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Abstract— Brain tumor one of very dangers type of 

cancers. It can be treated via surgery, chemotherapy, and 

radiotherapy alone or as combination. However, Stereotactic 

radiosurgery presents the best radiation therapy currently 

available for brain tumor.   

The object of this research is studying one of the modern 

technology ever available for treatment of brain tumor, known 

as stereotactic radiosurgery; type Gamma knife.  

Several cases were obtained from Thornbury Radiosurgery 

Centre, BMI Thornbury Hospital, UK, and from the University 

of Virginia (UAV), Charlottesville, VA., USA and reviewed 

herein. This research presented history, methods of gender, 

age, diagnosis diagnosis and details of the treatment and post 

treatment results for each case study.  

Entirely cases study was diagnosed using MRI and treated 

mainly using stereotactic Radiosurgery – Gamma knife, and 

showed very good controlling of the tumor. 

 Keywords—Gamma knife, radiosurgery, tumor, cases study, 

Gy. 

I. INTRODUCTION  

Brain tumor is a group of abnormal cells that grows in or 
around the brain. Brain tumours are the most dangers kind 
of tumours because of the organs at risk surrounds the brain.  
There are different methods of treatment can be applied for 
the brain tumours includes chemotherapy, surgery and 
radiotherapy. However, radiotherapy represents the essential 
effective treatment for brain tumours. [1]. In 1951, the 
Swedish neurosurgeon Lars Leksell started effort were 
directed toward developing a method for using noninvasive  

technique in functional radiosurgery. Initially, professor 
Leksell used an orthovoltage x-ray tube attached to a 
stereotactic frame to produce converging beams, which 
intersected at the treatment target. After several 
disappointing attempts using moving beams, Leksell and 
Larson created the first fixed source, cobalt 60 unit called 
Gamma Knife and developed stereotactic frame. [2,3]. 
LINAC (Linear Accelerator) is another type of radiosurgery, 
which utilized a linear accelerator called x-ray knife. It was 
developed at the University of Florida, College of Medicine 
and introduced by Betti and Colombo in the mid 1980’s [4]. 
Around 50 years ago, stereotactic radiosurgery (SRS) was 
founded as a less aggressive and safer alternative to standard 
brain surgery (neurosurgery), which requires cuts in the skin 
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, skull, and membranes surrounding the brain and brain 
tissue. Since then, the use of stereotactic radiosurgery  

has expanded widely to treat a variety of neurological 
and other conditions, including [5,6,7]:  

Brain tumor; Stereotactic radiosurgery, such as Gamma 
Knife, is often used to treat noncancerous (benign) and 
cancerous (malignant) brain tumors, including meningioma, 
paraganglioma, hemangioblastoma and craniopharyngioma. 
However, SRS may also be used to treat cancers that have 
spread to the brain from other parts of the body (brain 
metastases). [5,6,7].  

Pituitary tumors. Tumors of the bean-sized gland at the 
base of the brain (pituitary gland) can cause a variety of 
problems. The pituitary gland controls hormones in the body 
that control various functions, such as the stress response, 
metabolism, growth and sexual function. Radiosurgery can 
be used to shrink the tumor and reduce the disruption of 
pituitary hormone regulation. [5,6,7] 

Tremors. Stereotactic radiosurgery may be used to treat 
tremors associated with functional neurological disorders 
such as Parkinson's disease and essential tremor. Stereotactic 
radiosurgery may be also used to treat cancers of the liver, 
lung and spine. [5,6,7] 

Stereotactic radiosurgery may be used for treatment of 
Arteriovenous malformation (AVM), Trigeminal 
neuralgia and Acoustic neuroma. [5,6,7] 

As the Libyan Ministry of health decided to buy nine 
cyber machines (Gamma knife and x-ray knife machine), 
therefore, we decided to go for this research to improve the 
knowledge about this technique and its benefits, and 
weakness.  

II. STEROTACTIC RADIOSURGERY TECHNIQUES 

Stereotactic radiosurgery (SRS) is a single fraction 
radiation therapy procedure for treating intracranial lesions 
using a combination of a stereotactic apparatus and narrow 
multiple beams delivered through noncoplanar isocentric 
arcs. The same procedure when used for delivering multiple 
dose fractions is called stereotactic radiotherapy (SRT). 
Both techniques involve three dimensional imaging to 
localize the lesion and delivering treatment that concentrates 
the dose in the target volume and spares as much as possible 
the normal brain. A high degree of dose conformity is a hall 
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 mark of SRS, which is generally achieved by using 
appropriate circular beams to fit the lesion, optimizing arc 
angles and weights, and using multiple isocenters or 
dynamically shaping the field during arc rotations with mini 
(or micro) multileaf collimators. [8].  

 Fig. 1.  A: shows cones used for x-ray knife. B: cones position. [9]  

Currently there are three types of radiation used in SRS 
and SRT: heavy charged particles, cobalt-60 γ-rays, and 
megavoltage x-rays. [8] 

A. ×-ray Knife  

The linac based SRS technique consists of using multiple 
noncoplanar arcs of circular (or dynamically shaped) beams 
converging on to the machine isocenter, which is 
stereotactically placed at the center of imaged target volume. 
[8]. 

Stereotactic Frame: There are basically two linac based 
SRS systems: pedestal mounted frame and couch mounted 
frame. The frame in this case refers to an apparatus called 
the stereotactic frame, which is attachable to the patient’s 
skull as well as to the couch or pedestal. This provides a 
rigidly fixed frame of coordinates for relating the center of 
imaged target to isocenter of treatment. The BRW (Brown-
Robert-Wells) frame is an example (Fig. 4). [8].  

Beam Collimation: SRS or SRT is normally used for small 

lesions requiring much smaller fields than those for 

conventional radiation therapy. Therefore, a tertiary 

collimation system for SRS is therefore designed to bring 

the collimator diaphragm closer to the surface. This has been 

achieved, for example, by using 15 cm long circular cones 

made of Cerrobend lead, encased in stainless steel. The 

cones are mounted below the x-ray jaws, which provide a 

square opening larger than the inside diameter of the cone, 

but small enough to prevent radiation escape from the 

sidewalls of the cone (Fig. 1 A). A range of cone diameters 

from 5 to 30 mm is needed for treating SRS lesions. A few 

cones of larger diameter may also be available for treating 

larger lesions with SRT. The SRS fields can be shaped with 

multileaf collimators (MLCs). BrainLab 2 has designed a 

micro multileaf collimator specifically for SRS, which 

shapes the field to fit the beam’s-eye-view outline of the 

target as the gantry rotates to deliver the treatment. 

Fig. 2. A and B: illustrates Leksell stereotactic frame attached to patient 
[10,11]. C: shows Leksell stereotactic frame attached to the helmet and 
placed into the γ-knife unit [10]. 

 

Fig. 3: A. starting anticlockwise from upper left: Leksell stereotactic frame, 

Leksell stereotactic frame attached to the collimator helmet, helemt with 

leksell frame attached to the patient and patient placed under the γ-knife 
unit [12]. B. shows Leksell Gamma Knife Unit [13].  

The treatment planning software shapes the MLC 
dynamically at each angle to achieve conformity to the 
outlined target as well adjust arc weights to optimize dose 
distribution. [8] 

B. γ-Knife  

The γ-knife delivers radiation to a target lesion in the 
brain by simultaneous irradiation with a large number of 
isocentric γ-ray beams. In a modern unit, 201 cobalt-60 
sources are housed in a hemispherical shield (central body) 
and the beams are collimated to focus on a single point at a 
source to focus distance (SFD) of 40.3 cm. The central beam 
is tilted through an angle of 55 degrees with respect to the 
horizontal plane. [8] 

Beam channels machined in the central body provide the 
primary collimation of individual γ-ray beams. Further 
collimation is achieved by one of four interchangeable 
helmets with collimator channels aligned with the central 
body channels. The central axes of all 201 beams intersect at 
the focus with a mechanical precision of 0.3 mm. Each 
helmet is characterized by its channel diameter that produces 
a circular field opening of 4, 8, 14, or 18 mm at the focus 
point. Selected channels can be blocked with plugs to shield 
the eyes or to optimize the dose distribution. The plugs are 
made of 6 cm thick tungsten alloy. [8] 

The treatment target in the brain is localized with the 
Leksell stereotactic frame attached to the patient’s skull 
(Fig. 2. A and B) and by performing imaging studies, such 
as CT, MRI, or angiography. After the target point 
coordinates with respect to the Leksell stereotactic frame 
have been determined through treatment planning, the frame 
is positioned in the helmet (Fig. 2. C) by setting these 
coordinates and fixing the frame to the trunnions of the 
helmet (Fig 3. A). This brings the target point to the focal 
point of the unit (Fig 2. C). The process can be repeated if 
there are multiple target points (e.g., to shape the dose 
distribution) or if more than one target is to be treated in the 
brain (Fig 3. A). [8]  

III. MATRIALS AND METHOD 

Five cases treated using gamma knife radiosurgery 
except one (which was treated using gamma knife 
radiotherapy technique) were reviewed herein. Four cases 
study were obtained from Thornbury Radiosurgery Centre, 
BMI Thornbury Hospital, UK, while one case study was 
obtained from the University of Virginia (UAV), 
Charlottesville, VA., USA. However, this research are 
presented the cases in details including; age, sex, diagnosis, 
methods of diagnostic, history and treatment of patients.  
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Fig 4. Basic stereotactic system showing A: (starting clockwise from upper 
right) computed tomography (CT) localizer, angiographic localizer, patient-

positioning mount, and head ring with posts and pins.  C: CT localizer. [9] 

IV. RESULTS AND DISCUSSION 

A. Case study no. 1. [14] 

70 years old, male, was diagnosed of having left-sided 
acoustic neuroma. 

Patient History: Patient initially presented in 1997 after 
noticing a disturbance in his balance. Investigation via MRI 
scanning revealed a left-sided acoustic neuroma. As the 
slow growing nature of the acoustic neuroma, a watch and 
wait policy would be best adopted. Therefore, the patient 
was continued to lead a normal active life, undergoing 
yearly scans to measure and compare the tumour. 

Upon reviewing the patients scan in 2009, some growth 
in tumour size was noted. Therefore, the decision to undergo 
Gamma Knife Radiosurgery was taken. 

Diagnosis methods: First MRI scan performed in 1997 
revealed a left side acoustic neuroma.   

Treatment: The target region was identified using MRI 
scans taken earlier in the day of treatment, and a treatment 
plan devised. 13.0 Gy was prescribed @ 53% and delivered 
in 14 shots. Then the patient was discharged later same day.  

Post radiosurgery treatment: Post radiosurgery 
treatment finished, patient has undergone two routine annual 
scans to monitor the success of the treatment. It was noted 
by the consultant neurosurgeon that, the outcome of the 
treatment was as expected, and there had been a small 
degree of tumour shrinkage. However, for such tumors and 
by referring to similar cases, it is very rare for this kind of 
tumor to be subsequent growth. 

B. Case study no. 2. [15] 

41 years old male was diagnosed of having Right 
sphenoid meningioma. 

Patient History: Patient presented with a history of 
dizziness. Due to flulike symptoms it was initially diagnosed 
as a viral reaction and treated accordingly. The patient 
returned with increasing dizziness and diplopia and was 
asked to have MRI scan.  

Diagnostic methods: MRI scan, which confirmed the 
presence of a small meningioma of the right sphenoid. The 
tumour was deemed to be in an inoperable region of the 
brain.  

Treatment: Because the precarious position of the 
tumour prohibited surgical removal tumour, the meningioma 
was small enough to keep under observation, the young age 
of the patient and the higher risks associated with eventual 
tumour growth, the Multi-Disciplinary Team (MDT) 
recommended of having Stereotactic Radiosurgery 
immediately. On the treatment day, the patient underwent 
another MRI scan to identify the specific target area. Then, 
the treatment plan was created between the Medical 
Physicist and the Neurologist. The treatment was 

approximately 100 minutes in duration, to deliver 15 Gy @ 
55 % through 16 shots. 

Post radiosurgical treatment: The patient stayed 
overnight for observation, experienced no side effects.  The 
patient has undergone yearly MRI scans to compare the 
tumor to the initial treated target. To date, the scans 
demonstrate that the tumor volume is identical to that as 
outlined at the initial planning stage and the patient is 
delighted with the outcome. 

C. Case study no. 3. [16] 

41 years old female was diagnosed of having Cerebral 
Metastases from primary breast cancer  

Patient History: Patient previously was diagnosed of 
cerebral metastasis and had undergone surgical resection 
and whole brain radiotherapy.  Then, in August 2008 the 
patient was diagnosis of another single metastatic tumor and 
treated by the Gamma Knife.  

The patient was given quarterly follow up appointments 
to monitor the clinical condition post treatment. The 12 
months following up showed clinically unspectacular with 
the patient having tolerated the treatment well and future 
scans revealing no change in the existing tumor, and no 
further lesions identified 

Diagnosis methods: MRI scan which showed cerebral 
metastasis; then MRI was performed post treatment for 
follow up purpose.  

Treatment: A MDT thought that as the patient's primary 
disease was well controlled, and she had already undergone 
whole brain radiotherapy and surgical resection, and due to 
her relatively young age/young family, then she was an ideal 
candidate for the radiosurgical treatment. The patient was 
MRI scanned again prior to treatment, ensuring planning 
was performed well using the most accurate of images. The 
metastatic lesion was treated using gamma knife to deliver 
20.0 Gy @ 47%. The treatment was tolerated well and 
immediate aftercare uneventful. Within a few hours the 
patient was discharged from the hospital and allowed to 
return home to rest. 

Post radiosurgical treatment: Treatment was initially 
tolerated very well by the patient, with quarterly Follow Up 
appointments made to continue to monitor progress.  The 
patient remained clear of cerebral metastasis for 12 months, 
before a further investigative scan showed a potential area of 
regrowth. After further investigation by the consultant, such 
area found to be in fact an area of post radiosurgical change. 
However, this finding was confirmed at the patients two 
year MRI scan.  The patient continues to be regularly 
assessed and monitored, with the initial primary disease well 
controlled. This has ensured the patients quality of life has 
not diminished in the three years post treatment.  

D. Case study no. 4. [17] 

60 years old male was diagnosed of having Cerebral 
Metastases from primary diagnosis of renal cell carcinoma. 

Patient History: Patient was initially diagnosed with 
Renal Cell Carcinoma (primary disease) in July 2007 before 
undergoing a complete left side nephrectomy. Following 
this, patient investigation and staging demonstrated that 
systemic disease was under control and the patient had an 
excellent performance status. As such, the patient was 
considered suitable for stereotactic radiosurgery and had the 
stereotactic radiosurgery for identified metastatic lesions in 
July 2009. 
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This treatment proved successful. However, post gamma 
knife treatment; the patient was kept under continuing 
monitor and undergoing treatment to manage the primary 
disease. Therefore, investigations identified the presence of 
further metastatic lesions. Again, following a MDT meeting, 
the patient was approved for further stereotactic treatment in 
(May 2010). Although, continued patient monitoring, 
identified further two lesions, which were approved for 
treatment at the neuro oncology MDT in (December 2010). 
The patient continues to undergo regular monitoring and 
assessment. 

Diagnostic methods: MRI, which confirms bone, lung 
and cerebral metastases 

Treatment: The patient was initially diagnosed with a 
primary disease of renal cell carcinoma. Shortly afterwards 
staging investigations revealed both lung and bone 
metastases, and then cerebral brain metastases. The 
successful control of primary disease, and the patients 
excellent performance status, made him an ideal candidate 
for stereotactic radiosurgery. The patient initially underwent 
treatment in May 2010 as following: 20 Gy for lesion 1, 20 
Gy @ 55% for lesion 2 and 3, 20 Gy @ 50 % for lesion 4 
and 15 Gy @ 50% for lesion 5. Further lesions was 
discovered and treated again in December 2010, as 
following: 20 Gy @ 50 % for lesion 1, 22 Gy @ 50 for 
lesion 2 and 25 Gy @ 50% for lesion 3. The patient tolerated 
both treatments extremely well. On both occasions, the 
patient was admitted for treatment the day before treatment 
to allow pre-assessment and checks to be completed. Then, 
the patient was discharged on the actual day of treatment. 

E. Case study no. 5. [18] 

49 years old female was diagnosed of having Anterior 
clinoidal meningioma.  

Patient history: The patient previously presented to the 
hospital’s emergency department with lightening like flashes 
and impairment in her left eye’s central and peripheral 
vision, diagnosed as an ocular migraine. However, 
physicians also discovered a mass near the orbit of her left 
eye, diagnosed as an anterior clinoidal meningioma. 

Treatment: Because meningiomas are slow-growing 
lesions, an aggressive surgical approach was not indicated. 
However, due to the mass’s proximity to the optic apparatus 
(optic nerve and chiasm), the risk of merely monitoring the 
mass’s growth over time was unacceptable. Similarly, the 
high dose of single session stereotactic radiosurgery could 
impact the patient’s optic nerve and damage her vision. The 
Extend program on Leksell Gamma Knife Perfexion offered 
an attractive option. Multi session radiosurgery would 
exploit the radiobiological advantage of hypofractionation 
while providing the added precision of Gamma Knife 
surgery. 

At low radiation doses, normal cells have an increased 
survival rate because of their ability to repair sublethal 
damage before the next radiation fraction is delivered. 
Essentially, it would deliver an optimal dose to the tumor 
yet spare critical risk structures of any appreciable amount 
of radiation. 

The patient had a custom dental mold created for the bite 
block, CT and MRI scans performed and images fused to 
facilitate Gamma Knife surgery planning. The treatment was 
based on 21 shots with 11 composite isocenters (8 with ≥ 1 
sector blocked), in four sessions, 5 Gy per session to margin 
of meningioma, treatment time was approximately 40 

minutes per fraction and encompassed an irradiated volume 
of 5.6 cc. 

Hypofractionated Radiosurgery of Meningiomas:- The 
Extend program enables clinicians to use Leksell Gamma 
Knife Perfexion in a novel way: a hypofractionated or 
“multi session” approach for patients with overly large 
benign skull base tumors or lesions too close to critical 
anatomy.  The Extend program provides an innovative way 
to expand the benefits of Gamma Knife surgery for a variety 
of indications that are not ideal for traditional radiosurgery 
or other interventions. These include treatment of larger 
tumors and arteriovenous malformations, in addition to 
critically located and sensitive brain structures. Extend also 
enables treatment with Leksell Gamma Knife even after 
most types of radiation therapy and avoids the use of rigid, 
pin affixed stereotactic frames. 

In cases such as perioptic meningiomas, Extend 
radiosurgery which uses a relocatable frame reducing the 
risk of endangering the patient’s vision by dividing the high 
single fraction treatment radiation dose into several lower 
doses. Components include fixation devices, such as a 
vacuum assisted bite block and head support with vacuum 
pillow. Accurate repeat fixation is ensured with onetime use 
of a CT box to obtain precise stereotactic reference points, 
and subsequent repeat checks using reposition check 
instruments for each Gamma Knife session. 

Post the Extend radiosurgical treatment: The Extend™ 
radiosurgery went very well and the patient tolerated the 
procedure without any difficulties. The patient has been 
asked for follow up MRI and consultation. 

V. CONCLUSION 

Stereotactic radiosurgery (SRS) shows a spectacular 
technique can be applied for treatment variety of 
neurological and other conditions, including; benign and 
malignant brain tumors, other kind of tumors, Tremors, 
AVM, Trigeminal neuralgia and Acoustic neuroma. SRS 
represents the best treatment choice for brain tumors if 
patients are young, tumors are small and if the tumors set in 
area, where the surgical approach is impossible or difficult. 

Five cases study were reviewed this research in details. 
All cases were diagnosed using MRI. The first four cases 
were obtained from Thornbury Radiosurgery Centre, BMI 
Thornbury Hospital, UK; entirely cases where treated using 
gamma-knife stereotactic radiosurgery to deliver dose of 
maximum of 15 Gy @ 55 % in 16 shots to the primary 
lesion. In addition, the gamma-knife sterotactic radiosurgery 
used to deliver 20 Gy @ 47% to treatment a metastatic 
lesion. The gamma-knife sterotactic radiosurgery illustrated 
the ability to treatment several metastatic lesions and in 
several times, such as the in case 4. Whereas, case 4 had 
stereotactic radiosurgery three times once in July 2009 and 
twice in 2010. The patient initially underwent treatment in 
May 2010 as following: 20 Gy for lesion 1, 20 Gy @ 55% 
for lesion 2 and 3, 20 Gy @ 50 % for lesion 4 and 15 Gy @ 
50% for lesion 5. Further lesions was discovered and treated 
again in December 2010, as following: 20 Gy @ 50 % for 
lession1, 22 Gy @ 50 for lesion 2 and 25 Gy @ 50% for 
lesion 3.  

The last case, which was obtained from the University of 
Virginia (UAV), Charlottesville, VA., USA, was treated 
using the Extend program on Leksell Gamma Knife 
Perfexion, which is known as SRT (stereotactic 
radiotherapy) technique. Wherase, the multi session 
radiosuregey offered by the Leksell Gamma Knife Perfexion 
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provided the radiobiological advantage of hypofractionation 
for patient’s optic nerve and protect her vision from damage, 
while the outstanding precision was obtained from Gamma 
Knife surgery. 

The gamma knife radiosurgery showed amazing results 
with no mentioned side effect, the ability to treat individual 
targeted areas in very high precision, very powerful to 
control the targets and has  undoubtedly maintained the 
patient’s quality of life and with advantage of the same day 
leaving the hospitals    

ACKNOWLEDGMENT  

The authors would like to express their thanks to  
Thornbury Radiosurgery Centre, UK for providing the cases 
those been reviewed in this research.  

REFERENCES 

[1] T.  S. Armstrong, J. Barnholtz-Sloan, S. S. Brem,  S. Chang, M. R. 
Gilbert, B. McCarthy, et al., ”Brain Tumor Primer: A 
COMPREHENS I VE I NTRODUCT I ON TO B RA I N TUMORS,” 
9th ed., Avaliable from: American Brain Tumor Association [Internet]. 
2017 Jul 18.  
https://neurosurgery.mgh.harvard.edu/abta/abta_braintumorprimer.pdf 

[2] G. Luxton, Z . Petrovich, G. Jozsef, L. A.Nedzi and M. L. Apuzzo, 
”Stereotactic Radiosurgery: Principles and comparison of treatment 
methods, ” Neurosurgery, vol. 32, pp. 241-259, 1993.  

[3] J. C. T. Chen, and M. R. Girgivan, ”Stereotactic radiosurgery: 
Instrumentation and theoretical aspects- Part 1”, The Permanente 
Journal, vol. 9, pp. 23-29, Fall 2005. 

[4]  D. W. Andrews, G. Bednarz, J. J. Evans, and B. Downes, ”A review 
of 3 current radiosurgery systems”, Surgical neurology, vol. 559-564, 
2006.   

[5] D. Steven, D. Chang, J. R. A. Jr, and S. L. Hancock, ”Clinical uses of 
radiosurgery, ” ONCOLOGY, vol. 12, pp. 1181-1192, August 1998.    

[6] M. R. Patibandla, D. Livingston, S. H. Patel, S. Mukherjee, J. P. 
Sheehan, and J. Donahue, ”A review of common applications of 
stereotactic radiosurgery for the neuroradiologist, ”Neurographics, 
vol. 8. pp. 34–51, February 2018.  

[7] J. C. Flickinger, D. Kondziolka, and L. D. Lunsford, “Clinical 
Applications of Stereotactic Radiosurgery, ” in: Advances in 

Radiation Therapy, vol. 93, B. B. Mittal, J. A. Purdy, and K. K. Ang, 
Eds. Boston: Springer, 1998, pp. 283-297   

[8] F. M. Khan, The Physics of Radiation Therapy, 4rd ed., Philadelphia:  
Lippincott Williams & Wilkins, 2010, pp. 453-464. 

[9] Stereotactic Radiosurgery: Indications and General Technical 
Considerations [Internet];. [Cited 7th October 2017]. Available from:  
http://what-when-how.com/stereotactic-and-functional-
neurosurgery/stereotactic-radiosurgery-indications-and-general-
technical-considerations/ 

[10] Linac Based Stereotactic Radiosurgery [Internet].; [cited 5th 
November 2017].  Available from: http://chicagocancer.com/our-
expertise/treatments-and-technology/linac-based-stereotactic-
radiosurgery/ 

[11] Leksell Vantage Arc 2.; [cited 5th November 2017]. Available from: 
http://news.cision.com/elekta/i/leksell-vantage-arc-2,c1977201 

[12] GAMMA KNIFE.; cited 10th November 2017]. Available from: 
http://www.aboutcancer.com/gamma_knife.htm 

[13]  Gamma Knife Reference and Questions.; [cited 5th November 2017]. 
Available from: 

http://radioactivityci2010.pbworks.com/w/page/30431512/Gamma%2
0Knife%20Reference%20and%20Questions 

[14] Case studies acoustic neuroma [Internet].; [cited 4th Jun 2017]. 
Available from: http://www.thornburygammaknife.co.uk/wp-
content/uploads/2017/10/TRCL-Case-Studies-Acoustic-
Neuroma2012.pdf . 

[15] Case studies meningioma [Internet].; [cited 4th Jun 2017]. Available 
from: www.thornburygammaknife.co.uk/wp-
content/uploads/2017/10/TRCL-Case-Studies-Meningioma2012.pdf . 

[16] Case studies metastases [Internet].; [cited 4th Jun 2017]. Available 
from: http://www.thornburygammaknife.co.uk/wp-
content/uploads/2017/10/TRCL-Case-Studies-Metastases-012012.pdf   

[17] Case studies metastases [Internet].; [cited 4th Jun 2017]. Available 
from: http://www.thornburygammaknife.co.uk/wp-
content/uploads/2017/10/TRCL-Case-Studies-Metastases-022012.pdf    

[18] Hypofractionated Radiosurgery of Meningiomas.; [Internet].; [cited 
4th Jun 2017]. Available from: 
https://med.virginia.edu/neurosurgery/wp-
content/uploads/sites/289/2015/11/UVAExtendcasestudy.pdf      

 
 

 

 

 

https://neurosurgery.mgh.harvard.edu/abta/abta_braintumorprimer.pdf
https://www.cancernetwork.com/authors/steven-d-chang-md
https://www.cancernetwork.com/authors/steven-d-chang-md
https://www.cancernetwork.com/authors/steven-l-hancock-md
https://www.cancernetwork.com/authors/steven-l-hancock-md
http://what-when-how.com/stereotactic-and-functional-neurosurgery/stereotactic-radiosurgery-indications-and-general-technical-considerations/
http://what-when-how.com/stereotactic-and-functional-neurosurgery/stereotactic-radiosurgery-indications-and-general-technical-considerations/
http://what-when-how.com/stereotactic-and-functional-neurosurgery/stereotactic-radiosurgery-indications-and-general-technical-considerations/
http://chicagocancer.com/our-expertise/treatments-and-technology/linac-based-stereotactic-radiosurgery/
http://chicagocancer.com/our-expertise/treatments-and-technology/linac-based-stereotactic-radiosurgery/
http://chicagocancer.com/our-expertise/treatments-and-technology/linac-based-stereotactic-radiosurgery/
http://news.cision.com/elekta/i/leksell-vantage-arc-2,c1977201
http://www.aboutcancer.com/gamma_knife.htm
http://radioactivityci2010.pbworks.com/w/page/30431512/Gamma%20Knife%20Reference%20and%20Questions
http://radioactivityci2010.pbworks.com/w/page/30431512/Gamma%20Knife%20Reference%20and%20Questions
http://www.thornburygammaknife.co.uk/wp-content/uploads/2017/10/TRCL-Case-Studies-Acoustic-Neuroma2012.pdf
http://www.thornburygammaknife.co.uk/wp-content/uploads/2017/10/TRCL-Case-Studies-Acoustic-Neuroma2012.pdf
http://www.thornburygammaknife.co.uk/wp-content/uploads/2017/10/TRCL-Case-Studies-Acoustic-Neuroma2012.pdf
http://www.thornburygammaknife.co.uk/wp-content/uploads/2017/10/TRCL-Case-Studies-Meningioma2012.pdf
http://www.thornburygammaknife.co.uk/wp-content/uploads/2017/10/TRCL-Case-Studies-Meningioma2012.pdf
http://www.thornburygammaknife.co.uk/wp-content/uploads/2017/10/TRCL-Case-Studies-Metastases-012012.pdf
http://www.thornburygammaknife.co.uk/wp-content/uploads/2017/10/TRCL-Case-Studies-Metastases-012012.pdf
http://www.thornburygammaknife.co.uk/wp-content/uploads/2017/10/TRCL-Case-Studies-Metastases-022012.pdf
http://www.thornburygammaknife.co.uk/wp-content/uploads/2017/10/TRCL-Case-Studies-Metastases-022012.pdf
https://med.virginia.edu/neurosurgery/wp-content/uploads/sites/289/2015/11/UVAExtendcasestudy.pdf
https://med.virginia.edu/neurosurgery/wp-content/uploads/sites/289/2015/11/UVAExtendcasestudy.pdf

