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EDITORIAL Editorials represent the opinions
of the authors and JAMA and

not those of the American Medical Association.

Early vs Late Tracheotomy in ICU Patients
Damon C. Scales, MD, PhD
Niall D. Ferguson, MD, MSc

ENDOTRACHEAL INTUBATION IS THE MOST COMMON PRO-
cedureforairwaycontrolforpatientsrequiringmechani-
cal ventilation. Extubation is performed once patients
haveimprovedsothatmechanicalventilationcanbedis-

continued.Forpatientswhorequireprolongedmechanicalven-
tilation, replacement of the endotracheal tube with a trache-
otomy is often considered. The most common reason for tra-
cheotomyinsertionintheintensivecareunit(ICU)istoprovide
accessforprolongedmechanicalventilation.Fromobservational
data, between6%and11%ofmechanicallyventilatedpatients
receive a tracheotomy after a median of 9 to 12 days; however,
there issignificantvariabilityaroundbothpatientselectionand
timing.1-3

Tracheotomy practice is variable in large part because what
constitutes prolonged mechanical ventilation (ie, the optimal
timing for tracheotomy) is not known.4 Defining and predict-
ing the need for prolonged ventilation has been a major meth-
odologicalchallenge.Researchontracheotomytiminginvolves
evaluating a 2-part study question. First, is it possible to pro-
spectivelyidentifypatientswhowillrequireprolongedmechani-
calventilationandcouldpotentiallybenefit fromtracheotomy?
Second,doestracheotomyactuallyprovidebenefit for thesepa-
tients? The key challenge is to avoid performing tracheotomy
onpatientswhoareclosetoextubation(ie,anunnecessarypro-
cedure)orwhoarenot likely tosurvive(ie, a futileprocedure),
and instead find patients who might benefit.

The anticipated benefits of tracheotomy for patients un-
dergoing prolonged ventilation include improved patient com-
fort due to reduced oropharyngeal and laryngeal stimulation
(and possibly less damage to the larynx), which may in turn
reduce sedation requirements and possibly delirium. These
and other posited advantages, including improved pulmo-
nary toilet and decreased resistance to breathing, might ac-
celerate weaning from mechanical ventilation, decrease the risk
ofventilator-associatedpneumonia (VAP), andperhaps shorten
the duration of mechanical ventilation. Thus, early trache-
otomy in place of longer-term oral endotracheal intubation
could conceivably lead to desirable downstream effects in-
cluding shorter ICU and hospital stays, reduced costs, or even
lower mortality. The problem with routinely performing tra-
cheotomy early is that some patients who do not require tra-

cheotomy undergo an unnecessary procedure. In addition, the
presence of a tracheotomy may convey a sense of greater medi-
cal vulnerability and need, and could result in such patients
being transferred to long-term care facilities, when this oth-
erwise might have been avoided.1,2

In this issueof JAMA,Terragniandcolleagues5 report there-
sults of a trial of tracheotomy timing from 12 Italian ICUs in
patients with ongoing severe respiratory failure 24 hours after
intubation. Of 600 patients studied, 419 did not significantly
improveorworsenaccordingtostandardizedcriteriaevaluated
48 hours after enrollment. These patients were randomized to
receivepercutaneoustracheotomyafter6to8days(earlygroup)
or after 13 to 15 days (late group) of laryngeal intubation. The
primary endpoint was development of VAP; there was a statis-
ticallynonsignificanttrendtowardareductioninVAPwithearly
tracheotomy.However,evenif this trendwerereal(andthetrial
wasunderpoweredtoconfirmit), theclinicalbenefitwouldap-
pearsmall;earliertracheotomywasnotassociatedwithreductions
in mortality (at 28 days or 1 year) or hospital length of stay.

Although itmaybeseenas largelynegative, this study is im-
portantandhasseveral strengths. It is the largestpublishedtrial
todatetoevaluatetracheotomytiming.MonitoringforVAPwas
standardized and assessed by blinded adjudicators in an effort
tominimizeascertainmentbias.Comparedwithprevioustrials,
thealgorithmusedtopredictwhichpatientswouldrequirepro-
longed mechanical ventilation was explicit, stepwise, and rea-
sonablyaccurate.This is importantbecause the inability topre-
dict which patients will require ongoing mechanical ventila-
tionhasledtotheprematureterminationofsometrials,6whereas
unclear patient selection processes have limited the general-
izability of others.7 Even in the current trial by Terragni et al,5

many of the randomized patients (31% in the early group and
43% in the late group) did not undergo tracheotomy. The rea-
sons they did not were evenly split between actual or impend-
ing extubation vs actual or impending death. This reinforces
thepointthatastrategyofearlytracheotomyis inevitablyastrat-
egy of more vs fewer tracheotomy procedures.

This trial supports the findings of previous studies and
meta-analyses suggesting that earlier tracheotomy is un-
likely to reduce mortality.8,9 Even though ventilator-free days

See also p 1483.
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and ICU-free days (but not hospital stay) were both im-
proved, these endpoints are difficult to interpret and are less
important when mortality or overall costs are not reduced.
Other researchers have shown that cost savings for re-
duced ICU length of stay are small, especially if hospital
length of stay is unchanged.10 This trial also suggests that
tracheotomy timing does not affect the use of long-term care,
at least in the Italian health care system; similar numbers
of patients in each group required long-term care after hos-
pital discharge. This finding suggests that previous obser-
vations of increased long-term care use by patients who had
undergone tracheotomy are more likely associations by in-
dication, rather than causal.1,2

However, theeffectsof tracheotomytimingonresourceuse
inotherhealthcaresystems,includingtheUnitedStatesinwhich
long-stay ICU patients are frequently transferred to dedicated
weaning facilities, isunclear. In theUnitedStates, it ispossible
that thehealthcaresystemmaycontributetotheuseandtiming
of tracheotomy. For instance, patients who are ventilated for
96hoursandalsohaveatracheotomy,areassignedahigh-paying
diagnosis-relatedgrouping(003and004, formerly483).11 This
raises the possibility that an unintended consequence of cur-
rent compensation schemes may be to create an incentive for
performing earlier tracheotomies (ie, on or around day 4 of
mechanical ventilation). Given the documented differences
in resource use across health care systems for other aspects
of critical care,12 these and other questions related to trache-
otomy use remain interesting topics for future research.

Earlytracheotomymaybeassociatedwithotherbenefits,such
as improved patient comfort, that were not measured by this
trial. Clinical experience supports this contention, but objec-
tive data have been inconsistent.6,13 Thus, if the only remain-
ing benefit of earlier tracheotomy might be improved patient
comfort,buttheproceduredoesnotreduceVAP,hospital length
of stay, or mortality, these factors need to be weighed against
procedural risks and other disadvantages. In the trial by Ter-
ragni et al,5 39% of patients had procedural complications, al-
thoughtheseweremostlyminorandnonewerefatal.However,
there is a well recognized but infrequent incidence of serious
complicationsfromtheprocedure, includingtracheoinominate
artery fistula, posterior tracheal perforation, and death.14,15

Perhaps the most important finding from the study by Ter-
ragni et al5 is that despite best efforts to predict which patients
will require prolonged mechanical ventilation, many patients
were successfullymanagedwithout tracheotomy.Thiscreates
a compelling argument for waiting at least 2 weeks to be cer-
tain that a patient has an ongoing need for mechanical venti-
lation or assistance with pulmonary toilet before proceeding
totracheotomy.Therecentlycompletedbutasyetunpublished
TracMantrial,16 inwhich900patientswererandomlyassigned
to tracheotomywithin4daysvsafter10days,mayprovidead-
ditional informationtoguideclinicaldecisionmaking;prelimi-
narycommunicationssuggesttheresultswillbecongruentwith
thoseofTerragnietal.5 Futureresearchmightestablishwhether
other patient groups would benefit from the procedure, such

as patients with spinal cord injuries or head injuries who re-
quire little or no assistance from the mechanical ventilator yet
still require airway protection or pulmonary toilet, or patients
who have failed an attempt at primary extubation.

The study by Terragni et al5 in this issue of JAMA represents
animportantcontributiontocaringformechanicallyventilated
patients.Their algorithmforpredictingwhichpatientswill re-
quire prolonged mechanical ventilation is a step forward, and
could be adopted into clinical practice to help with prognos-
tication. The findings also serve as a reminder that in the com-
plexarenaof randomizedcontrolled trials in theICU,correctly
defining the target population is equally important as ensur-
ingotherkeymarkersofmethodologicalquality.Thistrialshould
convinceclinicians that routineearly tracheotomymost likely
will not lead to reduced VAP, shorter hospital stay, or lower
mortality. Most importantly, it shows that performing trache-
otomy for perceived weaning failure must be tempered by the
knowledgethatmanypatientswill improvewithadditionaltime.
Sometimes physicians just need to wait.
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TRACHEOTOMY IS A SURGICAL
procedure that is performed to
replace endotracheal intuba-
tion in patients who are ex-

pected to require prolonged mechani-
cal venti lat ion.1 Advantages of
tracheotomy include prevention of ven-
tilator-associated pneumonia (VAP),
earlier weaning from respiratory sup-
port, and reduction in sedative use.2-5

For editorial comment see p 1537.
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Context Tracheotomy is used to replace endotracheal intubation in patients requir-
ing prolonged ventilation; however, there is considerable variability in the time con-
sidered optimal for performing tracheotomy. This is of clinical importance because tim-
ing is a key criterion for performing a tracheotomy and patients who receive one require
a large amount of health care resources.

Objective To determine the effectiveness of early tracheotomy (after 6-8 days of
laryngeal intubation) compared with late tracheotomy (after 13-15 days of laryngeal
intubation) in reducing the incidence of pneumonia and increasing the number of ven-
tilator-free and intensive care unit (ICU)-free days.

Design, Setting, and Patients Randomized controlled trial performed in 12 Ital-
ian ICUs from June 2004 to June 2008 of 600 adult patients enrolled without lung
infection, who had been ventilated for 24 hours, had a Simplified Acute Physiology
Score II between 35 and 65, and had a sequential organ failure assessment score of 5
or greater.

Intervention Patients who had worsening of respiratory conditions, unchanged or
worse sequential organ failure assessment score, and no pneumonia 48 hours after
inclusion were randomized to early tracheotomy (n=209; 145 received tracheotomy)
or late tracheotomy (n=210; 119 received tracheotomy).

Main Outcome Measures The primary endpoint was incidence of ventilator-
associated pneumonia; secondary endpoints during the 28 days immediately follow-
ing randomization were number of ventilator-free days, number of ICU-free days, and
number of patients in each group who were still alive.

Results Ventilator-associated pneumonia was observed in 30 patients in the early
tracheotomy group (14%; 95% confidence interval [CI], 10%-19%) and in 44 pa-
tients in the late tracheotomy group (21%; 95% CI, 15%-26%) (P=.07). During the
28 days immediately following randomization, the hazard ratio of developing ventilator-
associated pneumonia was 0.66 (95% CI, 0.42-1.04), remaining connected to the ven-
tilator was 0.70 (95% CI, 0.56-0.87), remaining in the ICU was 0.73 (95% CI, 0.55-
0.97), and dying was 0.80 (95% CI, 0.56-1.15).

Conclusion Among mechanically ventilated adult ICU patients, early tracheotomy
compared with late tracheotomy did not result in statistically significant improvement
in incidence of ventilator-associated pneumonia.

Trial Registration clinicaltrials.gov Identifier: NCT00262431
JAMA. 2010;303(15):1483-1489 www.jama.com
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Although the use of tracheotomy has
increased in recent years by nearly
200%,6 analysis of a large database
showed considerable variation in the
timing and incidence of trache-
otomy.7 This observation is of clinical
importance because timing is a key cri-
terion for performing a tracheotomy
(many clinicians use a specific time win-
dow8) and patients who receive a tra-
cheotomy require a large amount of
health care resources.9

A consensus conference recom-
mended performing tracheotomy after
3 weeks of endotracheal intubation.10

Although this timescale for trache-
otomy is widely used,11,12 observa-
tional studies have reported that tra-
cheotomies performed earlier may be
associated with quicker weaning from
mechanical ventilation.13,14 However,
randomized controlled trials have
failed to confirm this observation.
Rumbak et al15 showed that trache-
otomy within 2 days of hospital
admission reduced the mortality rate,
occurrence of pneumonia, and length
of intensive care unit (ICU) stay com-
pared with tracheotomy performed
after 14 to 16 days of endotracheal
intubation. Blot et al16 showed that
mortality, duration of mechanical ven-
tilation and ICU stay, and incidence of
infections did not differ between
patients randomized to receive a tra-
cheotomy within 4 days following
onset of mechanical ventilation and
those randomized to maintain endo-
tracheal intubation for at least 14 days.

The current study examined the hy-
pothesis that tracheotomy performed af-
ter 6 to 8 days of endotracheal intuba-
tion compared with tracheotomy
performed after 13 to 15 days of endo-
tracheal intubation would reduce the
incidence of VAP.

METHODS
From June 2004 to June 2008, pa-
tients were recruited from 12 Italian
ICUs. Review boards approved the pro-
tocol and patients or their proxy (the
family or the referring physician not in-
volved in the study) provided written
consent.17

Patients were enrolled in the study
if they were older than 18 years, had
been mechanically ventilated for acute
respiratory failure for 24 hours, had a
Simplified Acute Physiology Score II be-
tween 35 and 65,18 had a sequential or-
gan failure assessment (SOFA) score
equal to or greater than 5,19 and did not
have a pulmonary infection (esti-
mated by a Clinical Pulmonary Infec-
tion Score [CPIS] of !6).20,21 Patients
were excluded from the study if they
had chronic obstructive pulmonary dis-
ease; an anatomical deformity of the
neck (including thyromegaly) and cer-
vical tumors; a history of esophageal,
tracheal, or pulmonary cancer; previ-
ous tracheotomy; soft tissue infection
of the neck; hematological malig-
nancy; or were pregnant.

Forty-eight hours after enrollment,
patients were randomized to receive a
tracheotomy after 6 to 8 days of endo-
tracheal intubation (early trache-
otomy group) or after 13 to 15 days of
endotracheal intubation (late trache-
otomy group) if (1) PaO2 was less than
or equal to 60 mm Hg with a fraction
of inspired oxygen (FIO2) of at least 0.5
and a positive end-expiratory pres-
sure (PEEP) of at least 8 cm H2O; (2)
an attending physician not involved in
the study determined that the acute
clinical condition requiring ventila-
tory support was still unresolved; and
(3) the SOFA score remained equal to
or greater than 5.19 Patients were not
randomized if (1) there was improve-
ment in respiratory conditions (iden-
tified as a PaO2 "60 mm Hg, a FIO2 of
!50%, and a PEEP of !8 cm H2O) and
the attending physician determined that
the acute clinical condition had re-
solved that had required the mechani-
cal ventilation; (2) pulmonary infec-
tion as estimated by the CPIS score was
greater than 620,21; or (3) there was a
moribund state or death.

Tracheotomy was not performed if
one of the following a priori–defined
conditions occurred: improvement in
oxygenation (identified as a PaO2 "60
mm Hg, a FiO2 !50%, and a PEEP !8
cm H2O) and the attending physician
determined that the acute clinical con-

dition resolved that had required the
mechanical ventilation; moribund state
or death; intracranial pressure greater
than 15 mm Hg and/or cerebral perfu-
sion pressure less than 60 mm Hg22; or
platelet count of 50 000 cells/µL or less,
activated partial thromboplastin time or
prothrombin time longer than 1.5 sec-
onds, or bleeding time greater than
twice normal in the 24 hours prior to
the scheduled tracheotomy. Patients
randomized to the early or late trache-
otomy group who did not receive the
planned procedure were still included
in the final analysis due to the intention-
to-treat design.

The following adverse events asso-
ciated with tracheotomy during the
28-day study period were classified as
(1) intraoperative: minor bleeding (ie,
bleeding that could be controlled by
digital pressure), significant bleeding
(ie, any bleeding event that required
the administration of 1 unit of packed
red cells), difficult tracheotomy tube
placement (ie, requiring "2 attempts
at insertion during primary placement
procedure), hypoxemia (ie, oxygen
saturation of !90% for "90 seconds),
arrhythmia, and cardiac arrest; and
(2) postoperative: stoma inflamma-
tion, stoma infection, minor bleed-
ing, major bleeding, pneumothorax,
subcutaneous emphysema, tracheo-
esophageal fistula, or cannula dis-
placement or need for cannula re-
placement.23

The presence of VAP was defined
using the simplified CPIS.21 A score of
0, 1, or 2 is given for tracheal secre-
tions, chest x-ray infiltrates, tempera-
ture, leukocyte count, ratio of PaO2 to
FIO2 of 0 or 2 (or evidence of acute res-
piratory distress syndrome), and mi-
crobiology.21 A CPIS of greater than 6
was considered to indicate the pres-
ence of VAP.21,24 The CPIS score was cal-
culated at study entry, immediately be-
fore randomization, and every 72 hours
until day 28 from randomization.19 The
CPIS also was used before performing
scheduled tracheotomy. A clinician
blinded to patient allocation looked at
the clinical charts remotely and evalu-
ated the nonobjective components of

TRACHEOTOMY FOR PREVENTION OF PNEUMONIA IN THE ICU
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the CPIS (quality of secretions, chest
x-ray, evidence of acute respiratory dis-
tress syndrome). The SOFA score was
calculated using the most abnormal
value for each of the 6 organ systems
and was calculated at admission and be-
fore randomization.

The primary outcome variable was
the 28-day cumulative incidence of
VAP calculated from the date of ran-
domization. Secondary outcome vari-
ables during the 28 days immediately
after randomization were number of
ventilator-free days (calculated from
the date of randomization to the date
of the first period of spontaneous
breathing that lasted #48 consecutive
hours25); number of ICU-free days
(calculated from the date of random-
ization to the date of ICU discharge);
and number of patients in each group
who were still alive. Long-term out-
come was evaluated in the 2 trache-
otomy groups as (1) hospital length of
stay and (2) need for long-term care
facility after hospital discharge. Mor-
tality at 1 year from randomization
was evaluated by attempting to con-
tact study patients who had been dis-
charged alive.

To limit the effects of management
heterogeneity among centers on out-
come variables, all patients were placed
in the semirecumbent position,26,27 and
weaning from mechanical ventila-
tion28 and use of sedatives and analge-
sics29 were restricted according to the
study protocols. The choice of tech-
nique and the location for trache-
otomy (bedside vs operating room)
were not determined by the study pro-
tocol.

Concealed randomization was con-
ducted centrally using a computer-
generated randomization schedule.
Based on previous data,30 the pre-
dicted incidence of VAP was 30%. The
trial was designed to enroll 320 pa-
tients to demonstrate a 35% relative re-
duction in VAP from 30% to 20%, with
an $ level of .05, and a power level of
80%, assuming that some of the pa-
tients randomized to each group would
not receive a tracheotomy. All analy-
ses were conducted on an intention-

to-treat basis. Values are reported as
mean (standard deviation) or median
(interquartile range). Comparisons be-
tween groups (early vs late trache-
otomy) and between different study
times were conducted using the %2 test,
Fisher exact test, paired and unpaired
2-tailed t test, and the Wilcoxon signed
rank test. Kaplan-Meier curves were
compared using the log-rank test. Cu-
mulative incidence of VAP was com-
pared using the Gray test31 and death
was considered a competing event.32

The hazard ratios were calculated using
the Cox and Fine and Gray models. The
proportional hazards assumption for the
use of these models was evaluated by
graphic evaluation of scaled Schoenfeld-
type residuals. A probability of .05 on
a 2-sided test was regarded as signifi-
cant. Stata software version 9.2 (Stata-
Corp, College Station, Texas) and R
software version 2.5.0 (package cmprsk;
open source) were used for all statisti-
cal analyses.

RESULTS
Of the 600 enrolled patients, 419 pa-
tients were randomized to receive an

early tracheotomy (n=209) or a late
(n=210) tracheotomy (FIGURE 1). Of
the 209 patients randomized to the early
tracheotomy group, 145 patients re-
ceived a tracheotomy after a mean (SD)
of 7 (1) days of endotracheal intuba-
tion. Of the 210 patients randomized
to the late tracheotomy group, 119 pa-
tients received a tracheotomy after a
mean (SD) of 14 (1) days of endotra-
cheal intubation. Analyses were con-
ducted on the intention-to-treat popu-
lation of 419 patients.

Baseline characteristics at admis-
sion or before randomization did not
differ between the 2 groups. At ran-
domization, type of admission was
medical for 40% of the early trache-
otomy group compared with 36% of the
late tracheotomy group, 8% vs 10%, re-
spectively, for scheduled surgery, 41%
vs 45% for unscheduled surgery, and
11% vs 9% for trauma. At randomiza-
tion, the SOFA score increased and oxy-
genation parameters significantly wors-
ened in both tracheotomy groups
(TABLE 1).

All tracheotomies were performed at
the bedside using percutaneous tech-

Figure 1. Flow of Patients in the Study

600 Patients enrolled

209 Included in primary analysis 210 Included in primary analysis

209 Randomized to receive early tracheotomy
after 6-8 d of endotracheal intubation

210 Randomized to receive late tracheotomy
after 13-15 d of endotracheal intubation

181 Excluded
92 Improvement in respiratory condition
65 Moribund state or death
24 Pulmonary infection

145 Received early tracheotomy as assigned 119 Received late tracheotomy as assigned

64 Did not receive early tracheotomy
as assigned
36 PaO2 >60 mm Hg with a FIO2 <50% 

and PEEP <8 cm of H2O and resolved 
acute clinical conditions requiring 
mechanical ventilation

18 Moribund state or death
10 Intracranial pressure >15 mm Hg

and/or cerebral perfusion pressure
<60 mm Hg

91 Did not receive late tracheotomy
as assigned
42 PaO2 >60 mm Hg with a FIO2 <50% 

and PEEP <8 cm of H2O and resolved 
acute clinical conditions requiring 
mechanical ventilation

43 Moribund state or death
6 Intracranial pressure >15 mm Hg

and/or cerebral perfusion pressure
<60 mm Hg

419 Randomized

FIO2 indicates fraction of inspired oxygen; PEEP, positive end-expiratory pressure.
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niques33 (technique by Griggs et al34 in
72% of the early group and 73% of the
late group; and percutwist tech-

nique35 in 25% of the early group and
22% of the late group). Adverse events
associated with tracheotomy are indi-

cated in TABLE 2. Thirty-nine percent
of the patients in both tracheotomy
groups (57 patients in the early group
and 46 patients in the late group) ex-
perienced an adverse event.

FIGURE 2 shows the Kaplan-Meier
curves for cumulative incidence of VAP
according to whether patients were ran-
domized to early or late tracheotomy.
VAP was observed in 30 patients in the
early tracheotomy group (14%; 95%
confidence interval [CI], 10%-19%) and
in 44 patients in the late tracheotomy
group (21%; 95% CI, 15%-26%)
(P=.07).

The numbers of ventilator-free and
ICU-free days and the incidences of suc-
cessful weaning and ICU discharge were
significantly greater in patients ran-
domized to the early tracheotomy group
compared with patients randomized to
the late tracheotomy group; there were
no differences between the groups in
survival at 28 days (TABLE 3). The haz-
ard ratio of developing VAP was 0.66
(95% CI, 0.42-1.04), remaining con-
nected to the ventilator was 0.70 (95%
CI, 0.56-0.87), remaining in the ICU
was 0.73 (95% CI, 0.55-0.97), and dy-
ing was 0.80 (95% CI, 0.56-1.15).

The median hospital length of stay
was 31 days (interquartile range, 17-49
days) in the early tracheotomy group
and 32 days (interquartile range, 18-59
days) in the late tracheotomy group.
Data on mortality at 1 year and need for
a long-term care facility were ob-
tained in 292 patients who left the hos-
pital alive (144 in the early group and
148 patients in the late group). In the
early group, 72 patients (50%; 95% CI,
41%-61%) survived to 1 year com-
pared with 63 patients (43%; 95% CI,
34%-52%) in the late group (P=.25).
Admission to a long-term care facility
was required by 56 patients (39%) in
the early group and 53 patients (36%)
in the late group (P=.92).

COMMENT
The present study shows that trache-
otomy performed after 6 to 8 days of
endotracheal intubation did not result
in a reduced incidence of VAP com-
pared with tracheotomy performed af-

Table 1. Characteristics of the Study Populationa

Early Tracheotomy
(n = 209)

Late Tracheotomy
(n = 210)

At enrollment
Age, mean (SD), y 61.8 (17.4) 61.3 (16.8)
Male sex, No. (%) 138 (66.0) 142 (67.6)
SAPS II score, mean (SD)b 51.1 (8.7) 49.7 (8.6)
SOFA score, mean (SD)c 7.9 (2.6) 7.6 (2.9)
PaO2, mean (SD), mm Hg 123 (50) 123 (54)
FIO2, mean (SD) 0.52 (0.17) 0.53 (0.19)
PEEP, mean (SD), cm H2O 6.1 (3.6) 6.6 (3.4)
Primary organ failure, No. (%)

Respiratory 96 (45.9) 99 (47.1)
Central nervous system 48 (22.9) 54 (25.7)
Cardiovascular 51 (24.4) 42 (20.0)
Renal 11 (5.3) 10 (4.8)
Coagulation 3 (1.4) 5 (2.4)

At randomization, mean (SD)
SOFA score 10.1 (1.3)d 9.8 (1.5)e

PaO2, mm Hg 76 (14)d 73 (13)f

FIO2 0.64 (0.10)d 0.68 (0.11)f

PEEP, cm H2O 9.4 (1.2)f 9.3 (1.1)d

Abbreviations: FIO2, fraction of inspired oxygen; PEEP, positive end-expiratory pressure; SAPS II, simplified acute physi-
ological score; SOFA, sequential organ failure assessment score.

aComparisons between early and late tracheotomy groups were not statistically significant (%2 test, unpaired 2-tailed
t test, or Wilcoxon signed rank test.

bAn index of the severity of illness (score range, 0-163; higher values indicate greater severity).
cAn index of the extent of organ failure in the respiratory, cardiovascular, hepatic, coagulation, renal, and neurological

systems (score range, 0-24; higher values indicate greater severity of organ failure).
dP=.04 (paired 2-tailed t test or Wilcoxon signed rank test).
eP=.02 (paired 2-tailed t test or Wilcoxon signed rank test).
fP=.03 (paired 2-tailed t test or Wilcoxon signed rank test).

Table 2. Potential Adverse Events Associated With Tracheotomya

No. (%) of Patients

Early Tracheotomy
(n = 145)

Late Tracheotomy
(n = 119)

Intraoperative
Minor bleeding 2 (1) 3 (3)
Significant bleeding 0 0
Tube dislocation 2 (1) 3 (3)
Hypoxemia 7 (5) 5 (4)
Arrhythmia 0 0
Cardiac arrest 0 0

Postoperative
Stoma inflammation 22 (15) 18 (15)
Stoma infection 9 (6) 7 (6)
Minor bleeding 8 (5) 6 (5)
Major bleeding 3 (2) 3 (3)
Pneumothorax 1 (!1) 0
Subcutaneous emphysema 1 (!1) 0
Tracheoesophageal fistula 0 1 (!1)
Cannula displacement

or need for replacement
2 (1) 0

Total 57 (39) 46 (39)
aComparisons between early and late tracheotomy were not statistically significant (%2 test or Fisher exact test).
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ter 13 to 15 days of endotracheal intu-
bation.

Prolonged endotracheal intubation is
known to be associated with airway tis-
sue trauma, infection, patient discom-
fort, and need for high doses of seda-
tion.36,37 Tracheotomy (the procedure
that creates temporary or persistent ac-
cess to the trachea) is commonly per-
formed to replace endotracheal intu-
bation in ICU patients who are expected
to require prolonged mechanical ven-
tilation3,4 because it provides access to
the airway that is more stable and bet-
ter tolerated than endotracheal intuba-
tion and facilitates pulmonary secre-
tions, oral feeding, and patient
communication.3,4,38 The National As-
sociation of Medical Directors of Res-
piratory Care recommended that tra-
cheotomy should replace endotracheal
intubation in patients who still re-
quire mechanical ventilation 3 weeks
after admission; and noted that iden-
tification of the optimal time for a tra-
cheotomy to be performed is one of the
most important criteria when decid-
ing to perform the procedure.10 Intro-
duction of percutaneous tracheotomy
techniques into clinical practice39 has
made the procedure possible at the bed-
side without the need for surgeons or
an operating room.23 Percutaneous tra-
cheotomy techniques also have in-
creased in use in the ICU by nearly
200%.6

Analysis of the US National Trauma
Databank showed that the rates and
timing of tracheotomy varied signifi-
cantly across ICUs.7 A preconceived
notion of efficacy (in the absence of
any evidence to support an optimal
time for a tracheotomy) has been

advocated to explain this discrepancy
between the widespread use of trache-
otomy and its inconsistent and non-
homogenous clinical use.38 This may
be of particular clinical importance
because patients receiving a trache-
otomy require a large amount of
health care resources after the proce-
dure.9,14,40

A prospective randomized trial that
included 120 patients reported that per-
forming tracheotomy within 2 days of
admission was associated with halv-
ing the 30-day mortality rate, a re-
duced occurrence of pneumonia, and
a shortened ICU length of stay com-
pared with performing tracheotomy
within 14 to 16 days of admission.15 A
later meta-analysis noted that perform-
ing a tracheotomy up to 7 days after ini-
tiation of endotracheal intubation short-
ened the duration of mechanical
ventilation and length of stay in the ICU
but did not affect outcome compared
with tracheotomies performed later.41

A more recent clinical trial that in-
cluded 123 patients showed that mor-
tality, duration of mechanical ventila-
tion, duration of ICU stay, and
incidence of infections did not differ be-
tween patients randomized to receive
a tracheotomy within 4 days follow-
ing onset of mechanical ventilation and
those in whom endotracheal intuba-
tion was maintained for at least 14
days.16

Our study estimated the need for pro-
longed ventilation by severity of ill-
ness and need for ventilatory support
required to obtain predefined oxygen-
ation criteria. These criteria selected pa-
tients who at study enrollment had a
mean (SD) Simplified Acute Physiol-

ogy Score II of 50.8 (8.2) and had an
increase in SOFA score at randomiza-
tion and a worsening in respiratory
parameters. Ferreira et al19 recently
demonstrated that mortality in pa-
tients matching these criteria ranged be-
tween 35% and 40%. Under these cir-
cumstances and in contrast to previous
trials,15,16,41 almost two-thirds of the
screened patients were randomized and
underwent the scheduled trache-
otomy. Patients who, although ran-
domized, did not actually receive a tra-
cheotomy were included in the final
analysis because of the intention-to-
treat design.

We chose the 28-day cumulative in-
cidence of VAP as the primary out-
come variable. Occurrence of VAP was
evaluated with a score that combines
objective (temperature, ratio of PaO2 to
FIO2, leukocyte count, and microbiol-
ogy findings) and nonobjective (qual-
ity of secretions, chest x-ray interpre-

Figure 2. Development of
Ventilator-Associated Pneumonia According
to Whether Patients Received an Early or a
Late Tracheotomy
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Table 3. Secondary Endpoints in the Early and Late Tracheotomy Groups
Early Tracheotomy

(n = 209)
Late Tracheotomy

(n = 210) P Valuea

No. of days at 28 d, median (IQR)
Ventilator-free 11 (0-21) 6 (0-17) .02
ICU-free 0 (0-13) 0 (0-8) .02

Successful weaning, No. (%) [95% CI], % 161 (77) [71-82] 142 (68) [61-74] .002
ICU discharge, No. (%) [95% CI], % 101 (48) [42-55] 82 (39) [32-46] .03
Survival at 28 d, No. (%) [95% CI], % 154 (74) [68-80] 144 (68) [63-75] .25
Abbreviations: CI, confidence interval; ICU, intensive care unit; IQR, interquartile range.
aP values are 2-tailed (Wilcoxon signed rank test, log-rank test, and Gray test).
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tation, evidence of acute respiratory
distress syndrome) components.20,21,24

To minimize the potential bias of the
latter on evaluation of the primary out-
come variable, we had the nonobjec-
tive components of the score evalu-
ated by clinicians who were blinded to
patient allocation and who looked at the
clinical charts remotely (without physi-
cally examining or having contact with
the patient).

Thirty patients (14%; 95% CI, 10%-
19%) had VAP in the early trache-
otomy group and 44 patients (21%; 95%
CI, 15%-26%) had VAP in the late tra-
cheotomy group (P=.07). This 33% risk
reduction was therefore smaller than
planned and did not reach statistical sig-
nificance because the observed inci-
dence of VAP in the late tracheotomy
group was less than that predicted.
Moreover, only 69% of the patients ran-
domized to the early tracheotomy group
and 57% of the patients randomized to
late tracheotomy group actually re-
ceived a tracheotomy.

Another possible explanation is that
there is really no improvement from
earlier tracheotomy. Results of the pres-
ent study show that while anticipating
a tracheotomy for 1 week decreased the
need for ventilatory support and ICU
admission, planning an earlier trache-
otomy (1) increased the number of pa-
tients who received a tracheotomy (69%
of the patients randomized to the early
group vs 57% of the patients random-
ized to the late group); (2) did not de-
crease the incidence of VAP; (3) did not
influence hospital length of stay, mor-
tality at 1 year, and need for care at a
long-term health facility; and (4) in-
creased the number of patients poten-
tially exposed to the adverse events re-
lated to the tracheotomy.

In conclusion, our data show that in
intubated and mechanically venti-
lated adult ICU patients with a high
mortality rate, early tracheotomy (per-
formed after 6-8 days of endotracheal
intubation) did not result in a signifi-
cant reduction in incidence of VAP
compared with late tracheotomy (per-
formed after 13-15 days of endotra-
cheal intubation). Although the num-

ber of ICU-free and ventilator-free days
was higher in the early tracheotomy
group than in the late tracheotomy
group, long-term outcome did not dif-
fer. Considering that anticipation for
tracheotomy of 1 week increased the
number of patients who received a tra-
cheotomy, and more than one-third of
the patients experienced an adverse
event related to the tracheotomy, these
data suggest that a tracheotomy should
not be performed earlier than after 13
to 15 days of endotracheal intubation.
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