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SUliLlL{RY The purpose of this work is to compare bladder .rnd rectal dose rates in
brachgherapy for carcinoma of rhe cervir usirg two different dosimetry systems: tadi-
tional orthogonal radiograph-based dosimetryvs. computed rxial tomography tandem and
ovoids (CATTO) dosimetr.v. Twenry-cwo pitients with c1lcinomr of the uterine cervi,(
received the brachvtherapl '  component of their  radiotherapy with e computed-
romography compadble Fletcher-Suit-Delclos device. .{ tot of 27 irnpiants were per-
formed. The average mrrximum bladder dose (B-J for dre impl,rnts was 85.8 cGy,4r using
th€ C.{TTO system as cornpared to +2.6 ccv^lr using Eadidon. dosimeEy, (P < 0.005).
The,rverage maximum rectrl dose (B-J using the C.{TTO s1'stem was 59.2 cGy,4r as
compared with-16.3 ccy,4r using the tnditional system (P < 0.05). The Eaditiom.l deth-
ods for choosing points to determine bladder and rectal dose rates underestimated the
Eue B-* ir dl c$es and the R-* in most. Brrsed on the complication rates pubUshed ir
the iiterature, it is lik€l], that the maximum coleronce dose ofboch the rectlmlrnd bladder,
but especially tlre bladder, is higher than previousl]' tloughr. R,rl,rt Oncal. lnert. 6:268-27t,
Ir9J. @ 1998 wuev-Liss. Inc.

Ksl';rorlrl cenir cancer; l-D brachitherupyi dosimeulr neltmenr pldnning

TNTRODUCTION
The accurale calculation ofbladder rnd rectal doses
in tandem lnd ovoid implanls has been hampered
by the inabiliry !o prccisely deiine organ surfaces
and their relationship to the radioaclive sources.
Although rhe inlracavilar,v applicator can be easily
\ isr .rx l ized by u<rng plJne f i1m.. do\e- l imi l ing pcl-
vic sfilrclures cannot be well d€lineated. even wilh
the aid of radiopaque subslances. This fact has led
to lhe use of rei'erence points which are easily vi-
sualized with onhogonal plane illm radiography to
esrimare or represent ofgan exposure l- The use
of standard reitrence points to represent organ ex-
posure has obvious drawbacks in brachyderapy ap-
plicadons where lrrge dose gradients occur and or
grn poq-,o- n1y !rA. SLandrrd reiercn.e poirr

may not predicr o.gan exposure accurately l2l. This
may also explain. at ledsl in part. why some inves-
tigators who have allempted to delednine the relir-
donship between orgln dose measured by rcference
points and complicition rates have not found a
complerely dependable or reliable coffeladon-
because the rel'eaence may not be the ma$mum
dose point [i-6]. Undoubt€dly there is a correlation
belween dose Io lhe ofgan at rist and complica-
tions. bu! defining accurateiy the,hre maximum
dose ro ihe organs It risk has not been possible- The
maximum dose may corelale with a surfac€ area or
voiume of high dose which could be a better Pfe-
dicror ofcomplications . This has been lhe ralionale
behind previous studies [6-11]. Compuled tomog-
rrphy- .T- brsed rnree-dimensrolJl  I  i -D'  dosim'
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etry has the potential of accirfarely denning rhe true
maxrmum dose and being a predictor of complicr-

Three dimensional compurer rechnology has
emersed irs a useful tool for manv applicattons tn
eitemal becm radiotherapy: holvever. it has not
been used exrensiveh, for gynecological brachy-
thefapv. One ofthe re.Nons for this lag has been rhe
lack of a good CT comparible tandem and ovojd
device. The ilrsr CT-compatible appticarors were
made oi phstic J1l-l5l with significandy dilterenr
geometncal propenies than the more commonlv
rsed Fle -her.S; iFDel. lo.  de' ice Ar Duxe Uni
versity Medical Cenrer. a CT-comparible tandem
and ovoid applicaior with the same geometric di,
mensrons of ! standard Flerchef,Suir-Delclos de-
vice was developed using an, uminum ai loy 1161.
W:rh sood qux.rry a\.r .  CT imree..  i -D compurer
reconstruction of anatomy and applicator was cre-
ated. With rhe addirion of 3-D dosimetrv. dose vol
ume histograms of the rec m and bladder were
ersilv obiained und the location ofmaxirium doses
recdily visualized.

A comparison between ihe data obiained using
computed axial iomogrirphy tandem and ovoid do-
sineiry (CATTO) and radirional onhogonal r3dio-
graphic dosimetry is presented in thjs paper for a
Fletcher-SuiFDelclos appl icaro. [16].

}LATERL{LS,{.\D }IETHODS

From August 1992 ro October 1996. 17 randem and
ovoid applicrlions wirh a CT-compatible Flercher"
Suit-Delclos device were pedormed tt Duke Uni-
versit\r (Durham. North Crrolina) in l2 patienrs.
Cesiurn (rr7cs) soorces were used. The CT-
cornpadble applicaror 16l is made out of an alu-
minum r l lur rnd hrs (he sJme ph\ q icr l  dimenslons
as lhe slandafd Fletche.-Suit-Delclos device. Col-
posHt a3ps oi  di i rerenr sizes werc used ro oplmtze
Ihe seometry oi  rhc rndr!rdur l  rmpirnr.  The major
difl-erences beNeen the aluminum device ano rn€
standard Fletcher-Sui!-Delclos device are: l) lhe
aiuminum device is light€r in wejghr. and 2) the
-un_r) 'en shield( rre - f ter. lorded inro rhe Jluminun
colpostar along with the sources md nor iocated in
lhe ovoid caps. This lalter feature enables shieiding
to be used in lhe r ni colposlals.

The traditional method oi using onhogonal
tiims fbr dosimetric calculalion ofdose was used in
all padenrs to determine rhe loading xnd duration of
each implant. Dosimetrv calcularions were per,
ibrmed using a commercial treatmenr planning sys
tem lTheraplan. Thera(onics Inremational, Orlawa.
Onr:rno, Canada). The effect ofthe lungsten shield-
ing was ignored for the criculaiions in the tradi,

tional svsrem as is customary pmctice J3-l tl. The
bulb oi the Foley carheter lvith dilured conrrasr for
rrdios--phr '  . i . r l l i i r r ion qJ. u.ed ro deref i rune
the bladder .eference dose for each parient as rec-
ommended bv the Inremarional Commissron on
Radi ion Units ( ICRU) Repoft  No. 38 [ t ] .  The
reference dose for the rectum was dele.mined by
the use of eirher a ilexible rubber .ecral tube. rectal
contrast. or a point 0.5 cm posterior to rhe postenor
vagrnai wall as recommended by ICRU Repon No.
i8 [L]. ivlultiple points lrere chosen in irU cases and
lhe marimum dose rare obrtined was used as the
rcltrence dose rare. Dose ro Poin! A was prescribed
f o l l o w i n g  e i t h e r  r h e  l l o n c h e s r e f  o r  r c v r j e o
Nlanchester merhod !7. i31 according io whether
the tandem flange was inierior or superior to the
front surface of rhe ovoids. respecrively. According
to both merhods. Poin! A is located ? cm along the
axis of the irndem fiom an origin and ihen I cm
lateral io the tandem along a line perpendlculff !o
the plane of rhe lateral radiograph. The Vlanchester
origin is located on lhe tandem at the liont surt'ace
of the ovoids (as derermined lfom the loteral ijlm).
The revised Manchester origin (used when rhe kont
suface of rhe ovoids are intirior ro rhe linqem s
flange) is dr lhe posirion of rhe flange. In seven
implants the locrtion of Poin! A was derermined by
f ie ]hnchester der inir ion :no ln the rem3inmg:0
by lhe revised lvlanchcstef deiinition . The goal of
the teaheni was to adminisler a total (extemal
beam plus brachyihcrapy) dose of 80-85 Cy to
Poin! A without exceeding lhe tolerance ofthe rec-
tum or bhddef as deilned by lhe dose rdministered
to the above mentioned reference points. The tol-
efance ot the rectum was considefed 70-75 6y and
the bladde. 75-80 Cy tbr approximalely 5q. com-
pl icci ion ra|es [6- l  l ] .

In addirion to the above dosim€try. CT scans
qere pertbrmed on er. 'h prrrenr t i ter the insertron
of rhe appliclior to en,tble 3-D anatomic recon-
stluction and dosimerry (CAfiO). Approximately
7 ml of L:5 dilute solution of conlrast was used
wirhin rhe Foley bulb !o avoid CT anifac!, Each
paiien! was scrnned ffom I cm above rhe tandem !o
2 cm below ihe inferior aspec! of the ovoids in
3 mm sl ices- Ourside this region. s l ices were
l0 mm apart. Because there rvas no afifact from
the aluminum tandem and ovoid applicator. accu-
fate assessment ol bladder cnd reclai surfaces was
possible. The axial CT images were comprrer
processed end the rmdem. ovoids. rectum, bladder.
and uterus were oudined manualli' or with the a1d
oi an autocontour compu te. program. Tkee-d1men,
t ior- l  -p( or.rn-cLionc !rp p lhen penbrmed using
an in-house, AVS- (Advanced Visual Systems,
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wahham. lvla.)-based. 3-D planning system [19]'

inl i l  '*" a,,, u,s -n:lvucl to determ ne tl 'e

fenter.,nd oncrrr ' ion of eJch r_dioacl re source

Dose malrices lvere calculilted around each-source

il.n *"." *p";.p*"a on the anutomic 3-D re

consrructron 09 101.'  

" 
' ,r ' '  i i rro po,r.L A i '  'ur 'ulxled IerJ-:ve to

r1.,.  r"cr. i l . , l ' .  . ."r ' .-+rc,d lconerD -nd rs Inde

Denocnt ol  p- l  enl  onenr:Lion rn he L I  crnner '

i t t r .  i ' ,  C.t . r fO. Porn A s foLnd bv meJsJnns

: . .  ,uo."ot ,o ,n.  ' -noem ongin point r long the

Lendem 
jrhe ongin Point rs delcrmined rccordrns Io

ihe )rme cnl(ri- u(rd fot [ilm dosimetryt l ne Pel

Denuicul  lo lhe r-ndem. l t  rhis polnr '  c lelrnes I

i l . rnr rn rhe p-r i"nr '  The pl-ne which goes rMougn

:;" ; i " ; ; fu rhe l ine whrjh bisects the lea . tnd

nshiovords oetrnes a secono PlJne in the Patrenl

i["'i",*ri",i"" rf Ihesc t$o Plxneq unrq-uely de-

i"" ,  r ' i i " .  p. 'p*ai ' "1 '  Io the t$dem Left  rnd

n-.hi eo'n, i re r drstrnce oi I cm irom the tan-

dem xlon: thls l lne
The volume lxtl for i-D reconslruclion rnd

dose volume histogram (DvH) cdcula[ons were

oener3ted bv [he outer jurflce pointt rhJt were 0uI_

ii-J in ii tp".. o"," points were collecled from

r',t"] ir''r"t'g"t .".tr ; rnrn The inner jurface o[

o.srns wrs diificull Io discem on fte L L Imcges

it'.-r'ito,..-tlt. ,..,ut tnd bldder doses \rere cxl-

iui.i"J uu., 
"n 

ou,"t turtrce disributlon of pornls

usrns L mm jpafing These polnls were determrneo

lv ireoolation over lhe CT'ourlined structure

ooinrs. tn ttr" work. DvHl for lhe orgens lre pr€-
';ented.rs 

3-D rnlromic reconslruclions Lhrs glves

"'.i 
JJ p'.t* or oo,tt'toje disuibuuon .rnd relr-

iiueln.limic:'l totrrion oiJose oishbLlLrn in pJr-

ticula.r. lhe iocadon and size of lhe rJea recervrng

rhe hish dose rates
drr.r wrs collected usin-q bolh doiimelry syt-

o.r. o"altlon"t 'ysrcm and CATTO The efttc!'

of  runs"ren jhielding r"  \ rel l  Js colpo)tat geometn

..tir'"rnnl"*., f f Ol *t riluded In the cclculrlion

.i aot. in C.r'ffO Wirh 'he lnditionul s!:tem'

rrrnr,ren ,hieldinC rs :Snored and the attFnu Lrron

., i .1,  o.  'n.  .orpJ' ' " , r  *rs rccounred ior by usrnr

.  ," i " l .a 'qS-",  t"*Cth of the ces:um sources {

str l rst ic l l  compJI-son of -nl \ inur do'e -3les wai

Lhcn oerformeo Mern meoi)n analy(r :  ol  van

,". . .  . "a 
""" . f t , ' ""  

coef ircrenls qere calculJ_ed

RISL1TS

The dose calculaled !vi!h lhe two sysGms was com_

Du(ed 'or rdertrcr l  source sppl icrtor geoaretne\

ior po n, '  'n rhe pet ient ' \ r r  $ ere nor in Lhe shcdolv

. i -r i . - ' """ ' , . '  ' i ' . ra;"g r( ' rch r i  Pornt Ar '  rne doie

.; i l : . iJ.  
"  

rrre rqo r) ' rems aereed Io u'rhin

L%. For the clinical cases. Point A (left and right)

ahvavs had di i ferent locat ions (relat ive lo lhe

."", . ;  ' . r . -  
"  

io- CATTO rnJ rhe ' I  rn ' l rd 'v ' -

rem. A .rnJl l  prd ol  rhrq o:I ferenLe co'nes rrom

,."a".  t* ,  . rro,  'n oo l -  'u ' t*n1t T\e mrjor d; l

t rren.c -n eL occru'e rhr l l lm method ot delenrun

:ns Poin( \  lc d(pendclt  or JPP|icJror of lenl  I  on

, . l i ' .  t "  ' r l -  f i l r '  l n  C r T l O  L h r  d e n n i n n -  o f

Poin! A is independent ol applicalor posltron rn Ine

ci  ' . r"n*.  f '  
"o* 

nor mJke 'enie to modi[  tbe

l-D J. in ' t ,un ,o . t , .o"nr lor now the. rpplrcrtor rs

." , , r"u ret- tr .e ro tne onnosonrl  I l lm' lhu( l

. """*r""  
" i  

a"* r l tes I  Poinr A beteeen the

f i ln JnJ CT-b!)<s meLhJdt r \  '  check ol  tne lu '

df ical ion rbr 'gn!r in! '  ppr 'c:ror rotr( ion el lects In

th€ plane tilm method

Complnsoo of Point A Dott k*" 
^ , -^

The dose r l re xI  Polnl  A obulned Jslng L q |  lv

$rr complred Lo _he losc rJLe rL Polnl  A calculr teo

wllh thc irlnd-rd iysiem ior erch pellenl l ne Holnr

l lor" o," to, .".n p*Lent was calculaled by av_

iJ"" ,i" 1", ,"a tit. tigbl values As exPected'

rheie riere ontt minimll diilirences -beN 
ee n most

n1ien6, The xverrge dose nIe xt  Polnl  A uslng

["^ii'j *"tlJt,c]vt" wi$ I smidffd devirdon of

;.r;"';;i, l i o,i sso 'cv't ' ' usine dre rilm

l " t , ; ' . i l ' .v;; .  srlh - sl3nd'rd.devilr ion of

i.i.Crntr. he rrrto oi rhe PoLnI l. cxlculauon wrrn

,ha n o tut,aa, *at I 05 wlth I slsndard derirDon ol

0.0t.

Comperison of Bladder Dose Rrtes

fta a.t,tturn bhdder JJse r3te celculsled using

tire C.lfTO ;vsrem qcs hlgher in I:7 rmplxnls

;L;;;.;t;d lvith the bladder reference.pornt

doses crlcul:rted $rth the drnd'rd i)stem { r lg , l  I

i t .  r"ertre U,raatt fcse rate ior l lLlrt ients usLng

,i. r"Lrrr Joi;.*rv i\jtem. which defined Ihe biad-

,j". i".. ,t" f"rr";'"g ths surdelines estrblished

i'' rini' i". l-s *.'i:.o ctv'+u with r srandcld
; :vrxlron of l l  o ccvihr '  Tlc medi$ dore -r(e wrr

:l i;;t; rh" ruenge oi Lhe mJximum dose

.r'. lo, , f p.,i.n" r' mec'ured on CATTO wls

i" . ' " ' """" i  
""r '  

r  s l lnd d dE!r"tron of . !9 0

.6,,nrr. n. ".0;- 
tr 'ue wa' 79 0 cClnY Dose

."ii i'rw.** ***" rhe sroups rercned sreli'-

i l" ' ;;; in.;; rP < oooi the lrtro oi Lhe

mrr imur ao 'e rx te $ i rn thc l$o \y ' tems wJ\  -  u

*i" 
" 

u*ana de! rhon of 0 7 The"rx[o rangeo
. .^ -  I  , - - t  

"  
A lLhoJrq the br lddef  -eFerence PoinL

" l ] ,- i". i  " 
' ," ' r ' .  

";o-d 
r)\rerr- undcresdmrred

,1. *e uf,aae'mrxrmrm oy l$ofold on . l \eruge'' i l ' l l l ' .1 
a. '""i; rn 'he dose rcte; carcur'rLed

*,. ' r ,  ' i . ' " '"" '""; '  oesprre thr '  arse varadon'

,i. ."*rrl* .i,.tnt""I be'\ een rhese s-oup' $as

, _  !  ,  : l  . t  r ! , ,  ! n
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FECT![/I SCATTEFGBAM
BL-ADDEF SCATTERGBANI

TOFD ( ccy/ht )

Fie, :. Recrrl scnlergrlm compuing CATTO rl_D cT

oo;rncr \'tn trldiuonJ, o hogonrl iiln do"mery

(TORD). The line of uniry is provided tbr rcilrence

€cral dose wilh the two systems shown in Fig' 2'

No€ lhal thc poinls on the feclal scrllergmrr lle

cloler ro lhe line oi unity in comPcnson wltn me

bladder scalterglam

Anatoir'.ic Locxtion of Bl.dder
Mr-rimum Dose Rrtes on tie 3-D

Reconsm:ction

In 16 of l7 impllnts $e locadon ofthe maximum

blJoder duse nte w3s 0-L cm superior to Lhe col-

oori- ,s t .a i* ,  rnleror to Ihe undem 'Fig lb\ '

itri' u.., tris dose conlrbulion ifom all sources

rnl  ;s .ot  . . . fa.a by Ihe rungslen wrthin the col-

Do.(]Is of rhe rpphcltor' Tle position ol lhe r]n-

i . rni .  
" .  

i*ponun, Ircrcr in determirung t le Io-

calion of the hot spot. The more antevefte'l me

"i"*, "t 
tr,..o.".,irv.a dre tandem' the closerthe

tandem is to the bladder and the further supenor me

-.*i-ulrl tUaa". aot" rate is located A distended

bl ldder h:r . Ihe.ame effecl  by br inging Lhe superior

i i "aa. '  *r i , - .  c lo 'er-o 'he tandem rFrs ld '  In

" i ,n: .r . . . " ,  
- ,  o"r t  oo€s I  sh:f t  tn the ocr l ion of

itre .r',imu'n ,lot. ,"t" occur bur aiso a larger vol

ure ol  rhe blrdde| i .e. .  Ihe surfrce jusl  rnler ' r  Io

ihe anievened tandem) receives doses very close to

0 2 0 4 0 6 0

loFD (ccY/hr  )

Fis. l. Bl.Joer {rttergnr iomPcnlg C \TTO J_D CT

,toiim"myt *itrt lraditionrl orthogondl film dos'metry

(TORD). Th€ line ol unitv is provided rbr rcilrence'

poiitrve ,0.59 . A jcxttefgrem PIot of bladder D-*

iose oirn rhe lwo syslems Is presenled in Fig' I

Comparrsoq of Rectll Dose R'1tes

The morrmum rcctrl dose rrte calcullted uslng tne

CATTO j ls lem wrs hlgher in:0 ou! oI :7 implsnls

wnen compJ.red wlrh Ine felere.1ce dose r3le ob-

tained wrfi lhe standard system (Fig 2) The aver'

ase reference dose rile ibr cil paiients using the

fiim dosimetry system was 46 1 ccy^Lr with a stan-

drd deviation ot tfS 
"Cyn" 

The median dose

irre uus Lr 0 cCy4T The rrere-ee mrximum do'e

rxre Jsrns Lhe CATTO sy'rem sxs 59: ccy/hr
qrrh r  +.rrdud de'  :Lion of 19: ccy4r '  The me-

dian value was 5'+ 7 ccy/hr' Dose rate differences

between the groups we€ strtistically significant

,p. O.OSr. f f i  , r t io o'rhc rverxee m&x mum dose

(r le ne:rsured $rrh CrTTO -nd Ihe f i lm do'rmelr)

r u t , . ' n  " t  
f  . ' f  q i r l . J s l $ d r r d d e v r a r i o n o ' 0 5 -

1ie rario ranged frorn 0 i8 to 3 0 A Positive cor-

rel'Iion belween lhe sroup' lvas nored wr$ r co

. in. ,* '  or OS: A'- 'een wirh the bl-dder do"e

.oi", utou", ttt"." -ot 
" 

large variation in the dif-

ference between dose rates calculated wlth these

i"o .vstemt, trolv"u"t ttre magniode of the differ_

ence and variation was somewhat less This is dem-

onsrrcled n rhe scJl 'ererJm p ol  of  lhe mi l- \ imur
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F ig .  J .  Do. .  f x te  k )  ! , ) luo ,e  r i r r  L ! r \ r  t \  T ie  tu r ( l c :n . in t
o !o i r l  lpp l i ! ! r t {  Jnd  rhc  b !Lb  , i1  Lhc  F t iLc r  . r rh . (c .  . t r :
wh i le  Th .  fcn l l  rnd  b  uddr r  , r r r .L r i \  . r .  !o  ( r  

" ! \heL l  
L , r r r

dose rub i  ! :  dc i io .L l  b \  rhe .o l ! f  i r c . r tunr  r :  D , i i .  r .13  r l
. o L o . . o d c \ p d n d c n . :  b :  I \ t . r  . . t r r i ! n  , r  B . . .  i d L l i
! r . c . l  b . .  . !  I  i  . r :  L  :
c :  T I ! i c r l  o . r ' io i , f  R , , . , .  n . i . . t r t l  h r  n i r  . ! , J  rh r
rd .u l  J . \c  \o  unr .  ! l i \ r : i r r ! . ! r  T r .  r t . f r .  , s  . i r ! , r .  r  . . ! l

-\nrtomic LocLrrion of Recrrl
I tax imum Dose Rates on the l -D

The locr t ion of  mx\rnr ! rn rer 'n l  J , , ' .  Lrn l -D .c
construcr ion $. rs  d i f :J t l \  ! fn . f ior  tL ,  rh.  r ! r r !er : r
J ' 1 0 1 . f i .  p c l
p l ln ts  (F ig.  lc) .  \s  in  ihr  ' i r f . r i , rn  na b l rdd. .  r \
posure.  f t is , r rc . i  h . rs . r i f$ ibut i . r  t ron r  I  Joor . . '
and is  nol  sh ie ldcd bt  rhc rur , r . r . .  $ l rh ln rhe rn l
p o ' r ' o , 1 , .  l i . :  q .  

I  l l

d:  l ( . r t ! l  rnJ  h  ; !LL . r  do \e  d i ' r ! ibur i1 ,n \  rb r  r  pdr icn t  rL (h  r
\ l r \ tedJeJ  i l l d i l ( r  Thc  r ro \ r  D . ln i  ro  ih .  loeo t lon  o i  R . " .
lnLj ts,,.,. e: L.(IrLin ,'l m!\ munr Ljor ruies ro th. reclum
.Ln, l  b  ldc f  : . . ! r !e  L r i  rh i  rDp l  c rn r  rb r  rhc  l i  imp lMrs .
l : )e .Lpp L . rn r  rJ  rhc  bu lb , t  thc  Fo l . \  . r r l rc (e f r .e  iho \cd
i \  L le  the  pc l \  d  . t ru lo  L .  l r  L ! \  L l ( - \ r .ep fe \cn t  rhe  loc r

, , ! r  , , i  B  , , ,  . ' N l  R .  . . .

nLLm Jo\e  r i r t c .  i r r l re f .d  l .u  jupenor  ro  the  co lpo-

:  p  - n (  l ' J J  r - '
f runr  . lL ,s .  r .Lr . '  l , )cr reJ j r r t  i l igh l i )  in i ; r ior  to  lhe
. \ord\  Thc l !  r l jn  oa r l re hot  , ipot  wl ls  h ighly
Jcnendcnt  Lrpon Ihe pr l renr ' i  botre l  rnatomv.  rn

| .Lf : i r ! lx r  ro$ !  i : rsc ro rhe r rndcm- rbove the.o l -
p, \ rxrs.  f i .  !nr r . io f  .e ! ! r l  $ , r i l  \a5 locr led (F ig.

l J , .
TL,  \u  mrr i / .  rhe po ' i r ions o l  lhe b ladder ond

. . ' t l : l  rn ! \ inunr  poLnt : j  in  our  e\penence.  a i  rde



r l ized df ! \ ! ing of  pelv ic  anr lo )  { i th  points rep '

resent ing bolh b l iLdder md.ecl3 l  mir r rmum '1o\e

rares obrrined tion C.\TTO was cre.lled (Fig. 3e)

Al l  poinrs on lh is  drr lv ing l l rc  p laced rc l i r t ive ro th- '

\uper ior  sur t rce of  lhe colpost i r ts .

DISCLSSION
r r r ' n l p r "oL  ca  o  F  r ' . - . . r r t e . .  J ( r< -m inc
recr. l l  rnd blddder exposure in landem and oloid
rpDl icar ions tbr c lrc inorn. l  of  lhe ce ' jx ha!e been
rcponed by severaL authors i l l - l5 l  The erdrest
r(empts to use CT scrnning in lhis capnciry l tere
hampered by the in.rbi l (v o del ineate $r!h rccu-
rrcv the bl.ldder and fectrl locrtions relali!e to $e
sources due to sftrk anihct irom lhe melallic
Flercher SuiI  appl ic.r lor.  Thc problem ol af l r l rc l
u  .  . . a . r . \  a o  b .  - r r o  c .  - 1 .  l . ' -  - \  r L  u . r i n c  u i n

dolv sel t lngs. level set l lngs. and contrrst  concen_
rations. The rxi,rl CT images were magniiled and
r h <  i  r i . I n b L l r u n  . l  < J . h  <  < .  \ - .  u p ( n m '
posed. The datir obnined feve.rled signiticrnt dif-
tercnces betlveen lhe dose r.rles es!imaled \tith CT
rssist]rnce and |he dose fi]tcs obtained by uslng o.-
r!ogonxl ndiogr.rPh felercncc points Among Ihe
eight pat ients treated in thxt nudy.. lverage CT

mirxinum dose (o ofthogon.rl lilm dose rltios of l 0
und 1.9 ior (he rectum . lnd bhdder fespccnvely.

Another rFprorch to ov€rcome the problcm of
sl felk eft i ixct  commonly cncounlered wi lh sun-
ddrd Fletchcr-Sui!-Delclos rpPl icr iors is to use i l
CT'compatible d€vice. Yu cI r l .  l l l l  obtained CT
imrges using a plnst ic uppl ic irof  which enabled
b < ( t r I l  r , l i z J t . o r  ' .  . n t e r r o r  r c j t r  . n J  p r l e i t f

b . u J J e r  . i n - . e s  b \  J \  r ' i n j  - f L r I - L  P r  J u r _ i o n
commonlv encountered wi lh slrndafd Fletcher_Suit
.rppl ic.r lo$. This appl icxlor did not hrve blrdder or
r e c l a l  s h i e l d i n g .  W e e k r  c t  i l .  l l r . l l . l S l  d e l c l o p e d
an rcryl ic CT comprr ible version oi  the Flelche.
system rettred lo rs Ihc Ann Afbor applrcrtor '
Tungsten shiclds rvere afrcflorded with the radio-
acr ive joufces Io pro\rdc blxd. lef  rnd reclrL Jhield_
ing The dis.rd\onr.rge of the s!rrem lvos rhe dirTi-
cul tv ol  obtr ini .g proper pl ' t .emen! oi  Ihe colpo-
srrts becruse of I I le i f  lurge size

Schoeppel er.r l .  [ ] l l  como.rre. l  dose .r les ob-

taincd with lhe.\nn Arbor appi ic l lo.  !v i !h rct-cr
ence point dose fr t . \  obt ned $i th onhogon' l  r i_

diogrlphs. Twel lc oul of  l l  prr ients $efe not
e  - l r J D i  o c - J L .  ' p  r :  m  n  l - r " - i - -
ing l0 pat ients *ere studied. Ther_ obluined CT

ma{imum dose !o onhogoni l l  f i lm dos: .at ios of l  l

end 1.6 for thc bladder and fectum- respc.ovelv
f - - q r s I  r e e  ( l -  o  " . r '
( r r e . (  h < . r 1 : j r r  h  .  l '  o .  r  o  - - \ i

et at.: t-D .1J'.""1tt Df Bladli ntul R!.ttl Dores 2i)

mum dosc .rrcs ilere also reponed They noted lhrt
r h - .  c r - q  p o . . o n  n . ' l D l -  . r  n J r i r L r
dose) s.as Iocxted i  :  cm irper io.  to the mid'ovoid
surfrce le\el .  The r!efrge local ion of lhe CT marl
mum dose iof  Ihc .eclum 1las l  5 cm srp€rior to lhe
mid-o'oid surt-ace lev.l.

Ar Duke Uni le|Si lv Uedicir l  Cenler.  i le rnL'
r i r l l ]  a l tempred Io use th. Ann \ fbor appucalor
o ( . n o . J  - D o \ e .  F  . '  e r .  J  (  o  I n (  l (  

- i  r -
dimensions of the device. we $ete . l in ical l l  unable
to oblsin rdequate rnlnragrnal geonletn. place
ment lb. tfertment. Fof this ferson lhc use of Ihis
r r r . , - u  . r - r o , n ( r  t r e p . e :  . , p D l i - -  r i . )
l l luminum CT-compal ible dei icc [16] rvhich has
thc same -geometdc dimensions as lhe standa.d
Fletchef SuitDelclo\  de! ice. VI ini  colportals alc
a!ailable tbr palients !vilh nafiolv vagrnul bnrces
.rnd shieLding is r f tdr loaded sr lh thc cesrum
sources. This hrs the rdvan!r!0 of providing
shielding e\en with dre usc of mini  colposials Us_
ing irx iat  CT imug€s rnd - i -D comPutcr technology
derr i led informul ion fegxrding (hc L!crtron ot
meximum dose fates nnd dose volume htslogrxms
ere ersijy ob ined tbr lhe bladder rnd recrum

This jtudr_ repons the dotimetry on the llrsl l7
implants l l :  pat ients )  e valul led using both Ihe t . l -
di l ionr l  t i lm dosimetry system,lnd lhe C,\TTO
system ul Duke Uni lersi ty } ledicrt  Centcr '  Eigh-
tcen impl. l r r ls fequired f ie use ol  mioi  o!oid\ '  Thc

r,ltio of CATTO mirximum dosc rctes to i(andilrd
systcm retlrence dose ru|cs lvrs 1.0 iof che bhdder

dnd L l  lor lh€ rcctum. Simi lLrr  bbdder fxtr0s were

r lso obse ed by Ling L: i l  und Schoeppel [ ] l l  ln
Ling s sludy lhe lvercge ralio tbr thc re.trl dose
wcs highcr This mlr-  be due. in prn. $ Ihc mehod

used ro selcc! the rec(ci rel-efence point. In .r CT
srudv by Krpp et r l .  l : l  ot '  15 pl t ienls l rerted wrrh

high do\e rr le t i f_ l9l  rouf lcs).  Ihe fcct i l  doses
were simi l  lo lhe Dncs reponed in our srud) ln

Krpp s sludv. C_l m.rximum dose to onhogonal
fijm rxrios ol l..ll rnd Li,'- !'ere reponed tbr the
blrdder rnd recrum. fcspecri !el !  The lv ide range
ol bl . rddef dore rat ios seen in IhrI  wofk compnes
' \ . l l  t r  \  r - (  p ( c  l i .  c k : q - r c J  , l  : i  i ' i J

o CT lnalvs is  of  l j  pat i , rnts  to r tndy lhe i l fe ' I  o i

rungsten \h i . lds on Ihe h igh .Lose afers o i  bhdder

rnd rccrLIn.  The!  l i rund rhat  rhe shi . lds have l i r t le

ef i tc t  on the b l . rdde.  h igh doses because the hrgh

d  ( '  -  |  i . .  u p  , " .  o \ o l  
- ' . r s r "

wi !h our  crp.nence.  The.v tbund th. r t  f te  rec! ] I  h igh

dosc re! ion occurred in tenor  Io the o!o ids in  3 out

u  t p -  , . 1 r '  r ' i l - D . r  ,  i ,  o r r  . . i ( . .

rhe fect r l  mur imum dose wrs belo\ t  lhe ovords

tree Fig.  ld  ) .
\ . .  o ,  r ' d .  p r .  .  r h  r  ' h (  I C P r  e c  r -
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mended calculadon poinls usually do nor represenr
the !tue point ofmaximum dose. In all parients who
had nondistended btadders and good applicaror ge-
omerq l i .c. .  cndem. nor -nrc\erteol .  mrximum
bladder dose fates were located approximately
0 |  jm 

"uperio- o 'hc co.ponrr.  Jnd jL. l  Jnrenor
ro rhe rrndem. I t  i .  in thi .  "rer thrr  rnere is con-
vefgence of dose trom both the colpostat sources
which ar€ unshielded in that direcrion and rhe tan-
dem sources. In those patien!s who had Mtevefted
Endems or distended bladde|S, rhe ma\imum dose
fate occurred lurther supedorly on rhe bladder sur,
face. k is also in these patients thar ihere is a larse
rrer ot b. ioderc\po5cd _o ooLe rJres close ro ma\t-
mum directlv above the tandem. Approximately
one haiiol the rectal maximum points were localed
near the fefercnce point recorn'nended by ICRU
No. 38. The proxjmily of the rectum aDd nnoem
supedor io rhe ovoids. which cannot be determrned
wirh rhe jtlndro do.imelr.v tysrem. !!ts J msjor
lactor in derermining rhe orea and location of rhe
maxlmum rechi dose mte. The ldrge variabiliry in
the locarion of maximum dose rates fbr both lhe
bladder tnd rectun noted in our study is similar to
lha! reponed by orhers l:.:4,:51.

The maximum bLlldder tnd./or rectal dose rates
noted wilh CAITO were higher lhan tiose consid-
ered acceprabLe. Despire the lendency ro adjusi
treatroenl time, source sEengths. or applicator po-
sition based on rhe rcsuhs ibund with CATTO, it
was the depanrn€nt policy to use lhe staidard film
dosimetry svsrem data alone when making lreat-
menr decisions. In our experiedce, CT imaging has
allowed us to evrluate the limiladons of ICRU
poinrg. rcc[ i ] l  .ubei.  Jnd rec!31 conrrrst  .ocxl lz ldon.
To make d transirion iiom film-based dosimetry,
more dara on conelalion of dose with complica-
tions will be needed. Becluse complications are
probably relared ro lhe m,lximum dose rare and th€
volume exposed. dose volume hislogram anaiysis
will corribute to delermining rhe rrue bladder and
recral  rudiJ on tol<r1n(e Frorr th< conphcxrion
data rcported in rhe lilerillure, ir appeafs from our
work that rhe bladder and rectum can tolerale a
higher dose rhan traditiooally rhoughr. Thus tar,
one complicalion has occurred in lhis group of pa-
tients: a nonheeling recral ulcer. In lhis patient the
averase Poinr A dose rate was 68.0 ccy/hr.
CATTO neasured R-," to be 112 ccyru while 79
ccy,4lr was obrajned wirh fte standard system- This
patient received l-l-10 ccy wirh extemal b€am ra,
d:ar ion rhertDy. The.o'rr  mx\ 'num recul poir l
dose (exremal plus brachytherapi,) was 8.722 ccy
and 11,185 ccy calculated wif i  rhe f i tm and
CATTO dosimerry. fespectiveiy. This patienr also

had a Iarge arca of the anterior surface of hq rec-
tum exposed ro a high dose rate (Fig.3d).  The
relarive significance ofhot,spor dose vs. volume of
tissue at some lesser bu! still high dose is unclear at
this time.

We are currendy in the earlv srages of apply-
ing 3-D compurer technology ro determine more
accurately lhe bllrdder and reclal dose from bmchy-
$erapy applications. With additional patienr ac-
crual and tbllow-Ltp, a betrer undersranding of lhe
cofielation benveen dose. volume. and compljca-
tions will be possibie. The use of this information
in ciinical practice mav result in a dectease in lhe
complicatjon mres. Changes in dose prescriprions
or fie combination of extemal beam tu1d brachy-
therapy mus! be made cautiouslv. Siandard rherapv
for carcihoma of the cenix is well lested ano rb
efficilcv should not be compromised.

R.EFERENCES

I ICRIj Repofl \o. lP D .e Jnd o.ume specrficlrion
tor  t€por t ing inMcuvi r ! ry  rher ipv in  oncolog) , .
Bethesda. llaraland: Inremcrionat Commission on R!"
diation Unns ind llelsurcments. March, I, 1985.

L Klpp KS. Sruecklschlv€iger cF. Klpp DS. Hackl AC.
Dosimedf ol inftacrlirary pllccnenrs tbr ut€rine and
ceflrcai coJcinoma R.sults ol ofthogonal nh, TLD.
r.d CT-JSrjreo relhnr.tuer. Rrdiorner Oncol 1992::r
1 i7- l ]6

J. B-chier DA. Kline JC. Peckhm B\1. Ellis F. Tbc.e-
Larionship of ;!-SD ro €ac(ions lnd complicldons fol-
lowiog treornen! rbr d lignant.ericnl ncoplasms. Ra-
dioloey l97l:l 101687-690.

.r. Cunninghum DE, S4!ker JA. velklc:/ DE. Chung CK.
Rourin€ clinicrl esrimerion of .ecral. Ectosi8moidal.
Jnd bhdd* l.rer lrar .nunqrw brJ.h)Lherapy rn
the reltnen( ol ccrcinoma of lhe cenii. Int J Radiut
Oncol  Bio l  Phls l9S l r l r6Si-660.

5. Lee K. Klgon AR. NLrssbaLrn H. wollin y. winley
JH. Nonn,rn ,\. Andysir ol dose. dose-rnte. ed trea!-
nenr (ime in lhc production of injuries by radiun in the
t.eatmenr oflrncer of rhe uredne ceaix. B.ir J Rndiol
1976i-19:.ri0-!r0

6.  \ lonr-n.  C<.  Fo+ c lvc C rcrnom, o i  rne ced, \ .
Andlysis of bhdd* and re.rll ..didiiod dose od com-
pl icr r io !s .  In t . l  Rld iu(  Oncol  Bio l  Phys 1989:16,95-
100.

7. Esche BA. Crook !lJ. Honot JC Dosimeric derhods
in rhe oprimizcrion ofrudiorhercpy lor.ucinoma of the
utenne ceryix lii J Rrdilt Oncol Biol Phys 198?i13:
r l3l-u9:.

3. Onon CC. wolf-Roseblun S. Dose dependence oi
conplicltion r.'es 'n cefl1x crnce. ndioderapy. Int J
Rrdiat On.ol Biol Phys l986ill:i?-.1-{.

9. Perez CA, B€cux 5. Bedwinek IiU, Madoc Jones H,
Cdnel HNL Purdy IA. w.lz BJ. Rrdidlion fierapy
alode in th. tre.rmenr ot cecinona of fte ute.ine ceF



C!6<f,$ ei nt.: l,D Asss:r', nl Dl bt'[ne, 
"n|XedarDoset 

2]5

(k: 1l Ad vL oacomaiiillbd. Cuce! tq&!::-4:
235,116.

10. Pouquier H. Dubois JB, Deled R. Carcer of rre urer_
'ne cervix: Doemeric guidetires for prevenion oflare
recral ,rnd recrosigmoid conpticarions as a resutr of
Fdiorhenpeutic rre.rnenr Inr J Radiat Oncot Biot
Phys I98: :3:1387-1395.

I l. Pourq'r'er H, Delard R. Achilte E, Daty NJ, Ho.ior JC.
Keiling R, Pigneux J, Rozan R. Schraub S, Vrousos C.
A qulnriiled approach ro rhe inaiysk lnd prevenrion oi
u.ind complicrrions in radio$eraplric rreamenr of
canc*of  $ece. ' ix .  InrJRcdiarOncolBiotphys 1987i
13:10?5-1013.

ll. Yu WS,s!_qeman Rll. Chung CT. King cA. Dalal PS.
Busano DA. Ames TE. Anaromicul leladonships in
intncavitary ircdiarion demonsEated by computed to-
nography. Rrdioloel 198::l.r3ri37-5.11.

13. weeks KJ. Schoeppel SL. Pruss K. Hopkjns M, Pe€z-
Trmayo C. A compured tornognphy compltible after-
ioading Fle!cheLSuir-Delclos colposrlr with odjusnble
shielding. Endocunerhenpv/H!penhe|mia Oncology
1989i :169-174.

14. Schoeppel SL. Fnss BA. HopKns MP. Lrvigne jvIL.
Lichre. AS. llcshln DL. NotTsinger vlSN, P€r€r.
Tanavo C. Robefls IA. A CT-compadble le.sion of rhe
FLetcher sysien inuacilirary lPplic or Clinjcd appli
cation lnd 3-dincl]sional fterment plannjng. Inr J R!-
d ia!  Obcol  Bio l  Phys l989r l7r1 l0-1-1109

15. weeks KJ. Monrana CS. Benrel. cC. Dcsign ofa ptas"
uc mjnicolposror uppliclltor wirh shields. Int J Radilt
Oncol  Bio l  Phys l99l i l l  1045-105: .

16. weeks KJ, Monnna Cs. A 3-D Appliclror system for
clfcrnom! ofrhe urerinc cervix. Int J Rldilr OncolBiot
Phys 1997r37r+55--16:.

17. Tod MC. lleredirh wJ. A dosage sysrcm for use h the
reuthenr oi cancer of rhe uterine cenir. Brit J R!di-
o log,  19j8r l  I  1309.

u,. aqd u!:, VqisSq1s \{!. Asnffi\ rl, arn-, ri .hn
ceprx uren. A .elised M&chester Merhod. Brir J Ra-
diology )95]t6::i2.

19. weeks KJ. Brachyfterapy object o.ienred rreamenr
planrln-q brsed on tuee dimensionll im.ge guidance.
ln: Thomadsen B. edno.. Crregoricrl Cowse in Bach)'.-
herapy Physics. Olk Brcok,lllinoisr Rrdiolo-qical So
ciery of Nonh Amenca (RSNA)i 1997. p 79-80.

10. weeks Kr. Denneii JC. Dose calculrrion rnd mcAure-
nenrs ibr a CT comparible ve6ion of Lhe Flercher
appliclror. Inr J Rrdirr Oncol Biol Phys 1990; l8: I l9 I
1 t 9 8 .

I L Pilepich Mv. P.csod S, Nhdoc-Jones H. Bedein€k .tM.
Effect oi bhdder distension on dosinedy in gynecho-
logic l t  jmplanrs-  Radio logy 1981i1.10:516-518.

2:. Sewchand w. P.empree T, PaBnaphe v, lvhidey NO.
Heidtman B. Scotr Pll. value oi multi-pland CT im-
ages in inreracrive dosimeq planning ol in$acavitary
therapy Int J Radilr Oncol Biol Phys l982rSrl95-301.

13. LinS CC. Schell MC, working, KR. Jentzsch I. Hr-
.isiadi! L, Cdlbell S. Roge$ CR. CT-alsis€d Jssess-
menr of bbdder and recrun dose in gynecoiogicil
impllnts. Inr J Radiar Oncol Biol Phtrs l987il:r1577-
158: .

:4. Schocpp€l SL. LrvigDe !tL. Minel:vlK. Mcshu DL.
Fra$s BA, Robefts JA. Three-dinensional treaF
ment planning of intncavi$4r' gynecologic implcnls:
\nalvsis oi ren :1ses d .rnp.rclfirns lor dose sp€ir
ication. Int J Rrdint Oncol Biol Phys 1994i:3rt77-
:3 i .

:5 Ste_jgerdr !lJ. yooien Lt4F. Ddrnen L\lF. Lebclque
,v .\n rnJll5rs of de erfecr oi ovoid shields rn r
Selec(ron-LDR :eF rcr. "pplicrror on ooie disaiburions
in lectum und bladd.r. Inr J Radia( Oncol Biol Ph)rs
t997:39:231-:45.


