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IMAGES IN STRUCTURAL HEART DISEASE

3D Cardiac Printing to Plan Transcatheter Closure of an Iatrogenic Primum Atrial
Septal Defect
Stephanie Fuentes Rojas, MD, Marija Vukicevic, PhD, Akanksha N. Thakkar, MD, Stephen H. Little, MD, and C. Huie Lin,
MD, PhD

Department of Cardiology, Houston Methodist DeBakey Heart & Vascular Center, Houston, Texas, USA

Primum atrial septal defects (ASD) typically require surgical
repair due to their proximity to the atrioventricular valves.1

We present a case of percutaneous closure of an iatrogenic
primum ASD using 3D printing during pre-procedure
planning.

A 71-year-old man with a history of type A aortic dissec-
tion status post repair and aortic valve replacement compli-
cated by endocarditis requiring mitral valve replacement
presented with dyspnea and abdominal distension. Work up
identified RV volume overload due to an iatrogenic primum
ASD (iASD, 0.9 × 1.3 cm) with L-R shunt (Qp/Qs 1.7)
attributed to suture dehiscence after mitral valve replacement.
He was deemed a poor surgical candidate, so percutaneous
closure was planned. The main concerns about percutaneous
closure were: 1) Disruption of diastolic flow across the mitral
bioprosthesis; and 2) deformation of the septal leaflet of the
tricuspid valve. To evaluate the potential for these risks,
transcatheter closure was performed on a 3D printed model
[Figure 1, Video 1], which was created after digital segmenta-
tion of high-resolution cardiac CT. The model showed that 1)
a 25 mm GORE® CARDIOFORM Septal Occluder (Flagstaff,
Arizona) best apposed the septum and closed the iASD. This
was confirmed by cone-beam CT and 3D reconstruction
(Artis, Siemens, Hoffman Estates, Illinois) of the model and
occluder [Figure 2, Video 2]; 2) the iASD occluder would
achieve a curved concave geometry and make contact with
the medial rim of the bioprosthetic mitral valve but not over-
lap the orifice sufficiently to adversely impact diastolic flow;
and 3) within the RA, the inferior rim of the iASD occluder
would not interfere with tricuspid valve function. Once we

showed the apparent safety of the proposed procedure within
this patient-specific anatomic model, the patient underwent
closure of the iASD using a combination of real-time 3D-TEE
and fluoroscopy with a 25 mm CARDIOFORM Septal
Occluder. TEE confirmed adequate position, which was nearly
identical to that on the 3D model. On follow up, the patient’s
symptoms had resolved.

This case demonstrates the utility of 3D printing and in
silico modeling in the closure of an iatrogenic primum ASD in
a patient with a prosthetic mitral valve. Use of the 3D printed
model in combination with cone-beam CT and 3D recon-
struction allowed determination of the behavior of the occlu-
der device in unusual pathological anatomy prior to the actual
procedure. This strategy may facilitate innovative minimally
invasive intervention of cardiovascular defects in the absence
of purpose-built devices and where traditionally surgery has
been the only option.
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Figure 1. 3D printed model of patient’s heart before (panel A) and after (panel B) device deployment demonstrating mitral bioprosthetic valve sew ring (leaflets not
replicated).

Figure 2. Cone-beam CT of the 3D printed model before (panel A) and after (panel B) device deployment demonstrating anatomy pathology and proximity of the iASD
to the bioprosthetic mitral valve as well as septal tricuspid valve. Device fabric is not evident on CT imaging, but the wire frame of the occluder device is clearly seen.
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