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ABSTRACT 
 

 

Three-dimensional (3D) printing has become a widely used 

technique showing great promise in medical applications. In 

recent years, patient-specific 3D printed models are shown to 

play an important role in the domain of cardiovascular 

disease, ranging from medical education to presurgical 

planning and simulation of complex cardiovascular 

procedures, as well as development of optimal computed 

tomography (CT) imaging protocols. This review article 

provides a summary of the current applications of using 3D 

printed cardiovascular models with future research directions 

highlighted. 

 

Key Words 

Cardiovascular disease, coronary artery, heart, model, 

protocol, three-dimensional printing, visualisation 

 

Implications for Practice:  

1. What is known about this subject?  

3D printing is increasingly used in medicine with promising 

reports in cardiovascular disease. 

 

2. What new information is offered in this review? 

This review provides a summary of the current status of using 

3D printed models in the domain of cardiovascular 

disease covering aspects from congenital heart disease to 

structural heart disease, aortic and coronary artery 

disease. Further, use of 3D printed models to optimise 

cardiac CT scanning protocols is highlighted to indicate 

the new and emerging research direction along this path. 

 

3. What are the implications for research, policy, or 

practice?  

3D printed models can be used in many different areas 

serving as a useful tool for clinicians and medical students 

and healthcare professionals. Incorporation of 3D printed 

realistic models into clinical practice will play an 

important role in clinical decision making and improving 

patient outcomes. 

 

Introduction 

Three-dimensional (3D) printing has demonstrated great 

value in medical applications with increasing reports in 

the literature. The clinical value of using patient-specific 

or personalised 3D printed models in medicine has 

expanded well beyond its original dominance in 

orthopaedic and maxillofacial areas to many others areas, 

such as cardiovascular and cerebrovascular diseases, 

different types of tumours (brain, lung, liver and kidney 

tumours).
1-10

 Of these applications, 3D printed physical 

models have been reported to be useful in cardiovascular 

disease, in particular, in congenital heart disease (CHD) 

due to its complexity and variations among different 

types of CHD.
11-15

 Further, 3D printed models also 

compliment conventional visualisation tools in other 

areas including aortic aneurysm and dissection, coronary 

artery disease (coronary stenosis and valvular disease), 

cerebral artery disease and pulmonary artery disease.
16-20

 

In the following sections, a detailed review of the 

literature is provided with a focus on the usefulness of 3D 

printed models in these applications. 

 

3D printing in congenital heart disease 

Use of 3D printing technique in CHD represents a fast 

evolving area with scientific evidence supporting its both 

clinical and education value (Figure 1).
11

 Different from 
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other applications which are mainly dominated by case 

reports or case series, there are currently five studies of 

randomised controlled trials (RCTs) reporting the usefulness 

of 3D printed models in CHD.
11-15

 Of these five RCTs, four of 

them focused on whether use of 3D printed heart models 

improved medical student education when compared to the 

current teaching methods,
11-14

 while the remaining study 

looked at the comparison of 3D printed model group with 

conventional group in paediatric residents.
15

 Out of the four 

RCTs on medical education, three of them showed that 3D 

printed heart models improved or enhanced medical 

education in comparison with the current methods,
11-13

 while 

in the study by Wang et al,
14

 results showed no significant 

differences in either student’s satisfaction or understanding of 

cardiac structures (p=0.24-0.48). Although 70 per cent of the 

students from both groups preferred 3D printing as a useful 

tool for medical education, their study did not conclude the 

superiority of using 3D printed models over traditional 

methods in teaching cardiac diseases. 

 

The RCTs on education of paediatric residents presented 

interesting findings.
15

 3D printed heart models did not 

demonstrate advantages over traditional methods in learning 

and interpreting simple CHD such as ventricular septal defect 

(VSD), but were found to be advantageous in delineating the 

complex CHD such as Tetralogy of Fallot (ToF). When 

visualising and assessing the complexity lesion, 3D printed 

models add benefits to conventional methods by revealing 3D 

relationships of complex and multiple components associated 

with complex CHD.
15

 Despite these promising results, further 

research is required to determine whether 3D printing is used 

as a supportive tool or alternative to conventional teaching 

methods.
16

 

 

There are some single centre and multi-centre studies 

reporting the clinical value of 3D printing in CHD, and this has 

been well discussed in the some general literature reviews 

and systematic reviews.
4,6,17-19 

Readers are referred to these 

excellent review articles to get a better understanding of how 

these 3D printed heart models assist clinical decision making 

in managing CHD patients. It is worth noting that more studies 

based on multi-centre experiences with inclusion of a larger 

cohort are needed to validate the clinical value of 3D printing 

in CHD, in particular how this exciting technique provides 

guidance for patient’s treatment and improves clinical 

outcomes as well as cost benefits. 

 

3D printing in structural non-congenital heart disease 

3D printing has been shown to be useful in structural non-

congenital heart disease, in particular, in the planning of 

interventional procedures of valvular disease and left atrial 

appendage (LAA).
20-28

 In the aortic valvular disease, 3D 

printing is increasingly reported in assisting transcatheter 

aortic valve replacement (TAVR) planning.
21-24

 In addition 

to high accuracy of replicating anatomical structures of 

aortic valve compared to 2D images, 3D printed models 

can predict procedure-related complications such as 

coronary occlusion, paravalvular leaks and 

paravalvular aortic regurgitation following the 

interventions. 

 

Personalised 3D printed models are also shown valuable 

in the presurgical planning of LAA occlusion. The 3D 

printed models are used in different aspects such as 

device sizing, precise catheter position, pre-procedural 

simulation and guidance for intra-procedural treatment, 

thus improving patient outcomes.
25-28

 It should be 

mentioned that current applications of 3D printed models 

in TAVR and LAA are limited by case reports or case series, 

therefore, more studies based on large sample size and 

multi-centre experience are needed. 

 

3D printing in coronary artery and other cardiovascular 

diseases 

Personalised 3D printed models show potential 

applications on other cardiovascular diseases including 

coronary artery disease, cerebrovascular disease, aortic 

disease such as aortic aneurysm and dissection.
5,29-40

 In 

coronary artery disease or anomalies, 3D printed models 

are primarily shown to guide interventional procedures 

for treating coronary fistula.
29-34

 This is evidenced by case 

reports in the current literature. 3D printing has great 

value in preoperative planning and simulation of 

cerebrovascular disease, mainly cerebral artery 

aneurysms and a recent systematic review has 

summarised its applications in this area.
5
 

 

Regarding the usefulness of 3D printed in aortic aneurysm 

and aortic dissection, its main value lies in preoperative 

planning and simulation of endovascular stent grafting 

which is a commonly used less-invasive technique for 

treatment of aortic aneurysm and aortic dissection.
35-40

 

3D printed aorta models allow the surgeons to practice 

endovascular procedures which are considered especially 

useful in dealing with complex aortic lesions, such as 

aneurysms located in the aortic arch. Its clinical value in 

training inexperienced surgeons and having the potential 

to improve outcomes of experienced physicians are also 

reported in the literature.
38-40

 Creation of 3D printed 

model of aortic dissection is more challenging than other 

aortic disease due to thin fibrous membrane of the 

intimal flap which separates true lumen from false lumen. 
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The intimal flap could be easily removed during image 

segmentation, thus post-processing methods need to be 

applied to preserve the intimal flap in the 3D printed model 

(Figure 2). 

 

3D printing in optimising CT scanning protocols 

Use of 3D printed models to develop optimal computed 

tomography protocols (CT) is an emerging research area 

showing great potential to minimise radiation dose associated 

with CT scans in imaging cardiovascular disease. This has been 

explored in utilising 3D printed models for investigation of 

coronary CT angiography protocols for visualisation and 

assessment of coronary artery disease including calcified 

plaques (Figures 3 and 4),
41-43

 coronary stenting in terms of 

stented lumen and stent wire structures,
44, 45

 and pulmonary 

embolism for detection of thrombus in both main and side 

pulmonary artery branches.
46,47

 Recent review articles 

summarise the use of 3D printed models for studying optimal 

CT protocols and readers are referred to them for detailed 

information.
48,49

 

 

Summary and conclusion 

Patient-specific or personalised 3D printed models are 

increasingly used in the domain of cardiovascular disease with 

promising results reported in the literature. These realistic 3D 

printed models can be used in various areas ranging from the 

most common applications of assisting pre-surgical planning 

and simulation of complex cardiovascular procedures to 

education of medical students, and emerging areas of 

optimising CT imaging protocols in the diagnostic assessment 

of cardiovascular disease. However, some challenges and 

limitations still exist before the 3D printing technique is 

incorporated into routine clinical practice. These include 

commonly recognised issues such as high costs associated 

with 3D printers and printing materials, time-consuming on 

image post-processing and segmentation of cardiac images, 

and limited sample size in the current reports. Large scale 

studies, preferably multi-centre and randomised controlled 

trials are desirable to provide robust results so that 3D 

printing can become an essential component of the daily 

diagnostic approach. 
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Figure 1: 3D printed coronary models of a patient with 

congenital heart disease
 

 

 
The 3D model was printed with different materials with 

the left model printing using Thermoplastic polyurethane 

(TPU) and the right one with Tango Plus. Arrows refer to 

the ventricular septal defect in this case. 

 

Figure 2: 3D printed model of Stanford type A aortic 

dissection 

 

 
The 3D model was printed to demonstrate the intimal flap 

(short arrows) which separates the true lumen (white 

arrow) from the false lumen (black arrows). 
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Figure 3: 3D printed model of a normal coronary artery 

 

 
Patient-specific 3D printed coronary model consisting of right 

and left main coronary arteries.  

 

Figure 4: 3D printed coronary model with simulation of 

calcified plaques 

 

 
3D printed coronary model printed using soft and elastic 

Tango Plus material with calcification printed using rigid 

VeroWhite material. The calcifications were inserted into the 

left coronary arteries. Long arrow refers to the calcification in 

the left main stem, while short arrow points to the 

calcification in the left anterior descending artery. 


