
Tracheal Reintubation: Caused by “Too Much of a Good Thing”?

William Shakespeare coined the phase when he wrote
in As You Like It: “Can one desire too much of a good
thing?” For many years now we have concentrated our
efforts on liberating the patient from ventilatory support.
The removal of the endotracheal tube (ETT) has been
seen as a mere afterthought at the end of the liberation
process. However, this approach results in an extubation
failure rate (ie, the need for reintubation within 48–72 h)
exceeding 30% in some studies.1 Did we desire too much
of a good thing? Liberation from the ventilator and liber-
ation from the ETT are 2 different processes that should
be separated. With a greater appreciation of the adverse
outcomes, attention has now moved to refining liberation
from the ETT, namely, the decision to extubate after hav-
ing passed a spontaneous breathing trial (SBT). In this
issue of RESPIRATORY CARE, Menon et al2 add to our un-
derstanding of the incidence, patient characteristics, and
consequences of tracheal reintubation among critically
ill patients. In their retrospective cohort study, 11% of
patients required reintubation within 48 hours of extuba-
tion. The patients requiring reintubation were older, more
likely to be male, and had higher Simplified Acute Phys-
iology Score II on admission. Reintubation was associated
with 5-fold increase in mortality and 2-fold increase in
median ICU stay, hospital stay, and institutional costs.
Difficult intubation was also associated with increased
mortality.

SEE THE ORIGINAL STUDY ON PAGE 1555

The problem of reintubation is complicated by the fact
that both delayed and premature discontinuations of me-
chanical ventilation have been associated with adverse out-
comes. Delayed extubation is associated with increased
risk of ventilator-associated pneumonia, ventilator-induced
lung injury, laryngotracheal injury, and increased stay,
while the need for early reintubation is associated with
adverse outcomes, including increased mortality, higher
costs, longer hospital stay, and greater need for tracheos-
tomy.

The results of this study, together with the existing lit-
erature on the topic of extubation failure, raise some fun-
damental questions that deserve consideration in address-
ing this important problem.

Why Are We Unable to Better Predict
Which Patients Will Fail Extubation?

There are multiple explanations for the low accuracy in
prediction of extubation failure. First, previous studies have
shown that the predictive power of weaning indices should
be investigated separately for different patient populations,
to improve accuracy, and this may apply to extubation
success as well.3 Second, previous studies of weaning pre-
diction have been mostly limited to examination of static
indices, which are measured on a one-time basis.4,5 Dy-
namic measurements made of the weaning process, in
which the physiologic variables are changing continuously,
may improve the ability to predict extubation outcome.6,7

Furthermore, since weaning failure is often due to multiple
factors, it will not be reflected by the results of a single
test.8,9 Recently, the use of a decision-tree model, which
included multiple indices as well as changes of these in-
dices, has been shown to predict the extubation outcome
more accurately.7

Since traditional weaning parameters have failed to
predict extubation failure accurately, attention has turned
to improvements in extubation decision-making through
assessment of other elements that may contribute to
extubation failure. These elements relate to inability to
protect the airway or manage secretions, such as occurs
with excessive respiratory secretions, inadequate cough,
and depressed mental status. Salam et al examined the
degree to which neurologic function, cough peak flows,
and quantity of endotracheal secretions affected the extu-
bation outcomes of patients who had passed a trial of
spontaneous breathing. In their study the failure rate was
100% for patients with all 3 risk factors, compared to 3%
for those with no risk factors.10 However, it is unclear
whether abnormal mental status per se increases the risk
for extubation failure.11 In addition to these parameters,
loss of lung aeration evaluated by ultrasound at the end of
an SBT may have a role in predicting post-extubation
respiratory distress.12

Post-extubation laryngeal edema is another factor that
may contribute to extubation failure. Extubation failure,
as distinct from weaning failure, can occur secondary to
upper-airway obstruction that might be recognized only
after the ETT has been removed. Glottic or subglottic
narrowing may result from laryngotracheal trauma, inflam-
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mation, granuloma formation, ulceration, or edema. The
cuff leak test is widely used to identify patients with in-
creased risk for laryngeal edema. However, it is contro-
versial whether a cuff leak test per se can predict post-
extubation stridor.13,14 It is also important to note that the
cuff leak has not been shown to predict the need for rein-
tubation. In high risk patients it might be reasonable to use
a cuff leak test combined with the presence of risk factors
to identify patients with increased risk for laryngeal edema.15

Laryngeal ultrasound may have a role in predicting post-
extubation stridor, although work in the area is limited.16

In addition, videolaryngoscopy has been proposed as a
mechanism to evaluate the progression of laryngeal edema
prior to extubation.17

Hemodynamic alterations and cardiac dysfunction can
result from the change from assisted to spontaneous breath-
ing. After removal of mechanical ventilation, negative in-
trathoracic pressures and sympathetic overstimulation may
increase cardiac work load and result in weaning-induced
myocardial ischemia and ventricular dysfunction. Com-
bined with increased venous return, ventricular filling pres-
sures may increase and precipitate pulmonary edema. A
variety of hemodynamic and biochemical measures have
been studied to predict and diagnose cardiac dysfunction
during weaning.18,19Although the focus of the majority of
these studies has been on prediction of success of SBT,
recent work suggests that assessment of left ventricular
diastolic dysfunction by echocardiography may have a role
in predicting extubation failure as well.20 In addition, bio-
chemical markers have been assessed as weaning param-
eters; however, their role in prediction of extubation fail-
ure remains unknown.21

There is a need to determine what factors may be asso-
ciated with extubation failure, since awareness of the risk
factors may result in fewer incorrect decisions regarding
extubation readiness. In a large multicenter population,
among routinely measured clinical variables, rapid shal-
low breathing index, positive fluid balance 24 hours prior
to extubation, and pneumonia at the initiation of ventila-
tion were the best predictors of extubation failure.22 Thille
et al, in a medical population, found that age and chronic
cardiac or respiratory disease were at high risk.23 Studies
that have focused on the association of extubation out-
comes with variables that assess the ability to protect the
airway have reported that the risk of extubation failure is
increased with ineffective cough, a propensity for aspira-
tion, and abundant secretions, while a decreased level of
consciousness is not consistently identified as a risk factor
for failure. Risk factors for post-extubation laryngeal edema
include duration of intubation, overly large or excessively
mobile ETT, excess cuff pressure, tracheal infection, and
female sex.15

What Can Be Done to Reduce
the Rate of Reintubation?

During the liberation process, application of nonin-
vasive ventilation plays an important role in select patient
populations, especially in patients with COPD. This im-
portant subject is discussed in detail in this issue of RE-
SPIRATORY CARE.24

About 15% of all reintubations are performed because
of post-extubation laryngeal edema.15 Prophylactic meth-
ylprednisolone has been shown to reduce both the inci-
dence of laryngeal edema and the rate of reintubation due
to laryngeal edema.25 However, this practice has not been
universally adopted.

Based on current evidence there are no proven strate-
gies to prevent adverse outcomes associated with reintu-
bation. Therefore, the key is prevention of extubation
failure through improved decision making. Since clinical
decision making alone has failed, perhaps a protocol di-
rected strategy approach using “best evidence” might be
beneficial. Navalesi et al showed in a randomized con-
trolled trial of neurologic and neurosurgical ICU patients
that a systematic approach to weaning/extubation, one that
arranged physiologic and clinical data in a written flow
chart, reduced the incidence of extubation failure without
affecting time spent on mechanical ventilation or in the
ICU.26 Other recent nonrandomized studies have reported
reductions in reintubation rates using a protocolized ap-
proach.27,28 The multiple steps required in assessment of
readiness for extubation might lend themselves to an al-
gorithm, an increasingly popular approach to solving dif-
ficult problems.

Since no single intervention alone is likely to solve
the problem of extubation failure, a comprehensive algo-
rithm that combines an SBT with a systematic risk assess-
ment of extubation failure might be advantageous. Given
the high stakes, a multidisciplinary team should be en-
gaged in the decision making. This team should include
respiratory therapists, nurses, and physicians. After pass-
ing an SBT, the patient is assessed for the risk of extuba-
tion, taking the difficulty of intubation into account. If
the risk is low, the patient will be extubated. In contrast,
if the risk for extubation failure is thought to be high,
further optimization or tracheostomy should be considered
(Fig. 1).

Pronovost et al demonstrated that applying quality im-
provement concepts and methods significantly reduced
extubation failure rates in an academic surgical ICU.29

The need for a ventilator and the need for an ETT are
2 different processes. It has been overwhelmingly shown
that SBTs can be successfully performed in protocolized
fashion by respiratory therapists and nurses.30 However,
the decision to extubate might benefit from an active
multidisciplinary approach that includes physician input.
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An “expert” multidisciplinary approach has proven bene-
ficial in other high-risk areas, including emergency intu-
bation and early mobilization in the ICU.31,32 Finally,
perhaps a lower threshold for early tracheostomy without
a trial of extubation is warranted in patients with risk
factors for extubation failure.

What Is the Optimal Rate of Reintubation?

In a recent review of the literature on failed extubation,
Krinsley et al reported a mean rate of failed extubation of
approximately 15% in observational and interventional
studies.1 The authors compared extubation failure rates
to the surgical “negative appendix rate,” in which an ele-
vated rate suggests operating too frequently, and a rate
approaching zero suggests not operating enough. The au-
thors suggest an optimal rate of 5–10%. However, this
suggestion has not undergone a rigorous review. It would
seem reasonable that the optimal rate should be deter-
mined based on weighing the adverse outcomes and eco-
nomic cost of extubation failure and those associated with
delayed extubation. Certainly the optimal rate may vary
across patient populations.

What Is the Reason for Adverse Outcomes
Associated With Reintubation?

A number of hypotheses have been suggested for the
adverse outcomes associated with extubation failure. The
act of reintubation itself may be associated with increased
complications, either due to life-threatening events that
occur during reintubation (eg, cardiac arrest, aspiration,
arrhythmias) or subsequent development of pneumonia.

Clinical deterioration between SBT/extubation and reintu-
bation may also contribute to worsened outcomes: a hy-
pothesis that is supported by the increase in mortality with
increasing duration of time between extubation and rein-
tubation. Independent of the etiology of extubation failure,
mortality increased 4-fold when reintubation occurred
� 12 hours after extubation.33 Extubation failure may serve
as a surrogate for increased severity of illness. This derives
from the fact that extubation failure remains a strong pre-
dictor of mortality, even after adjusting for markers of
severity of illness, chronic comorbidities, age, and need
for renal replacement therapy. Finally, the impact of total
duration of mechanical ventilation may be a contributing
factor. There is also some evidence that adverse outcomes
associated with reintubation vary by etiology of respira-
tory failure. Epstein found a lower mortality rate for pa-
tients reintubated for upper-airway obstruction than for
those reintubated for respiratory failure,33 because the air-
way obstruction is immediately corrected with reintuba-
tion, while organ dysfunction due to other causes may not
be as readily correctable.

Should Reintubation Rate Be a Quality Metric?

When determining the goals of quality improvement,
it is important not only to determine appropriate mea-
sures, but also to determine what constitutes a meaningful
change.34 In other words, are zero defects possible or al-
ways desirable when measuring quality improvement? A
zero reintubation rate can thus potentially reflect an un-
necessarily long mechanical ventilation time or ICU stay,
putting patients at increased risk of nosocomial infection
and iatrogenic complications and creating a strain on hos-
pital resources.

At this point, reintubation rate by itself seems not to be
a good quality metric. Ventilator free days might be a
more meaningful end point when trying to liberate the
patient as early as possible while minimizing reintubation.

Considerable focus has been directed toward reducing
complications associated with intubation in the critically
ill. It appears that we should now place a similar focus on
extubation. Given the poor outcomes associated with re-
intubation, clinicians should be more vigilant in identify-
ing patients at risk for extubation failure. Increased aware-
ness of the magnitude of consequences of failed extubation
may help. A key question is how to identify patients at
high risk of early extubation failure. Systematic evaluation
of multiple domains of readiness for extubation is needed,
and these domains might include traditional indicators of
good performance on the ventilator, good overall medical
status, and the ability to clear and defend the airway. Fur-
ther study of protocolized extubation strategies are needed
in different patient populations and within different clini-

Fig. 1. Extubation algorithm. SBT � spontaneous breathing trial.
NIV � noninvasive ventilation.
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cal settings. This approach will help us to desire and achieve
the “right amount” of a good thing.

Edward A Bittner MD PhD
Ulrich H Schmidt MD PhD
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and Pain Medicine

Massachusetts General Hospital
Boston, Massachusetts

REFERENCES

1. Krinsley JS, Reddy PK, Iqbal A. What is the optimal rate of failed
extubation? Crit Care 2012;16(1):111.

2. Menon N, Joffe AM, Deem S, Yanez ND, Grabinsky A, Dagal AH,
Daniel S, Treggiari MM. Occurrence and complications of tra-
cheal reintubation in critically ill adults. Respir Care 2012;57(10):
1555-1563.

3. Krieger BP. Respiratory failure in the elderly. Clin Geriatr Med
1994;10(1):103-119.

4. Meade M, Guyatt G, Cook D, Griffith L, Sinuff T, Kergl C, et al.
Predicting success in weaning from mechanical ventilation. Chest
2001;120(6 Suppl):400S-424S.

5. Yang KL, Tobin MJ. A prospective study of indexes predicting the
outcome of trials of weaning from mechanical ventilation. N Engl
J Med 1991;324(21):1445-1450.

6. Segal LN, Oei E, Oppenheimer BW, Goldring RM, Bustami RT,
Ruggiero S, et al. Evolution of pattern of breathing during a spon-
taneous breathing trial predicts successful extubation. Intensive Care
Med 2010;36(3):487-495.

7. Liu Y, Wei LQ, Li GQ, Lv FY, Wang H, Zhang YH, et al. A
decision-tree model for predicting extubation outcome in elderly
patients after a successful spontaneous breathing trial. Anesth Analg
2010;111(5):1211-1218.

8. MacIntyre NR, Cook DJ, Ely EW Jr, Epstein SK, Fink JB, Heffner
JE, et al. Evidence-based guidelines for weaning and discontinuing
ventilatory support: a collective task force facilitated by the Amer-
ican College of Chest Physicians; the American Association for Re-
spiratory Care; and the American College of Critical Care Medicine.
Chest 2001;120(6 Suppl):375S-395S. Also in: Respir Care 2002;
47(2):69-90.

9. Epstein SK. Decision to extubate. Intensive Care Med 2002;28(5):
535-546.

10. Salam A, Tilluckdharry L, Amoateng-Adjepong Y, Manthous CA.
Neurologic status, cough, secretions and extubation outcomes. In-
tensive Care Med 2004;30(7):1334-1339.

11. King CS, Moores LK, Epstein SK. Should patients be able to follow
commands prior to extubation? Respir Care 2010;55(1):56-65.

12. Soummer A, Perbet S, Brisson H, Arbelot C, Constantin JM, Lu Q,
et al. Ultrasound assessment of lung aeration loss during a successful
weaning trial predicts postextubation distress. Crit Care Med 2012;
40(7):2064-2072.

13. Kriner EJ, Shafazand S, Colice GL. The endotracheal tube cuff-leak
test as a predictor for postextubation stridor. Respir Care 2005;50(12):
1632-1638.
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