10. 3171/ 2012.1. PEDS1 1453

 25. Morgenstern P, Hoffman C, Kocharian G, Singh R, Stieg P, Sou-
weidane M (2016) Postoperative imaging for detection of recur-
rent arteriovenous malformations in children. J NeurosurgPediatr 
17:134–140. https:// doi. org/ 10. 3171/ 2015.6. PEDS1 4708

 26. Ivanov A, Alaraj A, Charbel F, Aletich V, Amin-Hanjani S (2016) 
Recurrence of cerebral arteriovenous malformations following 
resection in adults: does preoperative embolization increase the 
risk? Neurosurgery 78:562–571. https:// doi. org/ 10. 1227/ NEU. 
00000 00000 001191

 27. Hong S, Ogiwara H (2019) Long-term outcomes in pediatric 
unruptured brain arteriovenous malformation treated by noncon-
servative management: a single center analysis. Childs Nerv Syst 
35:1363–1369. https:// doi. org/ 10. 1007/ s00381- 019- 04221-0

 28. Andaluz N, Myseros J, Sathi S, Crone K, Tew J (2004) Recur-
rence of cerebral arteriovenous malformations in children: report 
of two cases and review of the literature. Surg Neurol 62:324–330. 
https:// doi. org/ 10. 1016/j. surneu. 2003. 11. 030

 29. Irie K, Nagao S, Honma Y, Kunishio K, Ogawa T, Kawai N (2000) 
Treatment of arteriovenous malformation of the brain--prelimi-
nary experience. J Clin Neurosci 7:24–29. https:// doi. org/ 10. 1054/ 
jocn. 2000. 0705

 30. Pellettieri L, Svendsen P, Wikholm G, Carlsson C (1997) Hid-
den compartments in AVMs--a new concept. Acta Radiol 38:2–7. 
https:// doi. org/ 10. 1080/ 02841 85970 91712 33

 31. Sonstein W, Kader A, Michelsen W, Llena J, Hirano A, Casper D 
(1996) Expression of vascular endothelial growth factor in pedi-
atric and adult cerebral arteriovenous malformations: an immu-
nocytochemical study. J Neurosurg 85:838–845. https:// doi. org/ 
10. 3171/ jns. 1996. 85.5. 0838

 32. Nikolaev S, Frösen J, Fish J, Radovanovic I et al (2018) Somatic 
activating KRAS mutations in arteriovenous malformations of 
the brain. N Engl J Med 378:1561–1562. https:// doi. org/ 10. 1056/ 
NEJMc 18021 90

 33. Florian I, Beni L, Moisoiu V, Timis T, Florian I, Balașa A, Ber-
indan-Neagoe I (2021) De novo’ brain AVMs-hypotheses for 
development and a systematic review of reported cases. Medicina 
(Kaunas) 57:201. https:// doi. org/ 10. 3390/ medic ina57 030201

 34. Chen C, Ding D, Derdeyn C, Lanzino G, Friedlander R, South-
erland A, Lawton M, Sheehan J (2020) Brain arteriovenous mal-
formations: a review of natural history, pathobiology, and inter-
ventions. Neurology 95:917–927. https:// doi. org/ 10. 1212/ WNL. 
00000 00000 010968

 35. Hernesniemi J, Dashti R, Juvela S, Väärt K, Niemelä M, Laakso 
A (2008) Natural history of brain arteriovenous malformations: a 
long-term follow-up study of risk of hemorrhage in 238 patients. 
Neurosurgery 63:823–829. https:// doi. org/ 10. 1227/ 01. NEU. 00003 
30401. 82582. 5E

 36. Karlsson B, Jokura H, Yang H, Yamamoto M, Martinez R, 
Kawagishi J, Guo W, Beute G, Chung W, Söderman M, Yeo T 
(2020) Clinical outcome following cerebral AVM hemorrhage. 
Acta Neurochir (Wien) 162:1759–1766. https:// doi. org/ 10. 1007/ 
s00701- 020- 04380-z

 37. Kaufmann T, Huston J, Mandrekar J, Schleck C, Thielen K, 
Kallmes D (2007) Complications of diagnostic cerebral angi-
ography: evaluation of 19,826 consecutive patients. Radiology 
243:812–819. https:// doi. org/ 10. 1148/ radiol. 24330 60536

 38. Soize S, Bouquigny F, Kadziolka K, Portefaix C, Pierot L 
(2014) Value of 4D MR angiography at 3T compared with DSA 
for the follow-up of treated brain arteriovenous malformation. 
AJNR Am J Neuroradiol 35:1903–1909. https:// doi. org/ 10. 
3174/ ajnr. A3982

 39. Kinnaird T, Cockburn J, Gallagher S, Choudhury A, Sirker A, 
Ludman P, de Belder M, Copt S, Mamas M, de Belder A (2018) 
Temporal changes in radial access use, associates and outcomes 
in patients undergoing PCI using rotational atherectomy between 
2007 and 2014: results from the British Cardiovascular Interven-
tion Society national database. Am. Heart J198:46–54. https:// doi. 
org/ 10. 1016/j. ahj. 2018. 01. 001

Publisher’s note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.3174/ajnr.A6093
https://doi.org/10.1161/STROKEAHA.113.004292
https://doi.org/10.3171/2014.9.PEDS146
https://doi.org/10.3171/ped.2006.105.2.88
https://doi.org/10.3171/ped.2006.105.2.88
https://doi.org/10.1227/NEU.0b013e3182181c00
https://doi.org/10.1007/s00381-004-1025-0
https://doi.org/10.1007/BF00335172
https://doi.org/10.1007/BF00335172
https://doi.org/10.3171/2009.1.PEDS08329
https://doi.org/10.3171/2009.1.PEDS08329
https://doi.org/10.1136/neurintsurg-2021-017777
https://doi.org/10.1136/neurintsurg-2021-017777
https://doi.org/10.3171/2012.1.PEDS11453
https://doi.org/10.3171/2015.6.PEDS14708
https://doi.org/10.1227/NEU.0000000000001191
https://doi.org/10.1227/NEU.0000000000001191
https://doi.org/10.1007/s00381-019-04221-0
https://doi.org/10.1016/j.surneu.2003.11.030
https://doi.org/10.1054/jocn.2000.0705
https://doi.org/10.1054/jocn.2000.0705
https://doi.org/10.1080/02841859709171233
https://doi.org/10.3171/jns.1996.85.5.0838
https://doi.org/10.3171/jns.1996.85.5.0838
https://doi.org/10.1056/NEJMc1802190
https://doi.org/10.1056/NEJMc1802190
https://doi.org/10.3390/medicina57030201
https://doi.org/10.1212/WNL.0000000000010968
https://doi.org/10.1212/WNL.0000000000010968
https://doi.org/10.1227/01.NEU.0000330401.82582.5E
https://doi.org/10.1227/01.NEU.0000330401.82582.5E
https://doi.org/10.1007/s00701-020-04380-z
https://doi.org/10.1007/s00701-020-04380-z
https://doi.org/10.1148/radiol.2433060536
https://doi.org/10.3174/ajnr.A3982
https://doi.org/10.3174/ajnr.A3982
https://doi.org/10.1016/j.ahj.2018.01.001
https://doi.org/10.1016/j.ahj.2018.01.001

	Recurrence of arteriovenous malformations of the brain after complete surgical resection. Kuopio University Hospital experience and systematic review of the literature
	Abstract
	Introduction
	Materials and methods
	Formation of the study cohort from the KUH bAVM registry
	Treatment and follow-up
	Meta-analysis of the literature
	Statistics

	Results
	KUH patient cohort
	Rate of bAVM recurrence
	Clinical presentation at recurrence
	Factors associated with bAVM recurrence
	Systematic review of the literature on bAVM recurrence

	Discussion
	Cause of bAVM recurrence?
	Clinical implications
	Limitations of this study

	Conclusions
	References


