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• In the least …. someone you like

•  A best friend is most ‘helpful’…
• A best friend is least demanding…
• The whole is greater than the sum of its parts

What is a “Best Friend” ?
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“Infundibular morphology, including the size and orientation of the 
outlet septum, relative to the margin of the ventricular septal defect”

“Extent of the muscular infundibulum as an additional modifier of the 
distance between the ventricular septal defect margin and the arterial 
valve or valves”

Circ Cardiovasc Imaging. 2018;11:e006891 Awori et al. 3D Printing in Medicine (2021) 7:26

• A mix of medical personnel and parents, and a mix of 
pathologies

• Parent and medical personnel perceived understanding with 
digital models was significantly higher than traditional (p = 
0.01). 

• Physical models were overall more useful than digital ones (p 
= 0.001)
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ODN UHS Belfast

UHS2 ReviewersUHS 2024

First Presentation
Cardiology-led clinical 

presentation of the case, including 
Echo cardiography.

Interdisciplinary 
CHD Team

Query for Cardiac CT and 
3DM agreed 

Upload to Axial3D
Completion of segmentation 
on-line using a clinician-led 

interface  

Delivery of 3DM
Repeat IDT meeting discussion and 

intervention plan agreed. Contribution 
of 3DM recorded 

Data Review
Cardiac CT queries and 3DM 

contribution classified and 
analysed

First Outcome Data
Leading quantitative data analysis 

on large UHS’s clinical dataset.
Introducing phase II development 

Op Theatre

Interventions 
Planning and execution 

recorded 

SEAMLESS
Integration of 3DM

In MDT Practice
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• Trustworthiness:
• 3D printing meets clinical expectations. The models are accurate enough to 

guide surgeries. 

• Non judgemental attitude:
• 3D printing complements existing technologies (e.g., echo, CT, MRI), creating a 

collaborative rather than competitive relationship

• Unconditional Support:
• 3D printing is viable for both routine and complex cases, the general 

understanding and case-specific needs. 

A best friend is most ‘helpful’… 
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• The workflow begins with image segmentation, during 
which a mask is layered over the desired anatomic 
details on each 2-dimensional slice of a 3D image data 
set. The masked data set is then converted into a 
meshed surface file, composed of edge-to-edge 
triangles or polygons 

• 3D printers can create quality, high-resolution prints as 
accurate as the digital model can be

• Accuracy of the digital model is dependent on the 
segmentation steps and any editing of the meshed file 
that may occur, and it is entirely dependent on the file 
creator’s interpretation of complex anatomy. 

• A standardized peer review process of 3D modelling is 
needed. 

Circ Res. 2017;120:904-907. DOI: 10.1161/CIRCRESAHA.116.310546
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Biomolecules 2021, 11, 270. https: // doi.org/10.3390/biom11020270 
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• Case

DORV with restrictive VSD
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DORV – 90º Angle LVOTDORV – Tunnel with 90º Angle

4mm

7mm
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• Five patients underwent BVR, four UVP. 

• The question whether relevant 
measurements can also be performed 
directly using

• 3D reconstruction of the patient-specific 
anatomy and how these measurements 
compare against current gold-standard

• Methods cannot be answered sufficiently 
without additional prospective investigations.

Brüning J, (2022) Front. Cardiovasc. Med. 9:1024053.
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‘Life-Size patch template’

‘non-cardioplegic patch implant’ Unrestrictive LVOT assessment

Complex structure in three planes 

Simple DORV – Surgical Simulation
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• Unconditional Support:
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understanding and case-specific needs. 

A best friend is most ‘helpful’… 



2/20/2025 1510th Utrecht Sessions10TH UTRECHT SESSIONS - 2025

From Echo to CT – Mind the Gap
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DORV - Rastelli / Nikaidoh : GAP CLOSEDDORV to Nikaidoh Operation – Gap Closed
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• Empathy:
• 3D printing is a tool that makes complex tasks more manageable, giving 

teams greater confidence and reducing stress

• Forgiveness:
• 3D-printed models help surgeons anticipate challenges, reducing the risk 

of residual lesions and complications

A best friend is ‘least demanding’…
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DORV DOLV

An Unusual Diagnosis



2/20/2025 1910th Utrecht Sessions10TH UTRECHT SESSIONS - 2025

Both arterial roots override the crest of the 

apical muscular ventricular septum in equal 

measure, 

The term double-outlet both ventricles, was first used by Brandt et al. 
[1], and subsequently mentioned in the reviews of Aiello et al. [2] and 

Ueda and Becker [3]. 

No further description of this entity has been 

published.
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Septation – Is it Possible?
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DORV - UHS Experience    2019-2024

Non-committed/multiple VSDs 
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• “Mutual Respect”
• 3D printing allows for patient-specific customization, making it a tool that 

"respects" the uniqueness of each case.
• Encourages Growth

• 3D printing fosters accelerating learning curves for new surgeons and in 
fostering technological advancements in surgical planning, has increased our 
referral 

• Fun to Be Around
• 3D models might make teaching and learning more interactive, encouraging 

collaboration and innovation (new tool, new research, library, relations with 
industry)

        The whole is greater than the  sum of its parts
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Surgical 
Education

Medical 
Education

Research

3D Printing - Added Value
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• Superior engagement with learning opportunities

• Enhanced understanding of intracardiac anatomy

• Improved understanding of surgical requirements

• https://www.congenitalecho.co.uk

UHS - Education

https://www.congenitalecho.co.uk/
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Surgical Education = Operable Materials
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Surgical Education = Practicing Repairs
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Advanced Surgical Education = Practicing Repairs via Surgical Views
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(Re)-Modelling the Broncho-Esophageal Bundle in Vascular Rings. 
Can 3D Modelling Replace Functional Analysis?

Viola N1, Bharucha T2, Hall N3, T Shwartz4

1 Department of Congenital Cardiac Surgery, UHS, Southampton
2 Department of Pediatric Cardiology, UHS, Southampton
3 Department of Pediatric Surgery, UHS, Southampton
4Department of Creative Development, Axial 3D, Belfast
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• Forgiveness:
• 3D-printed models help surgeons anticipate potential challenges, 

reducing the risk of residual lesions and complications
• Empathy:

• 3D printing is a tool that makes complex tasks more manageable, giving 
teams greater confidence and reducing stress. It is incomplete 

• High Maintenance
• 3D printing is primary data dependent: CT/MRI. 
• It often requires anesthesia
• It does not produce implantable devices/materials

A best friend is ‘least demanding’…
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Obstacles, Opportunities and a Proposed Way Forward

• Advanced imaging in CHD is time consuming and current reimbursement is not consistent with 

workload per case

• There are knowledge gaps at the intersection of adult and pediatric cardiology and radiology [and 
SURGERY n.d.r.]

• However, excellence in congenital CT imaging may be possible if we incorporate the following 

recommendations:

• Cardiologists and radiologists may perform congenital CCT, but standards need to be established. 

• Standards for clinical expectations including 3D reconstructions and post-processing need to be established 

• The establishment of a multi-institutional and multi-modality diagnostic research platform is needed to inform the 

optimal use of imaging modalities in CHD.

• Diagnostic accuracy and refinement of CCT for CHD through the establishment of training guidelines will have 
important quality implications. 

https://www.acc.org/Latest-in-Cardiology/Articles/2023/04/11/15/10/Cardiac-CT-in-CHD
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Illmann CF, et al. Heart 2020;106:1631–1637
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Interpretation Use of CT scans in children to 
deliver cumulative doses of about 50 mGy 
might almost triple the risk of leukaemia and 

doses of about 60 mGy might triple the risk 
of brain cancer. Because these cancers are 

relatively rare, the cumulative absolute risks 
are small: in the 10 years after the first scan 
for patients younger than 10 years, one 

excess case of leukaemia and one excess 
case of brain tumour per 10 000 head CT 

scans is estimated to occur. Nevertheless, 
although clinical benefits should outweigh 
the small absolute risks, radiation doses 

from CT scans ought to be kept as
low as possible and alternative procedures, 

which do not involve ionising radiation, 
should be considered if appropriate.

www.thelancet.com Vol 380 August 4, 2012 Berrington de Gonzalez A. Br J Radiol 2021; 94: 20210471

In a meta-analysis of the studies of childhood exposure the summary ERR/100 mGy was 1.78 (95%CI: 0.01–3.53) for 
leukemia/myelodisplastic syndrome (n = 5 studies) and 0.80 (95%CI: 0.48–1.12) for brain tumors (n = 4 studies) (p-
heterogeneity >0.4). Confounding by cancer pre-disposing conditions was unlikely in these five studies of leukemia. 

The summary risk estimate for brain tumors could be over estimated, however, due to reverse causation. In 
conclusion, there is growing evidence from epidemiological data that CT scans can cause cancer. The absolute risks 

to individual patients are, however, likely to be small. Ongoing large multi center cohorts and future pooling efforts will 
provide more precise risk quantification.



2/20/2025 3510th Utrecht Sessions10TH UTRECHT SESSIONS - 2025

PROSPECTIVE Study

Four centers 
1045 consecutive pediatric CHD patients
Median age    1.7yrs
Prevalence varied significantly inter-center
Risk categories and prevalence

Sedation and anesthesia use   11%
 Vascular access   93%
 Contrast exposure   2ml/Kg
 Cardiovascular medication  2-11%

Minor adverse events (AEs) 0.7%
Major Aes 0%

 Median radiation dose  20 mGy*cm

Mariana De Oliveira Nunes, et al. J Cardiovasc Comput Tomogr. 2021 ; 15(5): 441–448
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European Journal of Cardio-Thoracic Surgery 52 (2017) 1139–1148

Axial3D - 2024
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European Journal of Cardio-Thoracic Surgery 52 (2017) 1139–1148
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non 
CHD

HLHS, 
Borderline 

LV
Simple 
Lesions

Rare Lesions

Isomeric Heart

PA-VSD 
MAPCAs

Complex 
Transposition

Vascular anomalies

Complex DORV

Vascular Rings

Diagnostic Categories

non CHD HLHS, Borderline LV Simple Lesions

Rare Lesions Isomeric Heart PA-VSD MAPCAs

Complex Transposition Vascular anomalies Complex DORV

Vascular Rings

WPCPSC, Bologna 2024 
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WPCPSC, Bologna 2024 
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The “Library Effect”

Powering 3D pattern 
recognition in 
understanding  
complex lesions
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• Silicone is a very good friend, not best yet, but we are working through things

• 3D printing is a reliable and powerful education and training tool. Its 
widespread use is set against its inherent costs

• Preliminary experience seems to point at detectable clinical benefit. Its 
widespread clinical use will require stronger, quantitative evidence of its 
benefit for patients

• Morbidity (especially long term) more than mortality will require large data 
and concerted multicenter efforts to power meaningful comparison with pre-
3D outcomes

Conclusions
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