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Abstract

Background Despite advancements in imaging technologies, including CT scans and MR, these modalities may still
fail to capture intricate details of congenital heart defects accurately. Virtual 3D models have revolutionized the field
of pediatric interventional cardiology by providing clinicians with tangible representations of complex anatomical
structures. We examined the feasibility and accuracy of utilizing an automated, Artificial Intelligence (Al) driven,
cloud-based platform for virtual 3D visualization of complex congenital heart disease obtained from 3D rotational
angiography DICOM images.

Methods Five patients selected at random with 3DRA performed in the pediatric cardiac catheterization suite
were selected. 3DRA’'s were performed following published institutional protocols and segmentations performed
by primary operators. The 3DRA DICOM images were anonymized as per protocol and exported. Images when then
processed by Axial3D Artificial Intelligence (Al) driven cloud-based platform for virtual segmentation. Two separate
expert operators were selected to subjectively analyze the segmentations and compare them to the operator
reconstructions for anatomic accuracy.

Results Comparing results with local reconstructions by expert operators, five different patient anatomies were
analyzed, showcasing Axial3D’s ability to produce highly detailed reconstructions with improved visual appeal,
including color-coded segments for implanted materials like stents. The reconstructions exhibited superior
segmentation of different intrathoracic structures when compared to local models, offering valuable insights for
medical professionals and patients.

Conclusions The use of the Al driven, cloud-based platform for 3D visualization of complex congenital heart
lesions presents a promising advancement in pediatric interventional cardiology, facilitating enhanced patient care,
procedural planning, and educational opportunities for trainees and patients alike.
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Background

Despite advancements in imaging technologies, includ-
ing computed tomography (CT) scans and magnetic
resonance imaging (MRI), these modalities may still fail
to capture intricate details of congenital heart defects
accurately. Virtual 3-dimensional (3D) models have revo-
lutionized the field of pediatric interventional cardiology
by providing clinicians with tangible representations of
complex anatomical structures [1]. Studies have shown
discrepancies between virtual 3D models and intraop-
erative findings, highlighting the challenge of achieving
precise anatomical replication [2]. However, imitations
of these reconstructions include the time and resources
required for creating and utilizing virtual 3D models.
The acquisition of images, segmentation, and subsequent
model reconstruction is a time-intensive and laborious
process, demanding specialized expertise and the use of
advanced software necessitating proper training in the
field.

Virtual 3D reconstructions are increasingly recognized
as assets in pediatric interventional cardiology [3]. Con-
ventionally, these reconstructions have been created from
cross-sectional imaging modalities such as CT angio-
grams or MRIs. However, 3D rotational angiography
(3DRA) has been increasingly used for 3D reconstruc-
tions using a variety of proprietary software available in
the market. Additionally, live reconstructions while per-
forming a complex catheterization often includes a sec-
ond operator, or additional team members with advanced
training to reconstruct. This poses a practical challenge
in clinical settings where time is often limited. However,
3DRA DICOM images for virtual 3D model reconstruc-
tion through external services has not previously been
reported.

We present a series of 5 patients who underwent car-
diac catheterization with 3DRA DICOM images exported
for external model reconstruction. We aimed to evalu-
ate the feasibility and of virtual 3D model reconstruc-
tion from 3DRAs performed in patients with complex
congenital heart disease using a commercially available
service.

Methods

Five patients selected at random that had a 3DRA per-
formed in the pediatric cardiac catheterization suite were
selected. The selection was made in a retrospective fash-
ion including only patients which had reconstructions
already performed and 3DRA was done as part of the
institutional standard of care in the last 12 months.

The 3DRAs were performed per published institutional
protocols with contrast dilution and volumes dictated
per patient weight. Simultaneous multi-site injections
were performed when appropriate. The rotational angio-
gram was performed during cessation of respiration
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(expiratory breath hold) to eliminate motion artifact, no
pacing was used in these cases for imaging acquisition.
In our center, patients under 50-kg receive a diluted con-
trast solution (75% contrast/25% normal saline) while
larger patients use straight contrast injections. The full
volume injection is then given over a total of 5 s starting
1 s prior to the cameras’ initial rotation. The C-arm AP-
camera then rotates from extreme right posterior oblique
(RPO) camera angle (posteriorly looking at the right
scapula) starting position and performs a full 270-degree
continuous spin [4]. The images were then processed and
reconstructed on local software by the operator perform-
ing each procedure and stored.

The 3DRA DICOM images were anonymized as per
protocol and exported. Images where then uploaded to
and processed by Axial3D (Belfast, Ireland) Artificial
Intelligence (AI) driven cloud-based platform for vir-
tual segmentation. These images are then verified by a
biomedical engineer for quality control based on pro-
vided patient demographics as per company workflow
(not assessed in this study). Two separate expert opera-
tors, not included in the original local segmentation,
were selected to subjectively analyze the segmentations
and compare them to the original operator reconstruc-
tions for anatomic accuracy. No statistical analysis was
performed.

Results
The case descriptions and patient demographics are
summarized in Table 1. Patient pathologies included:
3 patients with single ventricle physiology status post
each palliation stage (s/p Sano shunt, s/p bidirectional
Glenn and s/p Fontan completion), patient with a ven-
tricular septal defect status post pulmonary arterial band
placement and a patient with coarctation of the aorta
post-stent placement. Separate operators confirmed the
anatomic accuracy of the models individually. The assess-
ment of the images was done in a descriptive fashion with
side to side comparisons of anatomical details and poten-
tial motion artifacts. Commentary included the more
appealing visual appearance of the Axial3D reconstruc-
tions with color coding of airway, catheter placement and
implanted material, such as stents, when available. The
reconstructions exhibited superior segmentation of vary-
ing intrathoracic structures compared to local models
given the limitations of the system’s 3DRA workstation.
Comparison of the models with the 2D angiography and
the standard 3DRA reconstructions from the system can
be seen in Fig. 1.

The average segmentation time of these images by the
operators go from 10 to 30 min. The images turnaround
time by Axial3D was 1 business day.
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Fig. 1 Visual Comparison of Reconstructions from 3DRA Images. From left to right, compare the 3DRA injection with the operator reconstruction (black)
compared to the exported reconstruction (blue). (A) Pulmonary arteries post-band placement. (B) Fontan completion with a left pulmonary artery stent
(red dots). (C) Bilateral bidirectional Glenn anastomosis. In the exported reconstructions, the airway is delineated in yellow, catheter position in red, stent
noted with red dots

Discussion
As multiple services and software platforms have
emerged in recent years the options available for proce-
duralists to perform these reconstructions have been on
the rise. However, the time spent on reconstructing these
models from various imaging modalities is not insignifi-
cant for providers who are already stretched for time.
Traditionally, these models have been reconstructed
from cross-sectional imaging modalities such as CT
angiograms or MRIs [5, 7]. In contrast, 3DRA is per-
formed in the catheterization suite by highly trained pro-
ceduralists. This is performed by placing angiographic
catheters in the desired vasculature. Rapid pacing is
commonly used in many centers but our center doesn't
use it as affects the cardiac output and alters volumetric
dimensions of the anatomy. These images are then pro-
cessed by the institutions local software and is thus then
processed and reconstructed by the proceduralists either
for live guidance or for medical documentation. How-
ever, this approach is usually done by the same operator,
or occasionally a second operator if needed for live guid-
ance, performing the cardiac catheterization and can be
time consuming in an already busy and time-constrained
field. In addition, the appearance of the segmentation is
limited to the different vendors’ workstation capabili-
ties. On average we estimate the time spent on recon-
struction from 3DRA can range from 10 min to 30 min
based on experience compared to the one business
day of the Axial3D service turnaround time. However,

the reconstructions are not always done same day or
live depending on available time and critical nature of
the imaging for the procedure. Furthermore, the use of
other available software adds additional processing time
including exporting of the DICOM images which then
may be subject to each software’s processing capabilities
and further need for training in segmentation by each
operator.

Though the use of 3D printing from 3DRA in congeni-
tal heart disease has been widely described for proce-
dural planning and education, to our knowledge, the use
of 3DRA DICOM images for virtual 3D model recon-
struction using external services has not been previously
described [4-9]. Reconstruction services provide multi-
ple options of 3D modeling for healthcare professionals
by not only providing virtual models for 3D visualization,
3D printing of hard models, as well as flexible/functional
models for surgical planning and practice. However, tra-
ditionally these services require advanced imaging such
as CT and MRI The model reconstructions performed
by Axial3D from the 3DRA images showed not only that
this is a feasible modality for use, but also showed that
3DRA images are of comparable quality to CTA and MRI
and include visually appealing details of the anatomy as
well as implanted material such as stents. Additionally,
a myriad of interventions are performed in the cardiac
catheterization suite which can significantly change and
improve the anatomy of each patient, and thus 3DRAs
performed following these interventions can provide
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up-to-date anatomic insight to other practitioners, the
patients, and their families. This is a significant advantage
to the traditional in-suite software capabilities, and pre-
procedural advanced imaging modalities, which can pro-
vide families and medical trainees with invaluable insight
into these complex anatomic pathologies.

Conclusion

Reconstruction of 3DRAs in the catheterization suite is
feasible, however time consuming with limited options
in smaller centers. Furthermore, 3D printed models have
become more widely available, however these add hours
to processing and result time by the operator. We prove
the feasibility of using commercially available services for
3D reconstruction of complex congenital heart disease
with DICOM images exported from a 3DRA which has
not been previously described. These virtual models pro-
vide not only anatomic accuracy but a higher degree of
detail compared to local reconstruction especially follow-
ing complex interventions. These models provide clini-
cians with further advanced imaging modalities to allow
for creation of 3D models to aid in excellent patient care,
procedural planning, and trainee and patient education.

Limitations

Given that this is a feasibility study, only 5 patients were
included from images using Philips system. A larger
study is needed to validate this technology and challenge
real turnaround times using wider imaging vendors.

Abbreviations
cT Computed tomography

MRI Magnetic resonance imaging

3D Three dimensional

3DRA 3D rotational angiography

Al Artificial intelligence

s/p Status—post

2D Two dimensional

AP Camera-anterior—posterior camera
Kg Kilogram

RPO Right posterior oblique

Author contributions

E.M. wrote the main manuscript text and developed all figures. S.S. conducted
data collection and reviewed and edited the manuscript. J.Z. developed

the concept, reviewed and edited the manuscript and fiugures. All authors
reviewed and approved the manuscript.

Funding
No sources of funding to disclose.

Data availability
No datasets were generated or analysed during the current study.

Page 5 of 5

Declarations

Human ethics approval
Approved under Colorado Multiple Institutional Review Board 19-2892.

Consent to participate

Written informed consent for publication of their clinical details and/or clinical
images was obtained from the parent/guardian of the patients. A copy of the
consent form is available for review by the Editor of this journal.

Competing interests
Dr. Zablah is a medical advisor for Axial3D.

Received: 4 June 2024 / Accepted: 12 December 2024
Published online: 27 January 2025

References

1. Awori J, Friedman SD, Chan T, Howard C, Seslar S, Soriano BD, Buddhe S. 3D
models improve understanding of congenital heart disease. 3D Print Med.
2021;7(1):26. https://doi.org/10.1186/541205-021-00115-7. PMID: 34471999;
PMCID: PM(C8411549.

2. Faroogi KM, Lengua CG, Weinberg AD, et al. Blood Pool Segmentation Results
in Superior Virtual Cardiac Models than Myocardial Segmentation for 3D
Printing. Pediatr Cardiol. 2016;37:1028-36. https://doi.org/10.1007/500246-01
6-1385-8

3. SunZ, Patient-Specific. 3D-Printed Models in Pediatric Congenital Heart
Disease. Children 2023;10:319. https://doi.org/10.3390/children10020319

4. Zablah JE, O'Callaghan B, Shorofsky M, Morgan GJ. How to obtain diagnostic
and procedural quality three-dimensional-rotational angiograms in congeni-
tal heart disease: Tips and tricks from a single center experience. Cardiol J.
2021;28(5):779-82. https://doi.org/10.5603/CJ.a2021.0061. Epub 2021 Jun 24.
PMID: 34165184; PMCID: PMC8428939.

5. Pinsky BM, Panicker S, Chaudhary N, Gemmete JJ, Wilseck ZM, Lin L. The
potential of 3D models and augmented reality in teaching cross-sectional
radiology. Med Teach. 2023;45(10):1108-11. Epub 2023 Aug 4. PMID:
37542360.

6.  Batteux C, Haidar MA, Bonnet D. 3D-Printed Models for Surgical Planning
in Complex Congenital Heart Diseases: A Systematic Review. Front Pediatr.
2019;7:23. https://doi.org/10.3389/fped.2019.00023. PMID: 30805324; PMCID:
PMC6378296.

7. Seckeler MD, Boe BA, Barber BJ, Berman DP, Armstrong AK. Use of rotational
angiography in congenital cardiac catheterisations to generate three-dimen-
sional-printed models. Cardiol Young. 2021;31(9):1407-11. Epub 2021 Feb 18.
PMID: 33597057.

8. Parimi M, Buelter J, Thanugundla V, Condoor S, Parkar N, Danon S, King W.
Feasibility and Validity of Printing 3D Heart Models from Rotational Angiogra-
phy. Pediatr Cardiol. 2018;39(4):653-658. https://doi.org/10.1007/500246-01
7-1799-y. Epub 2018 Jan 5. Erratum in: Pediatr Cardiol. 2018;: PMID: 29305642.

9. Poterucha JT, Foley TA, Taggart NW. Percutaneous pulmonary valve implanta-
tion in a native outflow tract: 3-dimensional DynaCT rotational angiographic
reconstruction and 3-dimensional printed model. JACC Cardiovasc Interv.
2014;7(10):€151-2. https://doi.org/10.1016/},cin.2014.03.015. PMID: 25341717.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1186/s41205-021-00115-7
https://doi.org/10.1007/s00246-016-1385-8
https://doi.org/10.1007/s00246-016-1385-8
https://doi.org/10.3390/children10020319
https://doi.org/10.5603/CJ.a2021.0061
https://doi.org/10.3389/fped.2019.00023
https://doi.org/10.1007/s00246-017-1799-y
https://doi.org/10.1007/s00246-017-1799-y
https://doi.org/10.1016/j.jcin.2014.03.015

	﻿Virtual 3D reconstruction of complex congenital cardiac anatomy from 3D rotational angiography
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Results
	﻿Discussion
	﻿Conclusion
	﻿Limitations

	﻿References


