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FiO2 = fraction of inspired oxygen; ICU = intensive care unit; MV = mechanical ventilation; PaO2 = arterial oxygen partial pressure; PEEP = positive
end-expiratory pressure; RSBI = rapid shallow breathing index; SBT = spontaneous breathing trial.
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Abstract
The use of a nursing-directed and/or respiratory therapist-directed
protocol in many intensive care units for weaning from mechanical
ventilation is associated with a shorter duration of ventilation and
length of stay in the ICU. Most protocols have two formal
components: the daily screening of a set of simple observations or
interventions to identify readiness to proceed, followed by a
spontaneous breathing trial that tests the patient’s ability to
breathe independently. The daily screen is designed to identify
potential barriers regarding medical stability, level of
consciousness, oxygenation, ventilation, and airway patency and
protection. However, one must avoid selecting criteria that are too
restrictive, potentially delaying the discontinuation of ventilation.

In this issue of Critical Care, Tonnelier and colleagues [1]
report beneficial effects of a nurses’ protocol-directed
weaning strategy to discontinue mechanical ventilation (MV)
in patients requiring ventilatory support for greater than
48 hours. Whereas many controlled trials conducted in North
America have demonstrated the effectiveness of nursing-
based and respiratory therapist-based protocols in the early
discontinuation of MV and reducing the length of stay in the
intensive care unit (ICU) [2–5], weaning from MV in Europe
has generally been physician-directed [1]. The study by
Tonnelier and colleagues [1] was undertaken to test whether
the French Intensive Care Society (SRLF) 2001 consensus
recommendations [6] to use a nurses’ protocol-directed
approach to weaning would be effective. When their results
were compared with historical controls, the authors showed a
shorter duration of MV and a shorter length of stay in the ICU,
with no difference in extubation failure (reintubation) or
incidence of ventilator-associated pneumonia [1].

Over the past decade, the approach to discontinuation of MV
has changed from one of gradual reductions in the level of

artificial ventilatory support until independence is achieved,
namely ‘weaning’, to that of timely recognition of the patient’s
ability to breathe independently followed by rapid
discontinuation [7]. Ely and colleagues [2] first showed that a
combination of a daily screening checklist of easily measured
parameters, followed by a demonstration of tolerance of
spontaneous independent breathing was highly predictive of
extubation success. Importantly, this technique [2] emphasizes
a multidisciplinary approach that relies on nursing and
respiratory therapist assessments of objective criteria, and has
served as the basis for weaning protocols in many ICUs.

Tonnelier and colleagues’ [1] approach is similar, with a daily
screen of weaning parameters, then a 90-minute
spontaneous breathing trial (SBT) conducted with a T piece if
the screen was passed. It is noteworthy that, as in other
studies [2–5], performance of the screen and SBT is
independent of physician input, potentially streamlining the
process. The decision to extubate is made by a physician
after the patient has demonstrated a good cough, and a leak
test has been passed [1]. Achieving independence from the
ventilator and from the artificial airway generally requires the
patient to have significant improvement in the indication for
MV, adequate medical stability, evidence of sufficient
ventilator-independent gas exchange to achieve acceptable
ventilation and oxygenation after discontinuation, adequate
cough, and good airway patency and protection.

Because both longer duration of ventilation and higher rates
of extubation failure have been linked to medical factors
unrelated to adequacy of ventilation [8], most screening tools
include factors related to medical stability, typically
hemodynamic stability reflected by an absence of
vasopressor support for shock [1,2,5,7]. The patient should
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also be sufficiently awake to protect the airway, cough, and
ventilate. Although Tonnelier and colleagues [1], as well as
others [2], use the absence of continuous infusion
sedatives as a surrogate marker, more directly examining
the patient’s level of arousal may be preferred because
many patients on sedative infusions are sufficiently awake
for extubation [1,5,9,10]. The relationship between sedative
medications, level of consciousness, and ventilator
discontinuation is important. Daily cessation of sedative
infusion has been linked to earlier extubation [11], perhaps
through reduced drug accumulation or because of more
timely weaning [12].

Progressive hypoxemia after extubation is a common cause of
failed extubation [8] and might be predicted by a high fraction
of inspired oxygen (FiO2) and/or positive end-expiratory
pressure (PEEP) requirement, or a reduced arterial oxygen
partial pressure (PaO2):FiO2 ratio [7]. Whereas Tonnelier
and colleagues [1], and others [10], selected a rather
conservative threshold of FiO2 < 0.5 and PEEP ≤ 5 cmH2O,
other protocols use PaO2:FiO2 > 200 mmHg [2–4,13],
PaO2:FiO2 > 150 mmHg [5], or PaO2:FiO2 > 120 mmHg
[9]. The use of a conservative FiO2 and PEEP threshold
might delay patients from progressing to the SBT unless
FiO2 and PEEP are routinely reduced to the lowest
acceptable levels. Similarly, a conservative PaO2:FiO2
threshold (that is, more than 200 mmHg) might delay
progress – this was the most common reason for screening
failure in patients who eventually achieved ventilator
independence without ever passing a daily screen in one
observational study [13].

Ventilatory insufficiency leading to hypercapnia and/or
increased work of breathing is another frequent contributing
factor for extubation failure. Although the SBT is usually the
final test of adequate patient ventilation, other measures, such
as the ratio of frequency to tidal volume (rapid shallow
breathing index; RSBI) are incorporated into some screening
criteria. An RSBI of less than 105 breaths per litre per minute
is required to proceed with SBT testing in some protocols
[2,10]. However, because of concerns that this test and/or
threshold might delay weaning [7,8], some groups use a
higher threshold, such as 125 breaths per litre per minute [5],
or omit RSBI altogether [1,4]. There are many variations on the
actual process of conducting an SBT, such as the following:
first, a duration ranging from 30 to 120 min; second, the level
of mechanical support intended to overcome the work of
breathing through the endotracheal tube varying among T-
piece, automatic tube compensation, continuous positive
airway pressure, or pressure support ventilation; and third, the
criteria to identify SBT failure and stop the trial. Any of these
factors might influence the outcome of the trial. Tonnelier and
colleagues used a 90-minute T-piece SBT with conventional
failure criteria. More work is needed to confirm the adequacy
of shorter SBTs [14] and to compare various ventilatory
support methods for SBT.

Although cough adequacy, secretion clearance, and airway
patency have long been recognized as important factors for
successful weaning and extubation, testing has been largely
subjective. Similar to other approaches, ‘efficient’ cough and
subjective air leak were required before extubation of Tonnelier
and colleagues’ patients. Recent research confirms the
importance of respiratory secretion volume, cough strength,
and measured leak with cuff deflation of the endotracheal tube
as predictors of successful extubation [9,15].

In sum, the work by Tonnelier and colleagues [1] confirms the
value of a structured nursing-driven (and/or respiratory
therapy-driven) weaning protocol noted by most [2-5] but not
all [10] investigators to reduce duration of MV without
increasing reintubation rates. Their results may be influenced
by study design (historical control rather than randomized),
populations studied (different results for medicine and
surgery patients), and the pre-existing approach to weaning.
It is noteworthy that their duration of MV was longer and
reintubation rates were higher than in other reports [2–5,10],
despite similar severity of illness. This implies that further
reductions in MV duration might be attainable, perhaps by
fine-tuning the screening criteria as discussed above, or by
instituting a daily strategy for the cessation of sedation.
Finally, the long-term success of such protocols requires
continued multidisciplinary attention and support, along with
periodic evaluation and revision if necessary.

Competing interests
The author(s) declare that they have no competing interests.

References
1. Tonnelier JM, Prat G, Le Gal G, Gut-Gobert C, Renault A, Boles

JM, L'Her E: Impact of a nurses' protocol-directed weaning
procedure on outcomes in patients undergoing mechanical
ventilation for longer than 48 hours: a prospective cohort
study with a matched historical control group. Crit Care 2005,
9:R83-R89.

2. Ely EW, Baker AM, Dunagan DP, Burke HL, Smith AC, Kelly PT,
Johnson MM, Browder RW, Bowton DL, Haponik EF: Effect on
the duration of mechanical ventilation of identifying patients
capable of breathing spontaneously. N Engl J Med 1996, 335:
1864-1869.

3. Kollef MH, Shapiro SD, Silver P, St John RE, Prentice D, Sauer S,
Ahrens TS, Shannon W, Baker-Clinkscale D: A randomized, con-
trolled trial of protocol-directed versus physician-directed
weaning from mechanical ventilation. Crit Care Med 1997, 25:
567-574.

4. Marelich GP, Murin S, Battistella F, Inciardi J, Vierra T, Roby M:
Protocol weaning of mechanical ventilation in medical and
surgical patients by respiratory care practitioners and nurses:
effect on weaning time and incidence of ventilator-associated
pneumonia. Chest 2000, 118:459-467.

5. Grap MJ, Strickland D, Tormey L, Keane K, Lubin S, Emerson J,
Winfield S, Dalby P, Townes R, Sessler CN: Collaborative prac-
tice: development, implementation, and evaluation of a
weaning protocol for patients receiving mechanical ventila-
tion. Am J Crit Care 2003, 12:454-460.

6. Richard C, Beydon L, Cantagrel S, Cuvelier A, Fauroux B, Garo B,
Holzapfel L, Lesieur O, Levraut J, Maury E, et al.: 21st Consensus
Conference on Intensive Care and Emergency Medicine:
mechanical ventilation weaning [in French]. Réanimation 2001,
10:697-698.

7. MacIntyre NR, Cook DJ, Ely EW Jr, Epstein SK, Fink JB, Heffner
JE, Hess D, Hubmayer RD, Scheinhorn DJ: Evidence-based



140

Critical Care    April 2005 Vol 9 No 2 Ramachandran et al.

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 2001, 120(6 Suppl):375S-395S.

8. Epstein SK: Decision to extubate. Intensive Care Med 2002, 28:
535-546.

9. Salam A, Tilluckdharry L, Amoateng-Adjepong Y, Manthous CA:
Neurologic status, cough, secretions and extubation out-
comes. Intensive Care Med 2004, 30:1334-1339.

10. Krishnan JA, Moore D, Robeson C, Rand CS, Fessler HE: A
prospective, controlled trial of a protocol-based strategy to
discontinue mechanical ventilation. Am J Respir Crit Care Med
2004, 169:673-678.

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

12. Sessler CN: Wake up and breathe. Crit Care Med 2004, 32:
1413-1414.

13. Walsh TS, Dodds S, McArdle F: Evaluation of simple criteria to
predict successful weaning from mechanical ventilation in
intensive care patients. Br J Anaesth 2004, 92:793-799.

14. Esteban A, Alia I, Tobin MJ, Gil A, Gordo F, Vallverdu I, Blanch L,
Bonet A, Vazquez A, de Pablo R, et al.: Effect of spontaneous
breathing trial duration on outcome of attempts to discon-
tinue mechanical ventilation. Spanish Lung Failure Collabora-
tive Group. Am J Respir Crit Care Med 1999, 159:512-518.

15. Jaber S, Chanques G, Matecki S, Ramonatxo M, Vergne C,
Souche B, Perrigault PF, Eledjam JJ: Post-extubation stridor in
intensive care unit patients. Risk factors evaluation and
importance of the cuff-leak test. Intensive Care Med 2003, 29:
69-74.


	Abstract
	Competing interests
	References

