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Take home message: A six-dose 24-h
pretreatment regimen of dexamethasone
reduced the incidence and severity of
postextubation airway obstruction in a
select group of high-risk patients in a PICU
of a resource-limited economy. It may help
reduce PICU stay and cost of acute care,
thus improving overall outcome and making
more PICU beds available for salvageable
critically ill patients.
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Abstract Purpose: Multidose ste-
roid pretreatment is effective in
preventing postextubation airway
obstruction (PEAO) in adults, how-
ever controversy continues for
children. This study was designed as
a randomized, placebo-controlled,
double-blind trial to compare the
effect of 24-h pretreatment with
dexamethasone (24hPD) versus 6-h
pretreatment (6hPD) on PEAO and
reintubation in children at a tertiary
care hospital in a developing econ-
omy. Methods: Hundred twenty-
four children (3 months to 12 years)
intubated for C48 h and planned to
have extubation during next 24 h
were randomized to receive 24hPD
(0.5 mg/kg/dose, q6h, total of six
doses; n = 66) or 6hPD (total of three
doses; n = 58). Patients with preex-
istent upper airway conditions,
chronic respiratory diseases, steroid
therapy in last 7 days, gastrointestinal
bleeding, hypertension, and hyper-
glycemia and those likely to have
poor airway reflexes were excluded.
Results: The two groups were sim-
ilar at baseline. 24hPD reduced the
incidence of PEAO (43/66 versus
48/58; p = 0.027) with absolute risk

reduction of 17 %. It also reduced the
incidence of reintubation, though
nonsignificantly, by half [5/61 versus
9/58; relative risk (RR), 1.09; 95 %
confidence interval (CI), 0.96–1.25].
Time to recovery from PEAO among
non-reintubated patients was shorter
among 24hPD patients (p = 0.016).
No adverse event was noted with
dexamethasone use. Intubation dura-
tion [7 days and cuffed tracheal
tubes were found to be independent
risk factors for PEAO (odds ratio 6
and 3.12, respectively). Conclu-
sions: 24-h pretreatment with
multidose dexamethasone reduced the
incidence of PEAO and the time to
recover from it. 24hPD should be
considered for high-risk children
intubated for [48 h in the study set-
ting. Further studies with larger
sample size from different socioeco-
nomic background are desirable to
validate these findings.

Keywords Dexamethasone �
Steroid � Intubation �
Postextubation airway obstruction �
Postextubation stridor � Children

Introduction

Postextubation airway obstruction (PEAO) is common in
pediatric intensive care units (PICUs). About 10–32 % of
children intubated for [24–48 h require adrenaline

nebulization, while 10–13 % require reintubation [1–3].
Reintubation may increase morbidity, mortality, and cost
of care [4–8]. Reducing incidence of PEAO and thus
preventing reintubation may improve outcome and reduce
cost of acute care [9]. Multidose steroid pretreatment is
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effective in preventing PEAO among high-risk adult
patients intubated for[36–48 h [9–12]. However, there is
no consensus regarding the best approach for preextuba-
tion steroid therapy in critically ill children [10]. Three
prospective controlled trials and two retrospective studies
came to different conclusions. Tellez et al. [13] failed to
demonstrate beneficial effect of 6–12 h dexamethasone
pretreatment, while Anene et al. [14] demonstrated sig-
nificant reduction in PEAO and reintubation among high-
risk patients. In another trial, 4-h pretreatment decreased
need for reintubation in children intubated for[24 h [15].
One retrospective study rejected dexamethasone pre-
treatment for lack of prophylactic benefits [2], while
another supported it for absolute abolishment of PEAO
[3]. Despite this inconsistent evidence, prophylactic ste-
roids are widely used in varied regimens [10, 11]. We, in
our unit, practice 6-h pretreatment with dexamethasone
(q6h, total of three doses) for patients intubated for
C48 h.

Evidence from adult studies supports the effectiveness
of steroids among high-risk patients [6, 16], provided they
receive it at the right time [17], i.e., at least 12–24 h
before extubation [18–20]. Motivated by these results, we
conducted this trial to evaluate the effectiveness of 24-h
pretreatment with multidose dexamethasone in reducing
the incidence of PEAO defined as need for adrenaline
nebulization and/or reintubation in children intubated for
C48 h compared with the current practice of 6-h pre-
treatment, in a PICU of a developing economy.

Patients and methods

Patients

This study was performed in a 12-bed PICU of a multi-
specialty tertiary care hospital with 1,500 beds, over a
period of 15 months (January 2009 to March 2010). The
study protocol was approved by the Institutional Ethics
Committee. Parents or legal guardians gave written
informed consent before enrollment into the study. Eli-
gibility criteria included age [3 months and B12 years,
intubation for C48 h, and anticipated first planned extu-
bation during the next 24 h. Patients\3 months were not
included as they are likely to be similar to neonates for
whom steroid pretreatment is not practiced as policy in
our neonatal unit, and patients[12 years are not admitted
to pediatric services at our hospital. Patients with actual or
potential poor airway reflexes (e.g., Guillain–Barré syn-
drome with unstable airway, tetanus, etc.), Glasgow
Coma Score (GCS) B8 (only best motor and eye
responses), congenital anomalies, infection, burns, trauma
and surgery involving airway, history of previous tracheal
intubation or tracheostomy, chronic lung disease, con-
traindications for steroid, gastrointestinal bleeding,

hypertension ([95th centile), hyperglycemia, steroid
treatment in preceding 7 days or chronic nonsteroidal
anti-inflammatory drug (NSAID) therapy were excluded.
Patients were also excluded if self-extubated or their
clinical status deteriorated prior to completion of the
initial five doses of the intervention drug, or extubation
was deferred by the treating team.

Randomization, intervention, and data collection

Eligible patients were randomized into two groups, i.e.,
24-h pretreatment with dexamethasone (24hPD) and 6-h
pretreatment with dexamethasone (6hPD), using com-
puter-generated random number tables. Randomization
was stratified by two potential risk factors for PEAO: age
group (\1 year, 1 to \5 years, and C5 years) [14] and
duration of intubation (B72 h, [72 h but B7 days, and
[7 days) [7, 14, 21], to ensure similar number of patients
of different ages and intubation durations in the two
groups. Treatment assignments were serially numbered in
opaque, sealed envelopes.

24hPD patients received six doses of intravenous
dexamethasone (0.5 mg/kg/dose, maximum 8 mg/dose):
the first dose 24 h before anticipated extubation and then
every 6 h for a total of six doses. Extubation was done in
the morning immediately after fifth dose. 6hPD patients
received intravenous sterile water in equal volume for
initial three doses, followed by dexamethasone (0.5 mg/
kg/dose) for next three doses: 1st dose 6 h prior to and
2nd dose at extubation, and 3rd dose 6 h after extubation,
as per current practice in our unit. Two milliliters of
dexamethasone solution (4 mg/ml) and sterile water (both
colorless fluids) were packaged by an ISO-certified
pharmaceutical company in identical vials. Six vials were
serially numbered in order of their intended administra-
tion for the two treatment groups and placed in separate
boxes. Boxes were arranged in a random order based on
computer-generated random number sequence. Subse-
quently, boxes were serially numbered on the outside.
They were opened in serial order, as and when subjects
were enrolled. Intervention solutions were withdrawn
from serially numbered vials (in that order) of the box and
injected as 0.125 ml/kg (to ensure administration of
0.5 mg/kg dexamethasone, wherever so intended) to the
maximum of 2 ml, i.e., 8 mg/dose. This ensured blinding
of patients, attending medical/nursing personnel, and all
co-investigators. Blinding was maintained until data col-
lection was complete for the last patient. Intervention was
planned to stop with development of contraindication to
dexamethasone, and patients would be monitored closely.
Baseline characteristics such as age, gender, height,
weight, body mass index, reason for admission to PICU,
Pediatric Risk of Mortality (PRISM) III score, type
(cuffed/uncuffed) and internal diameter of tracheal tube,
number of airway manipulations, duration of intubation

1286



and assisted ventilation, presence of shock, and maximum
inotrope score were recorded at enrollment, while serum
albumin and presence of clinical edema were recorded at
extubation.

Intubation and care of intubated patients

Patients were intubated by orotracheal route in pediatric
emergency room, pediatric wards, or PICU by attending
pediatrician. Rapid sequence intubation was performed
wherever clinical situation permitted. However, for the
majority, intubation was part of resuscitation in emer-
gency room for hypoxia, cyanosis, poor respiratory effort
or respiratory arrest. Tracheal tube size was estimated
according to pediatric advanced life support guidelines
[22]. Patients[8 years of age were intubated with cuffed
tube. Patients were optimally sedated to prevent agitation
and excessive tube movement, and were managed as per
unit protocol for mechanical ventilation (Amadeus�,
Galileo Gold�), sedation, hemodynamic, nutritional, and
nursing support.

Extubation protocol

Extubation was planned once patients were maintaining
arterial pH [7.35 and PaO2 C75 torr at C-PAP
B4 cmH2O and FiO2 B0.4, were afebrile and hemody-
namically stable. Spontaneous breathing trial with
pressure support ventilation for a reasonable period was
followed by 12–24 h of C-PAP and/or T-piece prior to
extubation. Neurological patients were included only if
best motor and eye response components of GCS was C8.
Once considered fit for extubation, sedatives were stopped
and the intervention drug was initiated as per protocol.
Nasogastric feed was stopped 6 h before extubation,
which was performed immediately after fifth dose of the
intervention drug, after optimal chest physiotherapy, tra-
cheal and oral suctioning. Nasal prong bubble C-PAP of
4–5 cmH2O was continued to maintain SpO2[95 %, and
head-end was kept elevated at 30–45� for 24–48 h. Vital
signs were monitored throughout the study period.

Postextubation monitoring and outcome parameters

A modified version of Westley’s croup score [23]
(mWCS) presented in Table 1 was used for assessment
and monitoring of upper airway obstruction. Scores based
on consciousness and cyanosis were omitted as these are
late signs of PEAO and may not be relevant in the PICU
with continuous monitoring facilities. Vital signs
(including mWCS, need of nebulized epinephrine and
reintubation) were monitored continuously and recorded
at 0 min (immediately after extubation), 30 min, 1, 2, 3,

6, 12, 24, 36, and 48 h after extubation by the attending
PICU fellows after having received training for the same.
However, observer agreement was not assessed. mWCS
C4 led to administration of nebulized L-epinephrine
(1 ml = 1 mg; 2.5 ml in 2 ml normal saline; over
15–20 min) every 20 min until improvement in obstruc-
tive signs or reintubation. Patients were reintubated after
failure of nebulized epinephrine as evidenced by audible
stridor, markedly decreased air entry and severe chest
retractions and/or respiratory acidosis (pH \7.35 and
PaCO2 [45 torr), SpO2 \90 % at FiO2 0.4, bradycardia
or clinical impression of impending respiratory fatigue.
Upper gastrointestinal bleeding, hyperglycemia, hyper-
tension, and infection were actively sought until 48 h.
Primary endpoint was occurrence of clinically significant
PEAO, a composite indicator comprising mWCS C4
requiring adrenaline nebulizations and/or reintubation
during 48 h postextubation. Secondary outcome measures
included time lag between extubation and occurrence of
PEAO, and time to recovery from PEAO among non-
reintubated patients as measured by time to achieve
mWCS B2 irreversibly.

Statistical analysis

Sample size was calculated based on the 32 % incidence
of PEAO reported in a previous study from our unit [1]. A
sample size of 144 patients (72 in each group) was
therefore calculated to be able to detect a difference from
32 to 16 % (a = 0.05, b = 0.2). Per-protocol analysis
was performed, and patients were a priori deemed unas-
sessable (and excluded from the analysis) if self-
extubation occurred between randomization and planned
extubation, or if extubation was postponed (for any rea-
son, e.g., deterioration of clinical status) as specifically
mentioned in the protocol. Statistical analysis was carried
out using SPSS (version 17; SPSS, Chicago, IL). Data

Table 1 Modified Westley’s croup score [21] (mWCS)

Clinical finding Score

Inspiratory stridor
None 0
Stridor audible with stethoscope at rest 1
Stridor audible without stethoscope 2

Air movement
Normal 0
Decreased 1
Markedly decreased 2

Retractions
None 0
Mild (alar flaring) 1
Moderate (suprasternal and intercostals) 2
Severe (all accessory muscles used) 3

Maximum total score 7
Need for adrenaline nebulization 4
Need for reintubation 7
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were analyzed using Mann–Whitney U test for continuous
variables and v2 test (and Fisher exact test if necessary)
for categorical variables. Relative risk and 95 % confi-
dence interval (CI) were estimated for primary end points.
Repeated-measures analysis of variance (ANOVA) was
used for intergroup comparisons of mWCS during 48 h of
extubation. Time to recovery from PEAO was compared
by Kaplan–Meier curve after censoring for reintubation.
Risk factors for PEAO were identified by univariate
analysis followed by multivariate logistic regression
incorporating variables with p value \0.05 on univariate
analysis with forward stepwise selection procedure. Odds
ratio and 95 % CI were estimated. For all tests, p value
\0.05 was deemed significant.

Role of the drug-providing source

The company that provided and packaged the intervention
drugs had no role whatsoever in the study design, col-
lection, analysis, and interpretation of data, and writing of
this manuscript. The corresponding author had full access

to all the data, and complete and final responsibility for
decision to submit for publication.

Results

Figure 1 shows the trial profile. Out of 388 patients
intubated during the study period, 140 consecutive
patients fulfilling study criteria were enrolled and ran-
domized into two groups. Sixty-three patients were
excluded for one or other exclusion criterion, while 17
were excluded for being \3 months. Table 2 presents
admitting diagnosis, indication for PICU admission and
intubation, and Table 3 presents baseline characteristics.
Median intubation duration was 8.5 days [interquartile
range (IQR) 6–14 days] at randomization. Of the ran-
domized patients, 16 could not be assessed because of
self-extubation (n = 1), physician-directed extubation
prior to completion of proposed five doses (n = 3), or
canceled extubation (n = 12). Finally, 124 patients were
available for per-protocol analysis (Fig. 1). Baseline

Fig. 1 Trial flow
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characteristics of the enrolled cohort (n = 140) were
similar to assessable patients (n = 124) (data not shown).
About one-third of patients had protein energy malnutri-
tion, average body mass index being *15 kg/m2.
Hypoalbuminemia and clinically manifest edema were
present in 88 and 40 % of patients, respectively, at
extubation. Median intubation duration in pre-PICU areas
was 0.92 days (IQR 0.4–2.0 days); 43 % of patients had
pre-PICU intubation duration C1 day.

24hPD significantly reduced the incidence of PEAO
(24hPD, 43/66; 6hPD, 48/58; RR, 2.02; 95 % CI,
1.05–3.88; p = 0.027) with absolute risk reduction of
17 %. To prevent 1 patient developing PEAO, the number
needed to treat was 5.7. A total of 14 (11 %) patients
needed reintubation, one immediately after extubation.
Though 24hPD reduced this by half, this was not statis-
tically significant (24hPD, 5/61 versus 6hPD, 9/58; RR,
1.09; 95 % CI, 0.96–1.25). Also, 24hPD delayed reintu-
bation as well, with a median gap of 12 h (range 3–13 h)
since extubation among 24hPD patients, versus 6 h (range
0 min to 36 h) among 6hPD patients.

Among non-reintubated patients (n = 110), the
majority (73 %, 80/110) developed PEAO shortly after
extubation. However, only eight patients continued to
have obstructive symptoms by 2 h, and only one after
12 h. 24hPD was effective in reducing average mWCS
throughout 48 h of observation period (repeated-mea-
sures ANOVA, interactional p = 0.0001) (Fig. 2a).
Consequently, it reduced the number of patients
requiring adrenaline nebulization [24hPD, 39/61
(64 %); 6hPD, 41/49 (84 %); RR, 2.21; 95 % CI,
1.2–7.3; p = 0.02]. Once patients required adrenaline

nebulizations to mitigate PEAO, there was no differ-
ence in the number of nebulizations needed in the two
groups [mean (SD); 2.28 (1.59) versus 2.39 (1.53);
p = 0.78]. Adrenaline nebulizations were required
immediately after extubation, and only 2 % (24hPD)
and 10 % (6hPD) of patients needed it by the end of
2 h in the two groups. 24hPD significantly reduced time
to recovery from PEAO (i.e., time to achieve mWCS
B2 irreversibly) compared with 6hPD (log-rank test,
p = 0.016) (Fig. 2b). A greater number of 24hPD
patients achieved mWCS B2 irreversibly during first
3 h of extubation.

Univariate analysis identified longer ([7 days)
intubation (and/or ventilation), cuffed tracheal tube,
airway manipulation [1, pre-PICU intubation duration
[1 day, and not having received 24hPD as risk factors
for PEAO. Presence of hypoalbuminemia (p = 0.06),
pedal and/or truncal edema at extubation were other
risk factors (Table 4). Presence of pedal and/or truncal
edema (and not hypoalbuminemia) at extubation was
associated with higher incidence of reintubation (9/49
versus 5/75; OR, 3.15; 95 % CI, 0.99–10.05;
p = 0.04). Multivariate analysis identified intubation
[7 days as the most important independent risk factor,
others being cuffed tracheal tubes and not having
received 24hPD (Table 4). One patient developed
hyperglycemia (maximum blood sugar, 200 mg/dl) at
12 h of extubation among 24hPD patients and needed
insulin infusion for 4 h. None developed upper gas-
trointestinal hemorrhage, hypertension, signs of
infection or any other event attributable to steroid
during 48 h of observation period.

Table 2 Admitting diagnosis, indication for PICU admission and intubation in the study population

24hPD group (n = 73) 6hPD group (n = 67) Total (n = 140)

Admitting diagnosis
LRTI (pneumonia/bronchiolitis) 33 24 57 (41 %)
CNS infections (meningitis, ventriculitis, meningoencephalitis) 9 15 24 (17 %)
Disseminated pyogenic sepsis 8 5 13 (9 %)
Other infections 7 14 21 (15 %)
Metabolic disorders 3 2 5 (4 %)
Status epilepticus 3 2 5 (4 %)
Miscellaneous 10 5 15 (11 %)

Indication for PICU admission (more than one indication in some patients)
Airway management 2 0 2
Neurologic and/or ICP monitoring 11 18 29
Hemodynamic monitoring and/or shock management 34 27 61
Respiratory monitoring and/or ventilation 61 52 103
Others 3 0 3

Indication for intubation (more than one indication in some patients)
Poor GCS/airway protection 23 27 50
Respiratory failure 25 23 48
Shock 26 21 47

Premorbid conditions 7 5 12

24hPD 24-h pretreatment with dexamethasone, 6hPD 6-h pretreatment with dexamethasone, LRTI lower respiratory tract infection, CNS
central nervous system, PICU pediatric intensive care unit, ICP intracranial pressure, GCS Glasgow Coma Scale

1289



Discussion

Need for reintubation is a reproducible objective measure
of ‘‘major’’ PEAO [14, 18, 20]. However, it may not be
the best indicator for evaluation of prophylactic inter-
ventions [24] considering the low reintubation incidence
in modern ICUs. The so-called minor (but clinically sig-
nificant) PEAO suggested by a combination of clinical
signs (e.g., prolonged inspiratory phase, stridor, tachyp-
nea, retractions, use of accessory muscles, hypoxia) [13,

18–20] and time to recovery from it may be better out-
come measures. Objectivity may be improved with the
use of croup score, which is likely to increase reproduc-
ibility and help protocolize clinical management [1, 14],
despite issues of observer agreement and lack of valida-
tion against objective measures of PEAO. In our opinion,
croup scores will continue to be used in children for some
time despite suggested objective alternatives [25]. Inter-
ventions able to reduce the incidence of PEAO as defined
by croup scores are likely to reduce the need for

Table 3 Baseline patient characteristics at enrollment (n = 140)

Characteristic 24hPD group (n = 73) 6hPD group (n = 67)

Age, years 1.50 (0.41–7.0) 2.50 (0.75–6.0)
Age, no. (%)
\1 year 30 (41 %) 22 (33 %)
[1–\5 years 23 (32 %) 26 (39 %)
C5 years 20 (27 %) 19 (28 %)

Sex ratio (M:F) 3.3 3.8
Normal weight ([80 %)b 49 (67 %) 51 (76 %)
PEM (\80 %)b 24 (33 %) 16 (24 %)
BMI, kg/m2 16.0 (13.7–17.3) 15.0 (13.6–17.4)
PRISM III score, mean (SD) 12.25 (4.22) 13.48 (2.54)
Shock 51 (77 %) 40 (69 %)
Maximum inotropic score (n = 124)a

0 (no inotrope) 14 (11 %) 18 (15 %)
B20 17 (33 %) 18 (45 %)
[20–40 25 (38 %) 15 (26 %)
[40 9 (14 %) 7 (12 %)
Site of first intubation
PICU 8 (11 %) 7 (10 %)
Pediatric emergency room 52 (71 %) 45 (67 %)
Other areas 13 (18 %) 15 (22 %)

Total intubation duration, days (n = 124)a 8.0 (6.0–14.0) 9.5 (6.0–14.0)
Total intubation duration, no. (%) (n = 124)a

B3 days 5 (8 %) 2 (3 %)
[3–7 days 26 (39 %) 22 (33 %)
[7 days 35 (53 %) 34 (52 %)
Duration of pre-PICU intubation, days 1.0 (0.4–2.5) 0.8 (0.4–2.0)
GCS (only E and M responses) at extubation (n = 124)a 10 (9.0–10.0) 10 (9.0–10.0)
Serum albumin at extubation, g/dl (n = 124)a 2.5 (2.2–2.9) 2.4 (2.1–2.8)
No. of patients with hypoalbuminemia (%)c (n = 124)a 55 (83 %) 54 (93 %)
Clinical signs of edema at extubation (n = 124)a

None 42 (64 %) 33 (57 %)
Only facial puffiness 14 (21 %) 18 (31 %)
Facial puffiness and pedal edema 7 (11 %) 3 (5 %)
Trunk wall edema, facial puffiness with/without pedal edema 3 (5 %) 4 (7 %)

Number of intubations (airway manipulations)
1 51 (70 %) 43 (64 %)
2 11 (15 %) 17 (25 %)
3 10 (14 %) 4 (6 %)
C4 1 (1 %) 3 (4 %)

Cuffed tubes (n = 124)a 22 (33 %) 15 (26 %)
Ventilated patients (n = 124)a 63 (95 %) 54 (93 %)
Duration of ventilation (n = 117), days 7.0 (4.8–12.0) (n = 63) 9.0 (5.2–12.3) (n = 54)

Values are median (IQR) unless otherwise specified
24hPD 24-h pretreatment with dexamethasone, 6hPD 6-h pre-
treatment with dexamethasone, IQR interquartile range, PEM
protein energy malnutrition, BMI body mass index, PRISM Pedi-
atric Risk of Mortality, SD standard deviation, PICU pediatric
intensive care unit, GCS Glasgow Coma Scale

a Data refer to patients extubated as per protocol and available for
final assessment (total, n = 124; 24hPD, n = 66; 6hPD, n = 58)
b National Center for Health Statistics (NCHS) median used as
reference
c Hypoalbuminemia defined as albumin level\3.4 g/dl for patients
[7 months and \2.5 g/dl for patients \7 months [27]
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reintubation as well. A modified version of WCS was
used, where we aimed to detect PEAO at the earliest, and
not to wait for unconsciousness and cyanosis before
instituting an intervention. The concerns regarding
retractions and air entry components being affected by
nonairway pathologies [25] were well taken care of, as
patients were given reasonable period of spontaneous
breathing trial before extubation.

Overall, three-fourths of patients developed PEAO, a
much higher incidence compared with even placebo-
treated patients in other studies (10–69 %) [1–3, 13–15].
Of these, only Anene et al. [14] and Sinha et al. [1] used
croup scores, with the former reporting its highest inci-
dence. In others, PEAO was likely to remain
underestimated as subjective signs were employed. Inci-
dence of reintubation in the 6hPD group (16 %) was also
similar to that in placebo-treated patients in previous
studies (10–22 %) [1–3, 14], except two, one of which
had a lower (5 %) [13] while another had much higher
(63 %) [15] incidence. On comparing our 6hPD patients
with 6–12 h pretreated patients of these studies, three had
lower reintubation rates (0–7 %) [2, 3, 14], while one
each had similar (11 %) [13] and higher (30 %) [15]
rates. Two of the studies with lower reintubation rates in
the 6–12 h steroid pretreatment arms [2, 14] had patients
intubated for less than half the duration compared with
ours (median days, 3.5–4.0 versus 8.5). There is no
mention of central tendency and dispersion of intubation
duration in study by Tellez et al. [13]. It is possible that
most of the patients were intubated for shorter durations,
putting them at relatively lower risk [21]. Majority (72 %)

of patients in our study cohort were intubated in emer-
gency room during resuscitation, intubated and hand-
ventilated in suboptimal conditions for reasonable length
of time (43 % for C1 day), remained intubated for
C7 days (52 %), had multiple airway manipulations
(35 %), cuffed tube (30 %), and hypoalbuminemic edema
(40 %). Presence of these potential risk factors and use of
objective mWCS may be responsible for the higher
incidence of PEAO in our study. Higher reintubation rate
in Malhotra et al.’s patients [15] is probably due to pre-
sence of many trauma patients and shorter duration (4 h)
of dexamethasone pretreatment [18]. Based on the com-
parative analysis above, it seems that efficacy of 6hPD is
not likely to be greater than placebo among high-risk
patients managed in the study setting. Nursing quality in
the respective units might also have contributed to the
observed difference. Finally, as already reported [18],
PEAO developed shortly (mostly within 30 min) after
extubation, and majority of reintubations (8/14) were
needed within 6 h.

Rationale for steroid pretreatment for planned extu-
bation relies on its ability to reduce inflammatory edema
[16, 26] caused by intubation-associated laryngeal injuries
[21]. Steroids, when administered 12–24 h prior, were
effective uniformly in all adult trials [18–20], more so in
high-risk patients [16, 19, 20]. Only a few trials have
evaluated systemic steroids in prevention of pediatric
PEAO, reporting conflicting results [13–15] possibly due
to shorter pretreatment (B12 h). In the present trial,
longer pretreatment reduced incidence of PEAO and re-
intubation in a population packed with multiple risk

(a) (b)

Fig. 2 a Line diagram comparing mWCS [mean ± standard error
on the mean (SEM)] in non-reintubated patients of the two groups
during postextubation observation period (p = 0.0001). b Kaplan–
Meier curve for time to achieve mWCS B2 during postextubation

observation period after censoring for reintubation (log-rank test,
p = 0.016) (group A: 24-h pretreatment with dexamethasone;
group B: 6-h pretreatment with dexamethasone)
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Table 4 Univariate and multivariate analyses to identify risk factors for postextubation airway obstruction (mWCS C4 and/or reintu-
bation) during 48 h of extubation (n = 124)

Univariate analysis

Variable Patients without
PEAO (n = 33)

Patients with
PEAO (n = 91)

p-Value Odds ratio (95 % CI)

Age
\5 years (n = 89) 20 (22 %) 69 (78 %) 0.096 2.04 (0.87–4.76)
C5 years (n = 35) 13 (37 %) 22 (63 %)

Gender
M (n = 100) 28 (28 %) 72 (72 %) 0.48 0.68 (0.23–1.99)
F (n = 24) 5 (26 %) 19 (74 %)

BMI (kg/m2) 15.6 (13.0–16.7) 15.2 (13.7–16.9) 0.86 —
Weight (% of NCHS median)
[80 % (n = 87) 21 (24 %) 66 (76 %) 0.34 1.51 (0.65–3.51)
B80 % (n = 37) 12 (32 %) 25 (68 %)

PRISM III score 14 (14–14) 14 (14–14) 0.60 —
Duration of pre-PICU intubation
B1 day 24 (73 %) 46 (51 %) 0.03 2.61 (1.09–6.22)
[1 day 9 (27 %) 45 (49 %)
Total duration of intubation
B7 days (n = 55) 24 (44 %) 31 (56 %) \0.001 5.16 (2.14–12.45)
[7 days (n = 69) 9 (13 %) 60 (87 %)
Number of intubations
1 (n = 81) 29 (36 %) 52 (64 %) 0.001 5.44 (1.77–16.75)
[1 (n = 43) 4 (9 %) 39 (91 %)
Tracheal tube
Cuffed (n = 37) 15 (41 %) 22 (59 %) 0.022 2.61 (1.13–6.03)
Uncuffed (n = 87) 18 (21 %) 69 (79 %)

Duration of ventilation (n = 117)
B7 days (n = 56) 22 (39 %) 34 (61 %) 0.001 4.29 (1.71–10.72)
[7 days (n = 61) 8 (14 %) 53 (86 %)
Fluid-refractory shock
No (n = 33) 12 (36 %) 21 (64 %) 0.14 0.53 (0.22–1.24)
Yes (n = 91) 21 (23 %) 70 (77 %)

Inotrope score
B20 (n = 35) 8 (23 %) 27 (77 %) 0.88 —
[20–40 (n = 40) 10 (25 %) 30 (75 %)
[40 (n = 16) 3 (19 %) 13 (81 %)
Hypoalbuminemiaa

No (n = 15) 7 (47 %) 8 (53 %) 0.06 2.79 (0.92–8.44)
Yes (n = 109) 26 (24 %) 83 (76 %)

Clinical edema at extubation
No (n = 75) 26 (35 %) 49 (65 %) 0.012 3.18 (1.26–8.08)
Yes (n = 49) 7 (14 %) 42 (86 %)

Dexamethasone pretreatmentb

24-h (n = 66) 23 (35 %) 43 (65 %) 0.027 2.57 (1.09–6.00)
6-h (n = 58) 10 (17 %) 48 (83 %)

Independent risk factors Regression coefficient (SE) p-Value Odds ratio (95 % CI)

Independent risk factors identified on multivariate analysis (n = 124)
Intervention group (24-h versus 6-h pretreatment) 0.96 (0.48) 0.043 2.61 (1.03–6.61)
Duration of intubation (B7 days versus [7 days) 1.79 (0.48) \0.001 6.00 (2.33–15.46)
Tracheal tube (uncuffed versus cuffed) 1.14 (0.48) 0.018 3.12 (1.22–8.01)

Data are median (IQR, 1st–3rd) for continuous variables and
number (%) for categorical variables. Comparisons between groups
by Mann–Whitney U test for continuous variables and v2 test (or
Fisher exact test when necessary) for categorical variables
Multivariate analysis: Variables included are dexamethasone pre-
treatment (24-h/6-h), duration of intubation (B7/[7 days), number
of intubations (1/[1), type of tracheal tube (cuffed/uncuffed),
duration of ventilation (B7/[7 days), duration of pre-PICU intu-
bation (\1/[1 day), and presence of clinical edema at time of

extubation
mWCS modified Westley’s croup score, PEAO postextubation air-
way obstruction, BMI body mass index, NCHS National Center for
Health Statistics, PRISM Pediatric Risk of Mortality, PICU pedi-
atric intensive care unit
a Hypoalbuminemia defined as albumin level\3.4 g/dl for patients
[7 months and \2.5 g/dl for patients \7 months [27]
b 24-h pretreatment versus 6-h pretreatment with dexamethasone
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factors. The regimen combines early initiation and repe-
ated administration, allowing sufficient time for its effect
to begin for maximal prophylactic effect. Lack of sig-
nificant difference in reintubation rates between the two
study groups may be due to the lack of a placebo arm; any
edema-reducing effect of 6-h pretreatment might have
narrowed the gap. Once PEAO developed, there was no
difference in its severity. Also, the longer pretreatment
reduced the time to recover from PEAO among non-re-
intubated patients, indicating beneficial aftereffect as seen
in adult studies [19, 20]. In developing economies, many
salvageable critically ill patients are refused PICU
admission due to scarcity of PICU beds. Thus, clinicians
are under constant pressure to transfer patients out of
PICU relatively early. Early recovery from PEAO is
therefore a clinically relevant outcome. We found 24hPD
to be a safe regimen, and benefits seem to far exceed the
potential risks [24].

Intubation duration[7 days and cuffed tracheal tubes
were important independent risk factors. Though hypo-
albuminemic edema at extubation seems to increase the
risk by more than three times (PEAO, p = 0.01; reintu-
bation, p = 0.04), it failed to be an independent risk
factor. Almost all of our patients were intubated as part of
their resuscitation, and many of them remained intubated
and were hand-ventilated in suboptimal conditions and
possibly with poor sedation for significantly longer period
before they could be shifted to PICU. These factors are
associated with higher probability and severity of lar-
yngeal injuries [21]. Although longer pre-PICU intubation
period was logically picked up as a risk factor in uni-
variate analysis, it lost its significance in multivariate
analysis, as was the case with multiple airway manipu-
lations. Under-five children seem to be at twice higher
risk compared with older ones. Fluid-refractory shock and
inotropic requirement were not predictive of PEAO, as in
adult study [18]. Separate and more elaborate investiga-
tion may be required to address these issues and to
confirm these observed trends, as identifying risk factors
was not the primary objective of this study.

We successfully tried to distribute the potential risk
factors, namely age and intubation duration, equally in the

two groups. To begin with, our study population was not
restricted to patients deemed to have high risk for PEAO
apart from intubation duration[48 h. However, presence
of hypoalbuminemic edema—a common observation in
PICUs of low-income economies, cuffed tubes, and
multiple airway manipulations emerged as important risk
factors after analysis. Thus, our study population repre-
sents a select group of high-risk patients, and results may
not be applicable in other settings. mWCS was used to
improve the objectivity of croup evaluation, but assess-
ment of the involved clinical signs itself was fairly
subjective. Lack of measurement of observer agreement is
a limitation of this study. Future studies may use more
objective means of assessing airway obstruction while
evaluating effects of prophylactic interventions.

Conclusions

Multidose 24-h pretreatment with dexamethasone reduced
the incidence and severity of PEAO as well as the time to
recover from it among patients in the study setting. This
may help reduce PICU stay and its consequences. It also
revealed a positive trend toward reintubation benefit.
Intubation duration [7 days and cuffed tracheal tubes
seem to be major independent predictors of PEAO. Other
potential risk factors were the number of airway manip-
ulations, longer pre-PICU intubation duration, and
presence of hypoalbuminemic edema. While improving
airway management skills will be a long-term goal [26],
24hPD should be considered among the select group of
high-risk patients in the meantime. Further studies with
larger sample sizes and in PICUs with different socio-
economic background, utilizing more objective ways of
assessing airway obstruction, are desirable to validate
these findings.
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