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Introduction: Tracheostomy is a common procedure for management of tracheoma-
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the quality of life.

Objectives: we reported a new minimally invasive procedure to replace tracheos-
tomy cannula with Montgomery T-tube to improve the ability of speaking.
Methods: This is a single center study including all consecutive patients undergo-
ing the replacement of standard tracheostomy cannula with T-tube for management
of tracheomalacia. The end-points were to evaluate (a) the changes in Voice-related
quality of Life (V-RQOL) before and after T-tube placement; and (b) the complica-
tions related to T-tube.

Results: Eleven patients were included in the study. T-tube was placed using
flexible bronchoscopy and laryngeal mask airway. A suture was inserted through the
proximal end of T-tube. Once the stent was introduced with a clamp into the trachea,
a traction was applied on the suture to facilitate the alignment of the upper end of the
stent. The comparison of V-RQOL values before and after T-tube insertion showed
a significant improvement in social/emotional (39.2 + 6.1 vs 66.8 + 1.9; P = .0001);
physical functioning (21 + 5.7 vs 56.4 + 5.3; P = 0.0001) and total V-RQOL scores
(339454 vs61.3+6.1; P=0.0001). No complications were seen during the inser-
tion of the stent. In two patients, T-tube was obstructed by mucus that resolved with
aspiration using flexible bronchoscopy (mean follow-up: 18 + 10 months).
Conclusions: Our technique is simple and safe, not needing specific skills and/or
cumbersome devices. The replacement of tracheostomy cannula with T-tube seems

to improve the quality of voice without adding major complications.
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1 | INTRODUCTION

with dyspnea, cough, frequent infection and potential acute
life-threatening respiratory distress.? The ideal treat-

Tracheomalacia is a pathological condition characterized
by excessive expiratory collapse because of a reduction in
the integrity of tracheal cartilage. When obstruction exceeds
more than 50% of the airway lumen, it manifests clinically

ment is still debate, and the choice depends on the nature
and severity of the lesions. Medical options includes chest
physiotherapy, bronchodilators, anti-muscarinic agents, mu-
colytics and antibiotics, but there is currently little evidence
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for benefit.” When symptoms are severe, surgery including
aortopexy or posterior tracheopexy, and tracheal resection
or endoscopic procedures as insertion of airway stents
of different materials and shapes have been propos.ed.3
Traditional tracheostomy was the mainstay of surgical treat-
ment in the past, but is now used as a last resort because
of the severe limitations on patient's physical activities
and quality of life (QOL). In the last years, the endoscopic
insertion of Montgomery T-tube has been proposed as al-
ternative to tracheostomy in patient with tracheomalacia.
Montgomery T-tube is a stent designed in the shape of a
“T” where the internal harm is used to support and shape
the trachea, while the external harm is used to fasten the
stent to the tracheostomy. Compared to traditional cylinder
stent, the external limb reduces the risk of migrations and,
when capped, restores nasal airflow and speech. However,
the insertion of T-tube remains challenging, and it limits
its widely use. The aim of this paper is to evaluate (a) the
feasibility of a new minimally invasive procedure to insert
Montgomery T-tube using flexible instead of rigid bron-
choscopy in management of tracheomalacia and (b) whether
the replacement of tracheostomy tube with T-tube could im-
prove the ability of speaking.

2 | MATERIALS AND METHODS

2.1 |

This is a single center study including all consecutive patients
undergoing the replacement of standard tracheostomy can-
nula with T-tube for management of tracheomalacia from
January 2016 to May 2018. Inclusion criteria to enter into the
study were: (a) age more than 18 years old; (b) willingness
to participate in the study; (c) ability to fill out questionnaire
before and after T-tube insertion and (d) complete follow-up.
Exclusion criteria were: (a) the presence of chronic disabling
diseases that could interfere with the QOL; (b) incomplete
questionnaire; and (c) incomplete follow-up.

The hypothesis of the study was that T-tube can provide
an alternative treatment to standard tracheostomy in manage-
ment of tracheomalacia, optimizing quality of phonation. To
evaluate it, all patients completed a questionnaire on Voice-
related quality of Life (V-RQOL) before and after T-tube
placement, and the data were retrospectively compared. Yet,
we also recorded complications related to T-tube during its
insertion and the entire follow-up to show the feasibility and
the safety of the procedure.

Study design

2.2 | Patients population

During the study period, 21 patients with pre-existing tra-
cheostomy performed for management of tracheomala-
cia were referred to our attention. In all cases, surgery was
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contraindicated for technical reasons and poor clinical condi-
tions. The indication for T-tube treatment were the presence
of mature tracheostoma of at least 3-month duration and free
of granulation, and not ventilator dependent. Exclusion cri-
teria were poor manual dexterity and inability to care for the
Montgomery T-tube, unfavourable anatomic condition for
T-tube insertion, ongoing mechanical ventilation and active
inflammation of the tracheal mucosa. Prior to inserting T-tube,
all patients were evaluated with a High Resolution Computed
Tomography (HRCT) of neck and chest with multiplanar re-
construction (MPR) and flexible bronchoscopy in order to
choice the appropriate diameter and the length of T-tube.
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The procedure, reported in Video S1, was performed in oper-
ating room. A 0/0 silk suture was inserted using a small needle
into the lumen and through the wall of proximal end of T-tube.
The needle was then cut-off and a long loop made by tying a
knot at the end of the suture (Figure 1). After pre-oxygenation,
anaesthesia was induced with propofol (2.5 mg/kg) and fenta-
nyl (20 mg) and a size 5 Laryngeal Mask Airway (LMA) was
inserted by the anaesthesiologist into its standard position over
the supraglottis. Anaesthesia was maintained with a mixture
of 50% air/oxygen and an infusion of propofol (0.16-0.11 mg/
kg/min), and patient maintained a spontaneous ventilation
during the entire procedure. A flexible bronchoscopy (XT-
BF 160 Type, Video-bronchoscopy Olympus, Tokyo) was
inserted into the LMA and placed just below them. The tra-
cheostomy cannula was removed and the loop of the suture
was inserted through the stoma into the trachea. Standard en-
doscopic forceps grasped the suture and withdrawn it through
the LMA. Then, the operator placed a curved clamp through
the horizontal limb and into the lumen of the vertical, distal
end of the T-tube, introduced it into the trachea through the
tracheostoma and directed inferiorly. Once the vertical, proxi-
mal end of T-tube was passed into the trachea; the assistant
applied a gentle traction on the suture until proximal end was
aligned. The hemostat was gently brought outside the T-tube
and the suture was then extracted. At the end of the procedure
endoscopy showed the normal movement of vocal folds and
the prompt position of T-tube (Figure 2).

Procedure for T-tube insertion

24 | Outcomes

241 |

V-RQOL is a subjective measure to quality phonation.A‘5 It
has been validated as a 10 item survey that reliably evalu-
ates the change in perceptual voice quality ratings before and
after treatment for dysphonic patients. It has two domains:
social/emotional and physical functioning. These two func-
tional domains are reported as scores, with each reflecting

Voice-Related Quality of Life
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FIGURE 1 Introduction of the suture
B through the proximal end of the stent (A);
stent with the suture (B); stent loaded in the
hemostat (C)
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Horizontal harm
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one component of how a patient's deficit can influence his/
her daily life as specific to vocal communication. The scores
from those two domains are supplemented by a final total V-
RQOL score with a better voice outcome reflected by higher
V-RQOL scores. The questionnaire was completed before
and 1-3 months after T-tube insertion.
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All potential complications related to T-tube as granulations,
difficulty ventilating, dyspnea, need to resize T-tube, trachei-
tis and dislocation were collected. The length of time each
patient maintained a T-tube was also recorded.

Complications

25 |

Data were expressed as mean + Standard Deviation (SD)
for continuous variables, and absolute number and percent-
age for categorical variables. Significant differences between
V-RQOL values before and after T-tube insertion were
compared using student ¢ test. A value of P < 0.05 was con-
sidered statistically significant. MedCalc statistical software
(Version 12.3, Broekstraat 52; Mariakerke, Belgium) was
used for this analysis.

Statistical analysis

3 | RESULTS

Among 21 patients observed in the study period, 8 patients
were considered non-candidate for T-tube insertion because

PROXIMAL END

of the anatomical conditions (n = 4); active stoma (n = 3);
and inability to care T-tube (n = 1). Thirteen patients un-
derwent T-tube insertion, but of which one did not complete
V-RQOL questionnaire and another was lost in the follow-up.
Thus, our study population included 11 patients (Figure 3),
reported in Table 1. The mean age was 61.5 + 4.2 year olds
(8 male and 3 female). The most of patients (10/11; 91%)
presented Chronic obstructive pulmonary disease (COPD)
(stage I-I GOLD) associated with cardiac (n = 2) and cer-
ebral disease (n = 1). The mean BMI was 22.8 + 2.7. The
interval time between tracheostomy and T-tube insertion
was 6.5 + 1.6 months. In all cases, T-tube was successfully
inserted using LMA and flexible bronchoscopic, and no com-
plications during the procedure were observed.

4 | OUTCOMES

4.1 |

The data are summarized in Table 2 and in Figure 4. Patients
used different strategies to improve the ability of speaking
as closing the tube with finger in a tracheostomy (n = 3), a
fenestrated cannula (n = 4) and a speaking valve (n = 4), but
the results were poor. In three cases, the fenestrated cannula
was replaced 1 month after its introduction with a standard
tracheostomy cannula because of the granulations formation.
In three cases, the speaking cannula was not routinely used
since it impaired the cleaning of secretion. The comparison
of V-RQOL values before and after T-tube insertion showed
a significant improvement in social/emotional (39.2 + 6.1 vs

Voice-Related Quality of Life
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FIGURE 2
through tracheostomy (A) into the trachea
(B); introduction of distal end (C) and
proximal end (D) of the stent; kinking of

Introduction of the suture

proximal end of the stent (E) and alignment
by traction on the suture (F)

Proximal enc

66.8 + 1.9; P = 0.0001); physical functioning (21 + 5.7 vs
56.4 +5.3; P=0.0001) and total V-RQOL scores (33.9 + 5.4
vs 61.3 + 6.1; P = 0.0001) after T-tube insertion.
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The mean follow was 18 + 10 months. In two patients, T-tube
was obstructed by mucus that resolved with aspiration using
flexible bronchoscopy. In one patient, T-tube was replaced
with another similar dimension since the patient spontane-
ously shortened the external limb of the stent to reduce its
profile. In all cases CT scan and endoscopy showed a normal
movement of focal folds and no damage and/or migration of
T-tube.

Complications

Proximal
end >

A

ocal folds

_ .,
% Sutdfe
Proximal

end

5 | DISCUSSION

Tracheostomy is a common procedure for management of tra-
cheomalacia in patients not candidate for surgery.l"3 However,
tracheostomy cannula could complicated with granulation, in-
fection, maleodor and difficult to speak that will additionally
affect the QOL.“® Mc Neil et al’ reported that 20% of inter-
viewed cohort volunteers would have preferred radiotherapy
to surgery for management of laryngeal cancer, willing to
trade a better-quality voice to an improved-probability of sur-
vival. Several techniques (ie, to close the tracheostomy with
finger) and devices (ie, fenestrated cannula, speaking valve)
have been proposed to favour the phonation in patient with tra-

cheostomy, but the results are generally poor,lo as observed in
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TABLE 2 VRQL value before and after T-tube insertion

Variables Trachestomy T-tube P value
Social/emotional 39.2 +6.1 66.8 +1.9 0.0001
Physical/functional 21 +£5.7 564 +5.3 0.0001
Total 339+54 61.3+6.1 0.0001
100}
- [l Tracheostomy
90 i M T-tube
80

70k

60l

50}

4ok

30l

20|

10[ -

ok | , .

Social/emotional Physical functioning Total scores

FIGURE 4 The comparison of V-RQOL values before and after
T-tube insertion showed a significant improvement in social/emotional
(P = 0.0001); physical functioning (P = 0.0001) and total V-RQOL
scores (P = 0.0001) after T-tube insertion

of T-tube advanced into trachea as a single unit without ad-
ditional maneuvers as in standard Montgomery's technique; (d)
a suture was inserted in the proximal end of T-tube. Once it
was inserted into trachea, the physician pulled up by suture and
easily aligned the stent without needing of other cumbersome
instruments.

T-tube provided significant improvement in phonation
as demonstrated by the higher scores of V-RQOL question-
naires observed after its insertion compared to standard tra-
cheostomy. In line with our results, Dhillon et al’ evaluated
13 patients undergoing T-tube insertion for management of
different pathologies as subglottic stenosis (n = 12) and tra-
cheomalacia (n = 1), and found significant improvement in
V-RQOL scores, yet, 5 patients (38%) went from aphonia to
voicing. Bayan et al'’ reported that 15 of 20 patients, under-
going the replacement of tracheostomy with T-tube, desired
to continue to maintaining the use of the T-tube rather than
reverting back to the standard tracheostomy cannula due to
the easy clearance and the increased comfort. Additionally,
T-tube resulted to be a safe procedure. We observed only two
cases of obstruction by mucus that resolved with aspiration.
In another patient, T-tube was replaced with another since the
patient spontaneously shortened the external harm in order
to reduce its profile but it reduced the possibility to readily
grasp the cannula and pull it forwards in case of migration.
In contrast to other authors, we did not observed granulation,

dislocation or tracheitis related to T-tube. However, our study
does not include patients with pathological conditions as
subglottic stenosis and/or obstruction sleep apnoea that were
more likely to be unable to tolerate use of T-tube, as reported
in other series.>!”

The high success rate of our procedure likely reflects cor-
rect technique for T-tube insertion, careful patient selection
and prompt patient education. For the technical success of
the insertion, we recommended: (a) to use a small needle in
order to prevent the damage of proximal end of T-tube during
the insertion of the thread; (b) the hemostat should be re-
mained in the external harm to prevent the migration of the
stent during the pulling out of the proximal end of T-tube; (c)
all aperture bars of the LMA should be removed, if present,
to facilitate the handling of the endoscopy and (d) the upper
end of the stent should be at least 0.5 mm from vocal folds to
avoid impairment of movement and granulations.18 Our pro-
cedure is not indicated in obese patients, and in presence of
airway stenosis needing a dilation with rigid bronchoscopy
before T-tube insertion. Yet, Physicians should educate pa-
tients so they can actively participate in care of T-tube. Bayan
et al'’ reported a posterior displacement of the T-tube in the
airway resulting in respiratory distress. In both cases, patients
were able to retrieve the cannula by pulling it forward. They
should also be encouraged to drink water frequently to pro-
mote expectoration, and to close the valve in order to prevent
luminal dryness and dry sputum.

Our results should be evaluated with cautions, before
drawing definitive conclusions. (a) The small number of
patients, the retrospective nature of the study, and the brief
follow-up are the main limitations. Since in all our cases
T-tube was a definitive treatment of tracheomalacia with-
out any possibility of decannulation, in theory T-tube could
be not tolerated for longer time than that of our follow-up.
However, in Bayan's series'’ 15 patients had the T-tube in
place for a mean of 51.3 months and the longest period was
11.3 years without any particular problems; (b) The V-QRL
scores were not correlated with the age, sex, professional and
social activity of patients; (c) V-QRL scores were measured
1-3 months after T-tube insertion but not later, making im-
possible to evaluate any changes during the entire follow-up.

In conclusion, our technique for inserting T-tube is a sim-
ple and safe strategy that does not require specific skills and/or
cumbersome devices. The replacement of tracheostomy can-
nula with T-tube seems to obtain an improvement on quality
of voice without adding further complications. Our impres-
sions should be corroborated by future prospective studies.
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