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Background: Whether early tracheotomy can improve the clinical outcomes of critically ill
patients remains controversial. The current study aimed to discuss the potential benefits of early
tracheotomy compared to late tracheotomy with meta-analysis of observational researches.
Methods: An electronic search (up to February 28, 2013) was conducted by a uniform
requirement and then clinical data satisfying the predefined inclusion criteria were extracted.
Results: Data from a total of 2037 subjects were included from six observational retrospective
studies. Meta-analysis suggested that early-tracheotomy was associated with significant
reductions in mortality (odds ratio [OR], 0.77; 95% confidence interval [CI], 0.62-0.96), duration
of mechanical ventilation(MV) (mean difference: -10.04; 95% CI [-15.15, -4.92]), length of
intensive care unit (ICU) stay (mean difference: -8.80; 95% CI [-9.71, -7.89]) and length of
hospital stay (mean difference: -12.18; 95% CI [-18.25, -6.11]). However, as compared with
late-tracheotomy, early-tracheotomy did not reduce the incidence of ventilation associated
pneumonia. Conclusions: Our meta-analysis of retrospective observational studies suggests that
early tracheotomy performed between days 3 and 7 after intubation had some advantages
including decreased mortality, reduced length of ICU stay, length of hospital stay and MV

duration in ICU patients.
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Introduction

Tracheotomy was originally an usual procedure that was performed in only 6% of critically
ill patients for the purpose of prolonged mechanical ventilation (MV) or airway surport.”” The
development of the percutanecous dilatation technique allowed physicians to perform
tracheotomies at the bedside, rather than in an operating room, which dramatically increased the
number performed.>* There are several advantages associated with tracheotomy, such as efficient
suction of secretion and easier nursing care, greater comfort and less sedation administration,
smaller dead space and lower airway resistance, et al.>®’ Complications relative to tracheotomy
included stomal infection and hemorrhage, tracheal stenosis, and occasionally death due to
innominate artery rupture.”®

However, whether early tracheotomy is more advantageous than late tracheotomy or
prolonged intubation remains controversial. In 1989, The National Association of Medical
Directors of Respiratory Care has published a recommendation based solely on expert opinion
that tracheotomy should be performed in patients who still required artificial ventilation 21 days
after admission.” However, tracheotomy timing often depended on the physician’s individual
views, clinical conditions and the opinions of the patient’s relatives. In a retrospective study
conducted by Freeman that included 2473 patients, tracheotomy was performed after an average
of 9 days of ventilatory support.” Meta-analyses published in recent years were mainly based on
randomized control trials that did not find any major benefits of early tracheotomy, especially for
mortality outcomes. "2

Although some observational studies published in the past several decades have been
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designed as prospective cohort or retrospective case-control studies, these have not been
included in larger analyses. Here, we aimed to systematically review available observational
studies and perform a meta-analysis to investigate the relationships between tracheotomy timing
and clinical outcomes of critically ill patients.
Methods

Search Source and Strategy

We performed an electronic search (up to February 28, 2013) using the following key
words: [tracheotomy] AND [intensive care unit OR critically ill patients] with no restriction on
subheadings. Relevant studies were identified by searching the following data sources:
MEDLINE (Ovid), EMBASE, J-STAGE, the Cochrane Library (Cochrane Central Register of
Controlled Trials), Global Health, International Pharmaceutical Abstracts, ISI Web of Science,
the China National Knowledge Internet, and the grey literature (SIGLE) databases. The reference
lists of all retrieved studies were checked for other potentially relevant citations.

Selection Criteria

Studies were included in the present meta-analysis if they met all the following criteria: (1)
they assessed critically ill patients who were admitted to intensive care units (ICUs); (ii) they
compared early tracheotomy (< 7 days) with late tracheotomy (>7 days); (ii1) they were written in
English; and (iv) they included prospective or retrospective observational study design. We
selected 7 days as a cutoff point because the median time from onset of MV to tracheotomy in
most of observational studies was between 3 and 7 days. .Most of randomized control trials also

selected <7 days as the cutoff point."?
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Quality Assessment and Data Extraction

The two authors (L.S. and P.H.) independently and blindly selected trials according to the
inclusion criteria. The quality assessment was omitted. Next,, we extracted information from
published reports using a standardized protocol and reporting form: study design, first author’
family name, year of publication, number of enrolled patients, targeted population, original
country, tracheotomy timing, and available endpoints. If there were several mortality endpoints,
we selected those with longer follow-up results. For example, among ICU mortality, hospital
mortality, 90-day mortality, 1-year mortality, we chose 1-year mortality as the final endpoint
event. Duration of MV was measured as the time from translaryngeal intubation to weaning
day/night or death, length of ICU stay was measured as time from admission/transfer to ICU to
discharge from ICU or death, and hospital stay length was measured as the time from admission
to hospital to discharge from hospital or death. Ventilation associated pneumonia (VAP) was
defined using respective diagnosis criteria. Disagreement was resolved by discussion and
arbitration by a third author (Yu-Guo Chen) if necessary.

Statistical Analysis

RevMan  5.0.25  software, developed by the Cochrane  Collaboration

(http://www.cc-ims.net/revman), was used for the meta-analysis. Heterogeneity between selected

articles was tested with use of the inconsistency index (/%) and chi-square tests. Statistically
significant heterogeneity was considered present when a chi-square P < 0.10 and I*> 50%. We
applied the fixed-effects model when there was no statistically significant difference between the

results and the random-effects model was applied when there was a significant difference.
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Publication bias was evaluated with using funnel plots and the fail-safe number (Ng). Any
calculated Ng value smaller than the number of observed studies indicated a publication bias that
might influence the meta-analysis results. We calculated the Ny .05 according to the following
formula: Ngoos =0 2/ 1.64)2 —k, where k is the number of reports of studies included in the
meta-analysis.
Results
A total of 11 observational studies about tracheotomy timing were identified through the

14-17
were excluded because the data were not

electronic database search and four of them
available. A study conducted by Scales and colleagues was also excluded because they selected
10 days as the cutoff.'’® Ultimately, six retrospective observational studies including 2037

subjects were pulled together, and the data extracted.'***

The detailed characteristics of subjects,
and therapy information of the eligible studies are listed in Table 1.

We did not observe heterogeneity with regard to mortality or VAP outcomes (P=0.76,
P=0%; P=0.40, [220%), so a fixed-effects models were used to analyze these variables. However,
heterogeneity was found in terms of MV duration, lengths of ICU and length of hospital stays, so
random-effects models were employed for their analysis (P<0.00001, ’=100%; P<0.00001,
P=92%; P<0.00001, ’=99%).

Clinical Endpoint Events

The risk of mortality, length of ICU stay, length of hospital stay and MV duration differed
between the early tracheotomy groups and late tracheotomy group (Figures 1-4). Mortality

19,20,22-24

events were reviewed for five trials. The risk of mortality in the early tracheotomy group
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was significantly lower than that in late tracheotomy (26.1% vs. 29.8%, respectively; relative
risk [RR] 0.77, 95% confidence interval [CI] (0.62-0.96); p=0.02; Figure 1). MV duration in

20,21,23,24

four trials was shorter in the early tracheotomy group than in the late tracheotomy group

(mean difference: -10.04 days, 95% CI (-15.15, -4.92), p=0.0001; Figure 2). The length of ICU

19-21,23,24

stay was included in five trials and was shorter in the early tracheotomy group compared

to the late group (mean difference: -8.8 days, 95% CI (-9.71, -7.89), p<0.00001; Figure 3). The

length of hospital stay was described in five trials™>"?***

and again it was shorter in the early
tracheotomy group (mean difference: -12.18 days, 95% CI (-18.25, -6.11), p<0.00001; Figure 4).
There was no significant difference in VAP prevalence between early and late tracheotomy
groups in three trials (11.6% vs. 11.0%, respectively; Odds Ratio [OR] 0.71, 95% confidence
interval [CI] (0.48-1.04); p=0.08; Figure 5).”****

Publication Bias

We constructed a funnel plot to identify possible publication bias of the five trials in terms
of mortality events (Figure 6). The funnel plot showed no publication bias for studies included in
the meta-analysis in terms of mortality. We also calculated the Ng o5 for each endpoint event and
found the Ngo 05 values for length of ICU stay, length of hospital stay, MV duration, VAP and
mortality were greater than the number of studies included in the meta-analysis.

Discussion
This was the first meta-analysis that pulled data from observational studies to assess the

impact of tracheotomy timing on clinical outcomes of critically ill patients. The great discovery

of this updating review was that patients that underwent early tracheotomy had a 12% lower
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mortality rate compared to those who underwent late tracheotomy. Conversely, previously
published reviews'®*? did not find any survival benefit with respect to early tracheotomy. Earlier
reviews were all based on randomized controlled trials. Other retrospective analyses drew the
same conclusions. In the study conducted by Freeman that included 43,916 critically ill patients,
patients undergoing tracheotomy had a lower a mortality rate than nontracheotomy patients.”
Scales and colleagues compared early (< 10days) and late (> 10days) tracheotomies in another
retrospective study involving 10927 patients and found significant reductions for unadjusted
90-days, 1-year mortality and study mortality in early tracheotomy groups.’® One might ask why
well-designed, prospectively trials were unable to identify an effect on survival outcome. Firstly,
it was difficult to distinguish the population of interest who really required prolonged intubation
or MV and inclusion criteria were quite variable. In randomized controlled trial (RCT) research,
it is possible that some low-risk patients who did not really need a tracheotomy eventually
underwent the procedure, and the potential benefit of early tracheotomy may have been diluted.”
Secondly, in the observational studies, judgment of tracheotomy performance depended on
clinical team’ discussions and individual opinions. Conversely, the selection of tracheotomy in
retrospective studies reflected the real clinical status and perhaps critically ill patients in
observational studies really needed the procedure when it was performed. Third, RCTs generally
had small samples due to difficulties associated with implementing this type of study, whereas
observational studies had larger samples and in the present analysis, a total of 2037 subjects were
enrolled.

The present meta-analysis also found other advantages such as decreased MV duration,
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ICU length of stay and hospital length of stay, which was in accordance with conclusions from

other meta-analysis based on RCTs.'o"

Freeman et al. determined that tracheotomy timing
correlated significantly with MV duration, ICU length of stay and hospital length of stay in a
study where tracheotomy timing was considered as a consecutive parameter.” Therefore, the
advantages of resources and time savings should be interpreted as a consensus. We found that
early tracheotomy can shortened MV by about 10 days, which greatly reduces the need for
nursing care and medical expenditures. The average cost of ICU patients requiring MV was
$ 3968 per day according to research conducted by Dasta et al.?® Therefore, the overall
cost-saving of early tracheotomy compared with late tracheotomy could reach $ 40000 based on
our finding of 10 days reduction of MV time. Reduction of ICU length of stay and hospital
length of stay would also mean saving of ICU cost burden and medical resources.

With regard to VAP, neither our research based on observational studies nor meta-analyses
based on RCTs found evidence that early tracheotomy can influence the rate of VAP. Other

27,28 .
“® However, we did

studies also failed to demonstrate timing of tracheotomy in relation to VAP.
observe a trend toward reduced VAP when tracheotomy was performed between days 3 and 7
(Odds Ratio [OR] 0.71, p=0.08). Whether even earlier tracheotomy (before day 3) would have
additional benefits remained unclear.. In a study conducted by Rodriguez et al., patients who
underwent tracheotomy within the first 48 hours had significantly decreased likelihoods of
developing VAP.*® It was difficult to interpret the controversial results of numerous studies

because of varying definition of VAP. Several factors may explain the possible mechanisms of

negative result. Performing a tracheotomy destroys the natural structure of the airway, which
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affects its ability to protect the respiratory system. For example, the cough reflex is greatly
attenuated because the glottis is inactive.*® In ICUs circumstance, frequent invasive handling or
air contaminated with pathogenic microorganisms may counteract the benefits of tracheotomy
such as pulmonary toilet or convenient nursing care.

This study has several limitations. The definition of mortality differed among studies,
varying from ICU to 1-year mortality. The detailed VAP diagnostic criteria were not mentioned
in all of the studies analyzed, and it was unclear whether VAP was diagnosed before or after

tracheotomy.”?>%*

With regard to MV duration, the lack of a uniform weaning protocol also
confused the interpretation of the data. Finally, because the database was not suitable,
posthospitalization events and resource expenditures could not be specifically examined.

Although the conclusions drawn from observational studies were less convincing
comparing RCTs in evidence-based medicine, the benefits of early tracheotomy were obvious
and critical care physicians should carefully consider them when encountering the optimal timing
of tracheotomy. Based on our findings, we recommended that tracheotomy be performed
between days 3 and 7 once the decision had been made.
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Figure Legends

Figure 1. Meta-analysis of five observational studies estimating the impact of early tracheotomy
on mortality event compared late tracheotomy. CI, confidence interval; RCT, randomized
controlled trial; M-H, Mantel-Haenszel.

Figure 2. Meta-analysis of four observational studies estimating the impact of early tracheotomy
on duration of mechanical ventilation compared to late tracheotomy. CI, confidence interval;
RCT, randomized controlled trial; IV: inverse variance.

Figure 3. Meta-analysis of five observational studies estimating the impact of early tracheotomy
on ICU stay length compared to late tracheotomy. CI, confidence interval; RCT, randomized
controlled trial; .IV: inverse variance.

Figure 4. Meta-analysis of five observational studies estimating the impact of early tracheotomy
on hospital stay length compared to late tracheotomy. CI, confidence interval; RCT, randomized
controlled trial; IV: inverse variance.

Figure 5. Meta-analysis of three observational studies estimating the impact of early
tracheotomy on VAP compared to late tracheotomy. CI, confidence interval; RCT, randomized
controlled trial, VAP, ventilation associated pneumonia; M-H, Mantel-Haenszel.

Figure 6. Funnel plot of of publication bias in terms of mortality.
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Table 1 Chief characteristics of studies included in the Meta-analysis

Armstrong Arabi Moller Flaatten Zagli Tong
study etal.” etal.?’ etal. X! etal.” etal.” etal
Year of publication 1998 2004 2005 2006 2010 2012
Country USA Saudi Arabia USA Norway Italy USA
Study design Single-certer Single-certer Multi-center Single-certer Single-certer Single-certer
retrospective retrospective retrospective retrospective retrospective retrospective
Number of cases 157 136 185 461 506 592
Mean age,years 39 31 52 53 55 68
Men, n(%) 75 91 62 NA 71 52
Timing of
tracheotomy
Early < 6 days <7 days <7 days < 6 days <3 days <day 7
Late =17 days >7 days >7 days > 6 days >3 days > 7 day
Study population ventilator-dependent Trauma  ICU Surgical ICU ICU patients Emergency ICU nontrauma ICU
trauma patients patients patients patients  requiring patients
MV
Available end-points  ICU/hospital LOS, DMV, ICU and hospital DMV, ICU/hospital VAP, DMV, DMV, ICU/hospital
Mortality ICU/hospital LOS, DMV, VAP LOS, ICU/hospital LOS, LOSMortality, VAP
LOS, Mortality Mortality Mortality
Type of tracheotomy  open surgery PDT PDT or open PDT or open surgery PDT open surgery
surgery

El: endotracheal intubation; MV: mechanical ventilation; LTC: laryngeal and tracheal complication; LOS: length of stay; DMV: Duration of MV; VAP:

ventilator- associated pneumonia; NA: not available; PDT: percutaneous dilational tracheotomy; VFD: ventilator-free days; ICU: intensive care unit
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early-tracheotomy late-tracheotomy Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% CI
Armstrong et al. 7 62 11 95 4.3% 0.971]0.36, 2.66] 1998
Arabi et al. 5 29 15 107 3.0% 1.28[0.42, 3.87] 2004
Flaatten et al. 78 230 94 231 346%  0.75[051,1.09] 2006 — &
Zagli et al. 63 256 72 250  30.7% 0.81[0.54, 1.20] 2010 — &
Tong et al. 3 128 150 464  27.5% 0.67[0.43, 1.05] 2012 — &
Total (95% CI) 705 1147 100.0%  0.77[0.62, 0.96] <
Total events 184 342 . . . . . .

Heterogeneity: Chi? = 1.46, df = 4 (P = 0.83); 1= 0%
Test for overall effect: Z=2.31 (P = 0.02)

I I I
01 02 05 1 2 5 10
Favours early-tracheotomy  Favours late-tracheotomy

Figure 1.
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early-tracheotomy  late-tracheotomy Mean Difference Mean Difference

Study or Subgroup  Mean  SD Total Mean  SD Total Weight IV, Random, 95% CI Year IV, Random, 95% Cl
Arabi et al. 96 12 29 187 13 107 261%  -9.10[9.60,-8.60] 2004 .
Moller et al. 12209 8 29 13 104 251% -9.70[-10.02,-9.38] 2005 .
Zagli etal. 133 96 256 167 83 260 246%  -3.40[-4.96,-1.84] 2010 '
Tong etal. 215 186 128 393 13 464 251% -17.80[-18.14,-17.46] 2012 '
Total (95% Cl) 494 925 100.0% -10.04 [15.15, -4.92] ¢

e Tan2 = 97 (5 Chi2 = - 2= 400 } % % {
Heterogeneity: Tau? = 27.05; Chi? = 1521.45, df = 3 (P < 0.00001); I* = 100% 10 0 0 5 0

Test for overall effect: 2 = 3.85 (P = 0.0001)

Figure 2.
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Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% Cl
Armstrong et al. 15 12 62 29 26 95 21% -14.00[-20.02,-7.98] 1998 -
Arabi et al. 109 12 29 2113 104 274% -10.10(-10.60,-9.60] 2004 "
Moller et al. 167 1 8 2613 104 288% -9.30[-9.63,-8.97] 2005 i
Zaglietal. 169 131 256 208 92 250 124% -3.90[-5.87,-1.93] 2010 "
Tong et al. 175 14 128 263 07 464 293% -8.80[-9.05,-8.55] 2012 "
Total (95% Cl) 556 1017 100.0% -8.80[-9.71,-7.89] ‘

Heterogeneity: Tau? = 0.72; Chi?= 51.41, df = 4 (P < 0.00001); I*= 92%

Test for overall effect: Z = 19.00 (P < 0.00001) 0 0 ’ % 100

Favours early-tracheotomy  Favours late-tracheotomy

Figure 3.
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early-tracheotomy late-tracheotomy Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Armstrong et al. 33 24 62 68 48 95 13.0% -35.00[-46.35,-23.65] 1998 -
Arabiet al. 101 19 29 105 7 107 181%  -4.00[-11.04,3.04] 2004 il
Moller et al. 238 12 81 334 17 104 238% -9.60[-10.02,-9.18] 2005 "
Zagliet al. 415 266 256 426 231 250 21.3% -1.10[-5.44, 3.24] 2010 b
Tong et al. 359 26 128 543 16 464 23.8% -18.40[-18.87,-17.93] 2012 "
Total (95% Cl) 556 1020 100.0% -12.18 [-18.25, -6.11] ¢

i 2= - Chi2 = = - 2 = 09 f T
Heterogeneity: Tau? = 40.23; Chi? = 797.14, df = 4 (P < 0.00001); I*= 99% 400 50 0 50 100

Test for overal effect 2= 3.93 (P < 0.0001) Favours experimental  Favours control

Figure 4.
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early-tracheotomy late-tracheotomy Odds Ratio Odds Ratio
Study or Subgroup Events Total Events  Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% ClI
Moller et al. 22 81 44 104 451%  0.51[0.27,0.95] 2005 —
Zagli et al. 29 256 31 250 447%  0.90[0.53,1.55] 2010 —
Tong etal. 3 128 15 464 102%  0.72[0.20,2.52] 2012 I
Total (95% Cl) 465 818 100.0%  0.71[0.48,1.04] <&
Total events 54 0

Heterogeneity: Chi2 = 1.86, df = 2 (P = 0.40); I = 0%

Test for overall effect: Z=1.77 (P = 0.08)

Figure 5.
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