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Review Article on Recent Developments in Benign Tracheal Stenosis

The use of 3D printing model as tool for planning endoscopic
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Abstract: Benign tracheal stenosis is a life-threatening condition that needs a prompt treatment when
the tracheal lumen is less than 5 mm. In patients unfit for surgery, endoscopic dilation with stent insertion
(if indicated) remains the main alternative to restore airway patency and assure ventilation. Endoscopic
management of tracheal stenosis may be a cumbersome procedure, that sometimes takes a long time,
and may be complicated by stent dislocation especially in cases of complex stenosis, near to vocal folds.
In recent years, the 3D printing industry has undergone rapid development, and 3D printing model has
been increasingly applied to different medical fields where therapeutic interventions rely on defining
complex anatomic structural relationships. Thus, in this review we aimed to evaluate whether the use of
3D printing model as tool for preoperative planning could facilitate the endoscopic treatment of tracheal
stenosis and improve outcome. Three papers evaluated this issue: one paper reported a consecutive
series of patients while the remaining single case report. All authors concluded that the 3D model aided
the understanding of patient’s anatomy and the stenosis’s characteristic. The possibility of recreating
the endoscopic procedure in the 3D model facilitated and shorted the procedural time in live patient.
Furthermore, the 3D model was additionally useful to choose the length, diameter and shape of stent and
to define the exact distance of the proximal end of stent from the vocal folds after its insertion. Finally,
it represented an educational tool for patients and his/her family to understand the procedure, and for

residents and fellows to improve endoscopic skills.
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Introduction endoscopic treatment may be challenging in case of

. . . . .. subglottic (distant less than 2 cm from vocal folds) and
Benign tracheal stenosis is a life-threatening condition

that needs a prompt treatment when the tracheal lumen complex (circumferential shape, >1 cm in length, and with

is less than 5 mm (1). Surgery including resection and cartilage disruption) stenosis especially if requires the

reconstruction of trachea is the treatment of choice while
in patients unfit for surgery, endoscopic dilation with stent
insertion (if indicated) remains the main alternative to
restore airway patency and assure ventilation. However,
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insertion of stent to maintain airway patency and prevent
recurrence (2-5). Thus, the understanding patient’s anatomy
is crucial for the success of the procedure. Generally, high

resolution chest computed tomography (HRCT) scan
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Figure 1 Flow chart based on PRISMA guideline (9).

images with 3D multi-planar reconstruction (MPR) have
significantly improved the visualization of tracheal stenosis,
but in some cases these models might be insufficient to
define other aspects as the injury of cartilage and the
distance between the stenosis and the vocal folds or to give
information regarding the appropriate stent to implant.
In recent years, the 3D printing industry has undergone
rapid development (6), and 3D printing model has been
increasingly applied to different medical fields where
therapeutic interventions rely on defining complex anatomic
structural relationships (7,8).

Thus, the aim of this paper was to evaluate whether the
use of 3D printing model as tool for preoperative planning
could facilitate the endoscopic treatment of tracheal stenosis
and improve outcome.

Research strategy

We performed a systematic review according to PRISMA
guideline (9), searching all the articles related to the use
of 3D printing for pre-operative planning treatments of
benign tracheal stenoses published between January 1990
and August 2019 (Figure I). Data about the demography,
clinical presentation, pathology, diagnosis and treatment
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were collected. The search terms/syntax in PubMed was as
follows: Benign Tracheal Stenosis OR “3D printing tracheal
stenosis” OR “3D tracheal stenosis”. Finally, a manual
search was used to follow-up references from the retrieved
study.

We included in the present analysis all clinical studies
describing individual cases of 3D printing used as
preoperative planning in management of benign tracheal
stenosis. Abstracts; reviews; papers from the same groups;
non-English language papers; and papers reporting the
use of 3D model for different purposes (i.e., creating 3D
printing airway stent, or planning surgical treatment of
airway stenosis) were excluded.

Results

Eleven papers were identified on this topic. Eight papers
were excluded as they reported the use of 3D printing
technology to create an airway stent (n=6) or to plan
surgical treatment of airway stenosis (n=2); thus 3 papers,
summarized in Tiable 1, represented the object of the present
review.

Guibert er al. (10) reported the use of pre-operative 3D
printing tracheal model for the management of a complex,
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Figure 2 Flow chart for creating the 3D printing model.

created the first 3D printer (stereo lithography, SLA) in
1983 (13). His invention was based on the converting a
digital file into a physical model using a 3D computer-
aided design (CAD) model. It built the 3D object layer by
layer using the 2D slices by joining these layers together.
Since 1990, 3D printing has been used in different fields
of medicine (14). CT or MRI data were processed and
manipulated by a dedicated software; this process generated
a Standard Tessellation Language (STL) file. This file was
read by a 3D printer that created a 3D anatomical model.
Endoscopic management of tracheal stenosis may be a
cumbersome procedure, that sometimes takes a long time,
and may be complicated by stent dislocation especially in
cases of complex stenosis, near to vocal folds. Thus, the 3D
airway model used as tool for preoperative planning could
facilitate endoscopic treatment and improve outcome.

The results of these analysis show that this strategy is
still limited and performed only in very selected cases. We
found three papers (10-12) that evaluated this issue; one
paper reported a consecutive series of patients (11) while
the remaining two (10,12) single case report.

The strategy for creating the 3D printing model was
similar in all reports (10-12) and summarized in Figure 2.
Patient underwent High resolution CT scan with 1 mm
cuts. A 3D reconstruction of airway was performed and
the DICOM images were then uploaded in a dedicated
software that developed the segmentation of the airway
from the superior border of the epiglottis to 1-1.5 cm
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below the carina including the proximal bronchi. The 3D
images were then saved as STL file that was read by a 3D
printer to create the model (Figure 3). Despite different
materials were used for the 3D printing model, in all
cases (10-12) the model was rigid, fairly soft and flexible
to reproduce all surgical or endoscopic manoeuvres for
management of stenosis as in live patients. Only one
study (11) reported the time and the cost for creating
the 3D printing model. The average time was 6-7 hours,
resulting by the time spent for processing the images
(average 2 h) and by that for printing the 3D model. The
average cost was 75-90 Euros and it was affected by the
type of 3D material, the size of the model, the availability
of the 3 printer in the hospital.

In all studies (10-12), the 3D model was used to planning
the endoscopic treatment before carrying out it in live
patient. All authors concluded that the 3D model aided
the understanding of patient’s anatomy and the stenosis’s
characteristic. The possibility of recreating the endoscopic
procedure in the 3D model facilitated and shorted the
procedural time in live patient. Yet, the 3D model was
additionally useful to choose the length, diameter and shape
of stent and to define the exact distance of the proximal
end of stent from the vocal folds after its insertion. This
point was crucial as the inappropriate choice of the stent
could increase the risk of dislocation or of granulation due
to constant mechanical irritation resulting from a stent
digging into the airway tissue (15). Furthermore, 3D model
represented an educational tool for patients and his/her
family to understand the procedure, and for residents and
fellows to improve endoscopic skills.

Obviously, our results should be considered with
cautious. The small number of papers including only case
reports and small case series, the retrospective nature of
all studies, and the lack of a control group did not allow to
draw definitive conclusions on the real advantage of using
3D model. Yet, the different characteristic and etiology
of the stenosis as well as the strategy carried out to treat
it, made difficult the comparison of the results among the
studies.

Another important field of the 3D printing is the
possibility of creating personalized airway stents that
perfectly adapt to the patient’s airway. In the last years,
there are a growing number of case reports that reported
the treatment of difficult airway stenosis with the implant
of 3D printing stent. The ethical problems are the main
limitations of these strategies as 3D materials suited for
manufacturing endobronchial stents are still not approved
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Figure 3 Example of 3D printing model of tracheal stenosis (red arrows).

by FDA. Thus, their use is allowed by Local Ethic
Committee only as Humanitarian use device (HUD) for
very selected cases.

Conclusions

The use of 3D printing model as tool for preoperative
planning is a valuable strategy in the management of airway
stenosis. This model allowed better understanding of the
airway anatomy, and the extension of the stenosis, leading
to precise choice of the stent, and resulted in a faster and
more efficient procedure. Yet, it represented a valuable tool
for trainees and fellows to improve their skills. The time
and cost for model creation can be reduced by increasing
physician’s experience, and by acquisition of 3D printer
from the hospital. Future application of this technology
is 3D printing personalized airway prosthesis when 3D
printable flexible and biocompatible material will be
available.
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