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Effect of Mechanical Ventilator Weaning
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Network

ACUTE RESPIRATORY, CARDIAC,
and neurologic failure in in-
fants and children lead to in-
tubation, mechanical venti-

lator support, and pharmacological
sedation. Despite the frequent use of
mechanical ventilation, methods for
weaning children from respiratory sup-
port have never been rigorously stud-
ied.1 Weaning methods are extrapo-
lated from studies in adult patients and
prematurely born neonates. Extrapo-
lation to infants and children may not
be appropriate due to the unique as-
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Context Ventilator management protocols shorten the time required to wean adult
patients from mechanical ventilation. The efficacy of such weaning protocols among
children has not been studied.

Objective To evaluate whether weaning protocols are superior to standard care (no
defined protocol) for infants and children with acute illnesses requiring mechanical ven-
tilator support and whether a volume support weaning protocol using continuous au-
tomated adjustment of pressure support by the ventilator (ie, VSV) is superior to manual
adjustment of pressure support by clinicians (ie, PSV).

Design and Setting Randomized controlled trial conducted in the pediatric inten-
sive care units of 10 children’s hospitals across North America from November 1999
through April 2001.

Patients One hundred eighty-two spontaneously breathing children (�18 years old)
who had been receiving ventilator support for more than 24 hours and who failed a
test for extubation readiness on minimal pressure support.

Interventions Patients were randomized to a PSV protocol (n=62), VSV protocol
(n=60), or no protocol (n=60).

Main Outcome Measures Duration of weaning time (from randomization to suc-
cessful extubation); extubation failure (any invasive or noninvasive ventilator support
within 48 hours of extubation).

Results Extubation failure rates were not significantly different for PSV (15%), VSV
(24%), and no protocol (17%) (P=.44). Among weaning successes, median duration
of weaning was not significantly different for PSV (1.6 days), VSV (1.8 days), and no
protocol (2.0 days) (P=.75). Male children more frequently failed extubation (odds
ratio, 7.86; 95% confidence interval, 2.36-26.2; P�.001). Increased sedative use in
the first 24 hours of weaning predicted extubation failure (P=.04) and, among extu-
bation successes, duration of weaning (P�.001).

Conclusions In contrast with adult patients, the majority of children are weaned from
mechanical ventilator support in 2 days or less. Weaning protocols did not signifi-
cantly shorten this brief duration of weaning.
JAMA. 2002;288:2561-2568 www.jama.com
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pects of their pulmonary physiology,
respiratory mechanics,2 and epidemi-
ology of acute lung injury. Discontinu-
ing mechanical ventilation as soon as
it is no longer needed is important to
prevent respiratory complications3 and
physiological dependence on the seda-
tive and narcotic drugs required to keep
ventilated children comfortable and
safe.4

Studies in adult patients have shown
that, compared with care guided by the
individual practices of clinicians, use of
protocols to guide the weaning of pa-
tients from mechanical ventilator sup-
port leads to improved patient out-
comes.5,6 Pressure support ventilation
(PSV) and volume support ventilation
(VSV) are modes commonly used to
wean children from mechanical venti-
lator support. The 2 modes are similar
in that they are both patient-triggered
spontaneous breathing modes that use
pressure support. Using PSV, clini-
cians intermittently adjust the level of
pressure support to achieve accept-
able respiratory parameters7 with
gradual weaning to a minimal amount
of PSV.8 Volume-support ventilation is
an automated mode where the amount
of pressure support is continually ad-
justed by the ventilator to achieve a
minimum minute ventilation goal.9 Be-
cause accepted protocols for applying
these modes in children do not cur-
rently exist, there is great variability in
clinical application.

The primary goals of this study
were to evaluate whether weaning
protocols are superior to standard care
(no defined protocol) for infants and
children with acute illnesses requiring
mechanical ventilator support and
whether a weaning protocol using
continuous automated adjustment of
pressure support by the ventilator (ie,
VSV) is superior to manual adjust-
ment of pressure support by clinicians
(ie, PSV). The secondary goals of the
study were to evaluate the perfor-
mance of a set of extubation criteria
on extubation success and failure and
to study the relationship between
sedative use during weaning and res-
piratory outcomes.

METHODS
Study Patients
The Pediatric Acute Lung Injury and Sep-
sis Investigators (PALISI) Network is a
consortium of investigators at pediatric
intensive care units (ICUs) across North
America. Eligible children admitted be-
tween November 1999 and April 2001
in ICUs at 10 children’s hospitals were
enrolled. Children were eligible for the
study if they required ventilator sup-
port for more than 24 hours. The study
was approved by the institutional re-
view board at each hospital. Consent was
obtained from at least one parent or le-
gal guardian before enrollment.

Exclusion criteria were: age 18 years
or older, corrected gestational age less
than 38 weeks, diaphragmatic hernia or
paralysis, ventilator use prior to admis-
sion when the patient was at baseline
health status (including use of nonin-
vasive ventilator support), cyanotic con-
genital heart disease with unrepaired or
palliated right-to-left intracardiac shunt,
history of single ventricle defect at any
stage of repair, significantly dimin-
ished lung capacity (estimated resting
tidal volume �6 mL/kg), decreased
lung vascularity, anatomical obstruc-
tion of lower airways, primary pulmo-
nary hypertension or anticipated need
for nitric oxide after extubation, pre-
vious bone marrow or lung trans-
plant, spinal cord injury above the lum-
bar region, tracheal or upper airway
obstructive conditions, status asthmati-
cus in children 2 years or older, and
progressive neuromuscular weakness.
Children currently enrolled in an-
other trial in which the intervention po-
tentially influenced a patient’s respira-
tory outcome were excluded. Children
were also excluded if a decision to with-
draw or limit life support was in place.

Data were collected prospectively.
Pediatric Risk of Mortality III (PRISM
III) scoring was performed in all pa-
tients during the first 24 hours of ad-
mission to assess illness severity.10

Extubation Readiness Test—
Final Eligibility Criterion
Mechanically ventilated patients in the
pediatric ICUs were prospectively

evaluated and screened daily to test for
extubation readiness. Eligibility crite-
ria for testing were: spontaneous res-
piratory effort; gag or cough with suc-
tioning; pH of 7.32 to 7.47 on most
recent blood gas analysis; positive end-
expiratory pressure (PEEP) of 7 cm H2O
or lower and fraction of inspired oxy-
gen (FIo2) of 0.6 or less; level of con-
sciousness acceptable for extubation; at-
tending physician’s approval; no clinical
need for increased ventilator support in
the last 24 hours; no planned opera-
tive procedures requiring heavy seda-
tion in the next 12 hours; and no ex-
cessive leak around the endotracheal
tube (ETT) requiring ventilator ma-
nipulations. Enteral feeding was
stopped for testing.

The extubation readiness test (ERT)
consisted of changing the FIO2 to 0.5
(left at current setting if already �0.5
with saturation by pulse oximetry
[SpO2] reading �95%) and decreasing
the PEEP to 5 cm H2O (left at current
setting if already �5 cm H2O with SpO2

reading �95%). Patients unable to
maintain SpO2 of 95% or higher failed
the test; those who maintained SpO2 of
95% or higher had their ventilator mode
changed to PSV and were placed on
minimal PSV. Minimal pressure sup-
port was adjusted for the ETT size be-
cause of increasing resistance with
lower ETT size11 (ETT size 3.0-
3.5=pressure support of 10 cm H2O;
ETT size 4.0-4.5=pressure support of
8 cm H2O; ETT size � 5.0=pressure
support of 6 cm H2O). Exhaled tidal vol-
umes were measured at the ETT using
a CO2SMO Plus monitor (Novametrix
Medical Systems Inc, Wallingford,
Conn) with neonatal, pediatric, or adult
sensors. Patients were monitored dur-
ing the test for 2 hours.

Patients were classified as failing the
test if at any time in the 2-hour period
their SpO2 was less than 95%, their ex-
haled tidal volume was less than 5
mL/kg ideal body weight, or their res-
piratory rate was outside of the accept-
able range for their age (for age �6
months, 20-60/min; 6 months-2 years,
15-45/min; 2-5 years, 15-40/min; �5
years, 10-35/min). Ideal body weight
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was estimated as the 50th percentile for
age and sex from National Center for
Health Statistics growth charts12 and
was the weight used for adjustment of
all respiratory parameters during the
test and within the protocol groups of
the study. As soon as any criteria for fail-
ure were met, the patient was re-
moved from the test, placed back on
previous ventilator settings, and ran-
domized to PSV, VSV, or no protocol.

Randomization
Randomization was performed using a
permuted blocks design, stratified by
ICU, with random block sizes of 3, 6, or
9. Packets were placed in opaque enve-
lopes with a second paper barrier and
signed over the unbroken seal to ensure
that the assignment was concealed.

Ventilator Management
Ventilator management prior to wean-
ing was at the discretion of the physi-
cian. During weaning, all patients were
placed on a Servo 300 ventilator
(Siemens-Elema, Solna, Sweden). Chil-
dren were evaluated for 48 hours after
they were extubated, and the time of ex-
tubation was recorded as the primary
end point.

In the no protocol group, weaning
was at the discretion of the physician
and no management recommenda-
tions were made. Ventilator manage-
ment followed the protocols deter-
mined for the PSV and VSV groups.
Both protocols used the CO2SMO Plus
monitor attached to a neonatal, pedi-
atric, or adult sensor at the ETT for all
measurements of exhaled tidal vol-
ume. The patient’s physician was re-
sponsible for implementing the venti-
lator weaning protocols, obtaining
blood gas tests when clinically indi-
cated, and deciding when temporary
cessation of the protocol was required
for procedures or due to clinical dete-
rioration. Physicians were encour-
aged to evaluate sedation and analge-
sia if the patient’s respiratory rate was
outside of the goal for age.

For both protocols, FIO2 and PEEP
were adjusted to maintain SpO2 at 95%
or higher using the following recom-

mended methods: decrease PEEP by 1
cm H2O every 4 hours if the SpO2 is 95%
or higher with FIO2 less than or equal
to 0.6, weaning FIO2 to 0.5 or less once
PEEP is 5 cm H2O or lower; and, if SpO2

is lower than 95% at any time, increas-
ing FIO2 by 10% and increasing PEEP
if necessary. The PSV and VSV proto-
cols were developed at 1 site, refined
during a 2-day consensus meeting of all
investigators, tested on 10 patients, then
pretested at each site by randomizing
2 patients to each protocol. Data on pro-
tocol compliance were monitored us-
ing a specially designed time-sensitive
form and protocol deviation forms. Pa-
tients in the protocol groups had to pass
the ERT prior to extubation.

PSV Protocol. In the PSV protocol,
the amount of pressure support was ad-
justed to achieve an exhaled tidal vol-
ume goal of 5 to 7 mL/kg. Instruc-
tions for weaning were: (1) Every 4
hours, decrease the pressure support by
2-cm H2O increments if the patient
maintains tidal volume within the goal
range and decrease pressure support
earlier if tidal volumes are consis-
tently over 7 mL/kg. If tidal volumes
are consistently less than 5 mL/kg, in-
crease pressure support by 2-cm H2O
increments to achieve the tidal vol-
ume goal. (2) Perform an ERT once
pressure support is decreased to 16 cm
H2O and patient tolerates this level for
2 hours with an SpO2 of 95% or higher
(with PEEP �5 cm H2O and FIO2 �0.5)
and a respiratory rate within goal range
for age. (3) If the child fails the ERT,
return to the previous pressure sup-
port setting, hold for 4 hours, then de-
crease the pressure support stepwise by
2-cm H2O increments every 4 hours un-
til the level used in the ERT is reached.

VSV Protocol. In the VSV protocol,
the ventilator in volume support mode
automatically adjusted the level of pres-
sure support to achieve an exhaled tidal
volume of 5 to 7 mL/kg. Instructions for
weaning were: (1) Adjust initial set in-
spired tidal volume to achieve exhaled
tidal volume of 6 mL/kg (measured at
the ETT) and set backup respiratory rate
according to age (for age �6 months, 16/
min; 6 months-2 years, 14/min; 2-5

years, 12/min; �5 years, 10/min). (2)
Monitor tidal volumes at the ETT for the
first 30 minutes and every 12 hours to
ensure that they remain between 5 to 7
mL/kg. (3) Perform an ERT (maxi-
mum of 2 tests in 24 hours) when peak
inspiratory pressure is 20 cm H2O or
lower, SpO2 is 95% or higher (on PEEP
�5 cm H2O and FIO2 �0.5), and respi-
ratory rate is within the goal for age.

Sedation Score
Many children received multiple seda-
tive drugs and some received intermit-
tent paralytic agents for procedures. All
sedative use was recorded prospec-
tively. The amount of sedation given in
the first 24 hours of weaning was calcu-
lated using a score for which 1 point was
given for the amount of each drug that
would be equivalent to 1 hour of seda-
tion in a nontolerant subject. The rela-
tive potency scale for opiates and ben-
zodiazepines used by Wilson et al13 was
modified forchildrenwith thehelpof the
pediatric pharmacology staff at Chil-
dren’s Hospital, Boston, Mass. All opi-
ateswereconverted tomorphineequiva-
lents using the following conversions to
equal 1 mg of morphine sulfate: 15 µg
fentanyl citrate, 0.15 mg hydromor-
phone hydrochloride, 0.3 mg metha-
done hydrochloride, 20 mg codeine. All
benzodiazepines were converted to mid-
azolam equivalents using the following
conversions to equal 1 mg of mid-
azolam: 2 mg diazepam, 0.33 mg lora-
zepam. For the sedation scoring, 1 point
was given for each of the following: mor-
phine or midazolam equivalents of 0.1
mg/kg, pentobarbital 2 mg/kg, chloral
hydrate 50 mg/kg, any propofol use, any
phenobarbitol use. Use of any antihista-
mines received a point score of 0.5. For
example, achildweighing5kgwho,dur-
ingthefirst24hoursofweaning, received
a total of 4 mg of morphine sulfate, 3 mg
of lorazepam (converted to 9 mg mid-
azolam),anda30-minute infusionofpro-
pofol for a procedure would have a seda-
tive use score of 27 (ie, 8+18+1).

Statistical Methods
Our first hypothesis was that the time
to successful extubation for children re-
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ceiving protocol-directed weaning (PSV
and VSV combined) was equivalent to
or less than those receiving traditional
physician-directed weaning (no proto-
col). Decreasing the time to extuba-
tion from 4 days (based on data from a
pilot study) to 2.65 days (33% less) was
considered clinically important. Us-
ing a hazard ratio of 0.67, a 2-sided �
of .05, and a 2:1 ratio of children ran-
domized to protocol-directed wean-

ing vs physician-directed weaning, a
total of 306 weaning times (204 in the
protocol-directed weaning group and
102 in the traditional weaning group)
were required for 80% power.

Our second hypothesis was that the
time to successful extubation for chil-
dren randomized to the VSV protocol
was less than for those randomized to
the PSV protocol, because in VSV the
pressure support level was continu-

ally adjusted as the patient improved.
Decreasing the median time to extuba-
tion from 3 days to 2 days (33% less)
was considered clinically important. Us-
ing a hazard ratio of 0.67, a 2-sided �
of .05, and a 1:1 ratio of children ran-
domized to PSV and VSV, a total of 328
weaning times (164 in each group) were
required for 80% power.

A priori, clinicians determined that
a clinically important difference be-
tween trial groups was a minimum of
1 day. An interim analysis was sched-
uled at 306 patients. At this point, the
data and safety monitoring board
(DSMB) was instructed to recom-
mend ceasing enrollment in the no pro-
tocol group if care provided using a pro-
tocol was proven equivalent to or better
than care provided without a proto-
col. They were also instructed to rec-
ommend increaseing the sample size if
necessary but to stop the study for lack
of efficacy if the differences in wean-
ing times between study groups were
unlikely to exceed 1 day.

The study was analyzed on an inten-
tion-to-treat basis. The primary efficacy
variables were weaning success and,
among the subset of patients who were
weaning successes, the duration of time
to weaning. Weaning failure was de-
fined as either the reinstitution of me-
chanical ventilator support within 48
hours of extubation (through an ETT or
noninvasively) or failure to wean within
28 days of randomization. All patients
were prospectively evaluated to hospi-
tal discharge or transfer to another in-
stitution. Patients who died or were
transferred before completing the study
were treated as weaning failures.

The Fisher exact test was used to
compare the proportion of weaning fail-
ures between groups. Logistic regres-
sion was used to assess the effects on
weaning of sedation received during the
first 24 hours, after controlling for study
site, age, race, sex, PRISM III score, and
days intubated prior to randomiza-
tion. Age groups were defined as neo-
nate (younger than 30 days), infant
(younger than 1 year), child (younger
than 12 years), and adolescent (younger
than 18 years). Quartiles were used to

Figure 1. Flow of Patients Through the Trial

62 Assigned to PSV Protocol 60 Assigned to VSV Protocol 60 Assigned to No Protocol

61 Included in Analysis
1 Excluded From Analysis

(Ineligible But Randomized)

59 Included in Analysis
1 Excluded From Analysis

(Ineligible But Randomized)

59 Included in Analysis
1 Excluded From Analysis

(Consent Invalid, Foster Care)

439 Not Tested for Entry
123 Consent Window Missed
86 Parents or Guardian Declined
73 Physician Declined
53 Planned Transfer to Other Hospital or ICU for Weaning
46 Parents or Guardian Unavailable
22 Equipment Unavailable

313 Underwent Extubation Readiness Test
131 Passed Test

115 Extubated Within 24 h of Passing Test
97 Successfully Extubated
15 Reintubated Within 48 h
3 Noninvasive Ventilator Support Within 48 h

182 Failed Test

13 Unplanned Extubation Before Entry
11 Participating in Another Randomized Trial
8 New Limitation on Life Support
4 Other

1597 Ineligible (Excluded)
373 Upper or Lower Airway Anatomic Obstruction
365 Cyanotic Congenital Heart Disease
255 Not Committed to Full Support
163 Severely Diminished Lung Capacity
137 Chronic Ventilator Dependence
101 History of Lung or Bone Marrow Transplant
80 Spinal Cord Injury or Neuromuscular Weakness
56 Status Asthmaticus
36 Pulmonary Hypertension
31 Less Than 38 Weeks Corrected Gestational Age

752 Eligible

2349 Patients Screened

40 Completed Protocol
22 Protocol Terminated Early

1 Parental Request
15 Physician Request
0 Interhospital Transfer
5 Self-extubation
1 Ineligible But Randomized

40 Completed Protocol
20 Protocol Terminated Early

1 Parental Request
13 Physician Request
1 Interhospital Transfer
5 Self-extubation

No Protocol Used
0 Interhospital Transfer
2 Self-extubation
1 Ineligible But Randomized

182 Randomized

ICU indicates intensive care unit; PSV, pressure support ventilation; and VSV, volume support ventilation.

VENTILATOR WEANING PROTOCOLS IN INFANTS AND CHILDREN

2564 JAMA, November 27, 2002—Vol 288, No. 20 (Reprinted) ©2002 American Medical Association. All rights reserved.

 by guest on October 8, 2008 www.jama.comDownloaded from 

http://jama.ama-assn.org


define levels for sedation score and days
intubated prior to randomization.

Weaning-time analyses considered
only cases that were successfully extu-
bated.14,15 Kaplan-Meier survival curves
and log-rank tests were used to com-
pare the weaning times of the groups.
Proportional hazards regression was
used to assess the effects of covariates
on weaning times. SAS v8.0 (SAS In-
stitute Inc, Cary, NC) was used for all
analyses.

RESULTS
Enrollment in the trial began at the first
site in November 1999. The first in-
terim analysis was performed in Feb-
ruary 2001, after 105 patients were ran-
domized. The second interim analysis
was performed after 182 patients were
randomized. On April 30, 2001, the
DSMB stopped the trial due to lack of
efficacy.

A total of 313 eligible patients under-
went the ERT. Of these, 182 (58%) failed
the test andwere randomized(FIGURE 1).
Reasons for failing the test were related
to exhaled tidal volume in 52 children
(28.6%), to SpO2 in 10 (5.5%), to respi-
ratory rate in 32 (17.6%), and to more
than 1 criterion in 88 (48.4%). Of the 131
patients (42%) passing the test, 115
(88%) were extubated within 24 hours.
Of these, 97 (84%) were successfully ex-
tubated, 15 (13%) were reintubated, and
3 (3%) required use of noninvasive ven-
tilator support.

Of the 182 children randomized in the
study, 62 were randomized to the PSV
protocol, 60 to the VSV protocol, and 60
to no protocol or standard care (Figure
1). The number of children enrolled at
each center ranged from 4 to 31. One
child was excluded from the analysis af-
ter randomization (to the VSV proto-
col) because social services determined
that the foster mother was not eligible to
give consent for a study. Two ineligible
patients were randomized: a 20-year old
with trisomy 21 (to no protocol) and an
infant with repaired congenital diaphrag-
matic hernia (to the PSV protocol). Both
were analyzed as extubation failures. The
tables do not include the 1 patient ex-
cluded after randomization or the 2 in-

eligible patients, and report the results
of the other 179 patients. Further analy-
ses were performed including the 2 in-
eligible patients’ data, and the results are
reported in the text.

Baseline variables did not differ by
treatment group with regard to history
of chronic illness, admission diagnosis,
age, sex, or length of time receiving
ventilation prior to randomization
(TABLE 1). Neonates comprised 17.3%
of the study population, with 87% of
these originating from home and 13%
transferred after birth for persistent pul-
monary hypertension of the newborn.
Follow-up was complete for all sub-
jects except for 1 child in the VSV pro-
tocol who was transferred to another
hospital. This child was treated as an ex-
tubation failure. Four children died af-
ter randomization but before hospital
discharge (2 VSV, 2 PSV). All 4 had re-
direction of care and withdrawal of sup-
port because of a change in prognosis
due to their underlying diseases.

Protocol Compliance
Although the overall analysis was by in-
tention to treat, we monitored protocol
compliance prospectively. The number
of children completing the protocol was
39 of 59 (66%) in the VSV group and 40
of 61 (66%) in the PSV group. One child
in the VSV group was transferred prior
to extubation. Of the 12 children whose
extubations were unplanned (5 VSV, 5
PSV, 2 no protocol), none failed extu-
bation. Of the 16 children extubated by
their physician before passing the ERT
(6 VSV, 10 PSV), 5 (31%) failed extuba-
tion (2 were reintubated and 3 received
noninvasive ventilator support).

Two children were removed from the
protocol at parental request (1 VSV, 1
PSV) but the attending physicians car-
ing for these children reported accept-
able protocol performance. Twelve chil-
dren (10%) were removed from the
protocols at physician request (7 VSV,
5 PSV). Four had persistent apneic epi-
sodes, 2 had excessive ETT leaks in-

Table 1. Baseline Characteristics of the Study Population*

Characteristic
Pressure Support

(n = 61)
Volume Support

(n = 59)
No Protocol

(n = 59)

Age group, No. (%)
Neonate (�30 d) 13 (21) 9 (15) 9 (15)
Infant (�1 y) 26 (43) 22 (37) 24 (41)
Child (�12 y) 18 (30) 16 (27) 18 (31)
Adolescent (12-17 y) 4 (7) 12 (20) 8 (14)

Male sex, No. (%) 39 (64) 31 (53) 36 (61)
Race, No. (%)

Black 13 (21) 12 (20) 17 (29)
White 32 (52) 34 (58) 32 (54)
Hispanic 11 (18) 9 (15) 5 (8)
Other 5 (3) 4 (2) 5 (3)

Any chronic condition, No. (%) 27 (44) 27 (46) 25 (42)
Primary reason for admission, No. (%)

Pulmonary 50 (82) 41 (69) 42 (71)
Pneumonia 12 (24) 12 (29) 11 (26)
Bronchiolitis 22 (44) 17 (41) 14 (33)
ARDS 7 (14) 3 (7) 7 (17)
Other pulmonary 9 (18) 9 (22) 10 (24)

Cardiac 7 (11) 4 (7) 4 (7)
Neurologic 3 (5) 5 (8) 5 (7)
Sepsis 1 (2) 5 (8) 4 (7)
Other 0 4 (7) 4 (7)

PRISM III score, mean (SD) 9.5 (7.1) 10.4 (7.3) 10.8 (7.8)
Days intubated prior to

randomization, mean (SD)
7.1 (7.4) 6.0 (6.3) 7.6 (9.2)

*Protocol differences were tested using the Fisher exact test for categorical variables and Kruskal-Wallis tests for or-
dered categorical and continuous variables. P�.20 for all. The 2 patients who were ineligible but randomized, and
the patient excluded after randomization, are not included. PRISM III indicates Pediatric Risk of Mortality III; ARDS,
acute respiratory distress syndrome.
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terfering with effective ventilation, 5
had respiratory deterioration and the
physicians elected not to reenter them
in the protocol when they were ready
to wean again, and 1 died after redirec-
tion of care due to poor prognosis.

Extubation was delayed more than 4
hours in 25 children (8 VSV, 17 PSV).
The reasons for these delays were clini-
cal team not available (5), neurologic
status (5), apnea (4), no ETT leak (2),
and other (9).

Ventilator Management
in the No Protocol Group
In the no protocol group, a total of 9
modes of ventilation available on the ven-
tilator were used at least once with single
modes of ventilation used in 32 pa-
tients (55.2%), 2 modes in 18 (31%), 3
modes in 7 (12.1%), and 4 modes in 1
patient. In 22% of patients, the ventila-
tor mode was changed 3 or more times
during weaning. Modes commonly used
were pressure control with pressure sup-
port (39 children,[67%]) and volume
control with pressure support (15 chil-
dren [27%]). Pressure support ventila-
tion was used as the single mode of ven-
tilationduringweaning inonly5children
(8.5%), but was the last mode used prior
to extubation in 26 children (43.3%)
with a mean (SD) extubation pressure
support level of 7.6 (2.1) cm H2O. Vol-
ume support ventilation was used at least
once in 5 children (8.5%) and in only 1
child as the single mode of ventilation
during weaning and prior to extuba-
tion. In the 27 (45.8%) patients extu-
bated from a mode with a set ventilator
rate, the mean (SD) set respiratory rate
at extubation was 5.7 (2.8) per minute.

Extubation Success and Failure
Weaning failure rates are summarized
in TABLE 2. All weaning failures were

due to extubation failure, redirection
of care and death, or patient transfer.
Recorded reasons for extubation fail-
ure were: lower respiratory tract prob-
lems (54.2%), upper airway obstruc-
tion and stridor (25%), apnea (8.3%),
cardiovascular insufficiency (4.2%), and
other (8.3%). There were no signifi-
cant differences in failure rates in the
3 groups (P=.44). Inferences were un-
changed when 2 randomized but ineli-
gible patients were included, or when
comparing groups using logistic regres-
sion adjusting for study site.

Using logistic regression, a child’s sex
was identified as a significant predictor
of extubation failure, with failure occur-
ring more often in boys (P�.001)
(TABLE 3). Overall there were 33 fail-
ures, of which 29 (87%) occurred in
boys. For boys, the failure rates in the
PSV, VSV, and no protocol groups were
21%, 45%, and 19%, respectively. For
girls, they were 5%, 0%, and 13%. In ad-
dition to child’s sex, sedation during the
first 24 hours of weaning also signifi-
cantly predicted extubation failure
(P=.04; df=3). Extubation failure rates
for the lowest to the highest sedation
quartiles were 20%, 14%, 7%, and 32%,
respectively; children in the highest quar-
tile for sedation had more extubation fail-
ures than those in the middle quartiles
(P�.03 for each). Sedative use was mea-
sured for the first 24 hours of weaning
but not at the time of extubation. This
may explain why the odds ratios for the
sedation use score quartiles do not sug-
gest a linear relationship. Inferences were
unchanged when children who were re-
moved from the protocol at physician or
parent request, and the 4 children who
died, were excluded from the analysis.
The model was also unchanged when age
was used as a continuous variable or
when the presence of a chronic pulmo-

nary condition or a chronic neurologic
condition was added separately to the
model (all were nonsignificant as inde-
pendent predictors). There was no sig-
nificant interaction between age and sex.

Length of Time in Weaning
For the 146 successfully weaned cases,
we compared the weaning times of
treatment groups. The mean weaning
times for the PSV, VSV, and the no pro-
tocol groups were 3.3, 2.5, and 3.2 days,
respectively. The medians were 1.6, 1.8,
and 2.0 days (Table 2). Weaning times
did not differ significantly between
treatment groups (P=.75).

Using proportional hazards regres-
sion, sedation during the first 24 hours
of weaning significantly predicted
weaning times (P�.001; df=3). Mean
weaning times for the lowest to high-
est sedation score quartiles were 1.5,
2.9, 2.8, and 5.2 days. Median wean-
ing times for the lowest to highest se-
dation score quartiles were 1.0, 1.9, 1.9,
and 3.0 days (FIGURE 2). Inferences
were unchanged when 10 successfully
extubated patients who did not com-
plete their assigned protocol were ex-
cluded from the analysis.

COMMENT
Limiting the duration of airway intuba-
tion and mechanical ventilator support
to the shortest possible time is of ut-
most importance for reducing risk of
nosocomial infection, tracheal irrita-
tion and injury, and sedative depen-
dency. Shortening the duration of me-
chanical ventilator support should also
decrease ICU length of stay and associ-
ated costs. The prevalent philosophy is
that it is necessary to gradually wean
children experiencing respiratory fail-
ure from the mechanical ventilator to re-
train their respiratory muscle strength.
The findings of our study, the largest
study performed to date in infants and
children with acute respiratory failure,
suggest that gradual weaning may not
be indicated for the majority of infants
and children. More than a third of the
children whose physicians determined
that they were ready to begin the wean-
ing process, in fact, already met bed-

Table 2. Weaning Outcomes

Pressure Support
(n = 61)

Volume Support
(n = 59)

No Protocol
(n = 59) P Value

Weaning failure, No. (%) 9 (15) 14 (24) 10 (17) .44*
Weaning times among successes,

median (interquartile range), d
1.6 (0.9-4.1) 1.8 (1.0-3.2) 2.0 (0.9-2.9) .75†

*By Fisher exact test.
†By log-rank test.
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side extubation readiness criteria and
most were successfully extubated within
24 hours. More than half of the chil-
dren not meeting these criteria were suc-
cessfully extubated within 2 days. At the
time that study enrollment was termi-
nated, there was no difference in wean-
ing between the protocol and nonpro-
tocol groups, and no clinically important
difference was likely to be seen if the
study went to completion. In contrast
to previous studies in adults that found
that protocols shortened duration of
weaning,5,6 use of weaning protocols had
no impact on the duration of mechani-
cal ventilator support in this multi-
center cohort of children.

Sedative use in the first 24 hours of
weaning appears to strongly influence
both length of time on the ventilator and
extubation failure in infants and chil-
dren. This is consistent with findings in
adult patients.16 Cognitive immaturity
impedes the ability of children to be
awake and tolerate having an ETT in
place. Although sedative drugs are re-
quired to prevent unplanned extuba-
tion and associated adverse events, the
need to maintain patient comfort may
impede liberation from the ventilator.

Another major finding of our study
was that the great majority of extuba-
tion failures were in male patients. The
reasons for this are unclear. Male and fe-
male patients were equally distributed
across the various diagnostic and age
groups. Male sex has been associated
with worse outcomes for neonatal res-
piratorydistress syndrome17 and forcom-
munity-acquired pneumonia in adult pa-
tients.18 Whether anatomical, hormonal,
or other influences underlie the differ-
ence in outcome is entirely speculative.

This is the only controlled trial to date
evaluating methods of weaning infants
and children from mechanical ventila-
tor support with extubation as the study
endpoint.Schultzetal19 randomized223
children toaweaningprotocolor tophy-
sician-directed weaning but used the
time at which minimum settings were
achieved as the study end point. In addi-
tion, patients were not placed on mini-
mal settings prior to weaning to ensure
that they actually required weaning, and

themediantimeinweaningwas10hours
or lessacrossgroups.Webelieve thatour
study population is representative of the
majority of infants and children requir-
ing mechanical ventilation in pediatric
ICUs for which a ventilator protocol
would apply. Ten large pediatric ICUs
contributed patients to this study. Diag-
noses that could strongly influence abil-
ity toweanorsuccessfullyextubate, such
as upper airway obstruction or asthma,
were excluded. The great majority of
patients were recovering from primary
respiratory disease. In contrast to stud-
ies in adult patients, we attempted to
enrollpatients inweaningasearlyas they
could tolerate spontaneousbreathing. In
adult studies, more than 75% of patients
passed the initial extubation readiness
screening test and were not eligible for
entry,14,20 whereas in our pediatric study
only 42% passed this initial test. Despite
this, the duration of weaning was mark-
edly shorter in these children com-
pared with that reported in the adult
studies. It ispossible that infantsandchil-
dren recover more rapidly from a pul-

monary insult. Less than 10% of the chil-
dren in this study had any chronic
pulmonary disease, whereas in adult
patients, chronic obstructive pulmo-
nary disease was present in more than
25% of patients enrolled in adult wean-
ing and extubation trials.14,15,21

Figure 2. Weaning Times as a Function of
Sedation Score for 146 Patients Weaned
From Mechanical Ventilation
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See “Methods” section for calculation of the seda-
tion score. Middle bar indicates the median value, and
the lower and upper boundaries indicate the inter-
quartile range. Vertical lines indicate the 10th and 90th
percentiles; dots, more extreme observations.

Table 3. Predictors of Weaning Failure and Weaning Times*

Characteristic

Weaning Failure
(n = 179)

Weaning Time
(Among n = 146 Successes)

OR (95% CI) P Value HR (95% CI)† P Value

Treatment assignment
Pressure support 0.81 (0.27-2.41) .70 0.85 (0.56-1.29) .44
Volume support 2.27 (0.78-6.63) .13 1.10 (0.70-1.72) .67
No protocol Reference Reference

Age group
Neonate (�30 d) Reference Reference
Infant (�1 y) 1.54 (0.40-5.86) .53 1.15 (0.70-1.89) .59
Child (�12 y) 2.19 (0.54-8.86) .27 0.79 (0.47-1.43) .38
Adolescent (12-17 y) 1.49 (0.29-7.69) .64 0.84 (0.46-1.55) .58

White 0.55 (0.23-1.32) .18 1.22 (0.85-1.74) .28
Male 7.86 (2.36-26.2) �.001 1.05 (0.71-1.53) .81
PRISM III score (per point) 1.03 (0.97-1.09) .33 1.00 (0.98-1.03) .84
Sedation score (points)

Quartile 1 (�6) 0.41 (0.44-5.25) .52 4.11 (2.29-7.41) �.001
Quartile 2 (6-21.9) 0.24 (0.07-0.83) .03 2.01 (1.16-3.49) .01
Quartile 3 (22-54.9) 0.16 (0.04-0.71) .02 1.84 (1.06-3.20) .03
Quartile 4 (�55) Reference Reference

Time intubated prior to
randomization (d)

Quartile 1 (0-2) 1.23 (0.34-4.41) .75 1.25 (0.71-2.20) .45
Quartile 2 (3-4) 0.99 (0.26-3.82) .99 1.12 (0.66-1.91) .66
Quartile 3 (5-7) 1.51 (0.44-5.25) .52 1.53 (0.85-2.77) .16
Quartile 4 (�8) Reference Reference

*OR indicates odds ratio; CI, confidence interval; HR, hazard ratio; and PRISM III, Pediatric Risk of Mortality III.
†Compared with the reference groups, HRs �1 indicate shorter (�1, longer) weaning times.
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Both protocol groups used objective
criteria to determine extubation readi-
ness, in contrast to physician judgment
in the no protocol group. Despite this,
objective criteria were no more predic-
tive than physician judgment in deter-
mining which children could be
successfully extubated. The average ex-
tubation failure rate was 19% using an
ERT and 17% using physician judg-
ment. These failure rates are consistent
with previous rates.22-24 The only poten-
tially manipulable factor influencing fail-
ure rates was sedation use. Because male
sex was a strong determinant of extuba-
tion failure, more stringent criteria for ex-
tubation readiness may be indicated for
male patients.

We cannot rule out the possibility
that ventilator weaning protocols may
be beneficial in the subgroup of chil-
dren whose weaning time is longer than
3 days. It is also possible, however, that
daily testing15,21 and daily interrup-
tion of sedative medications16 are more
effective in decreasing duration of me-
chanical ventilation. Like other proto-
cols for care, physician compliance with
these protocols was not perfect; how-
ever, many reasons for noncompli-
ance were clinically justifiable. It is pos-
sible that strict compliance with a
multifaceted protocol used for a pro-
longed period may not exceed 66% in
the best circumstances. Given that the
median duration of weaning was short
(2 days or less) in all arms of the study,
it is unlikely that improved protocol ad-
herence would lead to a clinically im-
portant difference in weaning times.

Our findings underscore the need for
more effective methods of achieving pa-
tient comfort without negative effects on
ventilatory drive. Benzodiazepines and
narcotics are the main agents used and
their use is associated with physiologi-
cal dependence and withdrawal in pa-
tients requiring them for 7 or more
days.4,25 The long-term neurologic ef-
fects of exposure to those agents on de-
veloping brains are unclear. We found
that, for the majority of infants and chil-
dren receiving ventilator support for
acute respiratory failure, ventilator wean-
ing protocols had no effect on duration

of mechanical ventilation. Improved
management of sedative drugs and daily
testing for extubation readiness could
potentially lead to shorter duration of
mechanical ventilator support.
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