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Abstract

Purpose In patients with cervical spinal cord injury

(CSCI), respiratory compromise and the need for tra-

cheostomy are common. The purpose of this study was to

identify common risk factors for tracheostomy following

traumatic CSCI and develop a decision tree for tra-

cheostomy in traumatic CSCI patients without pulmonary

function test.

Methods Data of 105 trauma patients with CSCI admitted

in our institution from April, 2008 to February, 2014 were

retrospectively analyzed. Patients who underwent tra-

cheostomy were compared to those who did not. Stepwise

logistic regression analysis and classification and regres-

sion tree model were used to predict the risk factors for

tracheostomy.

Results Tracheostomy was performed in 20% of patients

with traumatic CSCI on median hospital day 4. Patients

who underwent tracheostomy tended to be more severely

injured (higher Injury Severity Score, lower Glasgow

Coma Score, and lower systolic blood pressure on admis-

sion) which required more frequent intubation in the

emergency room (ER) with a higher rate of complete CSCI

compared to those who did not. Upon multiple logistic

analysis, Age C 55 years (OR: 6.86, p = 0.037), Car

accident (OR: 5.8, p = 0.049), injury above C5 (OR:

28.95, p = 0.009), ISS C 16 (OR: 12.6, p = 0.004), intu-

bation in the ER (OR: 23.87, p = 0.001), and complete

CSCI (OR: 62.14, p\ 0.001) were significant predictors

for the need of tracheostomy after CSCI. These factors can

predict whether a new patient needs future tracheostomy

with 91.4% accuracy.

Conclusions Age C 55 years, injury above C5, ISS C 16,

Car accident, intubation in the ER, and complete CSCI

were independently associated with tracheostomy after

CSCI. CART analysis may provide an intuitive decision

tree for tracheostomy.
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Introduction

Traumatic cervical spinal cord injury (CSCI) is a dev-

astating and potentially life-threatening injury. The

majority of early deaths following acute traumatic

tetraplegia are due to pulmonary complications resulting

from various inspiratory and/or expiratory muscle

paralysis as well as excessive bronchial mucous pro-

duction [14, 25]. Patients with traumatic CSCI are

commonly intubated in the emergency department. Some

of them require tracheostomy in spite of intensive care.

Tracheostomy is more comfortable than an endotracheal

tube. The beneficial effects of early tracheostomy in

trauma patients have been reported [1, 3, 6]. Many

studies have predicted the risk factors for tracheostomy

in traumatic CSCI. Age, comorbidity, level of injury

(neurological level), extent of injury (complete/incom-

plete), and forced vital capacity (FCV) are reported to be

risk factors of CSCI. Recently, Yugue et al. [25] and

Berney et al. [4] have analyzed clinical decisions to

perform tracheostomy for patients with traumatic CSCI

using a classification and regression tree (CART). They

have reported that FVC is the first node in the tree.

However, in the real world, it is difficult to measure

FVC of patients with traumatic CSCI during acute phase.

Therefore, the objective of this study was to identify

common risk factors for tracheostomy following trau-

matic CSCI and develop a decision tree for tracheostomy

in traumatic CSCI patients without pulmonary function

test.

Methods

Study population

This was a retrospective single-center study conducted at

a university affiliated-tertiary referral hospital in South

Korea from April, 2008 to February, 2014. We retro-

spectively identified patients aged 18 years or older with

traumatic CSCI who were admitted to the emergency

department through an automated query of our hospital’s

database. CSCI was confirmed based on electronic

medical records review. Exclusion criteria were: death

within 24 h, traumatic brain injury defined as intracranial

hemorrhage on computed tomography, patients who

were transferred to another hospital from our emergency

room, and simple spinal sprain without spinal fracture or

spinal cord injury. The local Institutional Review Board

approved this study and waived the requirement for

informed consent (IRB No. 2015-07-033-001) due to its

retrospective nature.

Data collection

Data were extracted from medical records, including age,

sex, Injury Severity Score (ISS), Glasgow Coma Scale

(GCS), mechanism of injury, trauma associated injury,

physiologic variables, laboratory variables, and intubation

related variables. Pulmonary complication was defined as

pneumonia, complicated pleural effusion, and atelectasis

requiring additional oxygen supply. The degree of spinal

cord injury was based on neurological examination using

the American spinal injury association Impairment Scale

(AIS) [15]. Respiratory impairment was defined as a res-

piratory rate of less than 10/min or more than 24/min.

Hypotension was defined as an initial systolic blood pres-

sure of less than 90 mmHg at the emergency department.

Chest injury was defined as pneumothorax, hemothorax, or

frail chests. Abdominal injury was defined as solid organ

injury [18, 19] above grade 2 with visceral organ injury

that required operation or pelvic bone fracture. Tra-

cheostomy within 7 days after the accident was defined as

early tracheostomy.

Statistical analysis

All variables are presented as median and interquartile

ranges (IQRs) or as the number (percentage) of patients.

For continuous variables, data were compared with Mann–

Whitney U test. For categorical variables, data were com-

pared with the Chi-square test or Fisher’s exact test.

Stepwise logistic regression analysis was used to control

the effects of confounding variables to identify indepen-

dent risk factors for tracheostomy. To describe the decision

mechanism, we performed classification and regression

tree (CART) analysis using the recursive partitioning

method [9, 10, 12]. All statistical analyses were performed

using SPSS 20.0 (SPSS Inc., Chicago, IL, USA) and R

3.0.2, (R Foundation for Statistical Computing, Vienna,

Austria).

Results

One hundred and five patients with traumatic CSCI were

included in the analysis. Tracheostomy was performed in

21 (20%) patients with traumatic CSCI. There were 86

(82%) males. The median time from the accident to tra-

cheostomy was 6 days (IQR, 2–12). Performance of tra-

cheostomy based on AIS grade is delineated in Table 1.

Respiratory complication was more common with AIS

grade A compared to AIS grade B–D. Demographics of

patients with or without tracheostomy are summarized in

Table 2. Patients with tracheostomy tended to have higher
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ISS and lower Glasgow Coma Scale (GCS) with systolic

blood pressure (SBP)\90 mmHg on admission compared

to those without tracheostomy. The occurrence of impaired

motor function was higher in patients who underwent tra-

cheostomy than in patients without tracheostomy. The rate

of intubation at the emergency room was also higher in

patients who underwent tracheostomy. However, injury

above C5 and respiratory impairment were not statistically

different between patients with tracheostomy and those

without tracheostomy. The mechanism of trauma (car

accident versus non-car accident), chest injury, and

abdominal injury was not significantly different between

the two groups. A total of 80 (76.2%) TCSCI patients

underwent surgeries, including 19 (23.8%) patients who

underwent tracheostomy. The mean time from trauma to

tracheostomy was 7.2 days. Eight patients underwent sur-

gery and tracheostomy simultaneously with a mean time

from trauma to surgery and tracheostomy of 2.9 days.

However, seven patients underwent tracheostomy after the

surgery with a mean time from trauma to surgery of

Table 1 Comparisons of clinical characteristics of patients according to AIS grade

AIS A (n = 17) AIS B (n = 9) AIS C (n = 31) AIS D (n = 48)

Age (years) 30 (28–56) 64 (55–72) 57 (49–66) 51 (31–61)

Sex (male), n (%) 14 (82.4) 6 (66.7) 31 (100) 35 (72.9)

ISS, median (IQR) 16 (16–20) 9 (9–16) 9 (7–14) 9 (9–12)

GCS, median (IQR) 14 (10–15) 15 (14–15) 15 (14–15) 15 (14–15)

Length of hospital stay (days), median (IQR) 66 (45–83) 80 (58–92) 38 (28–55) 13 (10–22)

Length of ICU stay (days), median (IQR) 12 (3–18) 15 (3–19) 0 (0–4) 0 (0–0)

Tracheostomy, n (%) 13 (76.5) 4 (44.4) 4 (12.9) 0 (0)

Pre-tracheostomy pulmonary complication, n (%) 6 (35.3) 1 (11.1) 0 (0) 0 (0)

Pulmonary complication during hospitalization, n (%) 12 (70.6) 5 (55.6) 3 (9.7) 1 (2.1)

GCS Glasgow Coma Scale, ICU intensive care unit, ISS injury severity score

Table 2 Clinical characteristics of patients in the tracheostomy and non-tracheostomy groups

Non-tracheostomy (n = 84) Tracheostomy (n = 21) p value

Age (years) 54 (42–62) 47 (29–70) 0.62

Age C 55 (years) 41 (48.8) 9 (42.9) 0.63

Sex (male) 68 (81.0) 18 (85.7) 0.76

Car accident, n (%) 38 (45.2) 11 (66.7) 0.079

Intubation in emergency room, n (%) 3 (3.6) 11 (52.4) \0.001

Respiratory impairment, n (%) 4 (4.8) 2 (9.5) 0.35

Hypotension, n (%) 6 (7.1) 7 (33.3) 0.004

GCS B 8, n (%) 3 (3.6) 5 (23.8) 0.008

ISS C 16, n (%) 18 (21.4) 17 (81.0) \0.001

Chest injury, n (%) 3 (3.6) 1 (4.8) [0.99

Abdominal/pelvic injury, n (%) 2 (2.4) 1 (4.8) 0.49

Complete SCI (AIS A), n (%) 4 (4.8) 13 (61.9) \0.001

Impaired motor function, n (%) 9 (10.7) 17 (81.0) \0.001

Injury above C5, n (%) 63 (75.0) 20 (95.2) 0.068

Spinal surgery, n (%) 61 (72.6) 19 (90.5) 0.086

Duration of accident to tracheostomy creation (days), median (IQR) NA 6 (2–7) NA

Length of hospital stay (days), median (IQR) 23 (11–42) 75 (45–91) \0.001

Length of ICU stay (days), median (IQR) 0 (0–1) 16 (9–26) \0.001

AIS American spinal injury association Impairment Scale, GCS Glasgow Coma Scale, ICU intensive care unit, ISS injury severity score, SBP

systolic blood pressure, SCI spinal cord injury
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1.4 days and a mean period from trauma to tracheostomy

of 11.3 days.

The clinical characteristics of ten patients who under-

went tracheostomy within 7 days (early tracheostomy

group) and 11 patients who received tracheostomy after

7 days (late tracheostomy group) are shown in Table 3.

More patients suffered from pneumonia before tra-

cheostomy in the late tracheostomy group compared to

those in the early tracheostomy group (60.0 vs 9.1%,

p = 0.024). However, overall pneumonia incidence during

hospitalization was not statistically different between the

two groups (70.0 vs 45.5%, p = 0.39). Length of

mechanical ventilator support, length of stay in the inten-

sive care unit, and length of hospital stay were not sig-

nificantly different between the early tracheostomy group

and the late tracheostomy groups. Successful tracheostomy

weaning at hospital discharge was not significantly differ-

ent between the two groups either.

Multiple logistic regression results predicting tra-

cheostomy are summarized in Table 4. Logistic regression

identified age C55 years [odds ratio (OR) 6.86, 95% CI

1.11–71.50; p = 0.037], injury above C5 (OR 28.95, 95%

CI 2.01–9277.55; p = 0.009), ISS C 16 (OR 12.64, 95%

CI 2.13–131.85; p = 0.004), intubation at the emergency

room (OR 23.87, 95% CI 3.22–346.70; p = 0.001), car

accident (OR 5.80, 95% CI 1.01–59.72, p = 0.049), and

AIS grade A (OR 62.14, 95% CI 7.73–1541.92; p\ 0.001)

as independent risk factors for tracheostomy in patients

with traumatic CSCI. The high odds ratios in these risk

factors indicated extreme skewness of data between the

two groups under consideration. For example, among 17

patients in AIS grade A, 13 (76%) had tracheostomy, while

only 8 (9.1%) out of 88 patients not in the AIS grade A

category underwent tracheostomy procedure. The naı̈ve

OR was 32.5. After adjusting for other factors and

removing small sample biases via Firth’s method [8], the

OR was estimated to be 62.14. AIS grade A was a highly

significant indicator for tracheostomy. This was also evi-

dent in the CART analysis shown below. In our analysis,

AIS grade A was the most significant criterion for dividing

and determining patients who required tracheostomy, fol-

lowed by whether ER intubation was performed or not.

Specifically, if a patient had an AIS grade A, he or she was

classified as requiring tracheostomy without a doubt, while

Table 3 Comparison of clinical characteristics according to early tracheostomy and late tracheostomy

Early tracheostomy (n = 11) Late tracheostomy (n = 10) p value

Age (years) 47 (29–72) 49 (30–56) 0.72

Age C 55 5 (45.5) 4 (40.0) [0.999

Sex (male) 10 (90.9) 8 (80.0) 0.59

Car accident, n (%) 9 (81.8) 5 (50.0) 0.18

Intubation in emergency room, n (%) 4 (36.4) 7 (70.0) 0.20

Respiratory impairment, n (%) 0 (0.0) 2 (20.0) 0.21

Hypotension, n (%) 5 (45.5) 2 (20.0) 0.36

GCS B 8, n (%) 8 (72.7) 8 (80.0) [0.99

ISS C 16, n (%) 9 (81.8) 8 (80.0) [0.99

Chest injury, n (%) 1 (9.1) 0 (0.0) [0.99

Abdominal/pelvic injury, n (%) 0 (0.0) 1 (10.0) 0.48

Complete SCI (AIS A), n (%) 5 (45.5) 8 (80.0) 0.18

Impaired motor function, n (%) 8 (72.7) 9 (90.0) 0.59

Injury above C5, n (%) 11 (100.0) 9 (90.0) 0.48

Pre-tracheostomy respiratory complications, n (%) 1 (9.1) 6 (60.0) 0.024

Respiratory complications during hospitalization, n (%) 5 (45.5) 7 (70.0) 0.39

Spinal surgery, n (%) 10 (90.9) 9 (90.0) [0.99

Duration of accident to tracheostomy creation (days), median (IQR) 3 (1–5) 12 (8–14) \0.001

MV day (days), median (IQR) 9 (2–13) 10 (8–17) 0.27

Length of hospital stay (days), median (IQR) 75 (39–80) 78 (63–117) 0.25

Length of ICU stay (days), median (IQR) 15 (7–18) 18 (10–41) 0.26

Successful tracheostomy weaning at hospital discharge, n (%) 7 (63.6) 6 (60) [0.99

AIS American spinal injury association Impairment Scale, GCS Glasgow Coma Scale, ICU intensive care unit, ISS injury severity score, SBP

systolic blood pressure, SCI spinal cord injury
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a patient with AIS grades other than A was classified as

requiring tracheostomy if he or she had an intubation in the

ER. The cross-validated misclassification rate obtained

from Lachenbruch’s hold out procedure was 12.2%.

Therefore, the estimated correct classification rate was

87.8%. Detailed path analysis for the classification and

estimation of probability of tracheostomy for each terminal

node is shown in Fig. 1. On the other hand, if we used all

significant variables selected from stepwise logistic

regression, the cross-validated error rate was improved to

8.6% for non-hierarchical decision making for tra-

cheostomy. The improvement was an incorrect prediction

for only three patients who underwent tracheostomy com-

pared to CART’s incorrect prediction of seven patients.

According to the logistic regression, the chances of

undergoing tracheostomy were increased for patients who

were older than 55, with an injury above C5, had a car

accident, or had an ISS score over 16, in addition to their

AIS grade status and whether they received intubation at

the ER.

Discussion

In our study, we found that six factors (GCS B 8,

ISS C 16, SBP\ 90 mmHg, intubation at the emergency

department, AIS grade A, and injury above C5) were

independent risk factors for tracheostomy following trau-

matic CSCI in univariate analysis. In addition, ISS C 16,

intubation at the emergency department, AIS grade A, and

injury above C5 were found to be independent risk factors

Table 4 Predictors for

tracheostomy in patients with

spinal cord injury after stepwise

logistic regression

95% CI

Adjusted OR Lower Upper p value

Age C 55 (years) 6.86 1.12 71.50 0.037

Injury above C5 28.95 2.01 9277.55 0.009

Car accident 5.80 1.01 59.72 0.049

ISS C 16 12.64 2.13 131.85 0.004

Intubated at emergency room 23.87 3.22 346.70 0.001

Complete CSCI (AIS A) 62.14 7.73 1541.92 \0.001

Small sample biases were adjusted by the Firth’s penalized method. The high odds ratios in these risk

factors indicate extreme skewness of the data between the two groups under consideration

Fig. 1 Decision tree model for tracheostomy in patients with

traumatic cervical spinal cord injury. The boxes denote discriminating

variables from CART analysis. Figure depicts how the decision for

tracheostomy is made. At the bottom of each branch, the actual % of

tracheostomy performed is indicated. The bottom line shows the

decision tree results (T tracheostomy, N no tracheostomy). The CART

classifies all patients of AIS grade A as requiring tracheostomy. When

AIS grades are other than grade A, patients are classified as requiring

tracheostomy if intubation is performed at the ER. Otherwise, no

tracheostomy is required. This simple classification has a cross-

validated corrected classification rate of 87.8%. AIS American spinal

injury association Impairment Scale, ER emergency room, trach

tracheostomized patient
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for tracheostomy following traumatic CSCI in multivariate

analysis.

Patients classified as AIS grade A were found to have a

higher likelihood of tracheostomy compared to others with

AIS grade B–D in this study. This finding supports the results

of other studies suggesting that complete SCI is a risk factor

for theneedof tracheostomy [11, 16, 17, 20, 25].Nevertheless,

we should keep variability inmind, because 35%ofAIS grade

A patients did not receive tracheostomy during hospitaliza-

tion. Therefore, the decision to undergo tracheostomy should

not be simply based on the severity of spinal cord injury

graded by the AIS score. According to our CART analysis, it

maybeuseful to considerwhether the patientshaveundergone

an intubation in the emergency department.

The level of CSCI is a very simple and useful indicator

for predicting the need for tracheostomy in patients with

traumatic CSCI [5, 7, 13, 16]. Since the phrenic nerve

arises from C3 through C5 spinal nerve, diaphragmatic

dysfunction is inevitable in patients with injury above C5.

CSCI below C5 does not involve the phrenic nerve. Thus, a

patient with such an injury can still breathe in spite of

possible paralysis of the lower limb. In this study, patients

with injury above C5 were found to have a higher likeli-

hood of tracheostomy compared to those with injury below

C6. Branco et al. [5] have recommend that patients with

injury above C5 should be considered for tracheostomy,

while McCully et al. [16] have recommend that patients

with injury above C6 should be considered for tra-

cheostomy. Clinically, it is hard to determine the precise

level of CSCI at acute stage. Consequently, the decision to

perform tracheostomy by only depending on the level of

CSCI is difficult. In our CART analysis, the level of CSCI

was pushed back on the priority list.

ISS is an anatomical base scoring system that describes

patient severity by the overall score of injured sites [2].

Patients with higher ISS required tracheostomy and inten-

sive treatment for respiratory complications in several

studies [5, 17, 25]. ISS was a good predictor for tra-

cheostomy as well as a good indicator for the severity of

the injury in these previous studies. However, some studies

do not recommend the use of ISS for predicting the need

for tracheostomy [16, 22]. Precise ISS scoring within

2 days after injury is not feasible.

McCully et al. [16] have reported that there is no sig-

nificant relationship between age and the need for tra-

cheostomy. However, some studies have reported a

significant relationship between the two. Yugue et al. [25]

have found that being older than 69 years is a risk factor

for tracheostomy in multivariate analysis. Wicks et al. [23]

have found that being older than 50 years is a risk factor

for ventilator dependency. Our study showed a significant

relationship between age and the need for tracheostomy in

multivariate analysis.

Some studies have reported the benefits of early tra-

cheostomy in the CSCI patients [1, 6]. However, in our

study, there was no clear benefit of performing the early

tracheostomy compared to performing late tracheostomy.

Early tracheostomy did not prevent respiratory complica-

tions during hospitalization. The length of mechanical

ventilator support, ICU length of stay, and hospital length

of stay were not statistically different between the two

groups (early tracheostomy and late tracheostomy).

According to Wilson et al., the patients with facet injury

are likely to have an SCI [24]. Recently, the new classifi-

cation system based on morphology type with additional

descriptions for facet injuries was proposed by the AOS-

pine Knowledge forum [21]. Although we did not use the

AOSpine classification in this study, if AOSpine classifi-

cation was considered the later study, it will help predict

SCI and it would give more information on determining

tracheostomy.

This study has several limitations. First, this was a ret-

rospective and single-center study. Second, there was no

standardized indication of intubation or tracheostomy in

patients with traumatic CSCI. It was dependent on the

primary physician or attending doctor in the emergency

department. However, we adjusted for confounding factors

such as age, trauma mechanism, respiratory impairment,

and hypotension which were clues for deciding tra-

cheostomy in a clinical setting. The strength of our study

was that physicians were able to decide easily on whether

to perform tracheostomy for patients with traumatic CSCI

in the acute stage by using a decision tree. The weakness of

our study which was common for classification tools was

that it relied on derived rules, assuming that all influential

variables were measured accurately. However, the envi-

ronment and people are changing all the time. In addition,

some key variables were not measurable. Therefore,

although the estimated predictions were cross-validated,

the misclassification error rate might be optimistic. Nev-

ertheless, for patients with traumatic CSCI requiring the

early tracheostomy, a prospective randomized trial might

be able to identify optimal clinical guidelines. Several

studies have shown the feasibility of decision making using

CART for tracheostomy in TCSCI patients [4, 10, 25].

However, our study showed the simplest way to decide on

whether tracheostomy should be performed without FVC

or magnetic resonance imaging.

In conclusion, the following six risk factors were found

to be able to predict tracheostomy after traumatic CSCI:

age older than 55 years, ISS C 16, intubation at the

emergency department, AIS grade A, car accident, and

injury above C5. Although our data do not suggest that

early tracheostomy can prevent respiratory complication,

CART analysis can be used to provide a very intuitive

decision tree for tracheostomy.
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