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The Cairo Gamma Knife 1% Year and a bit

he Cairo Center Leksell Gamma
Knife has been in use for over a
year and many developments have
occurred during this time. Over
650 patients have been reviewed sent
by nearly 200 doctors. 223 of these
patients have been treated and quite a
number have already been seen at fol-
low up. The early results have been
promising and in keeping with the ex-
perience of other Gamma Khnife cen-
tres. This bulletin will relate some of
the interesting experiences of the past
year, and also tell readers of exciting
new developments within the field of
Gamma Knife Surgery. However, since
radiosurgery is still new in the region,
we shall begin with a short history of
its development to help potential users
understand the possibilities.

A Brief History of Radiosurgery Techniques

When a new method is introduced to a
country it is necessary to clarify the
nature of the activity and to specify
what alternatives are available.

Gamma Knife

The term radiosurgery was introduced
by the Swedish professor Lars Leksell
to define a new method he was devel-
oping. At the beginning this term was
not related to the Gamma Knife which
at that time (1950s to 1960s) had not
been invented. Leksell chose the term
because he wanted a term to define the
new method he was developing, which
was defined as a ‘single session fo-
cused radiation treatment where the
radiation is delivered with surgical pre-
cision’.

At the time of this definition Dr. Lek-
sell was experimenting with particle
accelerators, and various kinds of X-
ray delivery machines. For various rea-

sons he found these unsatisfactory,
mostly because they were clumsy and
complex to use back at that time.
There was work being done in Boston
and Berkley California where respec-
tively proton and Helium ion accelera-
tors were used. Leksell visited these
sites as he was developing his ideas

The Gamma Knife first treated a pa-
tient in October 1967, but remained
of local Swedish interest for many
years. There were Leksell pupils who
acquired Gamma Khnives, first in Bue-
nos Aires, in Argentina (1983) and
then in Sheffield England (1985). In
the mean time Dr. Leksell had sold the
original machine to his friend Dr.
Robert Rand, a famous American neu-
rosurgeon for the princely sum of US$
1. It was used in Los Angeles for labo-
ratory research. In Stockholm, it was
replaced by a new improved model.

The Gamma Knife only really awakened
international interest in 1986 when
the first model was installed in Pitts-
burgh in the USA under the care of
another Leksell pupil, Professor Dade
Lunsford. This machine was running in
1986 and was soon followed by an-
other American machine in Charolttes-
ville Virginia, which was again under
the charge of a Leksell pupil, Professor
Ladislau Steiner.

The introduction of the machine into
the United States, coupled with the
publication of a series of very high
quality scientific papers from the Pitts-
burgh group put the Gamma Knife on
the map. The Pittsburgh machine was
the 4" in the world. There are cur-
rently 169 installed and over 200000
patients have been treated with the
Gamma Knife worldwide. This is more
than treated with any other radiosur-
gery technique. There are in addition



somewhere between 1000 and 2000
references to gamma knife surgery in
the medical literature.

Heavy Particle Accelerators

Heavy particles in this context are par-
ticles with a mass that is heavier than
an electron. In practical terms that
means hydrogen or helium nuclei. Ma-
chines, which can deliver this for of
radiation, are prodigiously expensive
and are seldom built purely for medical
use. The pioneers were in Berkley Cali-
fornia and in Boston. While there are
certain attractions to the technique the
expense and difficulty of daily use have
prevented this method from gaining
general acceptance.

Linear Accelerators

The first linear accelerator for medical
use was opened at the Hammersmith
Royal Postgraduate Medical Centre in
London in 1953. Since Leksell was
developing his ideas of radiosurgery at
this time he was aware of this machine
but considered it too imprecise for
radiosurgery at that stage in its devel-
opment. The machine was developed
to treat cancer anywhere in the body,

which is a task it carries out to this day.

The modern machines are of course far
more sophisticated than the original
prototypes.

At around the time the Leksell Gamma
Knife was introduced into the United
States, which was the prelude to its
worldwide dissemination, develop-
ments were also taking place amongst
users of Linacs, as linear accelerators
are familiarly called. Betti from Sao
Paolo in Brazil published the concept
of using a Linac for radiosurgery in

1983. In 1984 Colombo in Italy pub-

lished a similar pioneer paper. This
started a great interest in what have
become two branches of this treatment
method. If the treatment is carried out
in a single session it is referred to as
radiosurgery. If it is carried out with
fractionation (the treatment dose being
divided into fractions of smaller doses
given over a protracted period) it is
called stereotactic radiotherapy. The
linear accelerator has achieved wide-
spread use for this purpose but the
treatment is time consuming so that
most centres don’t treat more than 40
or 50 patients a year, because in most
places the linac has to be adjusted for
the radiosurgery and then adjusted
back for conventional treatment. There
is moreover no standard treatment
technique from site to site. Even so,
having said this linac radiosurgery has
become an established component of
the therapeutic milieu, especially for
primary brain tumours (gliomas) and
metastases. The amount of work done
with it for other indications is com-
paratively limited and is restricted to a
few specialist departments round the
world. With this technique there is
again an extensive medical literature
available.

OUR Rotating Gamma System

This machine was invented in the Peo-
ple’s Republic of China in the early
1990s. A number of them were placed
in hospitals round that country. The
place of this instrument remains un-
clear. While its basic shape is similar to
a gamma knife, its dose delivery sys-
tem and treatment planning systems
are quite different. It uses 30 sources

of Cobalt as opposed to the Leksell
Gamma Knife’s 201. These sources
rotate whereas the Leksell Gamma
Knife sources are static. The exact role
of this technology remains largely un-
clear because there is only one avail-
able English language paper which re-
fers to it and that merely confirms that
it can deliver a dose. There are in addi-
tion two Chinese language papers.
Nobody has published details of how it
works or what clinical results it can
achieve. In the absence of solid data
the excellence of this machine remains
undocumented. It is however not a
gamma knife any more than a railway
engine is a motorcar. It has certain fea-
tures in common with the gamma knife,
in terms of shape and the material used
to produce the radiation. It has how-
ever many differences, so that it is re-
garded as a separate technique. This
bulletin wishes to give a fair and up to
date account of the material it presents.
Thus an attempt was made to update
information on this technology by ac-
cessing the relevant websites, which
were open in July 2002. They are no
longer available.

Radiosurgery treatment terminology

In view of the varieties of technology
available and the confusion that may
arise from their use certain conven-
tions have been developed. The Leksell
Gamma Khnife treatments are referred
to as Gamma Knife treatments or
gamma knife surgery. Radiosurgery is a
generic term, which covers all the
technologies involved. As stated above,
linac radiosurgery is conveniently
called stereotactic radiosurgery or
stereotactic radiotherapy depending on
whether the dose is fractionated or not.

The Cairo Gamma Knife Center’s Routines

Patient Referral

Most patients come to the center from
other doctors particularly neurosur-
geons. The Center has reviewed over
650 patients who come from all over
Egypt and who have been referred by
over 195 doctors from a variety of
different specialties. Neurosurgeons
and oncologists are the main referring
colleagues though by no means the
only ones. All referrals are seen at the

Center and the referring doctor re-
ceives a letter the following day with
an assessment of the patient. More-
over, all referring doctors receive a
discharge letter after treatment and an
update every time a patient comes to a
follow up appointment. The Center
places much weight on the importance
of keeping everyone, patient, family
and doctor fully informed of what the
Center is doing.

Patient Assessment

Each patient is given an outpatient ap-
pointment for assessment. This is usu-
ally on a Saturday but may be other
days as well. The patient is seen and
examined together with the necessary
images. A choice is then made as to
how best help the patient. In some
cases it is wisest to refuse treatment.
The reason for this is always the same.
The patients are turned down if ex-



perience has shown that treatment with
the Gamma Khnife has little or no ad-
vantage of if the risk to the patient
from Gamma Knife treatment is too
high. The patients who are accepted
for treatment will be given appoint-
ments for treatment as soon as certain
necessary papers have been acquired.
The third group are the patients who
will need further investigation either in
a laboratory or with images before a
final decision can be made. The fourth
and final group are those patients who
will require some other form of treat-
ment before the Gamma Khnife is suit-
able. The other form of treatment will
most often involve an operation. The
idea of this arrangement is to attempt
to make sure that the patient receives
the best treatment most suited to his
or her condition.

Treatment

On the day of treatment the patient is
admitted and notes are taken. Then a
small tube or cannula is placed in the
back of the hand and a metal frame is
applied to the patient’s head. This is a
navigation device, which will guide the
surgeon in his localisation and in the
amount and location of the radiation
dose, which is to be given. It is the
only ‘operative’ part of the procedure
and in practised hands takes 5 to 10
minutes.

After the frame is applied the patient
is taken for imaging and special images
with markers are taken to permit the
surgeon to know where he is. The next
step is to import these images into a
special computer and plan a way in
which the dose of radiation may be
given. This takes from 5 to 50 minutes
and is performed in accordance with
strict guidelines. Finally, the patient is
led to the Gamma Knife and the treat-
ment is performed. For most patients
this will take under an hour. After
treatment is over the frame is removed
and the patient can return home. On
leaving, the patient is handed a report,
a picture of how the treatment was
performed and a message about when
and how he/she should have investiga-
tions done before coming back to the
center for follow up.

Follow up

Most patients are followed up every
six months to begin with. In some
cases however the initial follow up is
every 3 months. All patients are in-
formed at the time of discharge when
the follow up is expected and what
investigations will be required at their
next visit to the center. All patients are
also informed at discharge that they
are welcome to get in touch with the
center earlier if any unexpected change

should occur in their condition before
the planned follow up.

At present there are 173 of the 223
treated patients who qualify for follow
up. There have been 175 follow up
visits. Almost all the patients seen so
far are feeling unchanged or better,
which is what is expected. Likewise the
imaging findings have been what are
expected at this early stage after treat-
ment. Obviously no powerful treat-
ment can be undertaken without some
risk of complications. However, to
date there have been few complications
and all of these have been expected
prior to treatment and most of them
should turn out to be temporary. This
is one of the great advantages of ra-
diosurgery compared with conven-
tional surgery. Even with the most fa-
mous and skilful surgeons, serious
complications cannot be avoided when
performing surgery as difficult as a ma-
jor intracranial procedure. Where ra-
diosurgery is suitable the frequency
and the severity of complications are
much less and it is pleasing to see that
so far this is also true here in Cairo.

The next portion of this bulletin will
relate a new technical advance. The
Leksell Gamma Knife method is known
for its precision and reliability. This
has been increased by a new technical
addition to the machine.

The Newest Gamma Knife with Automatic Patient Positioning

Fixing the patient to the
Gamma Knife
The Trunnions
Ever since its invention patients have

LEKSELL GAMMA KNIFE

Gamma Knife ‘C’ Model with Helmet and Trunnions

been fixed in the Gamma Khnife using a
system of trunnions and
sliding bars as shown in

the picture. These are
accurate to 0.5 mm.
However, with this

system the patient has to go in and out

Trunnions in close up



of the machine several times during a
treatment to be repositioned for each
radiation shot.

This figure shows a trunnion in close up reveal-
ing the scales which are used for the correct
positioning of the patient from side to side (the
X-scale).

This picture shows the scales and the bars, which
are attached to the frame, which is fixed to the
patient’s head. These bars and scales permit
precise positioning from back to front (the Y
scale) and up and down (the Z-scale).

The repositioning is carried out
manually in all 3 dimensions, as
illustrated in the pictures above. Each
position by tradition is checked by at
least two people.

The APS system

The Gamma Khnife in Cairo is one of
the still relatively few machines in the
world equipped with the APS system.
This stands for Automatic Position
System. This system which became
available first three years ago is of
great assistance in simplifying the
treatment and in permitting an even
greater degree of accuracy than before.
The system is so precise that if it
detects an error as small as 0.2 mm it
will simply refuse to function until the
error is corrected. It works by
interposing a set of motors between
the frame attached to the patient’s
head and the helmet to which this

frame is attached. The positions in
which the patient will be placed for
each radiation shot are then checked to

Helmet in position

N

saves about one hour per patient.
Today it is hard to imagine how we
coped before this elegant new

The APS system shown consists of 3 moving bars and a set of motors to move them. It also in-
cludes delicate sensors to guarantee that the movements undertaken by the motors are accurate to
the level required for this treatment. The system is clearly more complex than the slides bars and

trunnions of the older model.

“t ‘
These two pictures illustrate the APS X Y and Z- scales

ensure that they can be achieved.
Thereafter the treatment begins. Before
the APS the patient had to come out of
the Gamma Knife to have each shot
position applied manually. With APS
the patient just comes a short way out
and the position is realigned and the
patient returns for the next part of the
treatment dose. This way saves a great
deal of time, permits more complicated
and accurate doseplans and reduces
the stress on the patient. Two recent
studies have shown that the APS im-
proves the accuracy of the radiation fit
with the treatment target and also

development became available. When a
patient is treated without the APS
system the time taken to change the
positions in the Gamma Khnife is quite
a lot longer than the actual treatment
time. With the APS this time is
reduced to an insignificant proportion
of the total treatment time. The images
above show the fixation of the helmet
and APS in position and indicate how
the APS works

The use of the APS also permits the
treatment of more patients because of
the shorter time it takes to treat each
one.



Activity at the Gamma Knife Center in Cairo

The chart below shows the number of to increasing activity. Moreover, as the first year is very much in keeping with
patients treated each quarter in the number of patients treated increases so the experience of other Gamma Khnife
Cairo Gamma Knife since it started does the number of follow up ap- Centers round the world.

operation. It shows there is a tendency pointments. The level of activity for a
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The chart above does not however activities. As more and more patients also increases.
show the full extent of the Center’s are treated the number of follow-ups
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The charts on the previous page give amount of time spent on assessing next chart shows the number of pa-
some idea of the activities related to patients. The numbers of patients as- tients assessed per quarter. This is a
treatment. It is easy to forget the sessed has been mentioned above. The time consuming activity for us.
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The next of these charts illustrates the kinds of patients being treated and the distribution of these patients.

- )

Diagnosis Patient Numbers
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Arteriovenous Malformation
Glioma

Miscellaneous

Pituitary Adenoma

Pineal Region Tumour
Glomus Jugulare Tumor
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Craniopharyngioma
Functional (Epilepsy & Trigeminal Neuralgia)

Cavernous Haemangioma
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A table showing the number of different doctors referring patients to the Gamma Knife Center per quarter. This is not
the number of referrals but the number of different doctors who have referred patients. The chart runs from the second
quarter of our activities, when the Center had established its routines.

No clinical centre can exist without the
support of colleagues. The table above
shows that the physicians in Cairo and
Egypt and even outside of the country
have been increasingly supportive of

There is happily more to the practice
of Gamma Knife surgery than dry sta-
tistics and technical innovation. The
best part of the job is of course the
help that the Center can give to people,

our activities. For this the Center ex-
presses its gratitude and hopes that
colleagues will continue to make use of
our services and keep us informed of
ways we may bet serve them and their

Some Cases

not least the children. Some patients
expect the frame applied to the head is
a terrible thing. However, it really is
not so bad and it is well tolerated even
by the young, as these pictures show.

patients. It is also necessary to thank
the Ministry of Health and Population
and also and especially the Nasser In-
stitute for the great efforts they have
made to enable us to do our job.

The actual application is no worse than
a visit to the dentist. As these smiles
show, after the initial discomfort has
worn off the natural good humour of
the young reasserts itself.

-
I



Nor is it just the young who take the
frame in their stride. The next picture

i

demonstrates that for others, apart
from the periods of the day when we
need the patient for frame application,
images or treatment, business can pro-
ceed very much as usual.

We thank our patients and their fami-
lies for their permission to use these
pictures.

Gamma Knife surgery produces its re-
sults over time. It is not before two
years have passed that a real assess-
ment of the method can begin. How-
ever, there are exceptions and some
patients improve more quickly. Exam-
ples of this can best be shown by ob-

tumour is obviously smaller. This
change was accompanied by the relief
of the paralysis of the right eyelid,
which had been the patient’s first
complaint. Thus this was a very satis-
factory early result.

Another case involves a tumour right
in the very centre of the brain, a most
difficult location for the surgeon to
reach. The images show shrinkage of
the tumour after only 3 months. The
patient who is 12 years old has lost his
headache, which was such a bother
before treatment. He has grown a lot
and while his schoolwork is said to be
unchanged his computer game scores
have improved since he was treated.

One of the greatest concerns to all
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users of the Gamma Knife is to ensure
that no damage comes to the nerves
from the eyes, the so-called visual
pathways. These are carefully mapped
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Patient with a meningioma, which shrank after treatment

vious changes on the images, or in
some cases improvement in vision.

One such case is a tumour right in the
middle of the head. The red arrows are
pointing at the tumour after giving the
patient a substance, which shows up
well on MRI. This substance, gadolin-
ium makes the middle of the tumour
appear whiter. After 6 months this
whiteness is much reduced and the

during treatment planning and the vis-
ual fields are charted before and after
treatment. It is pleasant to be able to
report that to date no patient has suf-
fered a deterioration of vision follow-
ing treatment, despite many tumours
sitting close to or touching these
pathways. Improvement in vision fol-
lowing radiosurgery is quite unusual
therefore it was very gratifying to be
able to record that this occurred in one

8

patient with a deep-seated tumour di-
rectly involving these pathways on the
right side. The following picture is a
copy of the visual fields measured be-
fore and after treatment.

The right visual field of a patient taken before
treatment is on the left and after treatment on
the right. The dark areas are the areas where
vision is absence or reduced. These are clearly
much improved after treatment.

Not all the results that can be expected
are as clear-cut as those
shown here. One of the
expected good results is
that a tumour stops grow-
ing. It takes a tumour time
to disappear after treat-
ment. Nonetheless, there is
a change in the images,
which can be used to indi-
cate that the results will be good. This
change is loss of contrast enhancement
in a tumour. This occurs after about 6
months and disappears again after 12
months. It is a reliable predictor of a
good result. It has been seen many
times amongst the patients treated at
the Gamma Knife Center. In none
more clearly than shown in the tumour
below which was on the hearing nerve.

This is clearly shown in the picture
above.

The Gamma Knife Center thanks all
those who have helped it to treat pa-
tients and looks forward to being able
to continue to help patients here in
Egypt and abroad. The Center wel-
comes any comments, which readers of
this bulletin may have on how it may
improve its services to improve the
help it offers to those people whom
the Center may serve.



The Clinical Director, Prof. Dr. Jeremy C. Ganz

51 A

The clinical director of the Gamma
Knife Center is Dr. Jeremy C. Ganz.
Dr. Ganz received his basic medical
education at Cambridge University
where he graduated in 1967. He is a
neurosurgeon, who began his training
in 1968 as a senior house officer un-
der Professor Valentine Logue and Mr.
Lindsay Symon at the National Hospi-
tal for Nervous Diseases Queen
Square, London. These two teachers
gave generously and unstintingly of
their knowledge and experience. Over
the vyears this sort of generosity
amongst senior colleagues has become
characteristic. At that time Professor
Logue was one of the most celebrated
neurosurgeons in Europe and Mr. Sy-
mon went on to be Professor Symon
and eventually was elected the Presi-
dent of the World Federation of Neu-
rosurgical Societies. After his clinical
appointment at Queen Square was
over, it was Dr. Ganz’s great good for-
tune to become Professor Symon’s
very first research assistant which pro-
vided co-authorship of 3 scientific pa-
pers. Following his training in the UK,
for personal reasons Dr. Ganz moved

to Norway where he was appointed a
consultant neurosurgeon at the Uni-
versity hospital in Bergen, Haukeland
Hospital. At the time he was the
youngest person ever to achieve con-
sultant neurosurgeon status in Nor-
way. In the early stages of this post it
was his responsibility to introduce new
techniques and he was responsible for
the introduction of microsurgery, mi-
crovascular surgery for aneurysms and
AVMs. He also introduced transsphe-
noidal pituitary surgery to the depart-
ment. He remains a member of the
international pituitary society to the
present day.

In the late 1980s, according to the
regulations of University departments
in Scandinavia, Dr. Ganz had to aban-
don clinical practice for a year in order
to study for a Ph.D. It was compulsory
to obtain this degree within 12 years
of appointment as a consultant if the
job was to be made permanent. Again
he was fortunate, because his research
director was the Professor of Experi-
mental Neurosurgery in Oslo, Nicolaus
Zwetnow, one of the most notable fig-
ures within the field of intracranial
pressure physiology. In 1990 Dr. Ganz
defended his Ph.D. with the title of
“The Pathophysiology of Intracranial
Epidural Bleeding”.

Meanwhile, in 1983 a new chief was
appointed to the neurosurgical de-
partment in Bergen, who was none
other than the senior student of the
inventor of the Gamma Knife, Lars
Leksell. His name is Erik Olof Back-
lund, one of the world’s best-known
practitioners in the field of stereotaxy,
Backlund set about obtaining a Gamma
Knife for Bergen, which began opera-
tion in October 1988. It was at that
time the 5" in the world. Six months
later at the first international Gamma
Knife Society meeting in Charolottes-
ville, Virginia, Professor Backlund ap-
pointed Dr. Ganz as director of the

Gamma Khnife in Bergen.

At that time there were no introduc-
tory texts on radiosurgery and indeed
the systematic teaching was still in its
infancy. To rectify this need Dr. Ganz
wrote a short book called ‘Gamma
Knife Surgery, A Guide for referring
Physicians’. The book was well enough
received that it ran to a second edition
3 years later.

Since that time Dr. Ganz continued for
a while managing the Gamma Khnife in
Bergen and continuing the routine du-
ties of a busy neurosurgeon. However,
in the middle of the 1990s he made a
career change and became a full time
teacher and consultant on Gamma
Knife surgery. Much of this work in-
volved travelling to Gamma Knife sites
world wide and teaching new users
during the treatment of their first
cases. He has done this in 65 centres
altogether including many in the USA,
Japan and China. In addition during
this period he continued to write sci-
entific papers and became the scientific
editor of the proceedings of the Inter-
national Gamma Khnife Society, which
are published in the Journal of Neuro-
surgery.

Dr. Ganz has published over 60 arti-
cles related to neurosurgical topics,
including trauma, spinal surgery, pitui-
tary surgery, and of course Gamma
Knife surgery.

In the year 2001 he was offered the
opportunity to serve as the clinical
director of the Gamma Knife Center,
Nasser Institute, Cairo. An invitation
was extended to view the site and the
facilities, which in his experience are
amongst the very best to be found
anywhere. It was an easy decision to
accept this post, which has to date
proven challenging but fascinating and
very rewarding. It is his hope that cir-
cumstances may permit him to retain
this position for many years to come.



Professor Dr. Ganz is the editor of the proceedings of the International Gamma Knife Society
published in The Journal of Neurosurgery.
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For More Information — Find Us at
Gamma Knife Center, Nasser Institute, Cairo.
Tel: +202 432 3839

Fax: +202 204 4024
Email: gkcairo@link.net
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