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Successful tracheostomy decannulation after complete
or sensory incomplete cervical spinal cord injury

DH Kim1, SW Kang2, WA Choi2 and HJ Oh2

Study design: Retrospective study.
Objectives: To report the successful tracheostomy decannulation/extubation in cervical spinal cord injury (C-SCI) patients.
Setting: Tertiary university hospital, pulmonary rehabilitation center.
Methods: Complete or sensory incomplete C-SCI patients who had received invasive acute phase respiratory management, and
succeeded in decannulation/extubation became candidates of this study. Retrospective review was conducted on the transitions of the
respiratory status.
Results: Sixty-two patients (M: 55, F: 7) were identified. Traumatic etiologies accounted for 93.5%, and mean onset age was
47.6±15.8 years. Sixty patients (96.8%) had undergone tracheostomy and the other two received endotracheal intubation during
acute phase. All patients succeeded in decannulation/extubation after employing mechanically assisted coughing and noninvasive
mechanical ventilation (NIV). Mean time since tracheostomy to decannulation was 7.0±14.5 months. Of the 60 tracheostomized
patients, 12 succeeded in decannulation without applying long-term NIV, 31 switched to continuous NIV after decannulation. Fifteen
patients totally weaned off from ventilators after NIV. Two patients who once succeeded in decannulation were re-tracheostomized. For
the 31 patients with continuous NIV, mean hours of daily need for ventilatory support had reduced from 15.3±8.0 to 5.7±5.7 h at
final follow-ups.
Conclusion: Complete or sensory incomplete C-SCI patients, even with high neurological level can be successfully decannulated
through NIV and aggressive use of mechanically assisted coughing. Undesirable tracheostomy can be avoided by employing the
noninvasive respiratory management.
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INTRODUCTION

Cervical spinal cord injury (C-SCI) accounts for an important cause
of disability in trauma patients. Besides motor paralysis, respiratory
complications are still the leading cause of morbidity and mortality in
individuals with C-SCI.1 Approximately two-thirds of patients experi-
ence respiratory complications, such as atelectasis, pneumonia and
ventilatory failure during acute phase, which may require mechanical
ventilation and tracheostomy.2,3 The degree of respiratory dysfunction
is closely related to the extent and level of the neurological injury.2

Injuries above the level of phrenic motor neurons (C3,4,5) cause
both diaphragm and expiratory muscle paralysis,1 thereby leading
to inspiratory failure and inadequate clearance of secretions. Conse-
quently, individuals with a complete injury or high neurological level
(NL) are exposed to a higher risk of devastating respiratory
complications.
It has been reported that 21–77% of patients with C-SCI have

undergone tracheostomy.4 Tracheostomy provides a secure airway,
facilitates airway secretion control4 and early tracheostomy may
decrease pulmonary septic complications in trauma patients.5

Although controversy remains, early tracheostomy placement had
been advocated from the perspective of reducing the overall medical

costs in the acute phase.4–8 Several previous reports exist which reveal
its beneficial effect in facilitating ventilator management and weaning,6

decrease duration of intensive care unit stay8 and reduce acute hospital
admission time.4,6

Although tracheostomy and tracheostomy mechanical ventilation
(TMV) had been regarded essential in the long-term management of
C-SCI patients, common complications associated with long-term
TMV, such as tracheal stenosis, tracheomalacia and stomal infection,
cannot be overlooked.9 Evidences are being accumulated on
noninvasive acute and long-term management of respiratory failure
even to the high C-SCI patients.9–11 Noninvasive measures include
tracheostomy decannulation, continuous ventilatory support by
noninvasive positive pressure ventilation to support weakened inspira-
tory muscles and mechanically assisted coughing (MAC) to support
both in-expiratory muscles.11 By employing the noninvasive manage-
ment, complications associated with tracheostomy as well as the need
for invasive airway suctioning and uncomfortable tube changes can be
avoided, which consequently results in fewer hospitalizations, less
pulmonary morbidity and lower cost in the long term.12,13

In this study, we aimed to review the successful decannulation
or extubation for patients with complete or sensory incomplete
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C-SCI who had received either tracheostomy or endotracheal intuba-
tion for respiratory management during the acute phase. We
compared the respiratory status of tetraplegic C-SCI patients before
the initial admission and outcomes of the same patients after being
treated at our pulmonary rehabilitation center.

MATERIALS AND METHODS

Subjects
Individuals with complete or sensory incomplete C-SCI who were referred to
pulmonary rehabilitation center at the Gangnam Severance hospital in a state of
tracheostomy or intubation, and succeed in either decannulation or extubation
from March 2003 to December 2015 became candidates of this study. Sixty-two
C-SCI patients were identified during the study period. Mean onset age was
47.6± 15.8 years. Traumatic SCI accounted for the majority of etiologies
(93.5%), mostly because of traffic accidents or fall downs. Proportions of high
C-SCI (NL C4 or above) was remarkably high (90.3%), and also the number of
patients with complete injury was higher (79.0%).
Medical charts, including discharge summaries, imaging studies and detailed

pulmonary function test results, were individually reviewed retrospectively.
Parameters analyzed included patient demographics (age, sex and onset age),
mechanism of injury, admission American spinal injury association (ASIA)
grade of C-SCI, NL, presence of other associated traumatic injuries, pre-morbid
lung disease (such as tuberculosis, chronic obstructive lung disease and asthma)
and types of acute respiratory care status before admission, such as intubation,
tracheostomy or use of mechanical ventilation. Transitions of respiratory care
status and subjects’ final respiratory status after noninvasive management at our
center were compiled from medical records.

Decannulation and/or transition to noninvasive ventilation
Decannulation/extubation criteria were as follows: alert and fully cooperative,
no apparent lung diseases, no dysphagia, all oxyhemoglobin saturation (SpO2)
⩾ 95% at ambient air and airway patency with intact vocal cord movement.
Patients with concomitant lung disease, bulbar-innervated muscle dysfunction
and lack of cooperation were excluded from decannulation/extubtion attempts.
The presence of dysphagia was evaluated with videofluoroscopic swallowing

study. All of the tracheostomized patients underwent videofluoroscopic
swallowing study on their first admission, and those without apparent
aspiration or penetration with liquid and semisolid consistency were included.
Flexible fiber optic endoscopy was used to evaluate the airway patency under
consultation to ENT specialist. Tracheostomy tubes were switched to cuffless
ones with two different inner cannulas (fenestrated and non-fenestrated) for

alternative use. For patients who fulfilled the above criteria, decannulation
attempt was initiated with capping of the tracheostomy tube. Continuous
TMV was replaced to noninvasive ventilation (NIV) via nasal or oronasal
interfaces depending on each patient’s preference. Basically, volume assist/
control mode ventilation was used with tidal volumes individually adjusted
to maintain 15–20 cmH2O of peak inspiratory pressures, and normal
physiologic back-up rates for age. Tracheal suctioning was substituted to
self-oral expectoration by using mechanical insufflation-exsufflation (MI-E),
(CoughAssist (Philips-Respironics International Inc.)) as well as manually
assisted cough by abdominal thrust. All patients were trained to MAC, and
applied it whenever necessary or at least in every 2 h to prevent secretion
retention.
Detailed decannulation procedures followed the sequence proposed by

Bach et al.9,11,14 If decannulation was not feasible during the first admission,
patients and care givers were sufficiently trained to various assisted coughing
methods and NIV before home discharge. When patients were ready
and fulfilled the above criteria, they were re-admitted to complete the
decannulation procedure.

Respiratory and ventilatory function assessment
Suitability of ventilatory status was monitored by SpO2 and end tidal carbon
dioxide (EtCO2) or transcutaneous CO2 (TcCO2) via oximetry and capnometry
(Microcap plus, Oridion Ltd., Jerusalem, Israel) (V-sign System, SenTec,
Therwil, Switzerland) or sometimes with arterial blood gas analysis.
For the pulmonary function assessment, forced vital capacity in two different

positions, maximum inspiratory pressure and maximum expiratory pressure
were measured periodically to evaluate respiratory muscle strength and weaning
potentials. To assess each patient’s capability of self-expectoration, peak cough
flow was measured under two different conditions: unassisted and assisted
with maximal insufflations by air-stacking followed by manual abdominal
thrust. All measurements were performed by a peak flowmeter (ASSESS; Health
Scan Products Inc., Cedar Grove, NJ, USA) with the patient coughing as hard
as possible, and the highest value of three or more attempts was recorded.
In this study, we only included the data evaluated within 5 days from
decannulation despite serial measurements.

RESULTS

A total of 62 complete or sensory incomplete C-SCI patients succeed
in either extubation or decannulation during the study period.
Common co-morbidities at initial admission included pressure ulcers,
depression, urinary tract infection, formation of heterotopic ossifica-
tions and pulmonary complications such as pneumonia and pleural
effusion. Baseline characteristics of all subjects are described in
Table 1.

Respiratory management status before initial admission
All subjects had received endotracheal intubation or tracheostomy
during acute phase of SCI. When referred to our center, two NL C4
and ASIA impairment scale (AIS)-A patients were placing endotra-
cheal intubation tubes, and both had been applying continuous
mechanical ventilation for the acute respiratory care.
Forty-one patients were under continuous TMV at initial admission

to the pulmonary rehabilitation center. Nineteen patients were
maintaining tracheostomy tubes after weaning of intensive care unit
mechanical ventilators. All of the tracheostomized patients either failed
or did not have decannulation attempts during previous hospitaliza-
tions. Details of the acute respiratory management status before
admission are described in Table 2.

Final respiratory status after treatment at pulmonary rehabilitation
center
Two patients with endotracheal intubation were successfully extubated
with the use of MAC, and switched to continuous NIV: one patient

Table 1 General characteristics of all patients

Onset age (years) 47.6±15.8

Sex (M:F) 55:7

Duration from tracheostomy to decannulation (months) 7.0±14.5

Neurological level (n)
C- 1

C1 3

C2 9

C3 23

C4 20

C5 2

C6 2

C7 0

C8 2

ASIA impairment scale (n)
A 49

B 13

Etiologies of injury
Traumatic 58

Non-traumatic 4

Abbreviation: ASIA, American Spinal Injury Association.
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succeeded in the weaning of NIV after 3 months of use, and the other
one was still applying nocturnal NIV because of sustained
hypercapnea.
Of the 41 patients who were initially applying continuous TMV,

24 switched to NIV and were still applying continuous mechanical
ventilation with reduced extent of application time. Fifteen patients
totally weaned off from NIV after the decannulation. Two C-SCI
patients with NL C2 and C8, AIS-A were successfully decannulated,
but re-tracheostomized during follow-up period due to severe
pneumonia and recurrent airway obstruction with mucus plugging
despite aggressive use of MAC.
Nineteen C-SCI patients were in tracheostomy state without

applying mechanical ventilation at initial admission. Ten tracheosto-
mized C-SCI patients succeeded in decannulation and never required
continuous NIV, and two others succeeded in decannulation
and ventilator weaning after employing short-term NIV. However,
four C-SCI patients required application of long-term NIV due to
latent hypercapnea. Underlying moderate to severe obstructive sleep
apnea was discovered in three patients during ventilatory state
monitoring, which required application of nocturnal NIV with
continuous positive airway pressure or bilevel positive airway
pressure mode.
In this present study, high C-SCI with NL at C4 or above accounted

for the majority (90.3%). Among the 62 study candidates, 44 patients
were motor and sensory complete (AIS-A) with high-level C-SCI.
Ten of them succeeded in decannulation and NIV weaning after
short-term use, 7 no longer required NIV after the decannulation
and 1 patient underwent re-tracheostomy after a successful decannu-
lation. The other 26 converted to NIV, and continuously applying
NIV and MAC without significant pulmonary complications.
Mean follow-up period was 21.3± 29.8 months. For those who

switched to NIV, initial hours of daily need for ventilatory support was
15.3± 8.0 h, but gradually decreased to 5.7± 5.7 h at final discharge.

Details of final respiratory state of all subjects are summarized in
Table 3.

Results of pulmonary function assessment just before
decannulation
Serial pulmonary function assessments were conducted during
individual patient’s hospitalizations. To understand the underlying
pulmonary function according to the NL and access the
weaning potential, we reviewed the result of pulmonary function
evaluation just before each patient’s decannulation. On retrospective
review, measurement data were available only for the 42 patients.
For the 20 patients, the measurement was either incomplete or
lacking. Detailed pulmonary function measurement is described in
Table 4.

DISCUSSION

Patients who sustain high C-SCI frequently require ventilatory
assistance during acute and rehabilitation periods, and in routine
clinical practices, they are often managed with intubation
and mechanical ventilation, leading to tracheostomy. Bellamy et al.15

reported that 77% of patients with complete tetraplegia underwent
tracheostomy, and one recent analysis revealed 69% of C-SCI
with AIS-A required tracheostomy for pulmonary care, weaning and
airway support.6

Partial recovery of respiratory muscle performance may occur over
the year following injury, resulting in subsequent increase in forced
vital capacity.1 Nevertheless, many SCI patients who failed to wean or
decannulate during acute injury period are often discharged home or
long-term facilities with home mechanical ventilation and
tracheostomy tubes.
In this present study, we reviewed the successful decannulation cases

of complete or sensory incomplete C-SCI patients, 70% of whom were
having high NL and complete injuries. Considering the results from
the previous researches regarding tracheostomy and decannulation of

Table 2 Acute phase respiratory management before initial admission

Categories NL n

C- to C2 C3 to C5 C6 to C8

1 Continuous mechanical ventilation through tracheostomy 12 26 3 41

2 Continuous mechanical ventilation through intubation 0 2 0 2

3 Tracheostomy status after weaning of ICU or portable ventilators, without applying mechanical ventilation 1 17 1 19

Total 13 45 4 62

Abbreviations: ICU, intensive care unit; NL, neurological level.

Table 3 Final respiratory state of patients at discharge

Categories NL n

C- to C2 C3 to C5 C6 to C8

1 Transition to NIV after extubation/decannulation 6 18 1 25

2 Ventilator weaning after extubation/decannulation 5 10 1 16

3 TMV with re-tracheostomy after decannulation 1 0 1 2

4 Simple decannulation without applying long-term MV 1 10 1 12

5 Application of NIV after decannulation 0 7 0 7

Total 13 45 4 62

Abbreviations: MV, mechanical ventilation; NL, neurological level; NIV, noninvasive mechanical ventilation; TMV, tracheostomy mechanical ventilation.
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C-SCI patients, our study result has a great significance. Childs et al.16

concluded that AIS-A is a simple criterion to identify the need of
prolonged mechanical ventilation and the need for tracheostomy, and
another study revealed that the NL and completeness of SCI are the
most important predictors of tracheostomy.17

In previous literatures, success in weaning from mechanical
ventilation approached 40% in patients with cervical injuries above
C4, with increasing success in injuries below C5.2,18 In this
study, successful weaning from TMV or NIV after decannulation
was 43.8% in patients with NLI at or above C4, and 30% in NL at or
below C5. The majority of our candidates were high C-SCI, and
only six patients were included for the NLI at or below C5. A small
number of the group and variability in durations from C-SCI onset
to decannulation might result in the reversed outcome from the
previous studies.
Possible complications associated with decannulation include

immediate respiratory distress, post-decannulation pneumonia within
24 h19 and sudden mucus plugging, all of which might result in
reinsertion of tracheostomy tubes. In this study, two patients with
NL C2 and C8, AIS-A were recannulated due to severe pneumonia
and recurrent airway obstruction with mucus plugging despite
aggressive use of MAC. For decannulation trial, we mainly used
cuffless tracheostomy tube with two different inner cannulas—
fenestrated and non-fenestrated ones for alternative use during a day
in order to minimize relevant complications associated with the
lengthy use of fenestrated tubes such as tracheal irritation or
granulation formation.20 During the study period, our patients did
not reveal any relevant adverse effect on laryogoscopic evaluations.
Bach11 had addressed a new management paradigm to permit

a successful extubation of unweanable SCI patients without tracheost-
omy, and permits patients with ineffective cough to avoid acute
respiratory failure due to mucus plugging during respiratory tract
infections. Tracheostomy decannulation was even possible for patients
with little or no ventilator-free breathing ability and no vital capacity,
and the only indication for tracheostomy was SCI patients with saliva
aspiration irrespective of optimal use of NIV and MAC.11

Noninvasive respiratory management is known to offer several
advantages over endotracheal intubations or tracheostomies. Manage-
ment at our center included air-stacking exercise, manually assisted
coughing and the use of MI-E and NIV. The risk of failed extubation
or decannulation is high in C-SCI due to pulmonary secretion
retention and inadequate cough. MI-E is started by applying positive
pressure to the airway (insufflations) to immediately transform
into negative pressure (exsufflations) using a mechanical device.2 With
pressure approximately ± 40 cmH2O, it generates an expiratory flow of

approximately 10 l s− 1,21 which is much higher than the manual-
assisted cough.22 Clinical practice guideline from the Consortium for
Spinal Cord Medicine mentions the use of MI-E on respiratory
management following SCI.23 Aggressive use of MI-E results in
immediate expulsion of thick secretions, which is the most proble-
matic in C-SCI, and it also increases in vital capacity and SpO2.

14

This study shares the limitation inherent to all retrospective cohorts.
Retrospective study design might influence our results. To emphasize
the feasibility of successful decannulation for C-SCI with high NL and
complete injuries, we only included successful cases which might
represent a selection bias. Second, although our center is a nationwide
referral center for pulmonary rehabilitation, this study was a single
center design. Because of the relatively small number of patients,
multi-center based further study should be followed. Third, detailed
information on each patient’s acute management such as operative
procedure, associated injuries at initial onset could not be fully
collected. Because of the limited information regarding acute injury
period, the analysis of the variables associated to the successful
decannulation or ventilator weaning could not be conducted.
In conclusion, tracheostomy decannulation is even possible for the

patients with complete or sensory incomplete C-SCI and high level of
NL, and noninvasive respiratory intervention, including NIV and
MAC, is an effective long-term alternative to tracheostomy. Avoiding
the empiric use of tracheostomy may decrease numerous
tracheostomy-related complications and respiratory morbidity, and
ultimately improve the quality of life in several aspects.
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