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Three-dimensional printed trachea helps develop

tailored treatment for tracheobronchomalacia
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Tracheobronchomalacia is a rare disease of
the central airways, which manifests with im-
paired ventilation with expiratory collapse of
the tracheal wall." Patients with severe symp-
toms and confirmed obstruction of the central
airways can be offered surgical treatment, name-
ly, tracheobronchoplasty.

A 39-year-old male patient presented with di-
abetes and asthma. He required multiple hos-
pitalizations due to exacerbations of respirato-
ry failure. He also reported distressing symp-
toms, such as recurrent episodes of wheezing,
cough, and shortness of breath. Further diag-
nostic workup revealed tracheobronchomalacia
with the dynamic narrowing of the thoracic tra-
chea and main bronchi.

Chest computed tomography (CT) with respi-
ratory phase gating (4D-CT) and bronchosco-
py showed the narrowing of the airways during

FIGURE 1 A —bronchoscopy showing

the membranous wall of the trachea during expiration
(arrow); B, C — chest dynamic computed tomography
during expiration (B) and inspiration (C)
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the expiratory phase (FIGURE 1A-1c). Before the sur-
gery, we performed 3-dimensional (3D) visualiza-
tion and developed the airway pattern (FIGURE 1D).
The pattern was then transformed to a 3D-printed
plastic model, using the AW program (GE Health-
care, Chicago, Illinois, United States), Inventor
Software (Autodesk, San Rafael, California, Unit-
ed States), and Prime3D software (Monkeyfab,
Warsaw, Poland), and the model was printed us-
ing polylactide filament (FIGURE 1E).?

Using right posterolateral thoracotomy, the tra-
chea and main bronchi were exposed after liga-
tion of the azygous vein. The membranous wall
of the trachea and main bronchi was plicated and
narrowed with polypropylene mesh by a series of
4 mattress sutures. A narrowing of the membra-
nous wall was obtained, which resulted in a satis-
factory widening of the trachea and main bronchi
(FiGure 1F). The patient was extubated on the first




FIGURE 1 D — virtual model of the airways showing
tracheal stenosis (arrow); E — 3-dimensional printed
model showing tracheal stenosis (arrow); F — follow-up
bronchoscopy showing the wide lumen of the trachea
and main bronchi

day and required bronchoscopic aspiration as well
as antibiotic therapy due to respiratory infection.

Control bronchoscopy at 3, 6, and 12 months
after the operation showed satisfactory widen-
ing of the airways. Although there was no signif-
icant change in spirometry results (forced expi-
ratory volume in 1 second, 33% vs 27%), the pa-
tient reported a considerable improvement af-
ter surgery. The St. George’s Respiratory Ques-
tionnaire (SGRQ) indicated that the symptoms
subsided and the patient remained asymptom-
atic for more than 1 year after the operation. Be-
fore surgery, the components of the SGRQ test,
namely, Symptoms Score, Activity Score, Impact
Score, and Total Score were 95, 93, 94, and 94,
respectively, as compared with 49, 30, 8, and 22,
respectively, at more than 1 year after procedure.

Tracheobronchoplasty, by which the mesh is
sewn into the membranous wall, is considered
to be an effective treatment option for tracheo-
bronchomalacia.** It requires a meticulous prep-
aration and design of implanted materials before
surgery. The 4D-CT reconstruction enables a vi-
sualization of the tracheal shape and helps de-
sign meshes and rings that should be prepared
in detail due to anticipated anatomical circum-
stances. Low resolution and inability to directly
create a 3D model are the main limitations of CT,
so it was considered insufficient in our patient.
The solution in such cases is rapid prototyping.
The 3D printing of the trachea further facilitates
performing surgery. As tracheobronchomalacia is
a rare condition and our patient presented with

an exceptionally wide extension of the membra-
nous wall, we decided to search for any available
means to effectively plan the surgery.

In conclusion, the 3D model of the airways
printed in advance of a nonstandard surgical
strategy can facilitate tailoring therapy.
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