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[57] ABSTRACT

A radiation therapy apparatus includes a compensator
with moving leaves to attenuate a radiation beam and a
compensator verification system to determine if the
attenuating leaves are moving in accordance with de-
sired position signals. Two radiation intensity monitor-
ing chambers, one chamber on either side of a patient
within a radiation beam, produce beam fluence data
used by a computer to construct radiation absorption
images and to evaluate the functionality of the compen-
sator. The absorption image can be used for both radia-
tion dose verification and planning of suitable subse-
quent therapy sessions.

15 Claims, 10 Drawing Sheets
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VERIFICATION SYSTEM FOR RADIATION
- THERAPY

This invention was made with United States Govern-
ment support awarded by the National Institute of
Health (NIH), Grant Nos. NCI R29 CA48902 and NIH
Training Grant NRSA CA09206. The United States
Government has certain rights in this invention.

FIELD OF THE INVENTION

This application is a continuation in part of a patent
application Ser. No. 07/854,521, filed Mar. 19, 1992,
entitled “Method and Apparatus for Radiation Ther-
apy”.

This invention relates generally to radiation therapy
equipment for the treatment of tumors, or the like, and
specifically to a mechanism for verifying radiation in-
tensity directed at, and the dose of radiation absorbed
within, irregularly shaped zones of a patient.

DESCRIPTION OF THE ART

Medical equipment for radiation therapy treats tu-
morous tissue with high energy radiation. The dose and
the placement of the dose must be accurately controlled
to insure both that the tumor receives sufficient radia-
tion to be destroyed, and that damage to surrounding
and adjacent non-tumorous tissue is minimized. In order
to control the radiation dose, knowledge about radia-
tion beam intensity during a therapy session is neces-
sary. In addition, in cases where therapy protocol re-
quires multiple therapy sessions, verification of a radia-
tion dose after a therapy session and data indicating the
effect of the verified dose is important for planning
accurate and suitable subsequent radiation doses.

In co-pending application Ser. No. 07/854,521, enti-

5

10

15

20

35

tled “Method and Apparatus for Radiation Therapy”, °

an improved radiation therapy architecture is described
in which the freedom of movement of the radiation
source about the patient is limited to rotation within a
single gantry plane.

The architecture described in the above application
employs a radiation source constrained to rotate within
a single gantry plane about a patient while the intensities
of individual rays of the radiation beam are modulated
by a set of opaque leaves which move into and out of
the radiation beam. The leaves are closed at each gantry
angle for a predetermined percentage of time. By em-
ploying appropriate planning techniques the dose ab-
sorbed by each slice of the tumor may be controlled to
irradiate even tumors having a concave cross section
within the gantry plane.

An entire tumorous volume may be treated by mov-
ing the patient with respect to the gantry plane and
irradiating each tumor slice separately. The compensa-
tor and gantry configuration together substantially in-
crease the ability to conform a radiation dose to an
arbitrarily shaped tumor while employing a simplified
two-dimensional protocol.

Besides simplifying the irradiation protocol, a single
plane configuration provides a number of other benefits.
These benefits include the ability to use a single ring
gantry to support both a radiation source and a CT
system, the advantage of reduced interference between
the radiation source and patient (or table) and the ad-
vantage of simplified shielding requirements. Further-
more, the simplified architecture enables a therapist to
employ a helical scanning method to smoothly irradiate
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along the length of a tumor so as to avoid irradiation hot
spots or irradiation gaps.

Despite the advantages of constraining a-therapy
machine to operation with a single plane, a single plane
machine presents various problems.

First, there is the need for dose verification. The
destructive potential of a radiation beam to healthy
tissue and the necessity of insuring that tumorous tissue
receives sufficient radiation makes treatment verifica-
tion a required part of radiation therapy. With conven-
tional therapy machines, films may be exposed during a
therapy session both to confirm the location of an irradi-
ated area and to provide a record of radiation dose.
Because the radiation source employed by the above
described gantry configuration constantly sweeps
around a gantry to produce a moving beam, a film veri-
fication system employing traditional film movement
techniques would be unworkable. The verification
problem is more profound if scanning is performed in a
helical manner.

In addition, a single plane system must employ a
compensator capable of varying the intensity of individ-
ual rays of a beam in order to properly treat a tumor.
The reliability of such a compensator must be extremely
high—even a single improperly attenuated beam ray
passing through the compensator undetected and irradi-
ating healthy tissue due to a failed compensator compo-
nent could result in severe damage to healthy tissue.

SUMMARY OF THE INVENTION

The present invention provides a verification system
that can be used in conjunction with a radiation inten-
sity compensator to minimize the possibility of an un-
controlled beam ray irradiating nontumorous tissue. In
one embodiment, the verification system may collect
tomographic data on absorbed radiation within the
patient and generate tomographic absorption images
therefrom. These images may be used for radiation dose
verification as well as for planning subsequent therapy
sessions.

Specifically, the radiation compensator has a radia-
tion source for producing a radiation beam directed
toward a patient at a gantry angle, the beam including a
plurality of adjacent rays. An attenuator disposed be-
tween the radiation source and the patient indepen-
dently controls the fluence of each ray of the beam
according to signals indicating desired ray fluences.

A pre-patient monitor disposed between the attenuat-
ing means and the patient, having a plurality of adjacent
monitor segments subtended by adjacent rays of the
beam produces a measured signal for each monitor
segment proportional to the fluence subtending the
segment. A comparator compares the desired signal to
the measured signal to produce a difference value. A
limiter produces an error signal if the difference value is
outside a predetermined error range.

Thus, a first object of the invention is to verify how
accurately the intensity of each ray of the beam is being
controlled by the compensator. Large discrepancies
between the measured and desired signals indicate a
malfunction.

A high signal may also be produced indicating that
the measured signal is too high relative to the desired
signal yet within the predetermined error range and a
low signal may be produced indicating that the mea-
sured signal is low relative to the desired signal yet
within the predetermined error range. The compensator
control receiving these signals may adjust the attenua-
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