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ABSTRACT

Background: Gamma Knife radiosurgery (GKR) is a technique that consists of the release of a high dose of
ionizing radiation onto a therapeutic target, which has been previously delimited. This technique was described by
Lars Leksell and Borje Larsson in 1951. In Colombia, there is only one GKR unit functioning machine nowadays.
The objective of this study is to describe the institutional experience of a single institution with Gamma Knife
Perfexion over 12 years.

Methods: We conducted a retrospective observational study. A total of 1906 medical records, taken from the
period between May 4, 2010, and May 4, 2022, were included in the study. Descriptive analysis was performed
through STATA 17 as statistic tool. Measures of central tendency were calculated depending on the distribution of
the continuous data and proportions were taken into account in the case of qualitative variables.

Results: A total of 1906 procedures were performed. Patients from 1 year to 99 years old were treated, with a
median age of 51 years. The most frequent diagnoses were meningioma (20.8%), arteriovenous malformation
(AVM) (17%), vestibular schwannoma (15.6%), metastases (9.81%), and trigeminal neuralgia (9.12%). At
3-year posttreatment, in meningiomas, tumor size stability was observed in 57.3%, size decrease in 36%, and
disappearance in 1.3%. In AVM, complete obliteration of the lesion was described in 36.8% and a decrease in size
in 52.6%. Intracranial hemorrhage occurred in 5.2% during the follow-up period and 3.5% of all treated patients
required a new procedure due to residual malformation. In vestibular schwannomas, tumor size remained stable
in 62.2% and decreased in 28.8%. No new cases of facial paralysis after the procedure were described. At 1-year
posttreatment, in metastasis, the size of the lesions remained stable in 40% of the patients, decreased in 47.5%,
and disappeared in 2.5%. In trigeminal neuralgia, 88.4% of patients had pain relief and recurrences occurred in
16.6%. Acute complications were generally uncommon, the main ones being headache, pain at frame fixation
points, and nausea.

Conclusion: Our experience suggests that GKR is a noninvasive procedure with a broad spectrum of clinical
applications, low frequency of complications, feasible, with good enough control size of tumor and vascular
lesions in images, and good clinical results in the medium and long term.

Keywords: Arteriovenous malformation, Brain neoplasms, Gamma Knife radiosurgery, Stereotactic radiosurgery,
Trigeminal neuralgia
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INTRODUCTION

Gamma Knife radiosurgery (GKR) is a technique that
consists of the release of a high dose of ionizing radiation
onto a therapeutic target, which has been previously
located and delimited through stereotaxy.”) The first
GKR unit was created by Leksell in 1951, at a time when
intracranial surgical procedures generated high morbidity
and mortality.®) Although its initial objective was the
management of functional disorders, it was used for the
1 time to treat a patient with a craniopharyngioma and
another with a pituitary adenoma.®® At first, proton beams
and linear accelerators were used, which over time evolved
into gamma radiation from radioactive cobalt sources."*!

After being used for more than a decade at the Karolinska
Institute in Sweden, more units were installed in other
countries such as Argentina, England, and the United
States.”!l The generalization in its use coincided with the
advent of head computed tomography (CT) and magnetic
resonance imaging (MRI), which allowed a refinement of the
technique and the expansion of its clinical applications. In
April 2010, the first fifth-generation GKR unit (Gamma Knife
Perfexion) arrived at our institution in Colombia, being the
first in Latin America. It is currently the only GKR machine in
operation in a country with a roughly 50 million population.

The Gamma Knife Perfexion uses 192 cobalt-60 sources
whose radiation shots are emitted toward a previously
defined intracranial point, through three basic collimators
distributed centrifugally in eight segments.®! We opted for
GKR technique since we consider that within the radiation
techniques in neurosurgery, it is currently the tool that offers
the greatest precision for the treatment of intracranial lesions.

Multiple publications have reported institutional experiences
in the management of specific pathologies with GKR.
However, few institutions have reported their general
experience."*%1% Ag far as we are concerned, to date, there
are no studies published in Latin America that report
larger experiences with GKR. The aim of this study is to
describe our institutional experience of 1906 procedures
performed with Gamma Knife Perfexion over 12 years in
an institution of a middle-income country. In addition, we
will show the steps, we follow to carry out the procedure, the
clinical characteristics of treated patients, data related to the
treatment, and some information about the follow-up of the
five most frequent diagnoses.

MATERIALS AND METHODS

We conducted a retrospective observational study. The data
for this study were from Fundacién Clinica Shaio, a fourth-
level hospital in Bogota, Colombia. We conducted this research
with the approval of the Institution’s Ethics Committee. A total
of 1906 medical records, taken from the period between May
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4, 2010, and May 4, 2022, were included in the study. For
the follow-up data, three periods were taken into account:
(1) between the 1% week and the 1% month posttreatment
to evaluate acute complications, (2) 1-year posttreatment
in patients with metastases and trigeminal neuralgia, and
(3) 3-year posttreatment in the other three most frequent
diagnoses (meningioma, arteriovenous malformation [AVM],
and vestibular schwannoma).

The data were analyzed using the statistical program STATA
17.0. For quantitative variables, normality in the distribution
of the data was verified by graphs, the Shapiro-Wilk test,
and kurtosis. According to the results, measures of central
tendency were applied, mainly median with interquartile
range (IQR), and mean with standard deviation (SD). In the
case of qualitative variables, proportions were calculated.

Procedure

A rigid frame is placed on the patient’s head under local
anesthesia or with the assistance of general anesthesia in the
case of pediatric patients younger than 12 years, patients with
claustrophobia, or with a history of psychiatric disorders
that prevent the realization of the procedure. Once fixed to
the skull, the stereotactic frame helps to establish stereotactic
coordinates in the intracranial space, to pinpoint the
therapeutic target.

With the frame in place, high-resolution neuroimaging is
performed, mainly CT, 1 mm thin-slice MRI of the brain,
and in the case of AVM, cerebral angiography. Based on these
images, treatment planning is carried out in the GammaPlan
software using a coordinate system that allows locating and
delimiting the intracranial lesion. The patient enters the
radiosurgery machine which emits gamma radiation with
high precision to the intracranial lesion, minimizing the
irradiation of adjacent structures and with a <1 mm margin
of error. The dose of radiation emitted is decided according
to the type of lesion, location, size, and history of previous
management by the neurosurgery service and the medical
physicists, which during the procedure supervise and control
the radiation release.

In the case of large lesions with increased risk of cerebral
edema due to radiation, or in patients whose neurological
functions such as hearing must be preserved, we do the
procedure in fractions, generally in two or three. This allows
us to treat lesions using lower doses per fraction [Table 1].
In these cases, the patient is hospitalized and keeps the
stereotactic frame placed until the next session. After the
unique or the last fraction, the frame is removed and the
patient is discharged with the indication of outpatient
follow-up, which is carried out during the 1* week and every
3 months, 6 months, or annually depending on the diagnosis.
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Table 2: Frequency of diagnostics.

Diagnostic Gender Total
Female masculine

Meningioma

n 300 98 398

% Diagnostic 75.38 24.62 100

% Total 25.1 13.78 20.88
Arteriovenous malformation

n 174 159 333

% Diagnostic 52.25 47.75 100

% Total 14.56 22.36 17.47
Vestibular schwannoma

n 191 107 298

% Diagnostic 64.09 35.91 100

% Total 15.98 15.05 15.63
Brain metastases

n 121 66 187

% Diagnostic 64.71 35.29 100

% Total 10.13 9.28 9.81
Trigeminal neuralgia and
atypical face pain

n 119 62 181

% Diagnostic 65.75 34.25 100

% Total 9.96 8.72 9.50
Pituitary adenoma

n 72 50 122

% Diagnostic 59.02 40.98 100

% Total 6.03 7.03 6.4
Glomus jugulare

n 65 12 77

% Diagnostic 84.42 15.58 100

% Total 5.44 1.69 4.04
Cavernous malformation

n 23 19 42

% Diagnostic 54.76 45.24 100

% Total 1.92 2.67 2.20
Low-grade glioma

n 22 15 37

% Diagnostic 59.46 40.54 100

% Total 1.84 2.11 1.94
High-grade glioma

n 9 16 25

% Diagnostic 36 64 100

% Total 0.75 2.25 1.31
Choroidal melanoma

n 11 14 25

% Diagnostic 44 56 100

% Total 0.92 1.97 1.31
Craniopharyngioma

n 6 8 14

% Diagnostic 42.86 57.14 100

% Total 0.5 1.13 0.73
Dural AV fistula

n 5 7 12

% Diagnostic 41.67 58.33 100

(Contd...)
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Table 2: (Continued).
Diagnostic Gender Total
Female masculine
% Total 0.42 0.98 0.63
Chordoma
n 7 5 12
% Diagnostic 58.33 41.67 100
% Total 0.59 0.70 0.63
Chronic intractable pain
n 6 4 10
% Diagnostic 60 40 100
% Total 0.5 0.56 0.52
Other diagnostics
n 68 72 140
% Diagnostic 66.09 51.43 100
% Total 9.62 10.13 7.35
Total 1195 711 1906
62.70 37.3 100
100 100 100
AV: Arteriovenous fistula

The most frequent diagnoses [Table 2] were meningioma
(20.8%), AVM (17%), vestibular schwannoma (15.6%),
metastases (9.81%), and trigeminal neuralgia (9.12%). 1521
procedures (79.8%) were performed in a single fraction,
while 385 procedures (20.2%) were performed in more than
one fraction. Of the latter, 263 procedures (13.8%) were two
fractions, 114 (5.98%) were three fractions, six procedures
(0.3%) were four fractions, and two procedures (0.1%) were
five fractions.

Meningiomas

398 procedures were performed, corresponding to 20.88% of
the total. Three hundred procedures (75.3%) were performed
on women and 98 (24.6%) were performed on men. In
total, 387 patients were treated. The mean coverage dosage
was 14 Gy. The median age was 54.5 years (IQR 44-64).
About 40% of the patients had a history of previous surgical
management. In 377 procedures (94.7%), single lesions
were treated, while in 21 procedures (5.2%) between two
and six lesions were treated per procedure, all of them in
patients diagnosed with neurofibromatosis type 2. A total
of 432 lesions were treated, of which 66.6% were skull base
meningiomas, 12.5% convexity meningiomas, 12% midline
meningiomas, 5.5% posterior fossa meningiomas, 2.3% optic
nerve sheath meningiomas, and 0.93% orbital meningiomas.
The median volume of the lesions was 6.55 cc (IQR 3.1-12.6).
Of the 398 procedures, 57.8% were performed in a single
fraction, whereas 42.2% were divided into 2-5 fractions.
The median hospital stay was 5.42 h (IQR 3.3-29.9). The
treatment data are shown in Table 1.
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At 3 years posttreatment, follow-up data were obtained
from 75 patients (18.8% of the total), with a median follow-
up of 36.2 months (IQR 27.9-38.8). The size of the tumor
remained stable in 57.3%, in 36%, the size decreased
[Figure 3], in 1.3%, there was a disappearance of the lesion,
and in 5.33%, an increase in size was described, three of the
latter had a diagnosis of atypical meningioma by pathology,
and one had diagnosis of meningiomatosis. Regarding
acute complications, follow-up data were obtained from
145 patients (37.4% of the total). The acute complications
described were mild-to-moderate headache (25.5%), pain at
frame fixation points (4.1%), facial paresthesia (2%), nausea
(2%), vertigo (1.38%), and intraocular pain (0.69%). The
64.1% did not present any acute complication.

AVMs

333 procedures (17.4%) were carried out, 52.2% on women and
47.7% on men. A total of 312 patients were treated. The median
age was 28 years (IQR 19-41). The mean coverage dosage was
23 Gy. Of the total lesions treated, 76.8% were supratentorial,
13.2% basal ganglia, and 9.9% posterior fossa. About 61.2%
of the patients had a history of previous intracranial bleeding.

About 17.9% had a history of previous surgical management,
mainly drainage of hematomas, placement of external
ventriculostomy, ventriculoperitoneal shunt, and endoscopic
third ventriculostomy. On the other hand, 56.7% had a history
of previous embolization, with a median of two embolizations
(IQR 1-3). The median volume of the lesions was 3 cc (IQR
1-6.3). All procedures were performed in a single fraction and
the median hospital stay was 4.01 h (IQR 2.98-5.56). Treatment
data are shown in Table 1. Of the 312 patients, 19 patients were
treated more than once. Eleven of them (3.5% of patients with
AVMs) were treated again due to residual malformations, and
the other eight owing to large malformations that required
volume fractioning in two and up to three sessions. The cutoff
point that we have considered for volume fractioning is when
itis > 10 cc.

At 3 years posttreatment, follow-up data were obtained
from 38 patients, 12.1% of the total, with a mean follow-up
of 33.5 months (SD 7.8). In 10.5%, stability of the size of
the lesion was documented with magnetic resonance and
angiography, in 52.6%, the size decreased, and in 36.8%,
complete obliteration of the lesion was described [Figure 4].
Two patients (5.26%) presented intracranial hemorrhage

!

Figure 3: A 32-year-old woman who presented left fronto-orbital headache, blurred vision, and
floaters in the left eye. (a and b) Magnetic resonance imaging (MRI) shows an infiltrating mass of
the left orbital apex suggestive of a meningioma that surrounds the optic nerve and generates local
compression. (¢ and d) MRI at time of Gamma Knife radiosurgery. The optic nerve (blue) was
identified and the tumor was precisely delimited (yellow). To conserve optic nerve function, fractional
treatment with two sessions was performed, coverage dose of 9.7 Gy and isodose of 50% for each
session were released. (e and f) Orbital MRI 3 years after treatment. A smaller tumor is observed with
no radiological signs of compression on the optic nerve. Clinically, the patient with an improvement

in visual acuity and floaters.
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Figure 4: A 37-year-old woman who presented intracerebral hemorrhage due to a ruptured
arteriovenous malformation (AVM) in the right basal ganglia region. She required external
ventriculostomy and embolization, which achieved occlusion of 10% of the malformation.
(a) Magnetic resonance imaging (MRI) in TOF sequence shows aberrant blood vessels at the level of
the right thalamus, with embolization material inside. (b) Cerebral angiography shows an AVM fed by
branches of the right middle and posterior cerebral arteries with superficial and deep venous drainage
and a volume of 9 cc. (c and d) Cerebral angiography at time of radiosurgery. In yellow, the AVM was
delimited, which received 21 Gy with 50% isodose. In red, the brainstem is observed, which received
6 Gy. e: MRI in TOF sequence 3 posttreatment, in which disappearance of the AVM is observed. f:
Cerebral angiography 3 years posttreatment shows a marked reduction in AVM size.

during the follow-up period; one of them required surgical
management. Regarding acute complications, data from
28 patients were obtained, 8.9% of the total. The most
frequent complication was headache (17.8%) followed by
pain at frame fixation points (14.2%) and nausea (10.7%). In
57.1% of the patients, no acute complications occurred.

Vestibular schwannoma

298 procedures (15.63%) were performed, 64.1% on women
and 35.9% on men. A total of 293 patients were treated, and
five patients were treated more than once due to the presence
of a contralateral lesion in the context of neurofibromatosis
type 2. The mean coverage dosage was 13 Gy. The median
age was 51 years (IQR 36-63). Sixty-seven patients (22.8%)
had a history of previous surgical management. About 20.4%
of the vestibular schwannomas treated were Koos I, 41.2%
Koos II, 24.1% Koos III, and 14% Koos IV. In 50.3% of the
procedures, the lesions were right, in 47.9% left, and in
1.6% bilateral. The median volume of the lesions was 1.7 cc
(IQR 0.5-4.8). Partial hearing loss was present in 78.8% of
patients, tinnitus in 50.1%, vertigo in 48.1%, facial paralysis

Surgical Neurology International « 2022 « 13(582) | 6

in 15.3%, total deafness in 10.2%, and in 2.3% of patients
were incidental findings. Of the patients with facial paralysis,
82.2% had a history of previous surgical management,
while in patients with total deafness, 73.3% shared the same
background. About 80.2% of the procedures were performed
in a single fraction, while 19.8% were performed in two and
three fractions. The median hospital stay was 4.56 h (2.9-
22.9). The treatment data are shown in Table 1.

At 3 years posttreatment, follow-up data were obtained from
45 patients, 15.3% of the total, with a median follow-up of
30.4 months (IQR 25-36.7). In 62.2% of the cases, the size of
the tumor remained stable, in 28.8%, it decreased, in 6.6%, it
increased (these patients with Koos IV), and in 2.2%, there
was pseudo growth due to edema. Only in one case (2.2%)
in wich tumor growth was reported after GKR, additional
surgical management was required. 82.2% of the patients
reported improvement in at least one of the symptoms
reported prior to treatment. None of the patients presented
de novo facial palsy or deafness after GKR. Data on acute
complications were obtained in 55 patients, 18.7% of the total.
The reported acute complications were headache (23.6%),
increased tinnitus (7.27%), nausea (5.45%), pain at fixation
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points (5.45%), increased vertigo (3.64%), facial paresthesias
(1.82%), and temporary sensation of worsening hearing loss
(1.82%). In 50.9%, there were no acute complications.

Metastases

187 procedures (9.81%) were performed, 64.7% on women
and 35.3% on men. A total of 143 patients were treated, 29 of
them were treated more than once due to the presence of new
lesions. The mean coverage dosage was 19 Gy. The average
age was 59 years (SD 13). Twelve patients (8.39%) had a
history of whole-brain radiotherapy and one patient (0.7%)
had a history of Linear Accelerator (LINAC) radiosurgery. In
22.3% of the patients, there was a history of previous cranial
surgery. The most frequent primary origins were pulmonary
(33.1%), breast (29.9%), melanoma (8.02%), renal (7.49%),
and thyroid (7%). Other less frequent primary origins were
prostate, colon, stomach, and liver, among others. In 3.7% of
cases, the primary origin was unknown. Eight hundred and
ninety-one lesions were treated in total. The median number
of injuries per patient was 3 (IQR 1-6) with a maximum
of 33. The median highest volume treated per fraction was
8.9 cc (IQR 4-15.6). About 64.5% of the procedures were
performed in a single fraction and 35.5% were performed in
two and three fractions. The median hospital stay was 5.67 h
(IQR 3.7-26.2). The treatment data are shown in Table 1.

At 1-year posttreatment, follow-up data were obtained from
40 patients, 27.9% of the total, with a median follow-up of
11.2 months (IQR 8.1-14.2). About 5% required additional
whole-brain radiotherapy during the follow-up period. In
40% of the patients, the size of the lesions remained stable,
in 47.5%, there was a decrease in size [Figure 5], in 2.5%,
disappearance of lesions was described, and in 10%, increase
in size was reported. Regarding acute complications, data
from 66 patients (46.5% of the total) were obtained. The
acute complications that occurred were headache (10%),
nausea (1.52%), pain at the frame fixation points (1.52%),
and patchy alopecia (1.52%). In 84.8%, there were no acute
complications.

Trigeminal neuralgia and other facial pains

Including the group of other facial pains, a total of 181
procedures were performed, 65.7% on women and 34.3% on
men. In total, 164 patients were treated. The mean maximum
dose was 90 Gy. The median age was 64 years (IQR 53-73).
Compromise of the right side of the face was described in
55.8% of the cases and of the left side in 44.2%. The most
frequently affected branches were V2-V3 in 28.1%, only V3
in 16.5%, and V1-V2 in 14.3%. In 6% of patients, there was
the involvement of the three branches. The primary origin
was present in 81.7%, within which vascular conflict was
described in 46.4%. On the other hand, a secondary cause
was described in 18.2% of the patients, being the causes:

tumor (39.3%), herpes zoster (33.3%), multiple sclerosis
(18.1%), trauma (6%), and mastoiditis (3%).

About 18.2% of the patients had a history of previous surgery
and 28.1% had a history of previous percutaneous procedures,
of which Gasserian ganglion thermal radiofrequency was
the most frequent followed by peripheral facial block and
sphenopalatine ganglion block. Depending on the clinical
characteristics, we decided to treat different targets. The most
frequent was the retro-Gasserian portion of the trigeminal
root (66.8%), generally in patients with no history of previous
management. In 27% of cases, we included the centromedian
nucleus of the contralateral thalamus as a complementary
target, generally in cases with a history of multiple previous
failed treatments and recurrent cases, as a physiopathological-
based approach, which has the aim of interrupting
nociceptive stimuli before arriving to the cerebral cortex in
these complex cases. Other targets were also included, such as
the sphenopalatine ganglion, in facial pain with an associated
autonomic component; pontocerebellar angle tumors in some
secondary facial pains; and bilateral anterior cingulotomy,
which was performed on patients with refractory pain,
emotional manifestations, and great compromise in their
quality of life. For cingulotomy, two shots with a 4 mm
collimator in each anterior third of the cingulum bundle are
applied, with a maximum dosage of 120 Gy and monitoring
doses under 30 Gy in the adjacent anterior cerebral arteries.
All procedures in trigeminal neuralgia were performed in a
single fraction. The median hospital stay was 3.98 h (IQR 2.8-
5.5). The treatment data are described in Table 1.

At 1-year posttreatment, follow-up data were obtained from
95 patients, 57.9% of the total, with a median follow-up of
11.8 months (IQR 4.4-21.9). A decrease in pain intensity was
described in 88.4% of the patients, among whom, in 64.3%,
there was a decrease in the analgesic requirement. Recurrence
of pain was described in 14 patients, corresponding to
16.6%, with an average time of recurrence of 55.3 months.
Within the acute complications, data were obtained from
103 patients, 62.8% of the total. The described manifestations
were headache (8.7%), nausea (4.8%), and pain at the
frame fixation points (1.9%). In 89.3%, there were no acute
complications. In the long term, the presence of paresthesias
was described in 6.3% and there were no cases of painful
numbness or corneal ulcers.

DISCUSSION

GKR is a multidisciplinary procedure that involves
neurosurgery, neurointervention, neuroradiology, medical
physics, and nursing services around the patient. To the
best of our knowledge, this is the first detailed report on a
large number of patients treated with GKR in Latin America.
Our 12-year experience has enabled us to observe that it is a
treatment with multiple benefits.
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Figure 5: A 39-year-old woman with a history of infiltrating ductal-type breast cancer with brain
metastases. (a and b) Magnetic resonance imaging (MRI) shows a metastatic lesion in the left
posterior temporal region with surrounding edema and another in the right paramedian occipital
region. (c and d) MRI at the time of radiosurgery where it is observed the dose planning and isodose
to the tumors. (e and f) MRI 8 months posttreatment, which was performed to plan a new treatment
due to the presence of new lesions. It is observed a decrease in the size of the left temporal tumor, with
radionecrosis changes inside and less edema around it. It is also evidenced a decrease in size of the

right paramedian occipital tumor.

Patients with different pathologies and a wide range of ages
have been treated, being patients between 41 and 70 years
of age who receive the greatest number of treatments. It
was related, in some cases, to one of the main indications
for treatment, which is the presence of high perioperative
risk or comorbidities such as obesity, chronic obstructive
pulmonary disease (COPD), heart failure, and continuous
use of anticoagulation, among others. The other three main
indications were patients with tumoral and vascular lesions
of difficult surgical approach, patients with a requirement
of multiple targets treatment, and patients who voluntarily
rejected the option of conventional surgical management.

GKR can be used in patients with a history of previous
management, such as surgery, percutaneous management,
or other radiation therapies. Depending on the needs of the
patient, the procedure can be repeated and it has been seen
that it generates lower costs than conventional surgery in our
institution. The care process does not require surveillance
in the intensive care unit, and also, the hospitalization stay
is short. In addition, most procedures are outpatient and
patients can return to their daily activities the next day,
which decreases work disability. Postoperative pain and
complications are generally mild and amenable to medical
management.
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During these years of experience, we have been able to treat
more than 1 lesion simultaneously, which is especially useful
in patients with metastasis, in whom we have treated up to 33
lesions in one session. In addition, as we show in Table 1, GKR
is a highly selective treatment, due to the off-target almost
vertical dose fall, which allows near structures to receive
much lower doses than the therapeutic target. It limits the
changes in the white matter and neurotoxicity cognition that
can be generated by other nonselective radiation techniques
such as whole-brain radiotherapy.*

Along with the generalization in the use of this technique
recently occurring in the world, the number of procedures
in our institution has been increasing over the years, with
a slight decrease in the number of procedures in 2020 and
2021, during the COVID-19 pandemic. However, it was a
smaller decrease compared to the reduction presented in the
number of conventional surgical procedures in our institution,
which may be due to the noninvasive nature of GKR and less
direct contact with the patient during the procedure. These
characteristics, and personal protection measures, allowed us
to maintain low contagion rates while continuing to respond to
the needs of patients regarding their neurosurgical pathologies.

Regarding target localization, approximately 70% of the
meningiomas treated by radiosurgery in our institution
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were located in the skull base and in the posterior fossa. Of
the AVMs, 23.1% were located in the basal ganglia region
and posterior fossa. Many of these lesions are not readily
accessible, surgically speaking. In the case of schwannomas,
we observed a high frequency of facial paralysis and complete
hearing loss in patients with a history of previous surgery.
This suggests that not only is GKR an alternative treatment
to conventional surgical management, but, in selected
cases, also it may be the best treatment option depending
on the characteristics of the patient. In our experience, a
low frequency of acute and long-term complications was
described. In general, these complications were similar in
the different diagnoses, except in vestibular schwannoma, in
which a temporary worsening of tumor-related symptoms
was observed in some cases. All acute complications were
mild and transient.

Complications associated with frame placement have been
reported in the literature, such as technical difficulty for
placement, persistent pain, perforation, and infection.'” In
our experience, of the 357 patients followed up during the
first postprocedure month, pain at the frame fixation points
occurred in 14 patients (3.9%). Of the 1906 procedures,
eight cases of infection at the frame insertion points were
observed (0.4%), all of them in fractionated procedures.
Other complications were two sinking at cranioplasties
associated with frame fixation (0.1%), one of the two
cases required surgical repair. There were also three skull
perforations (0.1%), two of them in pediatric patients,
being one of them bilateral. The other case was in an adult
patient. All of these cases were managed immediately with
the placement of fibrin sealant and skin suture, no surgical
procedures were required, and no additional complications
were reported in the follow-up. The frequency of these
complications was low and we believe that they can be
prevented with the use of prophylactic antibiotics in patients
with fractionated procedures that require remaining with the
frame for more than 24 h, and by adopting precautionary
measures with the pin insertion and fixation to the head
frame, including the awareness of the patient’s skull surgery
background. Since the implementation of these strategies in
our institution, we have reduced to zero the aforementioned
complications associated with the placement of the frame.
However, as part of the institutional improvement, our
institution has acquired the sixth generation (Gamma Knife
Icon), which does not use a stereotactic frame and, according
to reported experiences, tends to be less uncomfortable for
the patient."”) This technique is to be implemented this year
and will be the pioneer in our country.

Compared with the experiences reported in high-income
countries, specifically with the number of procedures per
year,"*! from our experience, we consider that, in countries
like ours, access to minimally invasive techniques such as
GKR for the treatment of neurosurgical pathologies is still

limited. Moreover, in terms of management indications,
despite the fact that the tumoral causes are the most frequent
in our series, there is a marked difference in the proportion
of metastases treated, since in some high-income countries,
it corresponds to the most frequently treated cause with
this technique,® while, in our experience, this indication
corresponds to only 9.8% of the total. It suggests that in
countries like ours, the management of this pathology, in
most cases, is performed through less selective techniques
such as whole-cranial radiotherapy, a technique with lower
direct costs, although less cost effective in terms of quality of
life in the medium term compared to GKR.

Limitations

This study was limited by the availability of information in
clinical records, mainly in the follow-up data, which are
not usually carried out in an optimal and timely manner
due to administrative problems in the health system of our
country. The main objective is to highlight the institutional
experience in the management of patients with GKR.
It is neither the objective of this review to make large
causal associations nor compare the technique with other
therapies. Additional studies are required to establish those
comparisons.

CONCLUSION

Our experience suggests that GKR is a noninvasive procedure
with a low frequency of complications, with good results in
the medium and long term. It is feasible in terms of direct
costs associated with the care process and costs derived from
medical disabilities. Moreover, it is also a procedure with
application to a broad spectrum of pathologies in a large
range of ages, being an important option in patients with
conventional surgical management contraindication.
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