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Background: Lesions of congenital heart disease require stereoscopic understanding, which can be enhanced by
three dimensional imaging. In Shizuoka Children’s Hospital, three-dimensional rotational angiography (3DRA)
is in use since 2013.

Purpose: To report the efficacy of 3DRA in congenital heart disease.

Objective and Methods: We evaluated the advantage of 3DRA in 24 patients. Secondly, we reviewed 15 patients
who had a single target lesion in the pulmonary artery after Rastelli procedure, visualized on 3DRA (n=5) or
CT (n=10) at the time of intervention, between 2010 and 2016. Procedural parameters were compared between
the two groups.

Results: All reconstructed 3DRA images provided adequate diagnostic quality and by Likert scale, classified as
either “essential” or “very useful” for pre-operative or interventional planning in 75% of patients, especially in
complex vascular lesions. No complications occurred. There was no significant difference with respect to proce-
dure time, fluoroscopy time, radiation dose of angiography between 3DRA and CT. Total contrast media used in
3DRA group (3.9mL/kg) was significantly lower than that in the CT group (5.9mL/kg; p=0.003).

Conclusions: 3DRA is a safe and effective modality in pediatric cardiovascular area. Wide-angled, stereoscopic
image reconstruction allows for a more objective evaluation. Use of 3DRA was comparable to that of CT with
respect to procedure time, fluoroscopy time, and radiation dose. Total contrast media used was significantly less
in the former.

Keywords: three-dimensional rotational angiography, three-dimensional radiological image, inter-
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Table 1 Modified Likert scale concerning the diagnostic utility of flat-detector

Misleading Misleading information for pre-operative planning or intervention.
Not useful No useable information for pre-operative planning or intervention.
Useful Useful information for pre-operative planning or intervention, but only minimally superior to the already available

information of angiographies.

Very useful The scan added important information to what was already available.

Essential
provided.

The surgery or the intervention could not have been performed appropriately without the additional information

Catheter

Porous balloon catheter placed in front of the area of interest

Condition

|¢

Breath-holding Ventricular pacing(HR180-240bpm)

Contrast media

|¢

2-fold dilution of the contrast media: Dose 2.0mL/kg

|¢

Gantry

Use of a single imaging gantry, over 4-5 second time

Fig. 1T 3DRA rendering protocol
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Table 2 Study population

. ) Boldy . Contrast media Pacing Likert . . . .
case Age Diagnosis weight Site o additional information Intervention
(2-fold dilution)  HR scale
(kg)

1 9y PAVSD/MAPCA s/p.UF/Rastelli RvOTO 46 RVOT 45 180 4 D BVP

2 9y PAVSD/MAPCA s/p.UF/Rastelli RVOTO 26 RVOT 30 180 4 B,D —

3 3y PAVSD/MAPCA s/p.UF/BTS 11 BTS 12 200 4 B,D —

4 2y ccTGA,DORV,IAA Ebstein s/p.DSO(Senning/Jatene) PABS 11 RVOT 24 220 4 A (ribbon stenosis), B, D —

5 3y PAVSD/MAPCA s/p.UF/BTS 12 BTS 20 200 3 B,DF —

6 6y PAVSD/MAPCA s/p.BTS 15 BTS 15 180 3 B,DF —

7 8y PAVSD/MAPCA APW s/p.UF/Rasteli PABS 25 RVOT 50 180 3 B,D —

8 6y PAVSD/MAPCA,PAPVC s/p.UF/Rastelli RVOTO, PABS 19 RVOT 35 180 4 A (PAtorsion), B, D —

9 b5y TOF/MAPCA s/p.UF/palliativeRastelli PABS 15 RVOT 30 200 4 B,DF —
10 1y CoA 11 Ao 20 240 4 D,E BAP
11 2y TOF s/p.ICR PABS 13 RVOT/SVC 25 210 4 C,D Stent-imp
12 6y DORV,PA s/p.Rastelli PABS 12 RVOT 25 180 3 A (PAtorsion), B, D BAP
13 1y CoA 1 Ao 25 240 4 D,E BAP
14 1y PAVSD s/p.Rastelli PABS 8 RVOT 20 240 4 A (ribbon stenosis), B, D, E BAP
15 12y HLHS s/p.TCPC PABS 37 SvVC 45 — 4 A (ribbon stenosis), D Stent-imp
16 1y PAVSD/MAPCA s/p.UF/Rastelli PABS 9 RVOT 20 240 5 A (PAtorsion), D, E BAP
17 12y IAA,AS s/p.Norwood/Rastelli PABS 60 RVOT 60 180 4 A (ribbon stenosis), B, D BAP
18 4y PAVSD s/p.Rastelli PABS 13 RVOT 25 180 4 A (ribbon stenosis), B, D, E BAP
19 7y PAVSD/MAPCA s/p.UF/palliativeRastelli PABS 19 RVOT 40 200 4 B,DEF BAP
20 7y PAVSD/MAPCA s/p.UF/palliativeRastelli PABS 15 RVOT 30 200 4 A (PAtorsion), B, D, F TAE-MAPCA
21 2y HLHS s/p.TCPC PABS 13 Ao/SVC 30 210 3  A(ribbon stenosis), B, C, D TAE-APCA
22 15y PAVSD s/p.Rastelli PABS 42 RVOT 60 180 3 A(PAtorsion), D, E BAP
23 2y PAVSD/MAPCA s/p.UF/BTS PABS 10 BTS 12 210 4 B,DF BAP
24 4y PAVSD/MAPCA s/p.UF/Rastelli PABS 12 RVOT 25 180 4 A (PAtorsion), B, D, F —

PAVSD: pulmonary atresia with ventricular septal defect, MAPCA: major aorto-pulmonary collateral arteries, ccTGA: congen-
itally corrected transposition of the great arteries, DORV: double outlet right ventricle, IAA: interruption of aortic arch, PABS:
pulmonary artery branch stenosis, APW: aortopulmonary window, PAPVC: partial anomalous pulmonary venous conection,
TOF: tetralogy of Fallot, CoA: coarctation of aorte, PA: pulmonary atresia, HLHS: hypoplastic left heart syndrome, AS: aortic
stenosis, UF: unifocalization, RVOTO: right ventricular outflow tract obstruction, BTS: Blalock-Taussig shunt, DSO: double
switch operation, ICR: intracardiac repair, TCPC: total cavopulmonary connection, BVP: balloon valvuloplasty, BAP: balloon
angioplasty, Stent-imp: stent implantation. TAE: transcatheter arterial embolization, APCA: aortopulmonary collateralartery.
A: Mechanism of stenosis. B: Simultaneous visualization of multifocal legions. C: Three-dimensional positional relationship. D:
Three-dimensinal visualization of stenotic legions. E: Determination of working angle. F: Accurate evaluation of the remaining

lung segment.
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Fig. 2 Arbitrary reference plane
A: Antero-posterior view of the conventional angiogram of congenitally corrected transposition of the great arteries
repaired by double switch operation in a 2-years-old boy. B: Reconstructed 3DRA image from caudal side. Arrows indi-
cate the right pulmonary artery bifurcation stenosis (so called “ribbon stenosis”) which is better delineated antero-poste-
riorly in 3DRA images.

Fig. 3 Case No. 1

A: Antero-posterior view of conventional angiogram of pulmonary atresia with ventricular septal defect repaired by
Rastelli procedure in a one-years-old girl. (LAO8°/CAU41°). We were able to grasp the diameter difference, but did not
obtain clear visualization of the stenosis. B: Reconstructed 3DRA image indicated the right and left pulmonary artery
bifurcation stenosis (so called “ribbon stenosis”) which is better delineated anteroposteriorly (RAO44°/CRA71°). C and D:
Comparison of reconstructed 3DCT (64-row multi-detector computed tomography) image (C) and reconstructed 3DRA (D)

images.
MAPCA, Wi K& 4% ehs,/ RliEiREASA % 2 61, 2EEH O REICAEERZALONT, MEE
PAVSD/MAPCA, KENIREENT, FRENIREE, B B 12y g BT OTFHIRE, R,
RN 1B TH - Tz Wi, JEMANERARIC DWW THE L7z, 3DRA
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Fig. 4 The images of pulmonary artery with metallic surgical material

A and B: CT angiogram (horizontal (A) and sagittal (B) view) of pulmonary atresia with ventricular septal defect and
major aorto-pulmonary collateral arteries (MAPCA) repaired by Rastelli procedure in a 4-years-old girl. The arrows
indicate the halation. C: 3DRA of pulmonary artery. D and E: Reconstructed 3DRA image (C:LAO180°/CRA10°,
D:RAO160°/CRAQ°). The arrow indicates pulmonary artery stenosis by PA torsion. The circle indicates hemo-clip placed
for ligation of dual supplying MAPCA during at previous surgery. The image quality was less affected by the clip and

sternum wire.

#E, CT HEDIETHEEOBEZ R . FHEH : 121
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351 1777 g THIAE L 72 AUEPRAE 2 G 1)F L 72 PAVSD
DIERIT, % 4 HISKETRMKIR, 2 2 H RS AAfliS)
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il & Nz ISP ENIRPEAS IS LT, 1% 3 I HIREIC
NV — v M E LR (BAP) Z {7 L7z. 3DRAIC
X0, ELAMENRD ribbon stenosis’ & — I fifi
U, PRAEEBALOFEMZRHE L7295 A T, &LICHL
TEESME T BAP ZhifT Uz, EM#iIRE, IS
££2.6mm, ZIAMEL57mm IR U, & HLREH
/N)L— 2 Synergy™ (Boston Scientific, Natick, MA)
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1% 6.7mm IC Synergy™ (Boston Scientific, Natick,
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DIZmRL 7.
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Fig. 5 Case No. 2

A: Antero-posterior view of the reconstructed 3DRA image of pulmonary atresia with ventricular septal defect and major
aorto-pulmonary collateral arteries (MAPCA) repaired by palliative Rastelli procedure in a 7-years-old girl (LAO20°/CRAQ°).
B: Lateral view of the reconstructed 3DRA image (RAO90°/CRAQ°) There were multifocal stenotic lesions after unifocal-
ized pulmonary artery. C, D and E indicate lesions viewed from each of the angles (C:LAO10°/CRA0°,D:LAO180/CRA20°,
E:LAO30°/CRA0°). 3DRA image allowed for better evaluation of the residual pulmonary area.

Fig. 6 Comparison of reconstructed 3D images of pulmonary artery

Reconstructed 3D images of pulmonary atresia with ventricular septal defect repaired by Rastelli procedure in a 4-years-
old boy. A: 3DCT and B: 3DRA. Arrows indicate right pulmonary artery stenosis.

MR L I S AR T2 B, (K i B AR R i, 7 ¢ Rf I/ ui-
forcalization/ASD [f] $ palliative Rastelli f7 i 7.

Mt&4ETH T — T IVIRAE Z ffifT L7z, 3DRAIC X
% 3D iR (A @ IEm&, B ARG ZH
W CRERI AR R AE I X K D HEE 2 1700 8 XK & HEE &
N7z, mBiiRpAs 3 AA ICEEEE TR L, MiiX
B bimnT e B Y RT DIERE R LR R
TERREM 72 BAP Z filifT L7z, e/l FEffiBhfik (E),

BIRESFE 3.7mm, ZIRIME R 7.0mm (IS4 LT Con-
quest™ (Bard Peripheral Vascular, Inc., Tempe, AZ)

ARNRBERSBSFRIME £32F $65
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%, SpOy: B5NILEX T EAAADNT.
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Table 3 Radiation exposure

3DRA

Conventional angiography(CA) DAPratio
Case Diagnosis Age (y) BW (kg)
Injection site Angle DAP* (Biplane) Injection site DAP 3DRA/CA
2 PAVSD/MAPCA 9 26.3 RVOT LAOO - CRAO 231.8 RVOT 757.6 3.27
/LAO90 - CRAO
5 PAVSD/MAPCA 3 12.1 BTS LAOO - CRAO 82.6 BTS 340 412
/LAO90 - CRAO
6 PAVSD/MAPCA 6 15.5 BTS LAOO - CRAO 125.8 BTS 515.2 4.1
/LAO90 - CRAO
MAPCA*2 LAOO - CRAO 254.7 dAo 522.6 2.05
/LAO90 - CRAO
8 PAVSD/MAPCA 6 18.9 PA LAOO - CAU45 179.9 RVOT 518.7 2.88
/LAQO90 - CAU13
9 PAVSD/MAPCA 5 14.6 PA RAO7 - CAU45 187.4 RVOT 409.6 2.19
/LAO90 - CAU14
11 TOF 2 13.3 PA LAO13 - CAU45 164.9 PA/LSVC 360.8 2.19
/LAO90 - CAU11
14 PAVSD 1 7.5 PA LAOS8 - CAU41 170.9 RVOT 313.3 1.83

/LAO90 - CAU15

*DAP=frontal view and lateral view (tGy-m? DAP: dose area product (mGy-m?), PAVSD: pulmonary atresia with ventricular
septal defect, MAPCA: major aorto-pulmonary collateral arteries, TOF: tetralogy of Fallot, RVOT: right ventricular outflow tract,
PA: pulmonary artery, BTS: Blalock-Taussig shunt, dAo: descending aorta, LSVC: left superior vena cava, CRA: cranial, CAU:

caudal
Table 4 Intervention of Rastelli procedure (3DRA vs CT)
3DRA CT
N p-valve
5 10
Diagnosis PAVSD/MAPCA:2, IAA:1, TGA3:2, TOF/MAPCA:2, DORV/PA:2,
PAVSD:1, DORV/PA:1 PAVSD/MAPCA:1, IAA:1, TAC:1, APVS:1
Age (year) 9.8 (1.1-12.1) 8.1 (2.7-15.8) 0.71
Body weight (kg) 41.7 (8.6-60.1) 21.2 (14.2-49.8) 0.71
Procedure time (min) 121 (114-212) 121 (76-196) 0.46
Fluoroscopy time (min) 31.4 (22.8-98.8) 43.3 (17.0-61.0) 0.9
DAP (Gy-cmz)/BW (kg) 1.2 (1.1-3.1) 0.8 (0.4-2.4) 0.1
Contrast media (mL/kg): Angiography 3.9(2.2-4.7) 3.9 (2.6-5.4) 0.54
Contrast media (mL/kg): Total 3.9(2.2-4.7) 5.9 (4.6-7.4) 0.003

TGA: transposition of the great arteries, PAVSD: pulmonary atresia with ventricular septal defect, MAPCA: major aorto-pulmo-
nary collateral arteries, DORV: double outlet right ventricle, PA: pulmonary atresia, IAA: interruption of aortic arch, TOF: tetral-
ogy of Fallot, TAC: truncus arteriosus, APVS: absent pulmonary valve syndrome, PPS: peripheral pulmonary stenosis
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