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(57) Abstract

A radiotherapy apparatus comprises a first collimator and a second collimator, the first collimator being a multi-leaf collimator, the
second collimator comprising a plurality of slits having a width which is a fraction of the width of the leaves of the first collimator, the
first and second collimators being aligned such that each slit of the second collimator is associated with a leaf of the first collimator. A
first irradiation is made, during which the first collimator will define the outer edge of the irradiation pattern, and the second collimator
will serve to narrow the effective width of each leaf of the first collimator. This narrowing is a simple function of the relative widths of
the slits of the second collimator and the leaves of the first. This will leave gaps in between the slits of the second collimator, which can
then be filled by moving one ore more of the patient, first and second collimators, so as to irradiate an area omitted in the first irradiation.
In this second irradiation, the positions of the leaves of the first collimator are adjusted as necessary. This process is then repeated until
the entire target area has been irradiated. Suitable values for the fraction are 1/2, 1/3, 1/4 or 1/5.
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COLLIMATOR FOR RADIOTHERAPY APPARATUS
FIELD OF THE INVENTION
The present invention relates to a collimator for use in radiotherapy.
BACKGROUND ART

Radiotherapy is routinely employed for the treatment of invasive
medical conditions such as cancer. The essential principle of radiotherapy
is that the applied beam is apt to kill cells in its path. Thus, if the beam is
directed at a cancerous or otherwise abnormal area the cells would
eventually destroyed. However, it is inevitable that damage will also be
caused to surrounding healthy tissue, and if this is not appropriately limited

then the side effects for the patient could well be severe.

:'Such limitation is commonly achieved by collimating the beam so as
to extend only over the minimum necessary area, to include all of the cancer
but only a minimum amount of healthy surrounding tissue. Multi-leaf
collimators are well known for this purpose, and comprise two banks of
individually extendable leaves which can be extended into and out of the
radiation beam so as to shape the emergent beam at will. Figure 1 shows
the effect of a multi-leaf collimator. The leaves 10 are extended into the
beam and prevent radiation reaching the patient in those areas. Each leaf 10
is typically stopped just short of the area 12 to be irradiated. Thus, the

areas beneath the leaves (such as at 14) are not irradiated, limiting side
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effects of the treatment.

Figure 1 also illustrates the inherent limitation of multi-leaf collimators,
which is that areas 16 are unnecessarily irradiated due to the finite width of
the leaves 10. Efforts have therefore been directed in producing muiti-leaf
collimators with narrower leaves, to achieve higher spatial resolution and
limit the size of the unnecessarily irradiated area 16. However, this presents
significant engineering difficulties since the leaves must be relatively deep in
order to present a high opacity to x-rays. In addition, there must be no gaps
between the leaves through which radiation could leak. Thus, the
engineering difficulties in accurately moving close fitting narrow heavy leaves
are significant. Nevertheless, so-calied "micro-multi-leaf collimators” have
been developed. These typically have a very limited field size in order to

alleviate the engineering difficulties.
SUMMARY OF THE INVENTION

The present invention seeks to provide a collimator in which the
irradiation pattern of such a micro multi-leaf collimator can be achieved

without the associated engineering difficulties and limited field size.

It therefore provides a radiotherapy apparatus comprising a first
collimator and a second collimator, the first collimator comprising a plurality
of elongate leaves lying alongside each other, each being moveable
longitudinally, the second collimator comprising a plurality of slits, the first
and second collimators being aligned such that each slit of the second
collimator is associated with at least one leaf of the first collimator, the slits

having a width which corresponds to a fraction of the width of the leaves.

The slit widths correspond to the leaf widths in that the projected



WO 00/13189 PCT/GB99/02324

3

image of the slits on the patient is a fraction of the projected image of the
leaves on the patient. Where the first and second collimators are
immediately adjacent, this will mean that the physical width of the slits is a
fraction of the physical width of the leaves. Where the two collimators are
at different locations along the beam, an appropriate scaling will be
necessary such that the projected dimensions at the patient are an

appropriate fraction.

It is preferred if the first colliimator is above the second, but this is not

in fact necessary and the second collimator can well be above the first.
It is also preferred that the slits are focused on the radiation source.

According to the invention, a first irradiation is made, during which the
first collimator will define the outer edge of the irradiation pattern, and the
second collimator will serve to narrow the effective width of each leaf of the
first collimator. This narrowing is a simple function of the relative widths of
the slits of the second collimator and the leaves of the first. This will leave
gaps in between the slits of the second collimator, which can then be filled
by moving one or more of the patient, first and second collimators, so as to
irradiate ;:m area omitted in the first irradiation. In this second irradiation, the
positions of the leaves of the first collimator are adjusted as necessary. This

process is then repeated until the entire target area has been irradiated.

Thus, by use of the collimator the present invention allows the
resolution of a micro multi-leaf collimator to be provided with no associated
engineering difficulties, the only cost being the need for repeat irradiations.
The treatment time for each irradiation could be reduced by selecting higher

dose rates.
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One way of providing the repeat irradiations is to make the second
collimator movable relative to the first. However, it is preferable for the first
and second collimators to be movable together relative to the patient. This
could obviously be achieved either by moving the collimators en bloc, or by
fixing the first and second collimators and moving the patient. Alternatively,
the patient could be moved continuously relative to the source, the first

collimator leaves being adjusted as necessary as the treatment progresses.

The second collimator is preferably removable from the apparatus,
thereby to enable exchange with alternative second collimators. These
alternative second collimators could have a different fractional width, or a

different irradiatable area.
Suitable values for the fraction are %, 5, % or '/s.

In general, narrow slits will result in a greater number of repeat
irradiations. This means that the opacity to X-rays of the second coilimator

must be correspondingly greater, which implies a more massive device.

Wider slits will, in general, reduce the treatment times, but will not
achieve as good conformation to the desired irradiation area. It wili therefore
be advantageous to choose the widest slits commensurate with the desired

accuracy.
The present invention therefore also relates to a kit of parts comprising

the apparatus as defined above in combination with alternative second

collimators exhibiting different fractional widths.

BRIEF DESCRIPTION OF DRAWINGS
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Embodiments of the present invention will now be described by way

of example, with reference to the accompanying Figures in which;

Figure 1 illustrates a conventional multi-leaf collimator, and has been

described already;

Figure 2 is a vertical section through a collimator according to the

present invention;
Figure 3 is a top view of Figure 1;

Figure 4 illustrates the effect achieved by the present invention after

the first irradiation;

Figure 5 shows the effect achieved by the present invention after

completion of irradiation;

Figure 6 shows a first means of adjusting the collimator position

relative to the patient;

Figure 7 illustrates a second means of adjusting the collimator

positions relative to the patient; and
Figure 8 illustrates an alternative construction;
Figures 9a to 9c illustrate a further alternative construction; and

Figure 10 illustrates an advantageous order for the collimators along

the beam path.
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DETAILED DESCRIPTION OF THE INVENTION

Figure 1 has been described aiready, and therefore no further

description will be given herein.

Figures 2 and 3 illustrate the first embodiment of the present
invention. According to this embodiment, a first collimator 100 is suspended
above a second collimator 102, The first collimator 100 is constructed as
a standard multi-leaf collimator comprising a plurality of leaves 104 alongside
each other and which are slidable longitudinally relative to one another.
Figure 2 shows the view along the length of the leaves. Thus, the leaves

appear head-on.

The second collimator 102 is below the first and is a solid mass
except for slits 106. These slits 106 are positioned immediately below the
centre lines of leaves 104 of the first collimator 100, although this position

may be moveable as described later.

Referring to Figure 3, the combination of the first and second
collimatqrs 100, 102 means that the view along the x-ray beam shown in
Figure 3 |s essentially that of the slits 106 delimited in length by the leaves
104 of the first collimator 100.

Figure 4 shows the effect of this collimation arrangement. An area
108 is to be irradiated, shown shaded. The first irradiation, as delivered by
the collimator positions shown in Figure 3, will produce a series of stripes
110 across the area 108. These correspond to the exposed areas of the slits

106.

It is then necessary either to move the patient beneath the collimator
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by a distance equal to the projected width of the slits 106, or to move the
first and second collimators over the patient by an equal distance, or to move
the second collimator 102 relative to the first coilimator 100 by that
distance. All three arrangements will then allow a further irradiation to be
made in which the stripes 110" are effectively adjacent the stripes 110 of
the first irradiation. The leaf positions of the first coliimator 100 can be
adjusted between each irradiation as required. The projected stripe will
almost always include a penumbra and reference herein to stripe width,
adjacent stripes etc should be interpreted taking this into account. For
example, it is known to adjust the spacing of neighbouring stripes so as to

match the intensity profile and achieve a near uniform delivered intensity.

After several such irradiations have been completed, the total number
required being determined by the relative widths of the leaves 104 of the
first collimator as opposed to the slits 106 of the second collimator, the
complete area 108 will have been irradiated. The net effect of the multiple
irradiations will be as shown in Figure 5, in which it can be seen that the
excess irradiated area 112 is significantly smaller than the area 16 of Figure
1. However, this pseudo-micro-multi-leaf collimator effect has been
achieved using only a standard size multi-leaf collimator in combination with

a simple (and hence inexpensive) secondary collimator.

It was mentioned above that either the patient, both collimators, or
only the second collimator could be moved between irradiations. It is
preferred to move both collimators together, for reasons which will be

explained.

If the patient alone is moved, this will normally be in a transverse
direction relative to the leaves 104 and slits 106. However, there will

inevitably be some divergence of the beam during its passage between the
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collimator and the patient, and the result of this will be that areas within the
patient which are distant from the source will be irradiated twice by the
divergent portions of adjacent beams, whilst areas on the patient closest to

the source are likely to be under-irradiated.

As the motion is very small, typically 2-3mm, this effect is negligible
with this device, uniike other applications of radiotherapy where the motion

is 20-100mm and this 'matchline' is an undesirable effect.

Another possibility is to move the patient in a continuous motion
simuitaneously moving the leaves to correspond. This motion will be very
slow, typically Tmm in 30 seconds and therefore imperceptible to the
patient. This technique averages any inaccuracies in matching the fields over

a larger area, thus reducing the maximum variation.

Figure 6 illustrates the potential difficulty in moving the second
collimator 102 relative to the first 100. This arises from the fact that the
irradiation source is inevitably non-point like. In Figure 6, collimator leaves
104A and 104C of the first collimator 100 are extended but leaf 104B lying
immedia_tely between is withdrawn. Thus, the intention is to project a stripe

106 only at the position corresponding to ieaf 104B (not visible).

The second collimator 102 has corresponding slits 106A, 106B and
106C. Slits 106A and 106C are not intended to be irradiated since they are
beneath extended leaves 104A and 104C. Slit 106B should be irradiated

since it is beneath withdrawn leaf 104B.

In the position shown, the second collimator 102 is at the limit of its
travel relative to the first collimator 100, with the left hand (as shown) edge

of the slits 106A being directly beneath the left hand edge of the leaves
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104. As shown, the x-ray beam 114 passes between leaves 104A and
104C of the first collimator 100 and correctly passes through slit 106B of
the second collimator. However, the necessary engineering tolerances and
the slight transparency of all materials to x-rays means that there is a small
leakage path on one side along the edge of leaf 104C and through slit 106C.
This gives rise to a "ghost" irradiation in areas which were not intended to
be irradiated. Whilst it may be possible to minimise this ghosting in
particular arrangements, this means that this method of relative movement

is not preferred.

Figure 7 illustrates the preferred method of achieving relative motion.
The first collimator 100 and the second collimator 102 are both supported
on a frame 118 in an essentially fixed arrangement. In this arrangement, the
slits 106 of the second collimator 102 are preferably directly beneath the
leaves 104 of the first collimator 100. [t is possible to offset the slits 106
slightly without affecting performance, but an excessive offset would of
course introduce the difficulties with respect to Figure 6. The entire support
118 is in turn supported on a set of bearings 120 on one side and a threaded
drive screw 122 on the other side. The drive screw 122 is held in a
rotatable nut 124. Thus, rotation of the nut 124 will cause the support 118
to slide ;)vithin the bearing 120, adjusting the positions of both collimators

simultaneously.

As shown in Figure 7, the bearing 120 and drive screw 122 are tilted
slightly so as to cause the support 118 to move along a circumferential path,
centred on the radiation source. This means that beam divergence effects

mentioned above are minimised.

Figure 7 also shown the second collimator 106 to be received within

an aperture 126. This allows the second collimator 102 to be removed as
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necessary and replaced with alternative collimators. A suitable indexing
means will of course need to be provided to locate the respective second
collimator 102 in the correct position, but this should not present difficuities.
The advantage of providing interchangeable second collimators 102 is that
alternatives could be provided in which the width ratios as between the first
and second collimators differ, or in which the spacial extent of the slits 106
on the second collimator differs. This means that the accuracy of the
collimation can be selected according to the dose to be applied and the time
available, and that small-area high precision second collimators can be
provided for precision work together with alternative large-area lower

precision devices for standard work.

Figure 8 shows an alternative arrangement in which the potential
difficulty illustrated in figure 6 is eliminated. As shown, the slits of the
second collimator are placed at a 20mm pitch with a 5mm width. The first
collimator has leaves A, B, C & D of a 10mm width. According to this
arrangement, the second collimator is moved relative to the first collimator
such that the slit straddles leaves A and B. This is shown as position 1. A
first irradiation than takes place in which the width of the radiation stripe is
controlled by both leaves acting together. Normally, this would involve them
being piéced at the same point. The second collimator is then moved by
Smm to position 2 in which it lies completely beneath leaf B. A second
irradiation takes place, delimited by leaf B only. The second collimator then
moves by a further 5mm to position 3 and a third irradiation takes place,
delimited this time by leaves B and C. Finally, the second collimator moves
by a still further 5mm to position 4 and a final fourth irradiation take place

delimited by leaf C only.

In this manner, each slit is alternately delimited by a single leaf and a

pair of leaves.
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It will be apparent that during the fourth irradiation, leaf A covers the

next adjacent slit and therefore delimits the adjacent radiation stripe.

At no time during this process are the edges of any leaves and slits
aligned during an irradiation. Therefore, the potential difficulty illustrated in
figure 6 is avoided completely, the only cost being further irradiations. In
this example, a doubling of the resolution is achieved through a mere

quadrupling of the number of irradiations.

Figures 9a to 9c illustrate a further alternative in which the same
doubling of resolution is achieved without any “excess” irradiation but
though only three irradiations. In this further aiternative, the leaves A, B, C,
D, E & F of the first collimator are at a 10 mm pitch and the slits X, Y & Z

in the second collimator are 5mm wide and at a 15 mm pitch.

Figure 9a illustrates the first irradiation. Slit X is delimited by leaves
A and B, positioned over the join between them. Slit Y is therefore directly
over leaf C, as its pitch is equivalent to 1% leaves. Slit Y is therefore

delimited by leaf C alone. Slit Z lies over leaves D and E.

For the second irradiation, the second collimator is moved by 5mm so
as to irradiate the adjacent stripe. Slit X therefore lies over and is delimited
by leaf B only. Slit Y is delimited by leaves C and D, and slit Z is delimited
by leaf E.

Finally, prior to a third irradiation, the second collimator is moved by
a further 5mm. Slit X will then lie over and be delimited by leaves B and C.

Slit Y is delimited by leaf D and slit Z is delimited by leaves E and F.

Thus, by simultaneously delimiting by single leaves and adjacent leaf
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pair, greater efficiency is achieved and the number of irradiations required is

reduced. This will in turn reduce the treatment time necessary.

Figure 10 illustrates schematically a preferred linear arrangement of
the structure of the invention along the path of the radiation beam. A beam
of radiation 200 is emitted by a source 202. It is conventional for there to
be a light reflecting mirror 204 in the path of the beam 200, angied at
approximately 45° to the radiation beam axis, in order to reflect a light beam
206 from a light source 208 onto the path of the radiation beam 200. Of
course, the mirror 204 can be at other angles, and the location of the light
source 206 adjusted accordingly. Thus, the therapist can position the
patient beneath the apparatus with the radiation beam 200 off (ie shielded)
and the light beam 206 on. This will then cast a light on the patient
illuminating the area to be treated. This enables the therapist to confirm that
the patient is correctly located. During irradiation, the mirror 204 is
effectively transparent to X-rays and the like and therefore has substantially

no effect on the treatment.

As shown in figure 10, the first collimator 210 is below the mirror
204 and therefore modulates the light beam for the purpose of positioning
the pati;ant. This modulation will be to the lower resolution of the first
collimator as compared to the apparatus as a whole, but for positioning
purposes this will not matter. The second collimator 212 is above the mirror
204 and therefore does not affect the light beam 206. As a result,
positioning can be carried out using a full light source as opposed to a series

of narrow stripes.

Locating the second collimator 212 above the mirror 204 also means
that the beam size to be collimated is substantially narrower. The second

collimator can therefore be correspondingly smaller, reducing its weight and
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associated material cost. It will also be within the interior of the apparatus,
rendering it easier to displace by small distances for successive irradiations.
It is preferred that the second collimator can be removed from the radiation
beam 200, eg by sliding to one side, in order to allow conventional use of

the apparatus of use with other collimators.

It will be appreciated that many variations can be made to the above-
described embodiments without departing from the scope of the present
invention. Such variations are of course intended to fall within the scope of

this Application.

This device can of course be used in place of existing multi-leaf
collimators, in similar treatment patterns. This could include (for example)

intensity modulated radiotherapy methods.
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CLAIMS

1. Radiotherapy apparatus comprising a first collimator and a second
collimator, the first collimator comprising a plurality of elongate leaves
lying alongside each other, each being moveable longitudinally, the
second collimator comprising a plurality of slits, the first and second
collimators being aligned such that each slit of the second collimator
is associated with at least one leaf of the first collimator, the slits
having a width which corresponds to a fraction of the width of the

leaves.

2. Radiotherapy apparatus according to claim 1 wherein the first

collimator is above the second.

3. Radiotherapy apparatus according to claim 1 or claim 2 wherein the

slits are focused on the source of radiation within the apparatus.

4. Radiotherapy apparatus according to any preceding claim in which the

second collimator is movable relative to the first.

5. Radiotherapy apparatus according to any one of claims 1 to 3 in
which the first and second collimators are movable together relative

to the patient.
6. Radiotherapy apparatus in which the patient is moved continuously
relative to the source, the first collimator leaves being adjusted as the

treatment progresses.

7. Radiotherapy apparatus according to any one of the preceding claims
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in which the fraction is one of %, s, % or 1/5.

8. Radiotherapy apparatus according to any one of the preceding claims
in which the second collimator is removable from the apparatus,

thereby to enable exchange with an alternative second collimator.

9. Radiotherapy apparatus according to claim 8 in which the alternative

second collimator has a different fractional width.

10. Radiotherapy apparatus according to claim 8 or claim 9 in which the

alternative second collimator has a different irradiatable area.

11. Radiotherapy apparatus according to any one of claims 1 or 2 to 10

in which the second collimator is above the first.

12. Radiotherapy apparatus according to any one of claims 1 or 2 to 11

in which the second collimator is above a light reflecting mirror.

13. Radiotherapy apparatus according to any preceding claim in which the

first collimator is below a light reflecting mirror.

14. Radiotherapy apparatus according to any preceding claim in which the
second collimator is positionable such that during an irradiation at

least one slit is aligned with a pair of leaves in the first collimator.

15. Radiotherapy apparatus according to claim 14 in which the centreline

of the slit is aligned with the adjacent edges of the pair of leaves.

16. Radiotherapy apparatus according to any preceding claim in which the

pitch of the slits in the second collimator is approximately an integer
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multiple of the width of the leaves in the first collimator.

17. Radiotherapy apparatus according to any one of claims 1 to 15 in
which the pitch of the slits in the second collimator is approximately
an integer multiple of the width of the leaves in the first collimator

plus one half that width.

18. A kit of parts comprising the apparatus as defined above in
combination with alternative second collimators exhibiting different

fractionai widths.

19. Radiotherapy apparatus in which at least one substantially planar
beam of radiation is swept across a selected area of a patient lying in
a plane transverse to that of the beam, the width of the beam being

modulatable thereby to map out an irradiated area on the patient.

20. Radiotherapy apparatus substantially as described herein with

reference to and/or as illustrated in the accompanying figures 2 to 7.
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