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Background/Aims: Tracheostomy is a crucial intervention for severe pneumonia patients requiring prolonged mechanical 
ventilation (MV). However, debate persists regarding the influence of tracheostomy timing and performance on long-term 
survival outcomes. This study utilized propensity score matching to assess the impact of tracheostomy timing and perfor-
mance on patient survival outcomes.
Methods: A retrospective observational study employing propensity score matching was conducted of respiratory intensive 
care unit (ICU) patients who underwent prolonged acute MV due to severe pneumonia from 2008 to 2023. The primary out-
come was the 90-day cumulative mortality rate, with secondary outcomes including ICU medical resource utilization rates.
Results: Out of 1,078 patients, 545 underwent tracheostomy with a median timing of 7 days. The tracheostomy group ex-
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INTRODUCTION

The rising incidence of severe pneumonia requiring me-
chanical ventilation (MV) in intensive care units (ICUs) often 
requires long-term ventilator care and substantial utilization 
of medical resources [1-3]. However, sustaining long-term 
ventilator care through extended translaryngeal intubation 
poses risks of laryngeal and tracheal damage and elevates 
the likelihood of ventilator-associated pneumonia (VAP) 
[4]. Tracheostomy is a useful option for patients requiring 
prolonged MV, offering benefits such as decreased airway 
dead space and resistance, improved patient comfort, re-
duced sedative usage, and a lower incidence of nosocomial 
pneumonia [5,6].

Although numerous studies have demonstrated the fa-
vorable impact of tracheostomy on hospital outcomes for 
patients requiring prolonged MV, its effects on long-term 
outcomes remain controversial [7-9]. Additionally, the cri-
teria for determining the timing of tracheostomy, whether 
early or late, and its subsequent influence on survival out-
comes remain subjects of ongoing debate [5,10,11]. These 
controversies may be due to significant heterogeneity relat-
ed to the specific diseases studied, the timing of tracheos-
tomy, characteristics of the ICU setting, and the extent of 
medical resource utilization.

In Korea, severe pneumonia is one of the most common 
conditions among critically ill patients and imposes a signifi-
cant burden on medical resources [12]. Despite this, research 
on the effect of tracheostomy on patient outcomes remains 
limited. We hypothesize that the timing and performance 
of tracheostomy in patients with severe pneumonia requir-
ing prolonged MV will influence both patient outcomes and 
medical resource utilization. Therefore, this study aimed 

to investigate the impact of tracheostomy on survival out-
comes and medical resource utilization in patients requir-
ing MV due to severe pneumonia, using propensity score 
matching (PSM) to overcome the inherent limitations of ret-
rospective studies.

METHODS

Study design and patient selection
This study was conducted in the 12-bed adult respiratory 
ICU of a 1,200-bed university-affiliated tertiary care hospital 
in Busan, Korea. The ICU maintained a nurse-to-bed ratio of 
1:3 and was equipped with a hemodynamic monitoring sys-
tem for each patient. Standard care guidelines for critically 
ill patients were followed [13].

This retrospective observational cohort study screened all 
consecutive patients requiring MV treatment in the respira-
tory ICU from March 1, 2008 to May 31, 2023. Inclusion cri-
teria were patients diagnosed with acute respiratory failure 
due to community-acquired or hospital-acquired pneumo-
nia [14,15], who also received MV for more than 96 hours 
(defined as prolonged acute MV, PAMV) [16]. Exclusion 
criteria included patients requiring MV for conditions oth-
er than pneumonia, those who had previously undergone 
tracheostomies, individuals with pre-existing directives that 
limited life-sustaining treatments, and individuals under the 
age of 18. For patients with multiple ICU admissions, data 
from only their first ICU admission were collected.

The primary outcome was the 90-day cumulative mortali-
ty rate. This included all cases of death that occurred within 
90 days from the start of MV. Secondary outcomes includ-
ed discharge outcomes, total medical expenditures during 

hibited lower 90-day cumulative mortality and a higher survival probability (hazard ratio [HR] 0.52, 95% confidence interval [CI] 
0.43–0.63) than the no-tracheostomy group. The tracheostomy group had higher ICU medical resource utilization rates and 
medical expenditures. The early tracheostomy group (≤ 7 days) had lower ICU medical resource utilization rates and medical 
expenditures than the late tracheostomy group (> 7 days). However, there were no significant differences in the 90-day cu-
mulative mortality rate and survival probability based on tracheostomy timing (HR 0.94, 95% CI 0.70–1.28).
Conclusions: Tracheostomy in patients with severe pneumonia requiring prolonged MV significantly reduced the 90-day 
mortality rate, and early tracheostomy may offer additional benefits for resource utilization efficiency. These findings under-
score the importance of considering tracheostomy timing in optimizing patient outcomes and healthcare resource allocation.
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the hospital stay, and medical resource utilization rates in 
the ICU. Discharge outcomes were assessed based on the 
discharge destination (e.g., death, home, or step-down 
hospital) and decannulation rates before hospital discharge. 
Total medical expenditures were calculated as the cost of 
all medical resources used during the patient’s hospital 
stay. Health ratio indicators such as the bed occupancy rate 
(BOR), bed turnover rate (BTR), average length of stay (LOS), 
and turnover interval (TI) were used to evaluate the efficien-
cy of medical resource utilization [17]. These indicators have 
been evaluated as factors impacting medical expenditures, 
playing an important role in understanding how effective 
management of medical resources contributes to reducing 
medical costs [18,19].

Data collection
Demographic and clinical data, including age, sex, body 

mass index (BMI), duration of MV, LOS in the ICU and hospi-
tal, and mortality in the ICU and hospital, were collected ret-
rospectively from patients’ electronic medical records. The 
severity of illness was measured using the Acute Physiology 
and Chronic Health Evaluation (APACHE) II score, and ac-
companying organ failure was assessed according to the Se-
quential Organ Failure Assessment (SOFA) score [20,21]. The 
APACHE II and SOFA scores were calculated from laboratory 
and clinical data obtained in the first 24 hours of intubation.  
Charlson’s comorbidity index (CCI) was evaluated to deter-
mine concurrent comorbidities before ICU admission [22].

All tracheostomies were surgical and were determined 
by the attending physician and then referred to a thorac-
ic surgeon [23]. Time to tracheostomy was defined as the 
duration between initiating MV care and tracheostomy. Ac-
cording to tracheostomy guidelines from the Korean Bron-
choesophagological Society, early tracheostomy (ET) was  

Figure 1. Patient selection flow chart. MV, mechanical ventilation; ICU, intensive care unit. a)Included leukemia, cardiomyopathy, pulmo-
nary edema, arrhythmia, diabetic ketoacidosis, and connective tissue disease.

Patient underwent MV
n = 3,296

1,621 excluded with MV for less than 96 hours

277 excluded with conditions other than pneumonia
  a) Sepsis: 99
  b) Gastrointestinal bleeding: 65
  c) Cerebrovascular accidents: 42
  d) End-stage kidney disease: 35
  e) Othersa): 36
241 excluded with limited life-sustaining treatments
79 excluded with tracheostomy before ICU admission

Patient underwent MV for
more than 96 hours

n = 1,675

Total enrolled patient
n = 1,078

Tracheostomy
n = 545

No-tracheostomy
n = 533

Early tracheostomy
n = 275

Late tracheostomy
n = 270

Death in ICU
n = 208

Death in ward
n = 26

Death within 90 days
n = 59

Survival in ICU
n = 325

Survival in hospital
n = 299

Survival within 90 days
n = 240

Death in ICU
n = 67

Death in ward
n = 22

Death within 90 days
n = 26

Survival in ICU
n = 203

Survival in hospital
n = 181

Survival within 90 days
n = 155

Death in ICU
n = 50

Death in ward
n = 16

Death within 90 days
n = 36

Survival in ICU
n = 225

Survival in hospital
n = 209

Survival within 90 days
n = 170
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defined as a tracheostomy within 7 days after tracheal intu-
bation, and late tracheostomy (LT) was defined as a trache-
ostomy after 7 days [24]. The 90-day cumulative mortality 
rate was calculated from the first day of MV. For surviving 
patients discharged from the hospital, the mortality rate 
was obtained from the National Health Insurance Service 
Database [25]. Total medical expenditures for all medical 
resources used during the hospitalization were retrieved 
with the permission of the Institutional Review Board (IRB). 
All costs are shown in United States Dollars (USD) at an ex-
change rate of 1 USD = 1,357.30 Korean won (exchange 
rate on November 1, 2023).

Statistical method
Continuous variables were presented as the mean ± stan-
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Figure 2. Distribution of time to tracheostomy (from mechanical 
ventilator care to tracheostomy) (n = 545).

Table 1. Comparison of baseline characteristics of patients in the tracheostomy and no-tracheostomy groups before and af-

ter propensity score matching

Characteristic

Before matching After matching

Tracheostomy 
(n = 545)

No-tracheostomy 
(n = 533)

SMD
Tracheostomy 

(n = 457)
No-tracheostomy 

(n = 457)
SMD

Age (yr) 69.4 ± 12.8 66.7 ± 13.8 0.211 68.9 ± 12.6 68.3 ± 12.8 0.043

Sex (male) 389 (71.4) 377 (70.7) 0.006 327 (71.6) 326 (71.3) 0.002

BMI (kg/m2) 21.6 ± 3.7 22.1 ± 4.0 0.112 21.7 ± 3.6 22.0 ± 3.7 0.064

CCI 5.7 ± 3.0 5.1 ± 2.9 0.188 5.5 ± 2.9 5.4 ± 2.9 0.022

APACHE II scorea) 21.9 ± 6.8 21.3 ± 7.6 0.097 21.5 ± 6.7 21.7 ± 7.7 0.030

SOFA scorea) 7.9 ± 3.2 7.9 ± 3.7 0.004 7.9 ± 3.2 8.0 ± 3.7 0.033

Comorbidity

Pulmonologic 303 (55.6) 315 (59.1) 0.035 274 (60.0) 261 (57.1) 0.028

Hemato-oncologic 81 (14.9) 94 (17.6) 0.028 71 (15.5) 77 (16.8) 0.013

Cardiologic 87 (16.0) 57 (10.7) 0.053 54 (11.8) 54 (11.8) 0.000

Neurologicb) 87 (16.0) 49 (9.2) 0.068 47 (10.3) 47 (10.3) 0.000

Nephrologic 67 (12.3) 76 (14.3) 0.001 26 (5.7) 27 (5.9) 0.002

Hepatologic 10 (1.8) 13 (2.4) 0.006 10 (2.2) 9 (2.0) 0.002

Adjunctive therapy

Vasopressora) 305 (56.0) 328 (61.5) 0.056 264 (57.8) 265 (58.0) 0.002

NMBAsa) 291 (53.4) 310 (58.2) 0.048 250 (54.7) 255 (55.8) 0.011

RRTa) 67 (12.3) 76 (14.6) 0.020 59 (12.9) 62 (13.6) 0.007

Values are presented as mean ± standard deviation or number (%).
SMD, standardized mean difference; BMI, body mass index; CCI, Charlson’s comorbidity index; APACHE, Acute Physiology and 
Chronic Health Evaluation; SOFA, Sequential Organ Failure Assessment; NMBA, neuromuscular blocking agent; RRT, renal replace-
ment therapy.
a)All clinical data were calculated or obtained from medical records within the first 24 hours of mechanical ventilation.
b)Included cerebrovascular accidents, intracerebral hemorrhage, subdural hemorrhage, subarachnoid hemorrhage, and Alzheimer’s 
dementia.
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dard deviation or median (interquartile range) and com-
pared using the Student t-test or Mann–Whitney U test, as 
applicable. Categorical variables were presented as numbers 
(percentages) and compared using the chi-square or Fisher’s 
exact test, as applicable. Survival analysis was performed to 
compare the survival time between the two groups, and the 
difference in Kaplan–Meier curves between the groups was 
assessed using the log-rank test.

To minimize potential selection bias due to the absence of 
randomization between the tracheostomy and no-trache-
ostomy groups, as well as between the ET and LT groups, 
PSM was performed using 1-to-1 nearest-neighbor match-
ing without replacement. Propensity scores were calculated 
using the following covariates; age, sex, BMI, comorbidities, 
APACHE II score, SOFA score, CCI, and use of adjunctive 
therapy (vasopressor, neuromuscular blocking agents, and 
renal replacement therapy). The propensity score was es-
timated via logistic regression. In this process, all patients 
were categorized based on the propensity scores, and each 
group was matched within 0.2 standard deviations of the 
logit propensity score [26]. Subgroup analysis after PSM was 
conducted based on age, sex, BMI, CCI, APACHE II score, 
SOFA score, and ICU admission year to identify factors af-
fecting the occurrence of 90-day cumulative mortality.

Health ratio indicators were collected using the follow-
ing variables: (1) number of active beds, which refers to the 
number of functional beds for each hospital year; (2) active 
bed days, which refers to the number of functional beds in 
the hospital for a given period, usually 1 year, calculated 
as the number of active beds multiplied by 365 days; (3) 
number of discharges in a given year; and (4) occupied bed 

days, which refers to the sum of the total number of days 
all admitted patients spent in the hospital for a given year. 
Using the above variables, four ratios or indices were com-
puted as follows:

BOR =
 Occupied bed days (total inpatient days)

Active bed days�
× 100%

Average LOS =
 Occupied bed days (total inpatient days)

Number of discharges

BTR =
 Number of discharges in 1 year

Active beds

TI =
 365
BTR  

- Average LOS

All tests were two-tailed and p values of < 0.05 were 
considered statistically significant. Statistical analyses were 
performed using the R statistical language (version 4.3.2; R 
Core Team, 2023) and additional packages (MatchIt).

Ethics statement
Approval of the IRB of Pusan National University Hospital 
was obtained, and the need for patient consent was waived 
because of the retrospective and observational nature of the 
study (IRB No. 2403-009-137). Study procedures followed 
the Declaration of Helsinki of 1975 and the Strengthening 
the Reporting of Observational Studies in Epidemiology 
guidelines [27,28].

Figure 3. Kaplan–Meier survival curves of 90-day survival in (A) the matched tracheostomy and no-tracheostomy groups and (B) the 
matched early tracheostomy and late tracheostomy groups. HR, hazard ratio; CI, confidence interval.
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Figure 4. Subgroup analysis of 90-day mortality in (A) the matched tracheostomy and no-tracheostomy groups and (B) the matched early 
tracheostomy and late tracheostomy groups. HR, hazard ratio; CI, confidence interval; BMI, body mass index; CCI, Charlson’s comorbidity 
index; APACHE, Acute Physiology and Chronic Health Evaluation; SOFA, Sequential Organ Failure Assessment; NA, not available.

Subgroups Tracheostomy No tracheostomy HR (95% CI) p for interaction
Sex 0.8462

Female 78/131 53/130 0.50 (0.36-0.71)
Male 178/326 129/327 0.52 (0.42-0.66)

Age 0.1687
≤65 67/141 52/138 0.64 (0.44–0.92)
>65 189/316 130/319 0.47 (0.38-0.59)

BMI 0.4286
≤18.5 47/71 32/76 0.44 (0.28-0.69)
>18.5 209/386 150/381 0.53 (0.43–0.66)

CCI 0.4561
≤5 127/265 92/263 0.55 (0.42–0.72)
>5 129/192 90/194 0.48 (0.36–0.62)

Pulmonologic 0.4445
Yes 146/261 114/274 0.55 (0.43-0.70)
No 110/196 68/183 0.47 (0.35-0.64)

Neurologic 0.4111
Yes 26/47 14/47 0.40 (0.21-0.77)
No 230/410 168/410 0.53 (0.44-0.65)

APACHE II score 0.469
≤21 104/215 74/221 0.55 (0.41-0.75)
>21 152/242 108/236 0.48 (0.38–0.62)

SOFA Score
≤2 NA/NA 1/2
>2 256/457 181/455 0.52 (NA-NA)

Year 0.9805
2008–2013 105/184 48/122 0.51 (0.37-0.72)
2014–2018 76/140 93/231 0.53 (0.39-0.72)
2019–2023 75/133 41/104 0.50 (0.34–0.74)

Subgroups Early tracheostomy Late tracheostomy HR (95% CI) p for interaction
Sex 0.0727

Female 24/60 30/62 1.42 (0.83-2.43)
Male 64/145 51/143 0.78 (0.54-1.13)

Age 0.6626
≤65 19/50 19/49 1.07 (0.57-2.02)
>65 69/155 62/156 0.91 (0.64-1.28)

BMI 0.8371
≤18.5 17/37 16/40 0.88 (0.45-1.75)
>18.5 71/168 65/165 0.96 (0.68-1.34)

CCI 0.5238
≤5 41/111 40/110 1.04 (0.67-1.60)
>5 47/94 41/95 0.85 (0.56-1.30)

Pulmonologic 0.2718
Yes 56/118 46/117 0.82 (0.56-1.21)
No 32/87 35/88 1.16 (0.72-1.87)

Neurologic 0.0847
Yes 12/32 6/32 0.43 (0.16-1.16)
No 76/173 75/173 1.05 (0.76-1.44)

APACHE II score 0.5381
≤21 35/92 32/86 1.05 (0.65-1.70)
>21 53/113 49/119 0.87 (0.59–1.28)

SOFA Score
≤2 0/1 1/1
>2 88/204 80/204 0.93 (0.68-1.25)

Year 0.874
2008–2013 34/77 13/35 0.84 (0.44-1.59)
2014–2018 28/62 53/126 0.99 (0.62–1.56)
2019–2023 26/66 15/44 0.83 (0.44-1.56)

	 0.2	 0.5	 1.8	 1.0
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RESULTS

During the study period, 3,296 patients underwent MV in 
the respiratory ICU, with 1,675 (50.8%) requiring PAMV. 
In total, 277 patients who received MV for reasons other 
than pneumonia, 241 patients who had limited life-sustain-
ing treatments, and 79 who had a tracheostomy before ICU 
admission were excluded. The final study cohort comprised 
1,078 patients (Fig. 1). In the entire population, the ICU, 
hospital, and 90-day cumulative mortality rates were 30.1% 
(n = 325), 36.1% (n = 389), and 47.6% (n = 513), respec-
tively. In total, 545 patients (50.6%) underwent tracheosto-
my during the ICU stay, and the median time to tracheosto-
my was 7 days (range, 0–44 days) (Fig. 2).

Table 1 summarizes the baseline characteristics of the 
study cohort before and after PSM. At ICU admission, the 
tracheostomy group was older and had a higher CCI than 

the no-tracheostomy group. In PSM analysis, 914 patients 
with and without tracheostomy were matched (n = 457 per 
group). The selected covariates did not significantly differ 
between the matched groups (all standardized mean dif-
ferences < 0.2), with histograms of the logit of propensity 
scores demonstrating the high quality of the matching pro-
cess (Supplementary Fig. 1). The tracheostomy group expe-
rienced significantly longer durations of MV as well as ICU 
and hospital LOS than the no-tracheostomy group. Further-
more, the tracheostomy group had significantly lower ICU, 
hospital, and 90-day cumulative mortality rates. However, 
the tracheostomy group had a significantly higher transfer 
rate to step-down hospitals compared to the no-tracheosto-
my group (55.1% vs. 28.0%, p < 0.001). Additionally, the 
tracheostomy group had higher medical expenditures, BOR, 
and average LOS than the no-tracheostomy group (Table 2).

Survival analysis indicated that over 90 days, the trache-

Table 3. Comparison of baseline characteristics of patients in the ET and LT groups before and after propensity score matching

Characteristic
Before matching After matching

ET (n = 275) LT (n = 270) SMD ET (n = 205) LT (n = 205) SMD

Age (years) 71.8 ± 10.8 66.9 ± 14.1 0.451 71.1 ± 11.6 70.3 ± 10.8 0.077

Sex (male) 200 (72.7) 189 (70.0) 0.027 143 (69.8) 145 (70.7) 0.010

BMI (kg/m2) 21.7 ± 3.8 21.6 ± 3.5 0.001 21.6 ± 4.1 21.8 ± 3.6 0.050

CCI 5.9 ± 3.2 5.4 ± 2.9 0.177 5.9 ± 3.2 5.7 ± 2.7 0.060

APACHE II scorea) 21.1 ± 6.5 22.8 ± 7.0 0.270 21.8 ± 6.6 21.7 ± 6.2 0.008

SOFA scorea) 7.7 ± 3.0 8.2 ± 3.4 0.150 7.8 ± 3.0 7.8 ± 3.2 0.016

Comorbidity

Pulmonologic 149 (54.2) 154 (57.0) 0.029 117 (57.1) 118 (57.6) 0.005

Hemato-oncologic 44 (16.0) 37 (13.7) 0.023 29 (14.1) 27 (13.2) 0.010

Cardiologic 42 (15.3) 45 (16.7) 0.014 34 (16.6) 31 (15.1) 0.015

Neurologicb) 44 (16.0) 43 (15.9) 0.001 32 (15.6) 32 (15.6) 0.000

Nephrologic 14 (5.1) 18 (6.7) 0.016 10 (4.9) 10 (4.9) 0.005

Hepatologic 4 (1.5) 6 (2.2) 0.008 4 (2.0) 4 (2.0) 0.000

Adjunctive therapy

Vasopressora) 163 (59.3) 142 (52.6) 0.067 119 (58.0) 117 (57.1) 0.010

NMBAsa) 155 (56.4) 136 (50.4) 0.060 113 (55.1) 104 (50.7) 0.010

RRTa) 30 (10.9) 37 (13.7) 0.028 25 (12.2) 23 (11.2) 0.044

Values are presented as mean ± standard deviation or number (%).
ET, early tracheostomy; LT, late tracheostomy; SMD, standardized mean difference; BMI, body mass index; CCI, Charlson’s comor-
bidity index; APACHE, Acute Physiology and Chronic Health Evaluation; SOFA, Sequential Organ Failure Assessment; NMBA, neu-
romuscular blocking agent; RRT, renal replacement therapy.
a)All clinical data were calculated or obtained from medical records within the first 24 hours of mechanical ventilation.
b)Included cerebrovascular accidents, intracerebral hemorrhage, subdural hemorrhage, subarachnoid hemorrhage, and Alzheimer’s 
dementia.
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ostomy group had a higher survival probability than the 
no-tracheostomy group (hazard ratio [HR] 0.52, 95% con-
fidence interval [CI] 0.43–0.63) (Fig. 3A). Subgroup analysis 
showed that in all cases, the tracheostomy group had a low-
er 90-day cumulative mortality rate than the no-tracheosto-
my group (Fig. 4A).

In the tracheostomy group, 275 patients were classified 
into the ET group, while 270 patients were classified into 
the LT group. After PSM, 205 patients in each of the ET and 
LT groups were matched. Table 3 summarizes the baseline 
characteristics of patients classified according to the timing 
of tracheostomy. The selected covariates did not significant-
ly differ between the matched ET and LT groups (all stan-
dardized mean differences < 0.2), with histograms of the 
logit of propensity scores demonstrating the high quality of 
the matching process (Supplementary Fig. 2).

The ET group had significantly shorter durations of MV, 
ICU LOS, and hospital LOS and incurred lower medical ex-
penditures than the LT group (Table 4). However, there 
were no significant differences between the two groups 
in terms of discharge outcomes, decannulation rates, 90-
day cumulative mortality rate, or survival (HR 0.94, 95% CI 
0.70–1.28) (Fig. 3B). Additionally, the mortality rate did not 
significantly differ between the two groups in all subgroup 
analyses (Fig. 4B).

DISCUSSION

This study is the first investigation to assess the influence of 
tracheostomy on 90-day outcomes among PAMV patients 
with severe pneumonia, while also exploring the distinctions 
between ET and LT following Korean guidelines, using PSM 
analysis. Our findings provide critical care physicians with 
valuable insights into the role of tracheostomy in planning 
long-term strategies for patients with severe pneumonia 
who require prolonged MV.

A key aspect of our study was the examination of positive 
outcomes associated with tracheostomy using PSM analy-
sis. Our findings revealed that patients who underwent tra-
cheostomy had a lower 90-day mortality rate. This survival 
benefit was consistent across all subgroups, irrespective of 
factors such as age, sex, severity, comorbidities, and pres-
ence of organ failure at ICU admission. The improved out-
comes may be attributable to various advantages of trache-
ostomy, including improvements in lung mechanics, easier 

oral hygiene management, reduced sedative usage promot-
ing easier expectoration by patients, and a subsequent de-
crease in the risk of VAP [5,29,30]. However, patients who 
underwent tracheostomy have longer LOS, higher medical 
expenditures, and often require long-term care facilities for 
additional respiratory and swallowing rehabilitation [31,32]. 
Tracheostomy should be considered for patients who have 
difficulty being liberated from MV, as indicated by various 
clinical indicators [33,34]. Our findings also suggest that 
tracheostomy can play a crucial role in managing critically 
ill patients with acute respiratory failure due to severe pneu-
monia and highlight the need for appropriate allocation of 
medical resources during tracheostomy.

Previous studies produced varied conclusions regarding 
the survival benefits of tracheostomy in patients requiring 
prolonged MV [8,9,30,35]. By contrast, our study indicates 
that tracheostomy may offer notable benefits for patients 
with severe pneumonia requiring prolonged MV. These dif-
ferences might be attributable to the heterogeneity in the 
enrolled subjects whose data were reported [5,36], which 
often included subgroups with diverse etiological conditions 
requiring MV and different ICU environments. Our study fo-
cused exclusively on patients with severe pneumonia in a re-
spiratory ICU. By focusing on a more homogeneous patient 
population, the present study provides clearer insights into 
the benefits of tracheostomy for severe pneumonia patients 
receiving prolonged MV. 

Although the timing of tracheostomy did not demonstrate 
a survival benefit according to our national guidelines [24], 
ET positively influenced ICU capacity by alleviating strain. 
This led to lower medical expenditures. Therefore, ET could 
help to optimize the clinical course and manage critical care 
resources [37]. Given the current state of critical care med-
icine in Korea, which is characterized by a chronic shortage 
of ICU beds relative to hospital size and a lack of nursing 
staff, full-time intensivists, and well-designed MV weaning 
protocols [38,39], the decision by attending physicians to 
perform ET may be advantageous for patients anticipated 
to require long-term ventilator care upon ICU admission. 
Despite potential adverse effects of tracheostomy, such as 
procedure-related complications and later cosmetic con-
cerns [40,41], ET could offer significant benefits in terms of 
resource management and long-term patient care. Howev-
er, our findings are based on a single institution; therefore, 
larger multi-center studies are needed to confirm the effec-
tiveness of ET in terms of patient outcomes. Future research 
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should also consider the cost-effectiveness and long-term 
benefits of ET across various patient populations and health-
care settings to provide a more comprehensive understand-
ing of its impact.

The optimal timing of tracheostomy remains controversial, 
with criteria for ET and LT varying between studies [5,10]. 
Currently, there is no international guideline that clearly 
defines the distinction between ET and LT, which leads to 
inconsistencies in clinical practice and research. Although 
Korea has established criteria for ET and LT, it is uncertain 
if these criteria are applicable to ventilated patients with 
severe pneumonia. Therefore, extensive large-scale, multi-
center studies are necessary to evaluate the performance 
and optimal timing of tracheostomy. Essential consider-
ations in these studies should include defining patient pop-
ulations likely to require prolonged MV, establishing clear 
definitions of ET and LT, and assessing adverse events asso-
ciated with tracheostomy. These studies will help determine 
whether the performance and timing of tracheostomy can 
be universally applied across different patient populations 
and healthcare settings, as well as their impact on outcomes 
such as survival, MV duration, and complication rates. This 
understanding is critical for improving clinical decision-mak-
ing and patient care.

According to historical studies, tracheostomy was per-
formed in 9–13% of patients receiving MV [2,8]. One study 
reported that up to 34% of patients requiring MV for more 
than 48 hours underwent tracheostomy [42]. In our study, 
tracheostomy was performed in 16.5% of patients receiving 
MV and in 50.6% of those requiring MV for more than 96 
hours, which is a higher rate than previously reported. This 
higher rate in our study may be explained by the fact that 
we focused on patients with severe respiratory failure due 
to severe pneumonia, and our patient population was older 
than in previous studies. 

This study has several limitations. First, it is difficult to pre-
dict which patients will require prolonged MV or tracheos-
tomy, and the subjects may be heterogeneous due to the 
diversity of underlying diseases and severity. We implement-
ed PSM analysis to minimize potential selection bias related 
to the subjects and timing of tracheostomy. Second, this 
study was limited to data from a single institution, making it 
difficult to generalize the findings to the overall situation in 
South Korea. Third, we hypothesized that tracheostomy is 
associated with a decreased incidence of VAP, however, we 
could not definitively confirm the association between tra-

cheostomy and VAP due to the retrospective design. Lastly, 
the clinical differences between community-acquired pneu-
monia and hospital-acquired pneumonia, as well as com-
plications related to tracheostomy (such as bleeding, laryn-
geal damage, etc.), are important considerations in patient 
outcomes. However, the retrospective design of this study 
limited our ability to analyze these factors due to insufficient 
data accurately. Despite these limitations, our PSM analy-
sis provides evidence that tracheostomy, when performed 
timely, can significantly reduce mortality and improve the 
efficiency of medical resource utilization, highlighting its val-
ue as a critical treatment strategy.

In conclusion, analysis of the effect of tracheostomy on 
outcomes of pneumonia patients showed that 90-day cu-
mulative mortality was reduced. Additionally, the ET group 
had shorter durations of MV and LOS as well as lower medi-
cal expenditures than the LT group. To accurately assess the 
effect of tracheostomy on patient outcomes, large-scale, 
multi-center research tailored to the specific conditions of 
the healthcare environment is essential.

KEY MESSAGE
1.	 Tracheostomy reduces the 90-day cumulative mor-

tality rate in severe pneumonia patients requiring 
prolonged MV.

2.	 ET has a positive impact on alleviating ICU capacity 
and reducing healthcare expenditures.

3.	Considering tracheostomy may help manage re-
sources and improve long-term patient outcomes, 
suggesting that it may be an important treatment 
strategy for severe pneumonia patients requiring 
prolonged MV.
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Supplementary Figure 1. (A-C) Distribution of the logit of propensity scores in matched patients in the tracheostomy and no-trache-
ostomy groups. APACHE, Acute Physiology, and Chronic Health Evaluation score; CCI, Charlson’s comorbidity index; SOFA, Sequential 
Organ Failure Assessment score; NMB, neuromuscular blocking agent; RRT, renal replacement therapy; BMI, body mass index.
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Supplementary Figure 2. (A-C) Distribution of the logit of propensity scores in matched patients in the early tracheostomy and late tra-
cheostomy groups. CCI, Charlson’s comorbidity index; BMI, body mass index; APACHE, Acute Physiology, and Chronic Health Evaluation 
score; NMB, neuromuscular blocking agent; SOFA, Sequential Organ Failure Assessment score; RRT, renal replacement therapy.
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