AARC GUIDELINE: REMOVAL OF THE ENDOTRACHEAL TUBE

AARC Clinical Practice Guideline

Removal of the Endotracheal Tube—2007 Revision & Update

RET 1.0 PROCEDURE
Elective removal of the endotracheal tube from
adult, pediatric, and neonatal patients.

RET 2.0 DESCRIPTION/DEFINITION

The decision to discontinue mechanical ventilation
involves weighing the risks of prolonged mechani-
cal ventilation against the possibility of extubation
failure.'? This guideline will focus on the predictors
that aid the decision to extubate, the procedure re-
ferred to as extubation, and the immediate postextu-
bation interventions that may avoid potential rein-
tubation. This review will not address weaning
from mechanical ventilation, accidental extubation,
nor terminal extubation.

2.1 The risks of prolonged translaryngeal intu-
bation include but are not limited to:
2.1.1 Sinusitis®#
2.1.2 Vocal cord injury?
2.1.3 Laryngeal injury®®
2.1.4 Laryngeal stenosis®’
2.1.5 Subglottic stenosis in neonates®!!
and children'?
2.1.6 Tracheal injury'3-16
2.1.7 Hemoptysis!’
2.1.8 Aspiration'$:1°
2.1.9 Pulmonary infection?-23
2.1.10 Endotracheal tube occlusion?*2?’
2.1.11 Accidental extubation necessitat-
ing emergent reintubation?-8
2.2 Extubation may result in the following
complications
2.2.1 Upper airway obstruction from
laryngospasm?*-3
2.2.2 Laryngeal edema33-3’
2.2.3 Supraglottic obstruction
2.2.4 Pulmonary edema’*-#!
2.2.5 Pulmonary aspiration syndrome'?#?
2.2.6 Impaired respiratory gas exchange
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RET 3.0 ENVIRONMENT

The endotracheal tube should be removed in an en-
vironment in which the patient can be physiologi-
cally monitored and in which emergency equipment
and appropriately trained health care providers with
airway management skills are immediately avail-
able (see RET 10.0 and 11.0).

RET 4.0 INDICATIONS/OBJECTIVES

When the airway control afforded by the endotra-
cheal tube is deemed to be no longer necessary for
the continued care of the patient, the tube should be
removed. Subjective or objective determination of
improvement of the underlying condition impairing
pulmonary function and/or gas exchange capacity
is made prior to extubation.”? To maximize the like-
lihood for successful extubation, the patient should
be capable of maintaining a patent airway and gen-
erating adequate spontaneous ventilation. In gener-
al, this requires the patient to possess adequate:
central inspiratory drive, respiratory muscle
strength, cough strength to clear secretions, laryn-
geal function, nutritional status, and clearance of
sedative and neuromuscular blocking effects.

4.1 Occasionally, acute airway obstruction of
the artificial airway due to mucus or mechani-
cal deformation mandates immediate removal
of the artificial airway. Reintubation or other
appropriate techniques for reestablishing the
airway (ie, surgical airway management) must
be used to maintain effective gas ex-
change 262743

4.2 Patients in whom an explicit declaration of
the futility of further medical care is document-
ed may have the endotracheal tube removed de-
spite failure to meet the above indications.***

RET 5.0 CONTRAINDICATIONS
There are no absolute contraindications to extuba-
tion; however, to maintain acceptable gas exchange
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after extubation some patients may require one or
more of the following: noninvasive ventilation,
continuous positive airway pressure, high inspired
oxygen fraction, or reintubation. Airway protective
reflexes may be depressed immediately following
and for some time after extubation.!8#¢ Therefore,
measures to prevent aspiration should be consid-
ered.

RET 6.0 HAZARDS/COMPLICATIONS
6.1 Hypoxemia after extubation may result
from but is not limited to
6.1.1 Failure to deliver adequate inspired
oxygen fraction through the natural upper
airway?’
6.1.2 Acute upper airway obstruction sec-
ondary to laryngospasm?®-32
6.1.3 Development of post-obstruction
pulmonary edema3*-#!
6.1.4 Bronchospasm*$49
6.1.5 Development of atelectasis, or lung
collapse™
6.1.6 Pulmonary aspiration'8:1942
6.1.7 Hypoventilation3' 2
6.2 Hypercapnia after extubation may be
caused by but is not limited to
6.2.1 Upper airway obstruction resulting
from edema of the trachea, vocal cords, or
larynx33-38
6.2.2 Respiratory muscle weakness>3>*
6.2.3 Excessive work of breathing->°
6.2.4 Bronchospasm*$49
6.3 Death may occur when medical futility is
the reason for removing the endotracheal tube.

RET 7.0 LIMITATIONS OF METHODOLOGY/
VALIDATION OF RESULTS

Predicting extubation outcome is of significant
clinical importance as both extubation delay and
unsuccessful extubation are associated with poor
patient outcomes.'? However, the literature on this
topic is limited by few validated objective measures
to accurately predict the extubation outcome for an
individual patient.!260-63 Failed extubation, or the
need to reinsert an artificial airway following extu-
bation, is not necessarily an indication of failed
medical practice. Patients may need reintubation
immediately or after some interval due to inappro-
priately timed extubation, progression of underly-
ing disease, or development of a new disorder.
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Therefore, a trial of extubation may be used in
some marginal patients with the expectation that the
need for reintubation is likely. Extubation failure
rates reported in the literature range between 1.8%-
18.6% for adults,!3663-65 2 79%-22% for children,®
70 and may be as high as 40%-60% for low birth-
weight infants.”"”> Clinical practice standards for
endotracheal tube removal include attentive postex-
tubation monitoring, prompt identification of respi-
ratory distress, maintenance of a patent airway and,
if clinically indicated, attempts to successfully es-
tablish an artificial airway by reintubation or surgi-
cal technique. The failure and complication rates of
extubation can be used as quality monitors.

RET 8.0 ASSESSMENT OF EXTUBATION
READINESS

The endotracheal tube should be removed as soon
as the patient no longer requires an artificial airway.
Patients should demonstrate some evidence for the
reversal of the underlying cause of respiratory fail-
ure and should be capable of maintaining adequate
spontaneous ventilation and gas exchange. The de-
termination of extubation readiness may be individ-
ualized using the following guidelines.

8.1 Patients with an artificial airway to facili-
tate treatment of respiratory failure should be
considered for extubation when they have met
established extubation readiness criteria.%7¢
Examples of these criteria include but are not
limited to
8.1.1 The capacity to maintain adequate
arterial partial pressure of oxygen
(Pao2/F102 ratio > 150-200) on inspired
oxygen fractions provided with simple
oxygen devices (Fio, 0.4 t0 0.5 and with
low levels of positive airway pressure
(PEEP) < 5 to 8 cm H,O?
8.1.2 The capacity to maintain appropri-
ate pH (pH = 7.25)? and arterial partial
pressure of carbon dioxide during sponta-
neous ventilation’*7
8.1.3 Successful completion of 30-120
minute spontaneous breathing trial (SBT)
performed with a low level of CPAP (eg 5
cm H,O) or low level of pressure support
eg 5-7 cm H;0) demonstrating adequate
respiratory pattern and gas exchange,
hemodynamic stability, and subjective
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comfort’’-81

8.1.4 In adults, respiratory rate < 35
breaths per minute during spontaneous
breathing;>* in infants and children, the
acceptable respiratory rate decreases in-
versely with age and can be measured
with good repeatability with a stetho-
scope??

8.1.5 Adequate respiratory muscle
strength®3-83

8.1.6 Maximum negative inspiratory pres-
sure > -30 cm H,0%-# although current
clinical practice may accept a maximum
negative inspiratory pressure > -20 cm
H,0%9!

8.1.7 Vital capacity > 10 mL/kg ideal
body weight’? or in neonates > 150
mL/m? 8

8.1.8 Pressure measured across the di-
aphragm during spontaneous ventilation <
15% of maximum®3%4

8.1.9 In adults, spontaneous exhaled
minute ventilation < 10 L/min3®

8.1.10 In adults, a rapid shallow breathing
index (RSBI, respiratory rate-to-tidal-vol-
ume ratio) of <105 breaths/min (positive
predictive value (PPV) of 0.78)%; in in-
fants and children, variables standardized
by age or weight proved more useful.
Modified CROP index (compliance, resis-
tance, oxygenation, and ventilating pres-
sure) above a threshold of > 0.1-0.15 mL

- mmHg/breaths/min/kg) (sensitivity of
83% and specificity of 53%) may be a su-
perior screening tool than a modified
RSBI =< 8-11 breaths/min/mL/kg (sensi-
tivity of 74% and specificity of
74%)6768.95

8.1.11 Thoracic compliance > 25 mL/cm
H,0%

8.1.12 Work of breathing < 0.8 J/L97-102
8.1.13 Oxygen cost of breathing < 15%
total especially for those patients with
chronic respiratory insufficiency requir-
ing long-term mechanical ventilation
(sensitivity, 100%; specificity, 87%)!02-104
8.1.14 Dead-space-to-tidal-volume ratio
(Vp/V1) < 0.6; in children, Vp/V1 < 0.5
equates to 96% successful extubation,
0.51-0.64 equates to 60% successful extu-
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bation, (0.65 equates to 20% successful
extubation!03:106
8.1.15 Airway occlusion pressure at 0.1
seconds (Pg 1) < 6 cm H>O and when nor-
malized for maximal inspiratory pressure
(MIP), as indicated by [Py ;/MIP], accu-
rately predict successful extubation 88%
and 98% of the time, respectively.!07-109
(This measurement is primarily a research
tool.)
8.1.16 Maximum voluntary ventilation >
twice resting minute ventilation®
8.1.17 In preterm infants, minute ventila-
tion testing vs. standard clinical evalua-
tion resulted in shorter time to extuba-
tion'10
8.1.19 Peak expiratory flow (PEF) = 60
L/min after 3 cough attempts measured
with an in-line spirometer!!!:!12
8.1.20 Time to recovery of minute venti-
lation to pre-spontaneous breathing trial
baseline levels!!3
8.1.21 Sustained maximal inspiratory
pressures (SMIP) > 57.5 pressure time
units (sensitivity and specificity of 1.0)
predicted extubation outcome!!*
8.1.22 In neonates, total respiratory com-
pliance (Cys, derived from V1/PIP-PEEP)
< 0.9 mL/cm H,O was associated with ex-
tubation failure, whereas a value > 1.3
mL/cm H,O was associated with extuba-
tion success'!
8.1.23 Preterm infants extubated directly
from low rate ventilation without a trial of
endotracheal tube continuous positive air-
way pressure (CPAP) demonstrated a
trend to increased chance of successful
extubation (RR = 0.45, Clgs (0.19, 1.07),
NNT 106
8.1.24 Integrated indices of measured
vital capacity (VC, threshold value = 635
mL), respiratory frequency to tidal vol-
ume ratio (f/Vr, threshold value = 88
breaths/min/L) and maximal expiratory
pressure (MEP, threshold value = 28 cm
H,0)80:117
8.2 In addition to treatment of respiratory fail-
ure, artificial airways are sometimes placed for
airway protection. Resolution of the need for
airway protection may be assessed by but is not
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limited to
8.2.1 Appropriate level of conscious-
nessllS—lZO

8.2.2 Adequate airway protective

reflexes!!%-120
8.2.2.1 Reduced cough strength (grade
0 to 2) measured by the white card test
and increased secretion burden predict-
ed unsuccessful extubation (risk ratio,
RR= 4.0; 95% confidence interval
(Clgs) 1.8 to 8.9)12!

8.2.3 Easily managed secretions!63:119:120
8.3 In addition to resolution of the processes re-
quiring the insertion of an artificial airway, is-
sues that should be considered in all patients
prior to extubation are

8.3.1 No immediate need for reintubation

anticipated

8.3.2 Known risk factors for extubation

failure

8.3.2.1 Patient features of high risk for
extubation failure include: admission
to medical ICU, age > 70 or < 24
months, higher severity of illness upon
weaning, Hgb <10 mg/dL, use of con-
tinuous I.V. sedation, longer duration
of mechanical ventilation, presence of
a syndromic or chronic medical condi-
tion, known medical or surgical airway
condition®7°, frequent pulmonary toi-
let,'”! and loss of airway protective re-
ﬂexesll9,]2()

8.3.2.2 Risk factors for a known histo-
ry of a difficult airway: syndromic or
congenital conditions associated with
cervical instability (ie, Klippel-Feil or
Trisomy 21); limited physical access to
the airway (ie, halo-vest or anatomic
hindrances); multiple failed direct
laryngoscopy attempts by an experi-
enced laryngoscopist, or a failed laryn-
goscopy attempt followed by tracheal
intubation using fiberoptic bron-
choscopy or nasal lightwand, or requir-
ing placement of a laryngeal mask air-
way!22-129

8.3.2.3 In the pediatric cardiothoracic
surgery population, presence of one or
more of these variables increases the
likelihood of failed extubation: age < 6
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months, history of prematurity, conges-
tive heart failure, and pulmonary hy-
pertension'3?
8.3.2.4 For pediatric patients, validated
bedside measures of respiratory func-
tion identifying low (< 10%) and high
risk (> 25%) threshold values of extu-
bation failure which may be useful in
generating discussion, but do not apply
to individual risk!3!
8.3.3 Presence of upper airway obstruc-
tion or laryngeal edema as detected by di-
minished gas leak around the endotra-
cheal tube with positive pressure
breaths37-132-139
8.3.3.1 Percent cuff leak or the differ-
ence between expiratory tidal volume
measured with the cuff inflated and
then deflated in a volume-controlled
mode of =15.5% (sensitivity 75%,
specificity 72%).'3>138 Yet this test was
found not to be predictive in a study of
cardiothoracic surgery patients.'*"
8.3.3.2 Air leak may be an age-depen-
dent predictor of postextubation stridor
in children. An air leak > 20 cm H,O
was predictive of postextubation stri-
dor in children = 7 years of age (sensi-
tivity of 83%, specificity of 80%), but
was not predictive < 7 years of age®’
8.3.3.3 Air leak test has been predictive
of postextubation stridor or extubation
failure for children with upper airway
pathology: trauma patients,'*" croup,'#!
after tracheal surgery.'#?
8.3.4 Evidence of stable, adequate hemo-
dynamic function?!43-146
8.3.5 Evidence of stable nonrespiratory
functions!47-150
8.3.6 Electrolyte values within normal
range!51-153
8.3.7 Evidence of malnutrition decreasing
respiratory muscle function and ventilato-
ry drive!5158
8.3.8 Anesthesia literature indicates the
patient must have no intake of food or lig-
uid by mouth for a period of time prior to
airway manipulation. The continuation of
transpyloric feedings during an extuba-
tion procedure remains controversial'>%:1¢0
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8.3.9 Prophylactic medication prior to ex-

tubation to avoid or reduce the severity of

postextubation complications such as
8.3.9.1 Consider use of lidocaine to
prevent cough and/or laryngospasm in
patients at risk 61162
8.3.9.2 Prophylactic administration of
steroids may be helpful to prevent re-
intubation rates in high-risk neonates,
but not in children (relative risk, RR =
0.49, Clgs5 0.01, 19.65) or adults (RR =
0.95, Clgs5 0.52, 1.72)61:163
8.3.9.3 Prophylactic administration of
steroids may help reduce the incidence
of postextubation stridor in children
(RR =0.53, Clys 0.28,0.97), but not in
neonates or adults (RR = 0.86, Clos
0.57, 1.30)°61:163
8.3.9.4 Prophylactic administration of
steroids for patients with laryngotra-
cheobronchitis (croup) correlates with
reduced rates of reintubation'64.165
8.3.9.5 Caffeine citrate reduced the risk
of apnea for infants, but did not reduce
the risk of extubation failure'®
8.3.9.6 Methylxanthine treatment stim-
ulates breathing and reduces the rate of
apnea (RR = 047, Clgs (0.32, 0.70).
[Number needed to treat (NNT) 3.7,
Clos (2.7, 6.7)] for neonates with poor
respiratory drive, especially extremely
low birthweight infants.'¢”

RET 9.0 ASSESSMENT OF OUTCOME
Removal of the endotracheal tube should be fol-
lowed by adequate spontaneous ventilation through
the natural airway, adequate oxygenation, and no
need for re-intubation.
9.1 Clinical outcome may be assessed by physi-
cal examination, auscultation, invasive and
noninvasive measurements of gas exchange,
and chest radiography.
9.2 Quality of the procedure can be systemati-
cally assessed by monitoring extubation com-
plications and the need for reintubation.
9.3 The success of removal of the endotracheal
tube can be monitored by examining the fre-
quency of reintubation and frequency of com-
plications.
9.4 When a patient experiences an unplanned
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self-extubation and does not require reintuba-
tion, this suggests that planned extubation
should have been considered earlier.!%3-173

9.5 Some patients may require postextubation
support or intervention to maintain adequate
gas exchange independent of controlled me-
chanical ventilation.

9.5.1 Noninvasive Respiratory Support
9.5.1.1 Infants extubated to nasal inter-
mittent positive pressure ventilation
(NIPPV) were less likely to fail extuba-
tion than those infants extubated to
nasal continuous positive airway pres-
sure ventilation (NCPAP)[RR = 0.21,
Clos (0.10,0.45); NNT 3, Clos (2, 5)]72
9.5.1.2 In neonates and premature in-
fants, binasal prong CPAP is more ef-
fective at preventing re-intubation than
single nasal or nasopharyngeal prongs
[RR =0.59, Clgs (0.41, 0.85); NNT 5,
Clos (3, 14)]'™
9.5.1.3 In adults, routine use of postex-
tubation noninvasive positive pressure
ventilation such as BIPAP is not sup-
ported! 75177
9.5.14 In patients with chronic ob-
structive pulmonary disease (COPD),
continuous positive airway pressure
(CPAP) of 5 cm H»O and pressure sup-
port ventilation (PSV) of 15 cm H,O
have improved pulmonary gas ex-
change, decreased intrapulmonary
shunt fraction, and reduced patient
work of breathing!”®

9.5.2 Postextubation Medical Therapy
9.5.2.1 Aerosolized levo-epinephrine is
as effective as aerosolized racemic
epinephrine in the treatment of postex-
tubation laryngeal edema in children?
9.5.2.2 No randomized studies in
neonates have been performed to eval-
uate the role of nebulized racemic
epinephrine for postextubation stri-
dor!7
9.5.2.3 Heliox may alleviate the symp-
toms of partial airway obstruction and
resultant stridor, improve patient com-
fort, decrease work of breathing, and
prevent reintubation?’-8:140

9.5.3 Diagnostic Therapy
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9.5.3.1 For patients with postextuba-
tion complications such as stridor or
obstruction, fiberoptic bronchoscopy
may provide direct airway inspection
and therapeutic interventions (secre-
tion clearance, instillation of drugs, re-
moval of aspirated foreign ob-
jects). 80181

RET 10.0 RESOURCES
Preparation for extubation includes assuring emer-
gency reintubation equipment and personnel are
readily available. The following equipment/sup-
plies must be maintained in close proximity to the
patient, in sufficient quantities, and in working con-
dition.
10.1 Equipment
10.1.1 Oxygen source
10.1.2 Devices to deliver oxygen-en-
riched gas mixtures
10.1.3 High-volume suction source and
catheters
10.1.4 Pharyngeal and tracheal suction
catheters
10.1.5 Self-inflating or nonself-inflating
manual ventilation system
10.1.6 Appropriately sized face masks
10.1.7 Oral and nasopharyngeal airways
10.1.8 Endotracheal tubes of various
sizes, cuffed and uncuffed
10.1.9 Translaryngeal intubation equip-
ment (laryngoscope blades, handles, extra
batteries, stylettes, surgical lubricant, sy-
ringes to inflate cuff)
10.1.10 Airway exchange catheter of vari-
ous sizes
10.1.11 Laryngeal mask airway (LMA) of
various sizes
10.1.12 Equipment for establishing an
emergency surgical airway (scalpel, lido-
caine with epinephrine, appropriately
sized endotracheal or tracheostomy tubes)
10.1.13 Nasogastric tubes of various sizes
10.1.14 Pulse oximeter
10.1.15 Two-channel cardiac monitor
10.1.16 Supplies for arterial puncture and
blood gas analysis
10.1.17 Medication for sedation, analge-
sia, neuromuscular blockade and preven-
tion of raised intracranial pressure as indi-
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cated by the individual situation
10.1.18 Carbon dioxide detection devices
(qualitative and/or quantitative devices)
10.2 Personnel
10.2.1 Credentialed and/or licensed health
care personnel with documented knowl-
edge and demonstrated skills specific to
patient assessment and airway manage-
ment should determine the appropriate-
ness of extubation, be available to assess
success, and begin appropriate interven-
tions should immediate complications
occur. Personnel skilled in endotracheal
intubation and the insertion of invasive
airways should be immediately available
whenever extubation is performed.
10.2.2 Credentialed and/or licensed
health-care personnel with documented
knowledge and demonstrated skill in pro-
viding oxygen administration devices and
suctioning the airway may provide sup-
port during the extubation procedure.
10.2.3 In the event of acute obstruction of
the artificial airway, anyone with airway
maintenance skills may remove the endo-
tracheal tube to save the patient’s life!®

RET 11. 0 MONITORING
Monitoring in the postextubation period includes
ensuring the equipment, personnel, and medica-
tions are readily available in the event of emergent,
postextubation phenomena.!®
11.1 Appropriately trained personnel need to be
readily available to detect cardiopulmonary im-
pairment
11.2 Frequent respiratory evaluation should in-
clude: vital signs, assessment of neurologic sta-
tus, patency of airway, auscultatory findings,
work of breathing, and hemodynamic status
11.3 Equipment
11.2.1 Pulse oximeter
11.2.2 Two-channel cardiac monitor
11.2.3 Spygmomanometer and stetho-
scope
11.2.4 Capnograph

RET 12.0 FREQUENCY

No consensus exists on the appropriate timing of or
requirement for tracheostomy placement in the me-
chanically ventilated patient. Any recommendation
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will have to consider patient population, etiology of
respiratory insult, expected or known duration of
mechanical ventilation, balance of risks and per-
ceived benefits of continued mechanical ventilation
via tracheostomy as opposed to a translaryngeally-
placed endotracheal tube. Past recommendations
have been based upon expert consensus.>!82.183
12.1 Limited data exist on the rate of successful
extubation after a previous failed extubation.
12.1.1 Many clinical studies include the
first extubation attempt only
12.1.2 In a pediatric descriptive study,
174/2794 subjects failed extubation [extu-
bation failure rate 6.2%, Clgs 5.3,7.1]
after the first attempt; 27% (65/174) failed
a second extubation attempt; of those pa-
tients, 22 extubated successfully after the
third extubation attempt.”

RET 13.0 STANDARD PRECAUTIONS
Caregivers should exercise Standard Precautions
for all patients, follow the Centers for Disease Con-
trol and Prevention (CDC) recommendations for
control of exposure to tuberculosis and droplet nu-
clei, and institute appropriate precautions empiri-
cally for airborne, droplet, and contact agents pend-
ing confirmation of diagnosis in patients suspected
of having serious infections.!34-189

Revised by Angela T Wratney MD and Ira M Cheifetz
MD FAARC, Duke University Medical Center, Durham,
North Carolina, and approved by the 2006 CPG Steer-
ing Committee

Original publication: Respir Care 1999;44(1):85-90.

REFERENCES

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

2. Maclntyre NR, Cook DJ, Ely EW Jr, Epstein SK, Fink

JB, Heffner JE, et al. Evidence-based guidelines for
weaning and discontinuing ventilatory support: a col-
lective 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.
3. Holzapfel L, Chevret S, Madinier G, Ohen F,
Demingeon G, Coupry A, Chaudet M. Influence of
long-term, oro- or nasotracheal intubation on nosoco-
mial maxillary sinusitis and pneumonia: results of a
prospective, randomized, clinical trial. Crit Care Med

RESPIRATORY CARE @ JANUARY 2007 VOL 52 NO 1

10.

13.

14.

15.

16.

17.

18.

19.

20.

1993;21(8):1132-1138.

Guerin JM, Lustman C, Meyer P, Barbotin-Larrieau F.
Nosocomial sinusitis in pediatric intensive care pa-
tients (comment). Crit Care Med 1990;18(8):902.
Kastanos N, Estopa Miro R, Marin Perez A, Xaubet
Mir A, Agusti-Vidal A. Laryngotracheal injury due to
endotracheal intubation: incidence, evolution, and pre-
disposing factors: a prospective long-term study. Crit
Care Med 1983;11(5):362-367.

Colice GL, Stukel TA, Dain B. Laryngeal complica-
tions of prolonged intubation. Chest 1989;96(4):877-
884.

Santos PM, Afrassiabi A, Weymuller EA Jr. Risk fac-
tors associated with prolonged intubation and laryngeal
injury. Otolaryngol Head Neck Surg 1994;111(4):453-
459.

Benjamin B. Prolonged intubation injuries of the lar-
ynx: endoscopic diagnosis, classification, and treat-
ment. Ann Otol Rhinol Laryngol 1993;160:1-15.
Sherman JM, Lowitt S, Stephenson C, Ironson G. Fac-
tors influencing acquired subglottic stenosis in infants.
J Pediatrics 1986;109(2):322-327.

Marcovich M, Pollauf F, Burian K. Subglottic stenosis
in newborns after mechanical ventilation. Prog Pediatr
Surg 1987;21:8-19.

Parkin JL, Stevens MH, Jung AL. Acquired and con-
genital subglottic stenosis in the infant. Ann Otol Rhi-
nol Laryngol 1976; 85(5 Pt1): 573-581.

Wiel E, Vilette B, Darras JA, Scherpereel P, Leclerc F.
Laryngotracheal stenosis in children after intubation.
Report of five cases. Paediatr Anaesthes
1997;7(5):415-419.

Stauffer JL, Olson DE, Petty TL. Complications and
consequences of endotracheal intubation and tra-
cheotomy: a prospective study of 150 critically ill adult
patients. Am J Med 1981;70(1):65-76.

Hoeve LJ, Eskici O, Verwoerd CD. Therapeutic reintu-
bation for post-intubation laryngotracheal injury in
preterm infants. Int J Pediatr Otorhinolaryngol
1995;31(1):7-13.

Stauffer JL, Silvestri RE. Complications of endotra-
cheal intubation, tracheostomy, and artificial airways.
Respir Care 1982;27(4):417-434.

Spear RM, Sauder RA, Nichols DG. Endotracheal tube
rupture, accidental extubation, and tracheal avulsion:
three airway catastrophes associated with significant
decrease in leak pressure. Crit Care Med
1989;17(4):701-703.

Keceligil HT, Erk MK, Kolbakir F, Yildrim A, Yilman
M, Unal R. Tracheoinnominate artery fistula following
tracheostomy. Cardiovasc Surg 1995;3(5):509-510.
Leder SB, Cohn SM, Moller BA. Fiberoptic endoscop-
ic documentation of the high incidence of aspiration
following extubation in critically ill trauma patients.
Dysphagia 1998;13(4):208-212.

Goitein KJ, Rein AJ, Gornstein A. Incidence of aspira-
tion in endotracheally intubated infants and children.
Crit Care Med 1984;12(1):19-21.

Garibaldi RA, Britt MR, Coleman ML, Reading JC,

87



21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

88

AARC GUIDELINE: REMOVAL OF THE ENDOTRACHEAL TUBE

Pace NL. Risk factors for postoperative pneumonia.
Am J Med 1981;70(3):677-680.

Kerver AJ, Rommes JH, Mevissen-Verhage EA, Hul-
staert PF, Vos A, Verhoef J, Wittebol P. Prevention of
colonization and infection in critically ill patients: a
prospective randomized study. Crit Care Med
1988;16(11):1087-1093.

Torres A, Aznar R, Gatell JM, Jiminez P, Gonzalez J,
Ferrer A, et al. Incidence, risk, and prognosis factors of
nosocomial pneumonia in mechanically ventilated pa-
tients. Am Rev Respir Dis 1990;142(3):523-528.
Harris H, Wirtschafter D, Cassady G. Endotracheal in-
tubation and its relationship to bacterial colonization
and systemic infection of newborn infants. Pediatrics
1976;58(6):816-823.

Rivera R, Tibbals J. Complications of endotracheal in-
tubation and mechanical ventilation in infants and chil-
dren. Crit Care Med 1992;20(2):193-199.

Khan FH, Khan FA, Irshad R, Kamal RS. Complica-
tions of endotracheal intubation in mechanically venti-
lated patients in a general intensive care unit. J Pak
Med Assoc 1996;46(9):195-198.

Cohen IL, Weinberg PF, Fein IA, Rowinski GS. Endo-
tracheal tube occlusion associated with the use of heat
and moisture exchangers in the intensive care unit. Crit
Care Med 1988;16(3):277-279.

Skoulas IG, Kountakis SE. Endotracheal tube obstruc-
tion: a rare complication in laser ablation of recurrent
laryngeal papillomas. Ear Nose Throat J
2003;82(7):504-506, 512.

Black AE, Hatch DJ, Nauth-Misir N. Complications of
naotracheral intubation in neonates, infants and chil-
dren: a review of 4 years’ experience in a children’s
hospital. BrJ Anaesth 1990;65(4):461-467.

Backus WW, Ward RR, Vitkun SA, Fitzgerald D,
Askanazi J. Postextubation laryngeal spasm in an
unanesthetized patient with Parkinson’s disease. J Clin
Anesth 1991;3(4):314-316.

Guffin TN, Har-el G, Sanders A, Lucente FE, Nash M.
Acute postobstructive pulmonary edema. Otolaryngol
Head Neck Surg 1995;112(2):235-237.

Wilson GW, Bircher NG. Acute pulmonary edema de-
veloping after laryngospasm: report of a case. J Oral
Maxillofac Surg 1995;53(2):211-214.

Young A, Skinner TA. Laryngospasm following extu-
bation in children (letter). Anaesthesia 1995;50(9):827.
Hartley M, Vaughan RS. Problems associated with tra-
cheal extubation. Br J Anaesth 1993;71(4):561-568.
Darmon JY, Rauss A, Dreyfuss D, Bleichner G,
Elkharrat D, Schlemmer B, et al. Evaluation of risk
factors for laryngeal edema after tracheal extubation in
adults and its prevention by dexamethasone: a placebo-
controlled, double-blind, multicenter study. Anesthesi-
ology 1992;77(2):245-251.

Nutman J, Brooks LJ, Deakins KM, Baldesare KK,
Witte MK, Reed MD. Racemic versus l-epinephrine
aerosol in the treatment of postextubation laryngeal
edema: results from a prospective, randomized, dou-
ble-blind study. Crit Care Med 1994;22(10):1591-

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

1594.

Kemper KJ, Benson MS, Bishop MJ. Predictors of pos-
textubation stridor in pediatric trauma patients. Crit
Care Med 1991;19(3);352-355.

Mhanna MJ, Zamel YB, Tichy CM, Super DM. The
“air leak” test around the endotracheal tube, as a pre-
dictor of postextubation stridor, is age dependent in
children. Crit Care Med 2002;30(12):2639-2643.
Vauthy PA, Reddy R. Acute upper airway obstruction
in infants and children: evaluation by the fiberoptic
bronchoscope. Ann Otol Rhinol Laryngol 1980;89(5 Pt
1):417-418.

Willms D, Shure D. Pulmonary edema due to upper
airway obstruction in adults. Chest 1988;94(5):1090-
1092.

Kamal RS, Agha S. Acute pulmonary oedema: a com-
plication of upper airway obstruction. Anaesthesia
1984;39(5):464-467.

Guinard JP. Laryngospasm-induced pulmonary edema.
Int J Pediatr Otorhinolaryngol 1990;20(2):163-168.
Arandia HY, Grogono AW. Comparison of the inci-
dence of combined “risk factors” for gastric acid aspi-
ration: influence of two anesthetic techniques. Anesth
Analg 1980;59(11):862-864.

Kapadia FN, Bajan KB, Singh S, Mathew B, Nath A,
Wadkar S. Changing patterns of airway accidents in in-
tubated ICU patients. Intensive Care Med 2001;
27(1):296-300.

Task Force on Ethics of the Society of Critical Care
Medicine. Consensus report on the ethics of foregoing
life-sustaining treatments in the critically ill. Crit Care
Med 1990;18(12):1435-1439.

Truog RD, Cist AF, Brackett SE, Burns JP, Curley
MA, Danis M, et al. Recommendations for end-of-life
care in the intensive care unit: The Ethics Committee
of the Society of Critical Care Medicine. Crit Care
Med 2001;29(12):2332-2348.

Ajemian MS, Nirmul GB, Anderson MT, Zirlen DM,
Kwasnik EM. Routine fiberoptic endoscopic evalua-
tion of swallowing following prolonged intubation: im-
plications for management. Arch Surg
2001;136(4):434-437.

Guglielminotti J, Constant I, Murat 1. Evaluation of
routine tracheal extubation in children: inflating or suc-
tioning technique? Br J Anaesth 1998;81(5):692-695.
Tait AR, Malviya S, Voepel-Lewis T, Munro HM, Sei-
wert M, Pandit UA. Risk factors for perioperative ad-
verse respiratory events in children with upper respira-
tory tract infections. Anesthesiology 2001;95(2):299-
306.

Wong DH, Weber EC, Schell MJ, Wong AB, Ander-
son CT, Barker SJ. Factors associated with postopera-
tive pulmonary complications in patients with severe
chronic obstructive pulmonary disease. Anesth Analg
1995;80(2):276-284.

Flenady VJ, Gray PH. Chest physiotherapy for pre-
venting morbidity in babies being extubated from me-
chanical ventilation. Cochrane Database Syst Rev
2002;(2):CD000283.

RESPIRATORY CARE ® JANUARY 2007 VOL 52 NO 1



51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

AARC GUIDELINE: REMOVAL OF THE ENDOTRACHEAL TUBE

Lopata M, Onal E. Mass loading, sleep apnea, and the
pathogensis of obesity hypoventilation. Am Rev Respir
Dis 1982;126(4):640-645.

Davis PG, Lemyre B, de Paoli AG. Nasal intermittent
positive pressure ventilation (NIPPV) versus nasal
continuous positive airway pressure (NCPAP) for
preterm neonates after extubation. Cochrane Database
Syst Rev 2001;(3):CD003212.

Mier A, Laroche C, Agnew JE, Vora H, Clarke SW,
Green M, Pavia D. Tracheobronchial clearance in pa-
tients with bilateral diaphragmatic weakness. Am Rev
Respir Dis 1990;142(3):545-548.

Cohen CA, Zagelbaum G, Gross D, Roussos C, Mack-
lem PT. Clinical manifestations of inspiratory muscle
fatigue. Am J Med 1982;73(3):308-316.

Sundaram RK, Nikolic G. Successful treatment of
post-extubation stridor by continuous positive airway
pressure. Aneasthes Intensive Carel1996;24(3):392-
393.

Hertzog JH, Siegel LB, Hauser GJ, Dalton HJ. Nonin-
vasive positive-pressure ventilation facilitates tracheal
extubation after laryngotracheal reconstruction in chil-
dren. Chest 1999;116(1):260-263.

Kemper KJ, Izenberg S, Marvin JA, Heimbach DM.
Treatment of postextubation stridor in a pediatric pa-
tient with burns: the role of heliox. J Burn Care Rehabil
1990;11(4):337-339.

Kemper KJ, Ritz RH, Benson MS, Bishop MS. Heli-
um-oxygen mixture in the treatment of postextubation
stridor in pediatric trauma patients. Crit Care Med
1991;19(3):356-359.

Jaber S, Carlucci A, Boussarsar M, Fodil R, Pigeot J,
Maggiore S, et al. Helium-oxygen in the postextuba-
tion period decreases inspiratory effort. Am J Respir
Crit Care Med 2001;164(4):633-637.

Epstein SK. Endotracheal extubation. Respir Care Clin
N Am 2000;6(2):321-360.

Davis PG, Henderson-Smart DJ. Intravenous dexam-
ethasone for extubation of newborn infants. Cochrane
Database Syst Rev 2001;(4):CD000308.

Sinha SK, Donn SM. Weaning newborns from me-
chanical ventilation. Semin Neonatol 2002;7(5):421-
428.

Epstein SK. Predicting extubation failure: is it in (on)
the cards? (editorial) Chest 2001;120(4):1061-1063.
DeHaven CB Jr, Hurst JM, Btanson RD. Evaluation of
two different extubation criteria: attributes contributing
to success. Crit Care Med 1986;14(2):92-94.

Ely EW, Baker AM, Dunagan DP, Burke HL, Smith
AC, Kelly PT, et al. Effect on the duration of mechani-
cal ventilation of identifying patitents capable of
breathing spontaneously. N Engl J Med
1996;335(25):1864-1869.

el-Khatib MF, Baumeister B, Smith PG, Chatburn RL,
Blumer JL. Inspiratory pressure/maximal inspiratory
pressure: does it predict successful extubation in criti-
cally ill infants and children? Intensive Care Med
1996;22(3):264-268.

Farias JA, Alia I, Esteban A, Golubicki AN, Olazarri

RESPIRATORY CARE ® JANUARY 2007 VOL 52 NO 1

68.

69.

70.

71.

72.

73.

74.

75.

76.

7.

78.

79.

80.

FA. Weaning from mechanical ventilation in pediatric
intensive care patients. Intensive Care Med
1998;24(10):1070-1075.

Baumeister BL, el-Khatib M, Smith PG, Blumer JL.
Evaluation of predictors of weaning from mechanical
ventilation in pediatric patients. Pediatr Pulmonol
1997;24(5):344-352.

Khan N, Brown A, Venkataraman ST. Predictors of ex-
tubation success and failure in mechanically ventilated
infants and children. Crit Care Med 1996; 24(9):1568-
1579.

Kurachek SC, Newth CJ, Quasney MW, Rice T,
Sachdeva RC, Patel NR, et al. Extubation failure in pe-
diatric intensive care: a multiple-center study of risk
factors and outcomes. Critical Care Medicine
2003;31(11):2657-2664.

Allatar, MH, Bhola M, Weiss M, Dallal O, Muraskas
JK. The micropreemies: how early could they be extu-
bated? Pediatric Research 2001;49:360A.

Sillos EM, Veber M, Schulman M, Krauss AN, Auld
PA. Characteristics associated with successful weaning
in ventilator-dependent preterm infants. Am J Perinatol
1992; 9(5-6):374-377.

Veness-Meehan K, Richter S, Davis JM. Pulmonary
function testing prior to extubation in infants with res-
piratory distress syndrome. Pediatr Pulmonol
1990;9(1):2-6.

Berman LS, Fox WW, Raphaely RC, Downes JJ Jr.
Optimum levels of CPAP for tracheal extubation of
newborn infants. J Pediatr 1976;89(1):109-112.

Kim EH, Boutwell WC. Successful direct extubation
of very low birthweight infants from low intermittent
mandatory ventilation rate. Pediatrics 1987; 80(3):409-
414. Erratum in: Pediatrics 1987,;80(6):948.

Leitch EA, Moran JL, Grealy B. Weaning and extuba-
tion in the intensive care unit: clinical or index-driven
approach? Intensive Care Med 1996;22(8):752-759.
Farias JA, Retta A, Alia I, Olazarri F, Esteban A, Golu-
bicki A, et al. A comparison of two methods to perform
a breathing trial before extubation in pediatric inten-
sive care patients. Intensive Care Med
2001;27(10):1649-1654.

Esteban A, Alia I, Gordo F, Fernandez R, Solsona JF,
Vallverdu I, et al. Extubation outcome after sponta-
neous breathing trials with T-tube or pressure support
ventilation. The Spanish Lung Failure Collaborative
Group. Am J Respir Crit Care Med 1997;156(2 Pt
1):459-465. Erratum in: Am J Respir Crit Care Med
1997:156(6):2028.

Esteban A, Alia I, Tobin MJ, Gil A, Gordo F, Vallver-
du I, et al. Effect of spontaneous breathing trial dura-
tion on outcome of attempts to discontinue mechanical
ventilation. The Spanish Lung Failure Collaborative
Group. Am J Respir Crit Care Med 1999;159(2):512-
518.

Vallverdu I, Calaf N, Subirana M, Net A, Benito S,
Mancebo J. Clinical characteristics, respiratory func-
tional parameters, and outcome of a two-hour T-piece
trial in patients weaning from mechanical ventilation.

89



81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

90

AARC GUIDELINE: REMOVAL OF THE ENDOTRACHEAL TUBE

Am J Respir Crit Care Med 1998;158(6):1855-1862.
Ely EW, Baker AM, Evans GW, Haponik EF. The
prognostic significance of passing a daily screen of
weaning parameters. Intensive Care Med
1999;25(6):581-587.

Rusconi F, Castagneto M, Gagliardi L, Leo G, Pelle-
gatta A, Porta N, et al. Reference values for respiratory
rate in the first 3 years of life. Pediatrics
1994;94(3):350-355.

Bellemare F, Grassino A. Effect of pressure and timing
of contraction on human diaphragm fatigue. J Appl
Physiol 1982;53(5):1190-1195.

Jubran A, Tobin MJ. Passive mechanics of lung and
chest wall in patients who failed or succeeded in trials
of weaning. Am J Respir Crit Care Med
1997;155(3):916-921.

Roussos C, Macklem PT. The respiratory muscles. N
Engl J Med 1982;307(13):786-797.

Sahn SA, Lakshminarayan S. Bedside criteria for dis-
continuation of mechanical ventilation. Chest
1973;63(6):1002-1005.

Hess D. Measurement of maximal inspiratory pressure:
a call for standardization (editorial). Respir Care
1989;34(10):857-559.

Marini JJ, Smith TC, Lamb V. Estimation of inspirato-
ry muscle strength in mechanically ventilated patients:
the measurement of maximal inspiratory pressure. J
Crit Care 1986;1(1):32-38.

Belani KG, Gilmour 1J, McComb C, Williams A,
Thompson TR. Preextubation ventilatory measure-
ments in newborns and infants. Anesth Analg
1980;59(7):467-472.

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

Martin L, Bratton S, Walker L. Principles and practice
of respiratory support and mechanical ventilation. In:
Rogers MC, editor. Textbook of pediatric intensive
care, 3rd ed. Baltimore: Williams & Williams; 1996.
Bendixen HH, Egbert LD, Hedly-White J, et al. Man-
agement of patients undergoing prolonged artificial
ventilation. Respir Care 1965;10:149-153.

Aubier M, Murciano D, Lecocguic Y, Viires N, Pari-
ente R. Bilateral phrenic stimulation: a simple tech-
nique to assess diaphragmatic fatigue in humans. J
Appl Physiol 1985;58(1):58-64.

Tobin MJ, Laghi F, Jubran A. Respiratory muscle dys-
function in mechanically-ventilated patients. Mol Cell
Biochem 1998;179(1-2):87-98.

Thiagarajan RR, Bratton SL, Martin LD, Brogan TV,
Taylor D. Predictors of successful extubation in chil-
dren. Am J Respir Crit Care Med 1999;160(5 Pt
1):1562-1566.

Peters RM, Hilberman M, Hogan JS, Crawford DA.
Objective indications for respiratory therapy in post-
trauma and postoperative patients. Am J Surg
1972;124(2):262-269.

Lee KH, Hui LP, Chan TB, Tan WC, Lim TK. Rapid

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

shallow breathing (frequency-tidal volume ratio) did
not predict extubation outcome. Chest
1994;105(2):540-543.

Krieger BP, Isber J, Breitenbucher A, Throop G, Er-
showsky P. Serial measurements of the rapid-shallow-
breathing index as a predictor of weaning outcome in
elderly medical patients. Chest 1997;112(4):1029-
1034.

Lewis WD, Chwals W, Benotti PN, Lakshman K,
O’Donnell C, Blackburn GL, Bistrian BR. Bedside as-
sessment of the work of breathing. Crit Care Med
1988;16(2):117-122.

Levy MM, Miyasaki A, Langston D. Work of breath-
ing as a weaning parameter in mechanically ventilated
patients. Chest 1995;108(4):1018-1020.

Kirton OC, DeHaven CB, Morgan JP, Windsor J,
Civetta JM. Elevated imposed work of breathing mas-
querading as ventilator weaning intolerance. Chest
1995;108(4):1021-1025.

Shikora SA, Bistrian OR, Borlase BC, Blackburn GL,
Stone MD, Benotti PN. Work of breathing: reliable
predictor of weaning and extubation. Crit Care Med
1990;18(2):157-162.

Harpin RP, Baker JP, Downer JP, Whitwell J, Gallach-
er WN. Correlation of the oxygen cost of breathing and
length of weaning from mechanical ventilation. Crit
Care Med 1987;15(9):807-812.

Shikora SA, Benotti PN, Johannigman JA. The oxygen
cost of breathing may predict weaning from mechani-
cal ventilation better than the respiratory rate to tidal
volume ratio. Arch Surg 1994;129(3):269-274.
Tahvanainen J, Salmenpera M, Nikki P. Extubation
criteria after weaning from intermittent mandatory
ventilation and continuous positive airway pressure.
Crit Care Med 1983;11(9):702-707.

Hubble CL, Gentile MA, Tripp DS, Craig DM, Me-
liones JN, Cheifetz IM. Deadspace to tidal volume
ratio predicts successful extubation in infants and chil-
dren. Crit Care Med 2000;28(6):2034-2040.

Capdevila XJ, Perrigault PF, Perey PJ, Roustan JPA,
d’Athis F. Occlusion pressure and its ratio to maximum
inspiratory pressure are useful predictors for successful
extubation following T-piece weaning trial. Chest
1995;108(2):482-489.

Montgomery AB, Holle RH, Neagley SR, Pierson DJ,
Schoene RB. Prediction of successful ventilator wean-
ing using airway occlusion pressure and hypercapnic
challenge. Chest 1987;91(4):496-499.

Gandia F, Blanco J. Evaluation of indexes predicting
the outcome of ventilator weaning and value of adding
supplemental inspiratory load. Intensive Care Med
1992;18(6):327-333.

Gillespie LM, White SD, Sinha SK, Donn SM. Useful-
ness of the minute ventilation test in predicting suc-
cessful extubation in newborn infants: a randomized
controlled trial. J Perinatol 2003;23(3):205-207.

Smina M, Salam A, Khamiees M, Gada P, Amoateng-
Adjepong Y, Manthous CA. Cough peak flows and ex-
tubation outcomes. Chest 2003;124(1):262-268.

RESPIRATORY CARE ® JANUARY 2007 VOL 52 NO 1



112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

AARC GUIDELINE: REMOVAL OF THE ENDOTRACHEAL TUBE

Bach JR, Saporito LR. Criteria for extubation and tra-
cheostomy tube removal for patients with ventilatory
failure: a different approach to weaning. Chest
1996;110(6):1566-1571.

Martinez A, Seymour C, Nam M. Minute ventilation
recovery time: a predictor of extubation outcome.
Chest 2003;123(4):1214-1221.

Bruton A. A pilot study to investigate any relationship
between sustained maximal inspiratory pressure and
extubation outcome. Heart Lung 2002;31(2):141-149.
Balsan MJ, Jones JG, Watchko JF, Guthrie RD. Mea-
surements of pulmonary mechanics prior to the elec-
tive extubation of neonates. Pediatr Pulmonol
1990;9(4):238-243.

Davis PG, Henderson-Smart DJ. Extubation from low-
rate intermittent positive airways pressure versus extu-
bation after a trial of endotracheal continuous positive
airways pressure in intubated preterm infants.
Cochrane Database Syst Rev 2001;(4):CD001078.
Zeggwagh AA, Abouqal R, Madani N, Zekraoui A,
Kerkeb O. Weaning from mechanical ventilation: a
model for extubation. Intensive Care Med
1999;25(10):1077-1083.

Redmond JM, Greene PS, Goldsborough MA,
Cameron DE, Stuart RS, Sussman MS, et al. Neurolog-
ic injury in cardiac surgical patients with a history of
stroke. Ann Thorac Surg 1996;61(1):42-47.

Harel Y, Vardi A, Quigley R, Brink LW, Manning SC,
Carmody TJ, Levin DL. Extubation failure due to post-
extubation stridor is better correlated with neurologic
impairment than with upper airway lesions in critically
ill pediatric patients. Int J Pediatr Otorhinolaryngol
1997;39(2):147-158.

Coplin WM, Pierson DJ, Cooley KD, Newell DW,
Rubenfeld GD. Implications of extubation delay in
brain-injured patients meeting standard weaning crite-
ria. Am J Respir Crit Care Med 2000;161(5):1530-
1536.

Khamiees M, Raju P, DeGirolamo A, Amoateng-Adje-
pong Y, Manthous CA. Predictors of extubation out-
come in patients who have successfully completed a
spontaneous breathing trial. Chest 2001;120(4):1262-
1270.

Deem S, Bishop MJ. Evaluation and management of
the difficult airway. Crit Care Clin 1995;11(1):1-27.
American Society of Anesthesiologists. Practice guide-
lines for management of the difficult airway: an updat-
ed report by the American Society of Anesthesiologists
Task Force on Management of the Difficult Airway.
Anesthesiology 2003;98(5):1269-1277. Erratum in
Anesthesiology 2004;101(2):565.

Cork R, Monk JE. Management of a suspected and un-
suspected difficult laryngoscopy with the laryngeal
mask airway. J Clin Anesth 1992;4(3):230-234.

Van Boven MJ, Lengele B, Fraselle B, Butera G, Vey-
ckemans F. Unexpected difficult tracheal reintubation
after thyroglossal duct surgery: functional imbalance
aggravated by the presence of a hematoma. Anesth
Analg 1996;82(2):423-425.

RESPIRATORY CARE ® JANUARY 2007 VOL 52 NO 1

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

Mort TC. Extubating the difficult airway: determining
the odds of failure: be alert to the signs that flag a man-
agement challenge. J Crit I1ln 2003;18(4):177-184.
Loudermilk EP, Hartmannsgruber M, Stoltzfus DP,
Langevin PB. A prospective study of the safety of tra-
cheal extubation using a pediatric airway exchange
catheter for patients with a known difficult airway.
Chest 1997;111(6):1660-1665.

Hartmannsgruber MW, Loudermilk E, Stoltzfus D.
Prolonged use of a cook airway exchange catheter ob-
viated the need for postoperative tracheostomy in an
adult patient. J Clin Anesth 1997;9(6):496-498.
Hartmannsgruber MW, Rosenbaum SH. Safer endotra-
cheal tube exchange technique (letter). Anesthesiology
1998;88(6):1683.

Davis S, Worley S, Mee RB, Harrison AM. Factors as-
sociated with early extubation after cardiac surgery in
young children. Pediatr Crit Care Med 2004;5(1):63-
68.

Venkataraman ST, Khan N, Brown A. Validation of
predictors of extubation success and failure in mechan-
ically ventilated infants and children. Crit Care Med
2000;28(8):2991-2996.

Fisher MM, Raper RF. The ‘cuff-leak’ test for extuba-
tion. Anaesthesia 1992;47(1):10-12.

Potgieter PD, Hammond JM. “Cuff” test for safe extu-
bation following laryngeal edema (letter). Crit Care
Med 1988;16(8):818.

De Bast Y, De Backer D, Moraine JJ, Lemaire M, Van-
denborght C, Vincent JL. The cuff leak test to predict
failure of extubation for laryngeal edema. Intensive
Care Med 2002;28(9):1267-1272.

Miller RL, Cole RP. Association between reduced cuff
leak volume and postextubation stridor. Chest
1996;110(4):1035-1040.

Jaber S, Chanques G, Matecki S, Ramonatxo M,
Vergne C, Souche B, et al. Post-extubation stridor in
intensive care unit patients: risk factors evaluation and
importance of the cuff-leak test. Intensive Care Med
2003;29(1):69-74.

Marik PE. The cuff-leak test as a predictor of postextu-
bation stridor: a prospective study. Respir Care
1996;41(6):509-511.

Sandhu RS, Pasquale MD, Miller K, Wasser TE. Mea-
surement of endotracheal tube cuff leak to predict pos-
textubation stridor and need for reintubation. J Am
Coll Surg 2000;190(6):682-687.

Engoren M. Evaluation of the cuff-leak test in a cardiac
surgery population. Chest 1999;116(4):1029-1031.
Kemper KJ, Ritz RH, Benson MS, Bishop MS. Heli-
um-oxygen mixture in the treatment of postextubation
stridor in pediatric trauma patients. Critical Care Med
1991;19(3):356-359.

Adderley RJ, Mullins GC. When to extubate the croup
patient: the “leak” test. Can J Anaesth 1987;34(3 Pt
1):304-306.

Seid AB, Godin MS, Pransky SM, Kearns DB, Peter-
son BM. The prognostic value of endotracheal tube-air
leak following tracheal surgery in children. Arch Oto-

91



143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

92

AARC GUIDELINE: REMOVAL OF THE ENDOTRACHEAL TUBE

laryngol Head Neck Surg 1991;117(8):880-882.
Morganroth ML, Morganroth JL, Nett LM, Petty TL.
Criteria for weaning from prolonged mechanical venti-
lation. Arch Intern Med 1984;144(5):1012-1016.
Clochesy JM, Daly BJ, Montenegro HD. Weaning
chronically critically ill adults from mechanical venti-
latory support: a descriptive study. Am J Crit Care
1995;4(2):93-99.

Biery DR, Marks JD, Schapera A, Autry M,
Schlobohm RM, Katz JA. Factors affecting periopera-
tive pulmonary function in acute respiratory failure.
Chest 1990;98(6):1455-1462.

Hammond MD, Bauer KA, Sharp JT, Rocha RD. Res-
piratory muscle strength in congestive heart failure.
Chest 1990;98(5):1091-1094.

Rothaar RC. Epstein SK. Extubation failure: magni-
tude of the problem, impact on outcomes, and preven-
tion. Curr Opin Crit Care 2003;9(1):59-66.

Sapijaszko MJ, Brant R, Sandham D, Berthiaume Y.
Nonrespiratory predictor of mechanical ventilation de-
pendency in intensive care unit patients. Crit Care Med
1996;24(4):601-607.

Smith IE, Shneerson JM. A progressive care pro-
gramme for prolonged ventilatory failure: analysis of
outcome. Br J Anaesth 1995;75(4):399-404.
Scheinhorn DJ, Hassenpflug M, Artinian BM, LaBree
L, Catlin JL. Predictors of weaning after 6 weeks of
mechanical ventilation. Chest 1995;107(2):500-505.
Cerra FB. Hypermetabolism, organ failure and
metabolic support. Surgery 1987;101(1):1-14.

Aubier M, Murciano D, Lecocguic Y, Viires N,
Jacquens Y, Squara P, Pariente R. Effect of hypophos-
phatemia on diaphragmatic contractility in patients
with acute respiratory failure. N Engl J Med
1985;313(7):420-424.

Aubier M, Viires N, Piquet J, Murciano D, Blanchet F,
Marty C, Gherardi R, Pariente R. Effects of hypocal-
cemia on diaphragmatic strength generation. J Appl
Physiol 1985;58(7):2054-2061.

Pingleton SK, Harmon GS. Nutritional management in
acute respiratory failure. JAMA 1987;257(22):3094-
3099.

Lewis MI, Sieck GC, Fournier M, et al. The effect of
nutritional deprivation of diaphragm contractility and
muscle fiber size. J Appl Physiol 1986;60(2):596-603.
Doekel RC Jr, Zwillich C, Scoggin CH, Kryger M,
Weil JV. Clinical semi-starvation: depression of hy-
poxic ventilatory response. N Engl J Med
1976;295(7):358-361.

Larca L, Greenbaum DM. Effectiveness of intensive
nutritional regimes in patients who fail to wean from
mechanical ventilation. Crit Care Med
1982;10(5):297-300.

Bassili HR, Deitel M. Effect of nutritional support on
weaning patients off mechanical ventilators. JPEN J
Parenter Enteral Nutr 1981;5(2):161-163.

Lyons KA, Brilli RJ, Wieman RA, Jacobs BR. Contin-
uation of transpyloric feeding during weaning of me-
chanical ventilation and tracheal extubation in chil-

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

dren: a randomized controlled trial. JPEN J Parenter
Enteral Nutr 2002;26(3):209-213.

American Academy of Pediatrics Committee on
Drugs: Guidelines for monitoring and management of
pediatric patients during and after sedation for diagnos-
tic and therapeutic procedures. Pediatrics 1992;89(6 Pt
1):1110 -1115.

Gefke K, Andersen LW, Friesel E. Lidocaine given in-
travenously as a suppressant of cough and laryn-
gospasm in connection with extubation after tonsillec-
tomy. Acta Anaesthesiol Scand 1983;27(2):111-112.
Staffel JG, Weissler MC, Tyler EP, Drake AF. The pre-
vention of postoperative stridor and laryngospasm with
topical lidocaine. Arch Otolaryngol Head Neck Surg
1991;117(10):1123-1128.

Markovitz BP, Randolph AG. Corticosteroids for the
prevention and treatment of postextubation stridor in
neonates, children and adults. Cochrane Database Syst
Rev 2000;(2):CD001000.

Freezer N, Butt W, Phelan P. Steroids in croup: do they
increase the incidence of successful extubation?
Anaesth Intensive Care 1990;18(2):224-228.

Tibballs J, Shann FA, Landau LI. Placebo-controlled
trial of prednisolone in children intubated for croup.
Lancet 1992;340(8822):745-748.

Steer PA, Henderson-Smart DJ. Caffeine versus theo-
phylline for apnea in preterm infants. Cochrane
Database Syst Rev 2000;(2):CD000273.
Henderson-Smart DJ, Davis PG. Prophylactic
methylxanthines for extubation in preterm infants.
Cochrane Database Syst Rev 2003;(1):CD000139.
Listello D, Sessler CN. Unplanned extubation: clinical
predictors for reintubation. Chest 1994;105(5):1496-
1503.

Epstein SK. Etiology of extubation failure and the pre-
dictive value of the rapid shallow breathing index. Am
J Respir Crit Care Med 1995;152(2):545-549.

Whelan J, Simpson SQ, Levy H. Unplanned extuba-
tion: predictors of successful termination of mechani-
cal ventilatory support. Chest 1994;105(6):1808-1812.
Tindol GA Jr, DiBenedetto RJ, Kosciuk L. Unplanned
extubations. Chest 1994;105(6):1804-1807.

Vassal T, Anh NG, Gabillet JM, Guidet B, Staikowsky
F, Offenstadt G. Prospective evaluation of self-extuba-
tions in a medical intensive care unit. Intensive Care
Med 1993;19(6):340-342.

Franck LS, Vaughan B, Wallace J. Extubation and
reintubation in the NICU: identifying opportunities to
improve care. Pediatr Nurs 1992;18(3):267-270.

De Paoli AG, Davis PG, Faber B, Morley CJ. Devices
and pressure sources for administration of nasal contin-
uous positive airway pressure (NCPAP) in preterm
neonates. Cochrane Database Syst Rev
2002;(4):CD002977.

Jiang JS, Kao SJ, Wang SN. Effect of early application
of biphasic positive airway pressure on the outcome of
extubation in ventilator weaning. Respirology
1999;4(2):161-165.

Meyer TJ. Hill NS. Noninvasive positive pressure ven-

RESPIRATORY CARE ® JANUARY 2007 VOL 52 NO 1



177.

178.

179.

180.

181.

182.

183.

184.

AARC GUIDELINE: REMOVAL OF THE ENDOTRACHEAL TUBE

tilation to treat respiratory failure. Ann Intern Med
1994;120(9):760-770.

Keenan SP, Powers C, McCormack DG, Block G.
Noninvasive positive-pressure ventilation for postextu-
bation respiratory distress: a randomized controlled
trial. JAMA 2002;287(24):3238-3244.

Kilger E, Briegel J, Haller M, Frey L, Schelling G,
Stoll C, et al. Effects of noninvasive positive pressure
ventilatory support in non-COPD patients with acute
respiratory insufficiency after early extubation. Inten-
sive Care Med 1999;25(12):1374-1380.

Davies MW, Davis PG. Nebulized racemic
epinephrine for extubation of newborn infants.
Cochrane Database Syst Rev 2002;(1):CD000506.
Liebler JM, Markin CJ. Fiberoptic bronchoscopy for
diagnosis and treatment. Crit Care Clin 2000;16(1):83-
100.

Walker P, Forte V. Failed extubation in the neonatal in-
tensive care unit. Ann Otol Rhinol Laryngol
1993;102(7):489-495.

Plummer AL, Gracey DR. Consensus conference on
artificial airways in patients receiving mechanical ven-
tilation. Chest 1989;96(1):178-180.

Maziak D, Meade M, Todd TR. The timing of tra-
cheostomy: a systematic review. Chest
1998;114(2):605-609.

Garner JS. Hospital Infection Control Practices Advi-
sory Committee, Centers for Disease Control and Pre-
vention. Guidelines for isolation precautions in hospi-

185.

186.

187.

188.

189.

tals. 1-01-1996. Available at www.cdc.gov.

Centers for Disease Control & Prevention. Guidelines
for preventing the transmission of Mycobacterium tu-
berculosis in health-care facilities. MMWR
43(RR13);1-132. Publication date 10/28/1994. Avail-
able at www.cdc.gov.

Lange JH. SARS respiratory protection (letter). CMAJ
2003;169(6):541-542.

Ho PL, Tang XP, Seto WH. SARS: hospital infection
control and admission strategies. Respirology 2003;8
Suppl:S41-S45.

Tablan OC. Anderson LJ. Besser R. Bridges C. Hajjeh
R. CDC. Healthcare Infection Control Practices Advi-
sory Committee. Guidelines for preventing health-
care-associated pneumonia, 2003: recommendations of
CDC and the Healthcare Infection Control Practices
Advisory Committee. MMWR Recommendations &
Reports 2004;53(RR-3):1-36.

Bolyard EA, Tablan OC, Williams WW, Pearson ML,
Shapiro CN, Deitchmann SD. Guideline for infection
control in healthcare personnel, 1998. Hospital Infec-
tion Control Practices Advisory Committee. Infect
Control Hosp Epidemiol 1998;19(6):407-463. Erratum
in Infect Control Hosp Epidemiol 1998;19(7):493.

Interested persons may photocopy these Guidelines for noncommercial purposes of scientific
or educational advancement. Please credit AARC and RESPIRATORY CARE Journal.
All of the AARC CPGs may be downloaded at no charge from
http://www.RCJournal.com/

RESPIRATORY CARE ® JANUARY 2007 VOL 52 NO 1

93




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (None)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts false
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveEPSInfo true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 1.30
    /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 false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.50000
    0.50000
    0.50000
    0.50000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.12500
    0.12500
    0.12500
    0.12500
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /DEU <>
    /FRA <>
    /JPN <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <FEFF004300610064006d007500730020004d00650064006900610057006f0072006b0073002000730065007400740069006e00670073002000760065007200730069006f006e00200043004d0057005f0041006300720036005f00560032002e002000200041006c006c002000730065007400740069006e0067007300200070006f00730074006500640020006f006e0020007700770077002e006300610064006d00750073006d00650064006900610077006f0072006b0073002e0063006f006d002e00200020>
  >>
>> setdistillerparams
<<
  /HWResolution [150 150]
  /PageSize [612.000 792.000]
>> setpagedevice


