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Abstract: Correlation between tracheostomy and intensive care unit (ICU) patient mortality is ambiguous. This ret-
rospective study determined the impact of tracheostomy on outcomes in Chinese ICU patients (n = 377) assigned 
to intubation (Group I; n = 289) or tracheostomy (Group II; n = 88) groups. Survival analysis was performed us-
ing Cox regression, and propensity score matching (PSM) and stratified analyses identified confounding factors. 
Group II patients had higher Acute Physiologic and Chronic Health Evaluation (APACHE) II scores and comprised 
more medical and emergency patients. Tracheostomy improved ICU survival (P < 0.001), especially in patients with 
higher APACHE II scores (≥ 17) and prolonged mechanical ventilation (MV) time (≥ 4 days). Tracheostomy survival 
benefit was verified in the PSM cohort. Tracheostomy patients had prolonged MV time, prolonged ICU and hospital 
length of stay (LOSICU/LOSHOS), and greater medical expenses. In the prolonged MV subgroup, tracheostomy reduced 
daily hospital and ICU-to-hospital ratio expenses. Although early tracheostomy had no survival benefit, it liberated 
patients from MV earlier and reduced LOSICU/LOSHOS. Tracheostomy should be individualized. In patients with higher 
APACHE II score and ventilation ≥ 4 days, tracheostomy benefits survival and should be carried out early, but not 
within the first 4 MV days.
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Introduction

Advances in treating critical illness have result-
ed in more patients requiring prolonged airway 
intubation and respiratory support. Consequ- 
ently, tracheostomy has become a common 
procedure within the intensive care unit (ICU) 
for patients requiring long-term mechanical 
ventilation (MV) [1]. Tracheostomy offers the 
potential benefits of improved patient comfort, 
the ability to communicate, the opportunity for 
oral feeding, and easier and safer nursing care. 
Additionally, there is less of a need for seda-
tion, and lower airway resistance may facilitate 
the weaning process and shorten ICU and  
hospital stay [2, 3]. Furthermore, by preventing 
microaspiration of secretions, tracheostomy 
may reduce ventilator-associated pneumonia 
[4, 5]. However, these benefits have not been 
confirmed in other studies [6, 7]. 

Despite increased application of the percutane-
ous approach [8-10], procedural complications 
such as stomal infection, pneumothorax, hem-
orrhage, and tracheal stenosis, continue to in- 
fluence patient outcome [9]. Moreover, whe- 
ther tracheostomy improves patient outcome  
or only transfers mortality from the ICU to the 
ward remains controversial [11]. Data from sev-
eral studies suggest that tracheostomy may 
improve outcomes in patients requiring pro-
longed MV [12, 13], although others have fail- 
ed to identify any improved outcomes associ-
ated with tracheostomy [14-20].

The absence of generally accepted guidelines 
[21] may explain these discrepancies. For ins- 
tance, timing is a key criterion for performing a 
tracheostomy [22, 23]. However, the survival 
benefit of early tracheostomy (ET) compared to 
late tracheostomy (LT) has not been confirmed 
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until now [19, 24-28]. In addition, there is no 
uniformity in the literature for the definition of 
ET [23, 29, 30]. Moreover, different physiolo- 
gical and pathological statuses, such as age 
and primary disease [4, 20], may also contrib-
ute to the decision making or clinical outcome 
of tracheostomy [5]. On the other hand, the tra-
cheostomy patient cohort is among the most 
resource-intensive to provide care for [31]. This 
increased resource expenditure may also re- 
late to clinical practice, especially in develop- 
ing countries such as China that have limited 
health care resources and intensivists [32]. 

It is therefore essential to clarify the relation-
ship between tracheostomy and clinical out-
come in critically ill patients in China. However, 
the lack of obvious signs or an acceptable  
gold standard for detection of patients requir-
ing tracheostomy [5] has led to selection bias  
in previous randomized clinical trials. Hence, 
we carried out this study in a tertiary ICU bas- 
ed on retrospectively collected ICU data, using 
propensity score matching (PSM) to balance 
the selection bias between subgroups. The 
main goal was to explore the relationship be- 
tween tracheostomy and 28-day ICU survival. 
Secondary end-points included the duration of 
MV and length of hospital/ICU stay (LOSHOS/
LOSICU), and medical costs.

Materials and methods

Patient data

From May 1 2011 to December 30 2012, we 
enrolled 377 consecutive patients who recei- 
ved MV over 12 hours [33]. All patients gave 
informed consent. This study was approved  
by the Ethics Committee of Zhongshan Hospi- 
tal (No. B2016-025). Patients were followed- 
up until they were successfully weaned from 
MV, were discharged from the hospital, or had 
died. All available clinical, physiological, and 
outcome data were collected for evaluation 
(see Additional File 1).

Decision making for tracheostomy 

MV indication was selected from a predefined 
list of categories (see Additional File 2). The 
decision to perform tracheostomy and when  
to perform the procedure was at the discret- 
ion of the attending intensivist and was typi-
cally adapted to each patient with respect to 

patient preference, expected recovery course, 
risk of continued translaryngeal intubation, and 
surgical risks of the procedure. Medical indica-
tions for tracheostomy included failure of extu-
bation, upper airway obstruction (UAO), airway 
protection and access for secretion removal, 
and avoidance of serious oropharyngeal and 
laryngeal injury from prolonged translaryngeal 
intubation. Since data were extracted retro-
spectively from the general ICU database, the 
decision to perform tracheostomy was not in- 
fluenced by the study. All tracheostomies were 
performed at the bedside by experienced in- 
tensivists employing a percutaneous dilational 
technique. 

Study design and statistics

Data were analyzed using SPSS 15.0 software 
(SPSS, Chicago, IL, US). Normal data distribu-
tion was assessed by the Kolmogorov-Smirnov 
test. Continuous variables were expressed as 
the mean ± standard deviation (SD) or the me- 
dian and full range, if normally distributed. Ca- 
tegorical variables were expressed as a numer-
al and percentage. Comparisons of continuous 
variables were performed using the Mann-Whit- 
ney U test and Wilcoxon test, whereas the chi-
square test or Fisher’s exact test was applied 
for categorical variables. Survival curves were 
estimated using the Kaplan-Meier method and 
compared using the Log-rank test. The Cox re- 
gression model was performed for univariate 
and multivariate analyses. Because of an im- 
balance in baseline characteristics, we carried 
out PSM (see Additional File 3). P values < 0.05 
(2-tailed) were considered statistically signifi- 
cant.

Results

Basic clinical data

Of a total of 377 patient cases, 289 were venti-
lated using an endotracheal tube (Group I) and 
88 were traceotomized (Group II). The mean 
age was 63 years and 260 patients were male 
(Table 1). The majority of patients (n = 345, 
91.5%) in the ICU were admitted postoperative-
ly or underwent surgery during their ICU stay. 
The emergency admission rate was 56.2% (n = 
212). The median LOSHOS was 22 days and the 
median LOSICU was 86 hours. The crude and 
28-day ICU mortality rates were 23.9% (90/ 
377) and 20.7% (78/377), respectively. The 
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Table 1. Patient baseline characteristics

Total patients

Total cohort

P

PSM cohort

PIntubation 
(Group I) 

(289)

Traceotomy 
(Group II) 

(88)

Intubation 
(Group I’) 

(100)

Traceotomy 
(Group II’) 

(84)
Age (year, mean) 63 62 70 < 0.001‡ 67 70 0.194‡

Gender (n) Male 260 190 70 0.014† 76 68 0.417†

Female 117 99 18 24 16
Medical insurance (n) No 202 162 40 0.081† 47 38 0.811†

Yes 175 127 48 53 46
APACHE II score (mean) 17 16 22 < 0.001‡ 20 22 0.062‡

Surgery (n) No 32 20 12 0.048† 14 12 0.956†

Yes 345 269 76 86 72
ICU readmission (n) No 338 272 66 < 0.001* 87 64 0.177*

Second 32 16 16 12 14
Third 4 1 3 1 3
Fourth 2 0 2 0 2
Fifth 1 0 1 0 1

Emergency (n) No 165 140 25 0.001† 30 24 0.832†

Yes 212 149 63 70 60
Blood transfusion (n) No 236 197 39 < 0.001† 45 36 0.771†

Yes 141 92 49 55 48
Primary diseases (n) Thoracic 63 48 15 0.004† 18 14 0.488†

General surgery 84 69 15 26 15
Neurosurgery 127 105 22 18 21
Cardiovascular surgery 25 19 6 7 5
Orthopedics 40 28 12 17 11
Others 38 20 18 14 18

Time for MV (mean, hours) 58.5 303.3 < 0.001‡ 69.6 307.06 < 0.001‡

Time for MV (mean, hours) early vs. late traceotomy) 210.9 419.3 0.001 214.8 384.1 0.015
LOSHOS (median, day) 22 27 120 0.001‡ 22 123 0.001‡

LOSICU (median, hour) 86 106 530 < 0.001‡ 150 552 < 0.001‡

Hospital expenses (mean, CNY) 129,111.3 76,142.9 303,064.4 < 0.001‡ 94,952.3 309,178.3 < 0.001‡

ICU expenses (mean, CNY) 42,776.9 24,895.6 101,094.4 < 0.001‡ 35,010.2 104,806.3 < 0.001‡

Daily hospital cost (mean, CNY) 4,791.6 4,832.5 4,657.3 0.879‡ 5,911.8 4,752.1 0.337‡

ICU cost per hour (mean, CNY) 269.8 275.5 251.2 0.348‡ 321.5 246.5 0.010‡

ICU to hospital expenses (mean, %) .36 .33 .44 0.001‡ .44 .46 0.638‡

*Fisher’s Exact Test; †chi-square test; ‡Mann-Whitney U test. APACHE II, Acute Physiologic and Chronic Health Evaluation II; MV, Mechanical ventilation, ICU, Intensive care unit; LOSHOS, Length of stay in the 
hospital; LOSICU, Length of stay in the ICU.
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mean admission APACHE II score was 17. An 
APACHE II score ≥ 17 was designated as the 
high score subgroup and an APACHE II score ≤ 
16 as the low score subgroup.

Comparison between Group I and II patients

Comparisons between Group I and II demon-
strated that the ratios of emergency admiss- 
ions (51.6% vs. 71.6%), medical patients (6.9% 
vs. 13.6%), APACHE II scores (16 vs. 22), mean 
age (62 vs. 70 years), male/female ratio (190/ 
99 vs. 70/18), blood transfusion ratio (92/289 
vs. 49/88), and distribution of primary disease 
were significantly different, respectively (Table 
1). In addition, Group II patients had a greater 
likelihood of ICU readmission compared with 
Group I patients (22/88 vs. 17/289, respec- 

tively; P < 0.001). In Group II compared with 
Group I, LOSHOS (median, 120 vs. 27 days, re- 
spectively; P = 0.001), LOSICU (median, 530 vs. 
106 hours, respectively; P < 0.001) and to- 
tal MV duration (mean, 303.3 vs. 58.5 hours, 
respectively; P < 0.001) were significantly lon-
ger. Furthermore, hospital and ICU expenses 
were significantly higher in Group II compared 
with Group I patients (Chinese Yuan Renminbi 
(CNY) 303,064.4 vs. 76,142.9, P < 0.001; CNY 
101,094.4 vs. 24,895.6, P < 0.001, respective-
ly), and the ICU/hospital cost ratio rose signifi-
cantly from 33% in Group I patients to 44% in 
Group II patients (P < 0.001). However, the daily 
hospital cost and ICU cost per hour were not 
significantly different between Group I and II 
patients (CNY 4,832.5 vs. 4,657.3, P = 0.879; 
CNY 251.2 vs. 275.5, P = 0.348; respectively).

Table 2. Clinical characteristics of prolonged and short-term MV patients
Prolonged MV patients

P
Short-term MV patients

PIntubation 
(57)

Traceotomy 
(76)

Intubation 
(232)

Traceotomy 
(12)

Age (year, mean) 63 70 0.019‡ 61 67 0.121‡

Gender (n) Male 48 61 0.558† 142 9 0.383†

Female 9 15 90 3

Medical insurance (n) No 31 32 0.160† 131 8 0.486†

Yes 26 44 101 4

APACHE II score (mean) 21 22 0.155‡ 14 19 0.003‡

Surgery (n) No 8 12 0.779† 12 0 †

Yes 49 64 220 12

ICU readmission (n) No 50 56 0.287* 222 10 0.143*

Second 6 14 10 2

Third 1 3 0 0

Fourth 0 2 0 0

Fifth 0 1 0 0

Emergency (n) No 22 23 0.315† 118 2 0.021†

Yes 35 53 114 10

Blood transfusion (n) No 31 33 0.210† 166 6 0.190*

Yes 26 43 66 6

Primary diseases (n) Thoracic 16 14 0.394* 32 1 0.097*

General surgery 15 13 54 2

Neurosurgery 9 17 96 5

Cardiovascular surgery 4 6 15 0

Orthopedics 4 11 24 1

Others 9 15 11 3

Time for MV (mean, hours) 182 344 < 0.001‡ 28 47 < 0.001‡

LOSHOS (median, day) 25 129 0.001‡ 28 66 0.025‡

LOSICU (median, hour) 254 594 0.004‡ 69 122 < 0.001‡

Hospital expenses (mean, CNY) 144,439.5 202,491.7 0.268‡ 99,544.6 163,181.7 0.092‡

ICU expenses (mean, CNY) 47,698.4 51,266.102 0.739‡ 39,151.1 36,139.441 0.960‡

Daily hospital cost (mean, CNY) 6,058.69 4,249.38 0.048‡ 4,531.20 7,240.50 0.602‡

ICU cost per hour (mean, CNY) 259.78 225.11 0.119‡ 279.28 416.62 0.333‡

ICU to hospital expenses (mean, %) 0.58 0.47 0.028‡ 0.27 0.30 0.234‡

*Fisher’s Exact Test; †chi-square test; ‡Mann-Whitney U test. APACHE II, Acute Physiologic and Chronic Health Evaluation II; MV, Mechanical ventilation, ICU, Intensive care 
unit; LOSHOS, Length of stay in the hospital; LOSICU, Length of stay in the ICU.
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Comparisons according to MV time

For Group II patients, mean MV time before tra-
cheostomy was 20.01 ± 51.65 hours, which 
positively correlated to total MV time (Spear- 
man r = 0.514, P < 0.001). Consequently, ET (n 
= 41, tracheostomy within 4 days after endo-
tracheal intubation [24]) was associated with 
shorter total MV time compared with LT (n =  
47, tracheostomy > 4 days after endotracheal 
intubation) (mean, 210.9 vs. 419.3 hours, re- 
spectively; P = 0.001). The MV time before tra-
cheostomy was also associated with LOSHOS 
(Spearman r = 0.428, P < 0.001) and LOSICU 
(Spearman r = 0.514, P < 0.001).

Furthermore, the whole cohort was divided into 
short-term (< 4 days) and prolonged MV (≥ 4 
days) subgroups. In the prolonged MV sub-

group, the major baseline characteristics were 
evenly distributed between patients with endo-
tracheal intubation and patients with tracheos-
tomy (Table 2). In the prolonged MV subgroup, 
patients with tracheostomy had a longer MV 
time, LOSHOS, and LOSICU than patients with 
endotracheal intubation (Table 2). Although 
there were no significant differences in hospital 
and ICU expenses between groups, patients 
with tracheostomy were associated with lower 
daily hospital costs compared with patients 
with endotracheal intubation (CNY 4,249.38 
vs. 6,058.69, respectively; P = 0.048), ICU cost 
per hour (CNY 225.11 vs. 259.78, respectively; 
P = 0.119), and ICU-to-hospital expenses (0.47 
vs. 0.58, respectively; P = 0.028). In the short-
term MV subgroup, patients with tracheostomy 
had higher admission APACHE II scores and 
emergency admission rates when compared 

Figure 1. Compared to intubation, tracheostomy resulted in a better 28-day ICU survival (HR 0.356, 95% CI 0.213-
0.597, P < 0.001) (A) and crude ICU survival (HR 0.409, 95% CI 0.255-0.656, P < 0.001) (B) following univariate 
survival analyses. Compared to LT, ET did not influence 28-day ICU survival (HR 0.513, 95% CI 0.207-1.269, P = 
0.149) (C). In the PSM cohort, tracheostomy was related to increased 28-day ICU survival (D).
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with patients with endotracheal intubation (19 
vs. 14, P = 0.003; 114/232 vs. 10/12, P = 
0.021, respectively). Furthermore, in the short-
term MV subgroup, patients with tracheostomy 
had longer MV time, LOSHOS, and LOSICU then 
patients with endotracheal intubation (Table 
2). However, in the short-term MV subgroup, 
patients with tracheostomy were not related to 
lower daily hospital cost or ICU-to-hospital 
expenses.

Survival analyses 

Following univariate survival analyses, 28-day 
ICU survival was significantly better in Group II 
compared with Group I patients (Hazard ratio 
[HR] 0.356, 95% CI 0.213-0.597, respectively; 
P < 0.001) (Figure 1A). In addition, tracheosto-
my ameliorated crude ICU survival (HR 0.409, 
95% CI 0.255-0.656, P < 0.001) (Figure 1B). 
Conversely, ET/LT did not influence 28-day ICU 
survival (HR 0.513, 95% CI 0.207-1.269, P = 
0.149) (Figure 1C).

Further multivariate survival analysis indica- 
ted that lower admission APACHE II score  
(HR 1.100, 95% CI 1.065-1.136, P < 0.001), 
tracheotomized patients (HR 0.188, 95% CI 
0.107-0.330, P < 0.001), and surgical patients 
(HR 1.886, 95% CI 1.054-3.376, P = 0.033), 
were related to significantly superior 28-day 
ICU survival (Table 3). 

PSM analysis

Following PSM analysis, the main clinical char-
acteristics were comparable between groups 
(Table 1). However, MV time of the tracheoto-
mized patients (Group II’) was longer than that 
of the intubated patients (Group I’) (307.06 vs. 
69.6 hours, respectively; P < 0.001). In addi-
tion, MV time of ET was shorter than that of  
LT (214.8 vs. 384.1, respectively; P = 0.015), 
and LOSHOS and LOSICU were longer in Group II’ 
than in Group I’ (123 vs. 22 days, P = 0.001; 
552 vs. 150 hours, P < 0.001; respectively). Fur- 
thermore, both hospital and ICU expenses of 
Group II’ were greater than those of Group I’ 
(CNY 309,178.3 vs. 94,952.3; CNY 104,806.3 
vs. 35,010.2; P < 0.001; respectively). Con- 
trarily, the per hour ICU cost of Group II’ was 
lower than that of Group I’ (CNY 246.5 vs. 
321.5, respectively; P = 0.010), and the daily 
hospital cost or ICU-to-hospital expenses ratio 
was not significantly different between groups 
(Table 1). In the PSM cohort, tracheostomy was 
related to increased 28-day ICU survival in uni-
variate (Figure 1D) and multivariate analyses 
(Table 3). 

Stratified analyses

In both the medical (P = 0.006, Figure 2A) and 
surgical subgroups (P = 0.002, Figure 2B), tra-

Table 3. Survival analyses
Total Cohort PSM Cohort

95.0% CI for HR 95.0% CI for HR
P* HR Lower Upper P* HR Lower Upper

Univariate Survival Analysis
    MV Mechanical Ventilation (Traceotomy/Intubation) <0.001 0.356 0.213 0.597 <0.001 0.248 0.145 0.424
Multivariate Survival Analysis
    MV (Traceotomy/Intubation) <0.001 0.188 0.107 0.330 <0.001 0.178 0.101 0.315
    Times of intubation (n) 0.819 1.048 0.702 1.565 0.987 0.997 0.655 1.517
    MV time before traceotomy (hours) 0.468 0.998 0.993 1.003 0.421 0.998 0.996 1.007
    Emergency (No/Yes) 0.518 0.851 0.521 1.389 0.654 0.870 0.475 1.596
    Insurance (No/Yes) 0.226 1.367 0.824 2.268 0.313 1.352 0.753 2.427
    Blood Transfusion (No/Yes) 0.442 0.818 0.490 1.365 0.228 0.709 0.406 1.239
    Admission APACHE II score <0.001 1.100 1.065 1.136 <0.001 1.081 1.038 1.125
    Age (years) 0.119 1.013 0.997 1.031 0.835 1.057 0.629 1.776
    Gender (Male/Female) 0.678 1.137 0.620 2.087 0.133 1.094 0.973 1.230
    Type of admission (Surgical/Medical) 0.033 1.886 1.054 3.376 <0.001 2.023 1.106 3.700
    Primary Diseases (Thoracic/General surgery/Neurosur-
gery/Cardiovascular Surgery/Orthopedics/Others)

0.096 1.096 0.984 1.211 0.987 0.997 0.655 1.517

*Cox proportional hazards regression model. HR, Hazard ratio; MV, mechanical ventilation, APACHE II, Acute Physiologic and Chronic Health 
Evaluation II.
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Figure 2. In both the medical (P = 0.006) (A) and surgical (P = 0.002) (B) subgroups, tracheostomy was related to 
enhanced 28-day ICU survival. Tracheostomy was associated with improved 28-day ICU survival in the admission 
APACHE II score ≥ 17 subgroup (P < 0.001) (C) compared with the APACHE II score < 17 subgroup (P = 0.513) (D).

Figure 3. Tracheostomy had no effect on 28-day ICU survival in patients with short-term MV (P = 0.890) (A), whereas 
tracheostomy significantly improved 28-day ICU survival (P < 0.001) in patients with prolonged MV (B).

cheostomy was related to a better 28-day ICU 
survival. On the other hand, in the high (P < 

0.001, Figure 2C) rather than the low (P = 
0.513, Figure 2D) APACHE II score subgroup, 
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tracheostomy was associated with improved 
28-day ICU survival. 

In patients with short-term MV, tracheostomy 
had no relationship to 28-day ICU survival (P = 
0.890, Figure 3A) and in patients with prolong- 
ed MV, tracheostomy resulted in significant- 
ly increased 28-day ICU survival (P < 0.001, 
Figure 3B).

Following stratified analyses in the PSM cohort, 
tracheostomy remained associated with impro- 
ved 28-day ICU survival in medical patients  
(P = 0.001) (see Additional File 4, Figure S1A), 
surgical patients (P < 0.001) (see Additional 
File 4, Figure S1B), patients with an admission 
APACHE II score ≥ 17 (P < 0.001) (see Additional 
File 4, Figure S1C) and in the prolonged MV  
subgroup (see Additional File 4, Figure S2A).

Discussion

In this retrospective study, we found that tra-
cheostomy was associated with better 28-day 
ICU survival in both the whole and PSM cohorts 
(HR 0.188 and 0.178, respectively; P < 0.001), 
and especially in more critically ill patients (AP- 
ACHE II score ≥ 17) and in medical or surgi- 
cal patients who had undergone prolonged MV 
(≥ 4 days). However, tracheostomy could result 
in prolonged MV time, LOSHOS, and LOSICU. These 
results are consistent with previous data [12, 
13, 33, 34] that indicate tracheostomy is relat-
ed to lower ICU and hospital mortality, in addi-
tion to longer MV time, LOSHOS, and LOSICU.

The impact of tracheostomy on survival is con-
troversial [15, 35]. Such uncertainty may result 
from the following reasons. First, the indication 
for tracheostomy is ambiguous. For instance, 
one of the major indications is “expected pro-
longed MV” which remains a variant among 
documents and guidelines [5]. In the current 
study, we found that in patients ventilated for  
≥ 4 days, tracheostomy benefitted survival 
when compared with endotracheal intubation 
(Figure 3B and Figure S2A). On the contrary, 
tracheostomy did not benefit survival in pa- 
tients ventilated for < 4 days (Figure 3A and 
Figure S2B). These finding, together with those 
of other researchers [23], indicate that ventila-
tion over 4 days is paramount for “prolonged 
MV”, and that tracheostomy should be consid-
ered by the intensivist after this point. 

However, it remains to be determined whether 
this 4 day timeframe is optimal for tracheosto-

my. Although tracheostomy timing has been 
shown to be crucial for patient survival [20,  
23, 25], there is little consensus [29]. In the 
current study, ET was not beneficial to survival 
when compared with LT, which supports previ-
ous studies [24, 28]. These results demon-
strate that tracheostomy should not be carried 
out within the first 4 ventilation days. 

Additional parameters, such as primary dis-
ease and disease severity, should be taken into 
account prior to tracheostomy. Previous stud-
ies have shown that trauma [14, 36], burn [16], 
and neurosurgical [28] patients had no survival 
benefits from tracheostomy, while tracheosto-
my reduced mortality for medical patients [4] 
and post-cardiac surgery patients [37]. 

Our stratified analyses showed that tracheos-
tomy increased survival in medical and surgical 
patients, and in critically ill patients (APACHE II 
score ≥ 17) (Figure 2). Hence, the decision to 
carry out a tracheostomy should be based on 
both the primary disease and disease severity. 
Conversely, in the short-term MV subgroup, 
mean APACHE II score of the tracheostomy 
patients was ≥ 17, higher than that of the intu-
bation patients. However, tracheostomy pro-
vided no benefit for patient survival. This result 
can be explained by the presumption that these 
patients were so ill that their survival was com-
promised in the ICU (median LOSICU: 122 hours), 
therefore the survival benefit of tracheostomy 
was attenuated. Hence, we believe that total 
ventilation time before tracheostomy and dis-
ease severity are related, therefore both fac-
tors should be considered for tracheostomy.

Because our study was retrospective, primary 
disease and disease severity were not evenly 
distributed (Table 1). PSM is a method utilized 
in previous studies to control confounding fac-
tors [15]. In the PSM cohort, all patient charac-
teristics were well-balanced (Table 1). Tracheos- 
tomy remained independently associated with 
better 28-day ICU survival (Table 3 and Figure 
1D). Following stratified analyses of the PSM 
cohort, both medical and surgical patients, and 
especially critically ill patients (APACHE II score 
≥ 17), survived longer following tracheostomy 
(Figure S1). In addition, tracheostomy was as- 
sociated with improved 28-day ICU survival in 
the prolonged MV subgroup (Figure S2A) com-
pared with the short-term MV group (Figure 
S2B) in the PSM cohort. These results reflect 
those of the whole cohort and support that tra-
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cheostomy practice should be based on prima-
ry disease and disease severity of these pro-
longed (≥ 4 days) ventilated patients.

Tracheostomy was also associated with pro-
longed MV time, LOSICU, and LOSHOS in the  
whole cohort, the PSM cohort, the prolong- 
ed MV subgroup, and the short-term MV sub-
group (Tables 1 and 2). Therefore, tracheosto-
my could be used in a number of indications 
[38]. Fortunately, our results and those of pre- 
vious studies indicate that ET can liberate pa- 
tients from MV earlier (Table 1) [4, 23, 28] and 
reduce both LOSHOS and LOSICU [23]. We there-
fore propose that when the decision to perform 
tracheostomy is made, the procedure should 
be carried out as early as possible after the first 
4 MV days.

The majority of previous studies on tracheos-
tomy are from developed western countries 
where high resource expenditures are sus-
tained [4, 12, 14, 24, 38]. This current study is 
one of only a few from a developing eastern 
country. We found that the MV time, LOSHOS, 
and LOSICU were lengthened after tracheosto-
my, together with higher hospital and ICU ex- 
penses (Table 1). Determining the merits (sur-
vival) and demerits (cost) of tracheostomy is 
intractable to the clinician. We found that for 
prolonged ventilated patients, there were no 
significant differences in hospital or ICU ex- 
penses between tracheostomy and intubation 
(Table 2). However, compared within tubation, 
tracheostomy reduced the daily hospital cost, 
ICU cost per hour, and ultimately the ICU- 
to-hospital expenses. Hence, we propose that 
proper selection of the candidate and timing  
of the procedure are paramount to success.

Although the present study is of clinical value, 
several limitations exist. First, although PSM 
was applied, the study was carried out retro-
spectively. Second, data for this study was 
obtained from only one centre in East China, 
therefore cannot reflect the current situation  
in other areas of China, especially central and 
western regions. Third, the sample size of this 
cohort was relatively small therefore patient 
heterogeneity was a major study limitation. The 
majority of patients were surgical, including 
those with sepsis after gastrointestinal per- 
foration and those in deep coma after severe 
intracranial hemorrhage. Consequently, the in- 
clusion of medical patients was low. Forth, we 

included patients in deep coma and those with 
UAO. These patients represent the “absolute” 
indication conditions for tracheostomy, there-
fore were tracheostomized shortly after intuba-
tion. In future studies, these patients should 
not be included in the study population. Con- 
sequently, a multicentre prospective study is 
being carried out to validate the current study.

Conclusions

The present study indicates that for surgical  
or medical patients with a higher APACHE II 
score, tracheostomy may provide survival ben-
efits; especially in patients ventilated for more 
than 4 days. For these patients, the decision to 
perform a tracheostomy should be made as 
early as possible and only carried out after the 
first 4 ventilation days. Furthermore, the proce-
dure should be individualized with respect to 
patient primary disease and pathology, patient 
preference, expected recovery course, risk of 
continued translaryngeal intubation, and surgi-
cal risks. 
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Additional Files

Additional File 1

Detail of the available clinical, physiological, and outcome data in the current study.

Patient data

We collected the following clinical, physiological, and outcome data for evaluation: age, gender, primary 
diagnosis, APACHE II score at the time of admission, LOSHOS, LOSICU, type of admission (surgical or medi-
cal, emergency or non-emergency), transfusion or not during ICU stay, and hospital expenses. Total 
number of ventilator days and the time to tracheostomy (defined as the total number of ventilator days 
before tracheostomy) were also documented.

Additional File 2

Indications for MV in the current study.

Indications for MV

Patient indications included: a) acute-on-chronic respiratory failure; b) coma; c) neuromuscular disease; 
and d) acute respiratory failure. Patients in the category of acute respiratory failure were further divided 
into the following subgroups: 1) acute respiratory distress syndrome; 2) postoperative state; 3) acute 
pulmonary edema/congestive heart failure; 4) aspiration; 5) pneumonia; 6) sepsis/septic shock; 7) trau-
ma; 8) cardiac arrest; and 9) other. 

Additional File 3

A detailed description for PSM construction.

Construction of PSM

A multivariable logistic regression model, including all available factors such as emergency admission, 
surgical/medical patients and APACHE II scores, was developed for the propensity score. Psmatch2 
macro in STATA 11.0 software (StataCorp LP, Texas) was used for PSM. The PSM and analytic methods 
used in this study incorporated aspects from several sources [1, 2]. The propensity score represented 
the tracheostomy probability of each patient, based on variables that were known or suspected as con-
founding factors regarding ICU survival. As a result, 84 tracheotomy and 100 paired intubated patients 
were selected.
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Additional File 4

Survival analyses of the PSM cohort. Admission subgroup (medical or surgical) and level of admission 
APACHE II score subgroup are shown in Figure S1. Figure S2 displays the comparison of prolonged and 
short-term MV subgroups.
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Figure S1. In the PSM cohort, relationship existed between tracheostomy and improved 28-day ICU survival in medi-
cal patients (P = 0.001) (A), surgical patients (P < 0.001) (B), and patients with an admission APACHE II score ≥ 
17 (P < 0.001) (C). Tracheostomy had no survival benefit for patients with an admission APACHE II score < 17 (P = 
0.689) (D).

Figure S2. Tracheostomy was associated with improved 28-day ICU survival in the prolonged MV subgroup (A) rather 
than in the short-term MV subgroup (B) in the PSM cohort.


