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Status asthmaticus is a frequent cause of admission to a pediatric intensive care unit (ICU). Children requiring
intubation and mechanical ventilation for respiratory failure during these exacerbations comprise the most
severely ill population of this cohort. The purpose of this study was to use a large multicenter database to
determine the incidence of respiratory failure in children with acute asthma and to characterize clinical pre-
dictors associated with its occurrence. We conducted a retrospective data analysis of pediatric asthmatic patients
included in the Virtual PICU Systems (VPS) database between January 2007 and December 2008. Patients
requiring mechanical ventilation with cuffed or uncuffed nasotracheal or orotracheal tubes were characterized as
having respiratory failure. Three thousand three hundred eighteen children were admitted with status asth-
maticus during this study period, of which 201 (6.1%) had respiratory failure. There were no differences in age,
male gender, or BMI between those with and those without respiratory failure. However, African-American
children were significantly more likely to be intubated for status asthmaticus (OR 1.4; 95% CI 1.0–1.9; P = 0.03)
compared with the children of other races/ethnicities. Children with respiratory failure had significantly longer
ICU lengths of stay, higher pediatric index of mortality (PIM2) scores, and higher pediatric risk of mortality
(PRISM III) scores than children without respiratory failure. While respiratory failure occurs infrequently in
children with status asthmaticus, it is associated with substantial hospitalization burden. In this large multi-
center cohort, respiratory failure was not associated with age, gender, or obesity. However, African-American
children were significantly more likely to be intubated for status asthmaticus.

Introduction

Childhood asthma continues to be a significant public
health problem in the United States, and it is a frequent

admission diagnosis at many children’s hospitals.1 Ap-
proximately 200,000 children are admitted to the hospital
with asthma each year in the United States, and *10,000 of
these children have a severe and potentially fatal asthma
exacerbation requiring admission to an intensive care unit
(ICU).2

Despite extensive advances in pharmacologic treatments
and mechanical interventions, asthma continues to be a life-
threatening disease that is associated with significant mor-
bidity.3–7 During a severe asthma exacerbation, if the patient
does not respond to medical therapy, endotracheal intuba-
tion and mechanical ventilation may be required, which
can lead to serious adverse effects.1,3,5,6,8,9 The presence of
an endotracheal tube can aggravate bronchospasm or lead
to other severe complications, including hypotension, hyp-
oxemia, and cardiac arrest.3,6,8–12

Regardless of the high burden of morbidity in children
with status asthmaticus, there is a considerable lack of

research describing the incidence of respiratory failure leading
to endotracheal intubation in this population or the charac-
teristics associated with mechanical ventilation in pediatric
asthmatics. We have begun examining the incidence and
factors associated with respiratory failure within our own
institution. In a study looking at the use of noninvasive
positive pressure ventilation in the treatment of pediatric
patients with asthma, we found that 10% of children ad-
mitted to the ICU for status asthmaticus between October
2002 and April 2004 required intubation.13 Moreover, in
another study exploring the frequency of intubation and
mechanical ventilation in children with asthma, we found
that those presenting to a community hospital were more
likely to be intubated than those presenting to a children’s
hospital.14 However, these studies are limited by fairly small
sample sizes, and they cannot be generalized to the larger
population.

Virtual PICU Systems (VPS) is a national, multi-institutional
database, created for the purpose of clinical quality im-
provement and outcomes research, with daily data provided
from *100 pediatric ICUs (PICUs) around the United States.
Previous investigators have used this database to analyze
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large cohorts of children and to determine potentially gen-
eralizable associations. In this study, we conducted a retro-
spective data analysis of children with status asthmaticus
included in the VPS database to describe the incidence of
respiratory failure in children with acute asthma and to
characterize any demographic factors or clinical predictors
that may be associated with its occurrence.

Materials and Methods

This retrospective data analysis of the VPS database was
conducted at Connecticut Children’s Medical Center and was
approved by the Institutional Review Board at our institution
and the VPS Research Committee. All patients < 18 years of age
included in the VPS database with a primary diagnosis of
asthma between January 2007 and December 2008 were in-
cluded in the analysis. Specific patient data obtained from VPS
included demographics (age, gender, race/ethnicity, and BMI)
and clinical outcomes [respiratory interventions, pediatric in-
dex of mortality (PIM2) score,15 pediatric risk of mortality
(PRISM III) score,16 and length of stay]. Both validated tools,
the PIM2 score estimates mortality risk using clinical data from
the first hour of admission to the ICU, while the PRISM III score
uses physiologic data from the first 24 h of ICU admission to
determine risk of mortality. Patients requiring mechanical
ventilation with cuffed or uncuffed nasotracheal or orotracheal
tubes in this database were characterized as having respiratory
failure. Each center that participates in the VPS database uses
its own criteria for intubating and mechanically ventilating a
patient, and therefore the definition of respiratory failure may
vary across institutions.

The VPS program is dedicated to standardized data
sharing and benchmarking among pediatric ICUs. All par-
ticipants collect information on patient and hospital mea-
sures, diagnoses, interventions, discharge, organ donation,
and pediatric severity of mortality scores. Currently, there
are 98 participating centers in the United States and 1 center
in Saudi Arabia and more than 500,000 cases in this database.
The total number of admissions was determined using data
from centers that participated in full data collection during
that quarter.

Data were analyzed using SPSS statistical software (ver-
sion 17.0; Chicago, IL). Demographic and clinical character-
istics of patients with and without respiratory failure were
compared using Student’s t-tests or Mann–Whitney U tests
for continuous variables and chi-square tests for categorical
variables. Factors associated with respiratory failure were
examined using logistic regression analyses. The Kolmogo-
rov–Smirnov statistic and the Shapiro–Wilk test were used to

assess the normality of continuous variables. Distributions
of the data are presented as mean – standard deviation or
median and 25%–75% interquartile range for continuous
variables and as frequencies (%) for categorical variables.
Frequencies are rounded to the nearest whole number, and
P-values < 0.05 are considered statistically significant.

Results

Three thousand three hundred eighteen children were
admitted to an ICU with status asthmaticus during the study
period, of which 201 (6%) had respiratory failure. The mean
age of patients was 6.8 – 4.6 years, and the majority (61%)
were male children. The average length of ICU stay was
1.9 – 2.1 days, with a median of 1.3 days (range 1 h–36 days).
Heliox was administered to 5% of children, and noninvasive
bilevel positive airway pressure (BiPAP) or continuous positive
airway pressure (CPAP) was utilized in 7% of patients. A total
of 5 children (0.2%) expired before discharge from the ICU.

A total of 48 centers were included in our analysis, and
the median number of asthma admissions per center during
the study timeframe was 35 (25%–75% IQR 11–85). The
proportion of asthma admissions ranged from 0.5% to 17% of
total admissions. These centers had a range of percentages of
intubations out of total asthma admissions with a median of
6% (0%–11%). They also had a range of percentages of BiPAP
with a median of 1.5% (0%–7%). Due to the large number of
centers and the considerable ranges of intubation and BiPAP,
we were unable to determine associations.

The demographic characteristics of patients with and
without respiratory failure are presented in Table 1. There
were no significant differences in age, gender, or BMI be-
tween the 2 groups. However, African-American children
were significantly more likely to be intubated for status
asthmaticus (OR 1.4; 95% CI 1.0–1.9; P = 0.03) compared with
the children of other races/ethnicities. Moreover, African-
Americans had significantly worse PIM2 scores compared
to the other children [ - 6.27 ( - 6.38 to - 6.07) versus - 6.29
(- 6.39 to - 6.14); P = 0.002].

Table 2 displays the clinical characteristics and outcomes
of study patients. As expected, children with respiratory
failure had significantly longer ICU lengths of stay than
children without respiratory failure. A Mann–Whitney U test
revealed a significant difference in the length of stay between
those with respiratory failure [3.8 days (2.0–6.5)] and those
without respiratory failure [1.3 days (0.8–2.1)] (P < 0.001). In
addition, there were significant differences in PIM2 and
PRISM III scores between the 2 groups. Compared to chil-
dren without respiratory failure, those with respiratory

Table 1. Demographic Characteristics of the Study Population

Respiratory failure No respiratory failure
(n = 201) (n = 3,117) P value OR (95% CI)

Age (years) 7.5 – 5.1 6.7 – 4.5 0.05
Male Gender 58% (n = 117) 61% (n = 1,897) 0.50 0.9 (0.7–1.2)
Race/ethnicity

Caucasian 32% (n = 57) 34% (n = 1,013) 0.50 0.9 (0.6–1.2)
African-American 49% (n = 88) 41% (n = 1,198) 0.03 1.4 (1.0–1.9)
Hispanic 12% (n = 21) 15% (n = 453) 0.21 0.7 (0.5–1.2)
Other 8% (n = 14) 10% (n = 279) 0.53 0.8 (0.5–1.4)

BMI 17.3 (15.4–20.8) 17.1 (15.4–20.1) 0.86
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failure had higher PIM2 [ - 4.9 ( - 5.1 to - 4.4) versus - 6.3
(- 6.4 to - 6.2); P < 0.001] and PRISM III [5.0 (3.0–9.8) versus
0.0 (0.0–3.0); P < 0.001] scores. There were also significant
differences in respiratory interventions utilized among those
with and without respiratory failure. Children with respira-
tory failure were significantly more likely to receive nonin-
vasive BiPAP or CPAP (OR 3.6; 95% CI 2.4–5.3; P < 0.001) as
well as Heliox (OR 3.8; 95% CI 2.5–5.9; P < 0.001) compared
to those without respiratory failure.

Discussion

Asthma remains a significant cause of morbidity in chil-
dren and a potentially life-threatening disease. In this retro-
spective review of the VPS database, we found that 6% of
children admitted to the ICU required mechanical ventilation
for respiratory failure. Relatively few authors have explored
the incidence of respiratory failure in this population and
those who have report a wide range in rates of intubation
and mechanical ventilation.17–20 At our own institution,
*10% of children admitted to the ICU with asthma were
intubated and mechanically ventilated.13,14 Roberts et al.
conducted an analysis of data from 11 PICUs participating in
the Pediatric Intensive Care Evaluation (PICUE) database.17

The average rate of mechanical ventilation among 1,528 pe-
diatric asthmatics was 17% with a range of 3% to 47% across
different institutions.17 The variation in use of mechanical
ventilation in this study was not explained by severity of
illness, as children at high-use centers were *2 times more
likely to be intubated compared to children at low-use cen-
ters, even after adjustment for degree of hypercarbia, maxi-
mal respiratory rate, and PRISM III scores.17

Another study reporting data from a large, multi-
institutional database, the Pediatric Health Information
System (PHIS), found that 14% of 7,125 children admitted to
the PICU with asthma required intubation and ventilation
(range 6%–27%).18 Although the authors did not collect data
using a standardized severity of illness or risk of mortality
score, they reported that more than half of patients who were
intubated received ventilation for 1 day or less. This finding
suggests either expeditious recovery of patients who were
intubated or, as the case in Roberts’ study, a lower clinical
threshold for initiating mechanical ventilation.18

More recently, Hartman et al. conducted a review of all
hospitalizations for pediatric status asthmaticus in New
Jersey spanning a 15-year period.19 Similar to the rate at our
own institution, *10% of the 4,559 children admitted to the
PICU were mechanically ventilated during this timeframe.19

In the current cohort, African-American children were
significantly more likely to be intubated for respiratory fail-

ure. African-American children also had significantly worse
severity of illness scores, and therefore the association
between African-American children and increased risk for
intubation was tested in a regression analysis. Intubation and
African-American race were no longer significant when
accounting for the severity of illness using PIM2 and PRISM
III. However, we question the validity of these tools in the
current population, as neither are asthma-specific measure-
ments. Additionally, the scores for all patients on both of these
tests were very low, which further indicates that the tools may
not be reflective or discriminatory in assessing true illness
severity in children with asthma. Unfortunately, there were no
other severity of illness measurements available in the VPS
database, and thus the scores used were our only option.

True to our results, previous authors have found that
African-American children carry a greater burden of disease
with asthma than children of other races and ethnicities.20–22

In fact, in the United States, African-American children aged
0–18 years are almost 3 times more likely to be hospitalized
for asthma and 4 times more likely to die from asthma com-
pared to white children.23 Proposed etiologies of these dis-
parities are outside the scope of this retrospective analysis, but
include socioeconomic status, preventive care, birth weight,
place of residence, and genetic differences such as response
to medication and allergic sensitization.20–22 Nonetheless,
concurrent with these other investigators, our study reinforces
the evidence of racial disparities in childhood asthma.

Not surprisingly, children with respiratory failure in our
study had significantly worse severity-of-illness scores
compared to those without respiratory failure, as well as
longer ICU lengths of stay. These findings were similar to
those of Hon and colleagues, who conducted a small study of
children admitted to the ICU with acute asthma in Hong
Kong.24 The authors reported that children who were
mechanically ventilated had significantly higher PIM2 scores
and longer PICU stays compared to children who did not
receive mechanical ventilation.24 Likewise, in a 15-year re-
view of children treated in the PICU for asthma in Taiwan,
Chiang found that patients who were intubated had signif-
icantly longer ICU lengths of stay than children who did not
require mechanical ventilation.25

While the use of a multi-institutional database provides
the benefit of a large sample size, it presents several limita-
tions. Each participating center of VPS uses its own criteria
for treatment, including the use of respiratory therapies and
intubation. Therefore, our main outcome of respiratory fail-
ure may have varied across institutions. However, because of
the large number of patients in our study, we believe that
these variations in practice may not have as much of an effect
as they would have in a smaller study. Another limitation is

Table 2. Clinical Characteristics of Patients With and Without Respiratory Failure

Respiratory failure No respiratory failure
(n = 201) (n = 3,117) P value OR (95% CI)

ICU length of stay (days) 3.8 (2.0–6.5) 1.3 (0.8–2.1) < 0.001
PIM2 score - 4.9 ( - 5.1 to - 4.4) - 6.3 ( - 6.4 to - 6.2) < 0.001
PRISM III score 5.0 (3.0–9.8) 0.0 (0.0–3.0) < 0.001
BiPAP/CPAP 18% (n = 37) 6% (n = 185) < 0.001 3.6 (2.4–5.3)
Heliox 14% (n = 29) 4% (n = 131) < 0.001 3.8 (2.5–5.9)

ICU, intensive care unit; PIM2, pediatric index of mortality; PRISM III, pediatric risk of mortality; BiPAP, bilevel positive airway pressure;
CPAP, continuous positive airway pressure.
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that data obtained from VPS correspond to hospitalizations
rather than individual patients; therefore, it is possible that
our analysis includes multiple admissions for the same
patient rather than a strictly unique patient population.

Due to the retrospective nature of the study, we were
limited to the use of variables collected for general pediatric
critical care admissions, rather than specific to asthma. For
example, it would have been valuable to stratify our analysis
by asthma severity classification as well as patients with and
without other chronic diseases. We also would have been
interested to examine the use of medications such as steroids
and long-acting beta-agonists. Other important factors that
would have contributed to our analysis, but were not
available in the VPS database, include duration of illness,
exposures, triggers, and presence of smokers in the home.
Additionally, specific hospital data would have been useful,
as previously we have found that the location of presentation
may influence a provider’s decision to intubate a child
with acute asthma.14 We also would have liked to examine
whether significant associations vary by region; however,
due to deidentification of the database, we were not privy to
information regarding the region or type of hospital. Finally,
a child’s race/ethnicity determination was made based on
each participating hospital’s individual protocol, which may
be subjective and prone to variation that may have affected
the results.

Respiratory failure in acute asthma is a rare, yet poten-
tially life-threatening occurrence. In this large, multicenter
study of children admitted to the ICU with status asthma-
ticus, *6% required intubation and mechanical ventilation.
Respiratory failure was not associated with age, gender, or
obesity; however, African-American children were signifi-
cantly more likely to be intubated. Additional research is
needed to further our understanding of potential predictors
and etiologies for respiratory failure in this population.
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