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Abstract

Purpose
The bene�t and risk pro�le of Gamma Knife radiosurgery (GKRS) for intracerebral cavernoma remains
unde�ned due to the low incidence of bleeding and spontaneous regression of cavernoma. We retrieved
cases from a prospectively collected database to assess the outcome of intracerebral cavernoma treated
with GKRS using a double blinded review process for treatment.

Methods
From 2003 to 2018, 94 cases of cavernoma were treated by GKRS with margin dose of 11–12 Gy. The
treatment indications were doubly blinded assessed by two experienced neurosurgeon and afterward
assessed for neurological outcome, radiologic response, and quality of life.

Results
Seven of 16(43.7%) achieved seizure freedom and 9 of 16 (56.3%) achieved decreased seizures.
Rebleeding occurred in 2 cases (2.1%) at 13 and 52 months post GKRS. The nidus volume demonstrated
the decrease in 20 (21.3%) cases, 69(73.4%) stable and 5 (7.3%) increase. Eight-seven of 94 (92.5%)
cases achieve improvement in their quality of life. The effective seizure control was correlated with
patients harboring a single lesion (p < 0.05) and deep seated location of the cavernoma (p < 0.01). New
neurological de�cits were correlated with decreased mental (p < 0.001) and physical (p < 0.05)
components of quality of life testing, KPS (p < 0.001), deep seated location (p < 0.01), and increased nidus
volume (p < 0.05). Quality of life deterioration either in physical component (p < 0.01), mental component
(p < 0.01), and KPS (p < 0.05) was correlated with increased cavernoma volume.

Conclusion
Low margin dose GKRS for intracerebral cavernoma offers reasonable seizure control and improved
quality of life with a low risk of treatment complications.

Introduction:
Intracerebral cavernoma (CM) are uncommon in the general population, with a prevalence ranging from
0.3–0.6% based on large autopsy series and prospective cohort studies. The increasing incidence of
cavernoma is largely due to diagnostic advances with widespread use of magnetic resonance imaging
(MRI) in clinical practice (prevalence 0.4–0.9%) [1–4].Individuals with CMs can present with seizures
(23–50% of cases), headaches (6–52%), focal neurological de�cits (20–45%), or hemorrhages (9–56%)
[1, 5–10]. The extent of permanent neurological de�cits highly correlates with the number of recurrent



Page 3/16

hemorrhages, and re-bleeding episodes tend to occur at progressively shorter time intervals [11]. In
patients with a symptomatic cavernoma, microsurgery is the best treatment for CM, especially given
advances in microsurgical techniques and neuronavigation-guided approaches [12]. For patients with
deeper seated or eloquently situated cavernomas, Gamma Knife radiosurgery (GKRS) is considered as an
alternative [13–15].

The use of radiosurgery for cavernoma remains controversial especially for the primary goal of reducing
the bleeding rate. Some authors have favored radiosurgery for intracranial cavernoma, due to a reduced
risk of hemorrhages after a latency period of 2–3 years [16–18]. But others are less convinces about the
bene�ts of stereotactic radiosurgery (SRS) for cavernomas for a variety of reasons. First, the hemorrhage
rate, particularly for retrospective series, is not simple to calculate due to the appearance of cavernoma in
de novo and referral and treatment biases [19]. Second, the high-risk CM patients are usually selected to
undergo surgery after SRS and thus de�ate the post-SRS hemorrhage rates with time [20]. Ironically, in
some reports, SRS itself can also induce de novo CM development [21–23]. Furthermore, the risk of a CM
rebleeding is typically high for 2–3 years after the initial hemorrhage and, thereafter, cavernoma re-
hemorrhage after SRS appears to be reduced after this period of time [24]. The temporal clustering of
hemorrhagic events might give a false impression of how aggressive a lesion will be in the long term. The
decline in hemorrhagic events observed after treating CMs with SRS could, therefore, be a re�ection of the
natural history of the lesions rather than the result of radiosurgery [20, 25, 26]. Finally, cavernous
malformations are dynamic lesions that may exhibit enlargement, regression, or even de novo formation
[10, 27, 28]. Hence, the bene�cial effect of SRS in altering the natural history of cavernoma continues to
be questioned.

The risk of seizures was estimated to be 1.34% per person-year for solitary CMs and 2.48% per person-
year for multiple lesions [29]. The assessment of gamma knife on the seizure control rate based on the
different study design achieved the seizure free rate from 31–53% and decreased seizure frequency from
45–66%, but without any treatment-related death [14, 18, 30, 31, 32]. Thus, it seems that GKRS seems to
be a rationale approach for improving seizure frequency associated with a cavernoma.

The outcome of radiosurgery on the intracerebral cavernoma remains controversial. One way to verify the
actual effect of GKRS is by clinical observation during a longer follow-up period. In addition, one could
study the effects of GKRS on quality of life and seizures in cavernoma treatment patients. In this study,
we prospectively evaluated the outcomes of GKRS in cavernoma patients who were blindly approved by
two independent neurosurgeons.

Material And Methods:
Patient population

From 2003 to 2018, there were 121 cases of intracranial cavernoma blindly approved by the two
independent neurosurgeons excluding the in-charge neurosurgeon for the GKRS based on the patients’
medical records and imaging �ndings at the Central Bureau of Health Insurance, Taichung, Taiwan, to
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determine whether GKRS was the appropriate treatment. The approval criteria was based on the
consensus of Taiwan Neurosurgical Society on for GKRS including one or more of the following:
recurrence of cavernoma after craniotomy, nidus volume less than 20cc or maximum diameter less than
3.5cm, vulnerable location for the nidus removal, severe illness inappropriate for general anesthesia, or
KPS>70. Finally, there were 105 of 121 (86.7%) cases approved for Gamma Knife treatment. There were
11 cases lost to follow up, and, as such, 94 (89.5%) cases were included in this study. The study was
approved by the ethical committee of Taichung Veterans General Hospital on record No. CG 18080

Radiosurgical Technique

After the patient had received a local anesthetic agent, the Leksell G head frame was a�xed to the head,
and the patient was monitored for blood pressure, oxygenation, and electrocardiography. All patients were
treated with a Leksell Gamma Knife model D (Elekta AB) by a team consisting of a neurosurgeon,
neuroradiologist, radiation oncology, and medical physicist. All patients underwent GKRS with low margin
dosage of 11-12 Gy prescribed to nidus at the isodose line of 50% to 60%. Radiosurgery dose plans, with
single or multiple isocenters, were created, and the targeted margin of the cavernoma was considered to
be the region characterized by mixed signal change within the T2-weighted signal-de�ned hemosiderin
ring [33].

Imaging Technique

The target lesions were typically imaged using a 1.5-T MR imaging unit (GE Medical Systems). Target
localization was performed using T1-weighted, fast-spin-echo T2-weighted, spoiled-gradient recalled, and
time-off light imaging. Additional T1-weighted, spoiled-gradient recalled, and time-of-�ight sequences
were also obtained after administration of gadolinium (Gd). The axial volume acquisition of 256 × 256
matrices was divided into 1-mm thickness without a gap. All patients gave informed consent to receive a
Gd injection in accordance with Taiwan guidelines concerning Gd administration during MR imaging
examinations.

Clinical follow up and assessment of Life quality

The patients received regular follow up at 3-6 month intervals after GKRS including neurological
examination and record of frequency, intensity and drug dosage in patients with a seizure history. SF-36
is a well-validated instrument for measuring quality of life (QOL) [34]. It covers 8 domains including
physical function (PF), role limitation due to a physical problem (RP), bodily pain (BP), general health
(GH), vitality, social functioning (SF), role limitation due to an emotional problem (RE), and mental health
(MH). In this study, BP was speci�cally limited to headache and facial pain, and these were clearly
described for the participants. In general, the physical component summary covered PF, RP, BP, and GH,
whereas the mental component summary included vitality, SF, RE, and MH. Scores on the SF-36 scale
range from 0 to 100, with higher scores indicating better condition. The QOL data were collected prior to
GKRS and at last out-patient follow-up. The Karnofsky Performance Score (KPS) spans from 100 to 0,
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where 100 is "perfect" health and 0 is death [35]. KPS was also collected by the clinical team before GKRS
and at last follow up.

Imaging Follow-Up

All patients underwent routine MR imaging examinations 6–12 months after GKRS. More speci�cally, T1-
weighted images were obtained with or without administration of Gd, and T2-weighted images were
obtained to evaluate whether there were any adverse treatment effects. If patients experienced new
neurological de�cits (increased seizure frequency, impairment sensory of motor function), they underwent
additional imaging examinations at the time of newly neurological de�cits to evaluate for radiologic
changes associated with these clinical changes. The assessment of volume alteration was based on our
previous investigation with volume enlargement by 20% de�ned as increase, volume reduction by 20 %
de�ned as decrease, and volume changes of less than 20% from baseline de�ned as stable [36].

Statistical Analysis

Descriptive statistics were computed using standard methods to calculate mean± standard deviation or
median values with ranges. Factors contributing to seizure frequency, imaging alteration, neurological
outcome, and quality of life that were assessed by the Mann-Whitney test, Chi-Square test, and Fisher's
Exact test. Logistical regression testing was used for the assessment of risk factors related to control of
seizure, new neurological de�cits and improvement in QOL. A p value < 0.05 was considered signi�cant.

Results:
Patient demographics and Treatment parameters

The median age of the patients was 48 year old at the time of GKRS, and there was a male/female ratio
of 55 to 39. The clinical diagnosis included 78 cases with hemorrhage and 16 with seizure. Forty one
cases presented with pre-existing neurological de�cits included motor weakness of 21, sensory
impairment of 15, and gait imbalance of 5. Cavernoma locations include 20 cases in the brainstem, 36 in
deep seated location and 38 in the sub-cortical region. The mean treated volume was 1.93±3.45 cc. The
median margin dose was 12 Gy (11-12). The scores of pre- GKRS KPS were 66.1±7.4. Pre GKRS scores of
SF-36 included general health (34.4±15.2), pain (headache) (34.5 ±21.2), Social function (25.5±16.6),
emotional well being (35.6± 16.9), energy/fatigue (34.2±14.2), role limitation by emotional health
(15.6±18.1), role limitation by physical health (28.7±19.1), physical role (33.4±9.4) (Supplementary Table
1). Patient demographics strati�ed by the pre-GKRS indications of intracranial bleeding and seizure are
shown in Supplementary Table 2.

Clinical and imaging outcome

The median follow up period was 77 months. The imaging analysis demonstrated 20 (21.3%) cases of
decreased nidus (Fig 1), 67(73.4%) stable (Fig 2), 5 (7.3%) with increased size (Fig 3 and Supplementary
Fig 1), and 2 cases with rebleeding (Fig 4).
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Mean post- GKRS KPS were 92.8±11.4. Post GK scores of SF-36 included general health (88.8±18.1), pain
(headache) (88.7 ±20.6), social function (84.9±20.2), emotional well bening (88.5± 17.9), energy/fatigue
(86.2±19.3), role limitation by emotional health (80.5±24.2), role limitation by physical health (87.2±24.8),
physical role (86.7±17.4). There were signi�cant differences of life quality after GKRS in all patients (Fig
5A) and also in those strati�ed by pre-GKRS indications of cavernoma hemorrhage and seizures (Fig 5B).

Following GKRS, seven cases demonstrated new neurological de�cits including 2 cases (2.1%) with re-
bleeding at time point of 13 and 52 months following radiosurgery, and 5 cases with de�cits associated
with increased nidus volume at time point of 24, 52, 80, 96, 108, and 134 months, respectively. The
predictive factors for new neurological de�cits were shown in Supplementary Table 3 and Supplementary
Table 4 including brainstem location (p<0.01), venous abnormality (p<0.01), nidus increased after GKRS
(p<0.001), post GKRS KPS (p<0.01), post GKRS physical component (p<0.05), and post GKRS mental
component (p<0.01). Those patients who developed new neurological de�cits also showed no
improvement in life quality as illustrated in Supplementary Fig 2. 

In 16 cases with pre GKRS seizure, 7 cases reach the Engel I –II and 9 cases of Engel III at last follow up.
There was no case of Engel IV. The prognostic factors for seizure control are shown in Supplementary
Table 5 and Supplementary Table 6. The predictive factors for effective seizure control (Engel I/II)
included post GK mental component (p<0.004) and a single lesion (p<0.05).

In the logistical regression analysis, QOL deterioration either in physical component or mental component
and a decline in KPS were highly correlated to increased volume of nidus (Supplementary Table 7-9).

Discussion:
The assessment of intracranial cavernoma outcomes after GKRS is confounded by the ill-de�ned
incidence of bleeding rate, �uctuation of nidus volume, de-novo growth, and temporal hemorrhage
clustering. Aside from the di�culty in the assessment of response in bleeding tendency, we found that
the decreased seizure frequency and improved life quality were major contributors for the bene�cial
effects of GKRS on intracranial cavernoma patients.

There were some arguments in the assessment of a decreased cavernoma bleeding rate following GKRS.
First, the long latency period of 2–3 years after GKRS to demonstrate a bene�cial effect may simply
re�ect the natural history of cavernomas after a prior hemorrhage [16–18]. Second, in calculating the
hemorrhage rate, most of published studies are retrospective and in�uenced by selection and treatment
biases [19]. The high-risk patients with complication usually were allocated to resection after SRS and
reduce the post-SRS hemorrhage rates with time. [20]. The temporal clustering of hemorrhagic events
may only re�ect the natural history of the lesions rather than a meaningful alteration of that natural
history by GKRS [20, 25, 26]. Also, in some reports, SRS itself can also induce de novo CM development
[21–23]. Cavernous malformations are dynamic lesions that may exhibit enlargement, regression, or even
de novo formation [10, 27, 28]. In this study, there were only two cases experiencing hemorrhage during
the follow up at 13 and 52 months post-GKRS. Due to the low incidence of bleeding and the di�culty in
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de�ning the hemorrhage episode before GKRS, the factors subjected to analysis did demonstrate
signi�cant relationships to the development of rebleeding.

QOL improvement was a useful tool for the assessment of intracranial lesions treated by the GKRS [37,
38]. In general, the SF-36, BCM-20 and KPS were used for the assessment of life quality after GKRS. In the
QOL assessment, the parameters obtained should ideally be assessed in a periodic and continuous
fashion [36–38]. In this study, the SF-36 and KPS data were only obtained at the time point of GKRS and
the last outpatient follow up. Thus, the power of the assessment was decreased.

The effect of gamma knife on cavernoma related to seizure control was various due to the different
approach in the study design. In one series, seizure control following GKRS was achieved in 53% of
patients with Engel Grade I or II, and there was no treatment-related death [18]. In another large series
including 291 patients enrolled, 31% were reported to be seizure free and 35% exhibited a decreased
seizure frequency [30]. In 18 of 28 patients whose chief complaint was seizures, there was a decrease in
seizure frequency [31]. In the 65 patients, seizures were controlled without anticonvulsant medication in
81.8% [14]. In 112 patients, 45% exhibited improvement of their seizures [32]. Thus based upon published
�ndings, GKRS seems to be a rationale approach for improving seizure frequency associated with a
cavernoma.

There is still a debate concerning the optimal radiosurgical dose for cavernoma treatment to achieve a
bene�cial response and minimize side effects. Doses exceeding 15–16 Gy have previously demonstrated
signi�cant radiation edema [31, 39]. In lesions located at in the brainstem even with a margin dose of
13Gy, there is substantial increase in radiation induced complication, [40] and it seem that 13 Gy is the
upper margin dose without signi�cant risk of adverse effects for radiosurgically treated cavernomas [33].
In some anecdotal report, a margin dose of as low as 10 Gy has signi�cant effect in cavernoma
shrinkage [41]. In this study, a margin dosage of 11–12 Gy afffored recognizable nidus shrinkage or
stability without appreciable adverse effect. Thus the optimal dose and threshold for radiation-related
complication for CMs have not been de�ned until now. It seems that there is a need to explore the issue
further particularly for speci�c sites such as the brainstem.

The effects of GKRS on intracerebral cavernoma are confounded by many factors which are di�cult to
control, and, therefore, the role of GKRS for cavernomas remains controversial. The only way to verify a
bene�cial effect of the treatment is to demonstrate no increased annual risk of re-bleeding and no
appreciable complications from the treatment itself. Based on the above assumption, we applied a low
margin dose of 11–12 Gy to treat the cavernoma and found that most patients demonstrated decreased
seizure frequency, stabilization of the cavernoma, and improvement in QOL. Also, there were no de�nite
adverse effects associated with GKRS. Therefore, a low margin dose of 11–12 Gy in the treatment of
cavernoma seems to be a reasonable approach.

Conclusion
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Low margin dose GKRS for intracerebral cavernoma seems to be a reasonable approach which reduces
seizure frequency and improves quality of life in the majority of patients. This treatment appears to be
without appreciable risk of adverse radiation effects.
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Figure 1

Cavernoma treated with GKRS with decreased size. A 13 year old girl suffered right side limb weakness
with muscle power of grade IV and received GKRS with the regression of nidus. (A) MRI imaging of T2,
Flair at the time of GKRS with radiation volume of 1.2 cc with 12 Gy in 50% line (B) MRI imaging of T2
and Flair 6 years after GKRS with nidus volume of 0.41 cc (C) MRI imaging of T2 and Flair 10 years after
GKRS with nidus volume of 0.35 cc (D) MRI imaging of T2 and Flair 16 years after GKRS with nidus
volume of 0.34 cc
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Figure 2

Cavernoma treated with GKRS and achieving stable size. A 30 year old female presented with tonic-clonic
seizure treated with Gamma Knife radiosurgery with stable size of nidus and seizure control of Engel II.
(A) MRI imaging of T2, Flair and T1 with contrast at the time of GKRS with radiation volume of 4.5 cc
with 12 Gy in 50% line.(B) MRI imaging of T2, Flair and T1 with contrast 6 years after GKRS with nidus
volume of 4.4cc (C) MRI imaging of T2, Flair and T1 with contrast 10 years after gamma knife treatment
with nidus volume of 4.3cc (D) MRI imaging of T2, Flair and T1 with contrast 14 years after GKRS with
nidus volume of 4.3cc
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Figure 3

Cavernoma treated with nidus progression followed by second GKRS and craniotomy. A 29 year old
female suffered facial numbness treated with GKRS and received a second GKRS due to increased
volume of nidus with the recurrent symptom of facial numbness. The patient underwent a craniotomy
due to intractable facial numbness and the surgery was associated with postoperative neurological
de�cits (A) MRI imaging of T2 at the time of GKRS with radiation volume of 2.4 cc with 12 Gy in 50% line
(B) MRI imaging of T2 one year after GKRS with nidus volume of 0.5 cc (C) MRI imaging of T2 weighted
2 years after GKRS with nidus volume of 2.0 cc (D) MRI imaging of T2 at the time of second GKRS with
radiation volume of 2.1 cc with 12 Gy in 50% line (E) MRI imaging of T2 9 years after a second GKRS and
craniotomy with nidus volume of 1.1cc
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Figure 4

Cavernoma treated with GKRS and demonstrating nidus progression and hemorrhage. A 41 year old
female suffered facial numbness treated with GKRS and suffered the repeated bleedings (A) MRI imaging
of T2, Flair and T1 with contrast at the time of gamma knife treatment with radiation volume of 0.1cc
with 12 Gy in 50% line (B) MRI imaging of T2, Flair ,and T1 with contrast three year after GKRS with nidus
volume of 0.21 cc (C) CT imaging 5 years after GKRS with intracerebral hemorrhage (D) MRI imaging of
T2, Flair ,and T1 with contrast 5 years after GKRS with a nidus volume of 0.023 cc (E) MRI imaging of T2,
FLAIR, and T1 with contrast 11 years after GKRS with a nidus volume of 0.021cc
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Figure 5

Plot of life quality before and after GKRS (A). Plot of life quality including SF-36 and KPS before and after
GKRS. (B) Plot of life quality of SF-36 and KPS strati�ed by the etiologies of intracerebral hemorrhage
and seizure. *: p<0.05; **:p<0.01
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