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CT Analysis of Mucosal Surface Dose in
Intraluminal Irradiation for Esophageal Cancer

Masashi Nozue, Tetsuo Nishimura
and Masao Kaneko

[Purpose]Balloon applicators are generally used in intra-
luminal irradiation for esophageal cancer. CT exhibits a
distortion of the applicator during treatment. Because little
attention has been paid to dose non-uniformity in the esoph-
ageal mucosa, we analyzed mucosal surface dose using CT.
[Materials and Methods]Eleven patients with esophageal
cancer treated with a double-lumen balloon applicator (balloon
length: 15cm, diameter: 20mm) were evaluated. Reference
dose was prescribed at Smm under the mucosal surface.
Mucosal surface points were determined from CT images,
and relative surface dose to reference dose was calculated.
Hot and cold spots were defined respectively, as dose points
receiving at least 200% and less than 100% of the reference
dose.

[Results] The mean mucosal dose ranged from 138% to 174
%. Mucosal dose was distributed widely from 100% to 199
% in 94% of all patients. Hot and cold spots accounted for
5.3% and 0.7% of mucosal dose points, respectively.
[Conclusion] 1)CT analysis exhibited the inhomogeneity
of esophageal mucosal dose in intraluminal irradiation. 2)
At present, it is acceptable to prescribe the reference dose
at Smm under the esophageal surface. 3) Balloon applica-
tors should be improved to achieve dose uniformity in the
esophageal mucosa.

Research Code No. : 605.3

Key words : Esophageal cancer, Brachytherapy, Dose

evaluation, CT

Received Aug. 28, 1998, revision accepted Oct. 26, 1998
Department of Radiology, Hamamatsu University School of Medicine

NIPPON ACTA RADIOLOGICA 1999 ; 59 : 20-26

F U &I

BN EHCH D LT HHEIXINE TIZ
ZAHABNLY FOMMIE, SAHEGFHARL < fnE P
EHEHEOHRAMELZE L7 LTHBEIZZ (O Es
%$T*%&¥1%ﬂébbf%é A PE I IR T

L& & AN TEMURICBE 22520, 55
ﬂéﬁﬁﬁizzﬁ}'fﬁ» FEAN TSR 2 L TG & 2
B, B THA IR 5 G)EF'#“IH_ K& CHRIEL, #aa
LIRS IEE R L 25, ABIIYT AR E I —
T Ao, HiEE ru_cﬂfu BB fR 2 e B X< S
LS CEAZITHEE T BT Z e EE R B,

BUERATE T3 fLE R IEN S O 7O IO T 7 ) 7
—FBMHE I ENTWEY, ZOT7 ) r—%I13°%E
NI — R E Lo TEY, B OV — 2K (EE R
& —H b E 2 5)HEEE B —EIR LS, &
EEENOBMENR Y /NS TEDICHLEEN I E 212
BoHEEbILATED,

L Ladhs nE TORENBSTEAAV—7T )7
— & OHAEIZ L7z - THGREFM S 2 w3 A 7251 T, Y
W= T 7N —7Okgs AR EEROHEIZOWTIE

HEWYE SN TP o7z, —JiComputed Tomography

(CTUET 7 o — % & 5 PRIRER O BUT; % ikl BE D 22 18 53 1#%
RECHETE 5. EEOFRIZBVWTNV - DL &)

WEMEIC 2T ETTHY, T NHEMEEIEETERE Ol
ICREGEEPHS AL EELOND, FITHEFEOIEN
Hi’-lﬁfﬁﬁ FFBNZDWTCT A - THIF L Al AL, &

TR S LIIT 2 1T o 72O THS ¥+ 2.

MHBLVOHE

19924 7 A A 519974E 9 F F TOMRM I LFH T liep B4t
AT NI fEHRESSH 3 D 19874F UICCHH'9 |2 X A Tis-
INOMOD Fr M3 A B HE 12 15BI Th -7, 20 LER
20mmD /SN — 2T 7 =% 2 EH LCTHasE Th iz
1 ZExrGE Lz, BB CERIZS4~80 THo 7.
FEHEHLD TN FAR I & B BB D JSAEIZIm AT 6 i & %

”’i’\l sk 45 59 jd?* ﬁ"l i



LiEN

Table 1 Patient characteristics

HGE 2 4 21

R L 728358 1L F 9~ #' Nucletronft#micro-

‘ Selectron-HDR T 4. JH#EHHH] B USRI E T8 L 3 ik
FHEZEEPLATOIZ L o 72, 777 & — # &Lz

Case Age Tumor site T stage Treatment length
(years) (mm)

1 80 Im T2 60
2 56 Im T2 80
3 72 Im T2 80
4 61 Im T1 55
5 65 Ei T2 75
6 56 lu T 70
7 58 Im Tis 65
8 57 Im T1 70
9 54 lu T2 70

10 77 Ei T 110

1 70 lu T2 60

Vo= AME0mMmD 7 1) T— F AT 4 v 2B
KA M O — 27 7)) & — & (MSTI 8 P a8
SHRT 77— )% L0489 (Rig 1),
CTH ENENOBEITE | 0§ 2N RS E
BlATolz, NN—=2T ) -4 ZiFA - WER S
EFOWRETA ML v F v —2TCTEIZHHE LR
L7z, A7 4 AEIZ1.0mmZ Vv L1.5mm, A5 A1 A
M I0mm TR L7 1 Fl# R & Tmm & L7,

lu: upper intrathoracic: Im: middle intrathoracic; Ei: lower intrathoracic.

S

ﬂ 65 cm
*ﬁﬂ.- l.h

15cm
Fig.1 Balloon applicator (MS type)used in this study.

A: 20mm diameter applicator, B: a close-up picture of the tip of applicator

(four inner balloons are visible with coloring material).

ZLRATTH o7z, BEFEREREIT2 6Bl RLED
o7z, FENIESTOEBEREIESSmmA 5 110mmiZ 7o T
7z. THERITIZ44 Gy/22[0l/4.438, T2HERITIZ60 Gy/300@/
6 DA ES AER IS e - TiTh Tl Y, EPIRS)
LI P BE R LT AL 85 52 CEBH LIS L TV 72 (Table
1).

(arrow).

FRE 1141 H 25 H

Fig.2 Dose calcula-
tion points at the mu-
cosal surface of
esophagus indicated  (Rig 4), 12 & A L OFEFITHIIZ1002° 5 199D T
as black dots.

A: aorta, B: trachea,
C: vertebral body, D:
contrast medium in
i the outer balloon, E:
water in the inner
balloon, F: shaft of
balloon applicator, G:
lumen of the shaft

FOERERTE OMERRTE L, BN CoThRuR
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(Fig.2). CTTRIE L7 R UM R 2 PLATO
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At A I L7,

EBEOWEHIEIEM 2 F M OHERX MG E FHVCaE
W L7z, IEHEEZEXHEET, BHREhRTo/ -

7T TN = 8 OEED 4 % TR e R i P
&L, WEFMLERET SmmIZFE L7z, $4b
t)jffki'ﬁqﬁlﬁ'hiﬂ'#i‘izﬁﬂf%ﬂ Smm%E R 72 % O & i

Sim Al ERE & L7, SRS iR 2T o
‘leiTI’J o EMBE L7z, MRl AT 2 BIR o0 7 B A )
HIANZ G #E AR b 7 - THEUESE L dose point
optimization method® (2 & 0 @ LEHA 21T - 72, #
ISR SR PR L o LI L2 1 Omm‘f’i’fﬁ'ﬁﬂlﬁﬁ‘m

L, ﬁxl@fLu‘f%‘i Lo THER R AT B 12 2 5 2w

2 L7 (Fig.3).

ﬁ"" HETl A OB 100 & L7235 o s R i o #5 ft
FHHEONEEER L, ChaiRRmEEs Lz, F
72 BT ST R O Rl % cold spot, RFAMARR O 2 £
LU o &8 % hot spot & €35 L AT L 7=,

wm R

L1 D FEIE SR OFLERT T O 8364 ~120 (o
E80) Tdh - 7=, MR E DR AMATIOLLTF T
Ho72b DN 4H, 2000 EASTHITH 7. Ml
(FZOOLLFAT 2 4, fthed 9 Hlid101 ~ 128D 12 & F
7z, thodiliik141~166, FHMEIZ138~174ThH -
72 (Table 2).
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Table 2 Relative mucosal surface dose to reference dose at 5 mm under the mucosa

Case Number of Maximum  Minimum  Median mean S.D.
No. calculation point dose dose dose dose
1 64 220 128 158 159 19.2 |
2 88 169 109 141 138 14.7
3 88 202 97 143 145 241
5 64 239 12 150 155 29.0
6 80 338 111 166 174 44.2
7 2 190 113 149 148 18.6
8 80 248 118 159 164 244
9 80 240 110 158 157 246
10 120 172 101 142 142 13.9 |
11 72 270 85 151 155 35.0
Reference dose point: at 5 mm under the mucosal surface
Fig.3 Treatment planning o 100 - —— case 1
method. € — - case 2
A: dummy source, B: inner =3 - - cased
balloon (lucent with water), c —— case 4
C: outer balloon (visible with 2 —— case5
contrast medium), D: cath- = —— case 6
eter tip, E: target area, F: di- % 50 N gg:g g
ameter of balloon applicator, o | — 9
G: reference dose points, H: § - gggg 10
dwell positions set 1 cm © case 11
beyond target area. E e
o
72 (Fig.5). Uk Lhot spot ik L7z b i 7 fild 6o 100 50 a0 Lo =0 200
N Relative mucosal surface dose to reference dose point
D, COHNI0%EHAIbDIE 2657 116D

="
i St

BT
spotid5.3% & 74 1),

ZHEAF L TA A Ecold spotid0.7% - hot
K22 D94% 12100~ 199 DL

Fig.4 Dose-point(%)histogram. Reference dose points were set at 5mm

under the mucosal surface. The value of dose calculating points relative
to reference points is considered to represent the dose of mucosal sur-

mEAHICE IR T face.
Fig.6121 lmla)mﬁﬁpﬂ)k(}hot spot, cold spot D %E
AL A 7R L 72, hot spotidTu» S Im D KENRS 2073 case 1 T S O
FEEX L HET AEWOL L ImD SEUIAT TOLRIC zzzzg | e —
P BEMLD 2 DO EE S 2. —Ficold spot case 4 ————
ZR L7SEMIE 90 Tdh - 7255, hot spot?ifi { T case 5 I s i E————
B SN2, hotspork AR L2 T SEBID S B2 ORI oS ————
BVDEH o 75EB 6 U1 OCTE %77 (Fig.7). e ————————E |
I 7zcold spot & iR L 724EH] 3 U1 DCTR % /R case 9 e e e e e S S
(Fig.8). Hill fmlﬂﬁ"ﬁ?ﬁﬁ)iibﬁ VR I AL GHEEI0 S——
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—YDERL STV e gl‘ trrbutu:;nd::(l)f/r‘:'lucosal 2E:rf/aue dosgo 0 .
relative mmm 200- Emm 150-199 =3 100-149 C—-99
% - dose (hot spot) (cold spot)
Fig.5 Ratio of hot/cold points is shown, when reference points are set at
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5mm under the mucosal surface. Dose 99 or less (defined as cold spot)
are found in case 3 and 11. Dose: 200 and more (defined as hot spots)are
found in case 1, 3, 5, 6, 8, 9 and 11.
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Fig.6 Treatment portion and location of hot and cold points.
Double open circle and black star indicate hot and cold spots,
respectively. Open square bars indicate treatment portion in each
patient.
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Fig.7 Examples of hot spot, caused by the compression of the aortic
arch and the left main bronchus.

Left: case 11, mucosal dose at 90 degree point is 270% relative to refer-
ence dose (arrow) .

Right: case 6, mucosal dose at 0 degree point is 338% relative to refer-
ence dose (arrow) .

Fig.8 E_xample of cold spot, caused by the shift of inner balloon and
unusual stretching of outer balloon.

Left: case 3, mucosal dose at 135 degree point is 97% relative to refer-
ence dose (arrow).

Right: case 11, mucosal dose at 135 degree point is 85% relative to ref-
erence dose (arrow).

WL THAHEAERIIES AT OV - T T 7
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DIEH D & Ehot spotld MGG IZ BT B IERIBHOLE
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Reference dose point: on the mucosal surface
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Fig.9 Dose-point(%)histogram. Reference dose points were set on the
mucosal surface. The value of dose calculating points relative to refer-
ence points is considered to represent the dose of mucosal surface.

W5 Z &Aoo 72 (Fig9, 10). 2F D HBETF Smmic
WA % B 5E L TR TR AR D o
DHE SN, ZOBHE—EIChot spothi LB &

24

case 1 e S e o o e e B R |
case 2 e A ]
case 3 N e e o |
case 4 T T B B e T e
case 5 5 A A P T |
case 6 P G s P e e e ||
case 7 1 e e |
case 8 T s st e e e e e e e e
case 9 P i e S el

case 10 i

case 11 . : : e ——

0% 20% 40% 60% 80% 100%
Digtribution of mucosal surface dose
relative: mmm 200- mm 150-199 @==m 100-149 —=3-99
dose (hot spot) (cold spot)

Fig.10 Ratio of hot/cold points is shown, when reference points are set
on the mucosal surface. Dose 99 or less (defined as cold spot)are found
in all cases. Dose 200 or more (defined as hot spots)is found in case 6.
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Table 3 Factors causing unequal distance from the source to the mu-
cosal surface of the esophagus un intraluminal irradiation using balloon

flu2 % 25

BEDYRRE 2 &) Y TR TR EIE B LE
Z Bz, & & lZhot spot & cold spotS[i] LCTIHTIH %

applicator
_ LARZOEHTHRESNSZ LI V—2T 7
| patient factor ST -
(1) compression by surrouding organs TS HRECEATVRIEERDL TV,

I aoricarc AEDIDNAIR & L2 Tis-2 T
o e oo, SN ORI B
4. main bronchus DAEBNEAIZS (U7 <, FoCTHE S USFRHE R &
5. heart MR T 2 w’ OAENETIBC X % Bt
6. vertebral body

(2) bending of esophagus
(3) physiological movement

—

. swallowing
2. peristalsis
3. cardio-vascular beat

IZfHFE o7, LA LEMEIIRSATIEIVE b o0
BAT @ — 7 7)) r — 5 ORIE A & ORI FE T
HOFREEEDSRGHRTEEEZEIONE. bh
b TS OMPE SR UERE S ik L 72 b

Il applicator factor
(1) easy to be distorted

(2) uncertain centering

N =

. bending of shaft

1. softness of outer ballon
2. stretching of outer balloon

setetching of inner balloon
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