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AN EDUCATIONAL BROCHURE FROM THE 
AMERICAN ASOCIATION OF NEUROLOGICAL SURGEONS

STEREOTACTIC RADIOSURGERY



W h a t  i s  s t e r e o t a c t i c  
r a d i o s u r g e r y ?

First pioneered by neurosurgeon Lars Leksell in the
early 1950’s, stereotactic radiosurgery is a type of 
radiation treatment for vascular abnormalities, tumours 
or functional disorders focused in the brain and spinal 
regions. Unlike traditional surgery, radiosurgery does 
not typically involve an incision or general anaesthesia 
for patients. 

Radiosurgery is not experimental. It has been used by 
neurosurgeons to treat thousands of patients for more 
than four decades. Radiosurgery has been shown to be 
safe and e�ective for many brain and spine problems. 
Of course, only a neurosurgeon can determine if r
adiosurgery is the most appropriate treatment for you.

To deliver radiosurgery, neurosurgeons 
employ sophisticated operative techniques involving radiation, 
neuro-imaging guidance, and robotics. With the help 
of sophisticated 3-D computerized imaging, a narrow 
series of beams deliver a highly concentrated dose of
 radiation to the a�ected area. Because of this imaging, 
the amount of radiation that passes through healthy 
tissue can me minimized and the radiation can be 
delivered precisely to the abnormal area. In general,
 radiosurgery is given Why radiosurgery works
in a single one-day 
session. Less frequently, 
it is delivered in two to 
�ve sessions.
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W h y  r a d i o s u r g e r y  
w o r k s ?

Currently, the mechanism in reducing tumour size 
following radiosurgery is not entirely clear, but the 
following mechanisms are believed to play a role:

    By direct cell destroying e�ects, the radiation 
damages the abnormal cell’s DNA and prevents the 
cell from dividing
    By a delayed, programmed cell death, the cells 
disintegrate into a membrane-bound particles, 
eliminated by shedding
    By the closing o� of feeding blood vessels to the 
abnormal tissues

Further, stereotactic
 radiosurgery 
also works at the 
molecular level. 
While it does not 
remove the lesion, 
radiosurgery 
inactivates the cells 
so they are unable to 
divide. 

As the cells are inactivated, the tumour reduces 
in size – but at a rate related to the normal dividing 
time for the speci�c tumour cell in question. For instance, 
benign tumours and vessels can take as long as 18-24 
months to reduce. Malignant or metastatic tumours 
can show results within a few days to months, because 
these cells are early responding tissues. Lesions such 
as AVMs (a tangle of blood vessels in the brain) 
thicken and close o� typically in one to three years 
following radiosurgery.
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C o n d i t i o n s  t r e a t e d  
u s i n g  r a d i o s u r g e r y

While radiosurgery may be used as the primary or 
secondary treatment, the decision to proceed should 
be made by the treating neurosurgeon – normally 
in consultation with an interdisciplinary team of 
radiologists, radiation oncologists and medical 
physicists. 

Common indications for treatment include the 
presence of:
- Arteriovenous Malformation (AVM): An AVM is 
a tangle of abnormal and poorly formed blood 
vessels (arteries and veins), with a higher rate of 
bleeding that normal vessels. AVMs can occur 
anywhere in the body, but brain AVMs present 
substantial risks when they bleed.

- Benign Brain Tumours: Benign (non-cancerous) or 
low-grade brain tumours vary in type and degree. 
Meningiomas, which originate on the inner lining of 
the skull, are the most common. Acoustic neuromas, 
are benign tumours of nerves that are important in 
hearing and balance and tend to grow very slowly. 
Finally, pituitary adenomas grow slowly along the 
pituitary gland, varying in size and shape. 

The MRI depicts 
a recurrebt a recurrent 
pituitary adenoma 
(yellow) 
in close proximity to the 
optic apparatus (blue) 
and 
carotid arteries (red). This 
patient`s pituitary 
adenoma 
was safely treated with 
stereotactic radiosurgery
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    Malignant Brain Tumours: Those tumours arising 
from brain tissues that are rapidly growing and 
highly destructive are considered malignant. Of 
these, gliomas are the most common. Rather than 
arising from nerve cells, the glioma develops on 
the glial cells or astrocytes, the abundant type of glial 
cell (named for its star-like shape) that forms part of the brain’s 
supportive tissue.
    Metastatic Brain Tumours: Metastatic brain tumours 
include tumours that arise elsewhere in the body 
(such as the breast or lungs) and migrate to the 
brain, usually through the bloodstream. 
    Spinal Tumours: Primary spinal tumours are an 
abnormal mass of tissue within or surrounding 
the spinal cord and spinal column, in which cells 
grow and multiply uncontrollably. Additionally, the 
spinal column is the most common site for bone 
metastasis, meaning these tumours spread from 
another location of the body.
    Ocular Tumours: Both benign and malignant 
cancers can attack the eyes, the most known being 
choroidal melanoma, which results from uncontrolled 
cell growth within the eye. 
    Functional Disorders: A variety of movement 
disorders can also be treated by stereotactic 
radiosurgery. Trigeminal neuralgia (TN) is an 
intermittently triggered face pain which responds 
well to the radiosurgery (see Treatment Options). 
Parkinson’s Disease often involves shaking of the 
hands and arms while the patient is at rest, but can 
lead to slowness of movement or extreme rigidity 
in the muscles. On the other hand, with essential 
tremors, the hands or arms shake while the patient 
is moving (opposed to at rest) and can a�ect the 
head, neck and legs as well. 
    As technology and research progress, treatment 
is beginning to work in patients with epilepsy and 
neuro-psychiatric diseases. 
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Gamma Knife
Ideal for smaller tumours (3 to 3.5cm) and functional 
disorders of the brain and spine, Gamma Knife treatment 
delivers controlled radiation through a sphere. Radiation 
is delivered as photons from multiple radioactive 
Cobolt-60 sources. The gamma Knife uses a stereotactic 
frame and, as such, o�ers a high degree of precision 
within the brain. 

Particle/Proton Beam
Although there are limited number of facilities that 
administer particle//proton beam treatment, this techni-
que has certain advantages. Because of a sharp fallo� of 
energy known as the Bragg peak, this method can 
provide a superb dose distribution. Protons or other 
charged particles can travel to di�erent depths in the 
absorbing tissue depending upon the initial energy 
provided to them. In many instances, particle or proton 
beam radiosurgery is delivered in several sessions or 
“fractions.”

T R E A T M E N T  O P T I O N S

By utilizing multiple sources of radiation, Gamma Knife 
radiosurgery helps to minimize damage to healthy 
tissue and results in accurate targeting. The Gamma 
Knife is generally used to treat problems in the brain.

Currently, there are three forms of stereotactic 
radiosurgery. Each instrument operates di�erently, 
utilizes a unique source of radiation and may be more 
e�ective under particular circumstances.
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The complications from radiosurgery appear to be
similar to complications of conventional radiation.
However, the occurrence of these complications may 
be less after radiosurgery. They can include: 

Linear Accelerator
During linear accelerator (LINAC) treatment, one of large 
radiation beam is targeted t the lesion or tumour in many 
“arcs.” Essentially, a predetermined amount of radiation is 
delivered in an arc, and then the patient is rotated so the 
arc can come from a di�erent direction. This lessens the 
adverse e�ects on healthy tissue.

C O M P L I C A T I O N S  R E E L A T E D  
T O  T R E A T M E N T

These machines can 
perform radiosurgery on 
larger tumours and can split 
treatments over several 
days, yielding added 
�exibility. Further, linear 
accelerator-based 
treatments are used not 
only within the brain, but 
throughout the body, head, 
neck, and spine.

Ocnogenesis: Development of another tumor from
the radiation treatment is a recognized, but rare, 
consequence of radiosurgery.

Necrosis: Typically, the tumor tissue that remains 
after the radiosurgery will shrink. In a very small
percentage of cases, this necrotic, or dead, tissue 
can cause further problems and may require removal.

Swelling: When tumor cells are exposed to 
radiation, they lose their ability to regulate �uids, 
and edema, or swelling, may occur---though it
rarely happens. If swelling does occur, a short
course  of steroid medication can often help to 
reduce these changes in both the tumor and 
adjacent brain.
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You should also ask your physician what to do about 
taking any regular medications on the day of your 
treatment, and bring those medications with you to 
the procedure.

In preparation, you will be asked not to eat or drink 
anything after midnight on the night before your 
treatment. 

However, since radiosurgery works over a period of
time, it may he the wrong choice if symptoms are
severe or life-threatening. Other contraindications
include an excessively large target lesion or lesions 
too numerous for practical treatment. Ultimately, the 
decision is made by the treating neurosurgeon. 

Although stereotactic radiosurgery is usually an 
outpatient. procedure, you should be prepared to spend 
up to 24 hours in the hospital. That day, you may have a 
friend or family member accompany you, remain in the 
waiting room during the procedure and drive you home 
after. 

When cells are growing quickly such as with metastatic
cancer, radiosurgery can e�ciently and promptly 
a�oni tumor control. This allows particut.s to more 
quickly move on to chemotherapy to treat the
cancer in other parts of the body. Medication can
he given for the sick e�ects (such as swelling), and 
conventional radiation therapy may be used over a 
period of time to help eliminate any stray cancer cells 
from the brain.

I S  R A D I O S U R G E R Y  T H E  
R I G H T  T R E A T M E N T  F O R  
Y O U ?

W H A T  T O  E X P E C T  O N  T H E  
D A Y  O F  T R E A T M E N T
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T H E  T R E A T M E N T  
P R O C E D U R E

There are four aspects to the procedure:
1. The immobilization device. An inmmobilization 
device such as a stereotactic frame or aquaplast mask
for intracranial cases or a body �x system for spine
cases is often used to immobiize the target during
radiosurgery. This is initially applied to the patient. 
2. Imaging. After the immobilization device is in 
place, imaging such as magnetic resonance imaging

Be sure to tell your physician if any of the following
apply o you:

You su�er from bleeding disorder or take blood
thinning agents.

You are pregnant. 
You su�er from claustrophobia.

You have a pacemaker, arti�cial heart valve, 
de�brillator, brain aneurysm clips, implanted
pumps or chemotherapy ports, neuorostimulatrs, 
eye or ear implants, stents, coils, or �lters. 

You are alergic to intravenous contrast material, 
shell�sh or iodine.

You are taking medications by mouth or insulin to 
control diabetes. 

On treatment day, you will need to remove jewerly, 
makeup (including nail polish), hairpieces, contact
lenses, eyeglasses nad dentures. Then, you will be
asked to change into a gown for your procedure.
An intravenous (IV) line may be inserted into your
arm for any necessary medications, and you may
receive medications to help you relax and to prevent
dehydration.
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A stereotactic
frame is used
to immobilize a 
patient´s head
during treatment,
ensuring the 
radiation dose is 
delivered to the 
precise location.



In the weeks after the radiosurgery, you will follow up 
with the treating neurosurgeon. Additionally, 
diagnostic tests such as a CT, angiogram or 
MR-imaging rnay be performed periodically after the 
procedure to check on the status or the area treated. 
Thesr changes may take from months to years to take 
e�ect depending on the condition being treated.

Following radiosurgery, the immobilization device is 
removed aud bandages are usually placed whenever 
necessary. You may he ubserved for a speci�ed time after 
the treatment befare going home or kept 
overnight. Occasionally, some people experience 
minimal tenderness or swdling around the sites used
to anchor te target to the immobilization device.
However, most patients can return to their usual
activities the following day.

W H A T  T O  E X P E C T  A F T E R
T R E A T M E N T

(MRI), computed tomography (CT), orthogonal
X-rays, or angiography occurs. This is required to 
determine the exact size, shape and position of the 
target in the brain or spine.
3. Treatment planning. Once the images have been 
taken, the doctor develops a precise and accurate
treatmen plan. Often together with another team 
specialist, he or she enters the imaging data an 
other the information into a computer and calculates 
how the treatment should be performed.
4. Imaging. Once your treatment plan is 
completed, the actual treatment can start.
You will lie down on the treatment couch, and the 
immobilization device will be attached to the 
couch. You are awake during the procedure and
will be able to communicate, with your doctor or 
nurse through an audio-video connection. The
treatment will last a few minutes to more than 
an hour, depending on the size and shape of the 
target.
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The neurosurgeon will help with immobilization of
your head or spine. Next, using neuro-imaging such
as MRI, CT, and angiography, the neurosurgeon will

First and foremost, the neurosurgeon will meet with 
you to determine if radiosurgery is the best option for 
your condition. If so, the neurosurgeon will work to 
schedule your radiosurgery. Radiosurgery is usually 
performed in one day but can be done in as many as 
�ve small parts.

Radiosurgery is a minimally invasive brain or
spine surgery. Like any brain or spine surgery, 
a neurosurgeon is intimately involved with the
treatment.

Naurosurgeons re physicians that are eminently
quali�ed to care for patients with brain and spine
problems. They are licensed and board ceti�ed to 
use radiation to treat problems in the brain and spine.

Modern radiosurgical centers are available throughout 
virtually all areas of the country. However, not every 
center treats the entire range of radiosurgical patients. 
You should choose your neurosurgeon and the 
center based upon your particular type of problem. 
Experience and ability to deliver appropriale 
neurosurbrical care before, during, and after the 
radiosurgery are important.

W H E R E  S H O U L D  I  B E
T R E A T E D ?

T H E  R O L E  O F  T H E  
N E U R O S U R G E O N  I N
R A D I O S U R G E R Y

There are four aspects to the procedure:
Academic medical centers located al universities 
throughout the country
Communiry hospitals and regional cancer centers
Freestanding radiosurgery and cancer centers
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After the immobilization and plannig, the
neurosurgeon will insure safe delivery of the radiation
and then remove any �xation device.

help to de�ne the 
target, devise a series 
of beams to deliver the
radiation to the target
but avoid important
surrounding brain
or spine structures, and 
then select the 
appropiate dose.

Although stereotactic radiosurgery is usually an 
Finally, the neurosurgeon will see you back in followup to 
assess the outcome of the surgery. In the rare event of a 
radiosurgical failure or cornplication in the brain and 
spine, the neurosurgeon will be uniquely 
able to damage problems that can arise. 

Quali�cations of a Neurosurgeon
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Certi�cation by the American Board of
Neurological Surgery (ABNS) is considered the
“gold standard" in the �eld. The ABNS is the
only board authorized by the American Board of 
Medical Specialties to certify physicians in the �eld
 of neurosurgery.

After successfully compleling this training and after
at least two years of medical practice, including
successfully passing a written and oral examination,
the neurosurgeon then becomes Board-certitied.

Neurosurgeons undergo six-to-eight years of
specialized training following medical school; une 
of the longest training periods of any medical
spccialt.y. This is due to the extreme complexity of
the nervous system and the advanced techniques
used in neurosurgical operations.
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G L O S A R Y  O F  T E R M S

Malignant – Cancerous or life-threatening; tumors of this 
type tend to become progressively worse.

Metastasize – Spread of a tumor to another part of the 
body, usually through blood vessels, lymph channels or 
spinal �uid.

Meningiomas – Bening brain tumors that originate on 
the inner lining of the skull.

Lesion – Refers to any changed or abnormal tissue. 
Examples may binclude tissue that is abnormal because 
of tumor, in�ammation, infection, scar or dead cells
(necrosis)

Giloma – Any tumor that arises from glial tissue.

Gila – The supportive or nourishing tissue of the brain. 

Choroidal Melanoma – A form of ocular tumor that 
results from uncontrolled cell growth within the eye.

Carcinoma – A malignant tumor that rises from
substances found in skin or, more commonly, from the 
lining of body organs, such as breast, prostate, lung or
stomach.

Cancer – A malignant tissue that is invasive, destroys
healthy tissue and often spreads to distant locations

Brain Tumor – A mass of unnnecessary and abnormal cell 
that grow in the brain.

Bening – A tumor that is identi�ed as not malignant, or not 
cancerous.

Arteriovenous Malformation (AVMs) – A type of lesion 
that results in a tangle of blood vessels in the brain.

Acoustic Neuromas – Bening tumors of nerves that are
important in hearing and balance; tend to grow very
slowly.

Astrocyte – Type of glial cell named for its star-like 
projections

Apoptosis – The disintegration of tumor cells into
membrane-bound particles, eliminated by shedding.
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Trigeminal Neuralgia – An intense, stabbing, electric
shock-like pain caused by irritation of trigeminal
nerve. The pain typically a�ects the lower face and jaw. 

Stereotactic Radiosurgery – A type of radiation treatment
udes to treat vascular abnormalities, tumors or functional 
disorders focused in the brain and spinal regions; uses
a number of narrow, precisely aimed, highly focused
beams of ionizing radiation.

Pituitary Adenomas – Bening brain tumors that grow
slowly along the pituitary.

Oncogenesis – The formation of a tumor in the body.

Ocular Tumor – A mass of unnecessary and abnormal 
cells that grow in the eye.

Metastatic Brain Tumor – A brain tumor caused by cancer 
elsewhere in the body that spreads to the brain.

X-ray  – Application of radiation to produce a �lm or 
picture of a part of the body.



15

H E L P F U L L  W E B  S I T E S

TNA ( Trigeminal Neuralgia Association)
http:// www.fpa-support.org

PubMed
http:// www.ncbi.nlm.nih..gov/sites/entrez?db=pubmed

Pituitary Network Association
http:// www.pintuitary.org/intro.aspx

National Cancer Institute
http:// www.cancer.gov/ncicancerbulletin

National Brain Tumor Society
http:// www.braintumor.org/home

International Radiosurgery Support Association
http:// www.irsa.org

International Esential Tremor Foundation
http:// www.essentialtremor.org

Facial Pain
http:// www.facepain.us

The Brain Tumor Foundation 
http:// www.braintumorfoundation.org/tumors/gamma.htm

American Society for Radiation Oncology
http:// www.astro.org

American Cancer Society
http:// www.cancer.org/docroot/home/index.asp

American BrainTumor Association
http:// www.abta.org

American Association of neurological Surgeons
http:// www.AANS.org

Acoustic Neuroma Association
http:// www.anausa.org
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