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=Abstract=

Evaluation of Conotruncal Anomalies by Electron Beam Tomography

Byoung Wook Choi, M.D.*, Young Hwan Park, M.D ** Byung In Chot, M.D.¥,
Jae Young Chol, MDD M Jung Kim, M.D.*, Seok Jong Ryu, M.D.*, Jong Kyun Lee, M.D.*¥*,
Jun Hee Sul, M.D.##% Sung Kyu Lee. M.D.**% Yoo Seon Hong, M.D.**,
Bum Kog Cho, M.D.** Kyu Ok Choe. M.D.*

Background: To evaluate the diagnostic accuracy of EBT(Electron Beam Tomography) in the
diagnosis of conotruncal anomaly and to determine whether it can be used as a substitute
for cardiac angiography. Material and Method: 20 patients(1!M & 9F) with TOF(n=7,
pulmonary atresia 23, DORV(n=7), complete TGV(n=4), & corrected TGV(n=2) were
included. The age ranged from 7 days to 26 years{median 60 days). We analyzed the
sequential chamber localization, the main surgical concerd in each disease category(PA size,
LVED volume and coronary artery patiern for TOF & pulmonary atresia, the LV mass,
LYOT obstruction, coronary artery pattern for complete TGV, and type of VSD and TV-PV
distance for DORY, etc) and other associated anomalies(e.g., VSD, arch anomalies, tracheal
stenosis, etc). Those were compared with the results of echocardiography(n=19), angiography
(n=9), and surgery(n=11). The interval between EBT and echocardiography/angiography was
within 20 / 11 days, respectively except for an angiography in a patient with corrected TGV
{48 days). Result: EBT correcily diagnosed the basic components of conotruncal anomalies
in all subjects, compared to echocardiography, angiography or surgery. These included the
presence, type, and size of VSD(n=20), pulmonic/LV outflow tract stenosis(n=15/2), relation
of great arteries and the pattern of the proximal epicardial coronary arteries(lé out of 20).
EBT proved to be accurate in quantitation of the intrapericardial and hilar pulmonary arterial
dimension and showed high correlation and no difference compared with echocardiography,
angiography, or surgery(p>0.05) except for left pulmonary arterial & ascending arterial
dimension by echocardiography. LVED volume in seven TOF(no difference: p>0.05 & high
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correlation: r=0.996 with echocardiography), and LV mass in 4 complete TGV were
obtained. Additionally, EBT enabled the diagnosis of subglottic wacheal stenosis and tracheal
bronchus in 1 respectively. Some peripheral PA stenosis were unot detected by
echocardiography, while echocardiography appeared to be slightly more accurate than EBT in
detecting ASD or PDA. Cenclusion: EBT can be a non-invasive and accurate modality for
the evaluation of most anatomical alteration including peripheral PS or interruption in
patients with conotruncal anomalies. Combined with echocardiography, EBT study provides
sufficient information for the palliative or total repair of anomalies.

(Korean Thorac Cardiovasc Surg 2000;33:290-300)
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Conon'uncal anomaly S

;_for diagnosis .

radlologlcal observation in each category of conotruncal maiformatlon

e E:for main- *aurglcal conccm,

Tetralogy of Fallot malalignment VSD

infundibular stenosis

overriding of aorta RV hypertrophy

Complete TGV
{arterial switch op.)

VA discordance

Correcied TGV AV discordance

VA discordance

DORV Heicrogenous

PA development
LV EDV
COTOnAry artery pattern

LV mass
coronary artery pattern
LYOT obstruciton

(conduction tissue)

relation of VSD&GAs
TV-PA separation

VSD; ventricular septal defect, PA; Pulmonary artery, LV, left ventricle, EDV; end diastolic volume, TGV; transposition of

great vessels, LVOT; left ventricular outflow tract, AV, atrioventricular,

YA; ventriculoarterial, DORYV; donble outlet of

right ventricle, GA; great artery, TV-PA; tricuspid valve-pulmonary artery
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Table 2. The Recegniton of Coronary Artery Pattern

| L EBT  Bchocardiography — Cath. .
TOF 3/5 0/3 202
PA/cVSD 1/2 02 1/1
DORYV 717 0/6 4f4
TGV, complete” 34 0/4 0/0
TGV, corrected 272 L1z 272

The number means the number defected / the number
studied All patients revealed the usual or the most cemmon
pattern of coronary artery branching

*; 1 case, coronary artery could not be evaluated{diastolic
phase film only), EBT. Electron Beam Tomogrphy, TOF,
Tetralogy of Fallot, PA; Pulmonary atresia, VSD; Ventricular
scptal defect, DORV, Double outlet right veutricle, TGV;
Transposition of great vessel,

Table 3. LV end-diastolic volume and V' ena-diastolic wall
thickness In 5 cases of TOF

Case | I"f. ‘_‘ AR T 2 3 4 5
LVEDV EBT IB1 80 60 171 154
(em™ Echo™ 180 85 30 184 -

RVYED W Th. EBT 30 2.6 3.1 3.0 2.5
(mm) Echo™ 4.4 4 - - -

LVEDV; Left ventricle cnd-diastolic volume, RVED W Th.:
Right ventricle end-diastolic wall thickness, *; In 1 case,
LYEDV was not evaluated by Echo**: In 3 case, RVED

wall thickness was nol evaluated by Echo.
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Fig. 1. Axal EBT scans of a 7-day-old patient with complate
transposiion  of  greal  wvessels  show  antenor—posterior
relationship of great arienes with the aorta posiicned anterior
to the pulmonary artery {a) and an atnal septal defect at the
secundurn area (arrow) {b). A' aorta. Pr pulmaonary arery
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Table 4. Companson of EBT, Echo and Cath. in 7 cases of
DORV

ViE T EBTGeD Echoe6) Cannd).
Subpulmonic 5 4 3
VSD Subaortic 1 1
Double committed 1 1
S Infundibular 4 2 2
Valvular 4 3 2

Relationship of great arteries

Anterior-Posterior 4 3 2
Side-by-side 3 3 2
Peripheral PS 1/1 /1 111

LVED wall thickness(mm) 2~4

VSD,; ventricular septal defect, PS; pulmonic stenosis, LVED;
Lt. Veniricle end-diastolic
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Fig. 2. Axal EBT scans cof a 17-year-old pabent wih
corrected transposition of great vessels show the aorta
posticnad  anterior-left 1o the pulmonary arefy (2) and a
permembranous  ventricular septal defect {arrow i bl A:
aorta, P. pulmonary artery
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Table 5. The correlation coefiictent and p-value between modalities n measunng the size of greal arteres

MPA RPA, - LPA ... Ado-. . DAo :
EBT-Echo {am” (an’ {10y’ (an’ (7

J985/.000 865/.000 932/.000 977/.000 .888/.008
EBT-Cath 3" @ 3" N 3"

9717154 995/.005 093/ 473 .866/.333
EBT-Surgery &N " (23" &N O

998/ 036 1.000/.000 9457212

" The numhers in pa:enihesis are numbers of cases, MPA; main pulmonary artery, RPA; right pulmonary artery at hilar

level, LPA, lefl pulmonary ariery ai hnlar level, AAo; Ascending aorta, DAo; Descending aorta at the level of diaphragm

Fig. 3. reconstruction Ymage in a

Three-dimensional
26-year-old patlent with correcled  transposiion  of  great
vassels shows the aorta arsing from the morphotlegic nght
ventricle thal shows charactensiic coarse trabeculation and

the pulmonary artery ansing from  the momphologic  left
ventricle  that shows antenor  supengr recess due 10
mismathed flow drection belween antenor laft ventncular
outflow tract and the posterar-located pulmonary artery. Al

aorta, P: pumonary arlery, LV lefl veningle, BY-. ngit
ventncle
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Fig. 4. Axal EBT scans of a 1-~year-old pablent with
tetralogy of Faflot show patent ductus artenosus (white
arravw i &) supplying the pulmonary artery underneath
the aomc arch ta). pulmonary valvular stenosis (white
arrow in b)., and the hypoplastic left ventricle with a
subaortic ventnicular septal defect (black arrow n © (o)
The end-diastolic volume of left ventricle measured 10.8
cm®. A aorta, P: pulmanary artery, R: nght ventnecle, L:
left ventricle
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Fig. 5. Axiaf EBT scans of a 4-motnth-old patient with double—oulial nght ventricle show combined cearciahon of aorta (a b)),
patent ductus artenosus (smail white arrow in 0} supplving the descending aorta distal o the coartaled segment llarge white
arrow i b, pulmonary arteral diatation (o) and a subpulmonary veninclular sepial defect (black arrow in d). A aorta, P
puimeanary artery, B: right vantricle, L left ventricle

T FEs] SR pdio] veln Blold 4 cloln ey, WA 9o AR 27 BEs) XA 9e B
GUus) 27 2AA e BRI AR SSYAEAS Aoje]  SAT e el A% AREme A HAH oF,
52 ABASE HeEhlfov, Azgavt BB £3An FHAE 2F, FA4 of T O 49 44T &
oz 24 S4%E AP0 YT, ok eaq F 5 9%
A Piel A9Y R S e AR, 5449 EBT 4 357k 7] Bl dzgoiel viste] 22
PHAA Aoje 34 RS Aole) g WA ek 2 A NS Yol wlelx] gL £ Ho] e
Ao R Ezgulols A7) A7} Fre)n® pRTY 2 2 ol o]l Fela: AzodEE Sx Hu
o Ags] Gl Ao #g" Ade wH8 2 gow A 3& WS wAsh], 499 AL wAsa] B4 4
EBTo|4 e 2gAR x4=e W4 @275 A 574 A5z wak gBre] We 94 wel S Ze) o)
She Uk AE kel e AF 9 o) 23Ee] E3lk E Blalock-Taussig THF2] 7@ o 82 4 @ 3= 97, &
= ol WS A 4 gt A wH Fo 24 AT Fol vz oG8 uka] el
Hoigee] ojngol F4 gon® pray 8 29% ok
W SAAI) AL £ Yt BRI dRES 2 5 AAENS PARRE Yol s BBI7} AR gl
B8] Aol ol A4 W % EAeAw ey oF FUSCh EBTA A3 BAEY EAEAHE 2049 F

- 297 -



B

ERTE o|&st &F7+ A" Hot

168 M Beld ¢ 9 m, U= 4¢ T 247 A £
o3 3mm BRY SAE A e FEEA gghcl ®

la
!
3
ik
X,

-
D 29 Aol An AVA A B A

220] Wity whEo A AL sl o) dAE
W B Fer} g e BgAow ke Ao
A F A F48

Fobe} FA44e] §les 89 14
2 1mm AH F9& %“-ﬂi

2 25 Axewe & il
2 37 4 5 ZﬂL" L S 2 ]

EBTY %2 4 52 98 2719 SA4% ohe, AT
H ZRIPE o] gete] Aot A4 4= A AR
How HR% 4 QU A o o8] T a4l &4
R % %74 ﬁl°ﬂt 7}755—1 T mde] 47 glo] AA

= A=z ger

a %}i 4’;$%°]L+ fH‘%i’& ili&% o3k oA o
T4 Aol Ak &

73-‘?4’1?% ﬂiaﬁM AxArgd vt 55
w545} 22 doubly committed
+ U ¥R 4 /NS A A
)=zt 719 71E-S intraatrial baffled Al&8 5 9

A 2A7) A% F23 AR5 {9, EBIE °oF
Ax Ao R wefd 4 glrk

EBTE €2 3& ¥ b ol d4=%

o2 ATAY AR v ALY daE 2E 5 QoM =
T g e b o B S R R K 3:<H
Agdted & 71 AL =&
ki 7149 AA X2 WAste] FAdeltt éuﬂoﬂ?ﬂ
Ak oE F7] H¥ & FHeE v sdgEE
Fofeld], ol AEAgolyt Azgwze 7t of#%
AR olvk 334 Qakel 34 e S Aol o
%" FE A Frld dz, 29 SAE A e Al
27l FAZ ALs 2 Rulof] G 49 A
°é°1°lc stee, QA% 719 wE FAb AE BALE
sk EBTAA 7bsdh ARlolct. vlfo] Af <dabel AE
Sistel g aeio] Abse] whe 34l Gk T U =
g A glel A fgskA ALE 5 gle Ad A
2} ok EBTO| &gkl ALEAALL 7|25 FAlo| 32414
o7 & 4 988 "a v(vasenlar Hing)e) AT A BH
A| WM olitd oz MhAsle sk ko] AT Wit

‘JJ‘:LZJ o]r,].

E5F AZHAR T Zodee] 9T DAY £x
A, 293 43 RAE el A7 g o2
+ Hdey] oHE $= oM, EBre 32 Ak
5o B2 55 TRl BAE o AL 2ojF

2.0.9.
o

R
2000:33:290-300

QgelA 2olx) Fouh EBTE Y9V S g A
A G99 AT dekel BA DAL 347
$a) 242 4 97 o, 9 A9 A% T2o)
ol A% B Aug ATy, 54 2ddl U
lee 4 glsle
EBTS) & vhE A4 o 24 o 98 729 7%
o QA 7z PRt 95 el Y014 s
Fov, ThE w9449 A4 Y2t 4713 YA
At ekl @ 4RI, w7 o ee] WA
5

ok wEE GEe] Apex W ojFe AFHe AxA

e
s
2

o 2

b
}-m

;
88 A

h

4l
2

LA

). &

TN EEshs gey ST Wals Fishd HEy
A g dL 4 i, SN AT B A=y 5o
A3 22 AE9Y A4 9% lc:r lﬂrﬂ ARG AL 4 ool
o B dBezy Awst £ A, 719, -la
& st o el %‘1‘34 ANE olelel o &
oL A 1Rl oAl A B sles] WS RAY 5
it

23 EBTE Al&g ol A7) gs gabel slste) 7hgdt

e

BAZE AR 44 W g vl e, e
3 RE A, A T 20K AT 203
£9) 2 o A% AR 34

>

r]F FJ mi". g

r

[+3

[»3
[ A

;

2

A g d

>
1:10 Pl
8,
-
T 2
=
i
ok
ol
_Ii.
m}L
rh
_‘.;
ojft
=
_Y_.
T
do
_>i

Al ].3]"’1 oA, ﬂii‘-‘]r‘ﬂ‘vﬂ %7%'19_ ’%

A F aclldl ot AE (o3 EBTA )
shglon, of& Ad F471 #ar 23y Doppler 2%
ol E& vhgoul ArlEdale] A% A<(signl void)
velocity encoded cine MR & 7154 FAAhe) Aol
A A7 7] Aol Wz A 3 AE idde
RITZ ARHYoY RIS DRHA g, o
AL 2002, SHEG AT & A A2 ERE A
Bejo] AgAe] BE A= Aolw Az

>«4.§:L ] L M, o,
= rlo 1o }h o_w

f
o

a =

egetn Auuc AReA Qe ¥ FY AR
A719 BAGA BRTE A4 Ased BRAR, Aw
9 4% A58 AT 999 Fa¥ TRY 042
AR ALY 4 Sk 87 o) TR 019
AR EBTE AZsde] wmate] FAY A5 P97,

WE WL, WE B4 L AR B S,
B FAY PEE 9Reke AP Al 3 9
AZE 4 vk 280 BBTE: 2% 715 AAIA AR
w2, EBTS AESHE 20 AEnE 9503 47199
2ehs FE, nAAE 9 95 74 $5o d2ed 28 A

— 298 -



A
2000;33:290-300

sy,

10

11,

12

13,

fo

Al
=

o
T

i e

A
ES
g}

£
o~

. Taneja K, Sharma S, Kumar K, Rajani M. Comparison of

computed  iomographky  and

demonstration of central pulmonary artenes in cyanotic

cineangiography in  the

congenital heart disease. Cardiovasc Intervent Radiology
1996;19(2):97-100.

. Vopel M, Losch 8.  Dynamuc  three-dimensional
echocardiography with a computed tomography imaging
probe:  initial  clrcal  dxperience  with  transthoracic

apphication wn infants and children with congenual heart
defects. Br Heart J 1994;,71(5):462-7.

. Matsuoka R, Kimura M, Scambler PJ, et al. Conorruncal

malformations,  diagnesis In  infancy wsing
2-chmensional echocardivgraphy. Am ] Cardiol 1982;103
(1):1361-7.

subxiphotd

. Gong W, Emamuel BS, Galili N, et al. M-mode and

and
and

two-dimensional echocardiography—contributions

limitations in management of  interatrial
interventricilar septal defects and conotruncal anomalies.

Ultrasound Med Biol 1984:6(2):721-34.

. Isaaz K, Cloez JL, Danchin N, Marcon F, Worms AM,

Pexnot C. Assessmment of night vemtricular ouwtflow tract m
children by two-dimensional echocardiography using a new
subcostal  view.  Angocardiographic  and  morphologic
carrelative study. Am I Cardiol 1985:46(3):539-45.

. Burrows PE, Freedom RM, Rabinovitc M, Moes CAF

The evgluation of abnormal pulmonary arteries in
congemtal heart disease. RCNA 1985;23(6):689-718.

. Schlesinger AE, Hernandez RI. Congenttal heart disease:

applications  aof tomography
resonance imdging. Semin Ultrasound CT MR 1991;12
(:11-27.

computed and  magnetic

. Fisher MR Magnenc resonance wmaging and computed

tomography in congenital heart disease. Semin Roentgenol
1085;20(3):272-82

. Farmer DW, Lipton MJ, Webb WR, Ringertz H, Higgins

CB. Computed tomography in congenttal heart disease. J
Comput Assist Tomogr 1984;8(4)::677-87.

Newell D, HM, Maurer JW. Computed
tomographic demonstration of displaced right upper lobe
bronchus m an adult woman with
disease Am Heart T 1982,103(2):263-82.
Donnelly LF, Higgins CB. MR imaging of conotruncal
abrormalities. AIR 1996;166:925-8,

Fellows KE, Weinberg PM, Baffa JM, Hoffman EA.
Evaluation of congenital heart disease with MR wmaging:
current and coming atiractions. AJR 1992:159:925-31,
Bisset GS 1. Magnetic resonance imaging of congenital

Thaomas

congenital heart

heart desease in the pediatric patient. Radiol Clin North
Am 1991;29:279-91,

14

5.

16,

17.

18,

1%,

A5 2
ERTE 0|&8 2E7E M7[E 97|
Park JHI, Han MC, Kim CW. MR imaging of cougenitally
corrected transposition of the grear vessels in adults. AJR
1989;153:491-4.
Mayo JR, Roberson D, Sommerhoff B, Higgins CB. MR
imaging of double outlet right vemtricle. ] Comput Assist
Tomogr 1990;14:336-9.
Formanck AG, Witcofski RL, D’Souza VI, Link KM,
Karstaedt N. MR imagimg of the
arterial iree in conotruncal malformation AJR 1986;103
(1%1127-31.
Raymond FL, Simpson JM, Mackic CM, Sharland GK.
MR imaging in congenital heart disease: where is the
leading edge? Ann Radiol (Pamns) 1989;61(3):15-21.
Eldredge WI, Flicker S. Evaluation of congenital heort
disease using cine-CT. Am J Cardiac Imaging 1987;1:
38-50.
Hopkins KL, Patrick LE, Simoneaux SF, Bank ER, Parks
WI, Swuth SS. Pedwiric great vessel anomalies: Initial

central  pulmonary

clinical experience with spiral CT anglography. Radiology
1996;200:811-5.

20. Garrett JS, Jascheke W, Ahernc T, Botvinick EH, Higgins

24.

26,

27.

- 299 —

CB, Lipton MIJ. Quantitation of wiracardiac shunts by
cine-CT. J assist comput tomogr 1988,12:82.7.

. Bank E, Hemandez RI. CT and MR of congemtal heart

disease 1988:26:241-62,

. Rumberger JA, Lipton MIJ. Ultrafast cardiac CT scanming.

Cardiol Clin 1989;7:713-34,

. Hajduczok ZD, Weiss RM, Stanford W, Marcus ML.

Determination of right ventricular mass in humans ond
dogs with ultrafast  cardiac  computed  tomography.
Circulation 1990;82:202-12.

Diethelm L, Simonson JS, Dery R, Gould RG, Schiller
NB, Lipwon MJ. Determination of left ventricular mass
with ultrafast C'T; and two-dimensional echocardiography.
Radiclogy 1989;171:213-7,

. Van Praagh R, Ongley PA, Swan HIC. Anatomic types of

single or common ventricles In man: morphologic and
geometric aspects of 60 necropsied cases. Am I Cardiol
1964;13.367-86.

Barcia A, Kincaild OW, Davis GD, Kirklin W, Ongley
PA. Transposition of the great arferies An angiographic
study. Am J Roentgenol Radium Ther Nucl Med 1967,
100:249-83.

Manner I, Seidl W, Steding G. Embrvelogical observations
on the morphogenesis of double-cutlet right venrricle with
suhaortic ventricular septal defect and normal arrangement
of the great Thorac Cardiovasc Surg 1995;
43:307-12.

arteries.

28. Kirklin JW, Bamatt-Boyes BG. Ventricular septal defect

and pulmonary stenosis or atresia. In: Kirklin  JW,
Barati-Boyes BG. Cardiac Surgery, Churchill Livingstone,

1993-942-73.

L HBER, A7 E, @R, AL, AFEE, =T 3HY
dEAdeZe Surst SEARVIgel sEEy 1Y
o B HF fEA] 1996;29:263-70



#1239 E 4]
EBTE 0|23t 957} A7 mol 2000:33:290-300

30. AP wHsh Bl olNFUE
W 4B FRAE 1o 2D

40,

. ] Agkshed el Axtd dEB9Epne A9d Jdrel doaes gy -
QleA] eheprlaial shelvh oy @ oAb A0y ﬂfﬂ & 71 F 209 AR e w st 27 4
|2 2323, WJTQJ} -4 71X @=7), HER A (n=4), 37 HEHA A m=2)7F T8=
ArEde]: sodyrka) BxE ol Jde 399 AgS Yale] Aupala s
A7 2] 245 Bokn, A9 8l e AAARAE DR 4404 HEme) 27], 09
Al S, Ik oFalg, o XHDM A4 dap J4 FER o4, BAEW RS, dEa
A 7 Aol A 8 Al 58, A S5 ol ARE eelrglt), Ol Fuk o]ako
2o A4 24 A BT A8, 7% 9455 2 o) 288 Axsam), AnAe), 4
(1) 247 Aa4-g vastge]. BT A 25w EatEe) A7 e 44 9dd 39 149 HEs)
F& A9Jsldsd) 2 aynd Jevk ¥ BBTE 78 oA S8 719 Azl Ada )
A A Ade=2008] £4, 27), F9S Ak gl d5EAA S22 Ean=152)7 YR
A W A ke 38009 F 16eye AEE] Adsldo BBTE A Yo EHEU"
I Lol A e 2E AEE] ST S g /“XHA— AxAs, o5 AodHe] 9=
R N R E e o e o ﬁIE‘ zﬂi] F :«lam Remp-003) =5 £& A A¢E Eﬁ
o} 70:1H 22 44 W 744 o)gr] T F44 SHe Az JM A AT 09962 E YA EE Ztﬂ
+ G oAzl folgk Aels } $527(p>0.03), HEH A oA 244 D=ks 77 4= gyl A
3} Hap 7] fiﬁME 1el4 Agksgich A2EAE A 52 2e 2 49 AFA EBrEg EJ_?J
=7} =AY AR el A H‘?&E\zl W FHY S5 FHake EBMW =gl #e BBTE 4
F2 713 FAell A A e Gafe|u B whd g Eibele] o R FxE olAle ) A
g = R U EE FAeloh BBTE ARk o] AbgE naA 9 gy 3 S 993 &
3 A

2
RE AFY 5 gheh
 I—

ia

= 300 —



