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Although three dimensional (3D) printers were first developed

in the 1980s, the use of 3D printed models in medical applica-

tions has increased recently, with the recognition that these

models can help in the understanding of complex anatomy,

planning of surgery, and other applications to enhance surgical

practice. In a recently reported meta-analysis of 158 studies,1

3D printing was used to produce anatomic models (n ¼ 113,

71.5%), surgical guides and templates (n ¼ 40, 25.3%),

implants (n ¼ 15, 9.5%), and molds (n ¼ 10, 6.3%). The main

advantages reported were the possibilities for preoperative

planning (n ¼ 77, 48.7%), the accuracy of the process used

(n ¼ 53, 33.5%), and the time saved in the operating room

(n ¼ 52, 32.9%).

In this issue of the World Journal for Pediatric and

Congenital Heart Surgery, Garekar and associates have

described the use of 3D printed models in the planning of

surgery for patients with double outlet right ventricle (DORV)

with noncommitted or remote ventricular septal defect

(VSD).2 The disease proposed in their study exemplifies the

indications for 3D printed models as a surgical planning tool.

For surgical planning of repair of DORV with remote VSD,

the anatomy of the left ventricular outflow after the repair can

be challenging to predict with current imaging technology. As

the authors described, 3D printing is helpful in understanding

the relationships of the great arteries, the valves, and the VSD

and in designing the shape, dimensions, and orientation of the

interventricular baffle, which will ultimately be sutured in

place to ensure unobstructed flow from the left ventricle to

the aorta.

Another application of 3D printed models is in education

and training.3 The successful creation and use of 3D printed

heart models is a very effective tool for teaching of complex

congenital heart disease. It is also used for practicing new

interventions and surgical techniques. Three dimensional

printed models have also been used as a tool to educate patients

and parents. The models may contribute to the ease of under-

standing for patients and their families, which may have pos-

itive implications on patient satisfaction and may help facilitate

effective communication that is the basis for informed consent.

It has also been suggested that these models could be kept to

build a library or catalog of pathology for future educational

purposes.4

As a current limitation of 3D printing, the published meta-

analysis demonstrated that 21.5% of studies stressed that the

accuracy was not uniformly satisfactory. The time needed to

prepare the model and the additional costs were also seen as

important limitations for the routine use of 3D printing.1 The

accuracy of 3D printed models is an important factor for its

usefulness as a tool for surgical planning. It is obvious that

clear and complete original imaging data are very important

to the creation of accurate models, especially for congenital

heart disease. Moreover, 3D printing resolution can be affected

not only by original 3D images but by the 3D slicing software

used during segmentation steps. Especially, in congenital heart

disease, the selection of correct segmentation values is a crit-

ical step, and careful attention to anatomy is required to sepa-

rate the objective component from others. Thus, virtual model

construction cannot be automated and should be performed by

a multidisciplinary approach with radiologists, surgeons, and

computer specialists cooperating to achieve high-quality

segmentation and finally an anatomically correct model. The

creation and collaboration of a multidisciplinary team is a key

for accurate 3D printing.

Time and cost of the printing would be another limitation.

The printing itself rarely takes the most time. Rather the rate-

limiting step is generally in the imaging and data processing

stages. Once all these have been accomplished, the 3D printed

models can be a time-saving tool for use in the operating room;

however, this alleged advantage was counterbalanced by the

time spent to prepare the model. The main costs of 3D printing

technology include hardware, software, and printing materials.

Software and hardware require the largest investment.

Although many medical centers and academic institutions have

their own equipment, there are now many outsourcing compa-

nies for 3D printing. As described above, a multidisciplinary

approach is ultimately important for high-quality printing at
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low cost and with efficient use of time, especially for cases with

complex anatomy in congenital heart disease. Advances in

technology should lower the cost and time of 3D printing and

make them more affordable for clinical use.

As for future directions, 3D printing technology will also be

used to create customized implants. Computational simulation

of surgery using computer-aided design systems facilitates the

creation of ideal patient-specific implant material. In combina-

tion with studies of flow dynamics, this capacity to generate

patient-specific implants with ideal dimensions and properties

will enable us to plan the best possible reconstruction and even

to simulate it before carrying out the actual surgery. Still, clin-

ical application is limited because currently available materials

and printing technology are immature. Further experiments are

required to investigate the reactions to materials used for print-

ing and to demonstrate safety before implanting them into

patients. New technology such as bioprinting of living cells

using biological materials may expand the applications in the

cardiac surgery field. The quality control of customized prod-

ucts also needs to be addressed by health authorities to ensure

the safety and sustainability of products. In the United States,

the Food and Drug Administration is working to release guidance

on 3D printing interventions.

Three dimensional printing is a promising technology that

may have a huge impact on the field of medicine in general and

congenital heart surgery in particular. Further large and long-

term studies are necessary to address possible advantages of 3D

printing in surgical procedures and to better define the role that

this promising technology will have in planning and training

for surgical procedures as well as in other aspects of medical

education.
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