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Introduction: Gamma Knife radiosurgery (GKRS) provides in general a high 
dose ionizing radiation to specific target location, which has already been 
defined by stereotaxy for the treatment.
Arteriovenous malformations (AVMs) are one such indication for GKRS they 
are rare, occurring at an incidence of 15-18 cases per 100,000 adults, with 
a rupture rate of 2–4%. GKRS is indicated for small (< 3.5 cm), surgically 
high-risk, deep-seated and complex AVMs. Successful AVM treatment in GKRS 
eliminates the risk of intracranial haemorrhage, complete nidal obliteration, 
limiting the development of new deficit from radiation-induced changes.
Materials and Methods: This study was conducted in the Department of 
Neurosurgery, a tertiary care center , New Delhi for the duration of two years 
(September 2019 to September 2021). A total of 40 patients (N) were studied. 
Variables included demographic profile, clinical profile, AVM grading, radiation 
dose and treatment outcomes particularly nidal obliteration and symptom 
resolution. The factors which affected obliteration of AVM and six-monthly 
follow-up were analysed.
Results: The study showed among all variables that the initial volume of nidus, 
duration following GKRS were important predictors for AVM obliteration with 
statistically significant p-values (<0.05).
Conclusion: GKRS is effective treatment modality in AVMs, especially those 
with low nidus volume, low Spetzler-Martin (SM) grade, deep venous drainage, 
young age and deep-seated lesions. However, in this study, the p-values were 
not statistically significant (p-value >0.05) for above parameters. Among all, 
the initial nidus volume, and the duration of post GKRS for the obliteration of 
AVM had significant p-values (<0.05).
Key words: arteriovenous malformations; nidus volume; Gamma Knife 
Radiosurgery

Introduction
Gamma Knife radio surgery (GKRS) delivers in 

general high dose ionizing radiation to specific target 
location, which has already been defined by stereotaxy 
for the treatment [1]. Arteriovenous malformations 
(AVMs) are one such indication for GKRS, they are 
rare, occurring 15-18 cases per 100,000 adults, with a 
rupture rate of 2–4% [2]. Vascular malformations are 
localized collection of abnormal blood vessels having 
altered blood flow [2]. Clinical presentations include 
haemorrhage, headaches, seizures, or stroke. AVM 
are fistulous connections between arteries and veins 
without capillary involvement with base directed towards 
meninges and the apex towards ventricular system  [3]. 
There is direct transmission of arterial pressure to 
venous structures causing increased blood flow, dilation, 
and vessel tortuosity [4].

Incidence of AVM is at 1.12 to 1.34 per 100,000 
individuals or 0.1% of population harbour AVM. Both 
sexes are affected equally. Annual risk of spontaneous 
intracerebral hemorrhage (ICH) is 2-4%. Only 12% of 

AVMs become symptomatic during life with combined 
annual morbidity and mortality rate of 1%. The cerebral 
AVMs are seen in 1.4% to 4.3% of autopsies [5, 6, 7, 8, 9].

Treatment modalities for symptomatic AVMs includes 
surgery, embolization and GKRS. The drawback of GKRS 
is latency period (2 years). The effectiveness of GKRS 
depends on location and size of the lesion. GKRS is a well-
established treatment modality for cerebral arteriovenous 
malformations (AVMs), offering high obliteration rates 
with relatively low morbidity. [10]. Successful AVM 
treatment with Gamma Knife radiosurgery eliminates 
the risk of intracranial haemorrhage, complete nidal 
obliteration, limiting the development of new deficit from 
radiation-induced changes [11].

Florez-Perdomo et al., (2024) evaluated the safety 
and effectiveness of GKRS for paediatric AVMs, reporting 
a 71.64% complete obliteration rate and a low mortality 
rate of 0.75% [12]. Complications are rebleed and 
partial obliteration. Dose requirements are determined 
by location and the size often using the Spetzler-Martin 
(SM) grading of AVM. [6, 13].
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Myeong et al. (2024) demonstrated that time-staged 
GKRS is a feasible approach for managing large AVMs, 
achieving satisfactory obliteration rates with acceptable 
complications [14].

The objective of the present study aims to evaluate 
the clinical and radiological outcomes of GKRS in AVM 
management, focusing on nidus obliteration, symptom 
resolution, and predictive factors such as AVM volume, 
Spetzler-Martin grade, and radiation dose. It also 
examines the latency period for obliteration and potential 
complications.

Materials and Methods
Study Participants
This study was conducted in the Department of 

Neurosurgery, a tertiary care centre, New Delhi, for the 
duration of two years (September 2019 to September 
2021) to evaluate the outcomes of Gamma knife 
radiosurgery (GKRS) in patients with intracranial AVM. 
The Department is a tertiary neurosurgery centre with 
a dedicated GKRS unit. A total of 40 patients (N) were 
studied.

Ethical clearance was obtained, and informed 
consent was secured from all participants.

Inclusion Criteria
Patients with clinical and radiological diagnoses 

of intracranial AVM who were treated with GKRS were 
included in the study.

Exclusion Criteria
Exclusion Criteria included other structural 

abnormalities in addition to AVMs, patient’s unwillingness 
to participate in the study and patient’s unwillingness to 
undergo GKRS for intracranial AVMs.

Study Design
This was a non-randomized retrospective cum 

prospective observational study.
The primary outcome was AVM nidus obliteration 

following GKRS. Secondary outcomes included 
demographic factors (age, sex), clinical presentation 
(symptoms, neurological deficits), AVM characteristics 
(nidus volume, Spetzler-Martin grade, location, venous 
drainage), radiation dose delivered, and treatment-
related complications. Imaging included CT and CT 
Angiography, MRI and MR Angiography with digital 
subtraction angiography (DSA). For GKRS, Leksell 
Gamma knife (LKG) model 4C (Elekta, Sweden) was 
used (Fig. 1).

The AVM volumes were estimated by using the 
formulas V = 0.513× (AP×ML×CC) + 0.047 and V = 
0.444 × (AP× ML×CC) + 0.339) for diameters in the 
range 0–2.5cc and 2.5–36cc respectively with a bias of 
0.0005cc and 0.007cc respectively [15].

Selection bias was minimized by including all 
eligible patients treated during the study period, while 
measurement bias was reduced through standardized 
imaging protocols and independent assessments by a 
multidisciplinary GKRS team, including neurosurgeons, 
radiation oncologists, neurointerventional radiologists, 
and medical physicists. Decision for appropriateness of 
GKRS was carried out on case-to-case basis keeping 
the institutional policy guidelines. The study included 
40 patients, based on available cases over the two-year 
study period.

Quantitative variables including age, nidus volume, 
radiation dose, percentage of nidus obliteration and 
follow-up duration, were expressed as mean ± standard 
deviation (SD), while categorical variables, such as 

This article contains some figures that are displayed in color online but in black and white in the print edition.

Fig. 1. Elekta Icon Gamma Knife machine installed at 
our center
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gender, symptoms, AVM location, venous drainage, 
and Spetzler-Martin grade, were presented as absolute 
numbers and percentages.

Fig. 2, 3, 4, 5 are the representative images of the 
patients, showing the AVM, its localisation and planning 
for purely descriptive purpose only.

Table 1 is the SM grades under which the patients 
of AVM were classified.

Statistical analysis
Comparisons of means were conducted using the 

independent Student’s t-test for continuous variables, 
while categorical variables were analysed using the 
Chi-square test and ANOVA for subgroup comparisons. 
A p-value of <0.05 was considered statistically 
significant, and all analyses were performed using SPSS           
version 24.0.

Fig. 2. CT angiogram cerebral vessels showing AVM in 
the Right temporal region

Fig. 3. Digital subtraction angiogram of the left 
anterior oblique view showing AVM in the Right 
temporal region with the nidus dimension of 10.35 mm 
(D1) and 10.58 mm (D2)
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Fig. 4. MRI Brain axial view showing AVM in the 
Right temporal region

Fig. 5. Representative image showing I 
Gamma Knife Planning for Left temporal 
AVM Management
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Results
In demographic profile of the patients, the male 

predominance was seen with age group 20 - 40 years. 
Hemorrhage was initial presentation. Most AVMs were 
located supratentorially predominantly in lobar regions. 
A majority of the patients had superficial venous 
drainage and belonged to SM grade 2, with 87.5% of 
those patients having complete nidus volume reduction 
seen after 24 months. The mean duration of follow up 
was 26.4 months.

Table 2 is complete demographic and clinical 
profile of the patients with AVM characteristics and the 
treatment outcome.

Six monthly clinical and radiological assessment was 
done for a period of 24 months and beyond. Individual 
variables were studied using test of significance to 
look for correlation between the variable studied and 
percentage obliteration of AVM after 24 months. After 
24 months of follow-up, our study showed, 100% nidus 
volume reduction in 34 cases (85%), 75 - 99 % nidus 
reduction in 5 cases (12.5%), and no nidus volume 
reduction was seen in 1 case (2.5%) (Table 3).

On applying paired t-test, to look for the interval 
change in volume during the follow-up period, the mean 
change in the volume of the nidus at different points 
of follow-up that is 06 months, 12 months, 18 months, 
24 months and >24 months increases with the duration 
of follow up and is statistically significant (p-value <0.05) 
for all durations (Table 4).

Individual variables were studied using test of 
significance to look for correlation between the study 
variable and percentage obliteration >24 months. The 
results are as under (Table 5).

The obliteration percentage was higher in younger 
age (< 40 years), on applying Chi square test to analyse 
the effect of age on obliteration percentage the p-value 
was 0.777, which was not significant. The percentage 
obliteration in patients presented with bleed and seizure 
was 85.3% and 83.3%, respectively p-value was 0.901, 
not significant. The percentage of obliteration of AVM 
nidus was 100% in cerebellar and deep-seated AVM as 
compared to the lobar AVMs (78.5%), the difference was 
not statistically significant (p-value 0.220). Percentage 
obliteration is higher in AVMs having deep venous 
drainage than superficial venous drainage (88.8% vs 
76.9%). The difference was statistically not significant 

(p-value 0.320). The percentage obliteration of AVM 
nidus is higher in lower SM grade AVM (100% in SM 
grade 1 and 87.5% in SM grade 2) as compared to 
SM grade 3 (71.4%) after 24 months. The difference 
was not statistically significant (p value= 0.510). At 24 
months post GKRS, the lower volume of AVM (<4cc) 
showed higher percentage of obliteration than those with 
higher nidus volume (>4cc) that is 96.2% vs 61.5%. The 
difference in the percentage obliteration was statistically 
significant (p-value = 0.003). This means that small 
nidus volume (< 4cc) is having a better obliteration 
rate than large nidus volume (>4cc) and the p-value is 
statistically significant. Notably, 100% of cases having 
nidus volume <1cc showed complete obliteration. In 
the present study it is seen that, with the increase in 
duration of follow-up, there is gradual increase in the 
percentage of obliteration of AVM nidus and decrease 
in the mean nidus volume. On applying paired t-test, 
to look for the interval change in volume during the 
follow-up period, the mean change in the volume of 
the nidus at different points of follow-up that is 06 
months, 12 months, 18 months, 24 months and >24 
months increases with the duration of follow up and is 
statistically significant (p-value <0.05) for all durations.

After 24 months of follow up, there was significant 
improvement in various symptoms except focal 
neurological deficits which persisted even after the 
procedure with some improvement in the grade of the 
deficits.

Kaplan Meier graph was plotted to look for the actual 
obliteration rates. It was found that the obliteration rate 
of 32.4%, 57.02%, 77.90%, 93.09% and 97.10% at6, 12, 
18, 24 and >24 months respectively. Though the mean 
volume of obliteration increased with time during each 
point of follow-up, however on comparing between the 
groups using ANOVA test, the results were statistically 
not significant.

The rate of obliteration or volume reduction of 
AVM nidus follows a steep curve till about two years 
and then gradually attains a plateau. Thus, it may 
be inferred that to attain an optimal and desired rate 
of obliteration of AVM nidus, minimum duration of 2 
years should be considered and the patients counselled 
accordingly. If the response is not achieved till 2 years 
post procedure, alternate procedure or redo gamma 
knife can be considered.

Table 1. Spetzler–Martin Grading System for Brain AVMs

Size of Nidus Points
Eloquence of 

adjacent brain 
tissue

Points
Pattern 

of venous 
drainage

Points

Small (<3cm) 1 No 0 Superficial 0

Medium (3-6 cm) 2 Yes 1 Deep 1

Large (> 6cm) 3 - - - -

Note.

Eloquent Brain includes the sensorimotor cortex, language/visual cortex, hypothalamus, 
thalamus, internal capsule, brainstem, cerebral peduncles, and deep cerebellar nuclei.

Venous Drainage: Superficial if via cortical veins, Deep if involving internal cerebral veins, basal 
veins, or the precentral cerebellar vein.
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Table 2. Clinical & treatment outcomes of AVM patients

Parameters Value

Age (In Years) 16-71 Years 
(Mean - 35.4 Years) SD- 16.114

Gender
Male 26

Female 14

Presentation
Intracranial bleed 34

Seizures 06

Symptoms

Headache 36

Vomiting 28

Loss of consciousness 13

Focal neurological deficits 08

AVM Location

Supratentorial lobar 28

Deep seated 08

Cerebellum 04

Nidus Volume 6.482cc (Mean) Range 0.05 - 38.68 cc

Venous Drainage
Superficial 27

Deep 13

SM Grading

Grade 1 01

Grade 2 32

Grade 3 07

Grade 4 & 5 Nil

Radiation Dose 12 Gy-23 Gy 
(Mean-18.04) SD 3.969

Complete Nidus Volume 
Reduction 
(> 24 Months)

SM Grade 1 100%  
(01/01)

SM Grade 2 87.5%  
(28/34)

SM Grade 3 71.4%  
(05/07)

Complete Obliteration

After 06 months 10%  
(04/40)

After 12 months 20%  
(08/40)

After 18 months 27.5%  
(11/40)

After 24 months 60%  
(24/40)

After >24 months 85%  
(34/40)
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Table 3. Volumetric reduction in nidus volume during 6 monthly follow-up period
Follow up Period (Months) N (40) Percentage (%)

1. Percentage volumetric reduction in nidus volume after 6 months

0 24 60 

1 –24 00 0

25- 49 01 2.5 

50-74 05 12.5

75 –99 06 15

100 04 10 

2. Percentage volumetric reduction in nidus volume after 12 months

0 08 20 

1 –24 02 05 

25- 49 06 15 

50 –74 07 17.5 

75 –99 09 22.5 

100 08 20 

3. Percentage volumetric reduction in nidus volume after 18 months

0 01 2.5

1 –24 01 2.5

25- 49 03 7.5

50 –74 11 27.5

75 –99 13 32.5

100 11 27.5

4. Percentage volumetric reduction in nidus volume at 24 months

0 01 2.5

1 –24 00 0

25- 49 01 2.5

50 –74 00 00

75 –99 14 35

100 24 60

5. Percentage volumetric reduction in nidus volume > 24 months

0 01 2.5

1 –24 00 -

25- 49 00 -

50 –74 00 -

75 –99 05 12.5

100 34 85

6. Complete obliteration of AVM

6 Months 04 10

12 Months 08 20

18 months 11 27.5

24 months 24 60

> 24months 34 85
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Table 4. Paired sample test to determine the significance of duration of follow-up on the decrease in nidus 
volume
Follow up period 

(In months) Mean SD t - value p- value Result (p< 0.05)

0 month 
6 months

6.48 
3.33

10.43 
5.60 2.64 0.012 Significant

0 month 
12 months

6.48 
2.10

10.43 
4.47 3.18 0.003 Significant

0 month 
16 months

6.48 
1.30

10.43 
4.23 3.47 0.001 Significant

0 month 
24 months

6.48 
0.97

10.43 
4.25 3.64 0.001 Significant

0 month 
>24 months

6.48 
0.71

10.43 
4.23 3.70 0.001 Significant

Table 5. Variables and percentage obliteration

Variable 100% obliteration 
(>24months)

< 100% obliteration (> 
24 months) Total

Age

<40 24 02 26

>40 10 04 14

Gender

Male 21 05 26

Female 13 01 14

Presentation

Bleed 29 05 34

Seizures 05 01 06

Location

Lobar 22 06 28

Cerebellar 04 - 04

Deep Seated 08 - 08

Venous drainage

Superficial 10 03 13

Deep 24 03 27

Radiation Dose

SM 1 01 00 01

SM 2 28 04 32

SM 3 05 02 07

Volume of AVM

4CC 26 01 27

> 4CC 08 05 13
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Discussion
C Hofmeister, C Stapf, et al [16] found that, the mean 

age at diagnosis was 31.2 years which corresponded 
with our study (35.4 years). In our study 35% were 
females compared to 45%, Deep venous drainage was 
seen in 67.5% as compared to 55%. AVMs in eloquent 
locations was found in 20% of cases in our study as 
compared to 71%. Haemorrhage was seen in 85% of 
our cases as compared to 53 % and seizures were seen 
only in 15% in our study as compared to 30%. Headache 
was seen in 90% of our cases as compared to 14%, 
neurological deficits were seen in 20% of our cases as                      
compared to 70%.

J Hillman [17] mentioned high-grade AVMs were rare 
with SM Grades 1 to 3 representing 85% of cases which 
corresponded with our study. Haemorrhage was the 
initial manifestation in 69.6% of the cases as compared 
to 85% of our study.

AVM presents in the age group of 10-40 years with 
male preponderance [18] which corresponded to our 
study. The most common presentation was haemorrhage 

and seizure [19] In our study, haemorrhage was seen 
in 85% of cases and seizures in 15%. In one study 
headache was seen in 5-14% [20] [21], in our study, 
most common symptom was headache (n=36), followed 
by vomiting (n=28) and loss of consciousness(n=13). 
Factors predisposing to focal neurological deficits include 
increasing age, female gender, deep brain location and 
venous drainage pattern [22] We could not find any such 
correlation; however, deep seated AVM was predisposing 
factor for neurological deficits (5 / 8).

Kim B.S. et al [23], Ding D. et al [24] found 90.2% 
of AVMs were supratentorial in location with deep venous 
drainage in 24.6% with SM grade 2 or 3 (32.9% each) 
which corresponded with our study.

Flickinger J.C. et al [25] studied higher radiation 
dose, deep location, and prior haemorrhage corelated 
with increased chances of temporary or permanent 
neurological deficits. In our study, out of the 08 patients 
who were symptomatic with focal neurological deficits, 
05 patients had deeply seated AVM (62.5%) The mean 
radiation dose given to all the patients who had deficits 

Fig. 6. Clinical assessments after 24 months of follow up

Fig. 7. Kaplan-Meier plot of obliteration over time for total patients included in the study.
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was 17.3Gy(>12Gy) and all the patient presented with the 
history of haemorrhage which correlated with the above 
study. Of the six patients who presented with seizures, 
four became seizure-free (66.66%) corresponding to 
55.17% found by Heikkinen E.R. et al. [26]

Yang S. Y. et al. [27] showed post GKRS seizure 
outcome improves in patients with AVM related seizures, 
provided AVM gets obliterated. In our case, the results 
were inconsistent. Of the six patients who presented to 
us with seizures, two patients continued to have seizure 
even after 100% obliteration of the nidus.

In most series, the obliteration rate following GKRS 
was > 70% with a range varying from 35% to 92%. Small 
AVMs had obliteration rate >80% in most series. Time 
interval between the GKRS and complete obliteration of 
AVM nidus may range from 1 to 4 years or even longer. 
The maximum chances of obliteration are during first 
three years of GKRS.

In our case, the obliteration percentage after 24 
months of follow-up was about 85%. Burrow et al. in 
2014 [28] studied 80 patients of small AVMs and found 
the obliteration rate of about 92%, he did not mention 
the volume of the nidus. In our case, the obliteration 
rate was in 96% of patients with AVM for nidus volume 
< 4cc and 62 % obliteration for the nidus volume > 4 cc. 
Ding et al.  [29] studied obliteration rates on 639 cases 
of ruptured AVMs and achieved an obliteration rate of 
67.1% with a mean radiation dose of 21.7 Gy and a mean 
follow-up of 57.2 months. In our study, the obliteration 
rate was 85% and a mean dose given was 18.04 Gy with 
a mean follow-up of 36.4 months.

Thenier et al. [30] reported in a single centre study 
an overall obliteration rate of 81%. Positive predictors 
of nidus obliteration included nidus diameter and venous 
drainage. Ruptured status of AVM had no effect and 
low-grade AVMs were associated with higher obliteration 
rates. Similarly, in our study lower SM grade that is 
SM grade 1 and 2 had a higher percentage obliteration 
rate (100% and 87.5% respectively) than SM grade 3 
(71.4%). Deep venous drainage was related to higher 
obliteration rate as compared to superficial drainage 
(88.8% vs 76.9%).

Сonclusion
GKRS is an effective treatment for achieving 

obliteration of brain AVMs. In our study initial volume 
of nidus and the duration following GKRS are the 
important predictors for the obliteration of AVM and the 
p-values came out to be significant (<0.05). Cerebellar 
and deep seated AVMs had 100% nidus obliteration. 
SM Grade I had 100% nidus obliteration and Grade II 
had 87.5% obliteration, however the p -values for the 
above variable were non-significant. In spite of lack of 
statistical significance for the above variables the high 
percentage of obliteration observed in these variables 
play an important role and are clinically relevant.

The other variables, such as higher prescription 
dose, deep venous drainage, female gender, and young 
age although had a high percentage obliteration are also 
clinically relevant, though the p-values for them were 
also not significant (p-value >0.05).
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