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Abstract
Objective: To describe intubation practices and duration of mechanical ventilation in children with status asthmaticus
admitted from emergency departments (ERs) to pediatric intensive care units (PICUs). Design: Retrospective cohort study
using the Virtual PICU Performance System database (VPS, LLC) of children with status asthmaticus admitted to a parti-
cipating PICU between December 2003 and September 2006. The primary outcome measure was intubation prior to
intensive care unit (ICU) admission. Secondary outcomes included length of intubation and medical length of stay. Setting:
Thirty-five PICUs in the United States. Patients: Children who were intubated and mechanically ventilated during their ICU
stay for asthma and were admitted from an ER. Results: A total of 4051 patients with status asthmaticus were identified.
Intubation data were available from 35 of the 53 centers. Of all, 187 children were intubated for asthma, of which 157 were
admitted from an ER and had complete data. Of all, 85 patients were from community hospital ERs and 72 were from the
institution’s own ER. In all, 115 (73%) patients were intubated prior to ICU admission and 42 (27%) patients were intubated
after PICU admission. Of patients who received mechanical ventilation for status asthmaticus and were intubated prior to
PICU admission, a greater proportion were intubated at community hospital ERs than in the institutions’ own ERs. Eighty-
five percent of the patients from community hospital ERs were intubated prior to PICU admission as opposed to 60% from
institution’s own ERs (P ¼ .0004). However, median duration of intubation and PICU stay from community hospital ERs was
significantly shorter than from the hospitals’ own ERs (25 vs 42 hours P ¼ .011; 57 vs 98 hours P ¼ .0013, respectively).
Logistic regression analysis revealed that after controlling for the effects of age, race, gender, and a revised version of the
Paediatric Index of Mortality score of patients who were admitted for status asthmaticus and required mechanical ventila-
tions, patients treated in community hospital ERs represented a greater proportion of preadmission intubation. The odds
ratio for preadmission intubation was 5.1 if the patients arrived from community hospital ERs (95% confidence interval
1.91-13.6). Conclusion: Patients with status asthmaticus are more likely to be intubated when they are admitted from
community hospital emergency rooms, although the duration of intubation and PICU stay is shorter.

Keywords

Introduction

Asthma is the most common chronic illness among children.1

Despite medical advancements over the years, the prevalence

of pediatric asthma continues to rise.1 According to national

surveillance conducted by the Centers for Disease Control

between 2001 and 2003 in the United States, asthma affected

8.2% of the children, outnumbering the prevalence in adults

(6.7%).2 This high prevalence of asthma not only results in sig-

nificant burdens for patients, families, and providers managing

the chronic nature of the disease but also acute exacerbations

frequently mandate emergency department (ER) visits or

admission to hospitals or intensive care units (ICUs). In fact,

pediatric asthma is responsible for well over half a million
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ER visits in the United States yearly and has steadily increased

between 1994 and 2004.2

Given the high prevalence of asthma, some patients with status

asthmaticus are admitted to the pediatric ICU (PICU) and present

unique challenges for the pediatric intensivist.1,3 Although most

children with asthma will not require endotracheal intubation and

mechanical ventilation,4,5 it still remains a necessary supportive

therapy. However, intubation and mechanical ventilation can

expose asthmatics to serious adverse effects such as worsening

bronchospasm, laryngospasm, pneumothorax, pneumomediasti-

num, atelectasis, ventilator-associated pneumonia, hypotension,

and potentially worsen air trapping.5-11 Therefore, careful consid-

eration must be given to the decision to intubate children with

asthma.

Moreover, given the wide variations in the treatment of

asthma based on geographic location, available treatment

modalities, or preferences and experience of providers in caring

for children with asthma,10,12 some children may be intubated

earlier than others. This relationship has been shown to depend

on the location of first presentation, as previously studied in a

single-center retrospective cohort study by Carroll et al.4 He and

his colleagues have shown that children who received initial care

at a community hospital ER were 3 times more likely to be intu-

bated than those who were admitted from a tertiary care chil-

dren’s ER at Connecticut Children’s Medical Center.4

We hypothesize that this relationship will hold across mul-

tiple institutions, and that children presenting to community

hospital ERs are more likely to be intubated prior to PICU

admission than those who present to children’s hospital ERs.

Methods

This study was approved by the institutional review board at

Children’s Hospital Los Angeles. Deidentified patient data was

obtained from Virtual PICU Performance System (VPC, LLC),

a collaborative database comprised of 84 PICUs throughout the

United States.

We reviewed the VPS database for all patients with a

primary diagnosis of status asthmaticus between December

2003 and September 2006. Patients were included in the anal-

ysis if they had (1) a primary diagnosis of status asthmaticus,

(2) were endotracheally or nasotracheally intubated at some

point during their ICU stay, and (3) were admitted from an

ER to the ICU. We excluded patients with tracheostomies

because we thought that a physician’s threshold to use mechan-

ical ventilation would be different in this population. We also

thought that excluding a comorbidity such as tracheotomy

would yield a more typical asthma cohort. Medical length of

stay (defined as when the patient was medically ready for dis-

charge, as opposed to physical length of stay, when the patient

physically left the unit) was chosen for analysis to avoid over-

estimation of PICU stay for those patients who stayed in PICUs

because there was no ward bed available. Age, gender, and race

were also included in our analysis. The primary outcome mea-

sure was the proportion of intubation prior to PICU admission.

Secondary outcome measures were duration of mechanical

ventilation and PICU length of stay.

Statistical Analysis

Statistical analysis was performed using Statistica v. 5.5

(StatSoft, Tulsa, Oklahoma) and Stata v. 10 (Statacorp, College

Station, Texas). The data were first analyzed for distribution of

variables and population characteristics. Proportions for cate-

gorical data such as gender, race, and ethnicity were compared

by a Yates corrected chi-square test. Medians for continuous

variables (presented with interquartile range, IQR) such as

length of intubation and PICU length of stay were compared

by Mann-Whitney U test, as data were not normally distributed.

For the categorical variable of pre-ICU intubation, a multivari-

able logistic regression model was created to control the effects

of confounding variables. Multivariate linear regression methods

were used for analysis of continuous variables such as length of

stay in the PICU and duration of mechanical ventilation.

Variables were included in the multivariate model if they had

a univariate association (P < .2) with the outcome measures

(intubation before ICU admission, length of stay, length of

mechanical ventilation) or if they were deemed to be a confoun-

der on the relationship between the outcome measures and ER

type (community vs tertiary care). Goodness of fit for the logistic

regression model was analyzed using the Hosmer Lemeshow

test. Assumptions of the linear regression model were examined

and satisfied with the use of logarithmic transformations for

length of stay and length of mechanical ventilation.

Results

Four thousand fifty-one patients had a primary diagnosis of sta-

tus asthmaticus between December 2003 and September 2006.

Out of this subset, 284 patients were intubated either by orotra-

cheal, nasotracheal, or by tracheostomy tube. In all, 98 patients

were excluded for being ventilated through a tracheostomy and

3 were excluded for incomplete or inconsistent data. A total of

183 patients with status asthmaticus were intubated during their

hospitalization, of which 157 were admitted from a tertiary

hospital emergency room (85 patients) or a community hospital

emergency room (72 patients; Figure 1).

Demographic and severity of illness data of the 2 groups are

presented in Table 1. There were more Caucasian patients admit-

ted from community hospital emergency rooms than from

tertiary hospital emergency rooms. The distribution of gender,

age, revised version of the Paediatric Index of Mortality (PIM2)

score, and other races were similar in both the groups.

Out of 157 patients, 115 (73%) patients were intubated prior

to ICU admission and 42 (27%) were intubated after PICU

admission. A greater proportion of the patients from the com-

munity hospital ERs were intubated before arrival to PICU

(72 [85%] of 85 vs 43[60%] 72). The relative risk of intubation

if a patient is coming from a community hospital ER was 1.42

(95% confidence interval [CI] 1.15-1.75). However, median

duration of intubation (25 hours; IQR 7-74 vs 42 hours; IQR
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18-113 hours, P ¼ .011) and PICU length of stay (57 hours;

IQR 33-117 vs 98 hours; IQR 52-184 hours, P ¼ .0013) from

the community hospital ER group was significantly shorter

than the tertiary hospital ER group (Table 2). There were only

3 deaths identified out of the 157 patients and they were all

from tertiary hospital ERs.

Logistic regression analysis revealed that among all intu-

bated asthmatics, after controlling for the effects of age, race,

gender, and PIM2 score, patients admitted from a community

hospital were 5.1 times (95% CI 1.91-13.6) more likely to be

intubated pre-PICU admission (Table 3). Moreover, shorter

duration of intubation and overall PICU length of stay for

patients admitted from community hospital ERs held true even

after controlling for the effects of age, race, gender, and PIM2

score with multivariate linear regression (P < .02; Table 4).

Discussion

In this cohort of children intubated for asthma, we found that

patients from community hospital ERs were more likely to

be intubated prior to PICU admission than those admitted from

a tertiary care institutions’ own ERs, although the duration of

intubation and PICU stay was significantly shorter. These

findings held even after controlling for possible confounding

factors such as age, race, gender, and PIM2 score. In fact,

patients admitted from community hospital ERs had a 5.1 times

increased odds of intubation before PICU admission compared

to those admitted from tertiary care ERs.

These findings may indicate that (1) physicians at commu-

nity hospital emergency rooms have a lower threshold to

intubate asthmatics, (2) physicians at community hospitals

might have chosen to intubate electively to protect the airway

for transport safety reasons, or (3) the shorter duration of hos-

pital stay and mechanical ventilation may suggest that early

intubation of status asthmaticus might have been beneficial,

resulting in better outcomes. However, evaluation is needed

before we can interpret the third possible explanation as valid,

because intubating asthmatics has long been considered risky

rather than therapeutic, potentially resulting in higher morbid-

ity and mortality.5-11 The findings from a retrospective cohort

4051 patients with primary diagnosis of status asthmaticus

284 intubated patients

183 intubated patients

3 data entry errors 98 tracheostomy patients

157 admitted from emergency rooms

85 intubated asthmatic patients from
community hospital emergency rooms

72 intubated asthmatic patients from
tertiary hospital emergency rooms

Figure 1. Flowchart of screening, inclusion, and exclusion criteria.

Table 1. Demographic Data of Children With Status Asthmaticus
Admitted From Community Hospital ERs and Tertiary Hospital ERs.a

Community ER,
N ¼ 85

Tertiary ER,
N ¼ 72

P
Value

Male 47 (55%) 47 (65%) .267
Caucasian 43 (51%) 21 (29%) .011
African American 24 (28%) 29 (40%) .155
Other/missing

ethnicity data
18 (21%) 22 (31%) .246

Age 9.0 (3.8, 9.2) 7.3 (3.5, 8.2) .188
PIM2 probability

of death
0.009 (0.007, 0.015) 0.008 (0.003, 0.019) .288

Abbreviations: ER, emergency department; PIM2, a revised version of the Pae-
diatric Index of Mortality.
a Categorical data presented as number and percentage and analyzed with a
Yates corrected chi-square test. Continuous data presented as median and
interquartile range, and analyzed with a Mann Whitney U test.
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study by Roberts et al suggest that PICUs that use mechanical

ventilations more often, defined as ‘‘high-use centers,’’ were an

independent predictor for longer PICU stay and hospital stay,

even after adjustment was made for Pediatric Risk of Mortality

III scores, age, degree of hypercarbia, and respiratory rate.12

There is obviously a subgroup of asthmatics for whom intuba-

tion is life saving, but what many would consider premature

intubation of status asthmaticus is not justifiable from the

results of our retrospective study.

Recently, several studies identified a subgroup of patients

with status asthmaticus, known as rapid progressive asthma

or acute asphyxiating asthma.13,14 These patients deteriorate

quickly but clinical improvement is fast once appropriate

medical therapy is initiated. Maffei and his colleagues showed

in their retrospective study that among all intubated asthmatic

children, those who had rapid respiratory failure, defined by

intubation en route, on arrival, or within 30 minutes of arrival

to their ER, improved faster than those who were intubated

later in the ER or PICU.14 Mean duration of mechanical venti-

lation for the rapid respiratory failure group was significantly

shorter compared to those who were intubated later (29 + 43

vs 88 + 72 hours, P ¼ .006). This was consistent with the

results from an adult ER study by Rodrigo et al. This prospec-

tive cohort study involving 403 adults showed that a group with

rapid-onset asthma (duration of symptoms less than 6 hours)

showed greater improvement as evidenced by serial measure-

ments of peak expiratory flow and forced expiratory volume

in 1 second after the same amount of bronchodilator was admi-

nistered. Also, they showed that the rate of hospital admission

was lower in the rapid onset group.13 Such a subgroup of acute

asphyxiating asthma could only confound our results if there was

a reason to believe that more patients with acute asphyxiating

asthma present to community hospital ERs than tertiary care

ERs. Although this is a theoretic possibility, it would be

unlikely to completely explain our results.

Our findings echo those of Carroll et al, who found that at a

single institution the rate of intubation was higher in patients

referred from a community hospital ER than those from a

children’s hospital ER (17% vs 5%; P ¼ .004).4 They also

found that children intubated at a community hospital ER had

a shorter duration of mechanical ventilation (71 + 73 vs 151

+ 81 hours; P ¼ .02) and a shorter PICU length of stay (129

+ 82 vs 230 + 84 hours; P ¼ .01).4 We have now confirmed

these findings with multiinstitutional data from across the

country, with a larger cohort of patients. Given the well-

described differences in outcome and disease severity for

asthma based on race and socioeconomic status,3,15 we felt it

was important to evaluate a multivariate model controlling for

race, gender, age, and PIM2 score. Our study demonstrates that

being African American was an independent risk factor to be

intubated prior to ICU arrival with an odds ratio of 3.9 (1.17,

13.0). In general, African American children tend to have more

severe and recurrent exacerbations of asthma than Latinos,

Caucasians, or other racial and ethnic groups.3,15 This differ-

ence seems to be multifactorial and likely represents a combi-

nation of genetic, socioeconomic, environmental factors, and

availability of preventive care.3,15,16 In our study, more Cauca-

sian children presented to community hospital ERs (51%) than

to tertiary hospital ERs (29%; P ¼ .001). Large academic

institutions and tertiary hospitals tend to be located in urban

Table 2. Rate of Intubation Prior to PICU Arrival, Duration of Intubation, and PICU Length of Stay Based on Admission Locations.a

Community ER, N ¼ 85 Tertiary ER, N ¼ 72

Intubation on arrival to PICU 72 patients (85%) 43 patients (60%) RR ¼ 1.42, 95% CI (1.15-1.75)
Duration of intubation 25 hours (7-74 hours) 42 hours (18-113 hours) P ¼ .011
Length of stay in PICU 57 hours (33-117 hours) 98 hours (52-184 hours) P ¼ .0013

Abbreviations: ER, emergency department; PICU, pediatric intensive care unit.
a Continuous data presented as median and interquartile range, and analyzed with a Mann Whitney U test.

Table 4. Multivariate Regression Analysis Summary of Dependent
Variables for Length of Stay in PICU and Duration of Intubation.

Length of Stay in PICU
Duration of
Intubation

Coefficient
(B)

P
Value

Coefficient
(B)

P
Value

Community hospital
ER

�0.50 .0024 �0.60 .027

PIM2 score �0.16 .019 �0.048 .67
Age �0.0023 .072 �0.0058 .0082
Gender �0.052 .74 �0.27 .31
African American 0.079 .69 0.10 .75
Other ethnicity �0.16 .41 0.19 .56

Abbreviations: ER, emergency department; PICU, pediatric intensive care unit;
PIM2, a revised version of the Paediatric Index of Mortality.

Table 3. Multivariate Logistic Regression Model on the Outcome of
Intubation Prior to ICU Arrival.

Odds Ratio (95% CI)

Community hospital ER 5.1 (1.91-13.6)
Caucasians 1.0 (control)
African Americans 3.9 (1.17-13.0)
Other ethnicities 1.04 (0.34-3.12)
Age in years 1.1 (0.98-1.17)
Female 0.81 (0.33-2.03)
PIM2 score 3.60 (2.13-6.02)

Abbreviations: CI, confidence interval; ER, emergency department; ICU, inten-
sive care unit; PIM2, a revised version of the Paediatric Index of Mortality.
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areas in this country, where there may be a higher density of

minority groups.

The limitations of this study are largely related to its

retrospective design. Calculating the true rate of intubation was

not possible since the data set only contained patients who were

admitted to PICUs. Presumably, most patients with status

asthmaticus are admitted to regular pediatric wards, not to

PICUs. Without an accurate denominator, we were not able

to calculate the true intubation rate for status asthmaticus.

Also, the VPS database did not include what types of ther-

apy were administered before intubation. Carroll et al showed

in their retrospective study that a community hospital ER was

less aggressive in terms of therapies before intubation. How-

ever, due to their small sample size, it did not reach statistical

significance.4

Although we controlled for PIM2 score, we did not have data

on baseline asthma severity for individuals. While PIM2 scores

reflect the condition of a patient immediately on PICU admis-

sion, it does not account for the asthma severity, and in fact sta-

tus asthmaticus is a ‘‘low-risk’’ diagnosis for the PIM2 score.17

Given that these data were gathered from multiple institu-

tions with different personnel, there certainly could be data

entry errors. The VPS has undertaken many steps to ensure data

integrity, including training modules, periodic audits, site visits

as well as automated algorithms to catch aberrancies in the

data. Nonetheless, there were 3 patients who needed to be

excluded secondary to incomplete or inaccurate data. There

certainly could have been more data errors that we did not

detect with our data integrity checks. Unfortunately, this is

una-voidable when dealing with large databases.

Another variable that would have been fascinating to

include in the analysis is the rate of complications from intuba-

tion. It is well described in several studies that intubation of an

asthmatic patient is inherently high risk.5-11 However, there are

very few pediatric descriptive studies indicating the rate of

complications. This is likely because of the small number of

asthmatics who need mechanical ventilation. Finally, the

distance between community hospital ERs and the referral cen-

ters would have been another interesting piece of information.

It would have helped to quantify whether distance was a deter-

mining factor for intubation for safety during the transport.

In conclusion, we have shown that children with status

asthmatics who present to community hospital ERs are more

likely to be intubated before PICU admission than those who

present to tertiary hospital ERs, even after controlling for

several potential confounding factors such as race, age, gender,

and PIM2 score. Moreover, patients admitted from community

hospital ERs had shorter duration of PICU stay and length of

mechanical ventilation. We speculate that physicians at com-

munity hospital ERs may have a lower threshold to intubate

children with status asthmaticus or they decided to intubate

electively for airway protection before transport. Perhaps,

education of community hospital ER physicians on more

aggressive medical management could help prevent unneces-

sary intubations for children with asthma and potentially avoid

complications of mechanical ventilation and other morbidities.
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