
populations, these results should be interpreted in light of their
limitations. First, the study population is limited to U.S. ICUs,
and the coding algorithms may not generalize internationally.
Second, the study was performed in an era of ICD-9 reporting and
could not evaluate the performance of ICD-10 codes. However,
all claims-based ICU studies are still using ICD-9 codes.
Although we would not expect the ICD-10 crosswalk to yield
different results, future studies are needed to address this issue.

On the basis of these findings, we recommend that researchers
can use ICD-9 procedure codes for mechanical ventilation alone
to identify populations of mechanically ventilated patients in
administrative data, with the understanding that the population
captured will not represent the entire population of mechanically
ventilated patients. These data suggest that researchers can be
confident that identified patients will have truly been ventilated
and will help characterize the patients who may have been
missed by ICD-9 procedure codes. n
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Omalizumab Is Associated with Reduced Acute
Severity of Rhinovirus-triggered Asthma Exacerbation

To the Editor:

Omalizumab is an anti-IgE monoclonal antibody that reduces both
baseline disease activity and the risk of allergen-triggered acute
exacerbations among patients with allergic asthma. The effect of
omalizumab on asthma exacerbation caused by rhinovirus, the
dominant trigger for acute exacerbation among children, is less well
understood (1, 2). Furthermore, whether IgE-targeted therapy
moderates the actual severity of acute asthma exacerbation has not
been addressed.

In this observational prospective cohort study, 265 subjects
aged 6 to 17 years with physician-diagnosed asthma were enrolled at
the time of acute asthma exacerbation and followed until they had
returned to symptomatic baseline. The Boston Children’s Hospital
institutional review board approved this study, and consent was
obtained before participation. Study methods are published
elsewhere (3). Here we present data on the subset of patients
(n = 161) who were single positive only for rhinovirus (out of a
panel of 12 common respiratory viruses) at the time of presentation
to the emergency department with acute asthma exacerbation. Study
cohort characteristics are shown in Table 1. Time to every-2-hours
albuterol refers to the hours over which b-agonist therapy was
weaned. A standard clinical assessment and management plan,
which matched treatments to clinical symptom scores, dictated
the albuterol weaning schedule. The Modified Pulmonary
Index Score is a validated indicator of acute asthma exacerbation
severity (4).

Comparisons were made between subjects treated with
omalizumab (n = 28) and those managed primarily with inhaled
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corticosteroids (ICS; n = 133). Individuals in the omalizumab
group had all received treatment within the 4 weeks before study
enrollment. Accounting for body weight and total IgE levels, each
subject was current with their anti-IgE therapy according to a
revised omalizumab dosing table (5). Multivariate linear and
logistic regression analyses were used to investigate associations
between predictor variables and continuous and binary outcome
variables, respectively. Covariates for multivariable models were
chosen based on a purposeful selection algorithm, with a

significance threshold of 0.25 and a change in coefficient
threshold of 20%. The following covariates were included in
the multivariable models: age, sex, race, baseline FEV1 percent
predicted, composite asthma severity index (6), lapsed
prescriptions (.60 d since filling controller medication),
high-dose daily ICS, symptom duration before presentation,
total number of immunoCAP positives (out of a panel of
nine antigens), annual income, and season. A two-sided
P value, 0.05 was considered significant.

Table 1. Study Population Characteristics

Total Omalizumab2 Omalizumab1 P Value*

Enrolled, n (% total) 161 (100) 133 (83) 28 (17) n/a
Age, mean (SD), yr 10.5 (3.2) 9.8 (3.2) 13.8 (1.66) ,0.001
Male, n (%) 100 (62) 72 (62) 82 (64) 0.486
Ethnicity, n (%)
Black/African 80 (50) 71 (53) 10 (36) 0.100
Hispanic 21 (16) 16 (26.7) 6 (21) 0.577
White/European 42 (26) 34 (26) 8 (29) 0.813
Other 11 (7) 7 (5) 4 (14) 0.101

BMI, mean (SD) 21.2 (4.9) 21.1 (5.0) 21.7 (4.4) 0.547
Hospital disposition, n (%)
Discharged 43 (27) 25 (19) 13 (46) 0.036
Hospital admission 115 (71) 100 (75) 15 (54) 0.036
ICU admission 68 (42) 62 (47) 6 (21) 0.020

Baseline lung function, mean (SD)
FEV1, % predicted 99.6 (16.0) 100.1 (17.3) 97.5 (15.8) 0.431
FEV1/FVC 86.4 (6.3) 87.0 (6.7) 85.2 (6.1) 0.317

Composite severity, mean (SD)† 7.4 (2.9) 7.2 (3.0) 8.4 (2.1) 0.035
Adherence scale, mean (SD)‡ 3.9 (0.9) 4.0 (0.9) 3.6 (0.6) 0.033
Lapsed prescription, n (%)x 79 (49.0) 67 (50.4) 12 (42.9) 0.470
Controller regimen, n (%)
Low daily dose ICS 49 (30.4) 45 (33.8) 3 (10.7) 0.021
Medium daily dose ICS 27 (16.8) 18 (13.5) 9 (32.0) 0.025
High daily dose ICS 65 (40.4) 50 (37.5) 16 (57.2) 0.061
Oral corticosteroids 8 (5.0) 4 (3.0) 4 (14.3) 0.032
LABA 56 (34.8) 42 (32.6) 14 (50.0) 0.081
LTRA 101 (62.7) 83 (62.4) 18 (64.2) 1.000

Symptom duration, mean (SD), h 39.6 (33.1) 40.3 (33.2) 36.0 (33.1) 0.535
ImmunoCAP positives, mean (SD)jj 4.1 (1.9) 3.8 (1.9) 4.6 (2.5) 0.124
Allergen sensitization, n (%)
Mouse 123 (76.4) 104 (78.2) 19 (67.8) 0.326
Dust mite 112 (69.5) 94 (70.7) 18 (64.3) 0.505

Total IgE, mean (SD), U/ml 672 (938) 693 (1,028) 572 (197) 0.539
Eosinophils, mean (SD), 103 cells/ml 0.49 (0.56) 0.49 (0.60) 0.50 (0.52) 0.913
ETS exposure (ever), n (%) 86 (53.4) 67 (50.4) 19 (67.9) 0.100
Allergen exposure, %
Mouse¶ 58 58 58 1.000
Dust mite** 54 54 50 0.790

Annual income. $25,000, n (%) 103 (64.0) 83 (62.4) 20 (71.4) 0.397
Season of exacerbation, n (%)
Spring 59 (36.7) 51 (38.3) 8 (28.6) 0.392
Summer 41 (25.5) 37 (27.8) 4 (14.3) 0.159
Fall 43 (26.7) 31 (23.3) 12 (42.8) 0.058
Winter 18 (11.2) 14 (10.5) 4 (14.3) 0.521

Definition of abbreviations: BMI = body mass index; ETS = environmental tobacco smoke; ICS = inhaled corticosteroids; ICU = intensive care unit;
LABA = long-acting b-agonist; LTRA = leukotriene receptor antagonist; n/a = not applicable.
*Student’s t test or Pearson chi-square test for continuous and categorical variables, respectively.
†Composite Asthma Severity Index (6).
‡Medication Adherence Report Scale for Asthma (11).
xMore than 60 d without filling controller prescription.
jjGreater than 0.35 kU/L.
¶One hundred eighteen dust samples collected, exposure defined as >0.5 mg Mus m1/g of dust.
**Ninety-seven dust samples collected, exposure defined as >2.0 mg Der f1/g of dust.
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Examiningmultiple outcomemeasures, we found that the acute
severity of rhinovirus-triggered asthma exacerbation among
omalizumab-treated patients was significantly lower than patients
treated primarily with ICS therapy (Table 2), even though the
omalizumab group had worse baseline disease activity (Table 1).
These outcome measures included assessment of initial clinical
severity (Modified Pulmonary Index Score, exacerbation peak
expiratory flow), risk of hospital admission, intensity of therapeutic
interventions (risk of using supplemental oxygen, noninvasive
positive pressure ventilation, and intensive care unit admission),
and duration of treatment (time to albuterol every 2 h and hospital
length of stay). The association between omalizumab and reduced
acute severity remains significant even after adjusting for the
following confounders: age, sex, race, baseline lung function,
baseline disease activity (6), medication adherence, controller
regimen, symptoms duration, total number of immunoCAP
positives (a measure of allergen-specific IgE), annual income, and
season (Table 2). Omalizumab therapy was associated with a 62%
reduction in the time to every-2-hours albuterol (omalizumab
positive, 15 h; omalizumab negative, 30.8 h; P, 0.001) and also
with a 42% reduction in hospital length of stay (omalizumab
positive, 34.5 h; omalizumab negative, 58.5 h, P, 0.001). Finally,
to verify that omalizumab treatment effectively interfered with
binding of IgE to the cognate Fc receptor, we measured free IgE
using well-established methods (7) and found that treated patients
often had near undetectable free IgE levels (omalizumab positive,
mean 666 76.4 units/ml; omalizumab negative, 3836 335 units/ml;
P, 0.001).

Rhinovirus is the dominant trigger for acute exacerbation
among children with asthma and is associated with the actual
severity of acute exacerbation (3). Here we report a strong
association between omalizumab treatment and reduced severity
of acute asthma exacerbation triggered by rhinovirus, one that is
robust to the outcome measure used and encompasses several
different facets of acute severity. Although previous studies have
found that omalizumab reduces the risk of seasonal asthma
exacerbation, to our knowledge this is the first study to offer
evidence that IgE-targeted therapy might directly modify the
phenotype of asthma exacerbation caused by an infectious trigger.
A role for omalizumab in mitigating the severity of rhinovirus-

triggered asthma exacerbation is biologically plausible, as
rhinovirus has been shown to interact with allergic status to
regulate asthma phenotypes (3).

Several lines of evidence suggest that the factors that contribute
to the risk of asthma exacerbation may be distinct from those that
regulate the actual severity of acute exacerbation in children (e.g.,
References 4, 8, and 9). Even in adults, the factors related to
baseline disease activity demonstrate poor overall sensitivity and
specificity for predicting future severe exacerbations (10). Indeed,
the factors that contribute to interindividual variation in acute
severity of asthma exacerbation are poorly understood and
represent a considerable knowledge gap. The distinction between
factors that contribute to the risk of asthma exacerbation and those
that influence asthma exacerbation severity are important to
understand because health care costs, morbidity, and mortality each
have a strong relationship to the severity of asthma exacerbation (12).

This study has several limitations. First, this is an observational
study in which patients were not randomized to receive
omalizumab, so our results may be confounded by unmeasured
covariates. However, it is notable that patients treated with
omalizumab had significantly worse baseline disease activity than
patients treated primarily with ICS (Table 1). Second, this study was
not adequately powered to determine whether omalizumab
mitigates the severity of acute asthma exacerbation triggered by
other viruses. However, there is robust clinical and biological
evidence demonstrating an interaction between rhinovirus and
allergic sensitization (Reference 3 and references therein), which
raises the possibility that omalizumab may specifically alter the
clinical course of rhinovirus infection in pediatric patients
with asthma. Last, the associations that we identified in this cohort
of children presenting to the emergency department may not
be generally applicable to other populations of children with
asthma.

Our results suggest that therapies targeting IgE-initiated
signaling events, which have been shown to modify baseline
disease activity and reduce the frequency of exacerbation (2), may
also be effective in reducing the actual severity of rhinovirus-
triggered acute asthma exacerbation. Given the lack of antiviral
therapies against rhinovirus, IgE-targeted therapies may offer a
promising avenue to explore for prevention and treatment

Table 2. Omalizumab Is Associated with Reduced Acute Exacerbation Severity

Outcomes

Univariate Analysis Multivariate Analysis

Coef or OR* 95% CI P Value Coef or OR 95% CI P Value

Continuous
Exacerbation MPIS 23.32 24.82 to 21.82 ,0.001 22.83 24.01 to 21.66 ,0.001
Exacerbation PEF% 16.49 8.56 to 24.42 ,0.001 13.72 6.99 to 20.45 ,0.001
Time to albuterol every 2 h 215.85 224.28 to 27.43 ,0.001 216.59 224.05 to 29.13 ,0.001
Hospital length of stay 224.01 237.32 to 210.70 0.001 224.57 236.17 to 212.98 ,0.001

Dichotomous
Hospital admission 0.38 0.16 to 0.88 0.024 0.30 0.11 to 0.83 0.021
ICU admission 0.31 0.12 to 0.82 0.018 0.24 0.08 to 0.75 0.014
Supplemental O2 0.26 0.09 to 0.74 0.011 0.24 0.07 to 0.79 0.019
Noninvasive PPV 0.17 0.04 to 0.74 0.035 0.21 0.04 to 1.01 0.052

Definition of abbreviations: CI = confidence interval; Coef = coefficient; ICU = intensive care unit; MPIS =Modified Pulmonary Index Score; OR = odds ratio;
PEF = peak expiratory flow; PPV = positive pressure ventilation.
*Coefficient for continous variables and OR for dichotomous variables.
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of rhinovirus-triggered severe acute asthma exacerbation in
children. n
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Can Dead Space Ventilation Really Be Measured
without PaCO2

?

To the Editor:

We read with great interest the study by Kee and colleagues
reporting the association of increased dead space ventilation with
decreased diffusing capacity of the lung for carbon monoxide and
exercise capacity in patients with advanced systolic heart failure (1).
We fully agree with the authors that increased dead space
ventilation is a major feature in patients with cardiorespiratory
disorders that contributes to exertional dyspnea (2). Because
dead space ventilation provides such important insight into
pathophysiological alterations in these patients, there is a need
to discuss how it was estimated in the study by Kee and
colleagues (1).

The gold standard for dead space measurements is the
physiological dead space, which is the sum of anatomical dead space
and alveolar dead space and is calculated from PaCO2

and end-tidal
CO2 pressure (PETCO2

) with the Bohr-Enghoff equation. In the
study by Kee and colleagues, PaCO2

was not measured (1). Instead,
it was estimated from PETCO2

using the equation described by Jones
and colleagues in healthy subjects (3). The Jones equation relies on
the assumption that the difference between PaCO2

and PETCO2
is of

the order of 5 mm Hg and that this difference is similar in all
subjects (i.e., that physiological dead space is similar in all subjects).
It is predictable that such an assumption cannot be made in
subjects with lung or heart disease, in whom physiological dead
space is elevated in comparison with healthy subjects due to
ventilation/perfusion heterogeneity in the lung. It is noteworthy
that this limitation of the Jones equation was recognized at the time
of publication by its authors themselves (3).

Clinical data confirm that noninvasive approaches on the
basis of measurements of exhaled air fail to accurately predict
PaCO2

and thus physiological VD/VT in the clinic. As cited
by Kee and colleagues (1), Lewis and colleagues showed
unequivocally that dead space ventilation estimated using
the Jones equation underestimated physiological dead space
ventilation when it was truly elevated in patients with lung
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