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ABSTRACT:

BACKGROUND:

Cavernous malformation is A well-circumscribed, benign vascular hamartoma consisting of irregular
thick and thin-walled sinusoidal vascular channels located within the brain. lacking intervening
neural parenchyma large feeding arteries, or large draining veins. Usually 1-5 cm in size, may
haemorrhage, calcify or thrombose, choosing best method of surgical treatment is crucial in order to
decrease the cavernoma size, rate of haemorrhage and associated neurological symptoms.
METHODS:

From Nov. 2021 to Dec. 2023 there were 40 cases of cavernous malformation treated by gamma
knife radiosurgery at Dr. Saad Al-Witry Neuroscience Hospital by experienced neurosurgeon and
approved for gamma knife radiosurgery all patients were followed up by clinical and radiological
assessment.

RESULTS:

The mean age was (39.5 + 5) years; (60%) of patients were males. The most prevalent sites of
cavernous malformation were cortical followed by brainstem. Pre gamma knife the most common
size was 2-2.9 cm’ (42.5%), meanwhile post gamma knife the most common size was 1-1.9 cms’ in
(35%), in addition to (5%) of the cavernomas disappear completely. By McNemar test there was
significant association between Gamma knife radiosurgery and decreasing rate of haemorrhage, as
well as decreasing in prevalence rate of reported seizure, hemiparesis, hemisensory loss and cranial

nerves deficits.
CONCLUSION:
Gamma knife radiosurgery.
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INTRODUCTION:

Cavernous haemangioma, cavernoma, cavernous
angioma, or simply "cav-mal" in clinical terms is
vascular hamartoma defined and consists of an
assortment of irregularly shaped thick and thin-
walled sinusoidal vascular channels located
within the brain. No neural tissue is present,
along with the absence of significant feeding
arteries or major draining veins. The typical size
ranges from 1 to 5 cm, as it has the potential to
bleed, harden, or form clots. It is an uncommon
occurrence within the spinal cord. The external
characteristics are similar to those of a mulberry.
Capillary telangiectasias may be observed
adjacent to lesions, potentially indicating a
precursor condition. Demonstrate positivity for
the angiogenesis marker (von Willebrand’s
factor). Lesions can develop from the beginning
and may increase in size, decrease, or stay the
same as time progresses. Cerebral cavernous

malformations (CM) account for 5-13% of
central nervous system vascular anomalies ‘.
Cavernous malformation may be sporadic (single
lesion) discovered during evaluations for
headache or other wunrelated symptoms,
hereditary caused by autosomal dominant trait
(multiple lesion), approximately 40% of these
patients remain asymptomatic . or following
radiotherapy sessions, which appears to be a risk
factor (following craniospinal radiotherapy for
medulloblastoma) . Regarding the locations of
the lesion, most are supratentorial followed by
brainstem and multiple respectively .

Patients of cavernous malformation presented
with seizures *’, haemorrhage in 25%. ©. Usually
intraparenchymal, occurs in  extra- or
intralesional haemorrhage. Because cavernous
malformations are low-flow, low-pressure
lesions, haemorrhage typically displaces and
compresses adjacent neural tissue rather than
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destroying it. a compromised blood-brain barrier
at the site of a CM that leads to a chronic
erythrocyte leak into the surrounding brain and
consequently to deposition of hemosiderin in
perilesional tissue. ” Increases in size may result
from repeated small haemorrhages within the
lesion and from spontaneous thrombosis of the
blood-filled caverns. the clinical presentation
caused by the haemorrhage is related to location

of the cavernous malformation. Each
haemorrhage carries about 20% risk of
morbidity, and 5% mortality. ® Neurological

focal deficits are the most frequent among
patients with cavernous malformations in the
brainstem and basal ganglia and
Hydrocephalus. ©

Reviewing other literature review, risk factors of
haemorrhage in cerebral cavernous malformation
were younger age, female sex, multiple and
increased lesion size, brainstem cavernous
malformation and haemorrhage outside the
boundaries of the CM increase rebleeding
rate ', Cavernoma evaluated by imaging tools,
MRI is the diagnostic test of choice, with either
gradient-echo T2WI or susceptibility-weighted
(SWI) images is the most sensitive (popcorn
appearance). Gadolinium-contrasted MRI may
be helpful for identifying possible associated
DVAs or capillary telangiectasia or to exclude
tumours in questionable cases. Contrast CT may
be helpful when MRI cannot be done. CT scan
can rule out emergent conditions such as
significant hematoma. hydrocephalus, and mass
effect. Angiography: may be needed to rule out
other diagnoses .

Treatment protocols are surgical excision and
stereotactic radiosurgery (Gamma knife) is a
non-invasive, dedicated system for intracranial
radiosurgery described as surgery without the
scalpel '?. radiosurgery is sufficiently safe to
serve at least as an alternative for a watch-and-
wait policy. Histologic studies of surgically

resected irradiated cavernous malformations
showed radiation-induced vasculopathy,
fibrinoid necrosis, endothelial destruction,

hyalinization, marked fibrosis and scar tissue
formation. The main indication for gamma knife
radiosurgery is reduction of the risk of future
haemorrhage and consequential neurological
deterioration ¥,

The effect of gamma knife radiosurgery on
cavernous malformation was reported as a
reduction of the risk of haemorrhage in the
majority of gamma knife radiosurgery studies
comparing pre- and post-treatment beyond a
latency of 2 to 3 years. The annual rebleeding
rate falls from 39.5% before treatment to 15%
within the first 2 years after radiosurgery and to

2.4% thereafter Y. Regarding seizure, 53% of
the patients suffering from long-lasting epilepsy
refractory to medical therapy became seizure-
free within a mean of 4 months after gamma
knife radiosurgery, especially if applied early
after seizure onset '*. In addition to the
radiological ~ morphology  of  cavernous
malformation after gamma knife radiology,
approximately half of the lesions that shrank may
in part be due to the resolution of intralesional
haematomas .

Vascular  abnormalities  called  cavernous
malformations can cause major neurological
morbidity including hemorrhage and epilepsy.
Although successful, surgical resections carry
risks particularly for deep or eloquently located
lesions. With increasing proof of efficacy in
lowering lesion size and controlling symptoms,
gamma knife radiosurgery (GKRS) presents a
non-invasive substitute. Data on long-term
clinical and radiological outcomes, especially in
the regional context of Iraq, still are not enough.
By this study we aim to choose best management
method to reduce clinical and radiological
outcome of intracranial cavernous malformation.
PATIENTS AND METHODS:

A retrospective and prospective comparative
study was conducted over a period of 2 years
from November 2021 to December 2023 at Dr.
Saad Al-Witry Neuroscience Hospital in
Baghdad, Iraq. The study included (40) patients.
All were followed up during their hospital stay
and after discharge at periods ranging from 3
weeks to 24 months. Patient data, clinical
presentation, radiological studies including brain
CT scan Brain MRI, MRA, MRV, gradient echo
sequence, SWI sequence to confirm the
diagnosis of cavernous malformation. the patient
prepared for gamma knife radiosurgery by
sending the patient routine blood investigations,
brain MRI gamma protocol and brain CT gamma
protocol (T1, T2, SWI and T1 contrast) and
entered for Leksell stereotactic gamma knife
radiosurgery. All patients were followed up
clinically by regular clinic visits to evaluate
seizure frequency neurological deficits and
quality of life, regular radiological follow up
were done by brain MRI gamma protocol to
assess cavernomas volume, the first follow up
MRI obtained after 6 months then after one year
then one and half year then after two years, the
volume of the cavernous malformation pre and
post gamma knife were assessed by radiologist.
The description and analysis of the data were
carried out using the available statistical package
SPSS-29  (Statistical Packages for Social
Sciences, version 29). Descriptive data was
presented in measures of frequency, percentage,
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mean, and standard deviation. Analytical
statistics using the McNemar test were carried
out to evaluate the association between
Neurological signs and symptoms (haemorrhage)
(neurological symptoms) and performing gamma
knife radiosurgery effect; a P-value < 0.05 was
considered statistically significant.

Official research approval of this study was
accorded  from  Scientific = Council  of
Neurosurgery of the Iraqi Board for medical
specializations. Official approval (IRB approval)
was granted from Al-Rusafa health directorates
as well as from the above hospital. The
objectives of the study were explained to the
participants and informed them that they were
allowed to choose to participate or not, and
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Basal
ganglia

and
thalamus

Brainstem

verbal consent was obtained from each
participant and his/her relatives. The collected
data were kept confidential in locked computer
and will not to be used except for the scientific
purpose of this study.

RESULTS:

The study done on 40 patients with cavernomas,
the most prevalent age group was (30-39) in
(45%) of patients, the mean age was (39.5 = 5
SD) years; (60%) of patients were males.
According to cavernous malformations central
location, (40%) were cortical, (32.5%) were
brainstem location, (17.5) were basal ganglia and
thalamus, (7.5%) were cerebellar in location and
(2.5%) was multiple location, as shown in
Figure-1.

Cortical

Figure 1: Cavernous malformation distribution according to the location.

According to MRI measurements before Gamma
Knife Radiosurgery, 32.5% of patients had a
reduction in cavernoma size following treatment.
The most common size category pre-treatment
was 2-2.9 cm? in 42.5% of patients, followed by

1-1.9 cm?® in 27.5%. After treatment, the most
common size was 1-1.9 cm?® (35%), followed by
229 cm® (32.5%). Additionally, 5% of
cavernomas disappeared completely (Figure 2).
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Figure 2: Size of cavernomas in MRI pre and post Gamma knife radiosurgery.
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According to patients’ Signs & Symptoms, there
is a significant association between performing
gamma knife radiosurgery and haemorrhage rate

reduction as well as seizure, hemiparesis,
hemisensory loss and cranial nerves deficits by
McNemar testing, as illustrated in (Table-1).

Table 1: Symptoms of patients’ pre and post gamma knife.

No. of patients No. of patients McNemar test
Signs & Symptoms | Pre-gamma knife Post-gamma knife X2 value P-value
Haemorrhage
Yes 12 4 12 0.0005*
No 28 36
Headache
Yes 31 8 0.015 0.899
No 32
Seizure
Yes 21 4 3.947 0.04*
No 19 36
Hemiparesis
Yes 8 4 17.818 0.00002*
No 32 36
Hemisensory loss
Yes 10 3 15.51 0.00008*
No 30 37
Cranial nerve deficit
Yes 10 6 13.09 0.0002*
No 30 34

The Kaplan-Meier survival analysis
demonstrated a higher probability of bleeding-
free survival in Group B (after GKRS) compared
to Group A (before GKRS). The survival curves
diverged significantly over the follow-up period.

According to the log-rank test (> = 6.33, p =
0.012), the difference between the two groups
was statistically significant, indicating that
patients in Group B had a significantly better
outcome in terms of postoperative bleeding.

Kaplan-Meier Curve for Bleeding-Free Survival
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The log-rank test (42 =6.33, p = 0.012) demon-
strated a statistically significanct difference be-
tween the two groups.

Figure 3: Kaplan-Meier survival analysis for hemorrhage recurrence.

A comparison of neurological signs and
symptoms in  patients with  cavernous
malformations before and after undergoing
Gamma Knife Radiosurgery, categorized by
lesion location. The results showed a reduction in
most symptoms post-GKRS. Hemorrhage and
headache were most common in cortical lesions
significantly decreased after GKRS. Seizure,

exclusively correlates with cortical and multiple
lesions, dropped in post-treatment period.
Hemiparesis and hemisensory loss were
observed in both cortical and brainstem lesions
and showed mild improvement post-treatment.
Cranial nerve deficits, mainly associated with
brainstem cavernomas and diminished after
GKRS.
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Table 2: Outcomes by lesion localization pre- and post-GKRS

No. of patients
Pre-gamma knife

Signs & Symptoms
Haemorrhage
Cortical

No. of patients
Post-gamma knife

Brainstem

Basal ganglia and thalamus

Cerebellar

— N |[\O
—| =N

Multiple

Headache

Cortical
Brainstem

29 7

Basal ganglia and thalamus

Cerebellar

Multiple

| Seizure
Cortical

Brainstem

Basal ganglia and thalamus
Cerebellar

Multiple

Hemiparesis

Cortical

Brainstem

Basal ganglia and thalamus

Cerebellar

Multiple

Hemisensory loss

Cortical

Brainstem

Basal ganglia and thalamus

Cerebellar

Multiple
Cranial nerve deficit

Cortical
Brainstem

Basal ganglia and thalamus
Cerebellar

Multiple

DISCUSSION:

Regarding to age groups most cases were in age
group 30-39 years old and the mean age was
(39.5 + 5 SD), was similar to Omer Sager study
which had mean age group of 35 years old '®. In
our study male are the most common which is
60% of the patients which is similar to Jae
Jon Sheen study in which the male was the most
common 55% 7).

According to the size of cavernous malformation
in our study the volume of cavernous
malformation decreased in 32.5% of patients
post gamma knife radiosurgery, this result was
similar to study conducted by Chiung-Chyi Shen,
et al., they found that the size of cavernous
malformation were decreased in (21.3%) of cases
following gamma knife radiosurgery .

In relation to haemorrhage, pre and post Gamma
knife in our study (30%) of the patients had at
least one attack of haemorrhage and only (10%)
experience haemorrhage post gamma knife
which is similar to Cheng-Chia Lee et al study in
which (23.6%) of the patients had haemorrhage
pregamma knife and only (7.52%) had
haemorrhage post gamma knife "”. In other
study done by Sung Ho Lee et al which were
similar to our study in which 22.2% of the
patients experienced haemorrhage pregamma
knife and 9.8 of the patients experienced
haemorrhage post gamma knife *°.

In our study results of seizure control, post
gamma knife radiosurgery (80.9%) of the
patients had seizure control. Similar to a study by
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Cheng-Chia Lee et al. which concluded that
(82%) had seizure control post gamma knife "
Regarding cranial nerves deficits In our study we
concluded that cranial nerve deficits were (25%)
pre gamma knife and only (15%) post gamma
knife while in study done by Ahmed Ragab
AbdelSalam (75%) of the patients had cranial
nerve deficit improved or stable post-Gamma
knife, but in his study all the selected patients
had brainstem cavernoma with cranial nerve
deficit ®?.

In relation to hemiparesis and hemisensory loss,
there is an improvement in 50% and 30% of
patients experienced those symptoms
respectively. Unfortunately, we couldn’t find any
other studies that discussed these topics.

By survival analysis demonstrated a higher
probability of bleeding-free survival in Group B
(after GKRS) compared to Group A (before
GKRS). The difference between the two groups
was statistically significant, indicating that
patients in Group B had a significantly better
outcome in terms of postoperative bleeding, this
was similar to result found by study conducted in
Tiirkiye ).

Gamma Knife Radiosurgery is cost-effective
compared to microsurgery or conservative
management, this conclusion agrees with 2
researches papers conducted in Tirkiye and
United States respectively @2%.
CONCLUSION:

Gamma knife radiosurgery is a valid alternative
option to microsurgical resection with less
mortality and morbidity and less hospital stay.
Nearly one third of patients experienced
decreasing in the size of cavernous malformation
after gamma knife radiosurgery. There is a

significant association between performing
gamma knife radiosurgery and haemorrhage rate
reduction as well as seizure, hemiparesis,

hemisensory loss and cranial nerves deficits.
Gamma knife radiosurgery significantly reduces
the haemorrhage free survival period. Finally, the
data suggest that GKRS is associated with a
reduction in symptom across various lesion
locations, especially in cortical lesions.
Recommendations:

To continue clinical and radiological follow up
of more than 3 years. We advise to treat patients
with cavernous malformation located in eloquent
cortices and inaccessible deep seated cavernomas
with gamma knife radiosurgery as a primary
treatment option with no or very low risk of
radiation induced neurotoxicity.
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