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Introduction
Advances in the management of acute critically ill patients re-

quiring ventilator care have resulted in an increased number of 
patients receiving prolonged periods of mechanical ventilation 
(MV). However, prolonged translaryngeal intubation can result 
in an increased risk of ventilator-associated pneumonia and 
sinusitis1,2. In addition, severe laryngeal and tracheal damage 
can be complicated by prolonged translaryngeal intubation3. 
For these reasons, placement of a tracheostomy has become a 
viable alternative in patients who require prolonged MV.

The development of new and improved instruments, and 
the standardization of techniques mean that tracheostomy in 
patients requiring long-term ventilator care is associated with 
improved patient comfort, reduced sedative drug use, faster 
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weaning from MV, reduced incidence of nosocomial pneumo-
nia, and shorter duration of hospitalization4-7. Based on these 
beneficial effects, several studies have investigated the effect of 
early tracheostomy on patient outcomes8-14. 

In Korea, critical care delivery systems differ from those in 
Western countries15,16, and the effects of early tracheostomy 
(ET) on clinical outcomes in patients requiring ventilator care 
may also differ. A literature review showed no documented 
definition for ET, and few data have been reported in Korean 
populations. Therefore, the present study investigated the 
effect of ET on clinical outcomes in patients requiring pro-
longed acute mechanical ventilation (PAMV). 

Materials and Methods
1. Study design and patient selection

This retrospective study was conducted in the medical 
intensive care unit (ICU) of a 1,200 bed university-affiliated 
tertiary care hospital in Busan, Korea. The ICU has full car-
diovascular and close airway monitoring equipment, as well 
as one full-time ICU specialist; the nurse-to-bed ratio is 1:3. 
All subjects were managed according to therapeutic recom-
mendations, which were based on a lung-protective ventilator 
strategy17. In this hospital, tracheostomy was performed in the 
ICU by thoracic surgeons in accordance with standard surgi-
cal principles by a request of the attending physicians18. 

Data from patients treated between March 1, 2008 and Feb-
ruary 28, 2017 were retrospectively evaluated. The survival 
status of all patients was obtained until February 28, 2018. All 
adult subjects (≥18 years of age) admitted to all ICUs were 
screened if they had received ventilator care. PAMV patients 
were defined as those who had undergone ventilator care for 
>96 hours in the ICU, regardless of tracheostomy19. Patients 
<18 years of age and those who received tracheostomy prior 
to ICU admission were excluded. 

All investigators confirmed that the study objectives and 
procedures were disclosed fully and that they had full access 
to all data. Case report forms were completed for each includ-
ed subject and the relevant medical, laboratory, and radiologi-
cal data were extracted and used to complete a case report 
form for each patient, after which the data were analyzed. 

2. Data collection

Demographic and clinical data were obtained retrospec-
tively from the electronic medical records of each subject; 
these included age, sex, body mass index, length of stay (LOS) 
in the ICU and hospital, and duration of MV. The severity of 
illness was measured using the Acute Physiology and Chronic 
Health Evaluation (APACHE) II score; accompanying organ 
failure was assessed according to the Sequential Organ Fail-

ure Assessment (SOFA) score20,21. The APACHE II and SOFA 
scores were calculated from laboratory and clinical data 
obtained in the first 24 hours of ICU admission. Charlson’s 
weighted index of comorbidities (WIC) was evaluated to de-
termine concurrent comorbidities prior to admission, as pre-
vious studies have demonstrated the prognostic utility of this 
index in PAMV patients22,23. 

The tracheostomy status was assessed during the ICU stay, 
and the period between initiating ventilator care to tracheos-
tomy was evaluated. In the present study, patients receiving 
tracheostomy 2–10 days after translaryngeal intubation were 
designated as the early tracheostomy group while patients re-
ceiving tracheostomy >10 days after intubation were designated 
as the late tracheostomy group, based on previous reports4,5,11.

The main causes of ventilator care were evaluated from the 
medical records of all enrolled patients; the status of reha-
bilitation during the hospital stay and the discharge to other 
hospitals of surviving patients was also captured. In addition, 
the total medical costs for all medical resources used (includ-
ing all machines) during the hospital stay (ICU and general 
ward) were retrieved with the permission of the institutional 
review board. The cost of each medical intervention was es-
timated in accordance with the reimbursement scales of the 
Korean Health Insurance Review and Assessment Service. All 
costs are shown in US Dollars (USD) at an exchange rate of 1 
USD=1,136.80 Korean won (exchange rate on April 4, 2019). 

The in-hospital mortality rate and 90-day cumulative mor-
tality rate after tracheostomy were assessed. In-hospital mor-
tality was defined as death prior to hospital discharge, whereas 
90-day mortality was defined as mortality within 90 days after 
the day of ICU admission. For surviving patients discharged 
from the hospital, the 90-day mortality rate was obtained from 
the National Health Insurance Service Database. 

3. Outcome measures

The primary outcome measure was 90-day mortality. Sec-
ondary outcome measures were LOS (ICU and hospital), 
transfer to a post-intensive care setting in a secondary care 
hospital, and total medical costs during the hospital stay. 

4. Statistical analysis

Continuous variables are expressed as the median (range) 
and compared using the Student’s t-test or Mann-Whitney U 
test, as applicable. Categorical variables are expressed as num-
bers (percentages) and compared using the χ2 test or Fisher’s 
exact test (for small numbers), as applicable. The number of 
deaths in each of the groups and subgroups was compared 
using the Fisher’s exact test (in-hospital and 90-day mortal-
ity), as performed in a previous study9. The odd ratios of late 
tracheostomy to early tracheostomy for 90-day mortality were 
expressed as 95% confidence interval. Receiver operation 
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characteristic curves and the area under the curve were used, 
and identification of an optimal cut-off value was based on the 
maximum Youden’s index24. Kaplan-Meier estimates of 90-
day cumulative mortality were stratified according to early tra-
cheostomy status, and curves were compared using log-rank 
tests. All tests were two-tailed and p-values of <0.05 were con-
sidered statistically significant. All analyses were performed 
using SPSS version 24.0 for Windows (IBM Corp., Armonk, 
NY, USA) and MedCalc version 19.0.7 (MedCalc Software, Os-
tend, Belgium).

5. Ethics statement

The study protocol was approved by the Institutional Re-
view Board of Pusan National University Hospital (1908-007-
081). Because of the observational nature of the study, the 
need for informed consent from enrolled subjects or their 
surrogates was waived. This study had no impact on the treat-
ment of enrolled patients. 

Results
1. General characteristics of patients with PAMV

During the study period, 575 patients were eligible for par-

ticipation (Figure 1). In the total patient group, the hospital 
and overall 90-day mortality rates were 38.6% (n=222) and 
47.5% (n=273), respectively; 258 patients (44.9%) underwent 
tracheostomy during the hospital stay, and the median period 
from the beginning of ventilator care to tracheostomy was 9.5 
days (range, 0–37 days) (Figure 2). Table 1 shows the baseline 
characteristics of the total patient group, and survivors and 
nonsurvivor subgroups. Nonsurvivors had higher APACHE 
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Figure 2. The distribution of tracheostomy timings (from ventilator 
care to tracheostomy).

Figure 1. Flow chart of patient selection and clinical course. ICU: intensive care unit.
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II and SOFA scores on ICU admission, and higher Charlson’s 
WIC scores than survivors. 

2. Comparisons between early tracheostomy, late 
tracheostomy, and no tracheostomy groups

When the definition of early tracheostomy was applied, 
125, 115, and 317 patients were included in the early trache-
ostomy, late tracheostomy, and no tracheostomy subgroups, 
respectively. The early tracheostomy group had a higher 
number of elderly patients and more male patients than the 
late tracheostomy group. Also, the early tracheostomy group 
had shorter durations of MV, ICU, and hospital LOS; lower to-
tal medical costs during hospital stay; higher Charlson’s WIC 
scores; and a higher rate of transfer to a secondary hospital 
with post-intensive care settings than the late tracheostomy 
group (Table 2). 

3. Effect of early tracheostomy on 90-day mortality

The early tracheostomy group had significantly lower in 
hospital and 90-day mortality rates than the late tracheostomy 
group (Table 2). Also, the risk of 90-day mortality was signifi-
cantly lower for the early tracheostomy group than for the 
late tracheostomy group (Table 3), and Kaplan-Meier survival 
analysis showed a significant difference in 90-day morality be-
tween the two groups (Figure 3). In addition, in further analy-
ses with some subgroups (male, age <75 years, body mass 
index [BMI] >18.5 kg/m2, and APACHE II score on ICU admis-
sion <25), the early tracheostomy group had a significantly 
lower 90-day mortality rate (Table 3). 

4. Applications of other definitions of early and late 
tracheostomy

Currently, there is no generally accepted definition of early 
tracheostomy. The present study additionally investigated the 

Table 1. Baseline patient characteristics and comparisons between survivors and nonsurvivors

Characteristic Total (n=575) Survivors (n=302) Nonsurvivors (n=273) p-value

Age, yr 68 (18–93) 66 (18–93) 71 (21–91) <0.001

Male sex 399 (69.4) 211 (69.9) 188 (68.9) 0.856

BMI ≤18.5 kg/m2* 94 (16.3) 38 (13.1) 56 (21.8) 0.009

APACHE II score† 20 (3–44) 19 (3–38) 21 (6–44) <0.001

SOFA score† 7 (1–19) 6 (2–18) 7 (1–19) 0.004

Charlson’s WIC 3 (0–15) 2 (0–14) 4 (0–15) <0.001

Hospital LOS, day 30 (6–432) 43 (6–432) 23 (6–90) <0.001

ICU LOS, day 18 (4–223) 20 (4–223) 17 (5–85) 0.002

Duration of MV, day 13 (4–198) 13 (4–198) 13 (4–83) <0.001

Main causes of ventilator care

   Pulmonary diseases 497 (86.4) 263 (87.1) 234 (85.7) 0.715

   Cerebrovascular diseases‡ 25 (4.3) 14 (4.6) 11 (4.0) 0.839

   Hemato-oncologic emergencies 15 (2.6) 5 (1.7) 10 (3.7) 0.189

   Septic shock 13 (2.3) 5 (1.7) 8 (2.9) 0.402

   Cardiogenic pulmonary edema 12 (2.1) 5 (1.7) 7 (2.6) 0.563

   Infectious diseases other than respiratory 
      infections

11 (1.9) 5 (1.7) 6 (2.2) 0.764

   Post operation 10 (1.7) 4 (1.3) 6 (2.2) 0.529

   Acute renal failure 8 (1.4) 4 (1.3) 4 (1.5) >0.999

   Alimentary diseases 3 (0.5) 1 (0.3) 2 (0.7) 0.606

Total medical costs during hospital stay (USD)§ 22,728 (2,482–206,636) 24,416 (2,482–206,636) 21,588 (4,905–99,145) 0.001

Values are presented as medians (range) and number (%).
*Data from 547 patients (survivors, n=290; nonsurvivors, n=257). †Calculated from clinical data on day of ICU admission. ‡Included cerebral 
infarction, subarachnoid hemorrhage, and intracerebral hemorrhage. §Data from 444 patients (survivors, n=240; nonsurvivors, n=204).
BMI: body mass index; APACHE: Acute Physiology and Chronic Health Evaluation; SOFA: Sequential Organ Failure Assessment; WIC: 
weighted index of comorbidities; LOS: length of stay; ICU: intensive care unit; MV: mechanical ventilation.
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effect of early tracheostomy on clinical outcomes using two 
other definitions of early tracheostomy reported previously9,14: 
In the Young et al.’s study9, early tracheostomy was performed 
within 4 days (≤4 days) of translaryngeal intubation, and late 
tracheostomy was performed after 10 days (≥10)], whereas 
in the Shaw and Santry’s study14, early tracheostomy was 
performed within 6 days (≤6 days) of translaryngeal intuba-
tion and late tracheostomy was performed after 11 days (≥11 
days). When these definitions were applied to our patients, the 
early tracheostomy groups had shorter durations of MV, ICU, 

and hospital LOS, as well as lower total medical costs during 
hospital stay than the late tracheostomy groups. Also, the late 
tracheostomy groups had higher Charlson’s WIC scores and 
a higher rate of transfer to secondary hospitals with post-in-
tensive care settings. Although all early tracheostomy groups 
showed lower in-hospital mortality, there were no significant 
differences in 90-day mortality (Supplementary Table S1).

Table 2. Comparison of clinical characteristics and outcomes according to timing of tracheostomy

Characteristic
Early tracheostomy

(n=125)
Late tracheostomy

(n=115)
No tracheostomy

(n=317)
p-value

Male sex 91 (72.8)* 67 (58.3) 228 (71.9)* 0.016

Age, yr 72 (18–91)* 67 (18–91) 68 (18–93) 0.033

BMI ≤18.5 kg/m2† 21 (17.8) 16 (14.0) 53 (17.8) 0.623

APACHE II score‡ 22 (6–39) 22 (8–41) 21 (6–44) 0.060

SOFA score‡ 7 (2–18) 8 (1–19) 8 (2–19) 0.822

Charlson’s WIC 4 (0–14)* 3 (0–11) 3 (0–15) <0.001

Hospital LOS, day 43 (8–260) 54 (10–432)* 24 (6–380) <0.001

ICU LOS, day 24 (7–91) 33 (10–201)* 14 (4–130) <0.001

Duration of MV, day 23 (4–139) 28 (4–198)* 9 (4–47) <0.001

Transfer to secondary care hospitals at discharge 84 (67.2)* 50 (43.5) 120 (37.9) <0.001

Total medical costs during hospital stay (USD)§ 26,609 (2,482–137,879) 36,973 (12,721–206,636)* 17,433 (2,999–132,890) <0.001

Hospital mortality 27 (21.6) 48 (41.7)* 143 (45.1)* <0.001

90-Day mortality 39 (31.2) 55 (47.8)* 175 (55.2)* <0.001

Values are presented as number (%) or median (range).
*Values had significantly higher values than the other group(s). †Data from 529 patients (early [n=118] vs. late [n=114] vs. no [n=297]). ‡Calcu-
lated from clinical data on day of ICU admission. §Data from 428 patients (early [n=118] vs. late [n=82] vs. no [n=228]).
BMI: body mass index; APACHE: Acute Physiology and Chronic Health Evaluation; SOFA: Sequential Organ Failure Assessment; WIC: 
weighted index of comorbidities; LOS: length of stay; ICU: intensive care unit; MV: mechanical ventilation.

Table 3. Effect of early tracheostomy on 90-day mortality 

Category
Early tracheostomy Late tracheostomy Odds ratio of late tracheostomy 

to early tracheostomy (95% CI)
p-value for 

Fisher’s exact testNo. (%) 95% CI No. (%) 95% CI

All patients (n=240) 39 (31.2) 22.2–42.7 55 (47.8) 36.0–62.3 2.021 (1.194–3.422) 0.012

Subgroups*

   Male sex 28 (30.8) 20.5–44.8 33 (49.3) 33.9–69.2 2.184 (1.136–4.199) 0.021

   Age <75 yr† 16 (19.8) 11.3–32.1 40 (43.5) 31.1–59.2 3.125 (1.575–6.199) 0.001

   BMI >18.5 kg/m2 30 (30.9) 20.9–44.2 46 (46.9) 34.4–62.6 1.976 (1.100–3.548) 0.028

   APACHE II score <25‡ 23 (26.4) 16.8–39.7 35 (44.9) 31.3–62.4 2.265 (1.179–4.351) 0.015

*In all subgroups analyses, data were from 158 (early [n=91] vs. late [n=67]), 173 (81 vs. 92), 195 (97 vs. 98), 165 (87 vs. 78), and 150 (69 vs. 81) 
patients (from top to bottom). †The cut-off level was 75 based on Youden’s index (AUC, 0.629; 95% CI, 0.564–0.690; p=0.001; sensitivity, 80.1; 
specificity, 40.4%). ‡Calculated from clinical data on day of ICU admission. The cut-off level was 25 based on Youden’s index (AUC, 0.568; 95% 
CI, 0.503–0.632; p=0.070; sensitivity, 73.3; specificity, 38.3%). 
CI: confidence interval; BMI: body mass index; APACHE: Acute Physiology and Chronic Health Evaluation; AUC: area under the curve.
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Discussion
The present study evaluated the effect of early tracheos-

tomy on clinical outcomes in Korean PAMV patients admitted 
to a medical ICU, which revealed that early tracheostomy was 
associated with lower 90-day mortality than late tracheos-
tomy. Also, the early tracheostomy group had lower 90-day 
mortality; shorter durations of MV, ICU, and hospital LOS; and 
lower total medical costs during hospital stay than the late tra-
cheostomy group. In addition, when patients were analyzed 
using two other definitions of early tracheostomy, similar 
results were obtained. Although there were differences in the 
demographic data, the early tracheostomy group had better 
outcomes, which is consistent with previous reports8-14,25. 

Currently, there is no generally accepted definition of early 
tracheostomy, and the optimal time for tracheostomy has not 
yet been established5. When we used other definitions of early 
tracheostomy9,14, 90-day mortality rates had no significant 
difference between the early and late tracheostomy groups. 
Therefore, large-scale, multicenter studies will be required to 
establish the optimal timing of tracheostomy and the effect of 
early tracheostomy on outcomes.

In the present study, we found that the early tracheostomy 
group had lower 90-day mortality when some subgroups 
were analyzed (male patients, younger age [<75 years], not 
underweight [BMI >18.5 kg/m2] and APACHE II score on ICU 
admission <25). Our study indicates that ventilated patients 
with non-frailty or lower severity-of-illness at ICU admission 
would benefit from early tracheostomy. Further studies will be 
necessary to evaluate the clinical variables that predict benefit 
from early tracheostomy.

Our results showed that patients in the early tacheostomy 
group were more likely to be transferred to secondary care 

hospitals. Compared with Western countries, however, long-
term hospital-based care settings for continuous weaning 
and management are insufficient in South Korea15,16. Our 
findings also suggest that better care planning after transfer to 
a secondary hospital is required to validate the effect of early 
tracheostomy on patients’ long-term prognosis.

A review of the literature shows that tracheostomy is per-
formed in 10%–15% of patients undergoing MV, and the inci-
dence has been increasing4,5,26,27. One study has reported that 
up to 34% of patients requiring MV for more than 48 hours 
receive a tracheostomy28. In the current study, tracheostomy 
was performed in 44.9% of patients receiving MV, which ap-
pears to be higher than that reported in the previous stud-
ies4,5,24-26. Moreover, tracheostomy was significantly higher in 
patients who survived more than 90 days (62.0% vs. 44.8% in 
nonsurvivors, p<0.001). These findings raise several consider-
ations. First, the tertiary care hospital where the research was 
conducted has a relatively small number of ICU beds (being 
a 12 bed medical ICU) in comparison with the size of the hos-
pital, and the shortage of ICU beds is a daily problem when 
caring for acutely ill patients. Second, the proportion of older 
patients (≥65 years) was 62.3% (n=358), which could be as-
sociated with delayed recovery from acute critical illness and 
an increased incidence of accompanying delirium. Third, the 
nursing staff and full-time intensivists in the ICUs of Korean 
university and teaching hospitals are less robust than their 
counterparts in Western countries15,16. Also, there is no estab-
lished well-defined MV weaning protocol. In these circum-
stances, tracheostomy has a number of advantages, including 
improved lung mechanics, easier oral hygiene, diminished 
nociceptive stimuli on the larynx or trachea, decreased need 
for sedatives, enhanced communication, and the fact that 
the head and neck area is free of equipment4,6-8. In addition, 
tracheostomized patients with lower inspiratory pressure and 
oxygen requirement could be managed with a home ventila-
tor on a general ward. As a consequence, attending physicians’ 
decision to perform a tracheostomy would be based on a 
higher probability of patient survival during their ICU course. 
Therefore, the present study suggests that nationalized guide-
lines for tracheostomy must be established to allow for better 
decision-making between attending physicians and patients 
or their surrogates.

Our study has several limitations. First, the retrospective de-
sign of the study may have resulted in selection bias. Second, 
we could not accurately evaluate whether early tracheostomy 
would be beneficial in terms of duration of sedation, amount 
of sedative agent required, and incidence of ventilator-associ-
ated pneumonia. Finally, the data were obtained from a single 
center, and the sample size was small, so the results may not 
be representative of the wider PAMV population in Korea. 

In conclusion, analysis of the effect of early tracheostomy on 
patient outcomes showed that early tracheostomy was associ-
ated with lower 90-day mortality. Also, the early tracheostomy 
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group had shorter durations of MV, ICU, and hospital LOS, as 
well as lower total medical costs during hospital stay than the 
late tracheostomy group. To identify the effect of early trache-
ostomy on patient outcomes in Korea, nationalized guidelines 
for tracheostomy as well as large-scale multicenter studies are 
warranted. 
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