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To treat congenital heart disease, it is important to understand the anatomical structure correct-
ly. Three-dimensional (3D) printed models of the heart effectively demonstrate the structural
features of congenital heart disease. Occasionally, the exact characteristics of complex cardiac
malformations are difficult to identify on conventional computed tomography, magnetic reso-
nance imaging, and echocardiography, and the use of 3D printed models can help overcome
their limitations. Recently, 3D printed models have been used for congenital heart disease edu-
cation, preoperative simulation, and decision-making processes. In addition, we will pave the
way for the development of this technology in the future and discuss various aspects of its use,
such as the development of surgical techniques and training of cardiac surgeons.
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BEle A gsigiom, 22te] B9 Ahe Table 13} ﬂq 71 e o2 o A
7] Al (double outlet right ventricle; DORV) #oHs2] & 7 42& Wo|| thigh H7to] o] 83t 4
o], = HA 2= 47 i % 9] (congenitally corrected transposition of the great arter-

ies; ccTGA) gol52] 0|58 (double switch operation) A & AlEd|o|A} & & W7t

Table 1. Diagnoses of the Patients

Congenital Heart Disease Case Number

DORV with remote VSD

DORV with remote VSD, CoA, postoperative RVOTO
DORV with remote VSD, s/p BCPS

ccTGA with VSD, s/p pulmonary artery banding
TGA with intact ventricular septum, small LV, PS
Criss-cross heart, ccTGA, PA

Complex VSD (multiple, s/p non-compaction of LV), s/p Fontan operation 1

= o= N = e e

BCPS = bidirectioinal cavopulmonary shunt, ccTGA = congenitally corrected transposition of the great arter-
ies, CoA = coarctation of aorta, DORV = double outlet right ventricle, LV = left ventricle, PA = pulmonary atre-
sia, PS = pulmonary valve stenosis, RVOTO = right ventricular outflow tract obstruction, s/p = status post,
TGA = transposition of the great arteries, VSD = ventricular septal defect
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aging and communication in medicine (°]5} DICOM) 3} & W¥#51Qict, HEkE DICOM 1}
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Hujjz (three dimensional printing process). 22 2ES-
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Fig. 1. Patient with double-outlet right ventricle.

A. CT image (arrow, PA banding site).

B. Modification of the CT image for a three-dimensional printed model (arrow, VSD).

Ao = ascending aorta, AV = aortic valve, PA = pulmonary artery, PV = pulmonary valve, TV = tricuspid valve,
VSD = ventricular septal defect

Fig. 2. Three-dimensional printed model of the heart of a patient with double-outlet right ventricle patient
(arrow, VSD).
AV = aortic valve, PV = pulmonary valve, TV = tricuspid valve, VSD = ventricular septal defect
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Fig. 3. Patient with double-outlet right ventricle and RVOT obstruction.

A. CT image (arrow, RCA).

B. Anterior view of the three-dimensional printed model (arrow, RCA).

C. Superior view of the RVOT area.

D. Inferior view of the RVOT area.

MPA = main pulmonary artery, PV = pulmonary valve, RCA = right coronary artery, RVOT = right ventricular
outflow tract
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Fig.4.3D printed model of the heart of a patient with double-outlet RV and a bidirectional cavopulmonary shunt.
A. Anterior view of the 3D printing model.

B. Inside view of the 3D printing model (arrow, VSD).

3D = three-dimensional, Ao = ascending aorta, AV = aortic valve, LAA = left atrial appendage, LV = left ventri-
cle, PA=pulmonary artery, RV = right ventricle, SVC = superior vena cava, TV = tricuspid valve, VSD = ventric-
ular septal defect

(A)
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Fig. 5. Three-dimensional printed model of the heart of a patient who underwent the double-switch opera-
tion for congenitally corrected transposition of great arteries.

A. Anterior view.

B. Posterior view.

DA = descending aorta, mLV = morphologic left ventricle, MRV = morphologic right ventricle, PA= pulmonary
artery, PV = pulmonary vein, RA = right atrium, RLPV = right lower pulmonary vein, RUPV = right upper pul-
monary vein
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Fig. 6. Patient with congenitally corrected transposition of great arteries.

A. CT image.

B. Anterior view of the three-dimensional printed model.

C. Inside of the right atrium (arrow, patch for systemic venous pathway).

D. VSD (arrow) through the pulmonary valve.

Ao = ascending aorta, mLV = morphologic left ventricle, mRV = morphologic right ventricle, RA = right atri-
um, VSD = ventricular septal defect

X2 axbd Z2ig 239 MEo thisto]

| (pathologic specimens)

A
= &0l Ade] Feieta] 54l vt w88 Alddsto] Sith. shAIRE ol2feh HESL2 ofF] 714
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Fig. 7. Patient with transposition of great arteries and small LV.

A. CT image.

B. Anterior view of the three-dimensional printed model (arrow, BT shunt).

C. Small LV in the three-dimensional printed model.

D. Small MV (arrow).

Ao = ascending aorta, BT shunt = Blalock-Taussig shunt, LV = left ventricle, MV = mitral valve, RV = right ven-
tricle
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Fig. 8. Three-dimensional printed model of a criss-cross heart.

A. Anterior view.

B. Some part of the morphologic right ventricle retracted to show the VSD (arrow).

Ao = ascending aorta, mLV = morphologic left ventricle, mRV = morphologic right ventricle, MV = mitral
valve, RA =right atrium, TV = tricuspid valve, VSD = ventricular septal defect

(B

Fig. 9. Three-dimensional printed model of the heart of a patient with a complex ventricular septal defect.

A. Anterior view.
B. Inside of the LV (arrow, muscular VSD; dotted line, the margin of VSD).
Ao = ascending aorta, AV = aortic valve, LAA = left atrial appendage, LV = left ventricle, MV = mitral valve,

PM VSD = perimembranous ventricular septal defect, RV = right ventricle

https://doi.org/10.3348/jksr.2020.81.2.310 319
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