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Abstract

Introduction: We investigated the potential benefits of early tracheotomy performed before day eight of mechanical
ventilation (MV) compared with late tracheotomy (from day 14 if it still indicated) in reducing mortality, days of MV,
days of sedation and ICU length of stay (LOS).

Methods: Randomized controlled trial (RCT) including all-consecutive ICU admitted patients requiring seven or more
days of MV. Between days five to seven of MV, before randomization, the attending physician (AP) was consulted about
the expected duration of MV and acceptance of tracheotomy according to randomization. Only accepted patients
received tracheotomy as result of randomization. An intention to treat analysis was performed including patients
accepted for the AP and those rejected without exclusion criteria.

Results: A total of 489 patients were included in the RCT. Of 245 patients randomized to the early group, the
procedure was performed for 167 patients (68.2%) whereas in the 244 patients randomized to the late group was
performed for 135 patients (55.3%) (P <0.004). Mortality at day 90 was similar in both groups (25.7% versus 29.9%), but
duration of sedation was shorter in the early tracheotomy group median 11 days (range 2 to 92) days compared to
14 days (range 0 to 79) in the late group (P <0.02). The AP accepted the protocol of randomization in 205 cases (42%),
101 were included in early group and 104 in the late group. In these subgroup of patients (per-protocol analysis) no
differences existed in mortality at day 90 between the two groups, but the early group had more ventilator-free days,
less duration of sedation and less LOS, than the late group.

Conclusions: This study shows that early tracheotomy reduces the days of sedation in patients undergoing MV, but
was underpowered to prove any other benefit. In those patients selected by their attending physicians as potential
candidates for a tracheotomy, an early procedure can lessen the days of MV, the days of sedation and LOS. However,
the imprecision of physicians to select patients who will require prolonged MV challenges the potential benefits of
early tracheotomy.

Trial registration: Controlled-Trials.com ISRCTN22208087. Registered 27 March 2014.
Introduction
It is current medical practice in the ICU to perform a
tracheotomy in patients undergoing prolonged mechanical
ventilation (MV) [1]. However, there is no agreement on
the optimal time for its performance. Several randomized
clinical trials (RCT) [2-13] and four meta-analyses [14-17]
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have sought to demonstrate the benefits of early tracheot-
omy, and the results were either inconclusive or suggested
a potential benefit for early tracheotomy in ICU survival
but not in hospital survival. One of the main problems in
the design of these studies is the difficulty for an earlier
detection of patients who will require prolonged mechan-
ical ventilation, due to the lack of obvious signs. As a re-
sult, the selection and inclusion of cases for these studies
is based primarily on the clinical criteria of the attending
physicians. This system for including patients in clinical
tral Ltd. This is an Open Access article distributed under the terms of the
/creativecommons.org/licenses/by/4.0), which permits unrestricted use,
, provided the original work is properly credited. The Creative Commons Public
mons.org/publicdomain/zero/1.0/) applies to the data made available in this

http://www.controlled-trials.com/ISRCTN22208087
mailto:adiazprietoh@bellvitgehospital.cat
http://creativecommons.org/licenses/by/4.0
http://creativecommons.org/publicdomain/zero/1.0/


Diaz-Prieto et al. Critical Care 2014, 18:585 Page 2 of 11
http://ccforum.com/content/18/6/585
trials may mask selection bias and mean that the samples
used are unrepresentative of all patients admitted to the
ICU requiring prolonged mechanical ventilation. In fact,
two of the published studies mention the difficulty of
selecting patients, due mainly to the doubts of the partici-
pating physicians regarding the patients’ need for trache-
otomy [2,8].
The present study assessed the hypothesis that early

tracheotomy primarily reduces 90-day mortality and sec-
ondarily the days of MV or sedation. We designed an
RCT to evaluate the effect of early (before day 8) versus
late (from day 14 onwards) tracheotomy on mortality
in patients with 7 or more days of MV. All patients who
met the inclusion criteria were consecutively included in
an intention-to-treat analysis. However, prior to rando-
mization, the attending physician was asked about the
acceptance of the outcome of the randomization. Thus,
we wanted to avoid selection bias. We anticipated that
attending physicians would not accept the outcome of
randomization of some patients and estimated 25% losses
due to rejection of the randomization protocol. The
study was stopped when we observed that losses or
refusals were as high as 58%, and the results would not be
representative.
According to these data, we also analyzed (a posteriori)

the clinical differences between accepted and rejected
patients in the RCT protocol, the cumulative incidence
of tracheotomy in previously rejected patients and vari-
ables that determine the decision to perform tracheotomy
in these patients.

Materials and methods
Study design
This was a prospective randomized trial conducted in four
ICUs at Bellvitge University Hospital from 1 January 2006
to 28 February 2009. The study protocol was approved by
the Ethics and Clinical Research Committee of Bellvitge
University Hospital.

Patient selection
All consecutive ICU-admitted patients were enrolled if
they were mechanically ventilated for more than 48 h,
were older than 18 years and written consent was avail-
able. To optimize the validity of the trial, patients were
initially excluded only if they had undergone tracheot-
omy previously, were included in another trial or there
was technical difficulty in performing percutaneous
tracheotomy.
For the remaining patients we conducted a selection

process for inclusion or exclusion, described in the next
section. The first step was to select those patients who
were expected to have more than 7 days ventilatory sup-
port. The second was to differentiate, according to the
clinical judgment of the attending physician, patients
having objective criteria contraindicating the performance
of a tracheotomy according to the randomization proto-
col, from those in which the attending physician simply
did not believe it would be required. The former were
excluded and the procedure pursued for the selection of
patients was as follows: 1) all patients with more than
48 h of MV were assessed; 2) between the third and fifth
day of the MV, patient eligibility was assessed and written
consent was obtained from relatives before inclusion of
the patient in the study; 3) prior to randomization, we
asked the attending physician if the duration of MV would
likely be longer than 7 days. If the answer was af-
firmative, we asked if he/she would agree to apply the
RCT protocol to the patient for performing tracheot-
omy. The reasons for rejection were categorized into
one of four groups. Group 1 comprised critically ill pa-
tients without limitation of life support and any of the fol-
lowing conditions: intracranial hypertension (intracranial
pressure (ICP) >15), risk of bleeding (platelets <50,000
or prothrombin time international normalized ratio (INR)
>1.5), severe respiratory failure (positive end-expiratory
pressure (PEEP) >10cmH20 or PO2/FiO2 < 100). Group
2 comprised critically ill patient with poor prognosis with
or without any type of decision to limit life support mea-
sures. Group 3 comprised patients in whom tracheotomy
procedure could not be delayed on medical grounds (for
example, extubation was not expected and unplanned
extubation may have been life-threatening, or the neu-
rological disease required an artificial airway long-term).
Group 4 comprised patients in whom the medical decision
to reject the result of the randomization was not due to
any of the above reasons, and the physician preferred not
to perform tracheotomy because extubation was expected
within a few days and the physician therefore felt that it
would not be necessary; 4) patients who were rejected by
attending physicians for the RCT protocol classified into
groups 1, 2 and 3 were excluded; and 5) patients who
were accepted for implementation of the randomization
protocol and rejected patients (classified into group 4)
were included and randomized into a study design for
intention-to-treat analysis.
We used a simple random sampling method. Randomi-

zation was performed using sealed opaque envelopes that
hid the paper with the inscription of early or late. The en-
velopes were stored in a locked safe. Once the physician
decided whether he would accept or reject the result of
randomization, an envelope was chosen and opened for
the result.
The tracheotomy was performed in accepted pa-

tients according to the result of randomization: early
(before day 8) or late (from day 14 onwards of MV).
In the remaining patients the decision on whether or not
to perform a tracheotomy at a later date rested with the
attending physician.
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Objectives
The primary end point was mortality at day 90. Secondary
end points were the numbers of ventilator-free days be-
tween day 1 and day 28 and between day 1 and day 90,
the length of stay in the ICU and the duration of sedation
recorded as the number of days of intravenous sedatives
in continuous perfusion.

Tracheotomy procedure
All tracheotomies were performed using the percutaneous
technique. In our hospital we have a team of three doctors
with long experience of percutaneous tracheotomy, having
performed more than 800 tracheotomy procedures before
the start of the study [18]. Immediate procedure-related
complications were reported.

Mechanical ventilation features and weaning
Patients were ventilated with an initial tidal volume (Vt)
of 6 to 8 mL/kg and not exceeding a plateau pressure of
30 cm H2O. The weaning was carried out by nursing
staff in accordance with current recommendations [1],
applying 1- to 2-hour-long disconnection tests with O2
administration via a T-piece on a daily basis. The deci-
sion to extubate was left to the attending physician. The
extubation was only considered successful when the
patient was discharged alive from the ICU.

Sedation
Patients received continuous infusion sedation in accor-
dance with the protocol in our hospital. We used two
sedation regimens: one prolonged, with midazolam,
morphine or fentanyl, and a shorter one with propo-
fol and fentanyl or remifentanyl. The level of sedation
was checked by nursing staff every 6 to 8 h in order to
maintain a level between 3 to 4 on the Ramsay scale
(awake and quiet or asleep but easily arousable). If sed-
ation was insufficient (Ramsay 1) the doctor on duty was
consulted to increase the dose. If the patient was sleeping
heavily (Ramsay 5 to 6) doses were decreased gradually
until stages 3 to 4 were reached. If medically prescribed,
neuromuscular blockers were added.

Data collection
Sociodemographic and clinical data were collected for
all patients, including: simplified acute physiology score
(SAPS), acute physiology and chronic health evaluation
(APACHE), trauma injury severity score (TISS), sequen-
tial organ failure assessment (SOFA) on ICU admission
and on the day of physician’s decision for participation
in the RCT. We also collected medical decision accept-
ing or rejecting randomization, the physician responsible
for the decision, the day of the week that MV was
started, the ICU length of stay and relevant therapeutic
procedures that the patient was receiving, such as use of
vasoactive drugs, parenteral nutrition, nitric oxide (NO),
prone decubitus position, renal replacement techniques,
circulatory assist devices, monitoring of ICP and cardiac
output (Swan-Ganz catheter, Picco). Other data also re-
corded included MV-related data such as days of translar-
yngeal intubation (TLI), the application of the weaning
protocol, episodes of extubation and reintubation, episodes
of ventilator-associated pneumonia (VAP), type of sedation
and days of sedation.

Ventilator-associated pneumonia (VAP)
Clinical suspicion of pneumonia was recorded by the
attending physicians on the basis of suggestive radio-
graphic image, increased secretions, the presence of
fever, leukocytosis or leucopenia and hypoxemia [19,20].
The diagnosis of VAP had to be confirmed by positive
cultures in bronchoscopic bronchoalveolar lavage (BAL)
or blind BAL. The diagnostic thresholds of BAL and blind
BAL for the consideration of VAP were 104 and 105 cfu/mL
respectively.

Statistical analysis
The RCT was designed on the basis of previous data
from 1,000 patients receiving mechanical ventilation for
more than 7 days, with a 90-day mortality of 41%. We
calculated that to reduce the mortality from 41% to 30%
and to achieve a power of 80% with a Type I error of
0.05, 544 patients were required in each group, or 726
calculating a loss (rejection rate) of 25% of patients.
Categorical variables were described in the univariate

and bivariate analysis using the overall number of cases
(n) and the percentage of each category. For continuous
variables we used the median (range) due to lack of
normality. For bivariate analysis, we used the analysis of
variance (ANOVA) test to compare means and the non-
parametric Kruskal-Wallis test. All comparisons were
unpaired and all tests of significance were two-tailed.
The primary analysis consisted of evaluating the effect

of tracheotomy on the primary outcome (that is, 90-day
mortality), with adjustment by means of a Cox multivari-
ate proportional-hazards model. We used logistic regres-
sion analysis to estimate the adjusted odds ratio of those
variables associated with acceptance or rejection in the
RCT due to the physician’s decision and for receiving a
tracheotomy in patients rejected from the RCT. A step-
wise approach was used to enter new terms into the logis-
tic regression model. The limit for the acceptance or
removal of the new terms was set as 0.05. Variables with
P <0.15 were entered into the multivariate analysis. Re-
sults of the logistic regression analysis are reported as
adjusted odds ratios and their 95% confidence intervals.
The significance level was set at P <0.05 throughout. All
statistical analyses were conducted using the Statistical
Software Program (SPSS, Chicago, IL, USA).
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Results
During the study period 3,152 consecutive patients
underwent MV. Of these, 1,396 (44%) with more than
48 h on MV were evaluated for inclusion in the RCT
(see the flow diagram in Figure 1). In total, 489 patients
were included in the analysis: 245 in the early group and
244 in the late group. Before knowing the result of the
randomization, 284 (58%) patients were refused by the
attending physician to undergo a tracheotomy and 205
(42%) patients were accepted. The latter integrated the
per-protocol analysis.
Of 245 patients randomized to the early tracheot-

omy group, the procedure was performed in 167 patients
(68.2%; 95% CI, 62%, 74%) whereas in the patients
1396 patients with more than 48 ho
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Figure 1 Patient flow diagram. MV, mechanical ventilation.
randomized to the late group was performed for 135 pa-
tients (55.3%; 95% CI, 49%, 62%) (P <0.004). Eight cases
randomized to early group (3.2%; 95% CI, 1.4% to 6.3%)
died without tracheotomy, whereas 22 cases in the late
group died without tracheotomy (9%; 95% CI, 6%, 13%)
(P <0.009). Finally, 70 patients randomized to the early
group were successfully extubated and did not require
tracheotomy (28.6%; 95% CI, 23%, 35%), whereas 87 pa-
tients in the late group were successfully extubated
(35.7%; 95% CI, 30%, 42%) (P <0.094).
Characteristics of the patients at inclusion in the study
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trauma patients or comatose patients as a cause of MV.
The rate of rejected cases was similar in the two groups
(58.8% and 57.4% in the early and late groups, respectively),
as occurred with the severity scores and SOFA measure-
ments (Table 1).

Primary and secondary outcomes
Mortality at day 90 was similar in the early and the late
group: 25.7% (63 of 245 participants) versus 29.9% (73 of
244) (P = 0.2996). After adjustment for the intracranial
pressure monitoring and diagnostic category, mortality
remained similar in both groups. The duration of sedation
Table 1 Baseline and clinical characteristics of patients at inc

Early n = 245

Rejected by attending physician 144 (59%)

Sex, male 170 (69%; 63 to

Age 64 (18 to 89)

SAPS 2 38 (3 to 78)

Probability of death (SAPS 2) 0.21 (0.00 to 0.9

SAPS 3 62 (31 to 114)

Probability of death (SAPS 3) 0.40 (0.02 to 0.9

APACHE II 20 (5 to 40)

ISS, n 29 (9 to 66) [32

SOFA admission 9 (1 to 19)

SOFA decision 6 (1 to 17)

Difference between SOFA 2 (−7 ; 14)

Elective surgery 69 (28%; 22 to 3

Trauma 32 (13%; 9 to 1

Emergency surgery 43 (18%; 13 to 2

Medical condition 101 (41%; 35 to

Inhaled nitric oxide 20 (8%; 6 to 20

Prone decubitus 17 (7%; 4 to 17

Swan-Ganz catheter 37 (15%; 10 to 2

Renal replacement techniques 35 (14%; 4 to 1

Vasoactive drugs 204 (83%; 74 to

Parenteral nutrition 70 (29%; 17 to 3

Intracranial pressure monitoring 35 (14%; 10 to 2

Circulatory assist 15 (6%; 2 to 12

Main reason for ventilatory support

Acute respiratory insufficiency 167 (68%; 62 to

Neuromuscular illness 5 (2%; 0.7 to 5

Coma (Glasgow coma score <10) 60 (24%; 19 to 3

Decompensated COPD 11 (5%; 3 to 8

Acute asthma attack 1

Other respiratory disease 1

Results of the quantitative variables are expressed in medians and ranges. Qualitati
obstructive pulmonary disease; ISS, injury severity score (only evaluated on trauma
failure assessment; APACHE, acute physiology and chronic health evaluation.
was shorter in the early group with a median (range) of 11
(2 to 92) days, compared to 14 (0 to 79) days in the late
group (P <0.02). There were nearly significant between-
group differences in the numbers of ventilator-free days
(Table 2). The length of stay in ICU did not differ signifi-
cantly between the two groups. Similarly, the duration of
intubation in patients successfully extubated, the rate of
application of the weaning protocol, the rate of reintuba-
tion and the VAP rate, did not differ significantly between
the two groups.
For the 302 patients receiving tracheotomy, procedure-

related complications were reported for a total of 11
lusion in the study

Late n = 244 P-value

140 (57%) 0.7540

75) 159 (65%; 59 to 71) 0.3196

65.5 (19 to 88) 0.7814

37.5 (10 to 85) 0.6272

1) 0.21 (0.01 to 0.95) 0.6315

61 (29 to 105) 0.8088

6) 0.38 (0.02 to 0.93) 0.8108

19 (4 to 38) 0.2353

] 30 (25 to 59) [20] 0.6165

9 (1 to 20) 0.8665

6 (0 to 15) 0.6943

3 (−5 ; 11) 0.6100

4) 61(25%; 20 to 31) 0.4285

8) 20 (8%; 5 to 12) 0.0810

4) 57 (23%; 18 to 29) 0.1113

48) 106 (44%; 38 to 51) 0.6196

) 21 (9%; 6 to 21) 0.8596

) 25 (10%; 7 to 21) 0.1919

6) 32 (13%; 10 to 25) 0.5159

7) 37 (15%; 11 to 26) 0.7841

90) 213 (87%; 84 to 96) 0.2086

5) 76 (31%; 16 to 34) 0.5337

6) 19 (8%; 3 to 15) 0.0219

) 15 (6%; 2 to 12) 0.9908

74) 176 (72%; 66 to 78) 0.3703

) 4 (2%; 0.7 to 5) 0.7365

0) 46 (19%, 14 to 24) 0.1241

) 14 (6%; 3 to 10) 0.5379

1

3

ve variables are expressed in percentages and their 95% CI. COPD, chronic
patients); SAPS, simplified acute physiology score; SOFA, sequential organ



Table 2 Primary and secondary outcomes

Early N = 245 Late N = 244 P-value

28-day mortality 42 (17%; 13 to 22) 47 (19%; 14 to 25) 0.5436

90-day mortality 63 (26%; 20 to 31) 73 (30%;24 to 36) 0.2996

Hospital mortality 67 (27%; 22 to 33) 78 (32%; 26 to 38) 0.2634

Days free of mechanical ventilation, 28-day 11 (0, 22) 9 (0, 22) 0.0529

Days free of mechanical ventilation, 90-day 73 (0 to 84) 71 (0 to 84) 0.0546

Duration of sedation, days, n 11 (2 to 92) 14 (0 to 79) 0.0194

ICU length of stay, days, n 22 (6 to 101) 22.5 (6 to 174) 0.3088

Other characteristics related to mechanical ventilation and tracheotomy

Weaning protocol applied in intubated patients 125 (51%; 45 to 57) 141 (58%; 52 to 64) 0.1331

Failed extubation (reintubated) 38 (16%; 11 to 21) 27 (11%; 7 to 16) 0.1477

Days of intubation in tracheotomized patients 7 (6 to 29) 14 (9 to 47) 0.0009

Days of intubation in successfully extubated patients 10 (8 to 18) 10 (8 to 21) 0.8921

Patients sedated, n (%) 234 (96%; 92 to 98) 235 (96%; 93 to 98) 0.6546

Deep sedation with neuro-blocker drugs 36 (15%; 11 to 20) 52 (21%; 16 to 27) 0.0568

Maximum positive end-expiratory pressure 7 (0 to 16) 7 (3 to 16) 0.9473

Ventilation-associated pneumonia 33 (13%; 9 to 19) 23 (9%; 6 to 15) 0.1604

Early complications of tracheotomy 2 (1.2%: 0.2 to 4) 9 (6.7%; 3 to 12) 0.0139

Results of the quantitative variables are expressed in medians and ranges. Qualitative variables are expressed in percentages and their 95% CI.
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patients (3.6%; 95% CI 1.8%, 6.4%): 2 of 167 patients
(1.2%) in the early group (95% CI 0.2%, 4.3%) and 9 of 135
patients (6.7%) in the late group (95% CI, 3.1%, 12.3%)
(P <0.05). The most frequent complication was bleeding
sufficient to require hemostatic measures or another inter-
vention, which occurred in 10 cases (3.3%), though no
case required surgical intervention. One patient suffered a
pneumomediastinum.

Per protocol analysis
A total of 205 cases were accepted by attending phy-
sicians to undergo a tracheotomy according to the re-
sult of randomization. Of these, 101 patients were
allocated to early and 105 were allocated to the late
tracheotomy group. In these patients, the procedure
was conducted as per protocol, either on day 7 or
after day 14, or never, due to no longer being clinic-
ally indicated.
The tracheotomy was performed in 99 patients in the

early group (98%; 95% CI 93%, 99.8%) whereas it was
performed in 76 patients in the patients randomized to
the late group (73.1%; 95% CI 63%, 81%) (P <0.001). Two
cases randomized to early group (2%; 95% CI 0.2%, 7%)
dead without tracheotomy, whereas 15 cases in the late
group died without tracheotomy (14.4%; 95% CI 8%, 23%)
(P <0.002). Nobody included in the early group, was extu-
bated before day 7. Thirteen patients randomized to the
late group were successfully extubated and never required
tracheotomy (12.5%; 95% CI, 7%, 20%).
Baseline characteristics of these patients can see in
Table 3. Characteristics of the patients at inclusion in
the study were similar in the two groups except for the
number of cases with ICP monitoring, which was higher
in the early group. The crude 90-day mortality was
29.7% (95% CI, 21%, 40%) in the early group and 42.3%
(95% CI, 33%, 52%) in the late group (P = 0.0603). The
Cox regression model yielded a hazard ratio for death at
90 days in the early group, as compared with the late
group, of 0.94 (95% CI, 0.59, 1,51; P = 0.4706), after
adjustment for the intracranial pressure monitoring. The
early group showed more ventilator-free days at 28 and
90 days, lesser duration of sedation and the ICU length
of stay than the late group (Table 4).

Comparison between patients accepted and patients
rejected for the RCT protocol (group 4)
We compared clinical characteristics from patients ac-
cepted for RCT and those rejected for medical decision
(Additional file 1). Patients accepted for RCT were older,
had higher 90-day mortality and ICU stay, though severity
on admission (SAPS and APACHE scores) was similar.
The groups differed in terms of evolution: clinical impro-
vement (difference in SOFA score) was significantly higher
in patients rejected for RCT. The two groups also showed
differences regarding elective surgery as diagnostic cat-
egory and use of nitric oxide that were higher in patients
accepted. The number of tracheotomies, days of intub-
ation in extubated patients, days on MV, days of sedation



Table 3 Per-protocol analysis of randomized patients accepted by attending physicians

Early n = 101 Late n = 104 P-value

Sex, male 73 (72%; 63 to 81) 63 (61%; 50 to 70) 0.0763

Age, years 65 (19 to 84) 68.5 (20 to 88) 0,3229

SAPS 2 38 (9 to 78) 37 (10 to 85) 0.8156

Probability of death (SAPS 2) 0.21 (0.01, 0.91) 0.20 (0.01, 0.95) 0.8083

SAPS 3 58 (31 to 114) 60 (32 to 105) 0.6906

Probability of death (SAPS 3) 0.32 (0.02, 0.96) 0.36 (0.02, 0.93) 0.6932

APACHE II 20 (7 to 37) 19 (8 to 38) 0.5508

ISS, n 29 (16 to 57) [17] 31 (25 to 59) [10] 0.8204

SOFA admission 8 (1 to 17) 9 (1 to 20) 0.3666

SOFA decision 6 (2 to 17) 7 (2 to 15) 0.5511

Difference between SOFA 2 (−7 ; 9) 2 (−5 ; 10) 0.2849

Elective surgery 34 (33.7%; 25 to 44) 32 (30.8%; 22 to 41) 0.6575

Trauma 17 (16.8%; 10 to 26) 10 (9.6%; 5 to 17) 0.1266

Emergency surgery 12 (11.9%; 6 to 20) 21 (20.2%; 13 to 29) 0.1055

Medical condition 38 (37.6%; 28 to 48) 41 (39.4%; 30 to 50) 0.7913

Inhaled nitric oxide 12 (12%; 6 to 20) 13 (12.5%; 6 to 19) 0.8923

Prone decubitus 9 (9%; 4 to 16) 13 (12.5%; 7 to 21) 0.4065

Swan-Ganz catheter 17 (17%; 10 to 26) 17 (16%; 10 to 25) 0.9003

Renal replacement techniques 10 (10%; 4 to 17) 18 (17%; 11 to 26) 0.1226

Vasoactive drugs 84 (83%; 74 to 90) 95 (91%; 84 to 96) 0.0786

Parenteral nutrition 26 (26%; 17 to 35) 25 (24%; 16 to 33) 0.7778

Intracranial pressure monitoring 17 (17%; 10 to 26) 8 (8%; 3 to 15) 0.0456

Circulatory assist 6 (6%; 2 to 12) 6 (6%; 2 to 12) 0.9583

Main reason for ventilatory support

Acute respiratory insufficiency 68 (67.3%; 56 to 76) 72 (69.2%; 59 to 78) 0.7696

Neuromuscular illness 3 (3%; 0.6, 9) 2 (1.9%; 0.2, 7) 0.6270

Coma (Glasgow coma scale <10) 27 (26.7%; 19 to 37) 20 (19.2%; 12 to 28) 0.2014

Decompensated COPD 3 (3%; 0.6, 9) 9 (8.6%; 4 to 16) 0.0831

Acute asthma attack 0 0

Other respiratory disease 0 1

Baseline and clinical characteristics at inclusion in the study. Results of the quantitative variables are expressed in medians and ranges. Qualitative variables are
expressed in percentages and their 95% CI. COPD, chronic obstructive pulmonary disease; ISS, injury severity score (only evaluated on trauma patients); SAPS,
simplified acute physiology score; SOFA, sequential organ failure assessment; APACHE, acute physiology and chronic health evaluation.
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and use of neuromuscular blocking agents were higher in
patients accepted for RCT, whilst the number on weaning
protocols, patients extubated and days free of MV were
higher in patients rejected for RCT (Additional file 1: Table
S1 and S2). In logistic regression analysis (Table 5) using
the sample of these two groups and analyzing the accept-
ance or rejection for the RCT as the dependent variable,
we found that older age, a negative difference in the SOFA
score, the use of neuromuscular blockers and the use of
nitric oxide were the independent variables that increased
the likelihood of being accepted on the RCT. Admission
on the weekend increased the likelihood of rejection.
Analysis of factors associated with tracheotomy in patients
rejected (group 4)
Of the 284 patients initially rejecting the RCT protocol,
127 (45%) underwent tracheotomy at a median of 14 days
from intubation (range 9 to 47 days). We also evaluated
factors associated with the performance of tracheotomy
in patients initially rejected (Table 6). The independent
variables that increased the likelihood for a patient even-
tually undergoing a tracheotomy after being initially re-
jected were: failure of extubation, the presence of VAP,
age, and worsening of the SOFA score after the start of
the MV.



Table 4 Per-protocol analysis: primary and secondary outcomes

Early n = 101 Late n = 104 P-value

28-day mortality 20 (20%; 13 to 29) 30 (29%; 20 to 38) 0.1317

90-day mortality 30 (30%; 21 to 40) 44 (42%; 33 to 52) 0.0603

Hospital mortality 31 (31%; 22 to 41) 45 (43%; 34 to 53) 0.0623

Days free of mechanical ventilation, 28-day 8 (0, 22) 4 (0, 22) 0.0003

Days free of mechanical ventilation, 90-day 70 (24 to 84) 66 (0 to 84) 0.0002

Duration of sedation 11 (2 to 66) 16.5 (5 to 63) 0.0006

ICU length of stay 24 (6 to 84) 29 (6 to 174) 0.0276

Other characteristics related to mechanical ventilation and tracheotomy

Weaning protocol applied in intubated patients 16 (16%; 9 to 24) 27 (26%; 18 to 36) 0.0752

Failed extubation (reintubated) 13 (13%; 6 to 20) 11 (11%; 5 to 18) 0.6095

Days of intubation in tracheotomized patients 7 (5 to 7) 14 (14 to 22) 0.0000

Days of intubation in successfully extubated patients 0 14 (11 to 17)

Patients sedated, n, % 95 (94%; 87 to 98) 102 (98%; 93 to 99) 0.1375

Deep sedation with neuroblocker drugs 19 (19%; 12 to 28) 27 (26%; 18 to 36) 0.2199

Maximum positive end-expiratory pressure 7 (2 to 16) 7 (3 to 15) 0.8966

Ventilator-associated pneumonia 11 (11%; 6 to 19) 12 (12%; 6 to 19) 0.8833

Early complications of tracheotomy 2 (2%;0.3-7) 5 (6.6%; 1.5-11) 0.2417

Results of the quantitative variables are expressed in medians and ranges. Qualitative variables are expressed in percentages and their 95% CI.
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Discussion
The results of this study show that early tracheotomy
reduces the days of sedation. It also suggests that it has
no influence on mortality, but the clinical trial is under-
powered preventing conclusions to this regard or other.
For those patients accepted by attending physicians to
receive the tracheotomy according to the result of ran-
domization, the days of ventilatory support, sedation
and the length of stay in ICU were significantly lower in
the early tracheotomy group than in the late group. In
addition, more tracheotomies were performed in the
early group than in the late group. This is due in part to
the fact that more patients died in the late group with-
out receiving the procedure, or were extubated without
tracheotomy. The results confirm those from other studies
[11,12], and highlights the risk of performing unnecessary
tracheotomies if this procedure is performed within one
Table 5 Variables independently associated with the
physician decision to accept or reject the participation in
the RCT protocol: logistic regression analysis

Variable Adjusted odds ratio 95% CI P-value

Sequential organ failure
assessment, difference

0.85 0.79 to 0.91 0.001

Weekend admission 0.47 0.26 to 0.85 0.012

Neuromuscular blocker use 1.90 1.11 to 3.25 0.018

Age 1.01 1.00 to 1.03 0.010

Inhaled nitric oxide 1.98 0.95 to 4.09 0.066
week of mechanical ventilation, as two recent multicenter
RCTs have also shown [9,13].
There are no objective criteria to foresee patients who

will require prolonged ventilatory support and therefore
a tracheotomy. Physicians base their decision to perform
tracheotomy, on subjective clinical criteria that are
formed along the patient’s progress, in some cases before
and in others later. This raises two issues in this kind of
study. One is the possibility of performing unnecessary
tracheotomies. The other is not to include patients who
are subsequently tracheotomized. Our study was designed
to include consecutive patients with 7 days of MV (as po-
tential candidates for a tracheotomy) in an intention-to-
treat analysis, but respecting the decision of the attending
physician about the future need for a tracheotomy in each
patient. To avoid bias in the selection (changes in the
decision after knowing the result of the randomization),
Table 6 Variables independently associated with
tracheotomy in the patients rejected for the RCT: logistic
regression analysis

Variable Adjusted odds ratio 95% CI P-value

Reintubation 22.96 6.73 to 78.27 0.001

Sequential organ failure
assessment, difference

0.88 0.79 to 0.97 0.012

Ventilator-associated
pneumonia

2.30 0.98 to 5.39 0.055

Age 1.02 1.00 to 1.03 0.058
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we invited the physician to consider if the patient could
need a tracheotomy before knowing the outcome of the
randomization. In all cases with a positive answer, the
tracheotomy was performed according to randomization.
The problem was that in 58% of patients, much more than
estimated, physician refused the tracheotomy according to
randomization, and that 45% of these underwent the pro-
cedure later.
The study design we used to select and include cases

is indeed arguable, since not all consecutive patients
with 7 days of ventilatory support will require a tracheot-
omy. However, the medical judgment about the likely dur-
ation of MV does not guarantee proper patient selection
either [21]. In our study we performed tracheotomies in
68% of patients randomized to the early group (40% for
accepted and 28% for rejected patients) and 55% in the
late group (31% for accepted and 24% for rejected pa-
tients). Therefore, the percentage of tracheotomies in the
early group was reduced compared to other studies in
which the percentage reached 84.6% of patients, though in
the latter case the procedure was performed within 4 days
of ICU admission [13]. The sooner taken the decision to
select a patient to perform tracheotomy, the more difficult
it is to foresee the duration of the MV, and the probability
of performing unnecessary tracheotomies will also be
higher.
Several authors have complained about the difficulty

in selecting patients for the time of tracheotomy in
mechanically ventilated patients [2,8], although no studies
have shown what happens to those patients who are eli-
gible but are not included. Blot et al. [8] sent a question-
naire to all the investigators at the end of the study and it
revealed that only 10% to 20% of the patients assessed for
eligibility were actually included. So, it becomes very diffi-
cult to compare results from different studies because de-
pending on the way of selection, the patient cohort may
differ in its characteristics. Thus, Blot et al. included pa-
tients in the RCT based on expected duration of MV
>7 days and the clinical judgment of the investigators. The
results showed lower mortality in patients on MV for
more than 7 days than in those used to calculate the sam-
ple [8]. This was attributed to selection bias in favor of the
inclusion of patients with a better prognosis. In our study
the mortality rate of the sample used for the calculation of
the population was the same that in Blot’s study. However,
the mortality of our accepted patients was 35%, higher
than the 20% that they reported, indicating that physician
selection criteria were different between the two studies.
Due to the high number of rejections of the rando-

mization protocol, we analyzed the differences between
accepted and rejected patients. Most of the factors that
increased the likelihood of being accepted in the RCT
indicated a clinical worsening from admission. These
included impairment of the SOFA score, neuromuscular
blockers administration, older age, use of nitric oxide and
admission on a weekday. The latter probably reflects a
shorter time of care by the attending physician from ad-
mission to the time of decision to inclusion in the RCT
when patients were admitted during the weekend com-
pared to weekdays. Selection of patients with worsened
clinical condition after ICU admission for the RCT is
similar to that used by Terragni et al. [9] in another study
about the timing of tracheotomy in MV. They considered
a SOFA score of 5 and a worsening of the PaO2/FiO2 to
select patients according to their severity. Interestingly, in
the latter study early tracheotomy was associated with
fewer days of MV and ICU admission. These results are
similar to those found in our RCT that included patients
who did not improve in the initial days after ICU admis-
sion by medical selection. Despite the potential benefits,
Terragni et al. concluded that earlier tracheotomy did
not provide advantages. The reason is that the study
did not result in statistically significant reduction in
incidence of VAP, which was the main goal of the study,
and increased the number of patients who received
tracheotomy by 12%.
By not accepting participation in our RCT attending

physicians prevented 28% of tracheotomies in those pa-
tients that would be assigned to the early tracheotomy
group, but delayed the other 28%. The odds of undergo-
ing a tracheotomy in these circumstances increased with
the need for reintubation, the presence of VAP, age, and
clinical worsening as indicated by the SOFA score. Rein-
tubation and VAP are complications associated with
prolonged MV and have been related to the practice of
tracheotomy in previous studies [22,23]. However, the
particular issue of VAP should be taken carefully because
the diagnosis may be subjected to bias in unblinded
RCTs [24].
This study has several limitations. The most important

is the discontinuation before reaching the expected
number of cases due to the high number of rejections to
the randomization protocol that caused a notable selec-
tion bias, leading to underpowered results. In addition,
the external validity of this study is limited by being a
single-center study. However, it is a large consecutive
sample of critically ill patients with 7 days of ventilatory
support, including broad medical and surgical conditions.
The study was not originally designed with the intention
to explore the potential barriers to include patients for
tracheotomy, though we established classification groups
in the study design to identify the main causes and the
number of rejected patients. Subsequent analysis of the
characteristics and differences between accepted and re-
jected patients is therefore limited. We found some char-
acteristics that define the accepted patients such as an
unfavorable clinical course, with respiratory or other type
of complications that impact on the SOFA score during
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their evolution. However, there are probably others
that we were not able to detect, both clinical (related
to the disease or the clinical course), as related to the
organization or the beliefs and perceptions of attending
physicians. Further research should try to establish a bet-
ter definition of these patients while minimizing the
impact of subjective physician’s opinion. If this is achieved,
the benefits of performing an early tracheotomy may
counteract the risks of practicing unnecessary procedures
and associated complications.

Conclusions
This trial shows that early tracheotomy reduced the days
of sedation in consecutive critically ill patients, requiring
7 or more days of MV, but was underpowered to provide
new information about the influence on mortality in
these patients. In those patients selected by their attending
physicians during the first week of MV as potential candi-
dates for a tracheotomy, an early procedure lessened the
days of MV, the days of sedation and ICU length of stay.
However, the imprecision of physicians to select patients
who will require prolonged MV challenges the potential
benefits of early tracheotomy due to the risk of performing
unnecessary procedures.

Key messages

� Early tracheotomy reduces the days of sedation of
patients with seven or more days of ventilatory
support

� Early tracheotomy may lead to unnecessary
procedures due to the limited medical capacity to
predict within the first week, those patients that
may require prolonged ventilatory support

� Critically ill patients selected by attending physician
during the first week of MV as candidates to receive
a tracheotomy are characterized by an unfavorable
clinical course and may benefit from early
tracheotomy

Additional file

Additional file 1: Comparison between patients accepted or
rejected (group 4), clinical characteristics and results.

Abbreviations
AP: attending physician; APACHE: acute physiology and chronic health
evaluation; BAL: bronchoscopic bronchoalveolar lavage; CFU: colony-forming
unit; COPD: chronic obstructive pulmonary disease; GCS: Glasgow coma
score; HUB: Hospital Universitari Bellvitge; ICP: intracranial pressure;
INR: international normalized ratio; ISS: injury severity score; LOS: length
of stay; MV: mechanical ventilation; NO: nitric oxide; PEEP: positive
end-expiratory pressure; RCT: randomized clinical trial; SAPS: simplified
acute physiology score; SOFA: sequential organ failure assessment;
TLI: translaryngeal intubation; VAP: ventilator-associated pneumonia; Vt: tidal
volume.
Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
AD-P: conception and design, data collection and analysis, tracheotomy
procedures, manuscript writing and final approval of the manuscript. AM:
conception and design, tracheotomy procedures, manuscript writing and
final approval of the manuscript. MG: conception and design, data collection
and analysis, tracheotomy procedures, manuscript writing and final approval
of the manuscript. BO: conception and design, analysis, manuscript writing,
critical revision and final approval of the manuscript. CT: conception and
design, data collection and analysis, manuscript writing and final approval of
the manuscript. NS: data collection, manuscript writing and final approval of
the manuscript. MJF: data collection, manuscript writing and final approval of
the manuscript. RM: conception and design, manuscript writing, financial
support, critical revision and final approval of the manuscript. All authors
read and approved the final manuscript.

Acknowledgements
We acknowledge all nursing staff, physicians and residents of the intensive
care department of Bellvitge University Hospital.

Author details
1Servei de Medicina Intensiva, Hospital Universitari de Bellvitge, C/Feixa
Llarga, Hospitalet de Llobregat, Barcelona 08907, Spain. 2Departament de
Gerencia, Hospital Universitari de Bellvitge, C/Feixa Llarga, Hospitalet de
Llobregat, Barcelona 08907, Spain.

Received: 19 February 2014 Accepted: 9 October 2014

References
1. Boles J-M, Bion J, Connors A, Herridge M, Marsh B, Melote C, Pearl R,

Silverman H, Stanchina M, Vieillard-Baron A, Welte T: Weaning from
mechanical ventilation. Eur Respir J 2007, 29:1033–1056.

2. Sugerman HJ, Wolfe L, Pasquale MD, Rogers FB, O’Malley KF, Knudson M,
DiNardo L, Gordon M, Schaffer S: Multicenter, randomized, prospective
trial of early tracheotomy. J Trauma 1997, 43:741–747.

3. Rodriguez JL, Steinberg SM, Luchetti FA, Gibbons KJ, Taheri PA, Flint LM:
Early tracheotomy for primary airway management in the surgical
critical care setting. Surgery 1990, 108:655–659.

4. Saffle JR, Morris SE, Edelman L: Early tracheotomy does not improve
outcome in burn patients. J Burn Care Rehabil 2002, 23:431–438.

5. Bouderka MA, Fakhir B, Bouaggad A, Hmamouchi B, Hamoudi D, Harti A:
Early tracheotomy versus prolonged endotracheal intubation in severe
head injury. J Trauma 2004, 57:251–254.

6. Rumbak MJ, Newton M, Truncale T, Schwartz SW, Adams JW, Hazard PB: A
prospective, randomized, study comparing early percutaneous dilational
tracheotomy to prolonged Tran laryngeal intubation (delayed
tracheotomy) in critically ill medical patients. Crit Care Med 2004,
32:1689–1694.

7. Barquist ES, Amortegui J, Hallal A, Giannotti G, Whinney R, Alzamel H,
MacLeod J: Tracheotomy in ventilator dependent trauma patients: a
prospective, randomized intention-to-treat study. J Trauma 2006,
60:91–97.

8. Blot F, Similowski T, Trouillet JL, Chardon P, Korach JM, Costa MA,
Journois D, Thiéry G, Fartoukh M, Pipien I, Bruder N, Orlikowski D, Tankere F,
Durand-Zaleski I, Auboyer C, Nitenberg G, Holzapfel L, Tenaillon A,
Chastre J, Laplanche A: Early tracheotomy versus prolonged endotracheal
intubation in unselected severely ill ICU patients. Intensive Care Med 2008,
34:1779–1787.

9. Terragni PP, Antonelli M, Fumagalli R, Faggiano C, Berardino M, Pallavicini
FB, Miletto A, Mangione S, Sinardi AU, Pastorelli M, Vivaldi N, Pasetto A,
Della Rocca G, Urbino R, Filippini C, Pagano E, Evangelista A, Ciccone G,
Mascia L, Ranieri VM: Early vs late tracheotomy for prevention of
pneumonia in mechanically ventilated adult ICU patients. JAMA 2010,
303:1483–1489.

10. Trouillet JL, Luyt CE, Guiguet M, Quattara A, Vaissier E, Makri R, Nieszkowska
A, Leprince P, Pavie A, Chastre J, Combes A: Early percutaneous
tracheotomy versus prolonged intubation of mechanically ventilated
patients after cardiac surgery. Lancet 2011, 154:373–383.

http://ccforum.com/content/supplementary/s13054-014-0585-y-s1.doc


Diaz-Prieto et al. Critical Care 2014, 18:585 Page 11 of 11
http://ccforum.com/content/18/6/585
11. Koch T, Hecker B, Hecker A, Brenck F, Preub M, Schmelzer T, Padberg W,
Weigand MA, Klasen J: Early tracheostomy decreases ventilation time but
has no impact on mortality of intensive care patients: a randomized
study. Langenbecks Arch Surg 2012, 397:1001–1008.

12. Zheng Y, Sui F, Chen XK, Zhang GC, Wang XW, Zhao S, Song Y, Liu W,
Xin X, Li WX: Early versus late percutaneous dilational tracheostomy in
critically ill patients anticipated requiring prolonged mechanical
ventilation. Chin Med J 2012, 125:1925–1933.

13. Young D, Harrison DA, Cuthbertson BH, Rowan K for the TracMan
Collaborators: Effect of early vs late tracheotomy placement on survival
in patients receiving mechanical ventilation. JAMA 2013, 309:2121–2129.

14. Griffiths J, Barber VS, Morgan L, Young JD: Systematic review and
meta-analysis of studies of the timing of tracheotomy in adult patients
undergoing artificial ventilation. BMJ 2005, 330:1243–1248.

15. Durbin CG, Perkins MP, Moores LK: Should tracheotomy be performed as
early as 72 hours in patients requiring prolonged mechanical
ventilation? Respir Care 2010, 55:76–83.

16. Fei W, Youping W, Lulong B, Jingsheng L, Jiali Z, Feng C, Jinbao L,
Xiaoming D: The timing of tracheotomy in critically ill patients
undergoing mechanical ventilation. Chest 2011, 140:1456–1465.

17. Siempos II, Ntaidou TK, Filippidis FT, Choi AM: Effect of early versus late or
no tracheostomy on mortality of critically ill patients receiving
mechanical ventilation: a systematic review and meta-analysis.
Lancet Respir Med 2014. doi:10.1016/S2213-2600(14)70125-0.

18. Mateu A, Ricart A, Diaz-Prieto A, Mañez R: Tracheotomy in intubated
patients. Clin Pulm Med 2008, 15:267–273.

19. Pugin J, Auckenthaler R, Mili N, Janssens JP, Lew PD, Suter PM: Diagnosis
of ventilator-associated pneumonia by bacteriologic analysis of
bronchoscopic and non-bronchoscopic “blind” bronchoalveolar lavage
fluid. Am Rev Respir Dis 1991, 143:1121–1129.

20. Fartoukh M, Maltre B, Honore S, Cerf C, Zahar JR, Brun-Buisson C: Diagnosing
pneumonia during mechanical ventilation: the clinical pulmonary infection
score revisited. Am J Respir Crit Care Med 2003, 168:173–179.

21. Figueroa-Casas JB, Connery SM, Montoya R, Dwivedi AK, Lee S: Accuracy of
early prediction of duration of mechanical ventilation by intensivists.
Ann Am Thorac Soc 2014, 11:182–185.

22. Kollef MH, Ahrens TS, Shannon W: Clinical predictors and outcomes for
patients requiring tracheotomy in the intensive care unit. Crit Care Med
1999, 27:1714–1720.

23. Frutos-Vivar F, Esteban A, Apezteguía C, Anzueto A, Nightingale P, Gonzalez M,
Soto L, Rodrigo C, Raad J, David CM, Matamis D, D’Empaire G: Outcome of
mechanically ventilated patients who require a tracheotomy. Crit Care Med
2005, 33:290–298.

24. Melsen WG, Rovers MM, Koeman M, Bonten MJ: Estimating the
attributable mortality of ventilator-associated pneumonia from
randomized prevention studies. Crit Care Med 2011, 39:2736–2742.

doi:10.1186/s13054-014-0585-y
Cite this article as: Diaz-Prieto et al.: A randomized clinical trial for the
timing of tracheotomy in critically ill patients: factors precluding
inclusion in a single center study. Critical Care 2014 18:585.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Introduction
	Methods
	Results
	Conclusions
	Trial registration

	Introduction
	Materials and methods
	Study design
	Patient selection
	Objectives
	Tracheotomy procedure
	Mechanical ventilation features and weaning
	Sedation
	Data collection
	Ventilator-associated pneumonia (VAP)
	Statistical analysis

	Results
	Primary and secondary outcomes
	Per protocol analysis
	Comparison between patients accepted and patients rejected for the RCT protocol (group 4)
	Analysis of factors associated with tracheotomy in patients rejected (group 4)

	Discussion
	Conclusions
	Key messages
	Additional file
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References

