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INTRODUCTION

Surgical planning in congenital heart disease
(CHD) is often challenging due to the broad
spectrum of conditions treated and the high
variability among different individuals with
the same conditions. Partial anomalous pul-
monary venous return (PAPVR) represents
a congenital malformation characterized by
afailure of one or more pulmonary veins (PVs)
to connect with the left atrium during fetal
development.This event causes an anomalous
communication of the right PVs, mostly the
veins from the superior lobes of the right lung,
with the right atrium or the superior vena cava
(SVCQ). PAPVR is frequently associated with
sinus venosus defects [1]. The anatomy of
patients with PAPVR can be extremely variable
and can affect the type of management [2-4].

Current standard preoperative visualiza-
tion of PAPVR is generally based on cross-sec-
tional 2D imaging [5-71, which often provides
the surgeon with a suboptimal assessment
dueto the lack of a volumetric representation.
This adversely affects the full understanding
of intracardiac and vascular anatomy. More
recently, the introduction of 3D reconstruc-
tions and modeling improved the representa-
tion of the patient’s unique anatomy, which
allows a more comprehensive preoperative
evaluation and surgical planning, potentially
reducing surgical risks [8-12].

METHODS
A retrospective analysis of patients undergo-
ing surgical correction for PAPVR between
January 2011 and December 2019 at our In-
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stitution, University of Padua, was performed.
The study aimed to validate the utility of 3D
reconstruction in planning an appropriate
surgical technique in patients with PAPVR by
comparing this methodology to standard 2D
imaging. Patients were not identified thus
consent to the processing of personal data
was not obtained. The ethics committee of
our institution approved data submission for
publication (protocol number 4482/A0/18).

All patients with supra-diaphragmatic
drainage anomalies of the right PVs with suit-
able cardiac magnetic resonance images (MRI)
were included. Exclusion criteria were the
absence of preoperative imaging examines
with inadequate technical characteristics for
3D reconstruction and patients without sur-
gical reports. Standard hospital protocols for
cardiac MRI consist of steady-state isotropic
free precession sequences with electrocardi-
ogram-gated breath-holding. The acquisition
field of view ranges from the epiaortic vessels
to the cranial part of the abdominal aorta.

The 3D reconstruction process was per-
formed with Mimics InPrint 3.0 (Materialise
NV, Leuven, Belgium) from bidimensional
cross-sectional images. This software allows
the creation of a virtual 3D model, both solid
and hollow. The latter is crucial for the visual-
ization of intracardiac and vascular anatomy.
The radiologist can then perform accurate
measurements directly on these virtual mo-
dels (Figure 1).

A multidisciplinary team of radiologists
(RM and EC) and pediatric cardiac surgeons
with more than 20 years of experience in CHD
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Figure 1. A stereolithographic model of the reconstructed heart. A. Arrows indicate the right middle (thin arrow) and the right upper (thick
arrow) pulmonary veins. B. Measurements of the distance between the upper border of the right upper pulmonary vein and the azygos vein
(red dotted line) and the inferior edge of the atrial septal communication (blue dotted line)

Abbreviations: Ao, aorta; PA, pulmonary artery; RA, right atrium; RV, right ventricle; SVC, superior vena cava

management (VV) created a list of ten parameters consid-
ered essential for adequate surgical planning in patients
with PAPVR. These measures were then assessed in both
standard 2D imaging and 3D reconstructions by RM and
EC. Afterward, VV performed a blinded evaluation on all
the measurements in order to (1) compare them with his
previous operative records considered as the gold standard
(performed intraoperatively directly with a silk ligature);
and (2) assess the reliability of these data in relation to
the actual anatomy of the patient in the operating room.

Statistical analysis

Afour-point Likert scale was used to quantify the reliability
and accuracy of the two methods with respect to surgical
findings, using the following classes of correspondence:
4 = excellent, 3 = good, 2 = poor, 1 = none. All data were
analyzed using SAS (SAS Institute Inc., Cary, NC, USA). Due
to the non-normal distribution, numerical variables were
presented as median with interquartile range and com-
pared using a Wilcoxon signed-rank test. The P-value for
statistical significance was set at 0.05.

RESULTS AND DISCUSSION

A total of 70 patients underwent surgical correction of
aright PAPVR during the study period. A total of 14 patients
with a median age of 8.8 (interquartile range [IQR], 4.3-12.5)
years met the inclusion/exclusion criteria. A 3D reconstruc-
tion was performed on all 14 preoperative cardiac MRIs,
and all ten measurements were obtained in each patient.
The scores assigned to each parameter were analyzed and
compared between 2D and 3D techniques.
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The analysis showed a significant statistical improve-
ment in six out of ten measures with the employment
of 3D reconstruction (Supplementary material, Table S1).
This demonstrated that 3D cardiac reconstruction allows
for a better evaluation of PAPVR. In fact, this technology
offers direct visualization of the internal anatomy of the
SVC and the right atrium, thus enabling the identification
of the type and dimensions of sinus venosus defects as-
sociated with PAPVR. A preoperative evaluation with 2D
imaging can be more laborious for the surgeon due to the
need for different sequences and scans in order to obtain
a full mental picture of the patient’s anatomy. Compared
to 2D imaging, 3D reconstruction also provides better
identification of the number of anomalous PVs and their
spatial relationship with adjacent structures. In particular,
they allow a more accurate measurement of the distance
between the ostia of the anomalous PVs and the sinus
venosus defect, the atrio-caval junction, and the azygos
vein. Indeed, the accuracy of 2D imaging is limited in
locating the precise position of the outlet of the PVs due
to the possible overlap in the axial plane. Notably, the
measurement of the distance between the anomalous
PVs draining in the SVC and the sinus venosus defect was
found to be the most statistically significant parameter due
to the impossibility of performing this evaluation with 2D
imaging. The localization of the two structures, in fact, lies
on different and variable orthogonal planes.

This study shows how 3D reconstruction can provide an
improvement in the radiological evaluation of PAPVR when
comparing preoperative information with subsequent
surgical findings [11, 12]. This technology can, therefore,
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be used for personalized preoperative planning, giving
cardiac surgeons an accurate spatial representation of the
anatomy, as well as the ability to simulate the operation on
a 3D printed model if needed [13, 14].

The main limitation of this study is its retrospective
design, which was necessary due to the low incidence of
this disease. This undoubtedly reduced the number of 2D
images available due to the lack of standardized preopera-
tive protocols. In addition to this, a potential limitation is the
use of a quality score derived from the subjective opinion of
a pediatric cardiac surgeon. For this reason, the results were
expressed according to a Likert scale, which is a globally
recognized method for improving data standardization.

Our results confirm the important value of 3D recon-
struction in the preoperative radiological assessment of
CHD by providing additional information compared to 2D
images. This may serve as a starting point for improving
clinical and surgical management with potential person-
alized approaches. Further studies are needed to evaluate
theimpact of 3D imaging on different surgical techniques.

Supplementary material
Supplementary material is available at https://journals.
viamedica.pl/kardiologia_polska.
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