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Summary

Once the diagnosis of asthma is established, monitoring must be implemented to achieve asthma
control. Because of the variability of asthma, monitoring is a long-term commitment to effectively
adjust treatment and assure that therapy goals are met. This paper reviews the definition of asthma
control, including the dimensions of impairment and risk, and the 2007 National Asthma Education
and Prevention Program’s Expert Panel Report 3, Guidelines for the Diagnosis and Management
of Asthma, recommendations for periodic assessment and monitoring of effective control. New
approaches to asthma monitoring, such as airway hyperresponsiveness, sputum eosinophils, ex-
haled nitric oxide, and pharmacogenetic measurements, will be critiqued. Key words: asthma pre-
vention, asthma control, asthma therapy, respiratory function tests, biological markers, questionnaires,
genetic polymorphism. [Respir Care 2008;53(5):593–599. © 2008 Daedalus Enterprises]

Introduction

Once an accurate asthma diagnosis is made and the
asthma severity established to initiate therapy, the clini-
cian must establish an effective approach to monitoring

asthma in the individual patient. Treatment is focused on
reducing asthma symptoms, functional limitations, impair-
ment in quality of life, and the risk of adverse events
associated with the disease or its management. Because of
the variability of asthma, monitoring is a long-term com-
mitment to adjust treatment to maintain control. This re-
view will define asthma control, describe traditional strat-
egies to monitor asthma control, and discuss new
approaches to asthma monitoring.
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Asthma Control and Goals of Therapy

Asthma control is the degree to which the manifesta-
tions of asthma are minimized and the goals of therapy are
met. Poorly controlled asthma is associated with substan-
tial disease burden,1 greater health care utilization,2 and
lower quality of life.3 The 2007 National Asthma Educa-
tion and Prevention Program Expert Panel Report 3, Guide-
lines for the Diagnosis and Management of Asthma (2007
NAEPP guidelines),4 closely link the functions of asthma
assessment and monitoring to the concepts of severity,
control, and responsiveness. Severity is the intrinsic inten-
sity of the disease process. It is most easily and directly
measured in a patient who is not receiving long-term con-
trol therapy. Severity can also be measured once asthma
control is achieved, by the step of care (ie, the amount of
medication) required to maintain control. Control is de-
fined as the degree to which the manifestations of asthma
are minimized by therapeutic intervention and the goals of
therapy are met. Responsiveness is the ease with which
asthma control is achieved by therapy.

Asthma severity and control include the domains of
current impairment and future risk.4 Impairment is the
frequency and intensity of symptoms and functional lim-
itations the patient is currently experiencing or has re-
cently experienced. Risk is the likelihood of asthma exac-
erbation, progressive decline in lung function (or, in
children, reduced lung growth), or adverse effects from
medication. The latter distinction, which is from the 2007
NAEPP guidelines, emphasizes the multifaceted nature of
asthma, its variation over time, and the importance of con-
sidering separately asthma’s current, ongoing effects on
the current quality of life and functional capacity, and the
future risk of adverse events. The 2 domains may respond
differently to asthma treatment, and both require ongoing
monitoring. Patients may have adequate control of symp-
toms and minimal functional impairment yet still be at
substantial risk of exacerbation (often severe). The level of
asthma control is the degree to which impairment and risk
are minimized by therapeutic intervention (Table 1).4

Measurements for Periodic Assessment
and Monitoring of Asthma Control

Periodic assessment and ongoing monitoring can deter-
mine whether the goals of asthma therapy are being
achieved and asthma is controlled. The level of control
(well controlled, not well controlled, or poorly controlled)
will direct clinical actions as to maintenance or adjustment
of therapy.

The 2007 NAEPP guidelines outline specific measures
for periodic assessment and monitoring of control (Ta-
ble 2)4 and recommend that the frequency of monitoring
visits is a matter of clinical judgment. In general, patients

who have intermittent or mild persistent asthma that has
been under control for at least 3 months should be evalu-
ated by a clinician about every 6 months. Patients who
have uncontrolled and/or severe persistent asthma and those
who need additional supervision to help them follow their
treatment plan need to be seen more frequently.4

Monitoring Signs and Symptoms of Asthma

Every patient with asthma should be taught to recognize
symptom patterns that indicate inadequate asthma control.
These symptoms should be assessed at each health care
visit, with appropriate questions. At least 4 key symptom
expressions should be included: (1) daytime asthma symp-
toms (including wheezing, cough, chest tightness, or short-
ness of breath), (2) nocturnal awakening from asthma symp-
toms, (3) frequency of use of short-acting � agonists for
relief of symptoms, and (4) inability or difficulty perform-
ing normal activities (including exercise) because of asthma

Table 1. Goals of Asthma Therapy to Achieve Control

Reduce Impairment
Prevent chronic and troublesome symptoms (eg, coughing or

breathlessness in the daytime, in the night, or after exertion)
Require infrequent use (� 2 d/wk) of short-acting � agonists for

quick relief of symptoms
Maintain (near) “normal” pulmonary function
Maintain normal activity levels (including exercise and other

physical activity and attendance at work or school)
Meet patient’s and family’s expectations of and satisfaction with

asthma care

Reduce Risk
Prevent asthma exacerbations, emergency department visits, and

hospitalizations
Prevent progressive loss of lung function. In children, prevent

reduced lung growth
Provide optimal pharmacotherapy with minimal or no adverse

effects

Table 2. Measures for Periodic Assessment* of Asthma Control

Signs and symptoms of asthma
Pulmonary function

Spirometry
Peak flow monitoring

Quality of life/functional status
History of asthma exacerbations
Adherence to pharmacotherapy and potential adverse effects
Patient-provider communication and patient satisfaction
Minimally invasive markers and pharmacogenetics (requires further

evaluation)

*Recommended at 1–6-month intervals

TRADITIONAL AND NEW APPROACHES TO ASTHMA MONITORING

594 RESPIRATORY CARE • MAY 2008 VOL 53 NO 5



symptoms. This detailed symptoms history should be based
on a short (2–4-week) recall period. Symptom assessment
for periods longer than 4 weeks should reflect more global
symptom assessment, such as inquiring whether the pa-
tient’s asthma has been better or worse since the last cli-
nician visit, and query as to particular problems encoun-
tered during specific seasons or events.4

Monitoring Pulmonary Function: Spirometry

The 2007 NAEPP guidelines4 recommend that it is im-
portant to assess pulmonary function periodically (Table 3),
in addition to symptom assessment. Spirometry and peak
flow measurements have been traditionally used. Low
forced expiratory volume in the first second (FEV1) is
associated with a higher risk of severe asthma exacerba-
tion.5 Regular monitoring of pulmonary function is partic-
ularly important for (1) patients who do not perceive their
symptoms until airflow obstruction is severe (referred to
as “poor perceivers”), (2) individuals who have had a near-
fatal asthma episode,6 and (3) older patients, who are more
likely to have poor perception.7 These pulmonary function
measures should be followed over the patient’s lifetime to
detect the potential for decline of lung function and rate of
decline longitudinally.

Large-scale global asthma-control trials,8 as well as tra-
ditional clinical drug efficacy studies, have successfully
included spirometry. Lung function declines as adults age;
adults with asthma have greater decline, on average, than
those without asthma and who do not smoke. In children,
lung function increases with age until it peaks at age 20.
Children with asthma may have reduced lung growth, com-
pared to children without asthma. Measurement of lung
growth patterns over time have relied on post-bronchodi-
lator FEV1.9 Reduced lung growth may reflect a progres-
sive worsening of asthma control that warrants more ag-
gressive treatment. Table 4 lists additional suggestions on
FEV1 monitoring from the 2007 NAEPP guidelines.4

Monitoring Pulmonary Function:
Peak Expiratory Flow

The 2007 NAEPP guidelines stress that peak flow mea-
surements are best used for ongoing asthma monitoring,
not diagnosis.4 Peak flow measurements, obtained with a
handheld mechanical or electronic device, provide simple,
quantitative, and reproducible assessments of the presence
and severity of airflow obstruction. Because peak flow
measurements are effort-dependent and technique-depen-
dent, patients need initial instruction and demonstration, as
well as ongoing reviews of technique. Table 5 lists the
2007 NAEPP guidelines recommendations for peak flow
monitoring.4

Table 3. 2007 NAEPP Asthma Guidelines Recommended
Frequencies for Spirometry

At the time of initial assessment
After treatment is initiated and symptoms and peak flow

measurements have stabilized, to document attainment of (near)
“normal” airway function

During a period of progressive or prolonged loss of asthma control
At least every 1–2 y to assess the maintenance of airway function

Spirometry may be indicated more often than every 1–2 y,
depending on the clinical severity and response to management.

NAEPP � National Asthma Education and Prevention Program
(From Reference 4)

Table 4. Additional 2007 NAEPP Asthma Guidelines Suggestions
for FEV1 Measurements

As a periodic (eg, yearly) check of the accuracy of the peak flow
meter for patients who monitor peak flow

When more precision is desired in measuring lung function (eg, to
assess drug response)

When peak flow measurement results are unreliable (eg, in some very
young or elderly patients; if the patient has neuromuscular,
orthopedic, or cognitive problems; or if technical artifact is
suspected)

NAEPP � National Asthma Education and Prevention Program
(From Reference 4)

Table 5. 2007 NAEPP Asthma Guidelines Peak Flow Monitoring
Recommendations

If PEF monitoring is performed, the written asthma action plan should
use the patient’s personal best measurement as the reference
value.

Consider long-term daily PEF monitoring for patients who:
Have moderate or severe persistent asthma
Have a history of severe exacerbations
Poorly perceive airflow obstruction and worsening asthma
Prefer this method

Long-term daily PEF monitoring can help to:
Detect early changes in disease states that require treatment
Evaluate responses to therapy changes
Afford a quantitative impairment measure

PEF monitoring during exacerbations will help determine the severity
of exacerbations and guide therapy decisions in the home, school,
clinician’s office, or emergency department.

Consider home PEF monitoring during asthma exacerbations in
patients who have:

A history of severe exacerbations
Moderate or severe persistent asthma
Difficulty perceiving signs of worsening asthma

PEF � peak expiratory flow
NAEPP � National Asthma Education and Prevention Program
(From Reference 4)
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The 2007 NAEPP guidelines indicate that studies have
not clearly shown that action plans based on peak flow
monitoring improve outcomes more than action plans based
on symptom monitoring; either type of monitoring plan
can be effective if taught and followed correctly.4 Studies
in both children10 and older adults11 with asthma support
the 2007 NAEPP guidelines conclusions.

Monitoring Quality of Life and Functional Status

Periodic assessment of quality of life and related loss of
physical function are recommended by the 2007 NAEPP
guidelines,4 in 4 domains: (1) work or school missed due
to asthma, (2) reduction in usual activities at home, work,
school, or recreational events, (3) sleep disturbances due
to asthma, and (4) change in caregivers’ activities due to a
child’s asthma. Generic and asthma-specific validated in-
struments (primarily suited for research studies) or simple
questions (applicable for clinical settings) are recom-
mended for ongoing monitoring (Table 6).4,12–17

In general, the impact of asthma is greater on the phys-
ical functioning component of quality of life than on men-
tal functioning.18,19 However, when loss of physical func-
tioning in valued life activities occurs, a higher correlation
with quality of life is found among adults who have asthma.
Valued life activities are those that individuals find most
meaningful or pleasurable, and loss of these is signifi-
cantly associated with an increase in clinical asthma se-
verity, the patient’s perception of asthma severity, and
decrease in general physical functioning.20 Similarly,
among adolescents who have asthma, quality of life cor-
relates with shortness of breath during exercise.21 In con-
trast, in younger children (mean age 9.3 � 2.2 y) quality
of life is more associated with the level of anxiety.22

The predictors of quality of life among people who have
asthma may be related to the level of asthma severity.

Lung function, however, is not an independent predictor of
quality of life at any level of severity, whereas shortness of
breath predicts quality of life at all levels of asthma se-
verity.23 Asthma symptom frequency is the most important
determinant of the subjective experience of asthma and
perception of quality of life.24 Another important reason to
monitor health-related quality of life is that it predicts
health care utilization among patients who have asthma,25

and for this reason may be a useful method of identifying
patients who are at risk of exacerbation.

Asthma-Control Questionnaires to Monitor Asthma

Validated instruments for assessing and monitoring
asthma control have been developed. Table 7 describes the
3 tools included in the 2007 NAEPP guidelines recom-
mendations,4,26-28 and the relationship of the scores to the
asthma-control categories. These tools assess the impair-
ment, not the risk domain.

Monitoring Asthma Control With
Minimally Invasive Measurements

The 2007 NAEPP guidelines recommend some mini-
mally invasive measurements (eg, airway hyperresponsive-
ness) for monitoring asthma control, but suggest that cer-
tain other measurements (sputum eosinophils and exhaled
nitric oxide) require further evaluation to determine if they
will be useful for routine clinical management.4 Tools for
using biomarkers to monitor asthma must be tested in both
children and adults, because the disease presentation in
these age groups may differ.

Airway Hyperresponsiveness

Airway responsiveness is measured by serially deliver-
ing doses of a provocative agent, such as methacholine,
and calculating the provocative concentration that causes a

Table 6. Instruments and Questions to Assess Generic and Asthma-
Specific Quality of Life and Functional Status

Generic Quality-of-Life Instruments
Medical Outcomes Study 36-question short form12

Medical Outcomes Study 12-question short form13

Asthma-Specific Quality-of-Life Instruments
Mini Asthma Quality of Life Questionnaire14

Asthma Quality of Life Questionnaire15

Integrated Therapeutics Group Asthma Short Form16

Asthma Quality of Life for Children17

Questions for Patients
Since your last visit, how many days has your asthma caused you:

To miss work or school?
To reduce your activities?
To change your activity because of your child’s asthma?

Since your last visit, have you had any unscheduled or emergency
department visits or hospital stays?

Table 7. Validated Asthma-Control Questionnaires

2007 NAEPP Asthma Guidelines
Control Category

Questionnaire Score

ATAQ ACQ ACT

Well-controlled 0 �0.75* �20
Not well-controlled 1–2 �1.5 16–19
Very poorly controlled 3–4 NA �15

*ACQ scores of 0.76–1.4 are indeterminate regarding well-controlled asthma.
NAEPP � National Asthma Education and Prevention Program
ATAQ � Asthma Therapy Assessment Questionnaire26

ACQ � Asthma Control Questionnaire27

ACT � Asthma Control Test28

NA � data not available
(From Reference 4)
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20% decrease in FEV1 (PC20).29 These bronchial-challenge
procedures are time-consuming, expensive, and not yet
definitive in their role in asthma management. Deykin
et al30 found PC20 unsuccessful in predicting exacerba-
tions in patients weaned from inhaled corticosteroids. Sont
et al31 reported improved clinical control (reduced rate of
mild exacerbations) and improved histopathologic out-
comes (greater reduction in thickness of the subepithelial
reticular layer) in a group of asthmatics whose inhaled
corticosteroid dose was adjusted with a strategy guided by
airway hyperresponsiveness. The airway-hyperresponsive-
ness-guided strategy resulted in a higher inhaled cortico-
steroid dose regimen than in the reference-strategy group.

Sputum Eosinophils

The intensity of eosinophilic inflammation can be mea-
sured by analyzing the cells and mediators in the sputum
induced by inhalation of hypertonic saline.32 This method
has drawbacks, including difficulties in standardizing the
process of inducing, preparing, and analyzing the samples,
and the dedicated time of trained personnel required to do

these tasks. However, there have been successes with this
monitoring technique. Deykin et al30 reported that sputum
eosinophil count predicted responsiveness to starting and
withdrawing inhaled corticosteroids. Green et al33 found
that adjusting inhaled corticosteroids to control sputum eo-
sinophilia (as opposed to controlling symptoms, rescue in-
haler use, nocturnal awakenings, and pulmonary function)
significantly reduced both the cumulative dose of inhaled
corticosteroid and the rate of asthma exacerbations.

Exhaled Nitric Oxide Concentration

An increase in exhaled nitric oxide concentration is re-
ported to reflect the intensity of eosinophilic inflammation
of the bronchial mucosa. Exhaled nitric oxide measure-
ments are easy to perform and well-accepted by patients.
These measurements distinguish individuals who do and
do not have asthma, have documented repeatability, and
have been correlated with other markers of asthma sever-
ity.34 Guides to the interpretation of exhaled nitric oxide
values in patients with airway disease have been published
(Table 8).35

Table 8. Interpretation of Exhaled Nitric Oxide Values in Patients with Airway Disease

Exhaled Nitric Oxide Concentration (ppb)*

Low Normal Intermediate High

Adult � 5 5–25 25–50 � 50 (or increase � 60%)
Child �12 y � 5 5–20 20–35 � 35 (or increase � 60%)
Eosinophilic inflammation Unlikely Unlikely Present, but mild Substantial
Diagnosis factors Consider:

• Smoker
In children also consider:
• Cystic fibrosis
• Primary ciliary

dyskinesia
• Chronic lung disease of

prematurity

If symptomatic:
• Review alternative

diagnoses
• If treated with

inhaled corti-
costeroids, implies
adherence; may
consider dose-
reduction

Interpretation based on clinical
presentation

If symptomatic and on inhaled
corticosteroids, consider:

• Infection
• Allergen exposure
• Add-on therapy or increase

inhaled corticosteroid dose
• Check adherence
If asymptomatic and stable, no

change in inhaled
corticosteroid dose

Consider:
• Atopic asthma if the

history is appropriate
• A positive response to

a trial of inhaled
corticosteroids or oral
steroid is likely

If symptomatic and on
inhaled corticosteroids,
consider:

• Allergen exposure
• Imminent exacerbation or

relapse, depending on
patient history

• Steroid resistance
• Poor adherence or inhaler

technique
• Inadequate inhaled

corticosteroid dose
If asymptomatic and stable

on inhaled corticosteroids,
no change in inhaled
corticosteroid dose

*At 50 mL/s
(Adapted from Reference 35.)
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Studies have shown exhaled nitric oxide’s ability to
predict responsiveness to starting or withdrawing inhaled
corticosteroids.36 Smith et al37 found that when inhaled
corticosteroids were adjusted to control exhaled nitric ox-
ide (as opposed to controlling the standard measures of
asthma control), the cumulative dose of inhaled cortico-
steroid was reduced, with no worsening of the frequency
of asthma exacerbations. However, there were no signifi-
cant differences in other markers of asthma control, use of
oral prednisone, or sputum eosinophil level. The Asthma
Control Evaluation trial38 will assess whether an exhaled-
nitric-oxide-enhanced guideline-based approach to asthma
management improves asthma outcomes, as compared to a
guideline-based approach alone in inner-city adolescents
and young adults with persistent asthma.

Pharmacogenetics in Managing Asthma

Pharmacogenetics is the study of the genetic causes of
between-person variation in drug treatment response. Three
genes have been identified that influence response to spe-
cific asthma medications (ALOX5 for leukotriene modi-
fiers, �2AR for short-acting � agonists, and CRHR1 for
inhaled corticosteroids), but the 2007 NAEPP guidelines
committee does not believe that the functional variants
responsible for these associations have been definitively
identified.4 The existing studies conflict and are inconclu-
sive. None of the reported genotypes, in isolation, clearly
explains a sufficient amount of variation in the drug-re-
sponse phenotype to warrant routine clinical testing at this
time. Clinical trials are underway.

Summary

Ongoing monitoring of asthma control is essential to
reduce impairment and risk. The 2007 NAEPP guidelines
recommend periodic assessments of asthma signs and
symptoms, pulmonary function, quality of life, and func-
tional status. Validated asthma-control questionnaires are
also now recommended. Minimally invasive tests and mea-
surements, such as airway hyperresponsiveness, sputum
eosinophils, and exhaled nitric oxide, require more eval-
uation to determine if they will be useful for routine clin-
ical management.
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Discussion

Colice: Where are we in estimating
the risk of an exacerbation? What tools
do we have? I’d love to see that in-
cluded in the guidelines. I think there
was a section in the Australian guide-
lines.1 Does reversibility on inhaled
steroids mean a higher risk of exacer-
bation? What about exhaled nitric ox-
ide or sputum eosinophils?

1. Asthma management handbook 1998. Na-
tional Asthma Counsel Australia. http://
www.nationalasthma.org.au. Accessed
March 10, 2008.

Sorkness: We did a pediatric asth-
ma trial in which we purposefully did
not use bronchodilator reversibility
as an entry criterion, because we did
not want to bias the study to the bron-
chodilator responders, because one of
the study arms included a long-acting
ß agonist.1 So to qualify for this trial

the patient had to have sufficient
asthma symptoms, with either a pos-
itive PC20 or bronchodilator revers-
ibility, but both were collected. Though
these kids had an average FEV1 of
94% of predicted at baseline, their
average bronchodilator reversibility
was 10%. They had a history of mild
asthma. Then we compared broncho-
dilator reversibility at the beginning
of the trial and at the end of the trial
(just at 2 points in time). It was very
interesting that the children who
seemed to do better by predefined out-
comes during the trial had less bron-
chodilator reversibility.

That doesn’t surprise me. It agrees
with my bias that the pre-bronchodi-
lator FEV1 was raised because of the
inhaled steroids. Were they adherent
to therapy prior? The shift in bron-
chodilator reversibility predicted a
positive outcome. That study supports
the European and Australian sugges-

tion that if you lose your bronchodi-
lator reversibility over time, you
achieve better overall asthma control.

1. Inner-City Asthma Consortium. Evaluation
of an asthma treatment strategy based on
exhaled nitric oxide measurements in ado-
lescents: the Asthma Control and Evalua-
tion (ACE) trial. http://clinicaltrials.gov.
Accessed March 20, 2008.

Myers: I’m intrigued by the exhaled
nitric oxide data. I think we’re strug-
gling with how to use it in the clinical
setting. Taking into consideration that
25 to 30 parts per billion exhaled ni-
tric oxide is considered the normal
range and above that is believed to
indicate inflammation, most of the
published studies have looked at a raw
value in parts per billion and tried to
correlate it to FEV1. We look at per-
cent change. In the patient with asthma
whose exhaled nitric oxide is 160 parts
per billion but it drops down to 80—
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that may be as good as it gets; that’s a
50% change. We’ve focused a lot of
these clinical trials on the raw nitric
oxide value, but do you think that
maybe the percentchange is the better
way to look at this?

Sorkness: I think you’re right, Tim.
Remember the kids in the ACE study
had pretty high exhaled nitric oxide to
begin with; they’re atopic. During the
course of this trial, these exhaled ni-
tric oxide concentrations didn’t go be-
low 20 parts per billion; they stayed
in that range. But what does that data
mean? Is there a percentage of kids in
whom the exhaled nitric oxide is just
not going to drop, because of over-
whelming inflammation? Should we
be looking at the changes over time?
Is there a subgroup that’s particularly
sensitive?

Children with high body mass in-
dex and high allergic sensitization
might be a group with non-constitu-
tive exhaled nitric oxide. I think this
is a very small part of what we’re go-
ing to learn about this. The “cut points”
for exhaled nitric oxide are appealing
to help predict how people respond to
therapy, but I think we do need to
focus on the changes in exhaled nitric
oxide and other observations that help
us. Carolyn, do you have any addi-
tions?

Kercsmar: No. You hit the nail on
the head. The other thing particularly
about this population is that they were
extremely atopic and had extremely
high degrees of allergic sensitization,
along with elevated IgE [immunoglo-
bin E] and very high exhaled nitric
oxide values.

Where and how cut points get set is
sometimes arbitrary. I don’t think we
know if we should just be trying to
improve to the patient’s best baseline
or to achieve a preset cut point. This
population may be unique, but reflec-
tive of a very important, large popu-
lation of asthmatics that we need to
address, regarding what is the best way

to monitor severity and control. I think
we may get some ideas from this trial.

Sorkness: I think one of the analo-
gies might be what we call “near-nor-
mal FEV1.” Are we going to get to
“near-normal exhaled nitric oxide”? I
don’t know.

Donohue: The exhaled nitric ox-
ide approach seemed to help in obese
people, in determining adherence,
and also you mentioned a high IgE.
One of the hardest things for us to
assess clinically is the efficacy of
the monoclonal antibodies to IgE
used in the NAEPP treatment para-
digm1 in step 5. We can’t use the
IgE level because it’s forming com-
plexes and it goes up to 3.5 or 4
times. Have you studied the exhaled
nitric oxide approach for looking at
the utility of omalizumab?

1. Expert panel report 3: guidelines for the
diagnosis and management of asthma. Be-
thesda MD: National Institutes of Health,
National Asthma Education and Prevention
Program; 2007. NIH Publication No. 08-
4051. Available from http://www.nhlbi.nih.
gov/guidelines/asthma/asthgdln.pdf. Ac-
cessed March 10, 2008.

Sorkness: The ICATA [Inner-City
Anti-IgE Therapy for Asthma] trial,
which is a clinical trial of omalizumab,1

will address that question. We have, by
the way, been criticized for the relevance
of the ACE [Asthma Control and Eval-
uation] study:2 why didn’t we instead
conduct a study of exhaled-nitric-oxide-
driven therapy alone versus guideline-
driven therapy? The reason was that it
would not have been an ethical study in
a vulnerable population, and clinicians
want to know if measuring exhaled ni-
tric oxide on top of good usual care
makes a difference. We’re going to do
the same thing in the ICATA trial that
we did in the ACE trial: take good usual
care and determine whether adding an-
ti-IgE therapy on top of that makes a
long-termdifference inaninnercitypop-
ulation with asthma.

1. ICATA asthma mechanistic study. http://
clinicaltrials.gov. Accessed March 20,
2008.

2. Inner-City Asthma Consortium. Evaluation
of an asthma treatment strategy based on
exhaled nitric oxide measurements in ado-
lescents: the Asthma Control and Evalua-
tion (ACE) trial. http://clinicaltrials.gov.
Accessed March 20, 2008.

Diette: Do you think exhaled ni-
tric oxide measurement can be used
for monitoring adherence to therapy?
Because exhaled nitric oxide can be
a lot like wheeze, or exacerbations,
or any other asthma outcome, in that-
adherence is a mediator of that out-
come. With an elevated measure (no
matter where that is), you have to
wonder if the patient was fully ad-
herent but couldn’t be any better con-
trolled or, instead, is it a marker of
poor adherence? And either way you
still don’t know what to do next; do you
emphasize adherence or titrate the drug?

Sorkness: Your point is well taken.
Exhaled nitric oxide might help assess
adherence. Some of my colleagues
have incorporated exhaled nitric ox-
ide equipment in their clinics, but I
think they’re struggling with how to
best use it. I’ve heard of clinical “n-
of-1” studies. That is, they identify a
patient who definitely has very poorly
controlled asthma and his exhaled ni-
tric oxide is very high, they put him
on therapy and he’s doing dynamite,
and his exhaled nitric oxide level is
basically tooting along, but then he
comes back and he’s lost asthma con-
trol and his exhaled nitric oxide is very
very high. They use this information
to raise the adherence issue, saying
“Your asthma is pretty bad today and
there’s a lot of potential reasons for
this. Is there some possibility that you
have been doing so well that you
stopped using your inhaled steroid?”
If the patient asks, “How do you know
that?” the answer is, “We’ve got this
measurement here.” It’s just like any
other tool a seasoned clinician uses. I
don’t know yet if it’s cost-effective.
We need a lot more information be-
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fore we can say how strong a tool it
can be for adherence monitoring.

Rubin:* Diurnal variability in pul-
monary function has been associated
with poor control and exacerbation
risk. Is exhaled nitric oxide suffi-
ciently sensitive to evaluate diurnal
variability in that measurement as a
measure of inadequate control of in-
flammation?

Sorkness: I know those studies
have been done. My impression is
that the Swedish investigators, who
have done some great epidemiologic
studies,1 found a little bit of differ-
ence between day and night. It
doesn’t seem to be substantive. This
suggests a lack of parallel with peak-
flow variability. There doesn’t seem
to be a huge exhaled nitric oxide
difference during the day. I think
other variables are more important,
such as smoking and ingestion of
certain foods. I don’t think exten-
sive data are available from exhaled
nitric oxide home monitoring, with
a lot of repeat measures.

1. Olin AC, Rosengren A, Thelle DS, Lissner
L, Bake B, Torén K. Height, age, and atopy
are associated with fraction of exhaled ni-
tric oxide in a large adult general popula-
tion sample. Chest 2006;130(5):1319–
1325.

Rubin: The corollary would be, if
there was such a difference, it would
be important in these studies to note
the time of day it was measured.

Sorkness: Right. Agreed.

Stoloff:* There were 2 papers in a
recent issue of American Journal of
Respiratory and Critical Care Medi-
cine. One of them found no benefit
from exhaled nitric oxide for manag-
ing asthma and predicting exacerba-
tions in adults.1 The other paper2 was
on the variables that determine exhaled
nitric oxide, and it was astounding how
many there were, including male/fe-
male, smoker/nonsmoker, weight, age,
et cetera.

Those of us in primary care spe-
cialties are very concerned when a
piece of equipment comes out that is
not inexpensive and of unknown value.
That’s why in the final report,3 when
we looked at the work of the various
committees, and at that data when
combined with this, we had important
concerns as to exactly—if you can’t
decide in the laboratory with well-
funded studies where you put it in your
menu of helping define control or eval-
uating patients—what are we going to
do with patients in the real world?

1. Shaw DE, Berry MA, Thomas M, Green
RH, Brightling CE, Wardlaw AJ, Pavord
ID. The use of exhaled nitric oxide to guide
asthma management: a randomized con-
trolled trial. Am J Respir Crit Care Med
2007;176(3):231–237.

2. Travers J, Marsh S, Aldington S, Williams
M, Shirtcliffe P, Pritchard A, et al. Refer-
ence ranges for exhaled nitric oxide de-
rived from a random community survey of
adults. Am J Respir Crit Care Med 2007;
176(3):238–242.

3. Expert panel report 3: guidelines for the
diagnosis and management of asthma. Be-
thesda MD: National Institutes of Health,
National Asthma Education and Prevention
Program; 2007. NIH Publication No. 08-
4051. Available from http://www.nhlbi.nih.
gov/guidelines/asthma/asthgdln.pdf. Ac-
cessed March 10, 2008.

Sorkness: Suggesting that it’s not
ready for prime time?

Stoloff: Not ready for prime time.

Enright: Do you have a sense of
any unpublished data on the month-
to-month reproducibility of exhaled ni-
tric oxide in patients with stable asthma
and the minimum clinically important
difference?

Sorkness: I don’t. Anna-Carin Olin,
in Sweden, is doing an ongoing study
with thousands of people, and looking
at reproducibility.1

1. Olin AC, Rosengren A, Thelle DS, Liss-
ner L, Bake B, Torén K. Height, age, and
atopy are associated with fraction of ex-
haled nitric oxide in a large adult general
population sample. Chest 2006;130(5):
1319–1325.
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