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PIPLAN, Prospects , Procedures and Plans 

By 19 November we believe that PIPLAN w i l l  provide more e f f i c i e n t  4nd 

more accurate  dose d i s t r i b u t i o n s  and templates fo r  bolus and c o l l m t o r  

fabr icat ion.  

f i l e  in a asch more e f f i c i e n t  manner, with regions of i n t e r e s t  (ROI's) 

entered a t  the CT coaaoles,  preliminary hardcopy images and d i g i t i z i n g  be 

eliminated, a d  dlak space reduced. 

planning c a p a b i l i t i e s  ava i l ab le  with our current production, s ing le  s l i c e ,  

planning Bystem, there a r e  many addi t ional  feature6 in PIPLAN. Increased 

accuracy in P I P W  r c s u l t i  from fewer manual operations, 4 f u l l  

three-dimensional ca l cu la t ion ,  mult iple  s ca t t e r ing  used throughout the 

volume, i n c l u r i o n  of off-axis collimator dose e f f ec t s  and from increased 

la teral  r e s o l u t i o n  i n  bolus derign. 

We expect by then t h a t  CT data  w i l l  be inser ted i n t o  the case 

I n  addition t o  the full range of 

Detailed below are -re complete specLfications of capab i l i t i e s  

regarding c l i n i c a l  applirnces,  expected procedures, and longer range plans 

f o r  upgrades. 

A. Steps in Treatment Planning: 

1. Scan p a t i e n t  

2. Mark target volume end surface on CT console (replaces CTVIEWIAUTOPLOT 

and t r a n s c r i p t i o n  of t i t g e t  volume t o  hardcopy) 

3. Export scan tape PI per SOP described below 

6. On PDP-11/70 or PDP11/45 mount scan tape and run PILIST t o  create  

tape d i r e c t o r y  (replaces  CTLIST) 

5. E d i t  Directory f o r  f i l e s  t o  be entered i n t o  case f i l e  (same as i r  

done for CTVIEU/AUTOPUIT and CTLINK) 

6. Run PILINK t o  s t age  t ape  f i les d i r ec t ly  t o  case f i l e  ( replacer  
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CTBILD 8ud CTLINK with one automated step) 

7. Run PIPLAEFRSX t o  e d i t  effective-target volume (replaces marking 

of hardcopy for CTVIEW/BOLUS design) 

0. Optionally v e r i f y  3-D consietcncy of data 

9 .  Export cam f i l e  t o  tape and del iver  t o  CCP 

10. Run PIPLAN-CCP from Biomed terminal or dial-up 

(replaces  CTVXEW, CTPOST, XYZGEN, OVRWP, TRTRH) 

11. D i s t r i b u t e  output and view results a t  Biomed terminal (replaces PLTPLN) 

Includes bolua and collimator templates and dose d i s t r ibu t ions  

'8. Recal ibrat ion Procedures of CT Data 

Our cur ren t  CT programs and PIPLAN have t he  capabi l i ty  t o  l i nea r ly  

c o r r e c t  for P i s c a l i b r a t i o n  of the  CT data. 

va lues  f o r  air  and uater a8 measured and converted t o  our standard scale 

w i t h  CT numbers of zero and 1000 f o r  a i r  and water, respectively. These 

valuee can be determined i n  two wayr. 

using ROI's. 

d i s k  with CTBXLD and analyzed with CTEXAM. 

recommended. 

The r e c a l i b r a t i o n  values can k inser ted i n  the  case f i l e  with PILINK, 

Ihe required inputs a r e  the CT 

The eas i e s t  is a t  the CT console 

I h e  second I s  our present method where a f i l e  is copied t o  

A standard phantom scan is  

P IPLAN-RSX, or P IPLAN-CCF. 

C. Interface of Treatment Planning t o  CT Scanner 

With the implementation of two new programs, PILIST and PILINK, 

i r r e g u l a r  regtons of interest  (IROI's) can be entered a t  the CT console and 

incorporated i n t o  t h e  PIPLAN case file automatically. Because of inherent 
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l i m i t a t l o a ~  i n  t h e  EMI s o f t w r e ,  a standard procedure is  required t o  

achieve t h i r  capab i l i t y .  

1. S t a r t i n g  with a diagnost ic  image o r  an fnuge marked v i t h  an I R O I  tumor 

volume, the t h e r a p i s t  adds the target-volume I R O I .  If the tumor volume is 

present,  t h e  t a r g e t  volume m e t  be external t o  it. The E M  softvare  uill 

i n h i b i t  any p i x e l  from k i n g  in both IROI's. Circular or rectangular ROT'S 

8 r e  not  allwed. The r e su l t i ng  image is saved &e, what VI here c a l l ,  image A. 

2. lmrge A i r  recovered and the  surface I R O I  is added and the  rerult eaved 

8 8  image I). 

3. I f  any landmask IROI'm are t o  be added, Image B is recovered, the IROI's 

are added i n r i d e  the murface IROI and the r e su l t  saved as  the new Image B. 

4 .  For each e l i c e  of 8 study, Image A followed by the f i n a l  Image B must 

bc exported t o  t h e  scan  type. Staging of the o r ig ina l  diagnostic image Is 

optional. For e f f i c i ency ,  i f  the o r ig ina l  diagnortic i m g e s  andlor raw 

d a t a  are 8taged to tape, they preferably are rtaged a f t e r  a l l  A and B 

lmage8. 

I). Nomenclature: 

PrPLAN provides for  s ix  types of contours: 

0 - general  contour 

1 - e f f e c t i v e  t a r g e t  volume 

2 - r u r f a c e  

3 - t a r g e t  volume 

4 - tumor volume 

5 - co l l ima to r  
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The targat volume i r  the prescribed volume t o  receive a minimum 

percentage of mxinm dose. 

contour for c o a t r o l l i n g  the T e U U l t 8  of the calculation. PIPLAN derignm its 

be- and appli8nccr bared on t he  surface and e f f e c t i v e  volume. The 

eff c c t l v e  volume 1s automatically dupl lcat td  whenever the t a rge t  volume is 

en te red  m d  may l a te r  be modified t o  t he  planner's purpose. The treatment 

volutue is not requited expl ic i t ly  but ir always the isodose surface t h a t  

matches the t h e r a p i s t * s  prescr ipt ion.  

The e f fec t ive  t a rge t  volume is the planner's 

E o  A p p l h l c ~  

The three appliancee handled by PIPLAN are the collimator, bolus, and 

This  r e c t i o n  dercr iber  b r i e f ly  the required Input with range s h i f t e r .  

o p t i m a ,  the dcniga criteria, and the output available.  

Appliance I n p u t  

Collimator (Dcf8ult in no collimator) 

Density code (de fau l t  is ccrrobend) 

mm t hickne ss 

pm o f f s e t  (de fau l t  is zero) 

offset por i r ive  implier above pa t ien t  surface 

o f f s e t  negative implies above bolus top . 
x ~ I E  umrgia (de fau l t  is 15 mm) 

y mm margin ( d e f a u l t  is 15 mm) 

Xargins are amount of expansion of 

col l imator  opening beyond effective 

t a r g e t  volume boundary. 

As an upgr.de, PIPUN Vi11 design the  coll imator bared on 

beam t ra jcct  orics. 
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Range s h i f t e r  (Default is no range s h i f t e r )  

#omin&l funct ion i n  Biomcd standard notation 

Bolus (Default i8 Bo bolus) 

Density code (de fau l t  I s  paraff in)  

- 
Shape code 

conform to surface (defaul t )  

Flat top, bottom touching surface 

F l a t  bottom, bottan touching 6urface 

Pion . topping code (matches point i n  modulated 

peak with point  i n  e f f ec t ive  t a rge t  volume): 

- RS - ETIl - HOW why 

DISTAL DISTAL each x,y avoid critical postpeak t i a sue  

DISTAL MIDDLE each x,y abut t ing opposed ports  

PROXIMAL PROXIMAL each x , y  avoids c r i t i c a l  prepeak t iaeue 

MIDDLE MIDDLE each x , y  (defaul t )  centered everywhere 

MIDDLE MIDDLE average over (x,y) rymmetric about midline 

Appliance Design, Preaent  Criteria, and Method 

Collimator 

The g r i d  of dens i ty  c e l l a  overlying the  e f f ec t ive  t a rge t  volume (ETV) 

i s  expanded I n  X and Y by the nmnber of cella required t o  ansure the Input 

col l imator  marginr. 

c o l l b t o r .  

A l l  remaining ctlls in X and Y are defined as 

Ihe  c o l l h t o r  thickness l a  adjusted t o  the number of ce l l a  

required t o  s a t i s f y  the Input thickneae. 

8djuurted t o  give an e f f e c t i v e  thickness equal t o  the input thickness. 

o f f 8 e t  of the bottom of t he  coll imator is adjusted t o  t h e  nearest  cell. 

The collimator parameters a r e  

The 
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Bolus : 

Bolus thickneus a t  each X,Y is rdfurted t o  the nearest  i n t eg ra l  number 

of cells by i n t eg ra t ing  from t h e  surface down t he  necessary number of steps 

t o  the  stopping point.  

collfmator,  the bolus is extended laterally from the outer edge and has a 

thickness  r u c h , t h a t  t he  stopping potnt I s  a l s o  extended l a t e r a l l y .  

bolus I s  then extended f a r t h e r  from t he  edge without changing the  thickness 

by t h e  number of cell8 required t o  s a t i s f y  the collimator margins. 

t h e  t o t a l  extension of the  bolus IS two collimator margins. 

occurs betwtea bolus and coll imator,  coll imator dominates. 

- 

Note t h a t  by the  expansion method used fo r  the 

The 

Thus 

If a conf l i c t  

Range S h i f t e r :  

While designing the bolus, t he  nraxirmm e f fec t ive  thicknear of t he  

e f f e c t i v e  t a r g e t  volume is obtained. 

the input may be redefined if not s u f f i c i e n t l y  large. 

w i l l  change, not t h e  series o r  tune specif icat ions.  If no su i t ab le  

funct ion is avaf l ab l c ,  t h a t  plaa calculat ion is aborted. 

The range s h i f t e r  function given i n  

Only the thickness 

Appliance Output 

Col lima t or: 

Three pr in t ed  l i fe -r i te  templates v f th  resolut ion determined by 

mapping dens i ty  matrix t o  p r i n t e r  matrix - Printout can be Immediately 

d i r ec t ed  t o  LOB for pickup. 

opening area provided. k e a  dctemlned from densi ty  matrix and from 

p r i n t e r  rmt r fx  t o  evaluate  resolution. 

Adjusted collimator parameters and collimator 
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Bolus: 

Templates designed in same plane and with same interplane spacing as 

- 
CT d8t8 - Output l e  on p l o t  file. 

l i fe-8lte  template is produced with hardcopy of Tektronix 4010 "PSCAN" 

Scale of output adjusted 80 t h a t  

image on l a rge  Vcraattc copier. 

Range Shi f t e r :  

Lirting on standard output f i l e  of function used. Reduced function is 

used and l i r t e d  i f  l f b r a r p  funct ion is symmetric. 

F. General Output C a p a b i l i t i e s  

88rdcopy p r i n t o u t  w i t h  record of input and 

calculat ion,  appliance parame t era ,  s t a t i s t i c s ,  

dose r a t e ,  dose d i s t r i b u t i o n s  i n  the beam system 

and the  reference ryrtem. 

Plot file f o r  local terminal inmpectlons and hardcopy. 

Mlctofichc copy of p l o t  f i l e  

Updated case file for  i t e r a t i o n  or Import at Blamed 

C. Prog~m, Plans ,  and Proposal8 

T o  achieve the 8bovc c a p a b i l i t i e s ,  there  i r  r t i l l  a s ign i f i can t  amounr 

t o  be done in tha next month. The primary tasks  are: 

-Finish bolus and colllm8tOr upgr8des 

-Finish plans and beam module upgrades so t ha t  a l l  6peciflcatione 

-can be preserved and r eca l l ed  a t  any time 
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-Write PXLIST and PILINK progr- 

-Plan several cmem with ex i s t ing  bolus and col l imator  and with 

-PIPLAN dealgoed appl iances  

Within the next  two t o  t h n e  month# we plan t h e  following upgrades 

( p r i o r i t y  unasrigntd &t present) 

-Autoplot In PIPLAN 

-Dore f i le  preaerved in caae f i l e  

-Dose distribution o p t h f z a t i o n  

-Beam dependent bolus and collimator 

-Biological model 

-BoIua and collimator contour8 

-CT d a t a  av t rag td  a t  Biomed 

-Collimator output on p l o t  f i l e  

-Bolus output  on p r i n t  f i l e  

Within t h e  next t h ree  to f i v e  months WL propose the f o l l w i n g  upgrades 

( p r i o r i t i e s  unassigned) : 

Fan Tune Calcula t ions  

Upgraded Phyaica 

Enhanced Graphfce 

CCF + VAX conversion 

Elec t ron  Dose Hodel 
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