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 Introduction

Arteriovenous malformations (AVM) are considered to be 
sporadic congenital vascular lesions, consisting of abnormal 
blood vessels forming direct connections between arteries 
and veins without capillary network. Brain AVMs affect 
0.1% of the population [1] with an incidence of 1.3 per 
100,000 persons a year [2]. Cerebral AVMs can be asymp-
tomatic, but when they are symptomatic, patients can present 
with intracranial hemorrhage (ICH), seizures, neurological 
deficits, and headache [3, 4]. The most frequent presenting 
symptom is ICH, detected in 50% of cases [4]. Hemorrhages 
are usually intraparenchymal, but subarachnoid location is 
also common: brain AVMs are responsible for 9% of sub-
arachnoid hemorrhages [5] and represents the leading cause 
of ICH in young adults [4]. The overall annual rupture risk 
was reported to be 2.3–3%, 1.3–2.2% for unruptured, and 
4.5–4.8% for ruptured cases respectively [4, 6]. Patients with 
a history of ruptured AVM are at higher risk of hemorrhage 
than those without it. Seizures are present in 11–33% of 
cases [7]. The 5-year seizure risk for asymptomatic patients 
with AVM is 8%, although when presenting with ICH or 
focal neurologic deficits the same risk rises to 23% [8]. 
Headache was reported to be associated with cerebral AVM 
in 17–50% of cases [9], while neurological deficits may be 
present in 3–10% [10]. Mortality rates range between 0.7% 
and 2.9% per year [11].

Treatment options include conservative therapy, neuro-
surgical elimination, radiosurgery, endovascular techniques, 
and combinations of these options. The therapeutic approach 

to AVMs is controversial. Only one randomized controlled 
trial was published in the literature on the management of 
unruptured AVMs. According to the findings of the ARUBA 
trial it is suggested not to perform interventional treatment in 
such cases due to worse clinical outcome compared to those 
cases with medical treatment alone [12]. Many authors are 
arguing with these results due to their professional experi-
ence, controversial results of other reports, and the main 
limitations of the trial: application of a variety of treatment 
modalities without specifying the selection strategy, inclu-
sion of a variety of different size and type of AMVs, and the 
short follow- up period [13, 14]. Nevertheless, the results of 
the non-randomized Scottish Audit of Intracranial Vascular 
Malformation with a follow-up of 12 years also supports the 
findings of the ARUBA trial [15]. Altogether because of the 
lack of evidence-based guidelines for management options, 
the therapeutic approach is highly individual, should be mul-
tidisciplinary, and has to be based on as much information as 
possible. According to the ARUBA trial, as well as in clinical 
practice, the primary consideration for decision-making in 
cases with untreated AVMs is the risk of hemorrhage, dis-
ability and mortality [13, 15, 16]. The impact of an untreated 
AVM on the quality of life (QOL) is generally not consid-
ered. Reports on outcome regarding QOL are uncommon in 
the literature, with most of the publications not focusing on 
cases with untreated AVM [17, 18], although disability 
doesn’t always correlate with the QOL. Therefore, its assess-
ment can provide important additional information for thera-
peutic decisions. The application of QOL assessment is 
increasingly accepted as a major endpoint in clinical trials 
and has a more important role in decision-making in neuro-
surgical practice as well [19, 20]. Hereby we report our 
observational results of patients with brain AVM without 
interventional treatment based on their QOL.
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 Methods and Materials

Twenty female and 16 male patients were enrolled in our 
study with a mean age of 45 ± 16 years. Subjects were iden-
tified retrospectively from the AVM database of our hospi-
tal. Patients with unruptured cerebral AVM without 
interventional treatment over the age of 18 met our inclu-
sion criteria. We excluded patients with other intracranial 
pathology potentially responsible for the symptoms. The 
AVMs were detected between 2000 and 2018. All patients 
have visited either the outpatient or the inpatient ward of the 
National Institute of Clinical Neurosciences in Budapest, 
where the diagnosis of AVM was either made or confirmed. 
After physical examination, AVM was detected by either 
contrast- enhanced computed tomography (CT) or magnetic 
resonance imaging (MRI). Digital subtraction angiography 
(DSA) was performed for precise characterization of the 
AVM in each case. Treatment decision (conservative or 
invasive) was made by the patient or chosen individually by 
the treatment team.

We used the standardized EQ-5D-5L questionnaire for 
measuring the QOL [21]. It was designed by the EuroQol 
Group to estimate the patient’s health-related state with the 
help of a descriptive system and a visual analogue scale 
(VAS). The EQ-5D-5L descriptive system consists of a 
5-level scale (according to the severity of symptoms) in five 
dimensions (mobility, self-care, usual activity, pain/discom-
fort and anxiety/depression). The VAS registers the patient’s 
actual level of general health on a scale from 0 to 100, assum-
ing 0 as the worst and 100 as the best imaginable health state. 
Our subjects were interviewed by telephone in 2018 retro-
spectively. No previous QOL tests were performed in their 
cases prior to our study.

As a control group we used the results of the Research 
Report (RR) of the National Health Survey from 2002 [22]. 
This Hungarian nationwide report used the EQ-5D-3L ques-
tionnaire [23] to measure the QOL on a cohort of 5534 
healthy subjects. This questionnaire was also designed by the 
EuroQol Group as a less sensitive tool than the EQ-5D-5L 
version; it uses a 3-level scale instead of 5 in case of every 
dimension of the descriptive system. Level 1 is chosen if the 
subject doesn’t have any problem in the designated dimen-
sion, Level 2 if there is some trouble regarding the category, 
and Level 3 if severe impairment is present. The EQ-5D-3L 
descriptive system results of the RR were categorized in two 
groups for statistical analysis in every dimension: the first 
group contained the answers of Level 1, while Levels 2 and 
3 represented the second group. To facilitate an adequate 
comparison we categorized our results likewise: the first 
group represented patients with no complaint (Level 1) and 
subjects with any complaint (Level 2–5) became the mem-
bers of the second group. The aforementioned RR discussed 

their findings in three age groups (18–34, 35–64 and older 
than 65) and considered females and males separately. We, 
therefore, made the same subdivisions. The RR summarized 
their findings on VAS as well, though they were not reported 
by age groups; therefore, we lacked data for adequate 
comparison.

We compared the results of the descriptive system of the 
RR with our findings, but statistical analysis wasn’t made 
due to the small number of our subjects. For illustrating our 
results, we prepared diagrams to demonstrate the numeric 
differences between the two groups. Our observations on the 
VAS were also provided in details and demonstrated visu-
ally, but we missed data for comparison.

The study was approved by the Institutional Committee of 
Science and Research Ethics of the National Institute of 
Clinical Neurosciences. All participants gave written 
informed consent of participation.

 Results

Thirty-six patients (n = 20 female and n = 16 male) met our 
inclusion criteria with a mean age of 45 ± 16 years. Their 
average follow-up time was 57.4  ±  49  months. Headache 
was present in 15 patients with a female predominance 
(n = 12 female and n = 3 male), thus proving to be the most 
common AVM-related sign in our cohort (41.6%). Epileptic 
seizures occurred in nine cases (25%), more commonly 
affecting male subjects (n  =  7 male and n  =  2 female). 
Neurological deficit was detected in 33% of our cohort 
(n = 12; n = 8 female and n = 4 male). Table 1 shows the 
patient characteristics.

 Results of the EQ-5D-5L Descriptive System

 Mobility
We observed a tendency toward decrease in the mobility of 
our female subjects by age, which occurred also in the con-
trol population, but less frequently. Although we expected 
the same tendency for men, older male subjects proved not to 

Table 1 Patient characteristics. Division by the sex of the patients

Female (n) Male (n) All (n; %)
Age
18–34 6 5 11 (30.5%)
35–64 10 8 18 (50%)
>65 4 3 7 (19.5%)
Symptoms
headache 12 3 41.6 (40%)
epileptic seizures 2 7 9 (25%)
neurological deficit 8 4 12 (33%)
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have any problem in this regard, middle-aged patients had 
less complaint than the subjects of the RR, and young males 
showed significantly more severe impairment in their mobil-
ity compared with the control group (we observed an eight-
fold difference) (Fig. 1).

 Self-Care
Although the results of the RR show an increasing impair-
ment by age in the question of self-care, our female subjects 
and younger male patients proved not to be limited by this 
factor. In case of our male subjects older than 65 years of 
age, we observed a severe impairment in comparison with 
the control group (twofold difference) (Fig. 2).

 Usual Activity
Decline in usual activity showed a male dominance in our 
cohort. The most significant difference between the control 
group and our patients was seen in the case of young (22-fold 
difference) and middle-aged males (2.8-fold difference). 
Only middle-aged female subjects exceeded their healthy 
controls. Altogether usual activity impairment seems to be a 
more limiting factor in male patients under the age of 
65 years (Fig. 3).

 Pain and Discomfort
Pain and discomfort have an increasing impact on the QOL 
of the general population by age according to the results of 
the RR.  Women are affected more frequently in all age 
groups compared with male subjects. Our patients demon-
strated a different behavior. Young women (18–34  years) 
exceeded by 3.6-fold the level of their healthy controls, while 
female subjects older than 35 years of age stayed below the 
level of the control group. Middle-aged male patients also 
surpassed the control males by 1.4. The greatest difference 
(fourfold) was seen in case of young male subjects (18–
34 years). In conclusion, cerebral AVM has the most remark-
able effect on pain and discomfort in case of young patients, 
especially in male subjects (Fig. 4).

 Anxiety and Depression
Very similarly to the pain and discomfort results we found 
anxiety and depression to affect young patients (18–34 years) 
the most, surpassing the RR population. Eighty percent of 
men and 50% of women of the youngest age group answered 
that anxiety and depression were important factors in their 
lives due to their diagnosed AVM. Different sex ratios, how-
ever, were found: 2 for female and 5.3 for male patients. 
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Fig. 1 (a) Female mobility impairment according to age groups in our 
patients (blue columns) compared to the control cohort (red columns). 
(b). Male mobility impairment according to age groups in our patients 
(blue columns) compared to the control cohort (red columns)
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Fig. 2 (a) Female self-care impairment according to age groups in our 
patients (blue columns) compared to the control cohort (red columns). 
(b) Male self-care impairment according to age groups in our patients 
(blue columns) compared to the control cohort (red columns)
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Middle-aged males also surpassed the control group, but 
only with a 1.25-fold difference. In conclusion, brain AVM 
also has a significant effect on anxiety and depression with a 
male predominance in case of younger patients (Fig. 5).

 Impact of the Different Factors on QOL
We found that anxiety/depression and pain/discomfort are 
the most significant factors influencing the QOL in our 
cohort (47.2% and 41.6% respectively). Twenty-five percent 
of our patients responded that they had troubles in perform-
ing their usual activities, while mobility and self-care were 
affected less frequently (11% and 2.7% respectively) (Fig. 6).

 Results of the EQ-5D-5L VAS

The mean result of the VAS in our cohort was proved to be 
84.6 ± 22 points. According to age groups, the youngest and 
middle-aged patients were found similar (83% and 86%), 
while older subjects rated themselves to a lower level (70%). 
Forty-four percent of our cases rated themselves above 95 
points, while 30.5% of them considered their actual level of 
general health less than 80 points. The RR findings on VAS 

were not reported by age group; therefore we lack data for 
comparison (Table 2).

 Discussion

Untreated unruptured brain AVMs do have an impact on the 
QOL. Due to the judgement of more than 30% of our sub-
jects, living with cerebral AVM represents a significant limi-
tation in their QOL. Multiple conditions are responsible for 
the decreased level of health, but anxiety, depression, pain, 
and discomfort seem to be the most common influencing fac-
tors, especially in young male subjects. Female patients with 
untreated AVMs demonstrate a greater dependence than men 
in all age groups. Males with a predominance of young age 
have a more significant impairment in their usual activities 
when compared to women. Older patients are affected more 
significantly in their self-care, while the impact of discom-
fort and anxiety is more severe in the younger population. 
The impairment of mobility was seen to surpass significantly 
the healthy controls in case of young men.
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Fig. 3 (a) Female usual activity decline according to age groups in our 
patients (blue columns) compared to the control cohort (red columns). 
(b) Male usual activity decline according to age groups in our patients 
(blue columns) compared to the control cohort (red columns)
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Fig. 4 (a) Female frequency of pain and discomfort according to age 
groups in our patients (blue columns) compared to the control cohort 
(red columns). (b) Male frequency of pain and discomfort according to 
age groups in our patients (blue columns) compared to the control 
cohort (red columns)
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In summary, untreated cerebral AVMs seem to have the 
most demonstrative impact on young male patients, 
although the limiting factors are highly individual. QOL 
assessment is, therefore, an important tool and needs to be 
considered in the therapeutic decision-making in patients 
with brain AVM.  Future studies are necessary to confirm 
our findings.

The main limitation of our study is the low number of 
cases, especially in the subgroup calculations, so compelling 
statistical analysis could not be done when comparing with 
the control group. Another weakness is the high scatter in the 
follow-up time and the time between the diagnosis and QOL 
assessment. Further investigations are needed with larger 
cohorts and longer follow-up times, though the rarity of the 
disease represents a great limiting factor.

The strength of our study is the demonstration of the out-
come of QOL in the natural course of the disease focusing on 
purely untreated cases.
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