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The  invention  relates  to  a  method  and  apparatus 
for  verifying  the  position  of  a  lesion  to  be  treated  by 
a  radiation  therapy  device  operating  in  accordance 
with  a  radiation  therapy  plan. 

Modern  day  radiation  therapy  of  cancerous  tu- 
mors,  or  lesions,  has  two  goals:  eradication  of  the  tu- 
mor  and  avoidance  of  damage  to  healthy  tissue  and 
organs  present  near  the  tumor.  It  is  believed  that  a 
vast  majority  of  tumors  can  be  eradicated  completely 
if  a  sufficient  radiation  dose  is  delivered  to  the  tumor 
volume;  however,  complications  may  result  from  use 
of  the  necessary  effective  radiation  dose,  due  to  dam- 
age  to  healthy  tissue  which  surrounds  the  tumor,  or 
to  other  healthy  body  organs  located  close  to  the  tu- 
mor.  The  goal  of  conformal  radiation  therapy  is  to  con- 
fine  the  delivered  radiation  dose  to  only  the  tumor  vol- 
ume  defined  by  the  outer  surface  of  the  tumor,  while 
minimizing  the  dose  of  radiation  to  surrounding  heal- 
thy  tissue  or  adjacent  healthy  organs. 

Conformal  radiation  therapy  treatment  typically 
uses  a  linear  accelerator  as  a  source  of  the  radiation 
being  used  to  treat  the  tumor.  The  linear  accelerator 
typically  has  a  radiation  beam  source  which  is  rotated 
about  the  patient  and  directs  the  radiation  beam  to- 
ward  the  tumor,  or  lesion,  to  be  treated.  Various  types 
of  devices  have  been  proposed  to  conform  the  shape 
of  the  radiation  treatment  beam  to  follow  the  spatial 
contour  of  the  tumor  as  seen  by  the  radiation  treat- 
ment  beam  as  it  passes  through  the  patient's  body 
into  the  tumor,  during  rotation  of  the  radiation  beam 
source,  which  is  mounted  on  a  rotatable  gantry  of  the 
linear  accelerator.  Multileaf  collimators,  which  have 
multiple  leaf,  or  finger,  projections  which  can  be 
moved  individually  into  and  out  of  the  path  of  the  ra- 
diation  beam,  can  be  so  programmed,  and  are  exam- 
ples  of  such  devices.  Various  types  of  radiation  treat- 
ment  planning  systems  can  create  a  radiation  treat- 
ment  plan,  which  when  implemented  will  deliver  a 
specified  dose  of  radiation  shaped  to  conform  to  the 
lesion,  or  tumor,  volume,  while  limiting  the  radiation 
dose  delivered  to  sensitive  surrounding  healthy  tis- 
sue  or  adjacent  healthy  organs. 

A  basic  problem  in  radiation  therapy  is  knowing 
where  the  target,  or  lesion  or  tumor,  is  located  at  the 
time  the  radiation  therapy  treatment  is  occurring.  It  is 
assumed  that  the  patient's  position  and  the  target  or- 
gan's  position  within  the  patient  will  be  grossly  the 
same  at  the  time  of  radiation  treatment,  as  it  was  at 
the  time  the  radiation  treatment  plan  was  created.  If 
the  position  of  the  target  organ,  or  lesion  or  tumor,  is 
not  the  same  as  it  was  at  the  time  the  treatment  plan 
was  determined,  the  conformal  dose  of  radiation  may 
not  be  delivered  to  the  correct  location  within  the  pa- 
tient's  body.  Since  patients  are  not  always  positioned 
properly  on  the  treatment  table  of  the  radiation  ther- 
apy  device,  which  is  typically  a  linear  accelerator,  and 
since  organs  of  a  patient  may  move  within  the  patient 
from  day  to  day,  the  target  organ,  or  lesion  or  tumor, 

may  not  be  positioned  at  the  exact  location  where  the 
radiation  therapy  plan  has  assumed  it  would  be  locat- 
ed.  Thus,  present  day  radiation  therapy  plans  typical- 
ly  regard  the  target  organ  to  occupy  a  space  in  the  pa- 

5  tient's  body  which  is  larger  than  it  really  occupies,  in 
order  to  insure  that  the  target  organ,  or  tumor  or  le- 
sion,  regardless  of  its  location  within  the  patient's 
body,  falls  within  the  volume  of  tissue  which  receives 
the  desired  radiation  treatment  dose.  A  disadvantage 

w  of  such  conventional  radiation  therapy  plans  is  that 
there  is  a  major  concern  associated  with  increasing 
the  volume  of  tissue  which  is  treated,  to  insure  that 
the  actual  target  organ  receives  the  desired  dose  of 
radiation.  Because  some  healthy  tissue  surrounds 

15  the  target  organ,  or  healthy  organs  lie  adjacent  to  the 
target  organ,  delivering  the  maximum  desired  radia- 
tion  dose  to  this  larger  volume  of  tissue  may  occur 
and  increase  risk  of  damaging  such  non-target  tissue, 
or  surrounding  healthy  tissue  or  adjacent  healthy  or- 

20  gans.  This  increased  risk  may  cause  oncologists  to 
deliver  a  radiation  dose  to  the  larger  treatment  vol- 
ume,  which  is  safer  for  the  non-target  tissue,  with  the 
potential  disadvantage  of  underdosing  some  portion 
of  the  target  organ. 

25  Accordingly,  priorto  the  development  of  the  pres- 
ent  invention,  there  has  been  no  lesion  position  veri- 
fication  system  or  method  for  verifying  the  position  of 
a  lesion  within  a  body  of  a  patient  for  use  in  a  radiation 
treatment  plan,  which:  regardless  of  the  position  of 

30  the  patient  on  the  treatment  table,  can  verify  that  the 
position  of  the  lesion  to  be  treated  conforms  to  the 
position  of  the  lesion  utilized  in  the  radiation  treat- 
ment  plan;  and  prevents  treating  healthy  tissue  sur- 
rounding  the  lesion,  or  healthy  organs  located  adja- 

35  cent  the  lesion,  from  being  exposed  to  an  undesired 
level  of  radiation. 

Therefore,  the  art  has  sought  a  method  and  ap- 
paratus  for  verifying  the  position  of  a  lesion,  within  a 
body  of  a  patient  for  use  in  a  radiation  treatment  plan, 

40  which:  verifies  that  the  position  of  the  lesion  to  be 
treated  by  the  radiation  therapy  device  is  positioned 
to  conform  to  the  position  of  the  lesion  used  in  the  ra- 
diation  treatment  plan;  and  prevents  healthy  tissue 
surrounding  the  lesion,  or  healthy  organs  located  ad- 

45  jacent  the  lesion,  from  being  exposed  to  an  undesired 
amount  of  radiation. 

In  accordance  with  the  invention,  the  foregoing 
advantages  have  been  achieved  through  the  present 
method  for  verifying  the  position  of  a  lesion,  having 

50  an  outer  surface,  within  a  body  of  a  patient  for  use  in 
a  radiation  treatment  plan  which  includes  a  plurality 
of  diagnostic  images,  which  each  depict  an  outline  of 
the  outer  surface  of  the  lesion.  The  present  invention 
includes  the  steps  of:  disposing  the  patient  on  a  treat- 

55  ment  table  of  a  radiation  therapy  device;  disposing  on 
the  treatment  table  a  means  for  generating  an  ultra- 
sound  image;  generating  at  least  one  two-dimension- 
al  ultrasound  image  of  the  lesion  in  the  patient's  body, 
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with  the  ultrasound  image  generating  means  being 
disposed  in  a  known  geometric  orientation  for  each  ul- 
trasound  image  generated;  outlining  the  outer  sur- 
face  of  the  lesion  in  the  at  least  one  ultrasound  image; 
and  comparing  the  outlines  of  the  outer  surface  of  the  5 
lesion  of  the  at  least  one  ultrasound  image  with  the 
outline  of  the  outer  surface  of  the  lesion  of  at  least  one 
of  the  diagnostic  images,  whereby  the  position  of  the 
lesion  with  respect  to  the  radiation  therapy  device 
may  be  verified  to  conform  to  a  desired  position  of  the  w 
lesion  in  the  radiation  treatment  plan. 

Another  feature  of  the  present  invention  may  in- 
clude  the  step  of  determining  an  amount  of  movement 
of  the  lesion  required  to  dispose  the  lesion,  with  re- 
spect  to  the  radiation  therapy  device,  to  conform  to  15 
the  desired  position  of  the  lesion  in  the  radiation  treat- 
ment  plan.  A  further  feature  of  the  present  invention 
may  include  the  step  of  moving  the  lesion  with  respect 
to  the  radiation  therapy  device  to  dispose  the  lesion 
to  conform  to  the  desired  position  of  the  lesion  in  the  20 
radiation  treatment  plan.  An  additional  feature  of  the 
present  invention  is  that  the  step  of  moving  the  lesion 
may  be  performed  by  moving  the  treatment  table  with 
respect  to  the  radiation  therapy  device,  by  rotating  the 
treatment  table  with  respect  to  the  radiation  therapy  25 
device,  by  rotating  the  gantry  of  the  radiation  treat- 
ment  device  and  by  rotating  a  collimator  of  the  radia- 
tion  therapy  device. 

Another  feature  of  the  present  invention  may  in- 
clude  the  steps  of:  forming  a  three-dimensional  ren-  30 
dering  of  the  outline  of  the  lesion  from  the  plurality  of 
two-dimensional  ultrasound  images  which  have  had 
the  outer  surface  of  the  lesion  outlined;  and  compar- 
ing  the  three-dimensional  rendering  of  the  outline  of 
the  lesion  of  the  ultrasound  images  with  a  three-  35 
dimensional  rendering  of  the  outline  of  the  lesion  of 
the  radiation  treatment  plan.  A  further  feature  of  the 
present  invention  may  include  the  step  of  disposing 
the  patient  on  the  treatment  table  by  fixating  the  pa- 
tient  to  the  table  with  a  patient  fixation  device  in  a  40 
known  orientation. 

In  accordance  with  another  aspect  of  the  present 
invention,  the  foregoing  advantages  have  also  been 
achieved  through  a  lesion  position  verification  sys- 
tem  for  use  in  a  radiation  therapy  plan  for  treating  a  45 
lesion  within  a  body  of  a  patient.  This  aspect  of  the 
present  invention  includes:  a  means  for  generating  at 
least  one  ultrasound  image  of  the  lesion  in  the  pa- 
tient's  body;  and  a  means  for  indicating  the  position 
of  the  means  for  generating  the  at  least  one  ultra-  50 
sound  image  when  the  ultrasound  image  is  generat- 
ed,  whereby  the  position  of  the  lesion  in  the  ultra- 
sound  image  can  be  compared  with  the  position  of  the 
lesion  in  the  radiation  therapy  plan.  Another  feature 
of  this  aspect  of  the  present  invention  is  that  the  55 
means  for  generating  the  ultrasound  image  may  be 
an  ultrasound  probe,  including  a  means  for  mounting 
the  ultrasound  probe  to  a  radiation  therapy  device. 

Another  feature  of  the  present  invention  is  that  the 
means  for  determining  the  position  of  the  means  for 
generating  the  at  least  one  ultrasound  image,  may  be 
a  position  sensing  system  which  indicates  the  posi- 
tion  of  the  ultrasound  image  generating  means  with 
respect  to  a  radiation  therapy  device.  An  additional 
feature  of  this  aspect  of  this  present  invention  may  in- 
clude  a  means  for  comparing  the  position  of  the  lesion 
in  the  at  least  one  ultrasound  image  with  the  position 
of  the  lesion  in  the  radiation  therapy  plan. 

The  lesion  position  verification  system  and  meth- 
od  for  verifying  the  position  of  a  lesion  of  the  present 
invention,  have  the  advantages  of  preventing  healthy 
tissue  surrounding  the  lesion,  or  healthy  organs  locat- 
ed  adjacent  the  lesion,  from  being  exposed  to  an  un- 
desired  amount  of  radiation;  and  permit  the  verifica- 
tion  that  the  position  of  the  lesion  with  respect  to  the 
radiation  therapy  treatment  device  conforms  to  the 
desired  position  of  the  lesion  in  the  radiation  treat- 
ment  plan. 

FIG.  1  is  a  perspective  view  of  a  conventional  im- 
aging  device  with  a  patient  schematically  illu- 
strated  on  the  imaging  table,  the  patient  having 
a  lesion  disposed  within  the  patient's  body; 
FIG.  2  is  a  perspective  view  of  the  imaging  device 
of  FIG.  1,  with  the  patient  passing  through  the  im- 
aging  device; 
FIG.  3  is  an  example  of  an  image  produced  by  the 
imaging  device  of  FIG.  1,  illustrating  the  position 
of  the  lesion  within  the  patient's  body; 
FIG.  4  is  a  perspective  view  of  a  conventional  ra- 
diation  therapy  device,  or  linear  accelerator,  in- 
cluding  a  rotatable  couch,  collimator,  and  gantry; 
FIG.  5  is  a  perspective,  schematic  view,  of  the  lin- 
ear  accelerator  of  FIG.  4,  including  a  means  for 
generating  an  ultrasound  image  of  the  lesion 
within  the  patient's  body; 
FIG.  6  is  a  perspective  view  indicating  multiple  ul- 
trasound  images  being  taken  of  a  lesion; 
FIGS.  7A-7D  are  two-dimensional  ultrasound  im- 
ages,  with  the  lesion  of  FIG.  6  having  its  outer 
surface  outlined; 
FIG.  8  is  a  three-dimensional  rendering  of  the 
outline  of  a  lesion  prepared  from  the  plurality  of 
ultrasound  images  of  FIG.  7; 
FIG.  9  is  a  three-dimensional  rendering  of  the 
outline  of  the  lesion  of  FIG.  6  prepared  from  a 
plurality  of  images  like  that  of  FIG.  3  obtained 
from  the  imaging  device  of  FIG.  1; 
FIGS.  10A-10C  illustrate  the  rotational  transfor- 
mation  required  for  the  three-dimensional  ren- 
dering  of  FIG.  8  to  be  orientated  into  the  same 
configuration  of  the  lesion  of  FIG.  9; 
FIG.  11  is  a  perspective  view  of  the  radiation 
treatment  device  of  FIG.  5,  illustrating  the  lesion 
of  FIG.  8  being  orientated  with  respect  to  the  ra- 
diation  therapy  treatment  device,  to  conform  to 
the  orientation  of  the  lesion  of  FIG.  9; 
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FIG.  12  is  a  perspective  view  of  the  radiation 
treatment  device  of  FIG.  5,  being  provided  with  a 
patient  fixation  device  to  fixate  the  patient  upon 
the  treatment  table  of  the  radiation  treatment  de- 
vice  in  the  orientation  the  patient  had  when  the  5 
patient  was  imaged  with  the  imaging  device  of 
FIG.  1; 
FIG.  13  is  a  two-dimensional  ultrasound  image 
made  with  the  device  of  FIG.  12; 
FIG.  14  is  another  two-dimensional  ultrasound  w 
image  made  with  the  device  of  FIG.  12;  and 
FIG.  15  is  a  perspective  view  of  the  radiation  ther- 
apy  device  of  FIG.  12,  with  the  treatment  table 
being  reorientated  so  that  the  lesion  within  the 
patient's  body  conforms  to  the  position  of  the  le-  15 
sion  in  a  radiation  treatment  plan. 
While  the  invention  will  be  described  in  connec- 

tion  with  the  preferred  embodiment,  it  will  be  under- 
stood  that  it  is  not  intended  to  limit  the  invention  to  that 
embodiment.  On  the  contrary,  it  is  intended  to  cover  20 
all  alternatives,  modifications,  and  equivalents,  as 
may  be  included  within  the  spirit  and  scope  of  the  in- 
vention 

With  reference  to  FIG.  1  ,  a  conventional  imaging 
device  300  is  schematically  shown  and  includes  a  25 
conventional  imaging  table  301,  upon  which  is  dis- 
posed  a  patient  302  having  a  lesion  303  within  the  pa- 
tient's  body  302.  Imaging  device  300  may  be  a  com- 
puterized  tomographic  ("CT")  scanning  device,  as  il- 
lustrated  in  FIG.  1  ,  or  may  alternatively  be  a  magnetic  30 
resonance  ("MR")  imaging  device,  as  are  known  in 
the  art.  CT  scanning  devices,  such  as  imaging  device 
300,  produce  an  image  representing  a  "slice"  of  body 
tissue  304  (shown  in  phantom  lines  in  FIG.  2),  one 
such  slice  being  illustrated  in  FIG.  3.  A  plurality  of  im-  35 
ages,  or  diagnostic  images,  304  are  obtained  by  the 
imaging  device  300,  and  this  series  of  "slices",  which 
constitute  a  complete  CT  study,  represent  a  three- 
dimensional  picture  of  a  particular  volume,  or  section, 
of  the  patient's  body,  such  as  that  portion  of  the  pa-  40 
tient's  body  302  which  includes  lesion  303  therein. 
The  plurality  of  "slices",  ordiagnostic  images,  304  are 
obtained  by  moving  the  patient  302,  disposed  upon 
imaging  table  301,  through  imaging  device  300  in  the 
direction  shown  by  arrow  305  as  illustrated  in  FIG.  2.  45 

If  desired,  as  hereinafter  described  in  greater  de- 
tail,  the  orientation  of  the  patient  302  upon  imaging  ta- 
ble  301  when  the  slices,  or  images,  304  are  made, 
may  be  predetermined,  or  known,  as  by  fixating  the 
patient's  body  302  to  the  imaging  table  301  by  use  of  50 
a  conventional  fixation  device  306.  Fixation  device 
306,  illustrated  schematically  in  FIGS.  1  and  2,  and  as 
shown  in  the  slice,  or  image  304,  of  FIG.  3,  may  be 
any  conventional  invasive,  or  noninvasive,  fixation 
device  which  attaches  to  the  patient  302  a  coordinate  55 
system  and  secures  the  patient  to  the  imaging  table 
301.  Typically,  the  coordinate  system  is  one  which  is 
forced  by  its  attachment  mechanism  to  be  coplanar 

with  the  plane  307  in  which  lies  the  upper  surface  308 
of  imaging  table  301;  however,  any  fixation  device 
306  having  a  coordinate  system  may  be  utilized  pro- 
vided  the  relationship  between  the  coordinate  system 
and  the  imaging  table  301  is  known,  when  it  is  desired 
to  fixate  patient  302. 

In  FIG.  3,  the  lesion  303  is  shown  disposed  within 
the  patient's  body  302  at  a  particular  location  having 
conventional  X,  Y,  and  Z  coordinates,  which  are  de- 
termined  in  a  conventional  manner  by  the  CT  scanner 
with  respect  to  the  frame  of  reference,  or  the  coordin- 
ate  system,  of  the  imaging  device  as  shown  by  its  X, 
Y  and  Z  axes  in  FIG.  1  .  It  should  be  noted  that  the  use 
of  the  term  "lesion"  throughout  this  specification,  in- 
cluding  the  claims,  is  meant  to  include  any  lesion,  tu- 
mor,  abnormal  growth,  or  similar  structure,  or  body 
organ,  which  is  desired  to  be  treated  with  radiation 
therapy.  The  cross-sectional  configuration  of  lesion 
303  in  FIG.  3  appears  as  circular,  for  illustrative  pur- 
poses  only. 

After  the  series  of  slices,  or  images,  304  of  the 
patient's  body  302  which  include  lesion  303  therein, 
are  obtained,  the  series  of  slices,  or  diagnostic  im- 
ages  are  then  transferred  in  a  conventional  manner 
to  a  conventional  radiation  treatment  planning  sys- 
tem  which  includes  conventional  software  to  permit  a 
physician  to  outline  the  outer  surface  310  of  lesion 
303  in  each  slice  304.  The  computer  software  of  the 
radiation  treatment  planning  system  also  constructs, 
or  creates,  a  three-dimensional  rendering  of  the  outer 
surface  31  0  of  lesion  303  from  the  plurality  of  slices, 
or  diagnostic  images,  304.  An  example  of  a  three- 
dimensional  rendering  311  of  the  outline  of  a  lesion 
303  is  shown  in  FIG.  9,  and  the  three-dimensional 
rendering  311  is  aligned  with  the  frame  of  reference 
of  the  imaging  device.  In  the  case  of  imaging  device 
300  of  FIG.  1,  its  frame  of  reference  is  the  longitudinal 
axis  312,  or  Z  axis,  of  imaging  table  301.  In  a  conven- 
tional  manner,  a  radiation  treatment  plan  is  generated 
by  the  radiation  treatment  planning  system,  whereby 
lesion  303  may  receive  the  necessary  radiation  dose 
to  properly  treat  lesion  303.  Preferably,  the  radiation 
treatment  plan  is  a  conformal  radiation  treatment 
plan,  whereby  the  shape  of  the  radiation  beam  will 
conform  to  the  spacial  contour,  or  outline,  310  of  le- 
sion  303  as  seen  by  the  radiation  beam  as  it  passes 
through  the  lesion  303,  or  the  "beam's  eye  view"  of 
the  lesion  303  during  rotation  of  the  radiation  beam 
source  about  the  lesion  303. 

With  reference  to  FIG.  4,  a  conventional  radiation 
treatment  device  400,  which  is  preferably  a  conven- 
tional  linear  accelerator  401  ,  includes  a  gantry  402, 
turntable  403  which  causes  treatment  table  404  to  ro- 
tate  therewith,  and  a  collimator405,  which  preferably 
is  a  coll  imator  capable  of  conforming  the  shape  of  the 
radiation  beam  to  conform  to  the  beam's  eye  view  of 
the  lesion  being  treated.  The  three  axes  of  rotation  of 
the  gantry  402,  turntable  and  treatment  table  403, 
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404  and  collimator405  are  designated  with  the  letters 
G,  T,  and  C,  respectively.  For  illustrative  purposes 
only,  the  lesion  303  within  patient's  body  302  is  dis- 
posed  in  the  patient's  head  in  FIG.  4;  however,  the 
method  and  apparatus  of  the  present  invention  is  Mm-  5 
ited  to  use  with  lesions  disposed  in  the  patient's  body, 
or  torso,  excluding  the  head  of  the  patient.  The  lesion 
303  which  is  treated  by  linear  accelerator  401  is  dis- 
posed  at  the  isocenter  406  of  the  linear  accelerator 
401.  The  isocenter  406  is  defined  as  the  point  of  in-  w 
tersection  of  the  three  axes  of  rotation,  C,  G,  and  T  of 
linear  accelerator  401.  The  previously  described  radi- 
ation  treatment  plan  controls  the  operation  of  linear 
accelerator  401,  and  controls  the  operation  of  colli- 
mator  405,  rotation  of  gantry  402,  and  location  of  15 
treatment  table  404,  in  a  conventional  manner.  As 
previously  discussed,  the  position  and  orientation  of 
lesion  303  within  patient's  body  302  with  respect  to 
linear  accelerator  401  may  not  necessarily  be  the 
same  as  the  position  and  orientation  of  lesion  303  20 
which  was  utilized  in  developing  the  radiation  treat- 
ment  plan.  Thus,  the  present  invention  is  used  to  ver- 
ify  that  the  position  and  orientation  of  lesion  303  with- 
in  the  patient's  body  302  conforms,  or  matches,  the 
position  and  orientation  of  the  lesion  303  in  the  diag-  25 
nostic  slices  304  utilized  in  developing  the  radiation 
treatment  plan. 

With  reference  to  FIG.  5,  the  linear  accelerator 
401  of  FIG.  4  is  schematically  illustrated,  including 
treatment  table  404,  gantry  402,  and  collimator  405  30 
illustrated  with  patient  302  lying  upon  treatment  table 
404.  In  FIG.  5,  treatment  table  404  has  been  rotated 
90  degrees  in  the  direction  shown  by  arrow  407  of 
FIG.  4.  Patient  302  is  disposed  on  treatment  table 
404,  with  patient  302  laying  flat  upon  treatment  table  35 
404,  although  patient  302  is  not  laying  precisely  in  the 
same  orientation  with  respect  to  treatment  table  404, 
as  patient  302  had  when  patient  302  was  lying  upon 
imaging  table  301.  Although  it  might  be  desirable  to 
immobilize  patient  302  during  the  radiation  therapy  40 
treatment,  due  to  the  prolonged  time  required  for 
many  treatments,  the  patient's  orientation  on  the 
treatment  table  404  need  not  be  precisely  the  same 
as  its  orientation  on  imaging  table  301;  however  pa- 
tient  302  must  be  laying  flat  on  treatment  table  404.  45 
Since  the  orientation  of  the  patient's  body  302  is  not 
the  same  as  it  was  when  the  patient  302  was  imaged 
by  imaging  device  300,  it  should  be  apparent  that  it  is 
very  likely  the  position  and  orientation  of  lesion  303 
with  respect  to  treatment  table  404  and  linear  accel-  50 
erator401  will  not  conform,  or  match,  the  position  and 
orientation  of  lesion  303  upon  which  the  radiation 
treatment  plan  for  linear  accelerator  401  has  been 
based.  It  is  thus  necessary  to  verify  the  position,  in- 
cluding  the  orientation,  of  lesion  303  to  determine  if  it  55 
will  conform  to  its  desired  position,  including  orienta- 
tion,  which  has  been  used  in  the  radiation  treatment 
plan  previously  obtained.  Further,  it  is  necessary  to 

determine  where  to  relocate  lesion  303  with  respect 
to  linear  accelerator  401,  so  that  the  position  and  ori- 
entation  of  lesion  303  will  conform  to  its  position  and 
orientation  required  by  the  radiation  treatment  plan. 

The  position,  of  lesion  303,  which  includes  its  ori- 
entation,  may  be  verified  in  the  following  manner.  A 
means  for  generating  420  an  ultrasound  image  421 
(FIG.  7)  is  disposed  on  treatment  table  404.  Prefer- 
ably  the  means  for  generating  420  an  ultrasound  im- 
age  421  is  a  conventional,  commercially  available  ul- 
trasound  probe  422.  Ultrasound  probe  422  can  gen- 
erate  two-dimensional  ultrasound  images  of  the  por- 
tion  of  the  patient's  body  302  containing  lesion  303, 
while  patient  302  is  on  treatment  table  404.  Ultra- 
sound  probe  422  is  disposed  upon,  and  mounted  to, 
treatment  table  404  as  by  a  bracket  423  which  is  pre- 
ferably  fixedly  secured  to  treatment  table  404.  Ultra- 
sound  probe  422,  by  means  of  any  suitable  conven- 
tional  connection  423'  is  mounted  so  that  it  can  be 
moved  upwardly  and  downwardly  with  respect  to 
bracket  423,  so  that  ultrasound  probe  422  may  be 
brought  into  contact  with  the  patient's  body  302,  in  or- 
der  to  generate  ultrasound  images  421. 

With  reference  to  FIG.  6,  lesion  303,  shown  in 
phatom  lines,  is  shown  disposed  within  a  plurality  of 
planes  430,  each  plane  representing  a  particular  ori- 
entation  of  ultrasound  probe  422  while  an  ultrasound 
image  421  of  lesion  303  is  being  generated.  By  rotat- 
ing  ultrasound  probe  422,  or  alternatively  by  moving 
ultrasound  probe  422  with  respect  to  table  404,  as  will 
be  hereinafter  described  in  greater  detail,  the  plurality 
of  ultrasound  images  421a-421d  of  FIGS.  7A-7D, 
may  be  generated.  As  seen  in  FIGS.  7A-7D,  the  outer 
surface  of  lesion  303  in  each  ultrasound  image  421a- 
421d  is  outlined,  such  outlining  being  performed  by 
a  conventional  software  program,  such  as  in  the  ra- 
diation  treatment  planning  system  previously  descri- 
bed,  which  permits  a  physician  to  outline  the  outer 
surfaces  31  Oof  each  ultrasound  image  421  a-421d,  in 
a  similar  manner  in  which  the  outer  surface  31  0  of  le- 
sion  303  was  outlined  on  the  diagnostic  images,  or 
slices,  304.  While  only  four  ultrasound  images  are  il- 
lustrated,  this  is  for  illustrative  purposes  only,  in  that 
more  ultrasound  images  421  may  be  required  de- 
pendent  upon  the  size  of  lesion  303. 

As  shown  in  FIG.  8,  a  three-dimensional  render- 
ing  425  of  the  outline  of  the  lesion  303  from  the  plur- 
ality  of  two-dimensional  ultrasound  images  421a- 
421  d  may  be  formed  by  a  conventional  software  pro- 
gram  in  a  similar  manner  in  which  the  three- 
dimensional  rendering  311  of  lesion  303  (FIG.  9)  was 
prepared  from  the  series  of  diagnostic  images,  orslic- 
es  304,  as  previously  described. 

In  order  to  properly  combine  the  ultrasound  im- 
ages  421a-421d,  so  that  the  three-dimensional  ren- 
derings  425  and  31  1  of  FIGS.  8  and  9  can  be  properly 
compared,  as  hereinafter  described,  it  is  necessary 
that  the  ultrasound  probe  422  (FIG.  5)  be  disposed  in 
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a  known  geometric  orientation.  This  geometric  orien- 
tation  for  ultrasound  probe  422  must  be  known  for 
each  ultrasound  image  421a-421d  which  is  generat- 
ed  by  ultrasound  probe  422.  Preferably,  the  known 
geometric  orientation  is  the  orientation  of  the  ultra-  5 
sound  probe  422  with  respect  to  the  coordinate  sys- 
tem,  or  frame  of  reference,  of  the  linear  accelerator 
401,  which  is  along  the  longitudinal  axis  435  of  treat- 
ment  table  404,  which  corresponds  to  the  Z  axis  of  the 
X,  Y,  and  Z  axes  illustrated  in  FIG.  5.  w 

Preferably,  a  means  for  indicating  the  geometric 
orientation  of  the  ultrasound  probe  422  is  disposed 
within  the  room  432  in  which  linear  accelerator  401  is 
installed.  The  means  for  indicating  431  the  geometric 
orientation  of  ultrasound  probe  422,  or  means  431  for  15 
indicating  the  position  of  ultrasound  probe  422  when 
each  ultrasound  image  421  is  generated,  is  a  position 
sensing  system  433  aligned  with  linear  accelerator 
401.  Any  number  of  conventional  position  sensing 
systems  can  be  used  to  determine  the  position  of  the  20 
ultrasound  probe  422  with  respect  to  the  linear  accel- 
erator  401  .  These  can  include:  a  camera  system  fixed 
to  the  room  432  which  looks  at  light  emitting  diodes 
("LED")  434  mounted  to  ultrasound  probe  422,  which 
determines  the  orientation  of  the  ultrasound  probe  25 
422  by  the  relationship  between  the  positions  of  at 
least  two  LED's;  ultrasonic  emitters  434  affixed  to  the 
ultrasound  probe  422  which  are  listened  to  by  micro- 
phones  placed  in  the  room,  whereby  the  position,  or 
geometric  orientation  of  ultrasound  probe  422  is  de-  30 
termined  by  triangulating  the  time  it  takes  for  the 
sound  from  each  of  the  ultrasonic  emitters,  or  trans- 
mitters,  to  reach  a  microphone  disposed  at  a  fixed  lo- 
cation  in  the  treatment  room  432.  Any  suitable  posi- 
tion  sensing  system  433  may  be  utilized,  provided  the  35 
position,  including  the  orientation,  of  ultrasound 
probe  422  may  be  determined  with  respect  to  linear 
accelerator  401  .  With  position  sensing  system  433, 
being  aligned  to  the  linear  accelerator  401,  then  the 
position,  and  orientation  of  the  ultrasound  probe  422  40 
with  respect  to  the  frame  of  reference  of  the  linear  ac- 
celerator  401  can  be  determined  each  time  an  ultra- 
sound  image  421  is  generated.  By  mounting  a  portion 
of  the  position  sensing  system  433,  such  as  LEDs  or 
ultrasonic  emitters  shown  schematically  at  434,  par-  45 
allel  to  the  longitudinal  axis  436  of  ultrasound  probe 
422,  and  by  disposing  ultrasound  probe  422  to  have 
its  longitudinal  axis  436  be  disposed  perpendicular  to 
plane  437  in  which  lies  the  upper  surface  438  of  treat- 
ment  table  404,  the  orientation  of  each  ultrasound  im-  50 
age  421a-421d  with  respect  to  the  original  diagnostic 
images  304  can  be  determined  and  compared.  It 
should  be  noted,  that  the  geometric  orientation  of  ul- 
trasound  probe  422  with  respect  to  linear  accelerator 
401  ,  as  previously  described,  is  selected  arbitrarily  to  55 
provide  the  known  geometric  orientation  for  each  ul- 
trasound  image  421  generated.  However,  it  should  be 
noted  that  by  mounting  the  ultrasound  probe  422  so 

that  it  is  orthogonal,  or  perpendicular,  to  the  frame  of 
reference  of  both  the  linear  accelerator  401  and  im- 
aging  device  300,  or  longitudinal  axis  435  of  treat- 
ment  table  404  and  longitudinal  axis  312  of  imaging 
table  301,  the  comparison  of  the  three-dimensional 
renderings  425,  311  of  FIGS.  8  and  9  is  simpler.  The 
comparison  of  the  three-dimensional  renderings 
425,  311  of  FIGS.  8  and  9  can  be  accomplished  so 
long  as  the  position  and  orientation  of  ultrasound 
probe  422  is  known  when  ultrasound  probe  422  gen- 
erates  each  ultrasound  image  421a-421d. 

With  reference  to  FIGS.  8,  9,  and  FIGS.  10A-10C, 
after  the  three-dimensional  renderings  425,  311  have 
been  formed  as  previously  described,  the  three- 
dimensional  rendering  425  formed  from  the  plurality 
of  ultrasound  images  421a-421d  (FIG.  7)  are  com- 
pared  with  the  three-dimensional  rendering  311  of  the 
outline  of  the  lesion  303  formed  from  the  diagnostic 
images  304  of  the  radiation  treatment  plan.  The 
three-dimensional  renderings  425,  311  can  be  com- 
pared  by  overlaying  the  three-dimensional  rendering 
425  over  the  three-dimensional  rendering  311.  Since 
the  frames  of  reference  for  the  data  sets  with  which 
the  three-dimensional  renderings  425,  311  are  the 
same,  those  being  the  longitudinal  axes  435,  312  of 
the  linear  accelerator  401  and  the  imaging  device 
300,  a  transformation  matrix  required  to  align  the  two 
three-dimensional  renderings  425,  311  can  be  deter- 
mined  by  a  conventional  computer  program  which 
utilizes  a  conventional  fitting  algorithm,  known  to 
those  of  ordinary  skill  in  the  art.  Were  the  orientation 
of  the  two  three-dimensional  renderings  to  conform  to 
each  other,  whereby  three-dimensional  rendering 
425  conformed,  or  matched,  three-dimensional  ren- 
dering  31  1  ,  then  the  position  of  the  lesion  303  with  re- 
spect  to  the  radiation  therapy  device  400,  orlinear  ac- 
celerator  401  ,  would  be  verified  to  conform  to  the  de- 
sired  position  of  the  lesion  303  which  has  been  used 
in  the  radiation  treatment  plan,  and  the  radiation 
treatment  plan  could  begin.  As  illustrated  in  FIGS.  8 
and  9,  the  position  of  the  lesion  303  with  respect  to 
the  linear  accelerator  401  does  not  conform  to  the  de- 
sired  position  of  the  lesion  303  in  the  radiation  treat- 
ment  plan.  As  shown  in  FIG.  10A,  the  fitting  algorithm 
determines  the  required  coordinate  transformation, 
or  transformation  matrix,  required  to  properly  align 
the  three-dimensional  renderings  of  FIGS.  8  and  9. 
The  fitting  algorithm  determines  that  it  is  necessary 
to  rotate  three-dimensional  rendering  425  an  angle 
equal  to  -1  5  degrees,  whereby  lesion  303  will  assume 
the  position  illustrated  in  FIG.  10B.  The  fitting  algo- 
rithm  then  determines  that  lesion  303  of  FIG.  10B 
must  be  rotated  an  angle  equal  to  -30  degrees. 

With  reference  to  FIG.  11  ,  the  transformation  ma- 
trix,  or  required  coordinate  transformation,  is  applied 
to  linear  accelerator  401,  by  rotating  collimator  405 
through  the  angle  -15  degrees,  and  treatment  table 
404  is  rotated  about  its  axis  of  rotation  T  through  an 

6 
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angle  of  -30  degrees,  whereby  lesion  303  is  posi- 
tioned  with  respect  tolinear  accelerator  401  so  that  le- 
sion  303  conforms  to  its  position  and  orientation  it 
previously  had  when  lesion  303  was  imaged  by  imag- 
ing  device  300  and  the  radiation  treatment  plan  was  5 
developed.  Accordingly,  lesion  303  is  oriented  cor- 
rectly  with  respect  tolinear  accelerator401  and  is  cor- 
rectly  positioned  with  respect  to  the  isocenter  406 
(FIG.  4)  of  the  radiation  beam  from  collimator405.  If 
desired,  another  plurality  of  ultrasound  images  may  w 
be  generated  for  the  lesion  303  in  its  position  and  ori- 
entation  illustrated  in  FIG.  11,  and  by  once  again  per- 
forming  the  steps  discussed  in  connection  with  FIGS. 
7-10  to  confirm  that  lesion  303  is  positioned  and  ori- 
ented  in  the  desired  position  for  the  radiation  treat-  15 
ment  plan,  prior  to  commencing  the  radiation  treat- 
ment  plan  by  linear  accelerator  401  in  a  conventional 
manner. 

The  transformation  matrix,  or  coordinate  trans- 
formation,  is  determined  by  the  fitting  algorithm,  20 
which  is  the  amount  of  movement  of  lesion  303  re- 
quired  to  dispose  lesion  303  with  respect  to  linear  ac- 
celerator  401  to  conform  to  the  desired  position  of  le- 
sion  303  in  the  radiation  treatment  plan.  The  desired 
amount  of  movement  can  be  accomplished  by:  trans-  25 
lating,  or  moving,  linearly  treatment  table  404  up- 
wardly,  downwardly,  or  inwardly  or  outwardly  from  lin- 
ear  accelerator  401  ,  such  as  along  the  X,  Y,  or  Z  axes 
illustrated  in  FIG.  11;  rotating  treatment  table  404 
about  its  axis  of  rotation  T,  as  previously  described  in  30 
connection  with  FIG.  11;  rotation  of  gantry  402  about 
its  axis  of  rotation  G;  rotating  collimator  405,  as  pre- 
viously  described  in  connection  with  FIG.  11;  or  any 
combination  of  the  foregoing. 

With  reference  to  FIGS.  12-15,  another  method  35 
for  verifying  the  position  of  lesion  303  will  be  descri- 
bed.  The  time  required  to  perform  the  previously  de- 
scribed  method  can  be  lessened  if  the  patient  302  is 
fixated  with  respect  to  treatment  table  404  in  the 
same  orientation  that  patient  302  was  oriented  when  40 
the  patient  was  imaged  as  previously  described  in 
connection  with  FIGS.  1-3.  If  the  patient  302  is  fixated 
to  imaging  table  301  ,  as  by  fixation  device  306  previ- 
ously  described  in  connection  with  FIGS.  1-3,  and  if 
patient  302  is  fixated  to  treatment  table  404,  as  by  45 
use  of  the  same  fixation  device  306,  as  shown  in  FIG. 
12,  it  is  only  necessary  to  compare  two-dimensional 
outlines  of  the  outer  surface  310  of  lesion  303  ob- 
tained  from  at  least  one,  and  preferably  only  one,  ul- 
trasound  image  421  with  two-dimensional  outlines  of  50 
the  outer  surface  of  lesion  303  obtained  from  at  least 
one  diagnostic  image,  or  slice  304.  In  this  method  of 
lesion  position  verification,  patient  302  is  imaged  in 
imaging  device  300  while  the  patient  is  fixated  to  im- 
aging  table  301  by  fixation  device  306  in  the  same  55 
manner  as  previously  described  in  connection  with 
FIGS.  1-3.  The  physician  then  outlines  the  outer  sur- 
face  310  of  lesion  303  in  each  of  the  diagnostic  im- 

ages,  or  slices,  304  in  the  same  manner  previously 
described  in  connection  with  FIG.  3.  A  radiation  treat- 
ment  plan  is  then  developed  for  treatment  of  lesion 
303  by  a  treatment  planning  system  in  the  same  man- 
ner  previously  described.  The  treatment  planning 
system  may  also  determine  the  center  of  a  geometric 
solid,  such  as  a  sphere,  cube,  or  other  geometric  sol- 
id,  as  is  known  in  the  art,  which  bounds  the  three- 
dimensional  rendering  311  (FIG.  9)  of  the  outer  sur- 
face  310  of  lesion  303,  which  information  may  be 
used  in  a  manner  hereinafter  described. 

With  reference  to  FIG.  12,  patient  302  is  then  dis- 
posed  on  treatment  table  404  in  the  same  orientation 
patient  302  was  disposed  upon  imaging  table  301. 
This  may  be  accomplished  by  utilizing  the  same  fix- 
ation  device  306  on  imaging  table  404,  whereby  it  is 
assured  that  patient  302  is  referenced  with  respect  to 
the  two  table  404,  301  in  an  identical  orientation. 
Once  again,  the  patient  302  is  laying  flat  upon  treat- 
ment  table  404.  Table  404  is  then  moved  with  respect 
to  linear  accelerator  401  to  dispose  lesion  303  with  re- 
spect  to  linear  accelerator  401  in  a  position  previously 
determined  by  the  radiation  treatment  plan  of  the 
treatment  planning  system.  By  moving  treatment  ta- 
ble  404  along  its  X,  Y,  Z  axes  to  the  previously  deter- 
mined  three-dimensional  coordinates  determined  by 
the  radiation  treatment  plan,  lesion  303  will  be  dis- 
posed  properly  under  the  treatment  beam  from  colli- 
mator  405. 

Ultrasound  probe  422  is  then  secured  to  treat- 
ment  table  404  in  a  known  geometric  orientation,  as 
by  securing  it  to  fixation  device  306  which  also  func- 
tions  in  the  same  manner  as  bracket  423,  previously 
described  in  connection  with  FIG.  5.  At  least  one,  and 
preferably  only  one,  two-dimensional  ultrasound  im- 
age  421,  (FIGS.  13,  14)  is  then  generated  by  ultra- 
sound  probe  422,  with  the  ultrasound  probe  422  be- 
ing  disposed  in  a  known  geometric  orientation  for 
each  ultrasound  image  generated.  A  position  sensing 
system  433,  as  previously  described  in  connection 
with  FIG.  5  may  be  utilized  to  determine  the  orienta- 
tion  and  position  of  ultrasound  probe  422  in  the  man- 
ner  previously  described  in  connection  with  FIG.  5.  As 
previously  described  in  connection  with  FIG.  5,  ultra- 
sound  probe  422  may  be  disposed  with  its  longitudi- 
nal  axis  436  being  disposed  perpendicular  to  the  long- 
itudinal  axis  312  of  treatment  table  404,  and  perpen- 
dicular  to  the  plane  437  in  which  lies  the  upper  sur- 
face  438  of  treatment  table  404.  Ultrasound  probe 
422  is  moved  downwardly  to  contact  the  patient  302 
directly  over  the  position  of  lesion  303  which  the 
treatment  planning  system  has  determined  for  the  lo- 
cation  of  lesion  303.  Ultrasound  probe  422  may  then 
be  moved  with  respect  to  lesion  303  a  known  distance 
along  the  longitudinal  axis  435  of  treatment  table  404 
and  another  ultrasound  image  is  generated,  if  de- 
sired.  Ultrasound  probe  422  may  be  moved  with  re- 
spect  to  lesion  303,  as  by  indexing  fixation  device  306 
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in  a  direction  along  the  longitudinal  axis  435  of  treat- 
ment  table  404.  Ultrasound  probe  422  is  moved  along 
axis  435  and  ultrasound  images  are  generated  of  le- 
sion  303,  until  the  entire  length  of  lesion  303  along 
axis  435  has  been  imaged,  if  desired.  5 

The  outer  surface  31  0  of  lesion  303  of  the  at  least 
one  ultrasound  image  is  then  outlined  in  the  manner 
previously  described  in  connection  with  FIG.  7.  The 
center  of  the  geometric  solid  which  bounds  the  three- 
dimensional  rendering  425  (FIG.  8)  of  lesion  303  may  w 
also  be  determined  in  the  same  manner  as  the  three- 
dimensional  coordinates  of  the  center  of  the  geomet- 
ric  solid  which  bounds  the  three-dimensional  render- 
ing  311  (FIG.  9)  of  lesion  303. 

The  outline  of  the  outer  surface  310  of  the  lesion  15 
303  of  the  at  least  one  ultrasound  image  421  is  then 
compared  with  the  outlines  of  the  outer  surface  310 
of  the  lesion  303  of  the  corresponding  diagnostic  im- 
age,  or  slice,  304.  If  the  lesion  303  has  not  moved 
from  its  position  at  the  time  of  the  imaging  procedure,  20 
the  outline  of  the  ultrasound  image  and  the  diagnostic 
image  should  closely  coincide.  If  the  position  of  lesion 
303  has  moved  since  the  time  of  the  imaging  proce- 
dure,  then  the  amount  of  movement  of  lesion  303 
along  each  of  the  X,  Y,  and  Z  axes  of  treatment  table  25 
404  can  be  determined  by  the  previously  described 
fitting  algorithm  to  determine  the  required  coordinate 
transformation  for  lesion  303,  or  treatment  table  404 
along  the  X,  Y,  and  Z  axes  of  FIG.  12.  Alternatively, 
the  three-dimensional  coordinates  of  the  centers  of  30 
the  geometric  solids  previously  determined  can  be 
compared  to  determine  the  amount  of  movement  of 
lesion  303  along  the  X,  Y,  and  Z  axes  of  FIG.  12  with 
respect  to  linear  accelerator  401  which  is  necessary 
to  conform  the  position  of  lesion  303  to  the  desired  35 
position  of  lesion  303  required  by  the  radiation  treat- 
ment  plan. 

FIG.  13  illustrates  an  ultrasound  image 
421a'  wherein  the  outline  of  the  outer  surface  310  of 
lesion  303  is  properly  disposed  with  respect  to  linear  40 
accelerator  401  ,  whereby  the  center  450  of  lesion  303 
for  that  particular  ultrasound  image  corresponds  to 
the  center  of  the  diagnostic  image  or  the  diagnostic 
image  taken  at  the  same  location  along  the  longitudi- 
nal  axis  312  of  imaging  device  300.  FIG.  14  illustrates  45 
an  ultrasound  image  421  b'  of  lesion  303,  wherein  the 
center  450  of  lesion  303  has  moved  with  respect  to 
the  desired  center  451  of  lesion  303  for  the  same  cor- 
responding  location  along  axis  312  of  imaging  device 
300.  50 

With  reference  to  FIG.  15,  the  treatment  table 
404  has  been  moved  along  the  X,  Y,  and  Z  axes  of  lin- 
ear  accelerator  401  and  treatment  table  404  to  con- 
form  the  position  of  lesion  303  to  the  desired  position 
of  lesion  303  of  the  radiation  treatment  plan.  Ultra-  55 
sound  probe  422  has  been  removed  so  that  the  radi- 
ation  therapy  treatment  may  be  delivered.  If  desired, 
another  ultrasound  study,  as  previously  described, 

may  be  made  for  lesion  303  to  confirm  that  lesion  303 
is  disposed  in  the  proper  position  as  required  by  the 
radiation  treatment  plan,  before  the  radiation  therapy 
is  delivered. 

It  is  to  be  understood  that  the  invention  is  not  to 
be  limited  to  the  exact  details  of  construction,  opera- 
tion,  exact  materials  or  embodiment  shown  and  de- 
scribed,  as  obvious  modifications  and  equivalents 
will  be  apparent  to  one  skilled  in  the  art. 

Claims 

1.  A  lesion  position  verification  system  for  use  in  a 
radiation  therapy  plan  for  treating  a  lesion  within 
a  body  of  a  patient,  comprising: 

(a)  a  means  for  generating  at  least  one  ultra- 
sound  image  of  the  lesion  in  the  patient's 
body;  and 
(b)  a  means  for  indicating  the  position  of  the 
means  for  generating  the  at  least  one  ultra- 
sound  image  when  the  ultrasound  image  is 
generated,  whereby  the  position  of  the  lesion 
in  the  ultrasound  image  can  be  compared  with 
a  position  of  the  lesion  in  the  radiation  therapy 
plan. 

2.  The  lesion  position  verification  system  of  claim  1  , 
wherein  the  means  for  generating  the  ultrasound 
image  is  an  ultrasound  probe. 

3.  The  lesion  position  verification  systen  of  claim  2, 
including  a  means  for  mounting  the  ultrasound 
probe  to  a  radiation  therapy  device. 

4.  The  lesion  position  verification  system  of  claim  1  , 
wherein  the  means  for  determining  the  position  of 
the  means  for  generating  the  at  least  one  ultra- 
sound  image,  is  a  position  sensing  system  which 
indicates  the  position  of  the  ultrasound  image 
generating  means  with  respect  to  a  radiation  ther- 
apy  device. 

5.  The  lesion  position  verification  system  of  claim  1  , 
further  including  a  means  for  comparing  the  pos- 
ition  of  the  lesion  in  the  at  least  one  ultrasound 
image  with  the  position  of  the  lesion  in  the  radia- 
tion  therapy  plan. 

6.  A  method  for  verifying  the  position  of  a  lesion, 
having  an  outer  surface,  within  a  body  of  a  patient 
for  use  in  a  radiation  treatment  plan  which  in- 
cludes  a  plurality  of  diagnostic  images,  which 
each  depict  an  outline  of  the  outer  surface  of  the 
lesion,  comprising  the  steps  of: 

(a)  disposing  the  patient  on  a  treatment  table 
of  a  radiation  therapy  device; 
(b)  disposing  on  the  treatment  table  a  means 

8 
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for  generating  an  ultrasound  image; 
(c)  generating  at  least  one  two-dimensional 
ultrasound  images  of  the  lesion  in  the  pa- 
tient's  body,  with  the  ultrasound  image  gener- 
ating  means  being  disposed  in  a  known  geo- 
metric  orientation  for  each  ultrasound  image 
generated; 
(d)  outlining  the  outer  surface  of  the  lesion  in 
the  at  least  one  ultrasound  image;  and 
(e)  comparing  the  outlines  of  the  outer  sur- 
face  of  the  lesion  of  the  at  least  one  ultra- 
sound  images  with  the  outline  of  the  outer 
surface  of  the  lesion  of  at  least  one  of  the  di- 
agnostic  images,  whereby  the  position  of  the 
lesion  with  respect  to  the  radiation  therapy  de- 
vice  may  be  verified  to  conform  to  a  desired 
position  of  the  lesion  in  the  radiation  treat- 
ment  plan. 

7.  The  method  of  claim  6,  including  the  step  of:  de- 
termining  an  amount  of  movement  of  the  lesion 
required  to  dispose  the  lesion,  with  respect  to  the 
radiation  therapy  device,  to  conform  to  the  de- 
sired  position  of  the  lesion  in  the  radiation  treat- 
ment  plan. 

8.  The  method  of  claim  7,  including  the  step  of  mov- 
ing  the  lesion  with  respect  to  the  radiation  therapy 
device  to  dispose  the  lesion  to  conform  to  the  de- 
sired  position  of  the  lesion  in  the  radiation  treat- 
ment  plan. 

9.  The  method  of  claim  8,  including  repeating  steps 
(b)  through  (e)  of  claim  6. 

10.  The  method  of  claim  6,  wherein  the  patient  is  dis- 
posed  on  the  treatment  table  with  the  patient  ly- 
ing  flat  on  the  treatment  table. 

11.  The  method  of  claim  6,  including  the  step  of  util- 
izing  a  means  for  indicating  the  geometric  orien- 
tation  of  the  ultrasound  image  generating  means 
while  the  at  least  one  ultrasound  image  is  gener- 
ated. 

12.  The  method  of  claim  6,  including  the  steps  of: 
forming  a  three  dimensional  rendering  of  the  out- 
line  of  the  lesion  from  a  plurality  of  two-dimen- 
sional  ultrasound  images  which  have  had  the  out- 
er  surface  of  the  lesion  outlined;  and  comparing 
the  three  dimensional  rendering  of  the  outline  of 
the  lesion  of  the  ultrasound  images  with-a  three- 
dimensional  rendering  of  the  outline  of  the  lesion 
of  the  radiation  treatment  plan. 

13.  The  method  of  claim  8,  wherein  the  step  of  mov- 
ing  the  lesion  is  performed  by  moving  the  treat- 
ment  table  with  respect  to  the  radiation  therapy 

device. 

14.  The  method  of  claim  8,  wherein  the  step  of  mov- 
ing  the  lesion  is  performed  by  rotating  the  treat- 
ment  table  with  respect  to  the  radiation  therapy 
device. 

15.  The  method  of  claim  8,  wherein  the  step  of  mov- 
ing  the  lesion  is  performed  by  rotating  a  collima- 
tor  of  the  radiation  therapy  device. 

16.  The  method  of  claim  8,  wherein  the  step  of  mov- 
ing  the  lesion  is  performed  by  rotating  a  gantry  of 
the  radiation  therapy  device. 

17.  The  method  of  claim  6,  including  the  step  of  dis- 
posing  the  patient  on  the  treatment  table  by  fix- 
ating  the  patient  to  the  table  with  a  patient  fixation 
device  in  a  known  orientation. 

18.  The  method  of  claim  17,  including  the  step  of  de- 
termining  a  set  of  three  dimensional  coordinates 
of  a  center  of  a  geometric  solid  which  bounds  the 
outer  surface  of  the  lesion  in  the  at  least  one  ul- 
trasound  image. 

19.  The  method  of  claim  18,  including  the  step  of 
comparing  the  set  of  three-dimensional  coordin- 
ates  of  the  center  of  the  geometric  solid  from  the 
at  least  one  ultrasound  image  to  a  set  of  three  di- 
mensional  coordinates  of  a  center  of  the  same 
geometric  solid  determined  from  the  diagnostic 
images. 

20.  The  method  of  claim  17,  wherein  the  ultrasound 
image  generating  means  is  disposed  on  the 
treatment  table  by  mounting  the  ultrasound  im- 
age  generating  means  perpendicular  to  the  treat- 
ment  table. 
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