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Abstract

decannulation.

Background: Gradually stepped decannulation, such as capping with fenestrated tubes or tube downsizing, is likely
to prolong the decannulation process. The purpose of the study is to determine the differences in laryngeal aero-
dynamic measures, expiratory peak flow, and dyspnea index when breathing through the upper airway before and
after decannulation. The study recruited sixteen adult patients with a tracheostomy who were fit for decannulation.
Measurement of peak flow rate, aerodynamic measures, and dyspnea index has been done at two settings: first dur-
ing capping and second after decannulation by 2 h using finger support to close the stoma and prevent air leak.

Results: Changes in outcome measures after decannulation revealed a significant increase in peak flow rate, vital
capacity, maximum phonation, and phonatory speech pressure level; the glottal resistance significantly decreased
after decannulation. The dyspnea severity index scores improved from 22.35 during capping to 13.37 after

Conclusions: The results of our study showed that tracheostomy tube capping causes a significant reduction in peak
flow and aerodynamic measures which improved after tracheostomy decannulation.
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Background

Tracheostomy decannulation decision is the major
challenge in the clinical management of tracheostomy
patients. Little evidence is available to guide the wean-
ing process and optimal timing of tracheostomy tube
removal. Several protocols for tracheostomy decannula-
tion have been described in the literature. The most used
technique is tube capping for 48 h with a gradual down-
sizing of the tube or using a fenestrated tube; however,
this method is subjective which depends on the patient’s
impressions and clinical judgments. When the tube size
reduced, the airflow becomes turbulent and airway resist-
ance increased; this makes the patient prone to more
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resistance when breathing through a smaller diameter. As
the resistance is inversely related to the tube diameter, it
raised from the 4th to the 5th power when the laminar
flow changed to turbulent [1, 2].

Intermediate step of decannulation, as tube capping
with a fenestrated tube, depends on noninvasive checking
of the upper airway patency. It starts by finger closure of
the tracheostomy to redirect air through the vocal folds
and upper airway, allowing breathing and phonation. If
the patient passes finger occlusion test, then gradual tube
capping starts and the patient is observed for any signs
of respiratory distress. Gradually stepped decannulation
such as capping with the use of fenestrated tubes or tube
downsizing is likely to prolong the decannulation process
[1]. Endoscopic visualization of the laryngeal and tra-
cheal airway has been advised to be an objective protocol
before decannulation. The endoscopic protocol in tra-
cheostomized patients could improve the tracheostomy
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decannulation decisions and the rate of success of
decannulation.

Tracheostomy decannulation is necessary to improve
patient security, perceived appearance, swallowing, and
vocal folds functions that lead to improved independ-
ence, social interaction, and inclusion [3].

In the clinical practice of tracheostomy decannulation,
some patients feel difficulty in breathing during a grad-
ual decannulation trial using fenestrated tube capping;
however, some of these patients feel comfortable breath-
ing after decannulation. This type of study has not been
addressed previously. These findings lead us to hypoth-
esize that the tracheostomy tube itself may affect airway
resistance, easiness of breathing, and laryngeal aerody-
namics during tube capping.

Since most clinical evaluations are based on pre-decan-
nulation measures only, the ability to predict post-decan-
nulation respiratory and phonatory ability is important in
assessing a patient’s candidacy for decannulation [4, 5].

Many studies examine the difference between mouth
breathing and tracheal breathing in tracheostomized
patients. To the best of our knowledge, no previous stud-
ies have compared aerodynamic measures in patients
with capped fenestrated tracheostomy before and after
decannulation. Several studies had recommended analy-
sis of a patient with difficult decannulation with modifi-
cation in the tracheostomy decannulation protocol, and
they investigated the factor that could predict successful
decannulation, to minimize the risk of respiratory break-
down [6-8].

The study aimed to determine the differences in laryn-
geal aerodynamic measures, expiratory peak flow, and
dyspnea index when breathing through the upper airway
with an occluded cuffless fenestrated tracheostomy tube,
and after decannulation. Furthermore to highlight the
role of decannulation in improving those parameters that
could improve confidence in decannulation decisions.

Methods

This cross-sectional study was conducted in the ENT
department, Dubai hospital, in the period between Feb-
ruary 2019 and January 2020. The study included six-
teen adult patients with a tracheostomy who were fit for
decannulation according to our institutional decannula-
tion protocol [9]. Seven patients were due to prolonged
mechanical ventilation, four patients were due to head
and neck surgery, and five patients were due to cerebro-
vascular stroke. The protocol of endoscopic tracheostomy
assessment included fiberoptic endoscopic evaluation of
swallowing (FEES), with additional of endoscopic sub-
glottic and tracheal airway assessment. The results of the
endoscopic assessment were categorized according to
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fitness for decannulation decision either fit or unfit for
decannulation.

We established the following criteria for inclusion in
the study: adult tracheostomized patient, patients were
free from upper airway obstruction, can manage his
saliva, has a good cough, and can tolerate cuff deflation
with spontaneous breathing in room air.

We excluded individuals who could not cooperate in
aerodynamic measuring or responding to the dyspnea
index (DI) questionnaire due to cognitive disorders and
those who did not meet any of the inclusion criteria.

We applied the routine gradual weaning approach
using a fenestrated tube with an inner diameter median
was 7.0 mm (range, 6.0-7.5 mm). Capping of tracheos-
tomy tube was done 48 h with PO2 monitoring before
final decannulation and stoma closure.

Evaluation and measurement were done at two set-
tings: first during capping and second after decannu-
lation by 2 h with finger support to close the stoma to
prevent air leak.

Outcome measures:

— Peak flow rate (PFR): the patient was instructed to
exhale as forcefully as possible via a peak flow meter
(Findel, England) at the mouth.

— Maximum phonation time (MPT). The patient
instructed to phonate as maximum as possible on a
single breath to measure the MPT in seconds as the
highest of three attempts.

— Aerodynamic measures of the larynx: using Aero-
phone II (Model 6800 - Kay Pentax., USA). The
patient was asked to hold the mask firmly around
his mouth and hold an intraoral tube between lips
to measure mean subglottic pressure (Psub), glot-
tal resistance, and phonatory speech pressure level
(SPL). The vital capacity (VC) measured as the
amount of air can exhale after maximum inhalation
and the phonatory Quotient (PQ) calculated as the
ratio of VC to MPT.

— Dyspnea index (DI): it is a validated clinical assess-
ment tool to assess airway disease burden and effect
on the quality of life. It includes ten questions on a
5-point Likert scale with a total score of 40 (e.g., “I
have trouble getting air in”; O: never; 1: almost never;
2: sometimes; 3: almost always; and 4: always). DI
was collected for all patients one day before decan-
nulation during capping and post decannulation [10].

Statistical analysis
Statistical analyses were performed with SPSS 20 (Statis-
tical Package for Social Sciences) (SPSS Inc. Chicago, IL,
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USA). Descriptive statistics were expressed as frequency
and percentage for nominal variables and mean and
standard deviation for numerical variables. The data were
tested for normal distribution using Shapiro-Wilk test.
In normally distributed data, we used parametric test as
paired sample ¢ test to study significance between pre-
and post-decannulation measures. The related samples
Wilcoxon signed-rank test were used for non-normally
distributed data. A two-sided p < 0.05 were considered as
statistically significant.

Results

The mean age of the studied group was 50.6 + 16.8 and
range from 28 to 68 years. The sex distribution was 11
(68.8%) males and 5 (31.2) females. Eleven patients had
a surgical tracheostomy and five patients underwent a
percutaneous tracheostomy. Of the 16 patients enrolled,
seven patients were due to prolonged mechanical venti-
lation, four patients were due to head and neck surgery,
and five patients were due to cerebrovascular stroke. The
range of duration of tracheostomy till decannulation was
from 21 to 85 days, with mean 38 +32 days. All patients
succeeded in the decannulation process.

Changes in outcome measures after decannulation:

— The dyspnea index scores mean has improved from
22.35 during capping to 13.37 after decannulation
(mean of difference, —8.7; 95%CI, —11.5 to —6.2); the
improvement was statistically significant as shown in
Table 1 and Fig. 1.

— DPeak flow rate has significantly increased after decan-
nulation in most patients, as shown in Fig. 2.

— Aerodynamic measures: Table 1 and Figs. 3, 4, 5,
and 6 show the differences in all outcome measures
before and after decannulation. It revealed a signifi-
cant increase in vital capacity, maximum phonation,
and phonatory speech pressure level; though, the
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glottal resistance has significantly decreased after
decannulation. The changes in the subglottic pres-
sure and phonatory quotient were not statistically
significant.

Discussion

Until date, there is no consensus regarding the ideal
method of tracheostomy decannulation, leaving the deci-
sion to the institutional guidelines and expert opinions.
A successful decannulation requires the patient to ven-
tilate through the natural upper airway and to tolerate
occluded or capped fenestrated cuffless tube. If that pro-
cess is conducted prematurely or without proper obser-
vations, it could lead to severe fatal complications [7, 11].
While most studies compared mouth breathing through
a fenestrated tube and breathing through a tracheos-
tomy, our study compared differences between mouth
breathing through a capped fenestrated tube and mouth
breathing after decannulation. No previous reports have
described the effects of the tracheostomy tube capping
on breathing and laryngeal aerodynamics measures [12].
We use the fenestrated cuffless tube as the airway flow
resistance with a capped tracheostomy tube with deflated
cuff is higher than that with capped fenestrated cuffless
tube [13]. This study demonstrated significant differences
in most studied aerodynamic parameters before and after
decannulation. There were significant increases in peak
flow rate, vital capacity, maximum phonation time, and
SPL after decannulation.

The changes in aerodynamic measures are attributed
to many factors. The larynx contributes a small fraction
of the overall airflow resistance in normal circumstances
and work of breathing is the inspiratory step of the res-
piratory cycle [1]. Phonatory aerodynamic are expiratory
functions that depend on the interaction between airflow
and glottal airway resistance. The relationship between

Table 1 The differences in the outcome measures before and after decannulation

Variable Pre-decannulation Post-decannulation T/Z value P significance
Mean (SD) Range Mean (SD) Range
Dyspnea Index (0-40) 22.25 (4.80) 12-32 13.37 (4.55) 8-25 7.150 .000
PFR (L/m) 276 (0.57) 1.90-3.70 3.12(0.48) 240-3.80 —5461 .000
MPT (seconds) 103 (2.7) 6.5-15.3 12.1(3.1) 6.2-16.7 —2.664 018
VC (liters) 2.72(0.82) 1.62-4.20 3.01 (.80) 1.90-4.70 —5.030 .000
PQ, L/s 0.277 (0.095) 0.15-0.46) 0.255 (.056) 0.18-0.37 1.154 .266
Psub, CmH20 7.09 (0.85) 5.60-8.50 6.91 (1.95) 4.20-11.24 448 661
Pspl, dB 67.62 (6.37) 56.3-77.8 7512 (5.74) 48.6-84.7 —5.165 000
GR, CmH20/L/s 88.84 (25.92) 47.5-148.2 74.89 (20.63) 35.5-124.5 4.232 001
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Fig. 1 Plot distribution of dyspnea severity index in all studied subjects before and after decannulation
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Fig. 2 Plot distribution of peak flow rate in all studied subjects before and after decannulation

breathing and voice are essential as any obstruction in
the airway leads to loss of the laryngeal fine-tuning capa-
bilities. A rise in the respiratory effort makes it difficult
to sustain adequate speech pressure level [14]. There is
an association between the volume of the lung and sub-
glottic pressure (Psub), and Psub is greater at high lung
volume than at low volume. The insufficient airflow to

promote the Bernoulli’s effect during the glottic cycle
leads to altered SPL, Psub, and MPT observed in our
study as predicted by the aerodynamic-myoelastic theory
[15].

According to our findings, we can admit that tracheos-
tomy tube capping causes an apparent airflow obstruc-
tion which should be considered during tracheostomy
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Fig. 3 Plot distribution of vital capacity in all studied subjects before and after decannulation
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Fig. 4 Plot distribution of maximum phonation time in all studied subjects before and after decannulation

capping trials. These findings are in agreement with
the recent study on tracheostomy patients with an
occluded fenestrated cuffless tube. They used a port-
able spirometer to measure vital capacity, forced expira-
tory volume, and peak flow rate in two settings before
and immediately after decannulation through mouth
breathing. They found a significant increase of studied

respirometer parameters after decannulation and con-
cluded that capped tracheostomy causes a remarkable
airflow obstruction, mostly in the expiratory phase [16].
The work of breathing increases when breathing
through the mouth with an occluded tracheostomy
tube than after decannulation. Fenestrated tube wors-
ens resistance to exercise, airflow resistance, and muscle
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Phonatory speech pressure level (PSPL) pre and post-decannulation
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Fig. 5 Plot distribution of phonatory speech pressure level in all studied subjects before and after decannulation
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performance. This may be related to generating more
resistance by decreasing the inner diameter of the tra-
chea due to the presence of the tube body in the trachea.
Those changes need special consideration in tracheos-
tomy decannulation in patients with pulmonary or neu-
rological comorbidities [6, 12].

A previous study suggested a minimum peak inspira-
tory flow (PIF) of 40 I/min as a simple tool for prediction
of decannulation success and they used upper airway
endoscopy only in cases of repeated failed decannula-
tions. They suggested not to cap the tracheostomy tube
before decannulation for the reason that the existence of
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the tube in the trachea disturbs coughing and diminishes
airway diameter [5].

In comparing cough peak flow (CPF) measured from
the mouth before and after decannulation in a previous
investigation. They concluded that post-decannulation
CPF could be predicted to increase by about 34 1/min
greater than the pre-decannulation values, and this find-
ing lowers the threshold level of CPF indicated for safe
decannulation [17, 18].

Previous research concluded that airway resistance was
the best predictor for post-decannulation alteration in
the work of breathing [19]. Unlike our study, that study
did not measure mouth breathing with and without tra-
cheostomy tube, so it did not study the effect of tracheos-
tomy tube on airflow and upper airway resistance as the
present study found.

Another study used a stoma stent as an interven-
ing step in high-risk tracheostomy decannulation. The
stoma stent advantage over the capped tracheostomy
tube could be the unobstructed tracheal lumen with pat-
ent trachea and easier secretion clearance via coughing.
The upper airway resistance and vocal folds dysfunction
can fluctuate over time due to fatigue, tension, differ-
ence in anatomy, patient position, sticky secretions, and
tracheostomy tube airway complications. Speech pathol-
ogy identification and treatment of vocal folds dysfunc-
tion may improve patients’ performance through vocal
hygiene [20].

In the present study, we use the dyspnea index as a
patient subjective feeling of breath comfort, which indi-
cates better ease of breath after decannulation in most
patients. That point is essential because patient discom-
fort in the capping process can postpone decannula-
tion, so decannulation has to be tried with readiness to
re-cannulate if discomfort does not improve. All our
studied patients have tolerated capping despite decrease
flow rate which improved after decannulation. The previ-
ous study on tracheostomy capping protocol found that
16% of patients developed signs of respiratory distress
and failure of capping due to airflow obstruction [21]. In
the current study, we use an endoscopic assessment that
excluded obstructive upper airway lesion so the success
rate was 100%. For patients who did not breathe for sev-
eral weeks through the upper airway, they have fear about
the different breathing patterns, resistance, and sensa-
tion. This phenomenon should be clinically differentiated
from distress due to suspected upper-airway obstruction
[1].

Our findings highlight the importance of endoscopic
airway assessment to exclude any airway obstruction
before capping, which improves the clinician’s confi-
dence in decannulation decisions [9]. One of the recent
systemic reviews recommended changing from the fixed
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protocolized approach of decannulation to a more flexible
individualized approach for decannulation built on vali-
dated methods [22].

Conclusions

The results of our study showed that tracheostomy tube
capping causes a significant deterioration in peak flow,
aerodynamic measures, and patient comfort of breathing
which improve after tracheostomy decannulation. Our
findings highlight the importance of endoscopic airway
assessment to exclude any airway obstruction before cap-
ping which improves the clinician confidence in decannu-
lation decisions.
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