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Abstract

Background The therapeutic benefits of microsurgery for
unruptured brain AVM remain unclear.

Methods A series of 97 microsurgically resected unruptured
brain AVM was analyzed in terms of postoperative morbidity
and lifetime loss of quality-adjusted life-years (QALY). For
comparison, the natural risk of becoming disabled was
modeled on the basis of published data.

Results Discharge morbidity was recorded in 11 of the 69 of
Spetzler—Martin (SM) grade 1 and 2 AVMs (16 %), eight of
22 (36 %) grade 3, and four of six grade 4 (67 %), permanent
morbidity >mRS 1 in 3 (4.3 %) grade 1 and 2, four (18 %)
grade 3, and three (50 %) grade 4. Treatment inflicted loss of
QALY amounted to 0.5 years for SM grade 1-2, 2.5 years
grade 3, 7.3 years for grade 4. For the SM grades 1 and 2,
the treatment-related loss of 0.5 QALY was met by the natural
course after 2.7-4.3 years. For the Spetzler—Martin grades 3
and 4, the treatment-induced loss QALY was not met by the
natural risk within a foreseeable time. Permanent morbidity
and treatment inflicted loss of QALY of patients younger than
39 years was lower than that of older patients (7 vs. 15 % and
1.0 vs. 2.1 QALY).
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Conclusions Microsurgically managed SM grades 1 and 2
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and 4 AVM did not benefit from surgery. Younger patients
appear to fare more favorably than older patients.
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Introduction

Publication of the results of the ARUBA trial (A Randomized
Trial for Unruptured Brain Arteriovenous Malformations) pro-
voked a widespread echo from neurosurgeons, endovascular
therapists, and also radiosurgeons [9, 23, 24]. Without any doubt,
the study suffered of a number of weaknesses. The shortly after
ARUBA published report of the Scottish Audit Of Intracranial
Vascular Malformations encountered much less attention,
mainly because these data did not come from a
randomized trial but from cohort comparison [1].
Nonetheless, the Scottish Audit is as important as ARUBA
and will probably affect together with ARUBA management
strategy of unruptured brain arteriovenous malformations
(AVM) profoundly. In this population-based inception cohort
study, 204 residents of Scotland, aged 16 years or older, who
were first diagnosed as having an unruptured AVM were
followed up prospectively after intervention or under obser-
vation. There was no interference with treatment decisions.
The results were comparable to the results of ARUBA
in that at least during the first years conservative
management was more favorable than intervention.
Nonetheless, unruptured brain AVMs are not benign
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hamartomas. The annual stroke rate in the conservative
cohort of ARUBA and the Scottish Audit amounted to
2.3 and 2.7 %, respectively [1, 24]. Monocentric series
provided annual hemorrhage rates of unruptured AVM between
1.3 and 42 %, with an average of 2.2 % [2, 3, 5, 8, 10, 11, 13,
15, 17, 18, 25, 26, 29, 30, 33]. Reported hemorrhage-related
rates of death and disability vary from 16 to 88 %, with an
average of some 50 % [5-8, 14, 25, 31, 32].

The purpose of the present study was to add a series of
microsurgically removed unruptured AVM to the current body
of data on the outcome of microsurgical resection and to de-
fine subgroups with particularly favorable or unfavorable
treatment outcome compared to the natural course.

Methods

A series of 97 patients with unruptured brain AVM was in-
cluded in the analysis that underwent complete microsurgical
resection of an unruptured brain AVM by our group between
July 1992 and June 2014.

Treatment protocol

Treatment of the unruptured AVM was generally recommend-
ed to all patients with Spetzler—Martin grades 1-3 AVMs un-
less age or comorbidities were considered a contraindication.
The interdisciplinary management options offered to the pa-
tients during that period included endovascular embolization,
microsurgery, and Gamma Knife radiosurgery. Individual
treatment recommendations were discussed within a weekly
interdisciplinary neurovascular conference. Microsurgical re-
section was recommended as the treatment of first choice ex-
cept for deep-seated AVM. Presurgical embolization was used
as an adjunct for larger AVM. Embolization was performed in
one or several sessions between 1 day and 3 weeks prior to
surgery. Surgery was performed on the day of the last embo-
lization only in cases when embolization was complicated by
hemorrhage. Complete resection of the AVM was angiograph-
ically verified prior to discharge from the hospital.

Follow-up

Initial follow-up was scheduled for 6-8 weeks following dis-
charge. Instrumental diagnostics such as EEG, CT, or MRI
were only used for specifics indications, i.e., neurological def-
icit or epilepsy. A second angiography was performed in a few
cases when the postoperative control angiography left some
doubt regarding completeness of resection. One or two further
follow-up visits were scheduled during the first postoperative
years. Follow-up was terminated at that time in patients without
symptoms. Follow-up was extended as needed in patients suf-
fering of neurological deficits, epilepsy, or significant headache.
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Data analysis

For the present analysis, demographic and clinical information
and AVM characteristics were extracted from the medical re-
cords. Treatment-related morbidity was assessed at the time of
postoperative discharge from the hospital at a median of
11 days after surgery (range, 666 days), and the last follow-
up in terms of the modified Rankin scale (mRS). Discharge
morbidity comprised total management morbidity, including
complications due to presurgical embolization. Complications
without an impact on discharge morbidity and/or late mRS,
such as necessity for surgical site revision, were not included
in the present analysis.

In order to define factors influencing postoperative outcome,
patients, respectively AVM, were grouped according to age and
Spetzler—Martin grade. Exploratory statistics correlated the
postoperative outcome data to these potential influencing
factors by univariate comparison. T-statistics were used to
compare mean values of stratified groups; Fisher’s exact test
was used for proportions and Mann—Whitney—Wilcoxon for
comparison of time lines.

The annual morbidity rates of untreated AVM as given in the
literature and cited initially were used to decide whether and
when the different groups of patients reached a point where the
natural risk of the untreated AVM equaled the risk of microsur-
gical resection. In order to account for the fact that morbidity
occurring immediately after treatment is a more severe loss than
morbidity occurring in the distant future, the total functional
restriction was recalculated in terms of expected lifetime loss of
quality-adjusted life-years (QALYSs) for a period up to the age
of 70 years. QALYs were calculated by multiplying expected
life-years with a corrective factor based on the modified Rankin
scale (mRS). We adopted the utility factors that were assessed
by Post and coworkers for stroke patients, O for death, 0.7 for
mRS 2-3, and 0.4 for mRS 4-5 [16, 27].

Results

The total of 97 patients treated for unruptured brain AVM
consisted of 55 male and 42 female patients with a median
age of 38 years (see Table 1). Leading symptoms were epilep-
sy in 50 patients and headache in 23. Nine of these patients
had both headache and epilepsy. Fourteen patients had some
degree of mono- or hemiparesis at the time of admission. Six
of these also had epilepsy.

Angiography defined a Spetzler—Martin grade 1 AVM in
25 patients, grade 2 in 44, grade 3 in 22, and grade 4 in six.
Forty-seven (48 %) of the patients underwent preoperative
endovascular embolization.

New morbidity at the time of discharge occurred in 23 of
the 97 patients (24 %) (see Tables 1 and 2, Fig. 1). Average
follow-up was 3.5 years. Up to the last follow-up, no secondary
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Table 1 Key
characteristics and Age (mean, years+SD) 38+15
outcome data
Female 42 (43 %)
Male 55 (57 %)
Spetzler—Martin grade
-1 25 (26 %)
-II 44 (45 %)
-1 22 (23 %)
-V 6 (6 %)
AVM location
-lobar 89 (92 %)
-deep seated 22 %)
-posterior fossa 6 (6 %)
Presurgical embolization 47 (48 %)
Overall discharge morbidity 23 (24 %)
Morbidity at last follow-up
-mRS 0 72 (74 %)
-mRS 1 15 (15 %)
-mRS 2 22 %)
-mRS 3 4 (4 %)
-mRS 4 33 %)
-mRS 5 1(1 %)

new hemorrhagic or ischemic stroke were recorded in 337 pa-
tient years of follow-up. At the time of the last follow-up, 72
patients (74 %) had no handicap, 15 (15 %) had deficits ac-
cording to mRS 1, 2 (2 %) mRS 2, 4 (4 %) mRS 3, 3 (3 %)
mRS 4, 1 (1 %) mRS 5. One patient with an incidental cere-
bellar AVM and an uneventful postoperative course died 8 years
later of unrelated causes. Thus, permanent morbidity mRS>1
was recorded in ten patients (10.3 %). In five of these, some
degree of hemiparesis had already been noticed prior to treat-
ment but four of the five were classified as discharge morbidity
since the deficit was more pronounced postoperatively.
Discharge morbidity was recorded in 11 of the 69 Spetzler—
Martin grades 1 and 2 AVMs (16 %) and permanent morbidity
>mRS 1 as recorded at the last follow-up in three (4.3 %).
Regarding the 22 Spetzler—Martin grade 3 AVMs, discharge
morbidity occurred in eight patients (36 %) and permanent

morbidity mRS>1 in four (18 %) patients. Discharge morbid-
ity was noticed in four of the six Spetzler—Martin grade 4
AVM (67 %) and permanent morbidity mRS>1 in three
(50 %) (Fig. 1).

When patients were stratified according to age, the follow-
ing trend appeared although differences between age groups
did not reach statistical significance (Fig. 2). While discharge
morbidity of patients younger than 39 years and older patients
was comparable, 21 and 25 %, respectively, permanent mor-
bidity mRS>1 was recorded in only three (7 %) of the patients
younger than 39 years and in six of the older patients (15 %).

QALY analysis

On average management associated loss of QALY amounted
to 1.4 years. Stratified with regard to Spetzler—Martin grades,
average loss of QALY amounted to 0.5 years with Spetzler—
Martin grade 1-2 AVMs, to 2.5 years in grade 3, and to
7.3 years in grade 4. Stratified with regard to age, treatment
was associated on average with a loss of 1.0 QALY up to the
age of 70 years in patients younger than 39 years and a loss of
2.1 years in patients of 39 years or older.

Supplemental analyses

In order to compare the treatment-associated risk of the cur-
rent series with the current best data on the natural course, the
incidence rates of first hemorrhagic or ischemic stroke under
conservative managements as given in the ARUBA as treated
analysis were recalculated in terms of the occurrence of mor-
bidity mRS>1 (Fig. 3), and the associated lifetime loss of
QALYs was estimated as outlined above and assuming an
initial age as the average of the respective subgroup. For a
sensitivity analysis, due to the lack of exact data regarding
hemorrhage-associated mortality and morbidity rates, calcula-
tions were performed for the average of reported death and
disability rates, i.e., 15 % risk of death and 15 % risk of
persisting disability mRS > 2-3 and 15 % risk of mRS 4-5
[2, 5, 14, 25], as well as for a lower risk boundary assuming
10 % risk of death and 10 % risk of persisting disability
mRS > 2-3 and 10 % risk of mRS 4-5.

Table 2 Treatment morbidity of

subgroups

Group Discharge morbidity Long-term morbidity >mRS1 Loss of QALY (years)
All patients 22 (23 %) 10 (10.3 %) 1.4

Spetzler—Martin 1 and 2 11 (16 %) 3 (4.3 %) 0.5

Spetzler—Martin 3 8 (36 %) *p=0.067 4 (18 %) *p=0.056 2.5 *p=0.034
Spetzler—Martin 4 4 (67 %) *p=0.013 3 (50 %) *p=0.005 7.3 ¥p<0.001
Younger than 39 years 9 (21 %) 3(7 %) 1.0

39 years or older 10 (25 %) p=0.79 6 (15 %) p=0.30 2.1 p=0.26

*Compared to Spetzler—Martin 1 and 2
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Fig. 1 Overall rate of additional Discharge morbidity Persisting morbidity mRS > 1
neurological deficit at the time of
discharge and late morbidity
>mRS]I at the time of last follow-up
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Our overall treatment risk resulting in a persistent
deficit mRS>1 of 10 % was met by the cumulative
natural course after 11.5 years assuming the higher nat-
ural risk boundary and after 18.7 years assuming a be-
nign natural course (Table 3). For the Spetzler—Martin
grades 1 and 2, the treatment risk of permanent morbid-
ity >mRS1 of 4.3 % was met after 5.0 years, assuming
the higher natural risk estimate and after 7.7 years on
the premise of the lower natural risk. For the Spetzler—
Martin grade 3, the risk of treatment morbidity >mRS 1 of
18 % was met by the natural risk only after 24.2 years, respec-
tively, after 44.8 years. For the Spetzler—Martin grade 4, the
risk of treatment morbidity >mRS 1 of 50 % was never met by
the natural course.

Regarding the different age groups, the treatment risk of
7 % of patients younger than 39 years was met by the natural
risk after 8.3 years or 13.0 years, respectively (Fig. 4). For
older patients, the treatment risk of 15 % was met by the
natural risk after 18.4 or 31.9 years, respectively.

Comparison of our treatment-associated lifetime loss of
QALY with the calculation of loss of QALY during the natural

Fig. 2 Rate of late morbidity

Age < 39 years

course showed that our overall treatment-associated loss
of 1.4 QALY was met by the natural course after
8.6 years assuming the higher natural risk boundary
and after 16 years assuming the benign natural course
(Fig. 5). For the Spetzler—Martin grades 1 and 2, the
treatment-associated loss of 0.5 QALY was met after
2.7 years assuming the higher natural risk estimate and
after 4.3 years on the premise of the lower natural risk.
For the Spetzler—Martin grade 3, the treatment loss of
2.5 QALY was met by the natural risk only after
25 years under the precondition of the higher natural
risk and never under the assumption of a benign natural
course. For the Spetzler—Martin grade 4, the treatment-
induced loss of 7.3 QALY was never met by the natural
risk.

Regarding the different age groups, the treatment loss of 1
QALY of patients younger than 39 years was met by
the natural risk after 3.9 years or 6.1 years, respectively
(Fig. 6). For older patients, the treatment-inflicted loss
of 2.1 QALY was never met by the natural risk assuming
either precondition.

Age >= 39 years
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Fig. 3 Surgical morbidity >mRS 0.6
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Discussion

The current attitude towards indication of treatment for
unruptured AVM is heavily influenced by the published
ARUBA results, despite the justified criticism. Less than 20
cases in the ARUBA study underwent surgery, so no conclu-
sion regarding the value of surgery can be drawn from these
data. The results of the Scottish Audit have so far gained much
less public attention [1]. In essence, the results of the Scottish
Audit are in line with the conclusion of ARUBA that conser-
vative management of unruptured AVM is preferable.
Although the weaknesses of ARUBA have been recognized
and commented, i.e., the lack of affirmed AVM elimination
and lumping together all treatment modalities and Spetzler—
Martin grades [9, 23], the impact on management decisions
must be assumed to be profound and long-lasting. Without
correction of the perception by neurologists and general prac-
titioners, referral of patients with unruptured AVM is expected
to come to a halt, and it will be difficult to prove that AVM
elimination can lead to a substantial benefit under certain pre-
conditions. Harboring an unruptured AVM is no benign con-
dition. Annual rupture rates amount to some 2.3 % with a

Years after surgery

roughly 50 % chance of death or permanent morbidity [2,
11]. Extrapolated to only 10 years, the chance to die or be-
come disabled amounts to some 10 % according to our ex-
trapolation, assuming a risk of 45 % mortality or morbidity >
mRS1. The longest follow-up on the natural history is avail-
able from the Finnish cohort. Laakso and coworkers published
the results of the long-term follow-up of conservative and
interventional treatment [20]. They followed their patients
for an average of 11.9 years. Treatment was conservative in
155 patients. Total AVM occlusion was attained in 356 pa-
tients, and partial occlusion was obtained in 94 patients.
Overall, 206 deaths were observed. Of these, 100 were related
to AVMs. Diagnosis of AVM was associated with significant
long-term excess mortality, with cumulative relative survival
ratios of 0.85 and 0.69 at 10 and 30 years after admission,
respectively. Men had higher excess mortality than women.
The excess in mortality was highest in conservatively treated
patients, intermediate in patients with partially occluded
AVMs, and lowest in those with totally occluded AVMs.
The subgroup with the best outcome consisted of those with
totally occluded unruptured AVMs, which did not demon-
strate excess mortality after the first year.

Table 3 Times of natural risk

equaling surgical morbidity Group Long-term morbidity Long-term morbidity Loss of Loss of QALY,
(years) >mRS] >mRS1, benign QALY benign natural
natural course course
All patients 11.5 (5-20) 18.7 (7.7-35.1) 8.6 (0—0) 16 (0—0)
Spetzler—Martin 1 5.0 (0.7-10.8) 7.7 (1.1-17.4) 2.7 (0—o0) 4.3 (0—0)
and 2
Spetzler—Martin 3 24.2 (5.2-66) 44.8 (8-) 25 (0—x) 00 (0—o0)
Spetzler—Martin 4 o0 (19.6-) 0 (34.4—0) o0 (0—0) o0 (0—o0)
Younger than 39 years 8.3 (1.2-18.5) 13 (1.8-32) 3.9 (0—0) 6.1 (0—o0)
39 years or older 18.4 (5.7-38.9) 31.9 (8.9—0) o0 (0—o0) o0 (0—o0)

All numbers are means (95 % confidence intervals)
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These findings support the emerging concept that
unruptured AVM should be completely eliminated if manage-
able with small risk. In this sense, there is little discussion
based on the actual data that patients harboring an unruptured
Spetzler—Martin grades 1 or 2 AVM should be recommended
microsurgical resection. Possible strategies to correct the pic-
ture are conduction of a new randomized trial or collecting and
analyzing existing differentiated data. Adding to the pool of
information on the results of complete microsurgical resection
was the incentive for publication of this monocentric data.

In our series, overall discharge morbidity was 24 %. In the
long run, however, our discharge morbidity decreased to a
permanent morbidity mRS>1 of 10 % and no new AVM-
related morbidity occurred during the later course. This result
is in line with the report by Bervini et al. who reported an
overall persisting morbidity rate of 11 % [2, 3]. Lawton re-
ported for unruptured AVM, less favorable overall results in-
dicating persisting rates of morbidity >mRS1 in 38 % [22, 28].
Lawton also pointed out the critical effect of presenting symp-
toms on recovery after surgery [12, 22]. The impact of the

Years after surgery

initial hemorrhage can masquerade negative consequences
of treatment. Therefore, morbidity figures given in the many
series focusing on the surgical results of unselected AVM
cannot be uncritically adopted for unruptured AVM.

While the risk associated with microsurgical resection de-
pends on size and location, i.e., the Spetzler—Martin grade, the
natural risk does not increase for larger AVM [21]. Discharge
morbidity and long-term morbidity mRS>1 of our Spetzler—
Martin grades 1 and 2 was 16 and 4.3 %, respectively. The risk
of mRS>1 was met by the natural history after 5 to 7.7 years.
Bervini et al. reported recently a permanent morbidity >mRS1
of 1.6 % among 190 unruptured Spetzler—Martin grades 1
and 2 AVM [2]. These authors also concluded that com-
plete microsurgical resection of Spetzler—Martin grades
1 and 2 AVM resulted in a better perspective than conservative
management.

In the current series, discharge morbidity in the Spetzler—
Martin group 3 was 36 % and the rate of long-term disability
18 %. Bervini et al. reported in their series permanent morbid-
ity mRS>1 in 14 %. Based on the natural risk calculation, our

Fig. 5 Lifetime loss of QALY
comparing microsurgical results
and natural course. For Spetzler—
Martin grades 1 and 2, the
treatment-associated loss of 0.5
QALY was met after 2.7 years
assuming the higher natural risk
estimate and after 4.3 years on the
premise of the lower natural risk.
The treatment-inflicted loss with
grades 3 and 4 AVM was never
met by the natural course
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Fig. 6 Lifetime loss of QALY Age < 39 years Age >= 39 years
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risk of treatment was counterbalanced by the risk of conser-
vative management only after 24.2 years, and in the sensitivity
analysis assuming a more benign natural course after
448 years, leading to the conclusion that treatment should
not be recommended to patients for unruptured Spetzler—
Martin grade 3 AVMs. This agrees with the conclusions of
Bervini and coworkers that microsurgical resection for
unruptured grade 3 AVM cannot be recommended at the pres-
ent time, particularly in light of uncertainties regarding the
natural risk of this subgroup.

Patient age was related to the risk of treatment-inflicted
morbidity in our series. Although the discharge morbidity of
21 % of patients younger than 39 years was comparable to the
25 % of the older patents, morbidity mRS>1 persisted in only
7 % of the patients younger than 39 years but in 15 % of the
older patients. Although the small number of events in this
series leave some statistical uncertainty, the better recovery of
younger patients is not surprising since better recovery of
younger patients is generally accepted after traumatic brain
injury and stroke [4]. The significance of age has not found
much attention so far in the discussion on management of
unruptured AVM.

Disability occurring immediately after treatment differs
from disability occurring later in the future because quality
of life may be unaffected for many years. Therefore we con-
verted the impact of morbidity in loss of quality-adjusted life-
years. Quality of life is a subjective perception of patients and
relatives and based on formalized instruments such as the
Short-Form (SF) 36. Although the perceived quality of life
decreases slightly with increasing age, we assumed for the
present calculation that life is essentially equally worth living
during the entire life time up to the age of 70. Uncertainties
regarding quality of life of people beyond the age of 70 are
multiple. In order to obtain the loss of quality-adjusted life-
years due to morbidity we used the instrument developed by
Post et al. for patients with ischemic stroke [16, 27]. They
calculated QALY by assigning a utility value to a specific

Years after surgery

health state and multiplying this value by the number of years
spent in that state. Death within 30 days was assigned a utility
value of 0, while disabled survival was assigned a value of 0.7
or 0.4 depending on whether the mRS score at that point was
2-3 or 4-5, respectively. These values were generated by
interviewing patients and relatives using various instruments.
Calculating the expected lifetime loss of QALY, we also found
that in Spetzler—Martin grades 1 and 2 AVM the treatment
inflicted loss of QALY was balanced by the natural history
within 5 years, even when assuming a benign natural course
with only 30 % combined morbidity and mortality after hem-
orrhage. With Spetzler—Martin grades 3 and 4, the treatment-
inflicted lifetime loss of QALY was never exceeded by the
natural course. The effect of age on expected lifetime loss of
QALY is interesting. While the benefit of treatment in terms of
lost QALY was comparable for patients younger than 39 years
and older patients with SM grade 1 and 2 AVMs, a benefit of
surgical treatment was also seen in the younger patients also
with grade 3 AVMs. The effect was due to the better recovery
in the younger age group from postoperative deficits.
However, statistical uncertainty due to the small number of
events does not allow drawing a final conclusion regarding the
potential benefit of microsurgical resection in younger pa-
tients with Spetzler—Martin grade 3 AVM.

The estimate of the lost QALY must be considered as a
rough instrument to quantify the lifetime impact of treatment
associated disability. Besides the lack of direct validation for
AVM patients, it remains unclear whether the subjective esti-
mate of the loss of life quality would be the same if
reevaluated after some years. Furthermore, the long-
term evolution of disability remains also uncertain to
some degree. It appears possible that a postoperative deficit
with good recovery still leads to premature disability at a
higher age.

In the present analysis we used a linear model to calculate
the natural risk of untreated unruptured AVM. The assumption
that the risk remains the same from the time of diagnosis may
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be simplified. Although the long-term data both of the
ARUBA cohort and the Scottish Audit is too scarce for a final
conclusion, it appears that the risk of an untreated AVM is
somewhat higher during the early period than later. Cohort
series indicate that the natural risk of untreated unruptured
AVM is higher early after the diagnosis and then again in-
creases with age [2, 3, 7, 15, 19]. It must be assumed that
some instability of the AVM leading to diagnostic work-up
may also represent a somewhat increased risk of rupture. The
effect is minor and has therefore no direct implication, neither
for the management of the individual patients nor for model-
ing the natural risk.

Whenever constructing complex models with some un-
known variables, one must be aware that by slightly changing
basic assumptions, the whole outcome of the calculations
could be entirely different. Therefore, we used a sensi-
tivity analysis assuming a lower proportion of death and
disability resulting from AVM hemorrhage than the av-
erage of the reported numbers. The main result that
patients harboring SM 1-2 AVM fared better after sur-
gical treatment than under conservative management
remained stable.

Limitations

The main limitation of the actual study is the retrospective
nature of the analysis and the lack of a direct control group
managed conservatively. A further limitation applies to the
assumptions necessary for the predictive models. The
loss of utility related to mRS scores was assessed for
the first year after ischemic stroke and not for a lifetime
perspective.

Conclusions

In this series, microsurgical removal of unruptured Spetzler—
Martin grade 1 and 2 AVM produced more favorable long-
term results than the modeled natural course while surgical
treatment of grades 3 and 4 AVM did not. In addition, patients
younger than 39 years tended to fare better after microsurgical
treatment than older patients.
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