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Introduction: 

 

In the 1950s, professor Borie Larsonm University 

of Uppsala, Sweden, and Lars Leksell, Karolinska 

Institute in Stockholm started their investigations 

to combine proton beams with stereotactic devices 

capable of pinpointing targets within the brain. 

This approach was desolated due to its complexity 

and high cost. In state, in 1967, the researchers 

coordinated for creating the first Gamma Knife 

device using cobalt-60 as the energy source. 

Laksell called this new surgical technique 

“stereotactic radiosurgery.” 

 

 

Swedish professors Borje Larsson of the Gustaf 

Werner Institute, University of Uppsala, and Lars 

Leksell at the Karolinska Institute in Stockholm, 

Sweden, began to investigate combining proton 

beams with stereotactic (guiding) devices capable 

of pinpointing targets within the brain. This 

approach was eventually abandoned because it 

was complex and costly.  Instead, in 1967, the 

researchers arranged for construction of the first 

Gamma Knife device using cobalt-60 as the 

energy source. Leksell termed this new surgical 

technique “stereotactic radiosurgery.” The 

prototype unit, used for 12 years in Sweden, was 

specifically designed for functional neurological 

surgery, that is, for treatment of patients with pain, 

movement disorders, and even certain behavioral 

disorders that were not responsive to conventional 

psychiatric treatment. 

Realizing the potential of stereotactic radiosurgery 

for treating brain tumors, Professor Leksell and 

his colleagues built a second Gamma Knife in 

1975. It was installed at the Karolinska Institute 

and became an integral part of the neurosurgical 

service there. The third and fourth units, built in 

the early 1980s, were installed in Buenos Aires, 

Argentina, and Sheffield, England.  The next two 

units built were at the University of Pittsburgh and 

the University of Virginia. 

The initial gamma unit design was intended for 

lesion generation in functional neurosurgery. 

Through the development of stereotactic 

angiography, AVMs became suitable targets for 

stereotactic irradiation as did cranial base tumors 

imaged with pneumoencephalography or 

cisternography. In 1980’s, an increasing number 

of patients had radiosurgery for AVMs, selected 

benign tumors, and small-volume malignant 

tumors. Today over 300,000 patients have 

undergone Gamma Knife surgery and over 35,000 

per year receive the treatment. 

 

Gamma Knife radiosurgery (GKRS) is used in the 

treatment of benign and malignant intracranial 

tumors and in the treatment of various 

nonneoplastic conditions including arteriovenous 

malformation and trigeminal neuralgia. GKRS 

dose distributions have steep dose gradients and 

high-dose conformality allowing for excellent 

target coverage and capabilities for avoidance of 

nearby structures at risk. Certain clinical situations 

exist wherein it would be advantageous to exploit 

GKRS dose conformality in the treatment of a 

tumor, however, a contraindication is present that 

precludes single fraction treatment. GKRS has 

traditionally been delivered using an invasive, pin-
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based, rigid head frame system that both defines 

the stereotactic coordinate system and 

immobilizes the patient for treatment delivery 

with high stereotactic precision. One disadvantage 

of this system is that its relocation is not 

reproducible once removed, and thus multiple 

sessions of GKRS are unable to be delivered 

unless the head frame is kept in place or if the 

serial head frame placements are performed along 

with stereotactic imaging for each successive 

placement. 

 

With the recent development of the Gamma Knife 

Extend system (Elekta, Stockholm, Sweden), 

multiple session GKRS has now become a 

feasible treatment modality. The Extend system 

relies upon computed tomographic (CT) imaging 

and a vacuum-assisted mouthpiece for 

immobilization and is reproducible over multiple 

sessions (Sayer FT et al 2011), with a mechanical 

accuracy on the order of 0.5 mm (Natanasabapathi 

G. et al 2013). This has led to the emergence of 

several new indications for treatment with 

fractionated GKRS in situations wherein the use 

of single fraction GKRS is not ideal or 

contraindicated. Such indications include the 

treatment of benign optic pathway-adjacent 

tumors, tumors >10 cc in volume, and 

reirradiation of tumors previously treated with 

stereotactic radiosurgery (SRS). Multisession 

treatment may also be considered for vestibular 

schwannoma in patients with useful hearing, 

although single-session SRS is not contraindicated 

in this scenario, as there is some evidence that 

hearing preservation rates may be higher with 

multisession vs single-session SRS (Andrews DW 

et al 2001). 

 

 

 

 

 

Physics and basic principles: 

 

Gamma radiation is of course non-particulate 

electromagnetic radiation, to be considered either 

as waves or photons. The gamma radiation 

produced by 60Co has two energies, reflecting 

two distinct radioactive breakdown path ways. 

The gamma radiation from these two reaction 

series has an energy of either 1.17 or 1.33 MeV 

depending on which radioactive breakdown 

pathway is being considered. With radiation 

energy within this range, according to the 

description on earlier, most of the interaction 

between radiation and irradiated tissue can be 

expected to be mediated by Compton scattering 

and to a lesser degree pair production. The energy 

level of this radiation is sufficient to give it a high 

power of penetration. It has a low linear energy 

transfer (LET). The narrow beams, essential to the 

technique, are produced by a construction which 

forces the radiation through collimators in the 

form of small metal tubes, mounted in the 

machine’s helmet. The size of the collimators is 

defined in terms of the diameter of the 50% 

isodose around the centre of the target. These 

collimator sizes are 4 mm, 8mm, 14mm and 

18mm. 
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Clinical indications: 

 

Gamma Knife–based SRS is, in general, not 

suitable for tumors 4 cm or larger in diameter or 

for those immediately adjacent to eloquent 

structures such as the optic apparatus and 

brainstem. A 3- to 5-mm clearance from the optic 

pathway is usually needed for a lesion to be 

treated with SRS. The most commonly quoted 

tolerance for the optic apparatus is 8 Gy, but a 

study from the Mayo Clinic showed that a point 

dose of 12 Gy to the optic apparatus might be 

safe. Currently, the Gamma Knife is used 

primarily to treat benign brain tumors, AVMs, 

acoustic neuromas, pituitary adenomas, 

craniopharyngiomas, brain metastases, other 

tumors of the skull base, and pineal region tumors. 

Selected patients with movement disorders and 

trigeminal neuralgia can also be treated. 

Gamma Knife treatment causes few of the 

immediate side effects that are associated with 

conventional external beam radiation. For 

example, nausea, vomiting, and headaches rarely 

occur. No infections, hemorrhages, or other 

standard neurological complications have been 

reported as a result of Gamma Knife procedures. 

Patients usually leave the hospital within 24 hours 

after stereotactic radiosurgery. 

 

 

Arteriovenous malformation (AVM) 

Arteriovenous malformation (AVM) can be 

managed by microsurgery, endovascular 

embolization, or SRS (Bollock BE et al. 1996). 

Microsurgery is regarded as the standard first-line 

treatment, but SRS is offered to patients who have 

residual AVM after microsurgery or those who are 

deemed not to be good candidates for 

microsurgery (Friedman WA. ET AL 1996). 

Target delineation is done using a combination of 

angiography and stereotactic MR or CT imaging 

(Levy RP et al 1989). SRS to a target volume 

containing the AVM nidus induces progressive 

thrombosis of lesions via fibrointimal hyperplasia 

and subsequent luminal obliteration (Karlsson B. 

et al 1996). These events usually take 1-3 years to 

occur, and the time between treatment and 

obliteration is referred to as the latency period 

(Steinberg et al 1990). Once the lesion is 

completely obliterated, the risk of hemorrhage 

from the AVM is very low, but not eliminated 

(Maruyama K. et al 2005). 

 

Successful AVM obliteration with SRS depends 

on lesion size and radiation dose. An overall 80% 

obliteration rate by 3 years occurs with lesions 3 

cm or smaller, while larger lesions have 

obliteration rates of 30-70% at 3 years (Friedman 

WA et al 2003). However, some amount of lesion 

volume reduction (mean, 66%) typically occurs in 

larger lesions (>3 cm) treated with SRS, and 

retreatment is effective in about 60% of patients 

with residual AVMs (Foote KD et al 2004). A 

dose response has been demonstrated for 

radiographic AVM obliteration, with doses of 16, 

18, and 20 Gy associated with obliteration rates of 

about 70%, 80%, and 90%, respectively (Bollock 

BE et al 2004). 
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Meningioma 

Meningiomas constitute approximately 20% of all 

primary intracranial tumors (Iwai Y et al 2008), 

and tumor grade bears clear prognostic importance 

(Starke RM et al 2011). Complete surgical 

resection, if feasible, is the standard of care. 

However, meningioma may recur after surgery, 

and safe curative resection is often not possible, 

especially for skull base tumors (Flannery TJ et al 

2010). SRS can deliver a single, high dose of 

radiation to a localized area in the brain for the 

treatment of meningiomas that are unresectable, 

recurrent, or residual after surgery (Chang JH et al 

2003). Meningiomas are category 2 targets and 

extra-axial tumors with a sharp demarcation from 

normal brain parenchyma (Lo SS et al 2002). 

Therefore, they are ideal targets for SRS. Data on 

SRS for the treatment of meningioma have 

emerged over the last 2 decades and the overall 

reported local control ranges from 75-100% (Iwai 

Y et al 2008, Starke RM et al 2011, Chang JH et 

al 2003). 

 

Radiation-induced necrosis or edema may occur 

after SRS for meningioma. In an early SRS series 

from Heidelberg, the reported 

radionecrosis/edema rate was about 30% with the 

mean dose being 29 Gy (range, 10-50 Gy) 

(Engenhart R et al 1990).
 
More recent series using 

lower SRS doses (20 Gy or less) yielded much 

lower radionecrosis/edema rates, which were 

typically a few percent (Lo SS et al 2002, Shafron 

DH et al 1999).
 
Patients with meningiomas of the 

convexity, parasagittal region, or falx cerebri may 

have a higher incidence of peritumorous imaging 

changes after SRS than those of the skull base.  

Patients with meningiomas close to eloquent 

structures such as the optic pathway and the 

brainstem (especially in skull base locations) or 

large meningiomas are not suitable for SRS due to 

the normal tissue constraints. Stereotactic 

radiotherapy using 2-5 fractions is often offered to 

these patients as an alternative to conventional 

fractionated radiation therapy. 

 

Pituitary adenoma 

Pituitary adenomas are histologically benign 

tumors, but the potential neurological and 

physiological complications can be devastating. In 

patients with acromegaly, excessive growth 

hormone production can lead to life-threatening 

cardiovascular and respiratory complications, 

diabetes mellitus, and, possibly, an increased risk 

of colon cancer.
 
In patients with Cushing disease, 

prolonged hypersecretion of ACTH can lead to 

uncontrolled hypertension and osteoporosis (Witt 

TC et al 2003-2005). 

 

For endocrine-inactive tumors, margin doses of 

14-25 Gy were used for SRS, which yielded tumor 

control rates of 92-100% in various studies with 

follow-up times ranging from 16-58 months (Witt 

TC et al 2003-2005). For patients with 

acromegaly, margin doses of 15-25 Gy were used 

for SRS, which yielded tumor control rates of 

mostly greater than 90% (Witt TC et al 2003-

2005). However, the endocrine improvement rates 

were much lower and were in the range of 20-

82%. While SRS for prolactinoma and Cushing 

disease yielded very similar results in terms of 
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tumor control (in general >90%), the rates of 

endocrine normalization ranged from 0-100% in 

patients with prolactinoma and 10-100% in 

patients with Cushing disease (Witt TC et al 2003-

2005). 

For secretory pituitary adenomas, a decrease in 

hormone hypersecretion could be seen as early as 

3 months but could extend up to 8 years after 

SRS. If normalization is going to occur, it 

frequently does so within the first 2 years (Witt 

TC et al 2003-2005).
 
Some studies suggested that 

there might be radiation dose-response in terms of 

hormone normalization. The reported toxicities 

associated with SRS for pituitary are, in general, 

low. In a systematic review of the literature (1255 

patients in total), the rate of optic neuropathy was 

0.9%. The rate of permanent cranial nerve (III, IV, 

V, and VI) deficits was 0.4%. New trigeminal 

neuropathy was reported in only 0.2% of the 

patients. 

 

Galactorrhea and infertility may occur in patients 

with prolactinomas, as a result of hypersecretion 

of prolactin. Treatment options include 

microresection, medical therapy, fractionated 

radiotherapy, SRS, and stereotactic radiotherapy. 

SRS has been used in the treatment of endocrine-

inactive as well as secretory pituitary adenomas. 

SRS is suitable for patients with a gap of at least 

2-5 mm between the pituitary adenoma (≤3-4 cm 

in diameter in general) and the optic pathway 

(Witt TC et al 2003-2005). 

 

 

 

 

 

Brain metastases 

 

Brain metastases tend to be spherical and have a 

sharp demarcation from normal brain parenchyma. 

These characteristics are ideal for SRS because 

spherical dose distributions can readily be 

generated by the radiosurgical systems and the use 

of tight margins is feasible (Yomo S et al 2015). 

Brain metastases are regarded as category 4 

targets where the radiologically defined targets 

contain only tumor cells, which are an early-

responding tissue. Compared with surgical 

resection, SRS has the advantage of being able to 

treat surgically inaccessible lesions and multiple 

lesions. In general, lesions smaller than or equal to 

3-4 cm are regarded as suitable for SRS. Local 

tumor control rates with SRS are consistently 

greater than 80%. The SRS doses used by the 

Radiation Therapy and Oncology Group (RTOG) 

for lesions smaller than or equal to 2 cm, 2.1-3 

cm, and 3.1-4 cm were 24 Gy, 18 Gy, and 15 Gy, 

respectively (Andrews DW et al 2004, Serna A et 

al 2015). 

The American Society for Therapeutic Radiology 

and Oncology (ASTRO) published an evidence-

based review of the role of SRS in the 

management of brain metastases. There were 3 

randomized controlled trials and 7 retrospective 

series for patients with newly diagnosed brain 

metastases, treated with whole-brain radiotherapy 

alone versus whole-brain radiotherapy and SRS 

boost. One of the conclusions was that for patients 

with up to 3(< 4 cm) newly diagnosed brain 

metastases (and in one study up to 4 brain 
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metastases), SRS boost with whole-brain 

radiotherapy significantly improves local brain 

control rates as compared with whole-brain 

radiotherapy alone (Mehta MP et al 2005). 

In a large phase III trial, an overall increased 

ability to taper steroid dose and an improvement 

in Karnofsky performance status was observed in 

patients treated with SRS boost compared with 

patients treated with whole-brain radiotherapy 

alone. Improved local control was shown with the 

addition of SRS to whole-brain radiotherapy in all 

randomized trials. However, there is no overall 

survival benefit with the use of SRS boost to 

whole-brain radiotherapy for patients with 

multiple brain metastases. 

 

There were 2 randomized trials, 2 prospective 

cohort studies, and 16 retrospective series 

evaluating patients treated with SRS alone as 

initial treatment. There is level I to level III 

evidence to suggest that the use of SRS alone does 

not alter survival compared with the use of whole-

brain radiotherapy. However, there is level I to 

level III evidence that omission of whole brain 

radiotherapy results in poorer intracranial disease 

control (Mehta MP et al 2005). 

 

SRS as salvage for patients with brain metastases 

was reported in one prospective study and 7 

retrospective series. Radiographic response was 

well documented. The use of SRS is associated 

with brain tumor response and 1-year survival 

rates ranging from 26-40%. 

 

SRS is associated with a small risk of early or late 

toxicity in all series. In a phase III randomized 

trial comparing SRS and SRS combined with 

whole-brain radiotherapy for patients with 1-3 

brain metastases from the M.D. Anderson Cancer 

Center, the addition of whole-brain radiotherapy 

resulted in decreased intracranial failure but did 

not result in improved survival. Whole-brain 

radiotherapy also resulted in a much higher 

incidence of decline in learning and memory 

function by 4 months (Change EL et al 2009). The 

ASTRO brain metastasis taskforce is in the 

process of generating a guideline document on 

radiotherapy and radiosurgery for brain 

metastasis(es). 

 

 

Epilepsy 

SRS has been used to manage seizure disorders 

such as mesial temporal epilepsy (MTE) and 

seizures caused by AVMs, cavernomas, and 

hypothalamic hamartomas. Remission rates after 

SRS for mesial temporal epilepsy ranged from 0-

86%. Mean remission rates after SRS for seizures 

caused by AVMs, cavernomas, and hypothalamic 

hamartomas were 71%, 31%, and 16%, 

respectively (Barbaro NM et al 2009, Quigg M et 

al 2008). In a multi-institutional pilot study, 30 

patients (13 treated with 20 Gy and 17 with 24 

Gy) were treated with Gamma Knife SRS for 

mesial temporal epilepsy. At the 36-month follow-

up, 67% of patients were free of seizures for the 

prior 12 months, 58.8% and 76.9% for those 

receiving 20 Gy and 2 Gy, respectively. Verbal 

memory impairment and improvement was 

observed in 15% and 12% of patients, 
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respectively. Gamma Knife SRS has also been 

used to treat heterotopia-based epilepsy, with 

achievement of complete remission (Sarkar A et al 

2011). 

 

 

 

Malignant glioma 

 

Malignant glioma is highly lethal. Despite best 

treatment, nearly all patients eventually succumb 

to their disease. Two randomized studies showed a 

radiation dose response for survival. Because the 

majority of recurrences occur within 2 cm of the 

enhancing edge of the original tumor, the 

possibility of dose escalation to improve tumor 

response and potentially survival has been 

explored. Multiple strategies, including SRS, have 

been used to execute dose escalation. Malignant 

gliomas are category 4 targets, where there is no 

normal brain parenchyma within the 

radiologically defined targets and are suitable for 

SRS. Patients with larger tumors (in general, 

diameter >4 cm) or tumors close to eloquent 

structures may not be suitable for SRS (Tsao MN 

et al 2005). 

 

Data on SRS as boost therapy after external beam 

radiation therapy have been emerging in the 

literature. The role of SRS in recurrent malignant 

gliomas has also been studied. The ASTRO 

published a systematic review of the evidence for 

the use of SRS in adult patients with malignant 

glioma Tsao MN et al 2005). 

 

There was one randomized trial, 5 prospective 

cohort studies, and 7 retrospective series 

examining patients with newly diagnosed 

malignant glioma treated with SRS as boost 

therapy with conventional external beam 

radiation therapy. There is level I evidence to 

show that the use of SRS boost followed by 

external beam radiotherapy and carmustine 

(BCNU) does not confer benefit in regard to 

overall survival, quality of life, or patterns of 

failure compared with external beam 

radiotherapy and BCNU alone (Tsao MN et al 

2005). Complementing conventional MR 

imaging with functional MR information is an 

additional opportunity for gliomas to be 

designed for high-precision SRS treatment 

(Kovacs et al 2011,2015).   

 

 

 

Ependymoma 

The standard treatment for intracranial 

ependymoma is maximal safe resection followed 

by postoperative radiotherapy. The extent of 

surgery is the most important prognostic factor. 

Ependymoma is a suitable target for SRS because 

the brain parenchyma–tumor interface is sharp and 

there is no late-responding tissue in the tumor. 

SRS has been used to treat intracranial 

ependymoma mainly in the recurrent setting, and 

to a lesser extent, in the adjuvant or primary 

setting (Lo SS et al 2006). 

 

Patients with recurrent intracranial ependymoma 

frequently have prior history of radiotherapy, and 
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their options are frequently limited to surgery or 

chemotherapy. However, a complete resection is 

not always feasible, and the presence of gross 

residual disease is associated with a high risk of 

disease progression. Chemotherapy alone has 

limited success with recurrent ependymoma. SRS 

provides an attractive treatment option for patients 

with recurrent disease. 

Data in the literature show mixed results in terms 

of local control. Most series have a small number 

of patients, so it is difficult to draw a firm 

conclusion on the efficacy of SRS for recurrent 

ependymoma (Lo SS et al 2006). In one of the 

relatively larger series from the Mayo Clinic, 12 

patients with 17 recurrent intracranial 

ependymomas were treated with Gamma Knife–

based SRS to a median dose of 18 Gy. The 

reported 3-year local control rate was 68% (Lo SS 

et al 2006). 

A radiation dose response in terms of local control 

has been reported for patients with gross residual 

disease in ependymoma. SRS has been used as a 

boost after external beam radiotherapy. In a 

pooled analysis of 13 patients, mostly children, 

who received SRS as a boost after external beam 

radiotherapy, 11 were alive with disease at a 

median follow-up of 40 months (Lo SS et al 

2006). 

 

SRS is seldom used as the sole treatment of 

intracranial ependymoma. There are scattered 

reports with mixed results. This is most likely 

related to differences in patient selection and the 

widely varying doses used in various series. 

 

 

Glomus tumor 

 

Glomus tumors are locally aggressive tumors that 

are often difficult to resect. Glomus tumors are 

ideal targets for SRS since they are well 

demarcated and are readily identified on MRI. 

Glomus tumors are most likely composed of late-

responding tissue, which should be more 

responsive to a single ablative dose of radiation 

delivered via SRS. 

 

Data from the literature show promising results 

with the use of SRS for glomus tumors (Ivan ME 

et al 2011, Guss ZD t al 2011, Knisely JP et al 

2006). Reported tumor control rates ranged from 

63-100% and complication rates from 4-40%. The 

median follow-up intervals of those studies were 

20.5-51 months. In a meta-analysis from 

University of California, San Francisco, patients 

(n=97) treated with subtotal resection plus SRS 

for glomus tumors had a tumor control rate of 

71% at a median follow-up interval of 96 months, 

whereas patients (n=337) treated with SRS alone 

had a tumor control rate of 95% at a median 

follow-up interval of 71 months. 

Rates of IX, X, XI, and XII nerve deficits for 

patients who underwent SRS alone were 9.7%, 

9.7%, 12%, and 8.7%, respectively, and were 

much lower than the corresponding rates for 

patients who underwent gross total resection (Ivan 

ME et al 2011). Another meta-analysis from Johns 

Hopkins University showed similar findings. 

 

 

Uveal melanoma 
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Uveal melanomas were primarily managed by 

enucleation. Eye plaques (using iodine-125) and 

proton beam therapy have since been established 

as treatment alternatives for the disease. Use of 

Gamma Knife–based SRS has been explored in 

uveal melanoma (Henderson MA et al 2006, 

Fakiris AJ et al 2007, Schirmer CM et al 2009). 

 

In a study from Indiana University, where 19 

patients were treated with Gamma Knife–based 

SRS to a uniform dose of 40 Gy, the 5-year local 

tumor control rate was 94.4% at a median follow-

up interval of 40.1 months (Fakiris AJ et al 2007). 

Three had improved, 4 had stable, and 12 had 

worse visual acuity in the treated eye by formal 

ophthalmologic examination. Two of the 12 

patients with decreased visual acuity did not 

notice any difference in vision subjectively. Two, 

one, and one patient developed vitreous 

hemorrhage, vitreitis, and conjunctivitis (Fakiris 

AJ et al 2007). 

 

Leksell Gamma Knife Perfexion  

 

The newest iteration of Gamma Knife technology 

is the Perfexion unit. Beginning in 2002, an 

invited group of neurosurgeons, radiation 

oncologists and medical physicists was asked by 

the manufacturer to define specifications for a 

new Leksell Gamma Knife system. The group 

agreed on five critical features for a new system: 

1) better dosimetry performance, 2) unlimited 

cranial reach, 3) better radiation protection for 

patient and stuff, 4) full automation of the 

treatment process, 5) patient and staff comfort, 

and 6) similar dosimetry for smallest collimator as 

prior units. The new unit was first installed in 

Marseille, France in 2006. The installation and 

commissioning of the Perfexion system in Prague, 

Czech Republic was performed in 2009.  

 

The radiation unit was redesigned. A total of 192 

60Co sources were arranged in a cylindrical 

configuration in five concentric rings. This differs 

substantially from the previous hemispherical 

arrangements and results in different source to 

focus distances for each ring varying from 374 to 

433 mm. The primary and secondary collimators 

have been replaced by a single large 120 mm thick 

tungsten collimator array ring. Consequently no 

collimator helmets are needed for the Perfexion 

system. 

 

Three collimators are available for the Perfexion 

system. The 4 mm and 8 mm collimators remain, 

and a new 16 mm collimator replaces the prior 14 

mm and 18 mm collimators. The tungsten 

collimator array is subdivided into eight identical 

but independent sectors, each containing 72 

collimators (24 collimators for 4 mm, 24 

collimators for 8 mm, 24 collimators for 16 mm). 

The collimator size for each sector is changed 

automatically by moving 24 sources over the 

selected collimator set. Each sector with 24 

sources can be moved independently into five 

different positions: 1) sector in home position 

when system is standby, 2) 4 mm collimator, 3) 8 

mm collimator, 4) 16 mm collimator, and 5) sector 

off position (defined as the position between the 4 

and 8 mm collimators providing blocking of all 24 



13 
 

beams for that sector). Sector movement is 

performed by servo-controlled motors with linear 

scales located at the rear of the radiation unit.  

 

The radiation cavity has been increased by more 

than 300% compared to previous models. 

However, due to an improved collimation system 

(120 mm tungsten ring), the average distance from 

source to focus is very close to previous models. 

This results in similar output for the prior 18 mm 

and new 16 mm administrations. The increase in 

the volume of the radiation cavity to more than 

three times allows for a greater mechanical 

treatment range in X/Y/Z stereotactic coordinates. 

It is (160/180/220mm) for the Perfexion system 

compared to (100/120/165mm) for other gamma 

knife models. This provides virtually unlimited 

cranial reach, so crucial in the care of patients 

with multiple brain metastases. 

 

The new Perfexion system provides further 

improvements in patient and staff radiation 

shielding. The sectors are always in the off 

position (blocked) during patient transportation in 

the treatment position, transition into new 

stereotactic coordinates, pause or emergency 

interrupt. These results in significantly (about 5-

10 times) lower extracranial irradiation to the 

patient compared to models B and C. Our 

preliminary comparison study shows that for a 

patient with ten brain lesions, the total time saved 

is about 1.5-2.0 hours compared to other systems. 

The new Leksell Gamma Knife Perfexion 

provides excellent dosimetry performance, 

unlimited cranial reach, enhanced radiation 

protection for patient and staff, full automation of 

the treatment process and better patient and staff 

comfort compared to previous models. 

 

 

 

 

Future of Gamma knife: 

 

It can be expected that Perfexion system will 

slowly replace existing gamma knife systems 

model B and C. Currently there are almost three 

hundred Leksell gamma knife systems installed 

worldwide. Out of these there are about one 

hundred Perfexion gamma knifes. Since Perfexion 

system hardware can also offer extracranial reach 

(C spine, head and neck), it can be expected that 

technical evolution of the Perfexion will address 

these requirements. It will be necessary to design 

different fixation than currently used Leksell 

stereotactic frame. Also, patient imaging and 

position monitoring during treatment will be 

necessary in order to be able to perform accurate 

patient set up. Future indications could thus beside 

intracranial lesions involve also head and neck 

cancer and C spine lesions.  
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