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EDITORIAL COMMENT
The Role of Multimodality Imaging
and 3D Printing in Ventricular
Cone Constriction*

Maria Victoria Ordoñez, MD,a Israel Valverde, MDb,c
I n the report by Pumacayo-Cardenas et al1 in this
issue of JACC: Case Reports, the authors describe
circumferential constriction of the heart at the

level of the ventricular cone combined. The authors
suggest that this may be the result of an abnormal
remodeling of the trabecular layer and incomplete
formation of the papillary muscles.

This report describes a unique case of equatorial
myocardial constriction and speculates about its
origin because of abnormal remodeling of the
trabecular layer. This is beautifully illustrated with
multimodality imaging and 3D printed models.

The abnormality in the papillary muscle might be
explained by a deviation of the normal trajectory
from development that tends to occur between
weeks 8 and 10 of gestation.2 Papillary muscles
originate from the trabecular layer of the ventricular
wall during a process known as delamination of the
ventricular myocardium.2,3 This ventricular devel-
opment explains different valve anomalies. An
abnormal position or number of papillary muscles
may lead to different cardiac malformations, such
as left ventricular tract obstruction or mitral valve
anomalies. In these cases, the papillary muscle
morphologic character can be explained by an
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incomplete delamination of the trabecular ridge
from the left ventricular wall, disturbed loosening
of the cushion tissue, and underdevelopment of the
chordae.3

As illustrated by the authors in this outstanding
case report, multimodality imaging is the key to
evaluate papillary muscles. Cardiovascular magnetic
resonance (CMR) is a valuable imaging modality for
the evaluation of papillary muscles and provides both
morphologic and functional information.4,5 The
morphology of the papillary muscles varies broadly,
as do abnormalities regarding position, number, and
functionality.5 A few articles have reported the
importance of the position of the papillary muscles
and the mitral valve competency valve based on CMR.
Velasco Forte et al6 describe the differences in
papillary muscle anatomy between normal, border-
line, and hypoplastic left ventricles.

Sung et al7 described the case of an 83-year-old
woman who was admitted with dynamic, high resting
left ventricular midwall gradient without obvious
septal hypertrophy or systolic anterior motion. In
particular, they combined 3D echocardiography and
CMR to identify this specific type of hypertrophic
cardiomyopathy that arose secondary to solitary
papillary muscle hypertrophy.

When the papillary muscles are attached in an
abnormal fashion, they are located in an atypical po-
sition within the LV, which may result in dynamic
midcavity obstruction.5 The case described by Puma-
cayo-Cárdenas et al1 showed an equatorial constriction
of the ventricular cone with biventricular deformation
but without signs of obstruction or dysfunction.1

To date, this is the first known report to describe this
scenario.

In addition, this case illustrates the role of
novel imaging modalities such as 3D printing in
the diagnosis of this equatorial constriction and
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provides insight into future management.1,8,9 Three-
dimensional printing is an emerging technology that
is able to reproduce complex cardiac anatomy. By
using 3D printed models, cardiologists and surgeons
can comprehend the complex 3D cardiac structure as
well as the spatial positional relationship before per-
forming cardiac surgery, thus improving decision
making.10

This report enhances the awareness of the papil-
lary muscles’ development and consequences in the
context of an abnormal display. In addition, it shows
the important role of implementing multimodality
imaging, including 3D printing, as part of the diag-
nostic process. Further studies are needed to refine
the usefulness of 3D printing models in individuals
with unique and unusual anatomic variants.

FUNDING SUPPORT AND AUTHOR DISCLOSURES

The authors have reported that they have no relationships relevant to

the contents of this paper to disclose.

ADDRESS FOR CORRESPONDENCE: Dr. Israel Valve-
rde, Pediatric Cardiology Unit, Hospital Infantil Vir-
gen del Rocío, 41013 Seville, Spain. E-mail:
ivalverde-ibis@us.es.
RE F E RENCE S
1. Pumacayo-Cárdenas S, Quea-Pinto E, Jiménez-
Santos M, Anderson RH. An unusual equatorial
constriction of the ventricular cone. J Am Coll
Cardiol Case Rep. 2022;4(18):1156–1159.

2. Oosthoek PW, Wenink AC, Wisse LJ, Gitten-
berger-de Groot AC. Development of the papillary
muscles of the mitral valve: Morphogenetic
background of parachute-like asymmetric mitral
valves and other mitral valve anomalies. J Thorac
Cardiovasc Surg. 1998;116(1):36–46.

3. Anderson RH, Ho SY, Redmann K, Sanchez-
Quintana D, Lunkenheimer PP. The anatomical
arrangement of the myocardial cells making up
the ventricular mass. Eur J Cardiothorac Surg.
2005;28(4):517–525.

4. Rajiah P, Fulton NL, Bolen M. Magnetic
resonance imaging of the papillary muscles
of the left ventricle: Normal anatomy, vari-
ants, and abnormalities. Insights Imaging.
2019;10(1):1–7.

5. Scatteia A, Pascale CE, Gallo P, et al. Abnormal
papillary muscle signal on cine MRI as a typical
feature of mitral valve prolapse. Sci Rep.
2020;10(1):1–7.

6. Velasco Forte M, Nassar M, Byrne N, et al.
Morphological three-dimensional analysis of
papillary muscles in borderline left ventricles.
Cardiol Young. 2017;27(7):1369–1376.

7. Sung KT, Yun CH, Hou CJ, Hung CL. Solitary
accessory and papillary muscle hypertrophy man-
ifested as dynamic mid-wall obstruction and
symptomatic heart failure: Diagnostic feasibility
by multi-modality imaging. BMC Cardiovasc Dis-
ord. 2014;14(1):1–5.
8. Vasconcelos M, Lebreiro A, Martins E, et al.
Papillary muscle abnormalities in a hypertrophic
cardiomyopathy population: A cardiovascular mag-
netic resonance study. Eur Heart J. 2013;34(suppl 1):
519.

9. El Meligy A, Rasla S, Wheeler A, Souaid R,
Noonan T. Multimodality imaging in the diagnosis
of a large accessory papillary muscle. R I Med J
(2013). 2017;100(9):33–36.

10. Hamatani Y, Shiraishi I, Nishii T, et al. Multi-
modality imaging and three-dimensional printed
model in patients with left ventricular outflow
tract obstruction. ESC Heart Failure. 2020;7(1):
321–325.

KEY WORDS 3D print, CMR (cardiac magnetic
resonance imaging), papillary muscles

mailto:ivalverde-ibis@us.es
http://refhub.elsevier.com/S2666-0849(22)00574-5/sref1
http://refhub.elsevier.com/S2666-0849(22)00574-5/sref1
http://refhub.elsevier.com/S2666-0849(22)00574-5/sref1
http://refhub.elsevier.com/S2666-0849(22)00574-5/sref1
http://refhub.elsevier.com/S2666-0849(22)00574-5/sref2
http://refhub.elsevier.com/S2666-0849(22)00574-5/sref2
http://refhub.elsevier.com/S2666-0849(22)00574-5/sref2
http://refhub.elsevier.com/S2666-0849(22)00574-5/sref2
http://refhub.elsevier.com/S2666-0849(22)00574-5/sref2
http://refhub.elsevier.com/S2666-0849(22)00574-5/sref2
http://refhub.elsevier.com/S2666-0849(22)00574-5/sref3
http://refhub.elsevier.com/S2666-0849(22)00574-5/sref3
http://refhub.elsevier.com/S2666-0849(22)00574-5/sref3
http://refhub.elsevier.com/S2666-0849(22)00574-5/sref3
http://refhub.elsevier.com/S2666-0849(22)00574-5/sref3
http://refhub.elsevier.com/S2666-0849(22)00574-5/sref4
http://refhub.elsevier.com/S2666-0849(22)00574-5/sref4
http://refhub.elsevier.com/S2666-0849(22)00574-5/sref4
http://refhub.elsevier.com/S2666-0849(22)00574-5/sref4
http://refhub.elsevier.com/S2666-0849(22)00574-5/sref4
http://refhub.elsevier.com/S2666-0849(22)00574-5/sref5
http://refhub.elsevier.com/S2666-0849(22)00574-5/sref5
http://refhub.elsevier.com/S2666-0849(22)00574-5/sref5
http://refhub.elsevier.com/S2666-0849(22)00574-5/sref5
http://refhub.elsevier.com/S2666-0849(22)00574-5/sref6
http://refhub.elsevier.com/S2666-0849(22)00574-5/sref6
http://refhub.elsevier.com/S2666-0849(22)00574-5/sref6
http://refhub.elsevier.com/S2666-0849(22)00574-5/sref6
http://refhub.elsevier.com/S2666-0849(22)00574-5/sref7
http://refhub.elsevier.com/S2666-0849(22)00574-5/sref7
http://refhub.elsevier.com/S2666-0849(22)00574-5/sref7
http://refhub.elsevier.com/S2666-0849(22)00574-5/sref7
http://refhub.elsevier.com/S2666-0849(22)00574-5/sref7
http://refhub.elsevier.com/S2666-0849(22)00574-5/sref7
http://refhub.elsevier.com/S2666-0849(22)00574-5/sref8
http://refhub.elsevier.com/S2666-0849(22)00574-5/sref8
http://refhub.elsevier.com/S2666-0849(22)00574-5/sref8
http://refhub.elsevier.com/S2666-0849(22)00574-5/sref8
http://refhub.elsevier.com/S2666-0849(22)00574-5/sref8
http://refhub.elsevier.com/S2666-0849(22)00574-5/sref9
http://refhub.elsevier.com/S2666-0849(22)00574-5/sref9
http://refhub.elsevier.com/S2666-0849(22)00574-5/sref9
http://refhub.elsevier.com/S2666-0849(22)00574-5/sref9
http://refhub.elsevier.com/S2666-0849(22)00574-5/sref10
http://refhub.elsevier.com/S2666-0849(22)00574-5/sref10
http://refhub.elsevier.com/S2666-0849(22)00574-5/sref10
http://refhub.elsevier.com/S2666-0849(22)00574-5/sref10
http://refhub.elsevier.com/S2666-0849(22)00574-5/sref10

	The Role of Multimodality Imaging and 3D Printing in Ventricular Cone Constriction∗
	Funding Support and Author Disclosures
	References


