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Tracheostomy is provided to between 5 and 11% of
patients requiring mechanical ventilation, accounting for
26% of all ventilator days and 14% of all hospital days [1,
2]. The procedure has several theoretical advantages over
continued endotracheal intubation, including the potential
to improve patient comfort and communication, decrease
sedation requirements, and facilitate liberation from
mechanical ventilation [3]. However, tracheostomy is not
without risk. A strategy of prolonged intubation may
allow for many patients to be successfully liberated from
mechanical ventilation without the potential for adverse
events that are associated with the procedure [4]. These
concerns result in an ongoing debate about the optimal

timing of tracheostomy in the intensive care unit (ICU).
Indeed, randomized trials in this area show mixed results
[5], and wide variations in practice patterns persist [6].

In this issue of Intensive Care Medicine, Blot et al. [7]
published the results of a randomized clinical trial
designed to answer some of these questions. The trial
enrolled patients from 25 ICUs in France expected to
require at least 7 days of mechanical ventilation. Eligible
patients were randomized to either early tracheostomy, in
which the procedure was performed within 4 days fol-
lowing onset of mechanical ventilation, or prolonged
laryngeal intubation, in which no tracheostomy was per-
formed for at least 14 days. The study incorporated
several important features to reduce bias, including rec-
ommendations for standard approaches to weaning and
sedation, and systematic surveillance for infectious and
procedural complications. However, no differences
between groups were observed for the primary endpoint
of 28-day mortality (hazard ratio 1.17, 95% confidence
interval 0.63–2.17) or for the secondary endpoints of
duration of mechanical ventilation, duration of ICU stay,
and major infectious complications.

The study’s inability to detect a statistically significant
mortality difference is not surprising. The trial was orig-
inally designed to detect a 13% absolute mortality risk
reduction in 470 patients, equivalent to a number needed
to treat of about 8 patients to prevent one death. Although
one small trial hinted at such an optimistic effect size [8],
a mortality reduction of this magnitude would imply that
this procedure is more effective than nearly every other
established ICU treatment, including lung-protective
ventilation for acute lung injury (number needed to treat
&11) [9] or activated protein C for severe sepsis (number
needed to treat &16) [10]. It seems unlikely that trache-
ostomy would result in a benefit of this magnitude.
Additionally, slow recruitment necessitated that the trial
be stopped early after enrolling only 123 patients, and
baseline mortality was much lower than expected. As a
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result the trial was vastly underpowered to detect anything
but huge mortality differences. For example, to detect a
similar relative risk reduction with the same power and
alpha error would have required about 1,230 patients, or
ten times the actual enrollment.

Research into optimal tracheostomy timing is
undoubtedly a difficult undertaking [11]. Observational
studies can be used to compare earlier to later tracheos-
tomy (or to no tracheostomy) in large groups of patients
with relatively little costs. Yet these studies must employ
sophisticated analytical techniques to control for con-
founding, indication bias, and potential survivor treatment
biases [12, 13]. Alternatively, a randomized clinical trial
can prospectively allocate patients to different tracheos-
tomy strategies, ensuring that differences between patient
groups are due to chance rather than systematic bias. As
evidenced in the study by Blot and colleagues, however,
this approach also has inherent problems. Despite the
investigator’s best and honest efforts, enrollment was
extremely slow, with less than 20% of screened patients
ultimately enrolled. Predicting the need for prolonged
ventilation proved to be a difficult task, and the authors
cite this obstacle as the main reason for low enrollment.
Additionally, many physicians may have been unwilling
to subject the tracheostomy decision to random chance,
akin to enrollment problems encountered in other trials of
invasive ICU procedures [14].

Even if the study had reached its target enrolment, it
seems improbable to us that early tracheostomy would
substantially alter mortality rates. Any mortality benefit
would likely occur though reductions in ICU complica-
tions stemming from decreased exposure to mechanical
ventilation and sedating medications. Differences in these
endpoints would not be expected to impact overall mor-
tality when other proven routine care practices are in
place [9, 15, 16]. More plausible primary endpoints for
future study include duration of mechanical ventilation,
ventilator associated pneumonia, and patient comfort. The
study by Blot and colleagues did show slightly improved

comfort ratings in the tracheostomy group, but these
measurements were limited to slightly more than half of
the total sample size. Future trials should include more
rigorous evaluation of comfort-related endpoints such as
mobility, sedation and analgesia requirements, patients’
ability to communicate, emotional and neuro-cognitive
sequelae, and family satisfaction.

Routine tracheostomy in mechanical ventilation is
likely to become more common in future years as more
physicians choose a percutaneous approach over an open
surgical procedure [17]. Questions concerning the optimal
timing of tracheostomy remain, and additional trials are
ongoing [18]. Although this study does not settle the
debate, it does offer an important lesson about conducting
clinical trials of invasive procedures in the ICU. Patient
enrollment will be challenging if physicians lack equi-
poise, if the indications for the procedure are
controversial, or if determining eligibility involves mak-
ing predictions about a patient’s future clinical status. In
the case of tracheostomy, patient enrollment was difficult
for all these reasons. Ultimately, slow enrollment and
lower than expected baseline mortality produced a trial
that was underpowered to detect meaningful differences
in any clinically relevant endpoint.

Clinical trials in the ICU represent an enormous
investment of time and resources, and indeterminate
results have implications that transcend the disappoint-
ment of the well-intentioned investigators. Patients and
families who enroll in clinical trials assume potential risks
with the understanding the knowledge generated in the
trial will help future patients [19]. It is essential that any
future clinical trials of tracheostomy be adequately pow-
ered to detect clinically important differences in patient-
centered outcomes, and not just contribute indirectly to
future health care benefits [20]. Perhaps the greatest les-
son of this study is not what it tells us about the optimal
timing of tracheostomy, but what it tells us about how we
should conduct future trials in this important and vul-
nerable patient group.
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M, Soto L, Rodrigo C, Raad J, David
CM, Matamis D, D’ Empaire G,
International Mechanical Ventilation
Study Group (2005) Outcome of
mechanically ventilated patients who
require a tracheostomy. Crit Care Med
33:290–298

2. Freeman BD, Borecki IB, Coopersmith
CM, Buchman TG (2005) Relationship
between tracheostomy timing and
duration of mechanical ventilation in
critically ill patients. Crit Care Med
33:2513–2520

3. Nieszkowska A, Combes A, Luyt CE
et al (2005) Impact of tracheotomy on
sedative administration, sedation level,
and comfort of mechanically ventilated
intensive care unit patients. Crit Care
Med 33:2527–2533

4. Durbin CG (2005) Early complications
of tracheostomy. Respir Care 50:511–
515

5. Griffiths J, Barber VS, Morgan L,
Young JD (2005) Systematic review
and meta-analysis of studies of the
timing of tracheostomy in adult patients
undergoing artificial ventilation. BMJ
330:1243

6. Blot F, Melot C (2005) Indications,
timing, and techniques of tracheostomy
in 152 French ICUs. Chest 127:1347–
1352

7. Blot F, Trouillett J, Chardon P et al.
(2008) Early tracheotomy versus
prolonged endotracheal intubation in
unselected severely ill ICU patients.
Intensive Care Med (in press)

1744



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

9. The Acute Respiratory Distress
Syndrome Network (2000) Ventilation
with lower tidal volumes as compared
with traditional tidal volumes for acute
lung injury and the acute respiratory
distress syndrome. N Engl J Med
342:1301–1308

10. Bernard GR, Vincent JL, Laterre PF
(2001) Efficacy and safety of
recombinant human activated protein C
for severe sepsis. N Eng J of Med
344:699–709

11. Szmuk P, Ezri T, Evron S, Roth Y, Katz
J (2008) A brief history of tracheostomy
and tracheal intubation, from the
Bronze Age to the Space Age. Intensive
Care Med 34:222–228

12. Clec’h C, Alberti C, Vincent F et al
(2007) Tracheostomy does not improve
the outcome of patients requiring
prolonged mechanical ventilation: a
propensity analysis. Crit Care Med
35:132–138

13. Scales D, Thiruchelvam D, Kiss A,
Redelmeier D (2008) The effect of
tracheostomy timing during critical
illness on long-term survival. Crit Care
Med (in press)

14. Guyatt G (1991) A randomized control
trial of right-heart catheterization in
critically ill patients. Ontario Intensive
Care Study Group. J Intensive Care
Med 6:91–95

15. MacIntyre NR, Cook DJ, Ely EW,
Epstein SK, Fink JB, Heffner JE, Hess
D, Hubmayer RD, Scheinhorn DJ,
American College of Chest Physicians,
American Association for Respiratory
Care, American College of Critical
Care Medicine (2001) Evidence-based
guidelines for weaning and
discontinuing ventilatory support: a
collective task force facilitated by the
American College of Chest Physicians;
the American Association for
Respiratory Care; and the American
College of Critical Care Medicine.
Chest 120:375S–395S

16. Kress JP, Pohlman AS, O’Connor MF,
Hall JB (2000) Daily interruption of
sedative infusions in critically ill
patients undergoing mechanical
ventilation. N Engl J Med 342:1471–
1477

17. Freeman BD, Isabella K, Cobb JP
(2001) A prospective, randomized study
comparing percutaneous with surgical
tracheostomy in critically ill patients.
Crit Care Med 29:926–930

18. Intensive Care Society UK (2008).
Tracman trial: protocol summary.
http://www.tracman.org.uk. Accessed 6
May 2008

19. Janosky JE (2002) The ethics of
underpowered clinical trials. JAMA
288:2118

20. Halpern SD, Karlawish JH, Berlin JA
(2002) The continuing unethical
conduct of underpowered clinical trials.
JAMA 288:358–362

1745

http://www.tracman.org.uk

	Tracheostomy timing, enrollment and power�in ICU clinical trials
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


