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ABSTRACT
Purpose: This study aims to identify preoperative factors that are associated with death after tracheostomy and formulate a 

preoperative risk stratification model for mortality.
Methods: Retrospective cohort study of patients who had open tracheostomy done from January 2000 to December 2013 

formed the model development phase, and four preoperative factors: age, Glasgow Coma Score (GCS) prior to intubation, pri-
mary diagnosis, and duration of intubation before tracheostomy were analysed. Logistic regression was done for the variables 
and the significant factors were identified using enter method and stepwise method. Predictive scoring model was formulated 
based on coefficients derived from logistic regression model. A risk classification table was formulated based on the scores 
derived from the probability of event. The accuracy of the risk classification table was further validated with another patient 
sample from January 2015 until December 2015. 

Results: A total of 823 patients participated in the model development phase and 69 patients in the validation phase. Age 
group and primary diagnosis were statistically significant (p < 0.05) in predicting mortality and were included as predictor for 
the final model. The risk classification table produced excellent sensitivity (81.1%) and moderate specificity (56.4%). The sensi-
tivity and specificity in the validation period was also satisfactory with 80.7% and 55.3% respectively.

Conclusions: Significant factors for tracheostomy mortality are patient's age and primary diagnosis. A risk classification 
table with excellent sensitivity is proposed to guide clinician in patient selection prior to tracheostomy.
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INTRODUCTION

Tracheostomy is one of the oldest surgical procedures where an air-
way is formed by creating an opening in the upper trachea1,2). This pro-
cedure is done for various indications such as prolonged endotracheal 
intubation of mechanically ventilated patients, to assist ventilation by 
reducing the respiratory dead space and bronchial toilet. It has been 
shown that critically ill patients that require prolonged mechanical ven-
tilation and then underwent tracheostomy have a higher hospital surviv-
al rate compared to patients ventilated via endotracheal tube only3). 

Tracheostomy is associated with mortality and there are numerous 
contributing perioperative factors especially age and primary diagno-
sis4,5). There have been numerous studies that looked into the timing of 
tracheostomy6-8). Pandian et. al. (2011) found that older age (above 65 
years) was a significant predictor of mortality5). Another review by 
Kejner et al. (2012) found that age was statistically significant for mor-
tality 30 days after the operation but age greater than 60 did not confer 
any significant difference4). In terms of association of primary diagnosis 
and mortality after tracheostomy, Pandian et al. (2011) had found that 
index diagnosis of ventilator associated pneumonia and trauma to have 
better survival outcome after percutaneous tracheostomy5).

So far, there has been no known study done to propose a predictive 
model for mortality after tracheostomy. Therefore, this study aims to 
investigate several pre-operative factors that are associated with hospital 
death in patients who had undergone open tracheostomy and to deter-
mine which of these factors play the major role. Based on these factors, 
this study also aims to formulate a mortality risk predictive model and a 
risk classification table to guide clinicians preoperatively in selection of 
tracheostomy patients.

METHODS

The study is registered under the National Medical Research 
Registry (NMRR-14-1611-23193) and obtained approval from the 
Medical Research Ethics Committee (MREC) on 13 February 2015. 
This study was also done in compliance with Declaration of Helsinki. 
The need for informed consent was waived due to the retrospective 
study design.

Post tracheostomy mortality is defined as death of a patient who has 
undergone conventional tracheostomy occurring immediately or at any 
time after the procedure within the same hospital stay. Death after dis-
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charge from hospital and patients who underwent percutaneous trache-
ostomy were not considered in this study. The preoperative factors that 
were investigated were age, Glasgow Coma Score (GCS) on admission 
before intubation, primary diagnosis and duration of endotracheal intu-
bation prior to tracheostomy.

The sample was taken from Otorhinolaryngology Department, 
Hospital Selayang from January 2000 to December 2015. The database 
recorded information on patients who had undergone conventional tra-
cheostomy for elective and emergency indications. The study was con-
ducted in two phases. The first phase sample was taken from January 
2000 to December 2013 and used for model development. The second 
phase from January 2015 to December 2015, where the sample was 
used for validation basis.

Review of the patients' medical records was conducted and the 
patients were divided into those who died after tracheostomy during the 
same hospital admission and patients who were discharged alive after 
the procedure. Data was recorded categorically for primary diagnosis 
and age, whereas Glasgow Coma Score (GCS) and duration of endotra-
cheal intubation (days) was recorded as continuous variables. Primary 
diagnosis was grouped into eight major categories: 1. Cardiac disease, 
2. Respiratory disease, 3. Gastrointestinal pathology, 4. Central nervous 
system disease, 5. Polytrauma and head injury, 6. Laryngeal injury or 
disorder, 7. Head and neck tumours, and 8. Miscellaneous group. Age 
was categorized based on the Standard International Age Classification 
which are: 0 to 14 years, 15 to 24 years, 25 to 44 years, 45 to 64 years, 
65 years and above. 

Statistical analysis

Statistical analysis was done to compare the influence of the factors 
above in determining mortality. A predictive model to predict mortality 
after tracheostomy was formulated using logistic regression model. The 

analysis was done as:

1. A multivariate analysis was conducted using stepwise method 
(Backward Likelihood Ratio) for all the four factors.

2. Only the significant factors from the stepwise method were test-
ed again using the enter method.

3. The coefficients, odds ratio with respective confidence interval 
and p-values were presented for both analyses.

4. The equation model was derived from the pre-identified vari-
ables (p < 0.05) based on the enter method.

5. The z-score and probability of event were calculated for each 
combination between age group and types of diagnosis.

A risk classification table was developed based on the probability of 
event and five categories of risk were identified: very low risk (≤ 0.1), 
low risk (> 0.1 to 0.3), moderate risk (> 0.3 to 0.5), high risk (> 0.5 to 
0.7) and very high risk (> 0.7). Sensitivity and specificity analysis was 
conducted to evaluate the efficacy of the risk classification model in 
predicting mortality.

The second phase of the study was the model validation phase 
where patients recruited were those who had undergone tracheostomy 
between January 2015 and December 2015. Sensitivity and specificity 
analysis was conducted to determine the risk of mortality and validated 
with the actual outcome of the patient. All analysis was done using 
SPSS (IBM corporation. Released 2011. IBM SPSS Statistics for 
Windows, Version 20.0. Armonk, NY: IBM Corp.) and Microsoft Office 
Excel 2007.

RESULTS

Model development phase

A total of 823 patients were recruited into the first phase of the 
study. The patients consisted of 537 males (65%). Majority of the 
patients aged between 45 and 64 years (38.9%). The youngest patient 
was three months old and the oldest aged 96 years. 

Most of the patients had primary diagnosis of pulmonary disease (n 
= 178, 21.6%), followed by polytrauma (n = 156, 18.9%), intra-abdomi-
nal disease (n = 124, 15%), central nervous system (n = 117, 14.2%), 
miscellaneous diagnosis (n = 87, 10.6%), cardiac disease (N = 70, 
8.5%), head & neck tumours (n = 63, 7.7%) and laryngeal disease (n = 
28, 3.4%). The miscellaneous diagnosis group included patients whose 
diagnosis did not fall in any of the above systems, and this group 
included severe disseminated infections (i.e. leptospirosis, dengue fever, 
disseminated tuberculosis, retroviral disease), substance poisoning, 
endocrine diseases (i.e. diabetic ketoacidosis, myxedema coma, 
Addisonian crisis), autoimmune diseases (i.e. systemic lupus erythema-
tosus).

There was a rising incidence of conventional tracheostomies each 
year and prolonged endotracheal intubation forms the major indication 
(75.5% of all cases). Other indications for tracheostomy include airway 
obstruction (12.3%), assisting ventilation (8.1%), failure of nasal intu-
bation (1.7%), bronchial toilet (1.5%), Laryngeal injury (0.1%). The 
mortality after tracheostomy was 52.1% (n = 429) during the same hos-
pital stay, of which 95.8% died with tracheostomy tube in situ and 4.2% 
died after tracheostomy was decannulated but the patients were still in 
ward (Table 1).

A total of 117 patients (14.2%) had no endotracheal intubation prior 
to tracheostomy, and in most of these cases tracheostomy was indicated 
for upper airway obstruction. A total of 38 patients (4.7%) had tracheos-
tomy done between 1 to 4 days after endotracheal intubation. 
Meanwhile, 145 patients (17.6%) had tracheostomy done after 5 to 7 
days of intubation. Majority (46.8%, n = 385) of patients had elective 
tracheostomy done after endotracheal intubation period of 8 to 16 days. 
There were 75 (9.1%) patients who had tracheostomy after 17 to 21 
days of intubation and 38 patients (4.6%) had tracheostomy done after 
22 to 28 days of intubation. Only 25 (3%) patients had tracheostomy 
done after 28 days of intubation (the results only described in the text).

The majority of patients (64.3%) had documented admission 
Glasgow Coma Score (GCS) of 13 and above indicating normal to mild 
impairment of consciousness level. There were 10.2% of patients had 
moderate impairment with GCS score ranging from 9 to 12 while 25.5% 
of patients had severe impairment with GCS score below 9. There were 
11.2% of the patients presented with GCS of 3 (the results only 

Table 1. Demographic characteristics of tracheostomy patients 
in the model development phase (N = 823)

Profile and clinical characteristic   n  %

Gender 
Male  537 65.2
Female 286 34.8

Age group ( years)  
0-14 28 3.4
15-24 77  9.4
25-44 175 21.3
45-64 320 38.9
65 and above 223 27.0

Diagnosis  
Cardiac 70 8.5
Pulmonary  178 21.6
Abdominal  124 15
Central nervous system 117 14.2
Polytrauma ( including head injury) 156 19
Laryngeal disease 28 3.4
Head & neck tumors 63 7.7
Miscellaneous 87 10.6

Indication for tracheostomy  
Prolonged ventilation  621 75.5
Assisting ventilation 67 8.1
Bronchial toilet  12 1.5
Airway obstruction 101 12.3
Laryngeal injury 8    0.9
Failure of nasal intubation 14 1.7

Outcome of patient  
Discharged alive  394 47.9
Death during in hospital stay  429 52.1

Hospital death (n = 429)  
With tracheostomy 411 95.8
With tracheostomy decannulated  18 4.2
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described in the text).
Out of the four preoperative factors analysed, only two variables 

were significantly associated with death after tracheostomy. These fac-
tors were age group and the primary diagnosis (p < 0.05). The pre-intu-
bation Glasgow Coma Score (GCS) and the duration of endotracheal 
intubation prior to tracheostomy were not found to be statistically rele-
vant contributing factors to mortality after tracheostomy. Only the mis-
cellaneous diagnosis group was found to be negatively associated with 
mortality (Table 2). 

The final logistic regression model to predict the mortality was:

Z= -2.503 + A (Age group) + (D) Diagnosis.

The coefficients for respective age groups are: 0 to 14 years (+ 0), 
15 to 24 years (+ 0.01), 25 to 44 years (+ 0.777), 45 to 64 years (+ 
1.242), 65 years and above (+ 1.597).

The coefficients for primary diagnosis: Laryngeal (+ 0), cardiac (+ 
2.355), respiratory (+ 2.705), abdominal (+ 1.802), head and neck 
tumours (+ 1.892), central nervous system (+ 1.804), polytrauma & 
head injury (+ 0.892), miscellaneous (- 1.288).

To obtain the probability of the outcome of interest, the Z value is 

then transformed into the probability of event using the following link 
function: P[event] = ez/ 1 + ez. This probability value ranges from 0 to 1. 
The probability of event was categorized into five categories: Very high 
risk (probability > 0.7), high risk (probability > 0.5 to 0.7), moderate 
risk (probability > 0.3 to 0.5), low risk (> 0.1 to 0.3) and very low risk 
(probability ≤ 0.1). The probability of events for every sub group of age 
and diagnosis is presented in Table 3. 

In summary, patients found to have very high mortality risk were 
elderly patients above 65 years with respiratory, central nervous system, 
intra-abdominal disease, head and neck tumors. Patients aged 45 years 
and above who were intubated for cardiac disease had significantly 
higher mortality risk compared to other patients of similar age group but 
intubated for different diagnosis. Patients who were intubated for poly-
trauma including head injury had lower risk of mortality throughout all 
age groups compared to others patients of similar age but with different 
diagnosis. Finally, patients with the lowest mortality risk after tracheos-
tomy were patients who were intubated due to miscellaneous diagnosis, 
and young patients aged 24 years and below with laryngeal injury or 
disorders (Table 3).

The predictive model developed in the model development phase in 
classifying the risk of mortality was evaluated. The sensitivity and spec-
ificity were 81.1% and 56.4% respectively while the positive predictive 
value (PPV) and negative predictive value (NPV) were 52.1% and 
66.9% respectively (Table 4). 

Model validation phase

The second phase of the study included additional 69 patients 
recruited from January 2015 to December 2015. The predictive model 
for mortality was further validated using this sample. The sensitivity 
and specificity were 80.7% and 55.3% respectively while the positive 
predictive value (PPV) and negative predictive value (NPV) were 
59.5% and 77.8% respectively (Table 4). 

Table 2. Risk factors towards mortality based on stepwise and enter method for the final model
 Stepwise Method Enter method 
Age group (years) B Sig. Exp(B) 95%CI B Sig. Exp(B) 95%CI

0-14  .000     0.000
15-24 .010 .984 1.010 0.367 2.784 0.01 0.984 1.01 0.367 2.784
25-44 .777 .095 2.175 0.874 5.413 0.777 0.095 2.175 0.874 5.413
45-64 1.242 .006 3.463 1.423 8.425 1.242 0.006 3.463 1.423 8.425
65+ 1.597 .001 4.938 1.974 12.349 1.597 0.001 4.938 1.974 12.349
Laryngeal  .000     0.000   
Cardiac 2.355 .000 10.542 3.378 32.897 2.355 0.000 10.542 3.378 32.897
Respiratory 2.075 .000 7.964 2.804 22.619 2.075 0.000 7.964 2.804 22.619
Abdominal 1.802 .001 6.060 2.099 17.496 1.802 0.001 6.06 2.099 17.496
Head/neck tumors 1.892 .001 6.632 2.234 19.687 1.892 0.001 6.632 2.234 19.687
CNS 1.804 .001 6.075 2.094 17.619 1.804 0.001 6.075 2.094 17.619
Head/poly trauma .892 .098 2.441 0.847 7.033 0.892 0.098 2.441 0.847 7.033
Others -1.288 .062 .276 0.071 1.067 -1.288 0.062 0.276 0.071 1.067
Constant -2.503 .000 .082   -2.503 0.000 0.082

Table 4. An evaluation of accuracy of risk classification in 
predicting mortality based on models in develop-
ment phase and validation phase

Evaluation Development phase Validation phase

Sensitivity (95%CI) 81.1 (77.1, 84.7) 80.7 (62.5, 92.6)
Specificity (95%CI) 56.4 (51.3, 61.3) 55.3 (38.3, 71.4)
Positive predictive value  52.1 (48.7, 55.6) 59.5 (43.3, 74.4)
(95%CI)
Negative predictive value  66.9 (62.7, 71.0) 77.8 (57.7, 91.4)
(95%CI)

Note: Predicting mortality is based on the category of "High risk to Very high risk" 

groups in predicting death 

Table 3. Probability of event in predicting risk of mortality based on development phase
 Cardiac Respiratory Abdominal Head/neck  CNS Head/poly  Laryngeal Others
    tumors CNS trauma  

Age 0-14 0.463 0.395 0.332 0.352 0.332 0.166 0.076 0.022
Age 15-24 0.466 0.397 0.334 0.354 0.334 0.168 0.076 0.022
Age 25-44 0.652 0.586 0.519 0.541 0.519 0.303 0.151 0.047
Age 45-64 0.749 0.693 0.632 0.653 0.633 0.409 0.221 0.072
Age 65+ 0.810 0.763 0.710 0.728 0.711 0.497 0.288 0.100

Note: Very high risk (probability > 0.7), High risk (probability > 0.5 to 0.7), Moderate risk (probability > 0.3 to 0.5), Low risk (probability > 0.1 to 0.3) and Very low risk (Probability 

< = 0.1)
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DISCUSSIONS

Post tracheostomy mortality remains to be a major problem in terms 
of health care cost. The mortality rate after conventional tracheostomy 
in this study from the year 2000 to 2013 was 52.1%. Kejner et al. 
(2012) had reported 30-day mortality after elective tracheostomy to be 
25% (both surgical and percutaneous tracheostomy)4). Whereas Pandian 
et. al. (2011) had in-hospital mortality rate of 30% after percutaneous 
dilatational tracheostomy5). The exact cause of the higher mortality rate 
in this study compared to similar studies remains uncertain but a possi-
ble cause is poor patient selection for elective tracheostomy. Currently, 
there is no published preoperative guideline or criteria of patient selec-
tion for elective tracheostomy to optimise post-operative survival out-
come.

Thus, it is necessary to study the risk factors contributing to mortali-
ty so the patients with significant risk factors can be identified pre-oper-
atively and the necessary remedial actions can be taken if possible. The 
two major risk factors that are strongly associated with death after tra-
cheostomy were identified, and these variables are increasing age and 
primary diagnosis. This study demonstrated that patient's age 65 years 
and above had very high risk of death after tracheostomy and this is 
consistent with other studies that have reported that increasing age is a 
significant risk factor5,9). The study also demonstrated that primary diag-
nosis contributed a major risk factor for death and our findings were 
consistent with a report by Shah et. al. (2012) where higher in-hospital 
mortality post tracheostomy was found in patients with cardiac condi-
tions such as myocardial infarction, congestive heart failure and cardio-
myopathy9). Pandian et. al. (2011) had identified that index diagnosis of 
ventilator associated pneumonia and trauma patients to have higher in 
hospital survival rate after tracheostomy, where they found that trauma 
had the greatest survival benefit5). However, as their study was conduct-
ed on percutaneous tracheostomy patients, patients who had tracheosto-
my done due to laryngeal injury was not included in their study.

Generally, patients whose primary diagnosis were cardiac, respirato-
ry, intra-abdominal and central nervous system disease had elective tra-
cheostomy done due to prolonged endotracheal intubation and most 
cases were critically ill patients ventilated in intensive care units with 
guarded prognosis. Patients with laryngeal pathology (eight cases) or 
head and neck tumors (101 cases) had emergency tracheostomy done 
due to impending airway obstruction. It was demonstrated in this study 
that patients with laryngeal pathology tend to have better prognosis after 
tracheostomy as their critical condition (airway obstruction) would have 
resolved after the procedure. On the other hand, patients with head and 
neck tumors requiring tracheostomy usually have locally advanced 
tumors causing airway obstruction and eventually succumb to malignan-
cy.

From the study, the duration of endotracheal intubation prior to tra-
cheostomy did not have any significant effect on post-operative death 
and similar findings were reported in other reviews1,2,10,11). A systematic 
review and meta-analysis on trial of timing of tracheostomy done in 
2005 by Griffiths et al. (2005) showed that in critically ill adult patients 
who require prolonged mechanical ventilation, early tracheostomy (7 
days or less) may shorten the duration of artificial ventilation and the 
length of stay in the intensive care but it did not significantly alter mor-
tality (relative risk 0.79, 95% confidence interval 0.45 to 1.39)6). The 
TRACMAN randomized trial done by Young et al. (2013) showed that 
early tracheostomy (within 4 days of critical care admission and endo-
tracheal intubation) was not associated with improvement in 30-day 
mortality7).

It is difficult to measure the risk of death after tracheostomy just by 
identifying the preoperative risk factors. Thus, the predictive model was 
implemented based on logistic regression analysis and the contribution 
from these risk factors can be converted into numerical values such as 
the probability of event12). Other than identifying the risk factors for 
mortality13-15), this study also formulated a table based on the probability 
of event from the two identified significant risk factors. The formulated 
preoperative mortality risk stratification table was designed to be used 
as a bedside clinical evaluation of patients planned for elective tracheos-
tomy as the events had been calculated for each sub groups in age group 
and clinical diagnosis. The table was validated using prospective data 
and it was found that the table has moderate sensitivity but high speci-
ficity and positive predictive value. This indicates that this table is rela-
tively accurate in predicting patients who will survive the tracheostomy. 

The strength of this study relies on the result on a large database (N 
= 823) where the model development was derived. Previous studies stat-
ed that an observational study that recruited at least 500 samples is like-
ly to produce statistics that are closed with the parameter in the targeted 

population. Since the analysis was derived from large sample size, 
hence the analysis is likely to represent findings from the intended pop-
ulation16,17). Therefore, the logistic regression coefficients that were 
derived from the analysis in the model development is likely represents 
the targeted population. Besides that, our data has also sufficient sample 
size to conduct sensitivity and specificity analysis for validation phase 
with 69 samples. When prevalence of the post tracheostomy mortality is 
estimated to be 50% (based on our data), a minimum sample size of 40 
subjects (including 20 subjects with mortality status) will be required to 
achieve a minimum power of 80% (actual power = 80.4%) for detecting 
a change in the percentage value of sensitivity of a screening test from 
0.50 to 0.80, based on a target significance level of 0.05 (actual p = 
0.041)18).

The limitation of this study is that it was difficult to formulate a 
highly accurate predictive model. There are many perioperative factors 
that can contribute to death after tracheostomy and this study only ana-
lyzed four variables and the model only included two significant vari-
ables. There are many variables that may be difficult to quantify or 
assess objectively. However, our predictive model reported an excellent 
sensitivity and therefore, it can be used as a screening tool for patients 
being considered for tracheostomy. Up to our best current knowledge, 
this is the first tracheostomy mortality risk predictive model that has 
been proposed for clinical use. 

Another limitation of the study is that it is done in one tertiary refer-
ral centre and most of the patients referred for tracheostomy were from 
the intensive care unit and the patients were in critical condition with 
guarded prognosis. To enhance the sensitivity and specificity of the risk 
stratification model, a prospective multi-center study is needed to evalu-
ate more peri-operative and intra-operative risks factors and to include 
these factors within the model, and further ascertain the factors which 
are direct and indirectly contributing to mortality after tracheostomy.

Besides that, this study used primary diagnosis as one of the predic-
tors. Some patients especially elderly may have more than one diagno-
sis. Therefore, the proposed predictive modeling may be less accurate in 
predicting the outcome for these patients. However, it is not feasible to 
propose new categories of various diagnosis since these various catego-
ries may yield small sample size. Hence, this study proposes that for 
patients with multiple diagnosis, the probability of event will be refer-
ring to the diagnosis that has higher risk of mortality. 

CONCLUSION

In conclusion, this study has successfully developed a simple pre-
dictive modeling to identify that the significant factors for mortality 
after tracheostomy. A risk stratification table was formulated with excel-
lent sensitivity which is valuable as a pre-operative screening tool to 
guide clinicians in selection of patients for tracheostomy. 
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