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ABSTRACT
Background: Cerebral arteriovenous malformations (AVMs) are vascular lesions that may be associated with a significant morbidity and mortality. There is still today no consensus regarding treatment of unruptured AVMs. Using
known data from the literature, and data from our own institution concerning stereotactic radiotherapy, our aim was to
construct an equation that may be used to evaluate the benefit of intervention vs. conservative treatment in unruptured
AVMs. Methods: Assuming an annual bleeding risk of 4% and previously reported mortality (29%) and morbidity
(16%) rates after a bleeding from an AVM, an equation was constructed. This equation would estimate the time until
the combined mortality and morbidity associated with conservative treatment would equal the mortality and morbidity
of stereotactic radiotherapy. Results: Using stereotactic radiotherapy this treatment would benefit over conservative
treatment in excess of 8.12 years. The risk of bleeding was the most important factor influencing the benefit of intervention vs. conservative treatment. Conclusions: We argue that that it may be possible to estimate the benefit of intervention vs. conservative treatment in an unruptured AVM. This may be achieved using our proposed equation and data
specific to each center performing treatment for AVMs.
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1. Introduction
Cerebral arteriovenous malformations (AVMs) are thought
to be congenital lesions consisting of a nidus with feeding arteries and draining veins [1]. Intracerebral haemorrhage (ICH) is the most common presenting symptom
and occurs in the majority of patients before the age of
40. The mortality and morbidity rates following an ICH
have previously been reported to be as high as 29% and
23%, respectively [2]. Even if there are some inconsistent data concerning the risk of bleeding from an AVM,
depending on factors such as angioarchitecture and previous haemorrhages, most authors have reported the annual risk to be 2% - 4% [3-5]. While there is little controversy in treating AVMs that have bled there is no conclusive evidence concerning the benefit of treatment vs.
conservative treatment in patients with non-ruptured
AVMs. A Recent prospective study of patients with unruptured AVMs demonstrated a worse short-term outcome in treated vs. non-treated patients [6]. There are,
however, difficulties in comparing two groups assigned
for intervention or conservative treatment. Morbidity and
mortality in the treated patients will depend on several
factors such as treatment modality and the experience of
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the respective center regarding the chosen treatment. The
presented results concerning success rates, and morbidity/mortality related to the treatment have varied considerably in the literature, and the follow-up period has often been limited. Since complications of the treatment
will most often occur in direct relation to the treatment,
the follow-up time will be of outmost importance when
comparing a treated and a non-treated group of patients.
Regarding these problems, we have developed mathematical equations which will allow the individual center
to calculate the benefit of treating unruptured AVMs,
with consideration to the temporal aspect, based on their
own method of choice and results, provided that bleeding
rates and morbidity/mortality for the non-treated group
can be estimated. Our own material and data from the
literature will be used as an example of how such calculations can be performed.

2. Materials and Methods
Equations were constructed for comparison of morbidity
and mortality in treated and non-treated patients with
cerebral AVMs (Table 1). The equations were then entered into the program MATLAB (MathWorks Inc.). The
calculations will be presented below in a stepwise fashion,
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Table 1. Equations describing morbidity and mortality associated with conservative treatment vs treatment of AVMs.
Risk of haemorrhage during conservative treatment period = 1 – (X)a
M/m of haemorrhages during conservative treatment period = 1 – (X)a × M1
Treatment related morbidity/mortality (p1) = M2
M/m of haemorrhage after treatment but before obliteration (p2) = (1 – M2) × S × 1 – (X)b × M1
M/m of hemorrhage after unsuccessful treatment (p3) = (1 – M2) × (1 – S) × 1 – (X)c × M1
Combined m/m following treatment = p1 + p2 + p3 =
M2 + (1 – M2) × S × 1 – (X)b × M1 + (1 – M2) × (1 – S) × 1 – (X)c × M1
Parameters:
M1 = Morbidity + mortality associated with a haemorrhage in %/100;
M2 = Morbidity + mortality associated with a treatment in %/100;
X = Annual risk of haemorrhage in %/100;
S = Patients achieving obliteration of AVMs in %/100;
a = Years of conservative treatment;
b = Time to obliteration in years;
c = Time after treatment in years.

in an example based on our own material and data from
the literature. The data concerning morbidity and mortality for treatment was collected from a recent study concerning hypofractionated stereotactic radiotherapy at
Umeå University Hospital [7]. Figures concerning risk of
bleeding and the mortality/morbidity associated with a
haemorrhage were collected from the literature [2-4].
The risk of haemorrhage from an AVM was chosen to be
4% annually, mortality 29% and morbidity in surviving
patients 23% for each bleeding, based on the study of
Brown et al. [2]. A morbidity of 23% in surviving patients would correspond to 16% of the total population.
Thus the combined morbidity and mortality for each
haemorrhage would be 29% + 16% = 45%.
The risk of bleeding over time (with an annual risk of
4%) was calculated using the equation proposed by
Kondziolka et al. [8]: 1 – (0.96)years of remaining life.

3. Results
The combined mortality and morbidity associated with a
haemorrhage can be estimated using the following formula:
Life-time risk of haemorrhage
= 1 – (0.96)years of remaining

life

(1)

Thus the risk of haemorrhage during the conservative
treatment period is:
Risk of haemorrhage = 1 – (0.96)

years of conservative treatment

With a morbidity set at 16% and mortality at 29% the
following formula describes haemorrhage associated
morbidity and mortality during conservative treatment;
1 – (0.96)a × (0.16 + 0.29)
(Years of conservative treatment = a)

(2)

The combined morbidity/mortality associated with the
natural course of an AVM will thus depend on the years
of remaining life/number of years of conservative treatment.
Copyright © 2012 SciRes.

In our experience of hypofractionated stereotactic radiotherapy of AVMs [7] the treatment related morbidity
was 7.1%, consisting of symptomatic radionecrosis. The
bleeding risk for all treated patients before proven obliteration was 3.8% annually and two patients died of fatal
haemorrhages before complete obliteration. The bleeding
risk was close to the natural history of untreated AVMs
and there was thus no excess treatment related mortality.
The obliteration rate was 92.5% and the mean time until
obliteration 3.2 years.
There are three possible scenarios that would lead to
complications and unfavourable outcome following treatment; treatment related morbidity/mortality (p1), morbidity/mortality related to rupture of the AVM before
proven obliteration (p2), and morbidity/mortality related
to treatment failure and the risk of haemorrhage associated with the natural history (p3). This morbidity following treatment can be described as below:
Treatment related morbidity/mortality (p1): The treatment related morbidity in our series was 7.1% whereas
there was no treatment related mortality.
p1 = 0.071 + 0
Morbidity/mortality related to a ruptured AVM before
proven obliteration (p2): 92.5% of the patients reached
obliteration, the risk of haemorrhage was set to 4%, and
the mean time to obliteration was 3.2 years.
p2 = (1 – 0.071) × (0.925) × 1 – (0.96)3.2 × (0.16 + 0.29)
Morbidity/mortality related to a ruptured AVM upon
unsuccessful treatment (p3): 7.5% of the patients did not
reach obliteration.
p3 = (1 – 0.071) × (0.075) × 1 – (0.96)c × (0.16 + 0.29)
(c = years after treatment)
The combined morbidity and mortality following
treatment would be the sum of p1 + p2 + p3.
The following equation can then be constructed to describe how many years of conservative treatment needed
to equal the morbidity of the treatment itself. The comOJMN
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bined morbidity and mortality following a bleeding from
an AVM is set at 45%.
1 – (0.96)a × (0.45)
= 0.071 + (1 – 0.071) × (0.925) 1 – (0.96)3.2 × 0.45
+ (1 – 0.071) × (0.075) 1-(0.96)c × 0.45
Calculations from MATLAB yields that a = 8.12 (3)
Thus, in this example, using these assumptions and
simple calculations it is obvious that slightly more than 8
years of conservative treatment will equal the morbidity
of the chosen treatment. This equation has also taken in
account the mortality and morbidity of haemorrhages
during the latency period before obliteration, and in patients with treatment failure.
As seen above the time needed for treated related
morbidity and mortality to equal the combined morbidity
and mortality of conservative treatment will depend on
several factors. Any change in bleeding rate, time to obliteration, obliteration rate and treatment related morbidity/mortality will affect the intersection between plotted
morbidity/mortality for treatment vs. non-treatment. This
is exemplified in Figures 1-4 where one parameter at the
time was changed whereas all other parameters were the
same as in the equation above. The mean time until
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obliteration was set at 3.2  0.5 years (Figure 1), the
obliteration rate was set in the interval 87.5% - 97.5%
(Figure 2), the bleeding was set at 4.0%  2.0% (Figure
3) and the treatment related morbidity was set at 7.1% 
2.0% (Figure 4).

4. Discussion
Despite the fact that that AVMs were described by pathologists already in the middle of the nineteenth century
[9] there still is some controversy regarding the benefit of
intervention vs. conservative treatment, especially regarding nonruptured AVMs.
The aim of the current paper was to present simple
mathematical equations that can be used by the individual department to calculate the benefits (or lack thereof)
of treatment vs. non-treatment based on their own results.
We have in this paper demonstrated the equations using
estimations from the literature and our own results from
stereotactic radiotherapy. Provided that our previous result have been correctly calculated, and that the estimations from the literature are reasonably correct, then at
our department the treatment benefit seem to outweigh
conservative treatment in excess of 8.12 years.

Figure 1. Combined morbidity and mortality in untreated and treated patients. The mean time until obliteration was set at
3.2  0.5 years.
Copyright © 2012 SciRes.
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Figure 2. Combined morbidity and mortality in untreated and treated patients. The obliteration rate was set in the interval
92.5% - 97.5%.

Figure 3. Combined morbidity and mortality in untreated and treated patients. The bleeding rate was set at 4.0%  2.0%.
Copyright © 2012 SciRes.
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Figure 4. Combined morbidity and mortality in untreated and treated patients. The treatment related morbidity was set at
7.1%  2.0%.

Our material was however rather heterogeneous, consisting of various subgroups, the treatment underwent
changes during the course of time, and some patients
were lost to follow-up. For this reason the figure of 8.12
years should be regarded as a rough estimate, and is used
only to demonstrate how to use the formula.
Unfortunately, the outcome from a mathematical equation will never be better than the quality of the data put
into it. This does of course in this specific case apply not
only to the effects of treatment, but also to the estimations from the literature regarding conservative treatment.
Various figures have been presented regarding bleeding rates and combined mortality and morbidity following an hemorrhage [10,11]. The 26% mortality reported
by Brown et al. [2] and used in our example is for example considerably higher than the 6% reported in a recent
paper [11]. The combined mortality/morbidity did however differ little between these studies (41% vs. 45%),
why the figure of 45% seems to be a reasonable estimation.
An annual bleeding rate of 2% - 4% would also seem
as an adequate estimation. As seen from Figure 3 bleeding rate is the factor in our formula that would most
Copyright © 2012 SciRes.

strongly affect the intersection between intervention and
conservative treatment. Assuming a bleeding rate of 2%
annually would change the intersection to 12.75 years.
All these figures will depend on factors intrinsic to the
treated AVMs as well as probably the experience and
results of every center aiming to treat AVMs. The question is further complicated by the fact that we at present
have access to three different forms of interventional
therapies, which are likely to differ not only regarding
efficacy and complications, but also regarding suitability
in the individual patient. Partly for this reason we have
hitherto not seen any truly randomized studies comparing
the results of treatment vs. non treatment. The individual
AVMs will not only differ regarding the inherent risk of
rupturing and suitability for different treatments, but different centers are likely to exhibit various levels of success regarding the different treatments.
Microsurgical resection of AVMs with a Spetzler
grade I-III has in experienced hands been reported to be
associated with a low morbidity ranging from 0% - 7%
[12,13]. Surgical treatment will also have the benefit of
instant cure, and not as in radiosurgical treatment, subject
the patient to the risk of bleeding in the latency period
until complete obliteration. For AVMs with a Spetzler
OJMN
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grade of IV the morbidity has, however, been reported to
substantially higher and was in one study reported to be
21.9% [12]. The complication rate following embolisation has previously been reported to be as high as 40%
[14] even if recent series have reported rates of mortality
and permanent neurological morbidity ranging between
1.6% - 6.2% [15,16]. Also concerning stereotactic radiosurgery different rates of success and complications
have been reported. Obliteration rates are generally lower
for large AVMs, and in one series the reported rate of
obliteration was as low as 25% after 40 months in AVMs
with a volume exceeding 15 cc [17]. Permanent treatment related morbidity is usually reported to be in the
range of 3% - 6% [18] even if this rate has been reported
to be substantially higher in patients treated with a higher
total dose of radiation [19].
The benefits of treatment vs. non-treatment can be
easily calculated in theory with a reasonable degree of
certainty. However, in reality the different parameters in
the equation vary considerably between different groups
of patients, treatments, centers and studies.
The figures presented above should therefore be regarded as a rough estimate as there are numerous factors
that would affect this equation. We do however believe
that such an evaluation of treatment related morbidity at
each individual center, in relation to known data concerning bleeding rates and estimated mortality/morbidity
may be helpful in determining treatment modality or if
conservative treatment should be chosen for an individual patient.
We further believe that this estimation may provide
some information regarding the timeframe needed to
evaluate the benefit of treatment vs. conservative treatment.
A recent study comparing patients with treated AVMs
and a group of patients conservatively treated showed
that the treated patients had a worse functional outcome
after 3 years [6]. Even if there are uncertain variables in
the examples above, we can however with reasonable
certainty conclude any study trying to compare conservative treatment vs. intervention should probably have a
significantly longer time span than 3 years.

5. Conclusion
According to known data concerning the natural course
of unruptured AVMs the combined morbidity and mortality over time may be significant. We argue that it may
be possible to estimate treatment benefit in unruptured
AVMs and suggest a mathematical equation for such a
comparison. Using known data and data from our own
institution treatment showed to be superior to conservative treatment in excess of 8.12 years. However, this figure must be seen as tentative, considering the uncertainCopyright © 2012 SciRes.

ties of the used parameters. When looking at the impact
of different parameters on the benefit of treatment vs.
non treatment, it does however seem evident that a considerable follow-up is essential for such estimations.
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