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Abstract

Background Although there have been many studies dealing with tracheostomy timing in trauma patients, the

optimal timing is still being debated. This study aimed to compare outcomes between early tracheostomy (ET) and

late tracheostomy (LT) in trauma populations to estimate the optimal timing of tracheostomy after intubation.

Methods We retrospectively reviewed the 5 years’ data of trauma patients who underwent tracheostomy during their

acute intensive care unit (ICU) stay. The cases were divided into two groups: ET was defined as tracheostomy

performed within 7 days after intubation, and LT, after the seventh day. Propensity score matching was utilized using

a 1-to-1 matching technique, and outcomes between two groups were compared.

Results Among 236 enrolled patients, 76 met the criteria for ET and 160 were included for LT. Using propensity

matching, 70 patients who met the criteria for ET were matched to 70 patients in the LT. Based on the comparison of

outcomes after matching, ET showed significantly shorter values than LT in overall ventilator duration, length of stay

at the ICU, and post-tracheostomy ventilation duration. Furthermore, the incidence of pneumonia was significantly

lower with ET than with LT, although the rate of postoperative complications showed no significant differences.

Conclusions We suggest that ET should be considered in trauma patients needing prolonged mechanical ventilation.

Also, we recommend that surgeons perform tracheostomy as early as within 7 days after intubation to not only reduce

the ventilation and ICU days but also prevent pneumonia without worrying about an increase in postoperative

complications.

Introduction

Tracheostomy is usually performed when the patient is

expected to experience prolonged endotracheal intubation

and mechanical ventilation. Two to eleven percent of

intensive care unit (ICU) patients requiring mechanical

ventilation undergo tracheostomy during hospitalization

[1]. Tracheostomy reduces oropharyngeal irrigation, mini-

mizes the work of breathing, secures airway patency,

decreases the risk of ventilator-associated pneumonia or

lung injury, and improves weaning from ventilator or

sedative drug use [2–6]. Particularly, trauma patients with

severe head or chest injury who need intubation and

mechanical ventilation for a long time often undergo
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tracheostomy for these advantages. Physicians, however,

should balance such benefits with risks of complications

such as bleeding, infection, nerve injury, and tracheal

damage. Furthermore, evidence on the benefits of tra-

cheotomy despite risks is necessary to influence both the

patient’s family and medical providers who are hesitant to

invasive procedures.

Although there have been several studies on tra-

cheostomy timing in critically ill patients, the optimal

timing is still controversial [7]. In some large multicenter

randomized controlled trials conducted recently [6, 8, 9],

tracheostomy timing was not associated with better out-

comes. Tracheostomy timing is also an issue with trauma

patients, who are a unique subpopulation of critically ill

patients. Some studies [10–12] showed positive results of

early tracheostomy (ET), whereas others [13, 14] did not.

Because the onset of illness is clear in injured patients,

unlike in medically ill patients, the timing of most surgical

procedures has been relatively well established for trauma

populations. Thus, we selected trauma patients who

underwent tracheostomy in our trauma center to estimate

the optimal timing of tracheostomy. We hypothesized that

ET within 7 days after intubation in trauma patients would

be more beneficial for outcomes without an increase in

postoperative complications than late tracheostomy (LT).

Materials and methods

Study design and setting

We reviewed data on trauma patients admitted to the ICU

of Ajou University Hospital who underwent tracheostomy

during their acute ICU stay. This tertiary hospital in Korea

has been running a trauma center equivalent to a level I

trauma center in the USA. Approximately 17,000 trauma

patients visit the emergency room and 500 major trauma

patients with an Injury Severity Score (ISS) of [15 are

admitted to the ICU annually. In this study, we included

patients C19 years who were admitted between January 1,

2011, and December 31, 2015; patients who received tra-

cheostomy during the initial treatment period for the injury;

and trauma patients who needed intubation within 2 days

after admission and underwent tracheostomy after the first

intubation. We excluded patients who were extubated and

re-intubated, who were \19 years old, who were re-ad-

mitted, who were intubated due to complications, with

underlying pulmonary disease such as asthma or chronic

obstructive pulmonary disease (COPD), with an uncertain

injury mechanism, and who were pulseless on arrival.

Based on medical records and history taking from the

patients and their family, we identified patients with

underlying pulmonary disease as those taking medications

for COPD or asthma and needing continuous follow-up at a

certain medical facility. Cases who were weaned from a

ventilator within a day after tracheostomy, who had severe

oro-maxillofacial injury and received tracheostomy solely

for securing the airway against their injuries were also

excluded.

Since our protocol recommends performing tra-

cheostomy within 7 days after placement of a mechanical

ventilator, the cases were divided into the ET group (tra-

cheostomy performed within 7 days after intubation) and

LT group (tracheostomy after the seventh day). All tra-

cheostomies were performed in the operating room by open

surgical technique. All surgeries were performed and crit-

ical care given by the trauma surgeons of our department.

This study was approved by the institutional review board

of Ajou University Hospital. Informed consent was waived

by the board because the study was observational.

Data collection and outcomes measurement

Data collected included demographic variables, vital signs

at admission, ISS, amounts of transfusion within 24 h after

admission, tracheostomy duration, ventilator days, ICU

length of stay (LOS), morbidity, and mortality. The fol-

lowing outcomes were compared between the two groups

and analyzed: (1) duration of mechanical ventilation

(overall time and time post-tracheostomy), (2) ICU LOS,

(3) rate of weaning success from a ventilator, (4) in-hos-

pital mortality, (5) pneumonia incidence, and (6) postop-

erative complications.

Tracheostomy timing was calculated (date of admission

coded as day 0), and ventilator days after tracheostomy

were counted (date of tracheostomy coded as day 0). Par-

ticularly, pneumonia was diagnosed based on fever,

leukocytosis or leukopenia, purulent sputum, abnormal

radiologic findings, and culture results that satisfied general

diagnostic criteria. We did not, however, necessarily apply

bronchoalveolar lavage for sputum culture to patients

suspected of having pneumonia according to the latest

guidelines [15]. Moreover, all cases of pneumonia were

confirmed by consulting a respiratory medicine and/or

infectious disease specialist, and the treatment was per-

formed with their close cooperation. Weaning success was

defined as discontinuation of the ventilator for [2 weeks,

and postoperative bleeding as a case that required addi-

tional surgical procedures for bleeding control. Stoma

infection was diagnosed when there was purulent discharge

with quantitative culture results of [105 colony-forming

units/mL. Meanwhile, vocal cord palsy or tracheal granu-

loma was diagnosed under a laryngo-fiberscope exam and

confirmed by ear, nose, and throat (ENT) doctors.
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Statistical analysis

To reduce selection bias, propensity score matching was

utilized using a one-to-one matching technique without

replacement. The propensity score was estimated using

logistic regression based on variables including age, sex,

systolic blood pressure at admission, Glasgow Coma Scale

(GCS) at admission, ISS, packed red blood cell (PRBC)

transfusion amounts within 24 h after admission, head

Abbreviated Injury Scale (AIS), and chest AIS. Continuous

data were expressed as median values and interquartile

ranges (IQR), and categorical data were presented as fre-

quencies and percentages. We selected variables that allow

for obtaining and confirming sufficient, reliable informa-

tion from our database after selecting the candidates based

on factors mentioned in previous studies [11, 12]. After

propensity matching, comparisons of variables and out-

comes between the ET and LT groups were performed

using the Mann–Whitney U test for continuous variables

and the Chi-square analysis or Fisher’s exact test (two-

sided) for categorical variables. All analyses were per-

formed using SPSS version 21.0 (IBM, Chicago, IL, USA).

Results

A total of 291 patients were enrolled, among which 55

were excluded: 34 with age \19 years, 12 with tra-

cheostomy for establishing airway against oro-maxillofa-

cial injury and weaning from a ventilator within 1 day after

the procedure, 5 pulseless cases who arrived at the emer-

gency department with an uncertain injury mechanism, and

4 with severe underlying lung disease (COPD). Thus, 236

patients were reviewed. The median age was 53 years (IQR

38–56), and 185 (78.4%) were male. The most common

mechanism of injury was motor vehicle traffic injury (144

patients, 61.0%), followed by falls (65, 27.5%). Only 6

(2.5%) were injured by a penetrating mechanism. Seventy-

six patients (32.2%) who underwent tracheostomy within

7 days after intubation met the criteria for ET, and the

remaining 160 (67.8%) were included in the LT group.

Using propensity scoring, 70 patients who met the criteria

for ET were matched to 70 patients in the LT group, pro-

viding a total sample of 140 patients for outcomes analysis

(Fig. 1). Prior to propensity score matching, the median

age, ISS, PRBC transfusion amounts within 24 h, and rate

of patients with head and chest AIS C 3 points were sig-

nificantly different between ET and LT (Table 1); the LT

group had more-severe injuries than the ET group. Hence,

the LT group had patients with older age, higher ISS, and a

higher rate for head and chest AIS. However, no significant

difference existed between the groups regarding age and

severity after propensity matching (Table 2).

Based on the comparison of outcomes between ET and

LT after propensity score matching (Table 3), ET patients

showed significantly shorter overall ventilator duration

(median, 14 days; IQR 9–25) and ICU LOS (median,

21 days; IQR 12–36) than LT patients [median, 35 days

(IQR 25–50), and median, 42 days (IQR 31–70), respec-

tively] (p\ 0.001). Ventilator duration after tracheostomy

was also significantly shorter with ET than with LT [me-

dian values, 13 days (IQR 5–23) vs. 17 days (IQR 9–30);

p = 0.046]. Moreover, the ET group tended to have a

better weaning success rate (91.4 vs. 81.4%), but there was

no significant difference (p = 0.084). There was also no

significant difference in in-hospital mortality between the

groups (14.3 vs. 18.6%; p = 0.494). Furthermore, pneu-

monia incidence was significantly lower with ET than with

LT (28 patients, 40%, vs. 46 patients, 65.7%; p = 0.002),

although the rate of postoperative complications showed no

significant differences between the groups. Stoma infection

(15.7 vs. 8.6%) and tube displacement (5.7 vs. 1.4%) were

more frequent with ET, but the differences were not sta-

tistically significant.

Discussion

Tracheostomy is usually performed in ICU patients with

prolonged intubation and mechanical ventilation. Although

tracheostomy is performed 10–21 days after intubation, the

optimal timing is still controversial. Several randomized

trials investigated the effect of ET, but the results were not

conclusive due to the heterogenous characteristics of

291 patients 
with tracheostomy

236 patients included

55 patients 
excluded

70 patients 70 patients

76 patients 160 patients

Early tracheostomy Late tracheostomy

Propensity score matching

Fig. 1 Study design and patients selection
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populations and ICU patients enrolled [6, 9, 14]. However,

several studies reported that ET might have benefits for

trauma patients [16]. A recent meta-analysis presented

strong evidence regarding the beneficial effect of ET on

ICU LOS, hospital LOS, mechanical ventilator days, and

pneumonia incidence [17]. Romeo et al. [18] demonstrated

Table 1 Characteristics of patients before propensity score matching

Characteristic ET (n = 76) LT (n = 160) p

Age, median [IQR], years 49 [34–63] 54 [42–66] 0.033

Male sex, n (%) 59 (77.6) 126 (78.8) 0.845

SBP at admission, median [IQR], mmHg 117 [96–143] 110 [88–139] 0.297

GCS at admission, median [IQR], points 11 [6–15] 9 [5–15] 0.345

ISS, median [IQR], points 22 [17–27] 27 [22–34] \0.001

Head AIS C 3, n (%) 30 (39.5) 88 (55.0) 0.034

Chest AIS C 3, n (%) 41 (53.9) 88 (55.0) 0.026

PRBC transfusion within 24 h after admission, median [IQR], units 3 [1–7] 7 [2–14] 0.002

ET early tracheostomy, LT late tracheostomy, IQR interquartile range, SBP systolic blood pressure, GCS Glasgow Coma Scale, ISS Injury

Severity Score, AIS Abbreviate Injury Scale, PRBC packed red blood cell

Table 2 Characteristics of patients after propensity score matching

Characteristic ET (n = 70) LT (n = 70) p

Age, median [IQR], years 51 [37–65] 54 [38–62] 0.796

Male sex, n (%) 55 (78.6) 55 (78.6) 1.000

SBP at admission, median [IQR], mmHg 118 [96–144] 119 [100–131] 0.627

GCS at admission, median [IQR], points 11 [6–15] 12 [7–15] 0.379

ISS, median [IQR], points 22 [17–27] 24 [17–30] 0.498

Head AIS C 3, n (%) 30 (42.9) 28 (40.0) 0.731

Chest AIS C 3, n (%) 38 (54.3) 38 (54.3) 1.000

PRBC transfusion within 24 h after admission, median [IQR], units 3 [0–7] 5 [0–12] 0.297

ET early tracheostomy, LT late tracheostomy, IQR interquartile range, SBP systolic blood pressure, GCS Glasgow Coma Scale, ISS Injury

Severity Score, AIS Abbreviate Injury Scale, PRBC packed red blood cell

Table 3 Comparison of outcomes after propensity score matching

Outcome ET (n = 70) LT (n = 70) p

Overall ventilator duration, median [IQR], days 14 [9–25] 35 [25–50] \0.001

Ventilator duration after tracheostomy, median [IQR], days 13 [5–23] 17 [9–30] 0.046

ICU LOS, median [IQR], days 21 [12–36] 42 [31–70] \0.001

Weaning success on ventilator, n (%) 64 (91.4) 57 (81.4) 0.084

In-hospital mortality, n (%) 10 (14.3) 13 (18.6) 0.494

Pneumonia, n (%) 28 (40.0) 46 (65.7) 0.002

Postoperative complications, n (%)

Bleeding 3 (4.3) 2 (2.9) 1.000

Stoma infection 11 (15.7) 6 (8.6) 0.196

Tube displacement or need for replacement 4 (5.7) 1 (1.4) 0.366

Vocal cord palsy 3 (4.3) 1 (1.4) 0.620

Granuloma formation in the trachea 2 (2.9) 2 (2.9) 1.000

ET early tracheostomy, LT late tracheostomy, IQR interquartile range, ICU intensive care unit, LOS length of stay

World J Surg (2018) 42:1742–1747 1745

123



that tracheostomy within 7 days of mechanical ventilation

shortened the duration of ventilation and ICU stay in

patients with spinal cord injury. Alali et al. [12] also

described that tracheostomy within 8 days from intubation

reduced the duration of ventilation, ICU LOS, and overall

hospital LOS in patients with traumatic brain injury.

Although there was no significant difference in mortality in

these studies, Hyde et al. [11] demonstrated that ET could

benefit trauma patients from shorter ICU LOS, fewer

ventilator days, and a lower incidence of ventilator-asso-

ciated pneumonia. In our study, ET was associated with

reduced mechanical ventilation duration and ICU LOS.

Another outcomes analysis also suggests that ET is asso-

ciated with lower pneumonia incidence. However, we did

not find a significant difference in mortality according to

tracheostomy timing. Our results are consistent with those

of several recent studies listed above [10–12], despite some

gaps in the subpopulations enrolled, the criteria for anal-

ysis, and the medical environment among these studies.

In this study, our definition of ET as tracheostomy

performed within 7 days after intubation was based on the

guidelines for tracheostomy timing made by the EAST

Practice Management Guidelines Work Group in 2009

[19]. We have been following the guidelines since 2011;

however, the recommended ET timing is conflicting. For

extreme examples, Rumbak et al. [20] defined ET as a

procedure performed within 2 days after intubation, while

Metha et al. [21] defined ET as within 21 days. Current

systematic reviews using meta-analysis showed that ET

timing was defined as generally within 5–10 days after

endotracheal intubation [22–24]. Another meta-analysis in

2017 showed that a number of included studies utilized the

7-day cutoff in classifying tracheostomy as ‘‘early’’ or

‘‘late’’ [17]. Although the optimal timing of tracheostomy

is not clearly established, a study showed that tracheostomy

timing was related to ventilator duration, success rate of

weaning from the mechanical ventilator, and ICU LOS

[25]. Hsu et al. [26] also demonstrated that tracheostomy

after 21 days from intubation was associated with weaning

failure and ICU mortality. Meanwhile, Keenan et al. [13]

reported that tracheostomy within 10 days after intubation

was related to mortality in trauma patients without head

injury. These findings make it difficult to confine the

specific time limit for tracheostomy in trauma patients,

especially due to numerous confounding variables associ-

ated with the outcomes.

Although we have been following the EAST guidelines

since 2011, we could not always require it due to concerns

from both the patient’s family and medical providers. Most

family members worry about the invasiveness of the pro-

cedure, occurrence of complications, and uncertainty of the

patient’s survival despite their responsibility to pay more

for medical care. Medical providers become too concerned

about potential postoperative complications, uncertainty of

weaning from a ventilator, extubation, and keeping patients

alive. Such concerns make trauma surgeons hesitate to

perform ET. We also aimed to investigate the reasons for

delaying tracheostomy compared with the protocol, but

could not obtain sufficient data. To improve limitations in

data collection and freedom to do prospective research on

applying invasive procedures in the clinical traumatology

field, we had to apply statistical methods.

Propensity scoring is useful in matching cases and

reducing selection bias in observational studies. Despite the

limitation of retrospectively collected data, we have com-

pared the outcomes between ET and LT after adjusting for

age and injury severity through such method. After

matching, nearly all postoperative complications showed

more frequency in the ET group, although the differences

were not statistically significant. This could be because in

the ET group, the procedure was performed on frailer and

more edematous tissues caused by severe inflammation,

before they even recovered from the catabolic stage of

injury. These results, nevertheless, could influence physi-

cians to perform tracheostomy within 7 days after intuba-

tion without worrying about postoperative complications in

patients requiring prolonged mechanical ventilation.

However, monitoring the incidence of stoma infection and

tube displacement and maintaining the integrity of the

stoma are highly necessary so as not to cancel out the

effectiveness of ET.

This study has several limitations. Firstly, this is a ret-

rospective review conducted on a small number of patients

at a single institution. Therefore, the generalizability of the

results is limited. However, the fact that all procedures and

critical care were administered by one team in accordance

with the same protocol could be an advantage in comparing

outcomes between groups within a cohort. Secondly, we

applied propensity score matching to create groups for

comparison, which could lead to missing out some con-

founding factors as we only used key variables for

propensity scoring. Thirdly, we did not investigate on why

tracheostomy was performed early or late. Thus, even if

other variables, such as the family members’ characteristics

and medical providers’ personal views, might be involved

in the decision of tracheostomy timing, we were not able to

check on them clearly. Lastly, the spectrum of patients in

the study was wide compared with those of several other

studies dealing with trauma populations. The number of

cases and the duration of data collection were not sufficient

for us to perform in-depth analysis of more-specific sub-

groups such as patients with severe head injury or spinal

cord injury. We only confined the sample by adjusting the

number of patients with head AIS and chest AIS.

Nevertheless, the study had some notable findings and

suggestions. ET within 7 days after intubation resulted in
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shorter ventilator duration and ICU LOS and lower pneu-

monia incidence without significant differences in postop-

erative complications. We therefore suggest that ET be

considered in trauma patients requiring prolonged

mechanical ventilation. Furthermore, we recommend that

trauma surgeons perform tracheostomy as early as within

7 days after intubation to not only reduce the ventilation

and ICU days but also prevent pneumonia without worry-

ing about an increase in postoperative complications.
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