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Abstract

Introduction—The role of aminophylline in the treatment of severe acute asthma in the pediatric
critical care unit (PCCU) is not clear. We sought to examine the association of aminophylline
treatment with PCCU length of stay and time to symptom improvement.

Material and Methods—~Patients with severe acute asthma who were admitted to our PCCU
and received aminophylline infusion were retrospectively compared with similar patients who did
not receive aminophylline. The primary outcome measure was functional length of stay (i.e. time
to which patients could be transferred to a general pediatric ward bed). A secondary outcome was
time to symptom improvement.

Results—Adjusted functional length of stay was longer for subjects who received aminophylline
(n=49) than for the patients who did not (n=47) (hazard ratio 0.396, p<0.001), as well as the time
for symptom improvement (hazard ratio 0.359, p<0.001). In the group of subjects receiving
aminophylline, those with a serum theophylline level =10mcg/ml (therapeutic) (n=31) had longer
functional length of stay (hazard ratio 0.457, p=0.0225) and time to symptom improvement
(hazard ratio 0.403, p=0.0085) than those with levels <10mcg/ml (sub-therapeutic) (n=18).
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Conclusions—The addition of aminophylline to therapy with corticosteroids and inhaled B-
agonists was associated with statistically and clinically significant increases in functional length of
stay and time to symptom improvement in the PCCU. This potential morbidity supports the
National Asthma Education and Prevention Program guideline proscribing aminophylline use in
acute asthma.

1. Introduction

Asthma is the most prevalent chronic disease in children and the most frequent reason for
childhood hospitalization in the United States. The economic impact of pediatric asthma is
substantial, exceeding $15 billion annually in both direct and indirect costs[1-6]. The
management of acute severe asthma exacerbations varies widely between pediatric critical
care providers and frequently does not conform to expert consensus guidelines[7-8]. In the
critical care setting, the treatment of asthma is directed towards rapid relief of inflammation
and airflow obstruction. This is accomplished through a variety of medical interventions,
including systemic corticosteroids; continuous inhaled and intravenous Beta-2 agonists;
intravenous magnesium sulfate and inhaled and sub-cutaneous epinephrine.
Methylxanthines, including intravenous aminophylline, are one of the oldest classes of
medications used to treat asthma. The therapeutic benefit of aminophylline is hypothesized
to result from multiple mechanisms. These includes direct bronchodilatory effects through
non-selective inhibition of phosphodiesterase, antagonism of the adenosine receptor,
modulation of intracellular calcium release through agonism of the ryanodine receptor as
well as stimulation of endogenous catecholamine release. It is further believed that
methylxanthines have significant immunomodulatory effects[9].

Contemporary use of aminophylline is typically limited to severe exacerbations after other
treatments have failed[10]. Although not recommended by current American guidelines[7],
aminophylline is still used by many institutions and remains part of the current British
guidelines[10-12] for the treatment of status asthmaticus. A recent meta-analysis examined
the use of aminophylline[13]. The result of the aggregation of 7 studies including 380
patients showed improved pulmonary function in the first 6 hours, but no significant
improvement in symptoms, need for pediatric critical care unit (PCCU) admission, PCCU
length of stay (LOS), or necessity for mechanical ventilation[13-15]. In a most recent adult
review study the risk benefit balance of amniophylline was considered unfavorable by the
authors[16]. These studies did not, however, focus on patients requiring critical care The
role of aminophylline in the treatment of patients with severe acute asthma in the PCCU has
not been clarified. We sought to examine the association of aminophylline treatment with
LOS and symptom improvement in patients with severe acute asthma managed in a pediatric
critical care unit.

2.Materials and Methods

We performed a retrospective review of all patients admitted to the PCCU at the Monroe
Carell Jr. Children's Hospital at VVanderbilt University (Nashville, Tennessee) with the
diagnosis of severe asthma (ICD-9 493) during a three-year period (January, 2007 to
January, 2010). Using an established electronic medical record (EMR), we identified all
patients who received aminophylline infusion as well as those patients who did not.

Each asthma patient in our PCCU is routinely evaluated at admission and hourly by a
respiratory therapist with a “Respiratory Distress Score” (RDS) (Table 1). Our institution
has modified this evaluation tool based on an asthma scoring system suggested by Qureshi
et al.[17]. This modification added a category for normal signs and symptoms. This addition
helps separate subjects who have mild symptoms from those with more severe distress.
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We use the RDS to determine the need for albuterol administration and dosing according to
an established protocol implemented at the bedside by the respiratory therapists. RDS and
administered treatments were entered into the EMR. The study protocol was reviewed and
approved by our Institutional Review Board (protocol # 100151)

We included children ages 3-18 years admitted to the PCCU with severe acute asthma who
were receiving continuous nebulized albuterol on admission. We defined “severe acute
asthma” as an RDS at admission to the PCCU of 12 to 15 or endotracheal intubation for
asthma (in which cases RDS could not be determined). All subjects received initial
treatment in our emergency department. We excluded patients younger than 3 years of ages
in order to exclude those with bronchiolitis, those with RDS <12, and those who received an
aminophylline bolus but did not receive a continuous infusion.

Our primary outcome measure was functional length of stay (FLOS). We defined FLOS as
the time from PCCU admission to the time the subject met criteria for transfer to a general
pediatric floor bed. To meet these criteria, the subject must have continued to tolerate
tolerated the spacing of albuterol treatments to an interval of two hours without relapse of
symptoms. FLOS was calculated using the time that the second of these two treatments was
administered. Our secondary outcome was time to symptom improvement, defined as time
to achieve an RDS of 7 or less.

We used Cox proportional hazards regression to model the time-dependent association of
aminophylline treatment with FLOS in one model and time to symptom relief in a second
model, each adjusted for baseline RDS, age, race (White/Hispanic, Black), and sex. All
predictors except for age were regarded as categorical variables. Using adjusted hazard
ratios we assessed the associations of aminophylline treatment versus no treatment with
FLOS or time to symptom relief and calculated corresponding 95% confidence intervals. A
value less than one was indicative of less risk of being discharged from the PCCU and hence
greater FLOS, or in the time to symptom relief model, less risk of having relief of
symptoms.

Among the subjects who received aminophylline (n=49) we additionally sought to assess
whether there was a dose-response association between aminophylline treatment and the
outcomes of interest. For this subgroup who received aminophylline (n=49), we employed a
Cox regression to model FLOS and time to symptom improvement separately as a function
of serum theophylline level (=10 mcg/ml vs. <10 mcg/ml), baseline RDS and race.

Finally, we examined the dose response to aminophylline as a continuous variable using the
absolute serum theophylline level value (in mcg/ml). For those subjects who received
aminophylline (n=49), using a Cox proportional hazards model we examined the relation
between theophylline levels as absolute values and the outcome variables FLOS and time to
symptom relief.

In our unit, the decision to start aminophylline was based on the physician judgment and
preference, We initiate aminophylline treatment by a loading dose of 6mg/kg over 30
minutes followed by a maintenance dose of 1-1.2mg/kg/hr. Drug levels are obtained every 6
hours during aminophylline infusion. We consider a therapeutic theophylline level greater
than or equal to 10 mcg/ml. Subjects with one or more therapeutic levels were categorized
as “therapeutic” regardless of the number of levels obtained. When evaluating subjects with
therapeutic levels using the drug level as a continuous variable, we used the highest recorded
level.
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We examined the records of all patients admitted to our PCCU with the diagnosis of acute
asthma exacerbation for the period January, 2007 to January, 2010. Five-hundred-two had
this diagnosis and 96 met our inclusion criteria. Of these, 49 received aminophylline and 47
did not (Figure 1). Thirty-one of 49 subjects who received aminophylline had therapeutic
theophylline levels (=10mcg/ml), while 18 had sub-therapeutic levels (< 10mcg/ml).
Demographic characteristics of the study subjects are shown in Table 2. The two cohorts
differed significantly only by age with the aminophylline group being slightly older
(p=0.017).

Those receiving aminophylline had an adjusted hazard ratio for discharge from the PCCU in
a given time period of 0.396 (95% CI [0.245, 0.64]; p<0.001) (Figure 2-A). White subjects
(including Hispanics) were more likely to remain in the PCCU (HR 0.605; 95% CI [0.369,
0.992]; p=0.046). Among subjects who received aminophylline, FLOS was significantly
longer in those with therapeutic serum levels (HR 0.457; 95% CI [0.234, 0.895]; p=0.023)
(Figure 2-C).

Time to symptom improvement (i.e. time needed to reach a RDS <7 “mild”) was longer in
subjects who received aminophylline compared to those who did not (HR 0.359; 95% ClI
[0.223, 0.578]; p<0.001) (Figure 2-B). Time to symptom relief was also significantly longer
in those with therapeutic serum levels (HR 0.403; 95% CI [0.204, 0.793]; p=0.008) (Figure
2-D). Finally, when examining the association between the FLOS and drug level as a
continuous variable, we found a trend toward longer FLOS with higher drug levels (hazard
ratio 0.9490, 95% CI [0.899, 1.003]; P=0.06). A similar model for time to symptom relief
with drug level as a continuous variable did not show evidence of an association (hazard
ratio 0.966, 95% CI [0.892,1.046]; p=0.395).

4. Discussion

Our study of children admitted to the PCCU with severe asthma exacerbation suggests that
the use of aminophylline is associated with a greater FLOS and time to symptom
improvement after adjusting for baseline acute asthma severity, sex, race and age. We
observed an average 8-hour greater functional length of PCCU stay and a 9.5-hour greater
time to symptom improvement in univariate analysis. This significant difference persisted
when adjusted for asthma severity, sex, race and age. When comparing therapeutic versus
non-therapeutic drug levels in those subjects receiving aminophylline, we also observed
significantly greater FLOS and time to symptom improvement in those groups with
therapeutic drug levels. Finally, there was a trend toward longer FLOS when the dose
response was examined as a continuous variable.

In a randomized controlled study, Ream and colleagues found that aminophylline
administration added to an aggressive regimen of inhaled and intravenous (1) B-agonist,
inhaled ipratropium, and IV methylprednisolone led to a significant decrease in the time to
resolution of symptoms (as measured by improvement in a clinical evaluation score). The
authors did not find a significant decrease in either PCCU or hospital length of stay. They
did, however, claim significantly shorter PCCU and hospital lengths of stay in a very small
subset of intubated patients who had received aminophylline (n=3) compared to those
intubated patients receiving placebo (n=3) [18]. In another randomized trial, Yung, et al,
found no significant difference in PCCU length of stay between the group receiving
aminophylline and that receiving placebo in the subset of patient’s admitted to the PCCU. In
a most recent review of fifteen randomized controlled trails by Nair, et al, the authors
concluded that there was no statistical significant bronchodilation effect of aminophyline
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when added to standard care with inhaled beta-2-agonists. They also concluded that the risk
benefit balance of aminophylline was unfavorable due to high rate of complications [16].

Our study is limited as a retrospective chart review using our hospital’s EMR system. As
such, the decision to use aminophylline was determined by clinician preference rather than
randomization. Thus, there may be unmeasured confounders in the associations we
observed. We used the RDS as our severity index. Beyond this severity score we could not
fully examine the particular factors which influenced the decision to use aminophylline.
Further, rather than using the duration of PCCU stay as our primary outcome, we chose to
use the functional length of stay (i.e. the time to the patient meeting hospital criteria for
transfer from the PCCU to a general pediatric ward). We did this in an effort to minimize
factors other than the patients’ clinical condition which could delay transfer, such as
availability of beds in the general pediatric units, competing nursing duties, and other
logistical factors. One drawback to FLOS outcome measure, however, is that FLOS can be
influenced by how a patient is weaned off various interventions. Generally, the providers in
our unit wean interventions sequentially (Figure-3). Thus, the mere fact that a patient is on
multiple interventions could result in a longer LOS. Our secondary outcome measure (i.e.
symptom improvement), however is independent of this sequential weaning process.

To our knowledge this is the first study to suggest a significant correlation between the use
of aminophylline for treatment of severe asthma in the PCCU setting and increased LOS and
time to symptom improvement. Interestingly, several studies of the pediatric asthma
population have shown a slight trend toward increased LOS or increased time to symptom
improvement with the administration of aminophylline or theophylline [19-22]. These
results suggest the use of aminophylline and other methylxanthines in children with severe
asthma exacerbations may be associated with increased morbidity. More research is
necessary to determine the causality of these adverse outcomes in order to define more
clearly which subset of asthma patients, if any, would benefit from aminophylline.

5. Conclusion

Adding aminophylline to corticosteroid and inhaled albuterol treatment regimens may be
associated with statistically and clinically significant increases in FLOS and time to
symptom improvement in the PCCU, when adjusted for relevant subject characteristics
(RDS, age, gender and race). This potential morbidity supports the NAEPP guideline
proscribing against aminophylline use in patients with acute asthma. If this drug continues to
be used for status asthmaticus, further study of efficacy and safety is warranted.
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EMR Electronic Medical Record
FLOS Functional Length of Stay
HR Hazard ratio

v intravenous

LOS Length of Stay

mcg/ml Microgram per milliliters
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n Number
PCCU Pediatric Critical Care Unit
RDS Respiratory Distress Score
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( Patients aged 3 to 18 years with acute asthma admitted to PICU, n = 502 )

P( Did not meet study inclusion criteria, n = 410 )

y

( Met study inclusion criteria, n = 98 )

>( Received aminophylline bolus only, n = 2 )

Y '

Treatment Group Control Group
Received aminophylline bolus and infusion, n =49 Did not receive aminophylline infusion, n = 47

Figure 1.
Recruitment flow chart
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Figure2.

Kaplan-Meier curves showing the cumulative discharge from the pediatric critical care unit
according to aminophylline infusion and therapeutic serum levels. Cox proportional hazards
models were used to assess whether the time to these events data were statistically
significant (Hazard ratios and 95% confidence intervals provided on individual graphics). A)
Associations of aminophylline infusion with probability of being discharged from pediatric
critical care unit. B) Associations of aminophylline infusion with probability of symptom
relief in the pediatric critical care unit. C) Associations of therapeutic aminophylline level
with probability of being discharged from pediatric critical care unit. D) Associations of
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therapeutic aminophylline level with probability of symptom relief in the pediatric critical
care unit.

*Infusion= the subjects who received aminophylline infusion compared to those who did
not.

¥ Cox proportional hazards models were used to provide estimated hazard ratios and 95%
confidence intervals for each graph, adjusted for age, gender, and respiratory distress score.
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Figure 3.
The Asthma management protocol for pediatric critical care unit at Monroe Carrol Jr.
Children’s Hospital at VVanderbilt University Medical Center
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Table-1

The Respiratory Distress Score; a clinical tool used to assess the severity of asthma and guide the treatment
plan in the pediatric critical care unit.

Asthma Severity Normal Mild Moderate severe
RDS 0-4 5-7 8-11 12-15
Scoring Factors 0 1 2 3
Respiratory Rate
2-3years 18-26 27-34 35-39 >40
4-5years 16-24 25-30 31-35 >36
6-12 years 14-20 21-26 27-30 >31
>12 years 12-18 19-23 24-27 >28
Oxygen Saturation (SpO2)  >98% on room air 95% to 97% on 90% to 94% on room air < 90% on room air or on any
room air oxygen
Auscultation Normal Breath End expiratory Expiratory wheezing Inspiratory and expiratory
sounds with good wheezes only wheezing to diminished
aeration throughout breath sounds
Retractions None Intercostal Intercostal & substernal Intercostal, substernal and
supraclavicular
Dyspnea Speaks in complete  Speaks in short Speaks in partial sentences, Speaks in single words.

sentences sentences, C00S &

babbles

short cry Short phrases/grunting

Adapted with modification from Qureshi F, Pestian J, Davis P et al. Effect of nebulized ipratropium on the hospitalization rates of children with
asthma. N Engl J Med 1998; 339(15):1030-1035.
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The Demographics of the subjects included in the study

Table-2

Demographics Aminophylline  No Aminophylline p-Value
Age (Years, mean) 8 6 0.017
Gender% 0.962
Male 61 62
Female 39 38
Race% 0.067
Black 69 51
White + Hispanic 31 49
Severity% 0.977
RDS-12 35 36
RDS-13 31 32
RDsS-14 8 9
RDS-15 20 19
Intubated 6 4
Pneumonia on Chest X-Ray 11 14 0.352
Non-Invasive ventilation 30 24 0.410
Terbutaline received 15 13 0.678
Magnesium Sulfate received 37 40 0.304
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