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Abstract

We present a patient with severe tracheal stenosis resulting from a compression by the innominate artery 6 months after an arterial switch
operation in a dextro-transposition of the great arteries. Segmentation and three-dimensional (3D) visualization were derived from a
contrast-enhanced dual-source computed tomography and post-processing was performed using a dedicated open-source platform (3D
Slicer). Post-processing allowed a comprehensible visualization of the relationship of the innominate artery to the trachea when compared
to standard computer tomography reformations. Finally, the surgical approach to move the innominate artery anteriorly in order to relieve
the tracheal obstruction was emphasized based on the improved 3D visualization of the actual pathology. An effective aortopexy could be
performed and the postoperative result was confirmed by a second 3D visualization. About 3 months of follow-up, the patient is
completely asymptomatic. Three-dimensional visualization offers excellent opportunities for diagnosis, treatment planning and follow-up
in patients with a vascular-related tracheal stenosis in the context of congenital heart disease.
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INTRODUCTION

Tracheal stenosis in paediatric patients may be related to a vari-
ety of aetiologies [1]. In case of vessel-related tracheal compres-
sion aortopexy provides an established treatment approach [2].

CASE REPORT

We present a 6-month-old patient with severe distal tracheal ste-
nosis related to compression by a left-sided innominate artery
(right aortic arch) after neonatal arterial switch operation. The pa-
tient developed progressive expiratory stridor and cyanotic spells.
Biplane chest X-ray and echocardiography were unremarkable.
Diagnosis of tracheal compression by the innominate artery was
confirmed using a third-generation dual-source computer to-
mography scanner (Somatom ForceVR , Siemens Healthineers AG,
Erlangen, Germany) with high temporal (111 ms) and spatial reso-
lution. The dedicated cardiac protocol [3] has been reported in
detail previously and resulted in a very low radiation exposure
(effective dose 0.36 milli-Sievert).

Three-dimensional (3D) image reconstruction was carried out
by an open-source platform for analysis and display of medical

imaging data (3D Slicer) [4]. Hounsfield unit-based thresholds
and manual processing tools allowed for a precise 3D recon-
struction of the maximal tracheal compression as well as the sur-
rounding anatomical structures and the distance between the
innominate artery and the sternum.

RESULTS

The applied 3D reconstruction provided excellent visualization of
the pathology as well as the surrounding anatomy emphasizing
the surgical approach to move the innominate artery anteriorly
in order to relieve the tracheal obstruction (Fig. 1 and Video 1).
The 3D reconstruction allowed us to target planning for dissec-
tion and suspension of the left innominate artery on the left side
of the sternum. The success of the procedure after sternal closure
was proven by parallel tracheoscopy. During early postoperative
course, the patient had some minor residual stridor. A follow-up
computer tomography scan (effective dose 0.33 milli-Sievert) and
a repeated 3D reconstruction (Fig. 2 and Video 2) ruled out tra-
cheal compression, thus, an additional tracheoscopy was waived.
After 5 months of follow-up, the patient is now completely
asymptomatic.
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Figure 1: Preoperative computer tomography scan [sagittal slice (1.1) through the maximum of the tracheal stenosis] and three-dimensional visualization (1.2–1.3) of
the sternum, the whole heart, the aortic arch with the left-sided innominate artery (BCA) and the compressed Tc shown from different perspectives. BCA: brachioce-
phalic artery; Tc: trachea.

Video 1: Preoperative three-dimensional visualization shows the close anatom-
ical relationship of the left-sided innominate artery and the consecutive com-
pressed trachea.

Figure 2: Postoperative computer tomography scan [sagittal slice (2.1) with enlarged diameter of the trachea and three-dimensional visualization (2.2–2.3) of the ster-
num, the whole heart, the aortic arch with the left-sided innominate artery (BCA) and the decompressed T] shown from different perspectives. BCA: brachiocephalic
artery; T: trachea.

Video 2: Postoperative three-dimensional visualization shows the improved
anatomical relationship of the left-sided innominate artery after aortopexy and
the now decompressed trachea.
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DISCUSSION

Tracheal stenosis in paediatric patients may be related to a vari-
ety of aetiologies [2]. Apart from oesophageal atresia, an atypical
course of the innominate artery is one of the more common
causes [2]. In the presented patient, tracheal stenosis resulted
from compression by the left-sided innominate artery of a right
aortic arch 6 months after arterial switch operation.

Typically, in complex anatomy cross-sectional imaging is the
reference of standard [2]. Post-processing software for segmenta-
tion and 3D visualization allows for a much more precise visuali-
zation, particularly from the surgeon’s perspective.

Unexpected postoperative findings in this setting, such as mild
residual stridor, were verified by a second 3D reconstruction and
clear visualization of the postoperative situs. While a tracheo-
scopy alone would have only allowed to evaluate the tracheal
stenosis, the follow-up computer tomography not only visualized
the decompression of the trachea but also the anteriorly ex-
tended aortic arch and the surrounding structures as well.

However, 3D reconstruction may result in a loss of informa-
tion: The connecting tissue between the aortic arch and the tra-
chea was not segmented and, thus, is not displayed. As a result,
the distance between these anatomic structures appears wider in
3D than in reality.

In addition to the 3D visualization shown here, 3D printing is an
alternative for preoperative planning. Improvements in the preop-
erative planning and postoperative outcomes could be shown [5].

However, the here presented approach has the advantage
of faster availability and lower costs due to the open-source
platform.

CONCLUSION

Three-dimensional visualization offers excellent opportunities for
diagnosis, treatment planning and follow-up in patients with a

vascular-related tracheal stenosis in the context of congenital
heart disease.
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