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Abstract
Study design Retrospective study.
Objectives To investigate the risk factors associated with tracheostomy after traumatic cervical spinal cord injury (CSCI)
and to identify factors associated with decannulation in an aging population.
Setting Advanced critical care and emergency center in Yokohama, Japan.
Methods Sixty-five patients over 60 years with traumatic CSCI treated between January 2010 and June 2017 were enrolled.
The parameters analyzed were age, sex, American Spinal Injury Association impairment scale score (AIS) at admission and
one year after injury, neurological level of injury (NLI), injury mechanism, Charlson’s comorbidity index (CCI), smoking
history, radiological findings, intubation at arrival, treatment choice, length of intensive care unit (ICU) stay, tracheostomy
rate, improvement of AIS, decannulation rate, and mortality after one year.
Results The study included 48 men (74%; mean age 72.8 ± 8.3 years). Twenty-two (34%), 10 (15%), 24 (37%), and 9 (14%)
patients were classified as AIS A, B, C, and D, respectively. The tracheostomy group showed significantly more severe
degree of paralysis, more patients with major fractures or dislocations, more operative treatment, longer ICU stay, poorer
improvement in AIS score after one year and higher rate of intubation at arrival. AIS A at injury was the most significant risk
factor for tracheostomy. The non-decannulation group had a significantly higher mortality. The risk factor for failure of
decannulation was CCI.
Conclusions Risk factors for tracheostomy after traumatic CSCI were AIS A, operative treatment, major fracture/dislocation,
and intubation at arrival. The only factor for failure of decannulation was CCI.

Introduction

Traumatic cervical spinal cord injury (CSCI) often causes
severe disability and complications because of neurolo-
gical deficits and respiratory dysfunction secondary to
the injury. Respiratory complications are the principal
cause of morbidity and mortality in CSCI patients [1].

Respiratory dysfunction from CSCI is due to the disrup-
tion of innervation to the diaphragm and intercostal
muscles, resulting in the need for long-term mechanical
ventilation. Because mechanical ventilation is associated
with increased risk of respiratory complications, early
tracheostomy is recommended to reduce complications
and improve outcomes [2, 3].

Previous studies have suggested that tracheostomy is
required in patients with severe traumatic CSCI [4, 5] and
early tracheostomy in traumatic CSCI patients improves
respiratory outcomes [2]. Delayed tracheostomy has been
associated with increased duration of hospital stay,
increased duration of treatment in the intensive care unit,
infectious complications, and delays in initiating acute
rehabilitation [5]. Nevertheless, studies have reported that
unnecessary tracheostomy has detrimental effects [6] and
avoiding empiric use of tracheostomy decreases numerous
tracheostomy-related complications and respiratory mor-
bidities [7].
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The purpose of tracheostomy for CSCI patients is airway
control. If possible, all tracheostomies should be closed as
soon as the condition of the patient allows, but some
patients cannot tolerate decannulation. The invasiveness of
tracheostomy is both physical and psychological [8, 9];
hence, the effort for avoiding unnecessary tracheostomy and
that for decannulation are particularly important in trau-
matic CSCI patients. There has been one study regarding
indications for decannulation; however, the CSCI patients
in that study was relatively young [9]. The incidence of
traumatic CSCI in the elderly population is rising [10–13],
and the mortality due to traumatic spinal cord injury in the
elderly patients is higher than that in the young patients
[11, 14]. No previous studies have reported the risk factors
for failure of decannulation in aging traumatic CSCI
patients.

The purpose of the current study was to investigate the
factors associated with tracheostomy and decannulation in
traumatic CSCI at an advanced critical care and emergency
center in Japan and to identify the risk factors for tra-
cheostomy and failure of decannulation in an aging
population.

Methods

This study was approved by the ethics research board of
the Yokohama City University School of Medicine. All
patients provided informed consent for the use of their
data in the study. A total of 89 traumatic cervical spinal
cord injury patients were treated at our institution between
January 2010 and June 2017. Our exclusion criteria were
(a) age under 60 years and (b) severe head injury. After
application of these criteria, 65 patients entered into the
study (Supplementary file 1). We analyzed the medical
records of patients visiting our outpatient department
during the study period, and the follow-up of patients who
had been transferred to another hospital was based on the
patient report sent to us by the receiving hospital. Patients
included 48 males (74%) and 17 females (26%) ranging
from 60 to 94 years with a mean age of 72.8 ± 8.3 years.
The following data were analyzed: age, gender, the
American Spinal Injury Association impairment scale
(AIS) [15] at admission and one year after injury, neuro-
logical level of injury (NLI), injury mechanism, Charlson
comorbidity index (CCI) [16] as an evaluation of pre-
existing comorbidity (PEC), smoking history, radiological
findings (i.e., with or without major fracture or disloca-
tion), intubation at arrival, choice of treatment, ICU length
of stay, tracheostomy, decannulation, and mortality after
one year. CSCI patients with a major fracture or disloca-
tion were received surgical treatment, and in the patients
without a major fracture or dislocation, conservative

treatment was selected unless the patients want to receive
surgical treatment. Mortality included in-hospital death
and death within one year. If the AIS improved one year
after admission, it was defined as improvement. To
examine associated factors for tracheostomy in CSCI, all
patients were categorized into two groups: patients who
did or did not undergo tracheostomy. To examine asso-
ciated factors for decannulation in CSCI, the patients who
underwent tracheostomy were categorized into two
groups: decannulation or non-decannulation.

Data are presented as the mean value ± standard devia-
tion. A chi-square test and unpaired t-test were used to
examine differences in the outcome measurements between
the groups. A p-value of <0.05 was considered statistically
significant. A univariate logistic regression model was used
to assess the risk factors for tracheostomy and failure of
decannulation, and a multivariate logistic regression model
was used to analyze significant risk factors for tracheostomy
using the factors which were statistically significant in the
univariate logistic regression. Age was assessed as a con-
tinuous variable. Gender, AIS, NLI, radiological findings,
CCI, smoking history, choice of treatment, intubation at
arrival were dichotomized as male or not, an AIS A or not, a
NLI C4 or above or not, major fracture or dislocation or not,
a CCI two or more or not, smoking history or not, operation
or not, intubation at arrival or not. All statistical analyses
were performed using the JMP® pro 12 (SAS Institute Inc.,
Cary, NC, USA).

Results

Table 1 presents the characteristics of the traumatic CSCI
patient cohort. Twenty-two (34%), 10 (15%), 24 (37%), and
9 (14%) patients were classified as AIS A, B, C, and D,
respectively. The neurological level of injury was dis-
tributed from C2 to T1, with the majority occurring at the
levels C4 (26%) and C5 (40%). There were relatively fewer
injuries occurring at the levels C2 (3%), C3 (6%), C6 (8%),
C7 (11%), C8 (3%), and T1 (3%). Falls from standing
(35%) and heights (42%) were common causes of injury,
followed by traffic accidents (22%). Twenty-seven patients
(42%) were classified as having CCI 0, 20 (31%) as having
CCI 1, and 18 (28%) as having CCI 2 or more. Thirty-six
patients (57%) had a smoking history. Intubation at arrival
was performed in 9 patients (14%). Forty-six patients (71%)
had CSCI without major fracture or dislocation. Among the
entire cohort, 35 patients (54%) had undergone surgery and
30 (46%) had received conservative treatment. A tra-
cheostomy was performed on 20 patients (31%). Of these
patients, 6 (9%) had a successful decannulation. The mean
length of ICU stay was 9.3 ± 11.6 days. The mortality at one
year from injury was 14%.
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The comparison of patients who underwent tracheostomy
and those who did not is summarized in Table 2. At injury,
the AIS was significantly different between the groups. The

degree of paralysis was significantly more severe in patients
who underwent tracheostomy than that in those who did
not. There was an equivalent difference in the AIS after one
year in both groups. The length of ICU stay was sig-
nificantly longer in the tracheostomy group than that in the
non-tracheostomy group. The number of patients with

Table 1 Patient characteristics

Age (years) 72.8 ± 8.3

Gender (M:F) 48:17

AIS

A 22 (34%)

B 10 (15%)

C 24 (37%)

D 9 (14%)

NLI

C2 2 (3%)

C3 4 (6%)

C4 17 (26%)

C5 26 (40%)

C6 5 (8%)

C7 7 (11%)

C8 2 (3%)

T1 2 (3%)

Injury mechanism

Fall from standing 23 (35%)

Fall from height 27 (42%)

Traffic accident 14 (22%)

Other 1 (2%)

Radiological finding

Major fracture or dislocation 19 (29%)

No major fracture or dislocation 46 (71%)

CCI

0 27 (42%)

1 20 (31%)

≧2 18 (28%)

Smoking history 36 (55%)

Treatment

Operation 35 (54%)

Conservative 30 (46%)

ICU length of stay (day) 9.3 ± 11.6

Tracheostomy 20 (31%)

Decannulation 6 (9%)

Mortality 14 (22%)

AIS after one year

A 11 (17%)

B 0 (0%)

C 15 (23%)

D 18 (28%)

E 7 (11%)

Intubation at arrival 9 (14%)

AIS American Spinal Injury Association impairment scale, NLI
neurological level of injury, CCI Charlson comorbidity index

Table 2 Comparison between patients with and without tracheostomy

Tracheostomy No tracheostomy p value

Number of patients 20 45

Age (year) 73.2 ± 7.4 63.8 ± 8.7 0.80

Gender 0.64

Male 16 (80%) 32 (71%)

Female 4 (20%) 13 (29%)

AIS <0.0001

A 15 (75%) 7 (16%)

B 2 (10%) 8 (18%)

C 3 (15%) 21 (47%)

D 0 (0%) 9 (20%)

NLI 0.29

C2 2 (10%) 0 (0%)

C3 0 (0%) 4 (9%)

C4 5 (25%) 12 (27%)

C5 9 (45%) 17 (38%)

C6 2 (10%) 3 (7%)

C7 2 (10%) 5 (11%)

C8 0 (0%) 2 (4%)

T1 0 (0%) 2 (4%)

Injury mechanism 0.053

Fall from standing 3 (15%) 20 (44%)

Fall from height 13 (65%) 14 (31%)

Traffic accident 4 (20%) 10 (22%)

Other 0 (0%) 1 (2%)

Radiological finding 0.01

Major fracture or
dislocation

10 (50%) 9 (20%)

No major fracture or
dislocation

10 (50%) 36 (80%)

CCI 0.88

0 8 (40%) 19 (42%)

1 7 (35%) 13 (29%)

≧2 5 (25%) 13 (29%)

Smoking history 12 (60%) 24 (53%) 0.62

Treatment 0.002

Operation 15 (75%) 20 (44%)

Conservative 5 (25%) 25 (56%)

ICU length of stay (day) 21.6 ± 13.7 3.8 ± 3.9 <0.0001

Mortality 7 (35%) 7 (16%) 0.08

AIS after one year <0.0001

A 8 (40%) 3 (7%)

B 0 (0%) 0 (0%)

C 5 (25%) 10 (22%)

D 5 (25%) 18 (40%)

E 0 (0%) 7 (16%)

Improvement of AIS 3 (15%) 25 (56%) 0.002

Intubation at arrival 6 (30%) 3 (7%) 0.02

AIS American Spinal Injury Association impairment scale, NLI
neurological level of injury, CCI Charlson comorbidity index
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major fractures or dislocations was significantly higher in
the tracheostomy group. There were significantly more
patients who underwent operative treatment in the tra-
cheostomy group. The AIS improvement was significantly
poorer in the tracheostomy group than that in the non-
tracheostomy group. Intubation at arrival was significantly
higher in the tracheostomy group. The age, gender, neuro-
logical level of injury, injury mechanism, CCI, smoking
history, and mortality did not differ significantly between
the groups.

A univariate logistic regression model (Table 3) indi-
cated that AIS A, major fracture or dislocation, operative
treatment, and intubation at arrival were significant risk
factors for tracheostomy. In the multivariate logistic
regression model, AIS A at injury was a significant risk
factor for tracheostomy.

The comparison of patients who underwent successful
decannulation and those who did not is summarized in
Table 4. Mortality was higher in the non-decannulation
group. No patient recovered from paralysis within one year
in the non-decannulation group.

A univariate logistic regression model indicated that
CCI was a significant risk factor for decannulation failure
(p-value= 0.04, odds ratio: 4.4, 95% CI 1.04–34.2), and
other factors that was age, gender, AIS, NLI, major fracture
or dislocation, smoking, operative treatment, tracheostomy
timing, and intubation at arrival were not significant risk
factors for decannulation failure (Supplementary Table 1).

Discussion

Respiratory failure is the most frequent complication of
traumatic CSCI [1, 17]. Tracheostomy is an important
supportive therapy for traumatic CSCI patients, because it
can improve ventilatory function and treatment efficacy
[2, 3, 18, 19]. Nevertheless, a few studies have reported that

unnecessary tracheostomy or the empiric use of tracheost-
omy should be avoided because of the numerous
tracheostomy-related complications and respiratory mor-
bidities [6, 7]. Shao et al. [20] demonstrated that early
mortality is significantly higher in patients who underwent
tracheostomy because it breaches the natural barrier
between the lung and the external environment, sig-
nificantly increasing the probability of infection.

Numerous studies have reported risk factors associated
with tracheostomy in CSCI patients [4, 5, 21, 22], and there
is a meta-analysis of the influencing factors for tracheost-
omy after CSCI [22]. According to that meta-analysis, the
current evidence shows that male gender, AIS A or B, upper
neurological level of injury, high ISS, GCS ≦ 8, thoracic
injury, and respiratory complications are risk factors for
tracheostomy after traumatic CSCI. Age, smoking history,
and mechanism of injury were not risk factors for tra-
cheostomy [22]. In the present study, the univariate logistic
regression analysis showed that the risk factors for tra-
cheostomy were severe AIS, major fracture or dislocation,
operative treatment, and intubation at arrival. The reason
may be that patients with major fractures or dislocations
usually require operative treatment, resulting in prolonged
ICU stays, and a more severe AIS is associated with a
greater need for mechanical ventilation [18]. Although tra-
cheostomy was associated with lower ICU length of stay in
a previous study [2], it was longer in the tracheostomy
group in the present study. The reason is that the present
study included elderly patients who had low energy injury
and no severe paralysis and many of them did not need to
receive long ICU treatment and tracheostomy. The multi-
variate logistic regression analysis shows that a significant
risk factor for tracheostomy was the severity of the AIS at
injury.

The CSCI in older patients is associated with increased
frequency of complications, higher mortality and poorer
prognosis than in younger patients [23]. Fassett et al. [10]

Table 3 Logistic regression
analysis for the necessity of
tracheostomy

Univariate Multivariate

OR (95% CI) p value OR (95% CI) p value

Age (year) 0.99 (0.9–1.1) 0.79

Gender 1.6 (0.5–6.5) 0.44

AIS A 12.7 (3.8–47.9) <0.0001 11.2 (3.0–49.7) 0.0003

NLI≧ C4 0.97 (0.3–2.9) 0.97

Major fracture or dislocation 4.0 (1.3–12.9) 0.02 1.9 (0.4–10.1) 0.45

CCI≧ 2 0.8 (0.2–2.6) 0.74

Smoking history 1.3 (0.5–3.9) 0.61

Operation 3.8 (1.2–13.2) 0.02 2.8 (0.5–16.2) 0.23

Intubation at arrival 6.0 (1.4–31.5) 0.02 2.7 (0.4–19.3) 0.29

OR odds ratio, CI confidence interval, AIS American Spinal Injury Association impairment scale, NLI
neurological level of injury, CCI Charlson comorbidity index
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reported that geriatric patients were vulnerable to traumatic
SCI and the mortality rate in geriatric patient group was
much greater than in younger patients. Harrop et al. [5]
reported that patient age was significantly associated with
tracheostomy. Although there have been few reports for
tracheostomy in the older patients [24], as far as the authors
know, there have been no reports published on tracheost-
omy and decannulation after traumatic CSCI in the older
patients.

In the present study, NLI was not the risk factor for
tracheostomy. There have been many reports of NLI as a
risk factor for tracheostomy after traumatic CSCI
[2, 18, 21]. Flanagan et al. [2] reported that higher neuro-
logical level of injury was predictive factor of early tra-
cheostomy. On the other hand, Childs et al. [18] reported
that the level of injury did not predict the need for tra-
cheostomy. this study indicated that in an aging population,
the severity of paralysis was a significant risk factor of
tracheostomy and neurological level of paralysis was not a
significant risk factor.

In the present study, the need for early intubation was
associated with tracheostomy and risk factor for tracheost-
omy, and this was not associated with decannulation. Como
et al. [25] reported that almost all patients in high complete
CSCI group required a very early definitive airway because
of their initial injury, and early intubation and tracheostomy
were recommended for patients with complete CSCI,
especially for those with NLI of C5 and above. Early
intubation suggests severe respiratory failure and correlates
with tracheostomy.

There have been few reports of tracheostomy patients
after CSCI who underwent successful decannulation.
Nakashima et al. [9] reported that 21/25 (84%) CSCI
patients underwent successful decannulation. In their report,
high cervical level complete SCI was a risk factor for the
failure of decannulation in patients without shoulder shrug
within 3 weeks after injury. On the other hand, in the pre-
sent study, there were 6 patients (30%) who had undergone
successful decannulation after traumatic CSCI within one
year. The reason for the difference in successful decannu-
lation rate may be the difference in the ages of the popu-
lations. The mean age of the patients in the study by
Nakashima et al. [9] was 44.2 years, younger than that of
the patients in the present study (72.8 years). Furthermore,
the patients in the study by Nakashima et al. [9] all
underwent surgery, meaning that there were few patients
without major fractures or dislocations in the study. The
majority of patients without major fractures or dislocations
are in the elderly population, and surgical treatment might
not be recommended for traumatic CSCI without major
fractures or dislocations [26]. Kim et al. [7] reported that

Table 4 Comparison between patients with and without decannulation

Decannulation No decannulation p value

Number of patients 6 14

Age (year) 75.2 ± 4.0 72.4 ± 8.5 0.81

Gender 0.81

Male 5 11

Female 1 3

AIS 0.79

A 4 11

B 1 1

C 1 2

D 0 0

NLI 0.14

C2 0 2

C3 0 0

C4 2 3

C5 2 7

C6 0 2

C7 2 0

Injury mechanism 0.58

Fall from standing 1 2

Fall from height 3 10

Traffic accident 2 2

Radiological finding 0.33

Major fracture or
dislocation

4 6

No major fracture or
dislocation

2 8

CCI 0.06

0 4 4

1 2 5

≧2 0 5

Smoking history 2 10 0.11

Treatment 0.57

Operation 5 10

Conservative 1 4

ICU length of stay (day) 17.0 ± 13.0 23.6 ± 14.0 0.34

Mortality 0 7 0.03

AIS after one year 0.053

A 2 6

B 0 0

C 4 1

D 0 0

Tracheostomy
timing (day)

6.2 ± 2.6 7.0 ± 5.3 0.72

Improvement of AIS 3 0 0.004

Intubation at arrival 3 3 0.20

AIS American Spinal Injury Association impairment scale, NLI
neurological level of injury, CCI Charlson comorbidity index
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almost all 60 tracheostomy patients with complete or sen-
sory incomplete CSCI underwent successful decannulation.
The differences in the present study are the mean age of
patients (47.6 vs. 72.8) and the use of noninvasive
mechanical ventilation after decannulation in a pulmonary
rehabilitation center.

To the best of our knowledge, the present study is the
first report of decannulation after traumatic CSCI in an
aging population. Recently, the incidence of traumatic
CSCI in the elderly is increasing [10−13], so the present
study reflects the recent aging population in Japan and other
countries.

Elderly tracheostomy patients differ from younger tra-
cheostomy patients with regard to physical ability [24].
Hayashi et al. [27] reported that old age, severe paralysis
and tracheostomy might be risk factors for dysphagia. The
risk of dysphagia is associated with aspiration pneumonia.
Additionally, Shao et al. [20] reported that the risk of early
mortality was significantly higher in patients who under-
went tracheotomy than in those who did not undergo tra-
cheotomy, and age was a significant risk factor for early
mortality. Old age is associated with poor prognosis in
CSCI patients who need tracheostomy. A higher frequency
of PEC in elderly patients than in younger patients is one of
the reasons for poor prognosis.

In the present study, the successful decannulation rate
was 30%, and the mortality of the remaining patients who
failed decannulation was 35%. Risk factor for the failure of
decannulation was CCI. The previous studies have reported
that PEC was the predictor of mortality in elderly CSCI
patients [28, 29]. Many of elderly patients have some sort of
PEC, and Harris et al. [30] demonstrated that the number of
comorbid illness is the most important predictor of mortality
in elderly CSCI patients. In the present study, CCI was a
risk factor for the failure of decannulation after traumatic
CSCI in an aging population, and this result was not
inconsistent with the previous studies.

The present study has several limitations. One is that it
was a retrospective study that included a relatively small
sample in over a seven-year period. Second, it was con-
ducted at a single center in an advanced critical care and
emergency center. Third, definite eligibility criteria for a
tracheostomy have yet to be formulated at this center.

In an aging population, the risk factors for tracheostomy
after traumatic CSCI were severity of the AIS, operative
treatment, major fracture or dislocation, and intubation at
arrival. The risk factor associated with failure of decannu-
lation was CCI.

Data archiving

All data generated or analyzed during this study are inclu-
ded in this published article and a supplementary file.
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