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Montpellier, France

J.-M. Korach
Medical-surgical ICU,
Centre Hospitalier,
Chalons-en-Champagne, France

M.-A. Costa
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Saint-Etienne, France

L. Holzapfel
Medical-surgical ICU, Centre Hospitalier,
Bourg en Bresse, France

A. Tenaillon
Medical-surgical ICU, Centre Hospitalier
Sud Francilien, Evry, France

A. Laplanche
Biostatistics Unit, Institut Gustave Roussy,
Villejuif, France

Abstract Objective: Although
several advantages are attributed to
tracheotomy in ICU patients requiring
mechanical ventilation (MV), true
benefits and the optimal timing of tra-
cheotomy remain controversial. In this
study, we compared early tracheotomy
(ET) with prolonged intubation (PI) in
severely ill patients requiring
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prolonged MV. Design: Prospec-
tive, randomized study.
Setting: Twenty-five medical and
surgical ICUs in France. Patients:
Patients expected to require
MV [ 7 days. Measurements and
results: Patients were randomised to
either (open or percutaneous) ET
within 4 days or PI. The primary end-
point was 28-day mortality. Secondary
end-points were: the incidence of ICU-
acquired pneumonia, number of d1-
d28 ventilator-free days, time spent in
the ICU, 60-day mortality, number of
septic episodes, amount of sedation,
comfort and laryngeal and tracheal
complications. A sample size of 470

patients was considered necessary to
obtain a reduction from 45 to 32% in
28-day mortality. After 30 months,
123 patients had been included
(ET = 61, PI = 62) in 25 centres and
the study was prematurely closed. All
group characteristics were similar
upon admission to ICU. No difference
was found between the two groups for
any of the primary or secondary end-
points. Greater comfort was the sole
benefit afforded by tracheotomy after
subjective self-assessment by patients.
Conclusions: The trial did not dem-
onstrate any major benefit of
tracheotomy in a general population of
ICU patients, as suggested in a

previous meta-analysis, but was
underpowered to draw any firm con-
clusions. The potential advantage of
ET may be restricted to selected
groups of patients.
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Introduction

A tracheotomy is usually proposed to facilitate airway
management of intensive care unit (ICU) patients
requiring prolonged mechanical ventilation (MV). How-
ever, despite decades of experience, there is still
controversy over its specific indications, techniques, and
timing [1]. Physician attitudes regarding tracheotomy are
heterogeneous across units and the reasons for performing
or withholding a tracheotomy are often exclusively based
on personal convictions [2].

Tracheotomy is purported to offer several advantages:
an early tracheotomy (ET) could avoid complications of
trans-laryngeal intubation such as laryngeal injury, facil-
itate nursing care and weaning off MV and improve
patient comfort [3–6]. A study in critically ill medical
patients showed that early percutaneous tracheotomy was
associated with reduced mortality and morbidity, and
shorter MV and ICU durations [5]. However, a subsequent
meta-analysis challenged the mortality benefit of ET [7].

We previously showed that practices regarding tra-
cheotomy were highly heterogeneous. This was a strong
incentive to conduct a prospective comparison of pro-
longed trans-laryngeal intubation (PI) and ET in
unselected mechanically ventilated patients [2]. We hy-
pothesised that ET, as compared to PI, could reduce the
28-day mortality rate, the duration of MV and the inci-
dence of pneumonia in critically ill patients.

Patients and methods

Study design

This prospective randomized unblinded non-sponsored
study was performed between April 2002 and September

2004 in 25 medical, surgical or medical-surgical ICUs in
France [8]. The protocol was approved by the Ethics
Committee, Kremlin Bicêtre, France. Written informed
consent was obtained from all patients or their relatives.

The main goal was to demonstrate that ET performed
before the end of the fourth calendar day of MV allowed a
reduction in the 28-day mortality. Secondary end-points
(see below) included the incidence of infectious compli-
cations, the duration of MV and length of ICU stay, day
60 and hospital mortality rates, laryngeal and tracheal
complications, and patient comfort.

Patients

ICU patients who were intubated and who had been
mechanically ventilated for less than 4 days were eligible if
they met the following criteria: (1) older than 18 years; (2)
written consent available; (3) expected duration of
MV [ 7 days (clinical predictors of prolonged MV were
provided to the investigators [9–12] for information, but the
appreciation of these criteria was left to their clinical
judgment).

To optimise the external validity of the trial, exclusion
criteria were minimal (previous tracheotomy or enrolment
in the trial, major risk of bleeding, infection or anatomical
deformity of the neck, severe respiratory insufficiency or
neurological failure, and high severity of illness scores
[13, 14], see details in the Electronic Supplementary
Material).

Randomisation

Patients were randomly assigned to ET or PI, using a
centralised computerised system before the fourth day of
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MV. Randomisation was stratified (minimisation) by the
participating centre, type of admission (medical, sched-
uled surgery and unscheduled surgery), MV for
neurological failure or not, and MV for exacerbated
chronic obstructive pulmonary disease (COPD) or not.

Tracheotomy procedure

In the ET group, the choice of the type (percutaneous or
surgical) and location (bedside—in surgical aseptic con-
ditions—versus operating room) of procedure was left to
the physician. No instructions were given for routine
timing of cannula changes. After weaning off MV, the
cannula had to be removed as soon as possible and within
48 h. If required due to the clinical course, a delayed
tracheotomy was permitted for patients in the PI group,
but after at least 14 days of MV.

Ventilation, weaning and sedation protocol

In both groups, weaning off MV was conducted according
to current French recommendations [15] [daily T-piece
trials or pressure support ventilation (PSV), see supple-
mentary material]. Patients meeting weaning criteria were
extubated or placed on a tracheotomy collar. Weaning
failure was defined as the need, within 48 h, for reintu-
bation or reconnection to the ventilator.

Sedation was monitored by nurses 4–6 times per day
using the sedation-agitation scale (SAS) [16], to
maintain the patient calm and cooperative or slightly
sedated (i.e. scores 3–4), depending on severity. If
sedation was deemed too deep, the dose of sedatives
was decreased by 50%. Two sedatives (propofol or
midazolam) and two narcotics (fentanyl or sufentanil)
were recommended.

Data collection

Demographic, physiological and radiographic features,
characteristics of MV and co-existing conditions were
recorded on admission to the ICU and at the time of
randomisation. Severity of illness and radiological scores
were calculated [13–18].

End-points and follow-up

The primary end-point was death at 28 days. Secondary
end-points included: d28 incidence of ICU-acquired
pneumonia and duration of MV, d60 and hospital mor-
tality rates, the total duration of MV, infectious
complications (other than pneumonia) during the first
28 days, early laryngeal and tracheal complications,

sedation requirements during the first 28 days and patient
comfort.

ICU-acquired pneumonia

Respiratory samples were obtained when a new episode
of ICU-acquired pneumonia was clinically suspected [19].
The diagnosis of pneumonia was established by positive
quantitative cultures of pulmonary secretion samples [20–
23] (ESM). All charts were finally reviewed by four of the
investigators, blinded to the treatment arm, in order to
classify the episodes as definite, probable or pneumonia
excluded.

Infectious complications (other than pneumonia)

Episodes of bloodstream infections were recorded during
the first 28 days. Stomal complications were recorded for
patients who underwent tracheotomy (ESM). Maxillary
sinusitis was not systematically investigated; neverthe-
less, clinical suspicion of sinusitis and any
complementary investigations were recorded.

Laryngeal and tracheal complications

Early (1–5 days after extubation or cannula removal)
laryngeal and tracheal examinations were performed by
an ENT specialist. The number of patients presenting at
least one symptom (swallowing disorders, dysphonia,
dyspnoea) was recorded. These patients underwent a
laryngeal and/or tracheal fiberoptic assessment. Late
(2 months) complications were also sought whenever
possible, with systematic fiberoptic assessment.

Sedation requirements during the first 28 days

The number and type of drugs used, cumulative daily
doses, and the lowest and highest SAS scores were
recorded on a daily basis. The cumulative doses of each
drug used, and the median lowest and highest SAS scores
during MV were compared between the two groups.

Comfort

Comfort was self-evaluated using a questionnaire dis-
tributed to each conscious patient between the end of MV
and ICU discharge. Results were expressed according to a
numerical scale from 1 (acceptable) to 10 (unbearable). In
addition, objective comfort criteria evaluated on d28 and
d60 included the time of the first transfer from bed to
chair, first oral feeding and speech recovery.

1781



Statistical analyses

Based on data obtained in French ICUs [24], we assumed
that the day-28 mortality rate of patients who were
mechanically ventilated 7 days or more would approxi-
mate 45%. In order to demonstrate an absolute decrease in
day 28 mortality from 45 to 32% with ET, 234 patients
were required in each group to reach a power of 80% with
a type one error of 5% (two-sided test, Casagrande and
Pike method [25]). The study was expected to be com-
pleted within 3 years.

Results are expressed as percentages or medians
(range) and the two groups were compared using non
parametric tests. For survival or time-dependent end-
points, the randomisation date was the beginning of the
follow-up and the corresponding rates were calculated
using the Kaplan–Meier method [26] and Rothman’s 95%
confidence intervals [95%CI] [27]. When a specific event-
free rate was estimated, patients who died before the
occurrence of the event of interest were censored at the
date of their death. Survival and event-free curves were
compared using the logrank test [28] and results are
expressed with the hazard ratio (HR) of events for ET
versus PI with their 95%CI. We performed an intention-
to-treat analysis. All tests were two-sided. P values were
only reported for significant differences at the 5% level.
SAS 8.02 software (SAS Institute Inc., Cary, NC, USA)
was used for statistical analyses.

After about 2 years, only 123 patients had been
included in 25 centres and the study was prematurely
interrupted and analysed.

Results

Patient and tracheotomy characteristics

Between May 2002 and September 2004, 61 and 62
patients were enrolled in the ET and PI groups, respec-
tively (Fig. 1) [29]. A questionnaire sent to all the
investigators at the end of the study revealed that only 10–
20% of the patients assessed for eligibility were actually
included. The four main reasons for non inclusion were:
difficulties in anticipating MV lasting [ 7 days, team
reluctance to follow the protocol, difficulties in organising
an early tracheotomy, refusal of consent. None of the
patients were lost to follow-up.

The characteristics of the 123 patients were similar at
ICU admission (Table 1) and at the time of randomisation
(ESM). Two-thirds of patients were medical ICU patients,
and half of them had two organ failures upon ICU
admission.

One of the 61 patients randomised to the ET group
died before the tracheotomy. Sixteen of the 62 patients
randomised to the PI group had a delayed tracheotomy.

Tracheotomies were most often performed at the bedside
in the ICU, by intensivists using a surgical technique
(ESM).

Outcome measures

Mortality

On d28, 12 patients (20%; 95%CI: 11–31) and 15 patients
(24%; 95%CI: 15–36) had died in the ET and PI groups,
respectively (Table 2). On d60, 16 patients (27%; 95%CI:
17–39) and 15 patients (24%; 95%CI: 15–36) had died in
the ET and PI groups, respectively. Actuarial survival did
not differ between the two groups (P = 0.62, Fig. 2), and
the hazard ratio (95%CI) of death for ET versus PI was
1.17 (0.63–2.17).

Mechanical ventilation, endotracheal prosthesis

The median (range) duration of MV during the first
28 days was not significantly different at 14 (2–28) and
16 (3–28) days in the ET and PI groups, respectively
(ESM Fig. 3). The total duration of MV (Table 2) and the
number of accidental extubations were also similar
(respectively 5 and 10%).

Infectious complications

Thirty and 31 patients experienced at least one episode of
definite or probable pneumonia (day 28 incidence [95%

123 Randomised 

61 Assigned to Early 
Tracheotomy (ET)

62 Assigned to Prolonged 
Intubation (PI)

0 Lost to Follow-up 0 Lost to Follow-up

61 Included in Analysis 62 Included in Analysis

One died before the 
tracheotomy

16 had a delayed 
tracheotomy

Fig. 1 Patient flow diagram
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CI]: 67% [49%–81%] and 59% [43%–73%]; median time
to occurrence: 17 and 18 days, in the ET and PI groups,
respectively). The ICU-acquired pneumonia curves did
not differ between the groups [P = 0.94; HR = 0.98
(95%CI: 0.60–1.62)] (ESM, Fig. 4).

The day 28 incidence rates of bloodstream infections
[HR = 1.43 (95%CI: 0.68–3.03)] and sinusitis
[HR = 0.63 (95%CI: 0.21–1.92)] did not differ between
the two groups (Table 2).

Sedation

The level of sedation and amount of sedatives used during
the first 28 days was similar in the two groups (Table 2).

Laryngeal and tracheal complications

Early assessment was performed in 85% of the success-
fully weaned patients (Table 3). Laryngeal symptoms
(such as swallowing disorders or dysphonia) and abnor-
malities at laryngeal examination were not significantly
reduced by ET. The only benefit was observed at the time

of late assessment (30% of survivors at 2 months), when
ET was associated with a significant reduction of lar-
yngeal symptoms (one vs. seven patients, P = 0.01)
(ESM).

Comfort

More than half of the surviving and conscious patients
(ET group, 23; PI group, 22) completed the self-eval-
uation questionnaire. Most of the criteria evaluated
were in favour of tracheotomy, and all patients
who had undergone both trans-laryngeal intubation and
early or late tracheotomy considered that the tracheot-
omy was the most comfortable technique (Table 4).
There was no difference regarding time to transfer from
bed to chair, oral feeding and speech recovery
(Table 4).

When our results were added to those of the meta-
analysis published by Griffiths et al. [7], no benefit could
be demonstrated for hospital mortality, incidence of
pneumonia and duration of MV (see ESM).

Table 1 Patient characteristics
on admission to ICU, n (%) Early tracheotomy (n = 61) Prolonged intubation (n = 62)

Male 45 (74%) 43 (69%)
Age, yearsa 55 (19–88) 58 (20–88)
Main comorbidities
COPD 6 (10%) 7 (11%)
Cardiac insufficiency 6 (10%) 0 (0%)
Cancer 8 (13%) 12 (19%)

Type of admission
Medical 40 (66%) 40 (65%)
Scheduled surgery 2 (3%) 4 (6%)
Unscheduled surgery 19 (31%) 18 (29%)
MacCabe score A/B/C 43/16/2 (70%/26%/3%) 47/8/7 (76%/13%/11%)

Performance status
Normal activity 15 (25%) 16 (26%)
Almost normal activity 25 (41%) 23 (37%)
Bedridden \50% of day time 7 (11%) 4 (6%)
Bedridden [50% of day time 4 (7%) 2 (3%)
Bedridden 100% of day time 10 (16%) 17 (27%)

Main reason for admission
Respiratory failure 21 (34%) 20 (32%)
Circulatory failure 4 (7%) 5 (8%)
Neurology 13 (21%) 15 (24%)
Trauma 11 (18%) 12 (19%)
Sepsis 9 (15%) 5 (8%)
Other 3 (5%) 5 (7%)

Number of organ failures
0 0 1 (2%)
1 11 (18%) 15 (24%)
2 30 (49%) 30 (48%)
3 14 (23%) 14 (23%)
4 6 (10%) 2 (3%)

SAPS IIa 50 (17–103) 50 (15–96)

a Median (range)
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Discussion

This is the first large multicentre randomised trial com-
paring early tracheotomy and prolonged trans-laryngeal
intubation in mechanically ventilated patients. The results
(no apparent benefits for mortality, duration of MV and
infectious complications) are in accordance with the
meta-analysis by Griffiths et al. [7].

This trial however, has a number of limitations. First,
despite our best efforts, the study is underpowered, thus
precluding definitive conclusions in one direction or
another. Recruitment difficulties can be explained by
cultural considerations (many investigators were strongly
for or against tracheotomy) and the complexity of the

study. Only a small proportion of patients fulfilling
inclusion criteria were actually included. This led to
unavoidable recruitment biases, possibly in favour of
patients with a better prognosis, which probably explains
the low mortality rate observed; a day 28 mortality rate of
20% instead of the 45% assumed when we computed the
sample size. This shows the major difficulties encoun-
tered when conducting multicentre ICU RCTs, with a
conflict between the need for a large number of patients
and the need for detailed data collection.

In addition, although several studies have attempted to
define predictive factors [9–12], it proved very difficult to
identify patients likely to require MV for [7 days.

Another limitation is that a minority of our patients
underwent percutaneous tracheotomy which was not as
popular at the time of the study as it is currently.

Finally, the heterogeneity of the study population
(medical, surgical, COPD, trauma patients) may have
masked subgroup-specific benefits.

Despite these limitations, some points should not be
underestimated. First, despite the lack of power, it is
noteworthy that our results are consistent with the meta-
analysis by Griffiths et al. [7], as suggested by the forest-
plots presented in the online supplement. This may be an
indication that the very positive results observed by others
[5] could have been driven by some specific features of the
corresponding study group, hence the need for caution
before their generalisation. For example, our results are
seemingly different from the results reported by Rumbak
et al. [5]. However, as shown in the electronic supplement,

Table 2 Outcome measures of patients with early tracheotomy or prolonged intubation

Early tracheotomy (n = 61) Prolonged intubation (n = 62) Difference ET-PI (95%CI)

Primary end-point
Mortality (P = 0.62)
Total deaths 21 20
28-day mortality (95% CI) 20% (11%;31%) 24% (15%;36%) -5% (-19%;10%)
60-day mortality (95% CI) 27% (17%;39%) 24% (15%;36%) 2% (-13%;18%)

Secondary end-points
Pneumonia (P = 0.94)
Total episodes 30 31
28-day incidence (95%CI) 67% (49%;81%) 59% (43%;73%) 8% (-15%;31%)

D1-28 duration of MVa (P = 0.62) 14 (2–28) 16 (3–28) -2
D1-60 duration of MVa (P = 0.64) 14 (2–60) 16 (3–60) -2

Bloodstream infections (P = 0.34)
Total episodes 16 12
28-day incidence 34% 22% 12% (-6%;30%)

Maxillary sinusitis (P = 0.41)
Clinical diagnosis 5 8
28-day incidence 9% 16% -7% (-21%;6%)

Sedation (p = 0.35) 52 (87%) 57 (92%) -5% (-16%;6%)
Lowest Riker scorea 3 (1–4) 2 (1–4)
Highest Riker scorea 4 (1–6) 2 (1–6)
D1-28 sedation-free daysa 18 (0–27) 15 (0–27)

ET Early tracheotomy
PI Prolonged intubation
a Median (range)

40414548505561
46474747485762

0%

20%

40%

60%

80%

100%

0 10 20 30 40 50 60

Days from randomisation

Tracheotomy

Intubation

At risk

logrank,  p = 0.62

Fig. 2 Survival after randomisation during the first 28 days

1784



there is a marked confidence intervals overlap between the
two studies making it impossible to rule out that they
represent random variation on the same result.

Second, the premature interruption of our study may
not be the main reason for its lack of power. Indeed, based
on the accrued mortality rates in our 123 patients, it
appears that 2,268 patients would have been required. The

low mortality rates we reported considerably reduced the
probability of demonstrating any effect of ET on prog-
nosis. As mentioned, this could be explained by stringent
selection of patients with a greater likelihood of survival
estimated by physicians after 4 days in the ICU. A post
hoc analysis of patients who were actually ventilated over
7 days or more, as specified by our inclusion criteria

Table 3 Early airway assessment of patients with early tracheotomy or prolonged intubation

Early tracheotomy (n = 61) Prolonged intubation (n = 62)

Early assessment (d1– 5): weaned pts 47 49
Early assessment performed 40 (85%) 42 (86%)
At least one symptom (P = 0.09) 10 (25%) 18 (43%)
Swallowing disorders 4 (1)a 8 (2)a

Dysphonia 8 (1) a 17 (5)a

Laryngeal dyspnoea 1 3 (1)a

Tracheal dyspnoea 0 1
Laryngeal examination performed 18 (38%) 25 (51%)
At least one sign (P = 0.10) 7 (39%) 16 (64%)
Abnormal arytenoid mobility 1 4 (1)a

Abnormal vocal cord mobility 1 5 (2)a

Laryngeal oedema 4 (1)a 12 (1)a

Post-intubation laryngeal granuloma 2 5
Tracheal examination performed 10 (21%) 7 (14%)
At least one sign (P = 0.49) 2 (20%) 0 (0%)
Stenosis/granuloma 1/1 0

At least 1 tracheal or laryngeal sign (P = 0.12) 15/40 (38%) 23/42 (55%)

a (n) Severe complications

Table 4 Comfort assessment of
patients with early tracheotomy
or prolonged intubation

Early tracheotomy
(n = 61)

Prolonged intubation
(n = 62)

Chair positioninga: rate on d28/d60 80%/100% 65%/88%
Median time (95% CI) 20

(15–23)
22
(16–28)

Recovery of oral feedinga (d28/d60) 64%/91% 64%/86%
Median time (95% CI) 18

(13–28)
23
(20–27)

Recovery of speecha (d28/d60) 57%/83% 63%/85%
Median time (95% CI) 26

(18–32)
22
(16–30)

Subjective patient self-assessmentb

Number of assessable patientsc 43 (70%) 41 (66%)
Number of patients evaluated 23 (53%) 22 (54%)
1-Pain 3 (1–9) 4 (1–9)
2-Difficulty to move* 2 (1–7) 5 (1–10)
3-Mouth discomfort* 2 (1–10) 5 (1–10)
4-Feeling of mouth cleanliness* 3 (1–8) 5 (2–10)
5-Feeling of overall safety* 1 (1–10) 4 (1–9)
6-Perception of change in body image* 3 (1–7) 5 (1–9)
7-Overall feeling of comfort 3 (1–9) 5 (1–8)
8-In your opinion, what is the most

‘‘comfortable’’ technique?
Intubation 0 0
Tracheotomy 6 7

a Event occurrence rate (Kaplan–Meier estimation. Follow-up is censored at death and at discharge
from ICU)
b Median (range) score given by patients (1 = acceptable to 10 = unbearable)
c Excluding deceased or comatose patients
* Wilcoxon test: P \ 0.05
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(excluding patients who died rapidly or extubated
patients), showed that mortality rates at d28 and d60
remained very similar (P = 0.98).

Third, as in the negative study recently published by
the OutcomeRea Study Group [30], our study population
was unselected, whereas previous trials showing trache-
otomy-associated benefits were mostly conducted in more
selected ICU populations: medical [5], burn [31], trauma
patients [32, 33], or patients with chronic respiratory
insufficiency [34].

Fourth, despite the lack of power, we found a significant
benefit of ET regarding late laryngeal symptoms in the
subset of patients investigated (Table 3). We also found a
significant difference in self-reported comfort in favour of
ET, in line with the findings of Nieszkowska et al. [6].
Considering the impact of an ICU stay on quality of life
after discharge, and the corresponding psychological con-
sequences [35], such outcomes cannot be considered
negligible. Even though the benefits we show regarding
laryngeal complications and comfort can hardly be quali-
fied as more than tenuous, they tend to tilt the risk–benefit
balance slightly in favour of ET, if anything.

In conclusion, because it is underpowered, this trial
does not contribute to the debate about the mortality
benefits or lack thereof of early tracheotomy in unselected
ICU patients. It hints at putative comfort benefits.
Hopefully many of the currently open questions (mor-
tality, but also MV, ICU or hospital duration, or the
incidence of nosocomial infections) will find answers in
the results of the large ‘‘Tracman’’ trial [36].
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Lapeyronie, Montpellier); Korach JM (Centre Hospitalier,
Chalons-en-Champagne); Costa MA, Vincent F (Hôpital
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Salpétrière, AP-HP); Blot F, Raynard B (Institut Gustave
Roussy, Villejuif); Frappier J, Journois D (Hôpital Euro-
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